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Table 3, - Relative incorporation of l4c from labeled dietary
nutrients into shrimp muscle tissue

Labeled'dietaryLingredient : - dpm lag per g dry tissue

Yeast protein | . .} - 1835 + 725

Yeast protein hydrolysate . 680 + 300

Tripalmitin o 315 + 110
 Palmitic acid | | 770 + 340

Starch f - 380 + 225

Glfucose - | . 225 + 140
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Other investigatnrs have suggested that detritus enrlched by, -
the micro-organisms that degrade it is a major component of the :» -
natural diet of penaeid shrimp. This paper describes pink shrimp
(Penaeus duorarum) feeding experiments in earthen ponds and con-. L
crete tanks, with wheat bran used to pruduce an artifiecial detri-:
tus food for the shrimp. Wheat bran and other foods are compared,
and the effects of food type, feeding methods, and certain aspects

of water quality on growth, survival and yield of pink shrimp are.
evaluated,

et
The artificial detritus method of feeding in the culture ﬂf;
shrimp is much simpler than the feeding of pelleted or other i
diets directly to shrimp, since the former does not depend upon g
monitoring of growth rates and population densities to determine .
feeding rates. Wheat bran is added teo unaerated tanks or pﬂﬂds:ﬁ'
at constant rates that do not cause oxygen depletion. We have S
added wheat bran to ponds at daily rates up to 35 kg per ha withﬂ
out causing obvioug problems.
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With wheat bran feeding, it seems possible to rear pustlarvil.
pink shrimp in ponds or tanks to about 4 g (live bait size) in 3

months and at stocking dengities as high as 100,000 per ha, and with |
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Y
survival as high as 90%. Our investigatioms of the artificial
detritus feeding method will continue with the goal of developing
methods for producing food shrimp profitably.

- INTRODUCTION

In the commercial culture of penaeid shrimp, considerable
progress has been made toward development and improvement of
methods for rearing large numbers of these animals from ova to
the postlarval life stage.(Tabb et al., 1972), There remain needs
for: (1) development of methods to induce the females to mature
in captivity to provide year-round control over the reproductive
cycle and to allow selective breeding and hybridization, and for
(2) development of methods to rear the shrimp from postlarvae to
marketable size profitably. Both problems are receiving emphasis
in shrimp culture research at the Rosenstiel School of Marine and
Atmospheric Science, University of Miami, Florida. This paper
deals with the second problem, that of developing methods to rear
shrimp from postlarvae to marketable size at a profit. We have
not yet attained thig goal, but we believe the results contained

herein show progress in that direction.

The pink shrimp (Penaeus ducorarum) has been the subject of
our investigations because it is among the three most important
species of commercial shrimp of the United States and because it
is readily available from south Florida waters. Anderson and
Tabb (1971) suggested that a substantial reduction of costs might
lead to a profitable shrimp culture. These costs include capital
jnvestment in land, hatchery and rearing facilities (e.g., ponds),
and costs of labor, food, and acquisition of ova from gravid

female shrimp collected on offshore spawning grounds.
i | | | |

|
; Dall (1968) suggested that the large amount of unrecognizable
material found in the gut of penaeid shrimps forms the main com-
ponent of their diet and that the shrimp derive nourishment by
browsing on the micro-organisms (bacteria, algae, and micro-

fauna) which grow on the surface of the substrata. Heald (1971)

showed that the red mangrove (Rhizophora mangle) is the dominant
primary producer in the North River drainage system of Everglades
National Park, Florida, an important nursery ground for pink
shrimp. He observed that the degradation of mangrove leaves by
micro-organisms tends to enrich this material as a food for

detritus feeders, and Odum (1971) showed that pink shrimp consume

this mangrove detritus. With these and gimilar other studies as
a basis, it seemed that artificially produced detritus might be

" used as an inexpensive shrimp food, with possible additional sav-
ings in labor cost. For our initial tests of the artificial |
detrituaﬁfeeding-methnd, Tabb chose wheat bran (Table 1), because
of his experience with its use in freshwater fish culture in
ponds. We also have compared it with three other foods. It
should be emphasized that the artificial detritus method of feed-
ing in the culture of shrimp is much simpler than the feeding
of shrimp with pellets. For the latter, the food is usually
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ad?ed at rates dependent upon the size and numbers of shrimp .iéé; 
being fed. Such feeding necessitates continuous monitoring of -«

population size and growth rates of the shrimp. With the artifi-:

cial detritus feeding method, materials such as wheat bran are .-,

added to ponds at rates (usually constant) which will not cause
oxygen depletion, and these rates are for the most part indepen-
dent of size and numbers of shrimp.
bran) are presumably enriched with microbial protein, etc., in
the process of degradation, and this enriched material pruvides.a.

The substrates (e.g., wheat:
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source of nourishment for the shrimp. - PR
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FACILITIES .

Tabb et al. (1969) described the University of Miami shrimp
culture facilities near Biscayne Bay on property of the Florida |
Power and Light Company at Turkey Point, Florida (Figure 1). The
seven ponds used in this study are above mean high water to o
facilitate draining. Surface areas of the bottoms of these ponds .

are about 0.08 ha (ponds 1-4), 0.16 ha (ponds 5 and 6), and 0.34

ha (pond 7). The bottom of each pond slopes from about 1.2 m on
the'shallﬂw side to about 1.8 m on the opposite side near the
drain., Levees are sloped sharply to discourage predation by .
wading waterfowl, etc., and they are sheathed on the inside with

a rubberized materfal to reduce loss of water by seepage. Pond
bottoms are sealed with a layer of oolitic marl about 10 cm deep. -
A band of coarse sand, about 8 cm deep and 1 m wide on top of the.
marl around the perimeter of the bottom, was added to each pond

to attract shrimp to the sides to improve the efficiency of feed-
ing, but its effectiveness is limited. The drain in each pond=is-.
10 cm in diameter and is enclosed within a stack (Figure 1) with |
three sides of concrete and the fourth side formed from boards
pléced in slots. These removable boards are used to maintain or
ad just water depth (Table 2). Water pumped into ponds was filtered
t?rnugh polyethylene bags with 345z bar mesh to reduce introduc-
tion of predators or competitors, or their ova. Despite this
precaution such animals were sometimes introduced when a filter.
broke. We at times introduced anchovies (Anchoa), mojarras
(Gerreidae), and seatrout (Cynoscion) into the ponds accidentally.

In addition to facilities described by Tabb et al. (1969),
there are now 36 more concrete tanks at Turkey Point, and thase
w?re used in our experiments. These tanks are arrayed side bysﬁﬁ
side from north to south near the laboratory (Figure 1). The :
bottom surface area of each tank was assumed to be 2 m* for our .
experiments, but the 95% confidence interval for the bottom sur-';'
face area of the tanks was 1.94 + 0.003 m2. This relatively con-
sistent but slight discrepancy was not considered to be of = 5«
practical significance, and no adjustments were made in our cal%?;
culations to correct for it. The 957 confidence interval for ﬁiﬁf;

water depth, maintained in these tanks by overflow outlets, was:; [ -

0.87 + 0.007 m, but the total depth of each tank is about 1 m. 3o. '
Aeration from the bottom can be provided in each tank via two air-
Some of the taﬁka@ﬁ%ﬁ,

lines, each fitted with a weighted airstone,
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received less sunlight than others due to gshading by the labora- that the fraction of Etﬂcked.shrimp removed in this manner was- .
tory building near the end of the day. This shading effect was constant for all ponds. The remaining live shrimp were returned
taken into consideration in the design of experiments (i.e., it to the ponds. Such sampling mortality (including shrimp thataﬁﬁi'
was controlled by replication in a randomized block design). j died and others that were sacrificed) was less than 2% of thefjiisf'
| | | shrimp stocked., No adjustment was made in survival or yield-azﬁ:s=
- | | values to correct for this sampling mortality. ERRFE
SOURCE OF SHRIMP AND PREPARATION OF PONDS AND TANKS | | | Wb il
All shrimp used in the experiments were pink shrimp reared : | HARVEST N
at Turkey Point from ova obtained from gravid females collected e
from either the Tortugas or Sanibel spawning grounds of Florida, Harvest of shrimp from tanks was accomplished by cnmplete . :
‘ _ _ . * drainage, and direct counts and weighings of survivors were made,.
Ponds were drained and dried prior to each experiment. After the first experiment in Pond 7 in which attempts were made
Debris, primarily filamentous green algae mats left from previous t to harvest shrimp by seining and drainage during the day, the 9 
experiments, was removed, and the bottom was tilled to a depth of x ponds were drained and flushed once or twice at night tnlharvegt:f
about 2 cm to aerate it. | shrimp at the drain outlets (Table 3). We believe that harvest' .

Concrete tanks were cleaned with high-pregsure water spray
after being scraped to remove sessile organisms such as oysters
and barnacles. . o

this should be considered in pond design. Volumetric and gravi-
metric methods were used to estimate the number of survivors, and
samples were taken to estimate average weight per shrimp., Shrimp
that remained in a pond after complete drainage were counted and
added to the yield from drainage and flushing.' Such sampling @ -
contributed further to the total variation in the data from pﬂnds;-';
All yields (kg per ha) represent shrimp with heads on. -Jiﬁﬁfﬁﬁﬁﬁ'.
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i by drainage would have been much better with larger drains, and -

FEEDING, STOCKING, AND SAMPLING

Food was broadcast by hand from pond levees and was intro-
duced directly into tanks. Wheat foods (Table 1) were wetted
with water after being weighed and before feeding to prevent them
from floating. No adjustment in weight of food was made to com-
pensate for differences in moisture content among the foods
tested (Table 1). Foods were all kept in alir-conditioned storage
to limit moisture uptake and decomposition.. =

OXYGEN, TEMPERATURE AND SALINITY e NERT

Oxygen, temperature, and salinity were usually monitored ine

tanks and ponds during each experiment (Figures 2 to 7). Water: &~

temperature near the bottom was measured electrometrically ur-*ﬁﬁ“?:
with a mercury thermometer. Oxygen concentration of the water

: ) near the bottom was determined electrometrically. Salinity was |
be ‘stocked in tanks. When shrimp larger than postlarvae were measured with a refractometer. Only those oxygen and temperature :

stocked in tanks, checks were made on several days following stock- ~ measurements taken between 8:00 a.m. and 10:30 a.m. local time» ..
ing to remove any shrimp that died, and these were replaced with * - (usually E.S.T., but includes "daylight saving timé”) are pre-?'.i
live ones of the same size. No attempt was made to confirm stock- 1 sented, because these values exhibit considerable diel variation
ing densities when postlarvae were stocked in tanks because they ~Salinity values taken during daylight hours are presented, = @ °
could not be found in the tanks at such small size. Shrimp in \ - -
tanks were not again handled until the experiment was terminated.

I
|
:

| Direct counts were made to determine the number of shrimp to
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volumetrically, The coefficient of variation (standard deviation

Numbers of postlarvae to be stocked in ponds were estimated l
l Six experiments were conducted, three in ponds and three in

x 100/average) for such pond stocking densities was estimated to the concrete tanks, . s

be 16%. Thus, the average stocking densities used in our tables ' | S
concerning pond experiments are somewhat imprecise, and such | | f
variatfon contributed to the total variation among ponds. Weekly First Pond Experiment

samples, usually 25 to 50 shrimp, were removed from each pond | ! |
and weighed to measure growth, Collections of small ghrimp were | The first pond experiment was conducted in the 0.34 ha pond
made with dipnet, whereas larger shrimp were collected by sein- | (pond 7, Figure 1), and it produced the best growth rate observed g
ing. The shrimp in a sample were weighed together in a nylon in this study (Figure 2). The pond was stocked unsuccessfully = |
mesh bag after excess moisture was removed centrifugally by | | with postlarvae on May 29, 1970, 23 days after it was filled wit
swinging the bag containing the shrimp. When shrimp died during water. We believe the postlarvae were killed by a change in -

this sampling, some live ones were removed from all samples so | salinity from 32 ppt to 40 ppt in the transfer from tanks to the'ﬁfﬁ%
SR
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‘worsened conditions in the pond,

1
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pdﬁd. No food was added to the pond prior to this stocking, but
occasional feedings of wheat bran were made during June (Table 4),
and a dense brown algae bloom developed and was maintained. By
July, sampling showed that the stocking had failed, and feeding
was not resumed until July 20 in preparation for restocking,

On July 29 the pond was restocked with postlarvae averaging
0.0l g. The approximate stocking density was 59,000 postlarvae
per ha. The pond received 3,589 kg of wheat bran per ha, 41% of
which was added prior to the second stocking on July 29. Though
food was not added daily, and the feeding rate was increased
during the study, the quantity of wheat bran averaged 21.2 kg per
ha per day. A small amount of Oppenheimer pellets (about 17 of
the total food) was also added to the pond from August 25 to
September 8. The dense brown bloom lasted until September 12 at
which time feeding was interrupted for several days to avoid
oxygen depletion. By September 15 the bloom had changed to green
or greenish-brown, and by November 10 the water had become gray,
a conditlion we believe indicates overfeeding,

In addition to possible losses of shrimp through oxygen de-
pletion, predation by waterfowl may have been a source of shrimp
mortality. We also had difficulty with the harvest of shrimp
{(due to cold weather, etc.), and all the shrimp were not removed,
Estimated survival was only 247%. Prior to the difficulties with
harvest, survival may have been higher, but we have no accurate
way of substantiating this. The shrimp grew to an average weight
of 12.1 g in 117 days. §Since survival was poor, the yield was
only 171 kg per ha. Food conversion (weight of supplemental food/
gain in shrimp biomass) was not estimated due to inaccuracies in
survival and yield data. LI

. We have not yet been able to duplicate the good growth
(Figure 2) exhibited in this experiment, and we cannot be certain
what produced it.  Decreased density (due to mortality) may have
enhanced growth, Large numbers of polychaetes were in the pond
before the second stocking, and since these are eaten by shrimp
they may have contributed to rapid growth, When growth began to
slow in late September, comparatively few polychaetes could be
found in bottom samples taken from the pond. During the period
of good growth, water quality was good and the dense brown algae
bloom prevented development of filamentous green algae mats.
Attempts to compensate for slowed growth in the latter part of
the experiment by increasing the feeding rate (Table 4) may have
This experiwment is useful mainly
in indicating that the introduction of wheat bran into a pond
prior to and after stocking of shrimp can support rapid growth in
the shrimp, whether they feed upon the wheat bran itself, or food
organisms encouraged to grow by its presence, or both. This pre-
feeding or pre-culturing technique is still under investigation.

- I.. .- - - -
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Feeding Experiments With Wheat Bran
First Tank Experiment o

The first experiment in concrete tanks (Figure 3) tested the
effects of food type (wheat bran, wheat shorts, Glencoe pellets, .
and Oppenheimer pellets), stocking density (15 vs 30 shrimp per |
m2, or 150,000 and 300,000 per ha), and feeding schedule (once vs
thrice per night) on survival, growth and yield of shrimp (Table
5). For this and the other experiments in concrete tanks, a

factorial arrangement of treatments was used, with two replications

of each treatment combination in a randomized block design, - Only
32 of the concrete tanks were used in this experiment. S

Shrimp were taken from ponds (other than pond 7) where they
had been grown from postlarval size, and they were rather large,
averaging 5.6 g. These shrimp were stocked in tanks on October L4,
1970 right after the tanks were filled with water filtered through
polyethylene bags with Lllybar mesh., Significant differences in;;
average initial weight per shrimp between the two stocking denw=..
sities and between the two feeding schedules were accidentally i
built into the experiment, but the differences in average weightq"
were 0.2 g or less (Table 6). - : i=ﬁi=f:

The once per night feeding was dome at 9:00 p.m. local timé;
3:00 a.m. The nightly feeding rate was 4.2 g of food per~m2 (42 .

kg per ha) for the lower stocking density and 8.3 g of food per .. .
m< (83 kg per ha) for the higher, or about 5% of the initial = ;o -

and the thrice per night feedinge were at 9:00 p.m., midnight, and .

weight of the shrimp, and the same total quantities were fed perklf;f

night under both feeding schedules (i.e., 1/3 of the nightly 8
ration was fed at each of three feedings per night). Continuous

aeration throughout the experiment was necessary to prevent oxygen

depletion. Feeding was done at night because pink shrimp are more
active at that time than during the day. The tanks were each
covered with translucent green fiberglass (corrugated) to prevent
dilution of salinities by rain, and no more water was added during
the experiment. These covers transmit about 807 of incident light
and about 60 to 80% of incident heat. G g
b
Shrimp were harvested on January 12, 1971, 90 days after -
stocking. Both food type (wheat vs pellets) and stocking density
significantly influenced survival3 (Table 7) and yield (Table 8),
but only food type (wheat vs pellets) had a significant effect on
average final weight per shrimp (Table 9), Feeding schedule had
no demongtrable effect on survival, growth or yield., There were .
no significant differences between wheat bran and wheat shorts .=

nor between Glencoe pellats and Oppenheimer pellets in survival;;gi_':

t teopd e C
R

3 ) _ _ _ e
An angular transformation (arcsin \fpercent survival) of survival; -

was conducted for all experiments to assure normality required ... .

for the analysis of variance.

percent survival data,

K
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Average survival values (= untranséjf
Formed average arcsin ypercent survival) obtained by this method . ;
are slightly higher than values obtained by a direct averaging of }
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i -
growth or yvield. The wheat bran and wheat shorts did not promote
growth and survival, thus there was a logs of biomassg .of shrimp

fed these foods, However, there was no pre~culturing of the tanks
with foods before shrimp were stocked in this experiment. The
best average survival, 96.67%, was obtained with pellets at the
lower eteekin§ density (Table 7), and the best average yield,
173.3 g per m“ (1,733 kg per ha), was obtained with pellets at

the higher stocking density (Teble 8), but this represents only

a slight increase, 5.3 g per m2 (53 kg per ha), in biomass. The
best food conversion, about 25, was ebteined with pellete at the
lower stocking density. - -

WORLD MARICULTURE SOCIETY WORKSHOP

Though this experiment was conducted during fall and winter
when temperature drops (Figure 3) and growth usually slows, it
does suggest that stocking densities lower than 15 per m? might
have produced better results. There seems no need to feed more
than once per night, if nightly feeding is employed. Oppenheimer
pellets, designed specifically for shrimp, gave results not sig-
nificantly different from those with Glencoe pellets, a trout
fingerling food. 1In addition, the latter is a dryer and harder
pellet and contains less protein than the Oppenheimer pellet
(Table 1). For these reasons, Glencoe pellets probably have stor-
age quality superior to that of Oppenheimer pellets. Two tanks,
both for wheat shorts fed thrice per night, one at the lower
stocking density and the other at the higher stocking density,
exhibited total mortality (produced missing values in Tables 8
and 9). The fine particulate consistency of wheat shorts makes
this food clump together when it is wetted, and these clumps tend
to stick together in mats on the bottom. Thus, Glencoe pellets

and wheat bran seem prefereble to the other pelleted and wheat
feeds tested.

' After the first experiments in pond 7 and concrete tanks, we
decided to run experiments concurrently in ponds and tanks and to
treat the two systems as similarly as possible, This was done
to determine whether or not the results of experiments in tanks
can be projected to represent ponds. We also abandoned attempts
to feed shrimp at rates dependent on their size, and we began to
base feeding rates upon the abjility of tanks or ponds to maintain
favorable oxygen levels under the chosen conditions of feeding.

Second Pond Experiment

The second experiment in ponds (0.08 ha and 0.16 ha) began
with stocking of postlarvae averaging 0.01 g on May 18, 1971, 15
days after the ponds were filled (Figure 4). Pond 7 was similarly
stocked to supply shrimp for the second experiment in tanks.
Wheat bran was added to the ponds daily at the rate of 15.8 kg
per ha from May 10 to l4 and at the rate of 34,6 kg per ha
through August 22, except for 4 days (3 in June and 1 in July)
when oxygen level was low in one pond. 1In this experiment, the
effects of pond size (0.08 ha vs 0.16 ha) and stocking density
(approximately 48,0600 and 93,000 shrimp per ha) on survival,

PN
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growth and yield of shrimp were tested (Table 10).
received 3,400 kg of wheat bran per ha, only 5% of which was .

edded prior to stocking.

e l'-l
iy

Shrimp were herveeted frem ponds on August 20 to 25, 94~ 995
days after stocking. Pond size and stocking density had no eig-j'
nificant effects on survival and growth, Survival averaged 86%
and the average final weight per shrimp was 4.2 g,

11'1& pﬂndﬂrg “:j' 1} B
ut;f& .E [

Pond size had ' -

no detectable effect on yield, but yleld was significantly higher; J;];

(when the effect of replications was combined with the experi-
mental error term, thus increasing degrees of freedom for experi—

mental error; Table 10) at the higher stocking density (Table 11)  ?”

The best food conversion, about 7, was also obtained at the
higher stocking density of 93,000 shrimp per ha.
that growth was inhibited to some extent by conditions of high
salinity (Figure 4) resulting from a drought,
green algae formed in the ponds early in the experiment. Many:
shrimp died when caught by these mats floating to the surface
during the day. We did not remove this algae (as we have done In

Mats of filementpﬁe;

the past) so as not to remove materials that had potential ef;:gi; ,

providing some productivity to the ponds. . - -Eygeﬁé

N - Ey .
. 4: [
T d’f

- Second Tank Experiment Cved

The second experiment in concrete tanks (Figure 5) tested

the effects of food type (wheat bran and Glencoe pellets), eteekrif

ing density (4, 6, 8 and 10 shrimp per mZ, or 40,000, 60,000,
80,000 and 100,000 per ha), and water filtretien-meeh eize (111

¥ end 345)uhber mesh filter bags) on survival, growth and yield
of shrimp (Table 12), Only 32 tanks were used in this experiment
The shrimp used in this experiment were takem from pond 7 in %

. which they had been stocked as postlarvae on May 18, 1971, and

they averaged about 1.3 g (Table 13) when they were treneferred
to the tanks on June 23. A significant difference in average
initial weight per shrimp between the two foods was accidentally:
built into the experiment, but the difference in average weight '@
was only 0.1 g (Table 13). The tanks had been filled at the same
time as the ponds, and they received wheat bran or Glencoe pellets
on the same days (at daily rates of 1.2 g perm2 during May 10 to
14, and 2.7 g per m2 during May 15 to August 22) as in the second
pond experiment. As was the case with the ponds, no food was
added to tanks on 4 days (3 in June and 1 in July) during the
experiment. 5
Water had to be added to ponds about every 3 days to replace
losses from evaporation and seepage, so we also added water to
the tanks, but only about once a week. The fiberglass covers
were removed from the tanks to make conditions of light and
possible dilution by rain similar to those for ponds. HNylon net-'
ting was spread over the tanks to exclude predators. Aeration ’i

ror
1

was supplied to all tanks between 5:00 p.m, and 8:30 a.m, hours =~

It is suepeetede:'

local time each day, after the shrimp were introduced, to preelude_e:;

-

oxygen depletion at night. None was supplied at other hours,

- i L4 B T :
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because aeration produces a surface layer of foam that could
reduce incideant 1ight, With regard to this nightly aeration, the
tanks were treated differently from ponds. Less food per unit
area was added to the tanks than to the ponds due to an error in

calculation of the pond ration.

The 345 p bar mesh filter bags were used to filter water
introduced into ponds, and the 111 y» mesh filter bags were used
to filter water used for the first experiment in tanks (Table 5).
The larger mesh was expected to allow larger organisms (or their
ova) to enter the tanks, and this could introduce predators, com~
petitors, or supplemental food. :

Shrimp were harvested on August 26, 64 days after stocking.
Food type, stocking density and water filtration mesh size all
had significant effects on growth (Table 14), but they did not
influence survival which averaged 96.5%. The best growth (to
6.8 g) was obtained with Glencoe pellets at the two lowest stock-
ing densities (4 and 6 shrimp per m?), and in water filtered
through 345 3 bar mesh. With only two exceptions, the shrimp grew
better in water filtered through the larger mesh (Table 14}, so
whatever was introduced through the larger mesh (and excluded by
the smaller) had a beneficial effect. There was obviously no
benefit derived from greater filtration of the water with the
smaller mesh, so the larger mesh was used in subsequent experi-
ments. There was a linear decrease in average final weight per
shrimp with increase in stocking density. (Table 14)

For wheat bran, the average final weight values (Table 14)
compare closely with that, 4.2 g, obtained in the second pond ex-
periment. Survival in the tanks was greater than that in the
ponds. Food type and stocking density had significant effects on

yield (Table 15), but water filtration mesh size did not. The best

yield, 44.2 g per mé (442 kg per ha), was nbtained with Glencoe
pellets at a stocking density of 8 shrimp per m2 (80,000 per ha).
The highest yield with wheat bran, 36.4 g per m2 (364 kg per ha),
was also obtained at the highest stocking density (10 shrimp per

2) and this was better than the yield, 318 kg per ha, obtained at
a stocking density of 93,000 shrimp per ha in the second pond
experiment (Table 11).

The best food conversion, about 8, was abtainad with Glencoe
pellets at a stocking density of B shrimp per-m (80,000 per ha).
The best food conversion on wheat bran was 12 at the highest
stocking density, 10 per mZ (100,000 per ha). The tanks received
a greater proportion, 41%, of the total food prior to shrimp
stocking than did the ponds (5% of the total food), and the
shrimp were stocked at a larger size than in the second pond ex-
periment. This accounts in part for the better food conversion,
about 7, for the second pond experiment. If we consider the
period that these shrimp were in pond 7 prior to stocking in
tanks, during which time wheat bran was being added to both the
pond and the tanks, the overall food conversion for this tank
experiment would be still poorer, but we do not think this is a
valid way of expressing the result. In retrospect, the compari-
son between ponds and tanks would have been direct had we stocked

the tanks and ponds at the same time. The longer period of pre-:

culturing of the tanks with wheat bran and theiaeration at night

did not result in sufficiently better growth and survival in

tanks than those exhibited in the ponds. However, ponds have a '
residual productivity not present im cleaned concrete tanks.,
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Concurrently with this second experiment in tanks (Table 12),
shrimp were stocked in two additional tanks at a density of 10 per
m2, Glencoe pellets were added to one tank and wheat bran to the -
other at rates similar to those for the other tanks. No aeration .
was provided to either of these two tanks, and all of the shrimp ,fﬁ_
died in the tank into which pellets were introduced. Survival *% ©
was high in the tank receiving wheat bran. Thus, aeration seemsg"
necessaxry for feeding of Glencoe pellets at a rate equivalent
to 27.2 kg per ha per day, but not for feeding of wheat bran at a
similar rate. R

Third Pond Experiment

The third experiment in ponds (Figure 6) tested the effect'*
of wheat bran feeding frequency (34.6 kg per ha every day, 34.6 "%
kg per ha every 2 days, and 34.6 kg per ha every 3 days) with 'f?’:
shrimp stocked at 52,000 per ha (Table 16), Half of the punds’*'
(3, 4 and &) were filled on September 21, 1971, and the other half
(ponds 1, 2and 5) were filled on October 4. On September 24, the
first three ponds received 34.6 kg of wheat bran per ha, then on.
October & all six ponds received 174 kg of wheat bran per ha in’
preparation for stocking. Thereafter, the three feeding frequen-
cies (Table 16) were employed, one for each pond in each replica-
tion. Table 17 summarizes feed quantities for this experiment. :
Shrimp averaging 0.04 g were stocked in all ponds on October 11,
These shrimp had been held in a 20 m3 larval rearing tank as pﬂst—
larvae for 53 days, and they were stunted prior to usgse in this -
experiment. | SRR

The shrimp were harvested on December 2 to 3, 1971, 52 to 53
days after stocking. The experiment was terminated earlier than
originally planned, because large numbers of waterfﬁwl were prey—
ing on the shrimp. -

There were no detectable effects of replications (filling *
dates) or feeding frequency on average final weight per shrimp, -~
survival, or yield. The average final weight per shrimp was ‘
4.0 g, average survival was 42%, and average yield was 89 kg per.
ha. Though the shrimp grew more rapidly in this experiment than.
in the second pond experiment, survival and yield were poorer.

We can attribute the latter to heavy daily predation by about 30°

mergansers, each of which could consume 100 or more shrimp per i
day, but we have no way of estimating the survival and yield
prior to this predation. A food conversion estimate would not =
be meaningful for this reason. The only useful information from:
the third experiment in ponds is that on growth rate. Growth ia™
this experiment was better than that in the second pond S

v o
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b
experiment, perhaps because of more favorable salinity. Use of

stunted postlarvae for stocking had no obvious detrimental effect,

Predation by waterfowl can be expected to be a problem in shrimp
culture in ponds during fall and winter in south Florida,

Third Tank Experiment

The third experiment in concrete tanks (Figure 7) tested the
effects of aeration (about 5 minutes of aeration each morning to
prevent stratification, and continuous aeration overnight between
5:00 p.m. and 10:00 a.m. local time), stocking density (&, 8 and
16 shrimp per m%, or 40,000, 80,000 and 160,000 per ha), and
wheat bran feeding frequency (2.7 g per m2 every day, 2.7 g per
mZ every 2 days, and 2.7 g per mZ every 3 days) on survival,
growth and yield of shrimp (Table 18). All 36 of the concrete
tanks were used in this experiment. Tanks were uncovered except
for nylon mesh used to prevent predation, The shrimp, averaging
0.04 g, were stocked on October 11, 1971 (same stocking date and
source of shrimp as for the third pond experiment, Table 16).

The tanks had been filled on October 4., On October 5 each tank
received 2.7 g of wheat bran per mZ, and on October 6, 136 g of
wheat bran per m? were added to each tank. Thereafter, food was
added to tanks according to the three feeding frequencies (Table
18). On November 15 fresh water was added to all tanks to adjust
salinity to values near those in the ponds (0.08 ha and 0,16 ha.)

Feeding was stopped after November 30 and the shrimp were
harvested from the tanks on December 1, 51 days after stocking.
Stocking density, feeding frequency and aeration all had signi-
ficant effects {(and significant interactions) on average final
welght per shrimp (Table 19) and yield (Table 20), but only
stocking density had a detectable effect on survival (Table 21).
Stocking density and feeding frequency had significant curvi-
linear® components (Tables 19 and 20). The best growth (average
final weight per shrimp, Z, 7 g) was obtained at the lowest stock-
ing density, 4 shrimp per m?2 (40,000 per ha) with daily feeding
and brief daily aeration (Table 19). The best yield, 15.0 g per
mZ (150 kg per ha) was obtained at the highest stocking density,
16 shrimp per mZ (160,000 per ha) with daily feeding and brief
daily aeration (Table 20Q0)., Average survival was best at the
lowest stocking density (Table 21), but it exceeded 967 at all
stocking densities. Average final weight per shrimp decreased
with increased stocking density {(Table 19), and average yield

“The three stocking densities were purposefully chosen to repre-
sent a geometric series to expand the range of densities tested,

but the orthogonal polynomial analysis (Tables 19 and 20) treated

the three levels of the density factor as if they represented in
arithemetic series. This in effect is a transformation of the
density scale, and it should be taken into consideration in in-
terpretation of the significant curvilinear components of the

analysis of variance.
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increased with increase in stocking density (Table 20),
were decreases in average final weight per shrimp and in yield ?&“'
with decrease in the frequency of feeding (and amount of food). -
Though less frequent feeding would reduce costs, especially when -
coupled with a decrease in the quantity of food, it would be at '_
the sacrifice of growth and yield. However, food conversion was'? 
better, about 8, for the less frequent feedings (every 2 days and
every 3 days) than for daily feeding (about 12)., The most sur- .
prising result was that of poorer growth and yield under condi-
tions of continuous overnight aeration. We expected aeration to -
improve growth and yield, but it did not. The agitation of water
by aeration may have stimulated greater activity in the shrimp,;ﬂ
thus wasting energy. Aeration may have increased oxidation of
the food or kept the food suspended out of reach of the shrimp.ji
It is also possible that the microbes that enrich the bran as a
food for shrimp might be anaercbic, The expected advantages of

aeration may be realized only at higher feeding rates and stocking
densities that would otherwise cause oxygen depletion. The brief

aeration in the morning was probably not essential in this experi-
ment, since higher wheat bran feeding rates were used in the con~

current pond experiment without aeration and without oxygen .

depletion. These higher rates in ponds were accidental, due to -

an error in calculation, | . . Wy Tl

T
_:_:.I' -1

Growth was not as good in the third experiment in tanksT;jlﬁ
(Table 19) as it was in the third pond experiment (Figure 6).

‘Heavier feeding was done in ponds. There was only brief pre-:

culturing of the tanks with wheat bran before shrimp were intro- °
duced. This pre-culturing seems important to shrimp growth and.
yield in tanks (see second experiment in tanks, Tables 14 and 15),
but we have not shown it to be essential for ponds, perhaps be-..
cause of the compensating effect of residual productivity in
ponds., The question may arise as to whether or not pink shrimp
would grow equally well in ponds without supplemental food in the
form of wheat bran, since we could not detect significant differ-
ences in growth obtained with three different feeding frequencies
in ponds. Failure to detect significant differences in pond .
experiments is partly a result of inherently large variation
among ponds., Our tank experiment, which provides a more sensitive
test of this effect, clearly shows that growth and yield are
poorer as the interval between feedings increases (and as the
amount of food decreases). B

LABOR ESTIMATES

Crude estimates of the man-hours required for these experi-
ments are presented in Tables 22 and 23, for those interested in
making an economic analysis of the wheat bran method of shrimp
culture, Many of these man-hours would not be included in a
commercial operation.

PO
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- SUMMARY AND CONCLUSIONS

A brief summary of experiments (three in ponds and three in
tanks) is given in Table 24. Though these experiments were pur-
posefully designed to be of relatively short duration so that
more experiments could be conducted per unit time, the results
are still indicative of the various conditions which might en-
hance growth, survival and yield of pink shrimp in a commercial

shrimp farming operation., Pelleted foods (Glencoe and Oppenheimer)

gave better results than wheat foods (bran and shorts), but
pellets may not be sufficiently better to compensate for their
greater cost (Table 1). One feeding per day (or night) seems
sufficient, but daily (or nightly) feeding may be necessary for
good growth and yield, espeecially when only wheat bran is used,
However, food conversfon is better with feeding frequencies of
every 2 days, and every 3 days (alsc less food, propertionately).

The practice of using water filtered through 345 }{ bar mesh
filters seems to be a good one, It apparently allows some en-
richment of tanks and ponds, while preventing major problems with
predators, competitors or both. Aeration of ponds does not seem
necessary when wheat bran is fed at dailly rates up to 35 kg per
ha. In one experiment In tanks, continuous aeration at night pro-
duced slower growth and lower yields than brief aeration in the
morning. Aeration may be necessary at higher rates of wheat bran
feeding; i.e., at levels that would otherwise cause oxygen deple-
tion. We have added wheat bran to ponds at daily rates up to
35 kg per ha without causing obvious problems. Within a range of
stocking densities from 40,000 to 160,000 shrimp per ha, there
seems to be a decrease in growth rate and an increase in yield
with increase in stocking density. |

We have had some success with harvesting pink shrimp from
ponds by draining and flushing at night. On several occasions
we harvested over 90% (by number) of the shrimp with one draining
and one flushing. With drains larger than 10 cm diameter, we
would expect even greater success in the harvest of shrimp by

dralnaga.

We had problems with flecating mats of green filamentous
algae in the second and third pond experiments. Besides causing
mortality by entrapping shrimp, these mats hampered harvest of
the shrimp. The dense bloom in the first pond experiment appar-
ently prevented developmerit of such mats. High salinities may
also encourage development of these mats.

While our goal is the development of methods to raise penaeid
shrimp to sizes marketable as food at a profit, we believe that
the results of experiments described in this paper are more
immediately applicable to commercial production of live bait
shrimp. With wheat bran feeding, it seems likely that pink shrimp
could be reared dependably in ponds or tanmks from postlarvae to
bait sizes (about 4 g) in 3 months and at stocking densities as
high as 100,000 per ha, with survival as high as 90%.
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The artificial detritus feeding method (using wheat bran and |
other inexpensive substrates) deserves further investigation as a |
means for reducing costs of food and labor in the culture of
shrimp to sizes marketable as food.,
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Table 1, - Proximate analysis (percent based on wet weight) and
cost? of wheat bran, wheat shorts, Glencoe pellets and

Oppenheimer pellets

Wheat - Wheat Glencoe Oppenheimer
bran shorts pelletsb pellets®
Protein 14.5 16.0 - 40.4 54,8
Fat o .5 3.5 1.3 8.1
Fiber 110 7.0 4.8 -
Soluble carbohydrate
(by difference) 52.5 56.5 31.5 -
Ash 4.0 3,5 7.7 11.7
Moisture | 14.5 13.5 8.3 17.4
Cost per kgd $ 0.08 & 0.08 5 0,22 8§ 0,26

L

Ap—

apelivered (rail/truck). Approximations provided by dealers. All
values subject to change.

bEnfiched trout fingerling pellets, 2.4 mm; information provided
by Glencoe Mills, Inc., Glencoe, Minnesota.

CExperimental diet developed for shrimp by Dr. Carl H. Oppenheimer

at Florida State University, Tallahassee, Florida (see Subrahmanyam

and Oppenheimer, 1970).

din 1ots exceeding 10 metric tons, except for Oppenheimer pellets
in which cost is based upon 45.4 kg lots, since the latter is not

available commercially.
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Table 2. - Average depth of water?® in pundé at Turkey Point, '
Florida A AN

PR

:. . Il
i ;
'-';.<'='.:4
..-. H

o

- b
RN |
]

P |

1!

Pond Average depth, n1?1£%ﬂ€  .
2 0,77
3 ; 0.90
4 : 0.80
6 0. 84 -
| ¢
7 0.86 -
— ] ) . S ?ﬁ
SAverage depths during experiments were at times S Sl

slightly shallower due to seepage and evaporation, |
Eut seawater was added at intervals to restore that I
ost, |

K LY SR a
X ..

Table 3. - Percent of total number of shrimp harvested from ponds
by drainage and flushing, August and December 1971

Drainage and Remaining in
Pond first flushing Second flushing drained pond
Aug, Dec. Aug. Dec. Aug, Dec,
% yA % % | % AR
1 27 63 29 5 XA '32f
2 91 96 4 p 5 2.
3 99 81 1 19
4 41 73 14 4 45 23
5 79 98 3 18 2
6 92 98 B 2

'_—'_-ﬁ-———n—-—n-_—-—__—m__ﬂ-_
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Table 4, - Feeding summary for the first experiment in the 0.34
ha pond, July 299 to November 23, 1970 |

Average kg
Total kg fed per ha of wheat
Ne. of days Wheat  Oppenheimer bran per ha

e

Inclusive datesP of feeding bran pellets per dayC
June 8 -~ 24 8 166 0 9.8
June 25 -~ July 19 0 0 0 0.0
July 20 ~ Sept. 29 46 1,380 38 19.2
Sept., 30 -~ Oct. 20 18 780 0 37.1
Oct. 21 - Nov. 17 17 1,260 0 45.0
Mov, 18 - 23 - 0 . 0 0 0.0
Total 89 3,589 38 21,2

9pate of second stocking. The first stocking on May 29 failed.

bIﬁcludes the period preceeding the second stocking.

CCalculation includes days on which there was no feeding.

Feeding Experiments With Wheat Bran | &3if'

Table 5. - Sources of variation tested in the analysis of variann;1

of data from the first experiment in concr
ete tank
October 14, 19704 to January 12, 1971 o

Degrees of =

Source of variation freedom
— —— —
—""————-———-—-—-._....-___________.Z_
Replications | 1 h

Food type, F
Wheat vs pellets 1
Bran vs shorts | 1..
Glencoe vs Oppenheimer 1

Stocking density, D |
15 vs 30 shrimp per m2 | 1

Feeding schedule, 5 . S
Once vs thrice per night 1

F X D interactions

Wheat vs pellets 1“ ?
Bran vs shorts 1 -
Glencoe vs Oppenheimer 1 1

F X S interactions ‘
Wheat vs pellets |
Bran vs shorts _ 1
Gleancoe vs Oppenheimer o 1 .,

D X S interaction 1 .

" F XD XS interactions : y

Wheat vs pellets - S

~Bran vs shorts | 1 -

- Glencoe vs Oppenheimer 1
Experimental error 15
Total 31 N

— ‘;.
—_— e i e

“Date of stocking
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Table 6. - Accidental significant? variation in average initial
weight per shrimp with a summary of significant sources
of variation for the first experiment in concrete
tanks, October 14, 1970Y to January 12, 1971

&. Average initial weight per shrimp (g) by stocking density and
feeding schedule

= Camman o o S, il R sl -

Stocking density,

Feeding schedule No. of shrimp per m?

15 30
Once per night 5.7 5.5
Thrice per night | 5.6 5.5

B. Significaht sources of variation

L L i e FEFEErAEEr—T S S —_— il
[ P e s L L e

Relative contribution to

Source of Sum of the total sum of squares
variation squares percent F
Stocking density 0.128 27 15,51

Feeding schedule 0.072 15 ' 8.65

9At the 95 percent level of confidence. Each listed source of
variation represents a significant orthogonal comparison among
treatment combinations and has one degree of freedom.

bpate of stocking.,
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Table 7, - Average percent survival with a summary of significants
sources 0f variation for the first experiment in cone .
crete tanks, Dctﬂber 14, 1970P to January 12, 1971

A. Average percent survival (= untransformed average arcsin
vpercent survival) by stocking density and food type

riralera—— P i

- . -

i

Stocking density,

Food type No, of shrimp per mzﬁﬁ

15 30 .
Wheat (bran and shorts) | 93,7 35,9
Pellets (Glencoe and Oppenheimer) 96.6 - 83.0 .

_____—""'—"""_“"-. R

a ey -

B, Significant sources of variation (fﬁr transformed data)®

_“-'m_ - bl -_ sinhiles——
. . _- . S

.
L - T ekl

Relative contribution to

Source of Sum.nf. the total sum of squares,
variation squares percent F
Stocking density 5,497 28 13.57
Food type o
(wheat vs pellets) 2,154 11 5.32

dAt the 95 percent level of confidence. Fach listed source of ;;-
variation represents a significant orthogonal comparison among .
Lreatment combinations and has one degree of freedom.

bDate of stocking.

®Two values were zero, one in each replication. Both zero sur= .
vival values were for wheat shorts fed thrice per night, one at .:
the lower stocking density and the other at the higher stncklng Lk
density. No substitutions were made for these zero values.
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Table 8. - Average yield with a summary of significant? sources
of variation for the first experiment in concrete

tanks, October 14, 1970b to January 12, 1971
Table 9, - Average final weight per shrimp with one gignificant@

A. Average yield (g per m?) by food type and stocking density source of variation for the first experiment in concrete
tanks, October 14, 1970P to January 12, 1971 ~

- | | ~ Stocking density, A. Average final weight per shrimp (g) by food type
Food type | ~~ No. of shrimp per m? — |
- 15 30 - -
Wheat Pellets 3
| (Bran and Shorts) | (Glencoe and Oppenheimer) . -
Wheat (bran and shorts) - 78.9 69.6 . '
Pellets (Glancoe and Oppenheimer) 99,8 173.3 - 5.7 7 4 S
v - - P Pl ol Wi _-___—-.__‘_-__-__""—'—_—————_———“ ey

B. Significant sources of variation® Bf Significant source of variation®

e e ————— .
-

Relative - | Relative
contribution - contribution E
| - to the total | to the total
Source of Sum of sum of squares, Source of Sum of sum of squares, _
variation squares percent F | variation squares percent F-
- A ——— T T — P ey isieieearlara. s o T SR FE—
Food type (wheat vs pellets) 31,063 29 13.75 Food type (wheat vs pellets) 21.54 56 49,11

L T R S —

Food type (wheat vs pellets) a T
i X stocking density At the 95 percent level of confidence., The listed source of

' interaction 13,766 13 6.09 variation represents a significant orthogonal comparison among .-
- | treatment combinations and has one degree of freedom. '

%At the 95 percent level of confidence., Each listed source of | ®Date of stocking,
variation represents a significant orthogonal comparison among
treatment combinations and has one degree of freedom. “The degrees of freedom for experimental error were reduced by:

two prior to the significance test because two missing values o
were estimated, one in each replication. Both missing values. ..’
were for wheat shorts fed thrice per night, one at the lower

bDate of stocking.
stocking density and the other at the higher stocking density;zﬂﬁ'

¢Two values were zero, one in each replication. Both zero yield
values were for wheat shorts fed thrice per night, one at the
lower stocking density and the other at the higher stocking
density. No substitutions were made for these zero values.
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Table 10. - Sources of variation tested in the analysis of vari-
ance of data from the second experiment in ponds,
May 182 to August 25, 1971

Table 11. - Average yield with one significant® source of variage ~

tion for the second experiment in pouds, May 18P to..
T — August 25, 1971

Source of Degrees of A
variation freedom

A. Including tests of the effect of pond size

il
L ke L

Average yield (kg per ha) by stocking density

—___—-__——._“—_—_-__“__—-_ﬂ—ﬂ__ﬂl——l

—— .

Approximate stocking density,

Replications :
0.08 vs 0.16 ha ponds _ 1 - Ogg'“_—_ﬂ_*mﬂ_%
Between 2 replications of 0.08 ha ponds 1 ’ 23,
- e T ———
Stocking density | 1 180 318 o
Experimental error - -—-—-—-——-———-—-—-——-—-——-—_-_.._.________.___________
- (Replication x stocking density interaction) 2 '
| B. Significant | S
Total | 5 | g ant source of variation o
| | e . _ —————e —— e e —— |
| ; . Relative contribution to
ource o -
B. Excluding tests of the effect of pond size (replication variation 2:25355 the tﬂta;eizm Ef squares, Fﬁ
| en

differences included in experimental error)

R T

_J-.

—

i | Stocking d '
. Source of | . | Degrees of | g density 28,292 78 13.84
' variation . | | freedom T
3 #at the 95 percent level of confidence. Stocking density has one
| - | o degree of freedom. - .
Stocking density 1
| | b
| Date of stocking.
Experimental error 4
Total o -5

8pate of stocking.

o |
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Table 12. -~ Sources of variation tested in the analysis of

variance of data from the second experiment in con-
crete tanks, June 232 to August 26, 1971

Source of Degrees of

variation freedom
Replications - 1
Food type, F
Wheat bran vs Glencoe pellets 1
Stocking density, D B
L, 6, 8 and 10 shrimp per m?)
Linear 1
Pouadratic 1
Doubic 1
Water filtration mesh gize, M

~111 }x vs 345 3 bar mesh - 1
F XD interactions

F X Dlipear 1

F X DQuadratic | | L

F X DCubic 1
F X M interaction o 1
H.X D interactions

M X DLinear 1

M X Dquadratic " L

M X Dcubic 1
FX M X D interactions -

F XM X DLinear | 1

F XM X Dyyadratic 1

F XMX Doubice 1
Experimental error 15
Total 31

Date of stocking.
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Table 13. ~ Accidental significant?® variation in average initial
weight per shrimp with one significant source of
variation for the second experiment in concrete
tanks, June~23b to August 26, 1971

A. Average initial weight per shrimp (g) by food type S
__“'—‘—_——'———_——_—____________‘__-___ ——— R A

Wheat bran Glencoe pellets

-_—
1.3 1,2 |

'———--__.——-__*—‘-_—.—-—.-_— __ ——— -

B. Significant source of variation | Tf;iﬁ 

:_:__—-__-“_—__-_—-—————-———.___

Relative
contribution
to the total

sum of squares,

percent Fl?ii-
Food type (wheat bran vs X
Glencoe pellets) 0.082 11 5.03

Source of
variation

Sum of
squares

A —

Ppate of stocking.

e e s RSP USp——

At the 95 percent level of confidence. The listed source of

variation represents a significant orthogonal comparison among |
Creatment combinations and has one degree of freedom. |
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Table 14, - Average final weight per shrimp with a summary of
significant@ sources of variation for the second
experiment in conecrete tanks, June 23b to August 26,
1971

A. Average final weight per shrimp (g) by food type, stocking
density and water filtration mesh® size

- ——— — et
. bl

Mesh size, Stocking density,

Food type M No. of shrimp- per m?2

4 6 8 10
Wheat bran 111 4.6 3.9 4.1 3.5
345 4.8 4.9 4.0 3.9
Glencoe pellets 111 6.6 4.9 5.4 5.4
345 6.8 6.8 6.6 4,0

B. Significant sources of variation
Relative
contribution

to the total

Snurce.ﬂf Sum of sum of squares,
variation squares percent F
Food type (wheat bran vs |
? Glencoe pellets) 20.74 by 44, 87
étncking density (Linear) o0 7,98 0 o 17 17.27
Water filtration
- mesh size X stocking density - | |
{(Quadratic) interaction 2,70 6 5.84
Food type X water filtration
- mesh size X stocking density -
(Quadratic) interaction 2,12 4 4.59

At the 95 percent level of confidence. Each listed source of |
variatioun represents a significant orthogonal comparison among
treatment combinations and has one degree of freedom.

bpate of stocking.

CRar mesh.

and type (wheat bran vs

s e

9At the 95 percent level of confidence.

variation represents a significant orthogonal comparison amnng-rf§
Lreatment combinations and has one degree of freedom.

bDate of stocking.
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Table 15. - Average yield with a summary of significant@ gources
of varfation for the second experiment in concrete
tanks, June 23P to August 26, 1971 S
A.

Average yield (g per m?) by stocking density and Food type:?ﬂ

- . —

___“ -

| Stocking density _EE:
Food type No, of shrimg Eerimz - ;
4 6 8 - 190

— ]

36,4

'—"'—'——'—-—-—-—————-——'_....__.____________‘______
Wheat bran | 17.5 25.2  30.7

Glencoe pellets 24.5 32,7  44.2  38.7"

_'-'_''''''--''''-I'l_—||-|..|—.—.__.._.,._,_,_H.__.'_''_I

-—-—-—H-I—ﬂ——*'.___

B. Significant sources of variation

m

il
Wk —— .

syl
e 'k
. J-.

Relative
contribution
to the total
Source of Sum of sum of gquares,
variation squares percent F

;I M e
Stocking density (Linear)

1,355 37 24.96

Glencoe pellets) 460 12

-

B.48

3

Each listed source of

L KN

TR
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Table 16, -~ Sources of variation tested in the analysis of
variance of data from the third experiment in ponds,
October 112 to December 3, 1971

A. Including test of the effect of replications (filling dates)

w -

Source of Degrees of
variation freedom
Replications o
(filling on September 21 vs filling on October 4) 1
Feeding frequency, F (34.06 ﬁg per ha every day,
34,6 kg per ha every 2 days, and 34.6 kg per
ha every 3 days) '
Flinear | 1
Fouadratic 1
Experimental error
(replication X feeding frequency interaction 2
Total o | 5

B.;_Excluding test of the effect of replications (replication
effect included in experimental error)

S A A T T

»

Source of Degrees of

variation ] freedom
— N e L —
.Fééding frequency, F
FlLinear _ 1
‘Fouadratie 1
Experimental error &
Total - | | 6

pate of stocking.
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Table 17. - Feeding summary for the third experiment in 0.08 andf 

0.16 ha ponds, October 112 to December 3, 1971

a e P ey —— e S ———
"—_—_——‘m
Nl kel

T i

Total kg of wheat bran fed per_ha

Fed every Fed every Fed every'

day 2 days 3 days
Ponds filled on T
September 21 2,118 1,145 833

Ponds filled on ‘
October 4 2,082 1,110 798

bbbl Ny —

8pate of stocking,
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Table 18. - Sources of variation tested in the analysis of

variance of data from the third experiment in

concrete tanks, October 112 to December 1, 1971

Source of
variation
Replications 1
deration, A (bfief in morning vs
continucus at night) 1
Stocking density, D (4, 8 and 16
shrimp per m?) |
D1inear . ' 1
DQuadratic 1
Feeding frequency, F (2.7 g per m2 every day,
2.7 g per m? every 2 days, 2.7 g per m?
every 3 days; wheat bran only)
¥linear 1
FQuadratice 1
A X D interactions
A X DlLinear 1
A X DQuadratic 1
A X F interactions
A X Frinear 1
A X FQuadratic 1
F X D interactions
Frinear £ PLinear 1
Flinear X DQuadratic 1
Fouadratic £ DLinear 1
FQuadratic X P Quadratic 1
AXF XD interactions
A X Frinear X Dyjipear 1
A X Frinear X DQuadratic 1
A A Fpyadratic Diinear 1
A X FQuadratic X DQuadratic 1
Experimental error 17
Total 35

nate of stocking

Degrees of
freedom

bl

N5 Ll gl
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Table 19, - A?Erage final weight per shrimp with a summary of A
significant? sources of variation for the third .
experiment in concrete tanks, October 11P o December

1, 1971

A. Average final weight per shrim

ing frequency and aeration

P (&) by stocking dengity, feed-“éEP f'

. Feeding Stocking densit

Aeration frequency? No, of shrimp peiim2 |

& 8 16

Brief, in morning Every day 2.7 1.5 1.0
Every 2 days 1.7 l.1 0.8

Every 3 days 1.7 0.9 0.6

Continuous, overnight Every day 2,2 1.2 0,7

Every 2 days 1.2 0.7 G.6

Every 3 days 1.0 1.0 0.5

B, Significant sources of variation

-, _ —
- P il .

Source of
variation

Py

H

Relative
contribution

to the total

Stocking density (Linear)
Stocking density (Quadratic)

Feeding frequency (Linear)
Feeding frequency (Quadratic)

Aeration

Feeding frequency (Linear)

X stocking density (Linear
interaction

Feeding frequency (Linear)

X stocking density
{(Quadratic) interaction
Feeding frequency (Quadratic)
x stocking density (Linear)

interaction

Aeration x stocking density
(Linear) interaction

“

Sum of sum of squares,
squares percent F
6.775 54 277.86
0.180 1 7.39
2.057 16 B4 .35
J.543 4 22,28
0.873 7 35.82
0.665 5 27.29
0.138 1 5.68
0.220 2 9.04
0,237 2 9.74

—

] |
At‘thé 95 percent level of confidence. Each listed source of
variation represents a significant orthogonal comparison among

treatment combinations and has one degree of freedom.

Ppate of stocking.

e —— :‘:'1;. .

-
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| Table 20, - Average yileld with a summary of significant?® sources |

| of variation for the third experiment in concrete

tanks, October 11P to December 1, 1971

A. Average vield (g per mz) by feeding frequency, satocking Table 21
density and aeration able 2l. - Average perceat survival with a summary of significant®
sources of variation for the third experiment in
concrete tanks, October 11P to December 1, 1971

ity o L o A L L il
L

- Feeding Stocking density, A _ . | L
Aeration - frequency? No. of shrimp per m? ; - Average percent survival (= untransformed average arcsin -/ .
4 8 16 : Vpercent survival) by stocking density
Brief, in morning Every day 10.8 11.9 15.0 Stocking density,
Every 2 days 6.9 8.2 11.4 __No, of shrimp per m? -
Every 3 days 6.4 6.5 9.2 4 : 8 1
- | | -
Continuous, overnight Every day 8.8 9.3 10.6 z —
Every 2 days 4.7 4.9 9.0 ' 99.9 96.5 7.8
Every 3 days 4.0 7.4 8.2 _ _
| B. OSignificant sources of variation (for transformed data) 3
B. Significant sources of variation - S — — ) N
— . Relative
Relative contribution
contribution to the total .
to the total Source of Sum of sum of squares,
Source of Sum of sum of squares, variation squares percent r
variation squares percent F _
i - Stocking density (Linear) 275.1 11 4.69
;Feeding frequency (Linear) 102.87 36 135,86 .
' Feeding frequency (Quadratic) 18.10 . 6 23.87 ~Stocking density (Quadratic) 261.6 10 4. 46
; Stocking density (Linear) -0 719,95 | 28 105.45 a T | T -
' Stocking density (Quadratic) 3.88 . 1 5.11 - At_th? 93 percent level of confidence. Each listed source of
| variation represents a significant orthogonal COMparison among
' Aeration 42 .14 15 55_ 58 Lreatment combinations and has one degree of freedom,
. b
- Aeration x feeding frequency Date of stocking,
(Linear) interaction 7.33 3 9.67
 Aeration x feeding frequency
(Linear) x stocking density
(Linear) interaction 3.48 1 4,59

TR L .

%At the 95 percent level of confidence. Each listed source of
variation represents a significant orthogonal comparison among
treatment combinations and has one degree of freedom.

bDate of stocking.



o

450 | WORLD MARICULTURE SOCIETY WORKSHOP Feeding Experiments With Wheat Bran | ._ 451

Table 23. = Estimates of man-hours per pond required for a single-r

| ' | Xperiment in ponds
Table 22. - Estimates of man-hours required for a single Cxperime n pon s
experiment in 36 concrete tanks | |
—————;—J::__-__;L___:_:::::::::::::_::___::::::::::::::::::::::::_ |
—— —= — - | | Activity Man-hours per ha

Activity Man-hours : - -— _________“_____________*_______u____*________“_f_:f:"
———— = Removal of debrisg | | 99 | fﬂ*"
. : . = :'Z_ o

Scraping and spray cleaning of tanks - 23

Tilling bottom | 10
Installation of water filter bags 4 Installation of water level control boards
| in drainage stack | 1
Filling tanks and cleaning filter bags - 5 h
| - - Pond repairs and installation of water
Stocking (including replacement of | filter bag | | | 1
dead shrimp the next day) - 10 .
| Filling pond and cleaning filter bags 1
Monitoring oxygen, temperature and ; .
salinity 1 per day ; Stocking (including volumetric estimation
- | L q * of numbers of shrimp) 1
Food weighing and feeding (once daily) - . 1 per day | -
§ | - . | 5 h Monitoring OXygen, temperature and HE
- Rep}acemant of water lost by evaporation | per mont salinity 2 per month
Har?est and weighing of shrimp o 10 Food weighing and feeding (once daily) 1 per day
f ' S | ‘ | Harvest and weighing of shrimp 12
i ' :
’ Miscellaneous

1 per month

—_— T
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Average weight per shrimp, oxygen, temperature and
salinity during the first experiment in the 0.34 ha
Few oxygen measurements were made and these were
takenh during periods of heavy feeding when oxygen

depletion might have occurred.

TEMPERATURE, *C

Feeding Experiments With Wheat Bran

3 S
o S
E o ESTIMATED VALUES BASED UPON SOLUBILITY OF OXYGEN G
_ 1 FE
g H] — — i rl Eg.'
Wt o g T T T e e = e - L L
& ” -
T . 2 ) r oy — T E— T Pro———
a 36
=
. 34 B
_zt_ XD f'__‘_-“‘\ g— - l-—-—-.-.____...r-""'" .
- » ....-r-"/
3 2 et
28
— e e faan
20 -
EE "ll ;'."I o |
o4 |. E-l..' “. .-"-""q. '...-I' -y
22 E : =. ;' "l. ;'r'il - et R TR ;‘ -
20 l'*l l'- ,"’ I ;| ri. Tret ’ : "'," .-*;. |
E * 'y i ! " o
' 'i.: : :' l'.l -tl
& :.'., ’ W
]
N R M— g [ — ey | Ty ———
10 20 30 10 20 30 10 20 30 o 20 0
OCTOBER NOVEMBER DECEMBER JANUARY ?
1970 1971 f
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bagsed upon oxygen solubility,
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Oxygen values presented were calculated




AVERAGE WEIGHT
PER SHRIMP,

| TEHPERATUHE; *C
o RR¥8ER

M W M W

O

OXYGEN, mg/|
N O

PRSI |

i

SALINITY, pp!
¥ 588388 &

Flgure 4.

WORLD MARICULTURE SOCIETY WORKSHOF

~ (Q.i6ha ]
— 'U'J -\
. ANE
— cgﬂﬂ-‘“ ) 0.08hg)
/..-'-::& g o™ (COMBINED)
008 |
-"'"'/.

. - ¥ T 1 | — ™ L
-f‘."'—uf‘/“\"'—- -\.
-’f : ‘,r’- Tora
- -.\ /____.. \_/'\ ]
-'-f \'_#'.-r‘f- -___'_..--""r.f
e ——— Y | S T | T T i T T .
i JORP s
. e l-...—-'l\.,l.fl.l..—./‘f Il'l" L.'H- - v."‘. ] .\ __..--""'
/ " ‘w‘-‘! v S
1\ -
o
T Y T T] T I 11
00 20 30 o 20 30 W0 20 X 0 20 30
. MAY JUNE l JULY AUGUST
{87

Average weight per shrimp, oxygen, temperature and
salinity during the second experiment in 0.08 and 0.16

ha ponds., Values are averages for six ponds,

Feeding Experiments With Wheat Bran

457]

;o
_ MEASURED VALUES | R
> 12 " T
E 10 : ESTIMATED VALUES BASED UPON S
Z g - | SOLUBILITY OF OKYGEN 2
E S ™ e ¥ e B gt e g s = B B gt e, -
E . 4 tt"f
r Y 1 | S r ') [ y——— T e b
¥
4 e *I.E
- B /"-... \' .
& 46 /.4-"""""'.' M
t- “ -----"""-"I \ '.-"'"."'-...h-_--*.
E a2 - / \\ :
ik = '.__..'-' | ]
-_J 40 \;_.-"f \...rr-—-""". "'*'-/ .
=~ ey - y T
o g
- ¥
II‘-";Z"t 32 C e R
E m \ I,..--.—-w—"-—-\
L) 28 —--rl.‘\ /""""' i\‘.—-./.-ﬂ"“\.._,"‘"
i% 26 . /""‘l-.-- *
- 24 \_/
22
{ I T T 1 Y 1 | T L A S RE—
O c0 30 Lv) Z0 30 10 20 30 0 20 =0 -
MAY JUNE } JULY AUGUST
871 SN
4 '?_.' '::
5 ',1;
Figure 5. O0xygen, temperature and salinity during the second

experiment in concrete tanks.
32 tanks.

Values are averages for

meET



458 WORLD MARICULTURE SOCIETY WORKSHOP
-

l—

T

2

Lid 5

g1:114

d - .____s/
za 3 —

EEZ /

o

5%1 .«-'-"‘""/

w0 .

% o

= i

o f

E. & J : ;\\ _'_Jv-\

Zz & | N\ <\
Ej AN N

>

O

B 227

S 30 {

- .

— ZE- .

i | \

g 24 4 \ \v/

22 b | .-!\./..-l
20 4 |
———— Y — ,

!
I

O

e_ 28 : :

- ] ] *e
Weed | - \[ﬁ M ﬁ
|

—t :

E 244 e el . |

or 224 | oNY DALl e

Gl i PONDS | PONDS .

$ 209 | 3,4,6 f~ '\;ﬁfﬂ

gfla | . -

10 20 30 10 20 30 10 20 30 1) 20 30
SEPTEMBER OCTOBER | NOVEMBER DECEMBER
1971

Figure 6. Average welght per shrimp, oxygen, temperature and
salinity during the third experiment in 0.08 and 0.16
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October 3.
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