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ABSTRACT

The combined effects of salinity, temperature, and stocking 

density on the growth and survival of postlarvae of the brown shrimp, 

Penaeus californiensis Holmes 1900, were studied in the laboratory 

under controlled conditions. Test salinities were 10, 25 and 40 o/oo; 

temperatures were 15, 25 and 32°C; stocking densities were 2 and 4 

animals per liter. To appraise the significance of differences in 

growth, survival, and gross tissue production, an analysis of variance 

was performed on the data.

Postlarvae survived a temperature of 15°C for four weeks with 

almost no growth at all three salinities. Growth increased signifi

cantly with increasing temperature.

Low salinity was particularly effective against survival at 

all temperatures tested, and against growth at 15 and 25°C. Stocking 

density had significant effects on final production values in each 

treatment, but had no significant effect upon growth or survival.
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INTRODUCTION

The life histories of commercially important penaeid shrimps 

have been known for years (Lindner and Cook, 1970; Cook and Lindner, 

1970; Figueroa, 1950; Perez-Farfante, 1969). It is well established 

that these species spawn at sea. The demersal eggs hatch into 

nauplii which undergo larval transformations while being transported 

shoreward. By the time they transform to the postlarval stage they 

enter estuaries, where they grow rapidly into subadults and migrate 

back offshore with approaching sexual maturity. Thus, they encounter 

wide temperature and salinity variations in their life cycle. A 

knowledge of how these factors affect their growth and survival is 

important for shrimp mariculture and in understanding the life history 

and ecology of these animals.

The combined effects of temperature and salinity have been 

investigated on a number of organisms. McLeese (1956), working on 

Homarus americanus, found the upper lethal temperature to be lowered 

by a decrease in salinity, and the lower lethal salinity to be raised 

by an increase in the level of thermal acclimation. Penaeus aztecus 

showed a decreased tolerance to low salinity at temperatures below 

15°C (Zein-Eldin and Aldrich, 1965). Similar intolerance to low 

salinities at low temperatures was found in Crangon septemspinosa by 

Haefner (1969a, 1969b), in Palaemonetes vulgaris by Sandifer (1973), 

and in Leander serratus and Palaemonetes varians by Panikkar (1940).
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These species appear to tolerate subnormal salinities better at the 

upper part of the temperature range. Such a low/high combination is 

not beneficial to all invertebrates; many receive benefits from low/ 

low and high/high combinations (Kinne, 1963, 1964, 1970, 1972 and 

Alderdice, 1972).

Temperature and salinity are particularly important in 

estuarine environments; their effect on life often tends to overshadow 

certain other abiotic factors such as light, and many biotic factors 

such as competition, quantity and quality of food. Yet when tempera

ture and salinity are stable, and within the tolerance range, these 

other factors come increasingly into play.

From the standpoint of mariculture an important factor is 

stocking density, affecting intraspecific competition. It is obvious 

that a maricultural venture would like to hold the greatest possible 

number of animals in as small a space as possible without significant

ly sacrificing either growth or survival. Increasing the number of 

animals in a system results in increased consumption of oxygen from 

the system and increased activity —  including agonistic behavior —  and 

reduced food intake, even with an unrestricted food supply (Kinne,

1960 and Willoughby, 1968). This will be even more true in any com

bination of the primary factors of temperature, salinity, and light 

which increases the metabolic rate of the organism. Thus, the 

combined effects of temperature, salinity, and stocking density on 

marine invertebrates, especially at the extreme ends of these param

eters, can be quite variable both in the type of response and in
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degree or intensity of response. Although all of the penaeid shrimp 

are notably adaptable to a variety of environmental conditions, each 

species has. been found to have its own optimal range (Panikkar, 1967; 

Gunter, 1961)..

Penaeus californiensis Holmes is one of the most important 

commercial species of the Gulf of California. Much is already known 

of its basic life history (Sadana, Taddei, and Rodriquez, 1968; Avila 

and Loesch, 1965), but its precise reactions to different levels of 

temperature and salinity have not previously been reported. Now 

that this species is receiving increasing attention as a subject for 

mariculture, a multivariate analysis of its reaction to the major 

variables of temperature, salinity, and stocking density would seem 

to fulfill an important need.



MATERIALS AND METHODS

Tested.were combinations of three temperatures (15, 25, 32°C), 

three salinities (10, 25, 40 o/oo), and two stocking densities (80 and 

160 animals per forty liter tank). Because the nature of the 

laboratory facility made it impossible to test different temperatures 

simultaneously, the work was divided into three separate experiments, 

each at a different temperature regime. Each experiment included tests 

at the three selected salinities and the two established stocking 

densities. All test tanks were in triplicate, for a total of eighteen 

tanks in each experiment. Each experiment utilized a new population 

of postlarval shrimp, selected as far as possible for similar size and 

age. Animals were exposed to the test conditions for four weeks in 

each experiment. The number of survivors and the mean increase in 

size of the animals in each tank were used as indices of the suita

bility of the environment.

Each of the three experiments was analyzed as a 3X2 factorial 

experiment using standard analysis of variance methods. In these 

analyses, the main effects of salinity and stocking density were 

tested at the 0.05 level of significance, as were the interactions of 

salinity and stocking density. Whether the responses to the main 

effects and their interactions were linear or quadratic relations was 

also tested. All three experiments were then analyzed as one 3X3X2 

factorial experiment using standard analysis of variance methods.

4



5
Three main effects (temperature, T; salinity, S; and stocking density, 

D), three two-factor interactions (TS, TD, SD), and one three-factor 

interaction (TSD) were tested.

The 7.2 m2 experimental room was temperature-controlled to an 

accuracy of ±1.0°C. Against the longest wall of the room (3m) was a 

bank of twelve aquaria stacked three high on shelves. Opposite these 

on a shorter (2.4m) wall was. a bank of six aquaria stacked two high on 

shelves. Each aquarium was supplied with air through two valve- 

adjustable air lines from a 3cm diameter manifold pipe serving each 

bank of aquaria. A one-eighth horsepower Bell & Gossett model P-200 

air compressor provided air.

Experimental tanks consisted of 15-gallon all-glass aquaria 

fitted with a subsand plastic filter which was covered with a layer 

of crushed oyster shell and topped with a layer of fine beach sand.

The oyster shell and sand were sterilized by autoclaving for eight 

hours, then stored in premeasured portions in plastic bags for later 

use in each experiment. After the addition of sea water to each 

aquarium and the adjusting of the salinity with either deionized water 

or concentrated sea water, a final volume of forty liters of water was 

attained and maintained. A Jager 100W aquarium heater was placed in 

each aquarium in the third experiment to maintain the temperature at 
32°C.

While the postlarvae are still rather small, heavy mortality 

can occur either through their jumping completely out of the aquarium, 

or through their jumping and sticking to the glass sides. For this



reason, a thin polyethylene film was placed in contact with the sur

face of the water to prevent their escape. This also acted to reduce 

evaporation, and thus changes in salinity, and to reduce temperature 

fluctuations. Figure 1 illustrates an arrangement for aerating the 

water without disturbing the plastic film. In the last two experi

ments the plastic film and Y-tubes had to be removed before the 

completion of the experiment to permit sufficient aeration at the 

higher temperatures to meet the animals1 oxygen requirements as they 

grew. •

Sea water was secured from the sea water well on the 

Environmental Research Laboratory’s facility in Puerto Penasco,

Mexico. The water was filtered through a five micron filter into a 

200 gallon transporting tank, brought to Tucson, and filtered again 

through a five micron filter into a 300 gallon storage tank where it 

was kept cool and covered. The water was filtered a third time 

through a five micron filter before entering the experimental tanks.

Light was supplied by a single, three-foot fluorescent ceiling 

light. A time clock in the circuit was set to provide a twelve hour 

light-dark cycle. Definite differences in photometer readings were 

recorded at the various aquaria due to their stacked arrangement, but 

random distribution of the treatment replicates assured that no one 

treatment type received a uniformly advantageous light level or 

position in the stacks.

For each experiment, postlarval shrimp, Penaeus 

californiensis, of approximately 12mm total length were acquired from

6
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•g ̂  •Q* « : Vo. ̂ -w.

Figure 1. Aeration of aquarium using inverted Y-tube

An inverted glass Y-tube (C) was attached to the plastic standpipe 
(B) from the undergravel filter. Air flow (A) was adjusted so that 
when the mixture of air and water reached the junction of the Y's arm 
the aerated water flowed out the arm (C) of the Y into the aquarium 
and any bubbles escaped through the leg of the Y (D), which protruded 
through a hole cut in the plastic film.
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the hatchery of the Environmental Research Laboratory's facility at 

Puerto Penasco, Sonora, Mexico. Gravid female shrimp were captured 

offshore and spawned in the facility's hatchery tanks. Hatch tanks 

were maintained at 29°C and 34 o/oo during each of the three hatches. 

Animals were fed Skeletoneraa sp. at stage PI (protozoea, 1st stage), 

Tetraselmis sp. at stage PII, and Artemia salina nauplii from stage 

P H I  to the conclusion of the experiments.

Upon arrival in Tuscon at the beginning of each of the three 

experiments the animals were divided between three 100-liter fiber

glass holding tanks. In one tank the salinity was dropped to 20 o/oo 

over a 24-hour period by the addition of deionized water. It was then 

dropped to 10 o/oo in the succeeding 48-hour period, and was maintained 

at this level thereafter. In a second tank the salinity was raised to 

40 o/oo in the same time span by addition of concentrated sea water.

The salinity in the third tank was dropped to 25 o/oo over a two-day 

period. For the first experiment the holding tanks were allowed to 

drop in temperature to the ambient night-time temperature at that sea

son (conveniently, 15°C) and were then maintained at that temperature 

for the duration of the experiment. For the succeeding experiments, 

desired temperatures were maintained in the holding tanks by the use 

of aquarium heaters.

At the beginning of each experiment 160 postlarvae were 

counted into each of nine aquaria according to a random drawing of 

treatments and tanks; 80 postlarvae were counted into each of the 

remaining nine aquaria. An additional 100 postlarvae from the same 

starting stock were individually measured under a dissecting



microscope to the nearest 0.5mm, blotted dry with soft tissue, 

weighed to the nearest O.lmg with a Sartorius analytical balance, and 

preserved. At weekly intervals, 15 animals from each test aquarium 

were weighed and measured according to the previously mentioned pro

cedure, and then returned to the aquarium to maintain the proper 

stocking density. At the end of the fourth week, after the usual 

weighing and measuring, all of the survivors were counted and 

preserved. The gross tissue production of each aquarium was obtained 

by multiplying the final average weight by the number of survivors in 

the tank; the initial biomass of the tank (average initial weight 

multiplied by the initial number of animals) was then subtracted to 

give a better estimate of the production of each aquarium.

Postlarvae were fed freshly hatched nauplii of Artenia salina, 

obtained in vacuum-packed cans in their encysted stage (Metaframe, San 

Francisco Bay Brand). To avoid salinity changes in the experimental 

tanks, the brine.shrimp were washed in deionized water before being 

fed to the shrimp. The shrimp were usually fed twice a day, morning 

and evening. At the lowest temperature, one feeding a day, in the 

evening, was found to be sufficient to keep food always present in 

excess in the experimental tanks. At the highest temperatures, even 

two feedings a day could not keep food present at all times, espe

cially near the end of the experiments when the animals were quite 

large.

9



RESULTS

Experiment 1

The first of the series of three consecutive experiments was 

performed at the lowest experimental temperature of 15°C. The varying 

factors were salinity at three levels (10 o/oo, 25 o/oo, and 40 o/oo) 

and stocking density at two levels (160 animals/40 1. and 80 animals/ 

40 1.).
These animals were from hatch "14 at Puerto Penasco, hatched 

on April 21, 1974. At the start of the experiment they were 25 days 

from hatch and averaged 11.7mm ±1.3 in length and 8.77ng ±3.72 in 

weight (average of 100 animals from the same stock). Table 1 is a 

summary of the results of the four week experiment.

To appraise the significance of differences in growth, 

survival, and gross tissue production, an analysis of variance was 

performed on the data (Table 2). From the analysis of variance per

formed on the growth data, no significant differences were found 

between the salinity treatments or density treatments with regard to 

increase in length and weight. Growth, at the temperature in this 

experiment, 15°C, was so minimal that no effects of salinity or 

density were detectable.

The analysis of variance performed on the percent survival 

data showed the effects of salinity on survival to be significant at 

the 5% level. The lower salinity of 10 o/oo had a strikingly

10



Length and weight data are the average of 45 sample measurements each (15 from each of 
three replicates) unless survival dropped below that number. Percent survival and gross 
tissue production are the averages between the three replicates of each experimental 
population. Mean initial weight = 8.77mg. Mean initial length = 11.7mm.

Table 1. Experiment 1. Length-weight data; Percent survival; Gross tissue production.

Salinity
Si = 10 o/oo Sz = 25 o/oo S3 = 40 o/oo

Mean Mean Mean Mean Mean Mean
Density Length Weight Length Weight Length Weight

End, Di = 80/40 1 12.9 mm 12.3 mg 11.7 mm 8.9 mg 11.5 mm 8.5 mg
Week 1 Dz - 160/40 1 12.0 9.8 12.0 9.1 11.2 7.7

End, Di 13.0 12.4 12.3 10.0 • 12.1 9.5
Week 2 Dz 12.3 10.3 12.7 11.6 11.5 7.9

End, Di 13.8 14.5 12.8 11.4 12.5 10.9
Week 3 Dz 13.0 12.1 13.2 12.3 12.2 9.7

End, Di 14.3 17.5 13.5 13.5 13.1 12.6
Week 4 Dz 12.9 12.0 14.0 15.3 13.0 11.9

Number % Number % Number %

Final Di 3.7 4.6 63.67 79.6 47.00 58.8
Survival d 2 14.33 8.8 118.00 65.6 107.33 59.6

Gross D i - 638mg 163mg -107mg
Tissue Dz -1218 403 - 57
Production



Table 2. Experiment 1. Analysis of variance

Variation due to:
Degrees of 
freedom

D weight 
Mean Square

D length 
Mean Square

G.T.P.
Mean Square

% Survival 
Mean Square

Density 1 0.25 .20 1,650,745* 66

Salinity 2 4.44 o00 2,315,141* 808*

Density-Salinity 
Interaction 2 8.27 .17 276,350* 4003*

Error 12 7.31 .92 19,927 10

D = Week 4 - Week 1
G.T.P. = Gross Tissue Production
* Significant at the 57, level
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deleterious effect, while the higher salinity of 40 o/oo was only 

mildly damaging to survival (Table 2). The effect of density was not 

significant, but the interaction of salinity and density did have 

significant effects upon survival.

Gross tissue production was used as a measure to compare those 

treatments in which a few large animals survived with those in which 

surviving individuals were smaller, but more numerous. These results 

(Table 1) point out just how slight was the growth in this experiment

at 15°C. After one month, the most any one treatment produced was

only 0.4 grams. Only those treatments at a salinity of 25 o/oo pro

duced a positive production (greater final biomass than initial 

biomass), the other two salinities, 10 o/oo and 40 o/oo, both finished

up with a smaller biomass than they started with. Growth was so

minimal at this temperature that it could not make up for the loss in 

biomass from the system by mortalities. Analysis of variance per

formed on the gross tissue production found the separate effects of 

density and salinity to be significant, as well as their interaction 

(Table 2).

Thus, this experiment, run at 15°C, produced only minimal 

growth. The lowest salinity, 10 o/oo, had quite drastic effects upon 

survival and gross tissue production at this temperature.

Experiment 2

The second of the series of experiments was performed at 25°C. 

Again there were three levels of salinity, 10 o/oo, 25 o/oo, and 

40 o/oo, and two levels of stocking density, 80/40 1. and 160/40 1.



These animals were from hatch //15 in Puerto Penasco, hatched 

on May 25, 1974. This experiment began when they were 30 days from 

hatch and 15.9mm ±1.7 in length and 24.5mg ±9.35 in weight (average of 

100 animals from the same stock). Table 3 is a summary of the results 

of the four week experiment.
A standard 3X2 analysis of variance was performed on the final 

results for growth (length and weight), percent survival, and gross 

tissue production. Table 4 is a summary of the analyses.

Growth, with respect to length and weight, was rapid and rather 

uniform throughout the first two weeks. During the third week the 

rapidly increasing mortality in the lowest salinity tanks began to be 

reflected in the growth averages, and the averages for these tanks 

dropped below the others and stayed there. Analysis of variance per

formed on the length and weight data (Table 4) showed the effects of 

salinity and density on weight increase to be significant, but there 

was no interaction effect of significance. Only the effect of 

salinity was significant for increase in length.
The effect of low salinity, 10 o/oo, on survival was again 

startling. Less than 10 animals were left in any of these tanks at 

the end of the experiment. Because of this, the final biomass in 

these tanks was very much less than the initial biomass, resulting 

in large negative values for gross tissue production in these low 

salinity tanks (Table 3).
There was almost no difference in the average survival in the 

25 o/oo and 40 o/oo tanks, but greater weight gain in the 25 o/oo 

tanks resulted in greater gross tissue production for them.

14



Length and weight data are the average of 45 sample measurements each (15 from each of 
three replicates) unless survival dropped below that number. Percent survival and gross 
tissue production are the average between the three replicates. Mean initial length = 
15.9mm. Mean initial weight = 24.5mg.

Table 3. Experiment 2. Length-weight data; Percent survival; Gross tissue production.

Salinity
Si = 10 o/oo s 2 - 25 o/oo S3 = 40 0/00

Mean Mean Mean Mean Mean Mean
Density Length Weight Length Weight Length Weight

End, Di = 80/40 1 22.4 mm 80.9 mg 21.0 mm 68.2 mg 19.2 .nun 49.9 mg
Week 1 D2 = 160/40 1 20.1 56.5 19.4 51.9 18.6 47.1

End, Di 27.6 160.3 26.9 149.3 25.1 116.5
Week 2 Dz 25.9 129.5 23.7 103.7 23.3 96.3

End, Di 27.8 155.1 34.2 310.5 30.3 206.3
Week 3 D2 22.8* 76.2* 31.3 219.2 28.9 174.4

End, Di 27.9 151.5 41.5 533.9 37.7 408.8
Week 4 Dz 22.8* 78.4* 36.9 384.6 33.8 299.5

Number 7, Number 7 Number 7

Final D i 5.00 6.25 57.33 71.67 56.33 70.42
Survival Dz 2.00 1.25 96.00 60.33 92.33 58.04

Gross Di -120Img 28604mg 20909mg
Tissue Dz -3779 33605 23592
Production

*Average of two replicates; third replicate terminated from total mortality during 
weeks 2 and 3.

MIn



Table 4. Experiment 2. Analysis of variance

Variation due to:
Degrees of 
freedom

D weight 
Mean Square

D length 
Mean Square

G.T.P. ■ 
Mean Square

% Survival 
Mean Square

Density 1 49,346* 139 60,338,744 137

Salinity 2 216,977* 629* 1,819,047,787* 5,737*

Density-Salinity 
Interaction 2 1,276 27 22,622,140 1,961*

Error 12 4,341 ' 36 34,737,556 307

D = Week 4 - Week 1
G.T.P. = Gross Tissue Production
* Significant at the 5% level

HON
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It is noteworthy that even though the 25 o/oo and 40 o/oo 

tanks at the highest stocking density of 160 animals/40 1. showed a 

decrease in survival in comparison to the lower stocking density of 

80 animals/40 1. the total final biomass in the high density tanks 

was greater than in the lower density tanks. The effects of density 

were not significant for any parameter except growth in weight. No 

great benefits were obtained from the lower stocking density, nor any 

extremely harmful ones from the higher stocking density.

In all, at this more median temperature of 25°C, growth was 

much better than in Experiment 1, being 200-500% of the initial average 

weight in the 10 o/oo tanks and 1000-2000% of the initial in the 

25 o/oo and 40 o/oo tanks. Density, again, had only slight effects 

upon growth and survival. Overall, growth and survival were again 

highest in the 25 o/oo tanks, with the 40 o/oo tanks falling slightly 

behind them, and the 10 o/oo treatments showing extreme detrimental 

effects.

Experiment 3

In the last of the series of three experiments, the tempera

ture was once again held constant, this time at 32°C, while the three 

levels of salinity, 10 o/oo, 25 o/oo, and 40 o/oo, and two levels of 

stocking density, 80 animals/40 1. and 160 animals/40 1. were tested.

Animals in this experiment were from hatch #17 in Puerto 

Penasco on July 6, 1974. At the start of the experiment, they were
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31 days from hatch and 12.0mm ±1.47 in length and 9.25mg ±4.88 in 

weight (average of 100 animals from the same stock).

An overview of the results of this experiment is presented in

Table 5.

Survival in the lowest salinity tanks, while averaging only 

36%, was much better than in the previous two experiments. For the 

first time the gross tissue production in the low, 10 o/oo, salinity 

tanks was a positive number. Growth in the lowest salinity tanks was 

more rapid than the other treatments, but this is thought to be a 

result of the animals eating their dead tankmates and having less 

stocking density effects, and not as an effect of the low salinity 

per se.

The analysis of variance (Table 6) found salinity to have a 

significant effect on change in weight and gross tissue production 

at the 5% level and on survival at the 10% level. Survival for the 

25 o/oo and 40 o/oo tanks was slightly better than in the previous 

experiment, and so was the gross tissue production. Growth was also 

more rapid, increasing 3000-5000% as opposed to 500-2000% in 

experiment 2 and 36-99% in experiment 1.

Growth was rapid in all of the treatments, but was signifi

cant only for the effect of salinity on increase in weight. The 

effects of density on the increase in weight or length was not 

significant, and neither was there a significant interaction between 

density and salinity for growth in this experiment.



Length and weight data are the average of 45 sample measurements each (15 from each of 
three replicates). Percent survival and gross tissue production are the average between 
the three replicates of each experimental population. Mean initial weight = 9.25mg.
Mean initial length = 12.0mm.

Table 5. Experiment 3. Length-weight data; Percent survival; Gross tissue production.

Salinity

Density

Si = 
Mean 
Length

10 o/oo 
Mean 
Weight

S2 = 
Mean 
Length

25 o/oo 
Mean 
Weight

S3 = 
Mean 
Length

40 o/oo 
Mean 
Weight

End, Di = 80/40 1 23.9 mm 106.1 mg 21.1 mm 72.6 mg 17.9 .mm 44.9 mg
Week 1 D2 = 160/40 1 19.9 67.4 18.9 53.8 16.7 36.2

End, Di 30.9 227.1 28.7 182.8 26.4 137.7
Week 2 d 2 26.6 160.1 25.0 118.4 21.9 82.9

End, Di 38.4 412.4 30.9 218.7 30.2 216.2
Week 3 d 2 29.5 243.0 30.9 227.2 27.9 174.8
End, D i 41.5 514.2 35.8 347.2 33.9 287.9
Week 4 d 2 37.7 398.3 36.5 365.0 32.7 266.8

Number % Number % Number %
Final D1 28.67 35.83 69.67 87.08 66.67 83.33
Survival d 2 59.33 37.08 105.00 65.62 99.67 62.29
Gross Dl 13980mg 23461mg 18440mg
Tissue d 2 22113 36696 25209



Table 6. Experiment 3. Analysis of variance

Variation due to:
Degrees of 
freedom

D weight 
Mean Square

D length 
Mean Square

G.T.P.
Mean Square

% Survival 
Mean Square

Density 1 1,401 4.2 460,571,367* 280

Salinity 2 26,642* 4.6 227,156,018* 973

Density-Salinity
Interaction 2 4,887 4.4 17,448,585 3,280*

Error 12 1,860 3.8 15,708,886 324

D = Week 4 - Week 1
G.T.P. = Gross Tissue Production
* Significant at the 5% level

N>O
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Both density and salinity had significant effects upon the 

gross tissue production, but no significant interaction. Once again 

the higher density tanks (4 animals/1.) attained greater tissue 

production even though their survival was slightly less and their 

weight increase averaged less.

Consolidated Experiments

By combining the results of each of the three experiments 

and analyzing them as one 3X3X2 factorial experiment, the effects of 

temperature and salinity on growth and survival and their interaction 

with stocking density can now be assayed.

A summary of the mean values for each of the measured param

eters for each of the experiments is given in Table 7. For the 

actual analysis of variance the natural logs of the data for the 

change in length, change in weight, gross tissue production, and 

percent survival were used. Greater growth rates in experiments 2 

and 3 resulted in greater variance, and the log values equalized the 

variance better for analysis.

It was feared that the percent survival was having an effect 

upon the growth data, i.e. the few large and hearty surviving animals 

in treatments which produced very poor survival appearing on the growth 

curves to make their treatments more desirable than they were. Before 

running the analysis of variance, an analysis of covariance was run on 

each experiment for change in length, change in weight, and gross 

tissue production against the percent survival of each particular 

treatment. Covariance analysis demonstrated that adjustment of the
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Table 7. Consolidated experiments; Table of means. 

Each mean is the average of three replicates.

A Weight(mg)
T1 T2 T3 S D

D i D 2 D i D 2 D i D 2 Means Means
Si 5 2 71 -4 408 330 135 204
S2 5 6 466 333 274 311 233 163
S 3 4 5 359 252 243 231 182
T

Means 4.5 246 300

s2 7.3 4341 1860

A Length(mm)
T1
Di D2 o

H3 ro

d 2
T3
Di D2

S
Means

D
Means

Si 1.3 0.9 5.5 -4.9 17.6 17.7 6.4 10.9
S2 1.7 1.9 20.5 17.5 14.8 17.7 12.3 9.3
S 3 1.6 1.2 18.5 15.3 16.1 16.0 11.5
T

Means 1.4 12.1 16.7

s2 0.92 36.0 3.8

Gross Tissue Production (mg)
T1

Di d 2
T2

Di d 2
T3

Di d 2
S

Means
D

Means
Si -638 -1218 -1201 -3779 13980 22113 4876 11513
s2 163 403 28604 33605 23461 36696 19989 15174
S3 -107 -57 20909 23592 18446 25209 14665
T

Means -1451 16955 23317

Percent Survival (%)
T1

Di Dz
T2

Di
T3

D2 D i d 2
S

Means
D

Means
Si 4.6 8.8 6.3 1.3 35.8 37.1 15.65 55.2
S2 79.6 65.6 71.7 60.3 87.1 65.6 71.65 46.5
S3 58.8 59.6 70.4 58.0 83.3 62.6 65.40
T

Means 46.2 44. 7 61. 9

A = Week 4 - Week 1 s 2 = Sample Variance
D = Stocking Density
S = Salinity
T = Temperature



data for percent survival was unnecessary, and the standard analysis 

of variance was then performed.

The results of the analysis of variance for change in weight 

are presented in Table 8. The effects of both salinity and tempera

ture were significant with regard to change in weight; both the 

linear and quadratic responses were significant. The interaction of

temperature and salinity was also significant, and the response was a 
■ . •’ ■., • v.-- - quadratic one. •

•Figure 2 is a graph of the effects of temperature and salinity 

interactions on change in weight. The change in weight with increasing 

salinity (Figure 2a) was a quadratic function for treatments at 15°C 

and 25°C, but a negative linear one for treatments at 32°C. Notice 

that the change in weight increased rapidly with increasing salinity 

between 10 o/oo and 25 o/oo at temperatures of 15°C and 25°C, and 

then dropped off slightly between 25 o/oo and 40 o/oo. The curve 

for treatments at 32°C is very similar to the other two between the 

salinities 25 o/oo and 40 o/oo, but, where the other two drop off 

sharply between 10 o/oo and.25 o/oo, the change in weight for 10 o/oo 

at 32°C is much greater than that of the 25 o/oo tanks. This is 

possibly an effect of survival on these low salinity tanks at 32°C; 

gross tissue production calculations, which take both growth and 

survival into account, produce a curve for the 32°C treatments which 

are more similar to the other temperatures' treatments (shown later).

The change in weight with increasing temperature (Figure 2b) is a 

quadratic response for treatments at 40 o/oo and 25 o/oo. Treatments at

23



Table 8. Analysis of variance, In A weight; 
Consolidated experiments.

Source d.f. MS

Density (D) • 1 3.55
Salinity (S) 2 7.79*

linear 1 9.40*
quadratic 1 6.18*

Temperature (T) 2 89.10*
linear 1 155.63*
quadratic 1 22.57*

2X Interaction
DS 2 2.97
DT 2 .85
ST A 4.21*

S1T1 1 3.41
SlTq 1 9.09*
SqTl 1 1.00
SqT 1 3.37
q q

3X Interaction •
DST A .57
Error 36 1.09

In = Natural logarithm 
*Signi£icant at 0.05
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10 o/oo showed a linear response to temperature, rising in a positive 

linear manner between 15°C and 32°C. The curve for 40 o/oo and 

25 o/oo both show a rapid rise between temperatures of 15°C and 

25°C, and a slight drop in weight change between 25°C and 32°C. 

Somewhere between 25°C and 32°C an increasing growth rate with in

creasing temperature had reached a peak, and by 32°C was decreasing 

with increasing temperature. On the other end of the temperature 

range, growth decreased quite rapidly with decreasing temperature, 

between 25°C and 15°C.

Results of the analysis of variance performed on growth data 

expressed as change in length were quite similar to those for change 

in weight. They are presented in Table 9 and Figure 3.

In the analysis of variance for gross tissue production both 

the main effects of temperature and salinity were significant, while 

that of density was not (Table 10). A graph of gross tissue pro

duction for increasing salinities at the three temperatures (Figure 4) 

shows a quadratic response to salinity. Again, somewhere around a 

salinity of 25 o/oo gross tissue production was at a peak for each of 

the temperatures tested, by 40 o/oo it had already begun to taper off. 

Decreasing salinity down to 10 o/oo sharply decreased the gross tissue 

production at both 15°C and 25°C, but the decrease was very gradual at 

32°C. The response of gross tissue production to temperature was a 

linear one. Increasing temperature increases gross tissue production 

in a significantly linear manner. Density had a significant inter

action with temperature for gross tissue production. Production



Table 9. Analysis of variance, In 6 length; 
Consolidated experiments.

Source d.i

Density (D) 1
Salinity (S) 

linear 
quadratic

2

Temperature
linear
quadratic

2X Interactions

2

DS 2
DT 2
ST

S1T11
3X Interactions

4

DST 4

Error 36

MS

.205
1.367*

1 1.645*
1 1.090*

14.819*
1 26.777*
1 2.861*

.101

.164
1.094*

1 .055
1 3.107*
1 .130
1 1.084*

.031

.087

*Signifleant at 0.05
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Table 10. Analysis of variance. In gross tissue
production; Consolidated experiments.

Source . d.f. MS

Density (D) 1 .22
Salinity (S) . 2 41.20*

linear 1 54.28*
quadratic 1 28.13*

Temperature (T) 2 68.38*
linear 1 134.63*
quadratic 1 2.12

2X Interactions
DS 2 1.36
DT 2 3.80*

DT, 1 .46
DT 1 7.15*

ST 9 4 ' 11.83*
Si?} 1 5.77*
slTq 1 29;94*
SqTl 1 2.07

1 9.54

3X Interactions
DST 4 1.93*

Error 36 .57

* Significant at 0.05
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T = 25 C

T = 32 C

T = 15 C

SAL I NITY
Figure 4. Salinity-temperature interactions, In gross tissue 
production (GTP)
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increased with temperature and with stocking density. For the most 

part, growth and survival were not excessively different at the two 

stocking densities, and the higher density tanks made up for slightly 

lower weight increases and survival by the sheer number of animals in 

their double-density situation.

With respect to survival, all the main effects and first order 

interactions were significant. Only the second order interaction was 

not significant. See Table 11 and Figure 5. At all salinities 

tested, survival took a dip at 25°C compared to 15°C and 32°C. On the 

average, all treatments attained higher survival at the 25 o/oo 

salinity than at 10 o/oo and 40 o/oo. The highest temperature, 32°C, 

produced the greatest survival for all the salinity treatments, and 

the medium salinity of 25 o/oo produced the greatest survival from 

all of the temperature treatments. Of all of the parameters, salinity 

had the most significant effect upon survival.



Table 11. Analysis of variance, percent 
survival; Consolidated experiments.

Source d. f. MS

D i 1,036*

S 2 16,957*
T 2 1,637*

DS 2 294*
DT 2 133*
ST 4 388*

DST 4 62

Error 36 26

*Significant at 0.05
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DISCUSSION

It is evident that Penaeus californiensis is capable of toler

ating quite a wide range of temperatures and salinities. Even though 

the upper Gulf of California lacks the low salinity estuaries which 

are such a conspicuous element in the life cycles of other penaeid 

shrimp, Penaeus californiensis retains the ability to tolerate a wide 

range of salinities. McFarland and Lee (1963) reported a salinity 

tolerance for white shrimp, Penaeus setiferus, ranging from fresh water 

to 45 o/oo; while brown and pink shrimp, Penaeus aztecus and duorarum 

tolerated a range of 3 to 69 o/oo. Although the salinities tested 

here only ranged from 10 to 40 o/oo, survival indicated that tolerance 

in P_̂  californiensis is probably comparable to that in other penaeids.

Comparing the graphs in Figures 6 or 7 to one another il

lustrates the more direct relation of temperature to growth. In 

experiment 1 growth was so minimal that any salinity effects on growth 

were unnoticeable, but in experiments 2 and 3 rapid growth at the 

higher temperatures magnified the growth effects caused by salinity. 

Differences in growth caused by salinity were not of the same order of 

magnitude as those caused by temperature.

Conversely, survival was more dependent upon the salinity of 

the environment than upon the temperature. Low salinity was detri

mental to survival at all temperatures tested. Survival rose with 

salinity up to about 25 o/oo, after which it leveled off gradually
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Figure 7. Growth in length
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with increasing salinity (Figure 5b). Stocking density also had a 

significant effect on survival. Ignoring the low salinity tanks 

where low survival reduced stocking density effects to minor im

portance, as stocking density increased survival decreased in all 

other treatments.

Temperature and salinity interact in such a way that tolerance 

ranges of each parameter can be modified (enlarged, narrowed, shifted) 

by the other. Whereas salinity (10 o/oo) was markedly detrimental 

to survival at temperatures of 15 and 25°C, a further rise in tempera

ture to 32°C increased survival at the low salinity fivefold over that 

at the other two temperatures. This agrees with data for estuarine 

organisms which were found to be able to tolerate subnormal salinities 

better at the upper part of the temperature range (Zein-Eldin and 

Aldrich, 1965; Haefner, 1969a, 1969b; Sandifer, 1973; Panikkar, 1940). 

Increasing temperature also favored survival at the other two 

salinities tested. A salinity of 40 o/oo was not high enough to 

demonstrate whether or not increased resistance to low salinities at 

higher temperatures is balanced by decreased resistance to high 

salinities at high temperatures in the usual give-and-take of the 

temperature-salinity relation. Rather, Figure 5a surprisingly shows 

an increased survival with increasing temperature at 40 o/oo also. 

Figure 5b illustrates near optimal survival at all three temperatures 

when salinity is 25 o/oo, and an extreme drop in survival as salinities 

fall to 10 o/oo. The theoretical fifty percent survival level would 

presumably be reached somewhere in the range of 15 to 21 o/oo, 
depending upon temperature.
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Looked at practically this means survival of this species is 

threatened when salinity drops too much below 25 o/oo, even when other 

factors are optimal. Low temperature is not a catastrophe if the 

salinity is 25 o/oo or above, but can result in high mortality if the 

salinity is also low.

Better survival in higher salinities when at low temperatures 

is in agreement with Zein-Eldin and Aldrich's (1965) results with 

Penaeus aztecus. Williams' (1960) and McFarland and Lee's (1963) work 

with Penaeus duorarum and P. aztecus, and Panikkar's (1940) work on 

Leander serratus and Palaemonetes variens, to name a few.

Whereas the tolerance range of Penaeus californiensis nay be 

quite wide with respect to the parameters tested, the ranges of the 

same parameters which effect good growth are much narrower. While 

treatments gave good survival at salinities of 25. o/oo and above, 

growth in all treatments was only minimal in the four week period. 

Tg treatments, run at 25°C, produced substantial growth; thus, some

where in the range of 15 to 25°C significant growth rates begin to be 

obtainable. Growth, as expressed by change in length and weight, was 

also slightly better at 25°C than at 32°C, except at salinities of 

10 o/oo where survival was so low at 25°C that growth data was not 

comparable.

Just as the interaction of environmental factors is of basic 

importance in the interpretation of their effects, so is the inter

action of their effects (growth and survival) often important in the
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total picture. This is the basic reason for expressing the results in 

many ways in this thesis, and especially for the inclusion of gross 

tissue production in the expression. This was included to equalize 

situations where treatments severely affected survival, but remaining 

animals were large enough to make the treatment seem desirable on the 

basis of its growth data. Growth curves in Figures 6 and 7 often show 

the low salinity tanks having better growth than the other treatments, 

not reflecting the poor survival in these tanks. Graphs of gross 

tissue production. Figures 4 and 8, give a better picture of the final 

results of the treatments. For example, using the gross tissue pro

duction turns the negative linear curve of Figure 3a for T^ into the 

more usual quadratic curve peaking at 25 o/oo in Figure 4.

Gross tissue production is basically an expression of the 

total biomass or production, from a commercial standpoint, of each 

treatment." Here stocking density produced significant results in 

interaction with temperature. Increasing temperature significantly 

increased production. Because growth results in each experiment were 

very similar between treatments, poorer survival at the highest stock

ing density was not detrimental to the final production values of the 

treatment, for this size animal. In experiment III, shrimp in 

(25 o/oo, 2 shrimp/liter) tanks averaged 0.36 grams, while 

SgDg (25 o/oo, 4 shrimp/liter) tanks averaged 0.34 grams. tanks

averaged 87% survival, SgDg's averaged 66%. Yet because 87% of density 

1 was approximately 69 animals and 66% of density 2 was 105 animals, 

the S2D2 tanks came out ahead in final production by 37 grams to 23
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grams. Growth and survival were consistently less at the higher 

stocking density, but the final production was significantly better 

at the higher density, though never double the production, as it had 

started out to be.

In summary, the medium salinity of 25 o/oo and the medium 

temperature of 25°C produced the greatest weight increase. Good 

survival (greater than 70%) was never recorded at the lowest salinity 

(10 o/oo) at any temperature. The highest stocking density never had 

greater than 65% survival at any temperature or salinity combination. 

The best survival was recorded in experiment III at 32°C in salinities 

25 and 40 o/oo. Gross tissue production increased with temperature.

A salinity of 25 o/oo and a temperature of 25°C appeared near 

the peak of most of the statistical graphs. It is felt that these 

values are near the optima for this species. Going toward the low end 

of the temperature and salinity ranges, the drop off in growth and 

production was quite sharp; toward high temperatures and salinities 

the drop was slight and gradual.

Low temperature was extremely detrimental to growth and 

production. Low salinity was particularly effective against survival 

at all temperatures, and against growth at 15 and 25°C.
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