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ABSTRACT

This study determined the effect of different loading densities and duration of
transport on percent survival of three-week old native catfish, Clarias macrocephalus fry
within two weeks after simulated transport. Three-week old native catfish fry were
collected from the larval rearing tanks (LRT) at the Southeast Asian Fisheries
Development Center (SEAFDEC) in Tigbauan, Iloilo.

The native catfish fry were randomly selected and packed at loading densities of
1 000, 2 000 and 3 000 individuals per 10 li in 5 x 8” polyethylene bags containing 100
ml of aerated freshwater (1:2, water: oxygen ratio). Each density level had three
replicates. The bags were sealed and placed in a tray secured on top of a laboratory orbit
shaker set at 50 rpm for four hours to simulate transport. Another set of fry was subjected
to six hours of simulated transport. Percent survival of fry within two weeks after

- simulated transport were analyzed using Analysis of Variance and Duncan’s Multiple
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CHAPTER 1:

INTRODUCTION
A. Rationale of the Study

The catfish Clarias macrocephalus Gunther is preferred among ( larias species because
of its tender and more delicious meat. It is a native catfish species but fast disappearing in the
Philippines (Fermin, 1998). They were previously observed in ponds, farms and irrigation
(Fermin et al., 1995). Many people believed that the disappearance of the native catfish is due
to ihe interbreeding with Thai catfish (Clarias batrachus) and the rampant use of pesticides in
the rice fields which “poisoned” the natural breeding grounds of this species (Fermin, 1998). In
ox;;lér' for théir species to flourish, it is usually cultured. Fry and fingerlings are then transported
to grow- out ponds, while the larger catfishes are brought to market to be sold.

Transportation is part of the routine fish culture processes (Garcia and Toledo, 1988;

Berka, 1986). During and after iransport, losses are inevitable. To minimize mortality and loss




B. Statement of the Problem

This research is designed to answer the following questions:

1. Will the different loading densities affect the percent survival of three- week old native
catfish (C. macrocephalus Gunther) fry during and after simulated transport conditions
within the two- week culture period?

2. Will the different duration of simulated transport influence the percent survival of three-
week old native catfish (C. macrocephalus Gunther) fry during and after transport within the
two- week culture period?

3. Which loading density and transport duration will result to optimum survival of the

native catfish fry (C. macrocephalus) within the two- week culture period?

C. Hypothesis of the Study

There is no significant difference in the percent survival of three- week old native
catfish (C. macrocephalus Gunther) fry during and after simulated transport conditions at .
different loading densities and duration of transport within the t\}vo-; week culture period.
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3. To determine which loading density and transport duration will result to optimum

survival of the native catfish fry (C. macrocephalus) within the two- weck culture period.

E. Significance of the Study
Part of the routine activity ;11' the aquaculture is the transportation of live fish (Quinitio
etal., 1991). In fish farming, conveyance of live fish from the hatchery to the grow-outs or the
markets is of great importance in the economy. I requently, live fishes reach their destination in
~poor state of physiological conditions because of transportation stress, resulting in high

mortality during the time of “planting,” or during grow- out culture (Mohamed and Devaraj,

1997).

~ The native catfish, Clarias macrocephalus Gunther is a fast disappearing species of

catfish in the Philippines. Though preferred for its tender and more delicious meat, this native |

catfish is now becoming a scarce commodity. Many people believe that the disappearance of

the native catfish is due to its interbreeding with the Thai catfish (Clarias batrachus) and the

rampant use of pesticides in the rice fields that poisoned the natural breeding grounds of this




F. Scope and Limitations of the Study

In this study, the rescarchers used three- week old native catfish (Clarias
macrocephalus Gunther) fry as their test organisms that were packed in 5x8” polyethylene
plastic bags. The loading densitics that were used were only 3 000, 2 000 and 1 000 ind / 10 li.
For the duration, the researchers made used of four and six hours of simulated transport since it

usually takes this long to convey the native catfish fry from the hatchery to the ponds of buvers

or of the collaborating agency. The researchers used 18 sampling bottles for every run. This

experiment which consisted of two runs per transport duration was conducted for three weeks

at the Southeast Asian Fisheries Development Center / Aquaculture Department at Tigbauan,

lloilo.




G. Definition of terms:

Clarias macroceplmlus.Gunther fry — three-week old native catfish that served as test
organisms subjected to simulated transport conditions

Percent survival — number of live fishes per set-up over the total number of test
organisms multiplied by 100

Loading density - number of fishes placed per volume of water; used as one of the
factors to determine the percent survival of three- week old native catfish after

simulated transport

-- the experiment utilized 1 000, 2 000 and 3 000 fry / 10 li as loading

densities -
Transport duration — the time it takes to convey the native catfish from one location to
another; used aléo as one factor for percent survival determination of the test

organisms

-- the conducted study used four and six hours as transport duration
of simulated transport
Culture Period - 14 days‘ of observation of the percent survival ‘qf the test organisms
Polyethylene Bags — double- lined;.bég§:pxa R i T ye |
that were used as transpj :
Laboratory orbit sh,akér -a gev :
transport conditioﬁgﬁ

Larval Rearing Tank (LRT

researchers used th




Dependent Variable: The dependent variable determined in this study was the percent
survival of the three- week old native catfish fry.

Independent Variable: The study determined whether the two independent variables,
namely A) loading density and B) transport duration affect the percent

survival of three- week old native catfish fry subjected to simulated transport.
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CHAPTER 2:

REVIEW OF RELATED LITERATURE
A. Catfishes

Catfishes are distinguished by the presence of barbels or “whiskers,” the lack of true
scales, strong spines at the front of the dorsal and pectoral fins. The body is usually partially or
completely armored. They have small eyes and therefore rely on taste, smell, and hearing.
Many are inactive during the day, coming out to feed at night. Freshwater catfish usually spent
much of their time (and lay their eggs) in hollow logs, undercut banks, and other living places.
If these are removed, catfish population declines (Grolier Int’l encyclopedia, 1990).

The Clarias speéies have special “talents.” They have accessory organs for air-
breathing and can survive under adverse conditions even in dry pools. They thrive in all kinds
of freshwater habitats such as marshes, rice ficlds, swamps, etc. They are tolerant to crowding
and can be raised at extremely high stocking rates on artificial feeds. Catfishes have high

export potentials because these are considered as delicacies in Asian and other countries (Aqua

Farm News, 1993).
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become more popular for culture than C. macrocephalus. However, the delicate taste and fine
texture of the flesh still make the native catfish a sought-after fish (Santiago and Gonzal,
1996). It is a highly esteemed indigenous food fish in the Philippines, Malaysia (Mollah and
Tan, 19831; Ali, 1993) and Thailand (Areerat, 1987). The morphology of this specics is similar
to that of C. batrachus, with grayish- black colour on the body. There are ten vertical strips of
white spots on the abdomen. The occipital process of the head has a round lobe. It is harder to

find in the natural habitat than C. batrachus. (Fish Culture in Integrated Fish Farming, 1998).

C. Artificial Breeding by Stripping

C. macrocephalus has not been observed to spawn by themselves in captivity. Hence, it
was necessary to induce them to spawn by injection of different hormones, and manually
stripping the eggs afier several hours. Another method of induced breeding is hormone
injection on both male and female and letting them spawn naturally. The usual method used is

induced breeding by injecting hormones and stripping (Hara, 1977).
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Due to handling, breeders acquired from markets become weak and therefore needs
conditioning before used for induced breeding. This is done to lessen mortality of breeders
after hormone injection and also to avoid the waste of hormone. However, it is not necessary to
condition breeders raised from their fingerling stage (Hara, 1977).

Stripping must be done when the eggs are totally mature; the abdomen of the breeder
must be firm and there must also be a possibility of natural ovulation. Good eggs, more often

than not, come out of the genital pore even by a slight touch of the abdomen (Hara, 1972).

C2. Selection of Eggs

The eggs that come out from the breeder is a mixture of good and bad eggs, especially
if the amount of injected hormone is excessive. This causes the mature and immature eggs to

mix. By induced spawning, the mature eggs kept longer inside the body become over-mature

and unfertilized and won’t hatch anymore.
Eggs that are yellowish-brown in color are mature eggs. Shortly, after placing in water,

its cell division begins and continues to dq\:/lc!gp._h:Q‘vmama&grﬁ;gggggdc@nqt,.be_.‘gg‘s_i“ly

distinguished from mature ones. ;_Howeyﬁ& er few minutes or hours after placing them in
- i
water, they expand, turn white a“‘é,sﬁ'& -
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yellow in color and become white 323, v afte
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C3. Hatchery and Nursing
After yolk resorption, that is four to five days after hatching, native catfish larvac are

stocked at 30 per liter in bigger tanks (Fermin et al, 1995). For thrre days, they are fed with

brine shrimp Artemia and Moina (water flea) for another four days. After that, larvae can be
weaned to formulated diets that are given twice a day for two to four week old native catfish
fry at 20% body Wcight (feeding rate) and to older fry at 5-10% body weight (Fermin and
Bolivar, 1996).

Ten days before stocking, the nursery tank or pond must be fertilized. Fifteen- day old
fry may be stocked at 800 / m* and up to 1 200 / m* in ponds. Fingerlings can be harvested
after 28 days, ready to be stocked in grow- out ponds. More fingerlings can be obtained when

fry are grown in net cages suspended in tanks or ponds (Fermin and Bolivar, 1991).

D. Preparation of Fish for Transport

“Fishes should be képt in clean water in separate tanks a few days before transport.

Weak, injured and diseased fishes have to be taken out and must be replaced. The fish should

the digestive tract, reducing the waste bui

been established that starvation does
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E. Causes of Mortality in Transport Operation
According to V. Ramachandran (1969). mortality of live fish at all stages during and
immediately after transport may be caused by the following: a) Oxygen starvation of blood and
tissues; b) Accumulation of toxins in the transport water; ¢) Hyperactivity, strain and
exhaustion; d) Diseases contracted during transport; and ¢) Physical injuries caused by jolting,
and possibly, by aggressive predatory attempts or accidents due to overcrowding and
starvation. These causes may be exclusive or contributing, hence, remedial measures are

chiefly coinciding in their effects of course with differing importance.

F. Factors to Counsider in Transporting Fishes
“Transportation of live fish from one area to the other in aquaculture is unavoidable—
from hatcheries to fish farms, fish farms to markets, and other destinations. Oftentimes, large
quantity of fry, fingerlings and adult fishes are presently transported. However, to minimize

deaths and loss during and afier transport, it is necessary to take precautions and consider

factors in the transportation.

" F1. Oxygen s
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F2. Water Temperature and pH

Another important factor is the water temperature. The lower the temperature, the

higher is the DO level and the lower is the oxygen consumpticn. Furthermore, lower

temperature reduces stress to fish (Pin, 1986). Carbon dioxide and ammonia are more

damaging at higher temperatures. Excessive, and particularly sudden, changes in temperature
will not allow the body function of a fish to adapt before severe stress and body changes
happen (Johnson, 1979). pH of water is also essential. The pH of water betwecn 6.5- 8.5,

based on experiments done, is absolute for most fish (Pin, 19806).

F3. Ammonia

The majority of the nitrogenous excretory product of fish is ammonia that accumulates
in dangerous amounts when fish are crowded. More ammonia is released when temperature is
high. All forms of ammonia are highly toxic substances and its toxicity is highly complex to

fish. Ammonia may either be in two basic forms when released into the water: combinable

(lomzed) ammonia or frc,e (unionized) ammonia. The free form is ponsonous to fish. Among its
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Nevertheless, if the concentration of the unionized ammonia is held steadily, increases in CO;

level increases the toxicity of ammonia (Mohamed and Devaraj, 1997)

FS. Loading Density

The purpose of the fish culturist is to transport fish at a rate in which as many as
possible will arrive in good condition. Loading density in transport varies considerably
according to respiration rate of fish, water temperature, transport duration, method of transport,

size of [ish, etc. Safe loading density is inversely proportional to water temperature. In some

cases, a capacity load is not required and the lighter load minimizes the risk damaging effects.
On the other hand, duration of transport influences loading density, which is inversely

proportional to transport duration (Johnson, 1979; Pin, 1986).

G. Closed System of Fish Transport

Represented by polyethylene bags and other sealed transport units, the closed systems

are used mainly for the transport. The transport of @y{jmmlyemymmgs ‘with oxygen is a

i

e =X

very efficient method. Thus, it is particy
reduces the total content and v
to be used for fish-

economically beneﬁcialv
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H. Pol)/'ethylene Bags

Produced from a thin or thicker translucent polyethylene foil, these bags used for fish
transport in water with oxygen atmosphere usually have the shape of sack or sleeve. For
security reasons, the bags are sometimes duplicated: a thin bag is enclosed in another thin bag,
ora thin bag is outlining the thicker bag.

The polyethylene bags with fry are placed in outer cases during transport to insure them
against the mechanical and technical infliction, principally punching or tearing in touching the

grounds. The case keeps the bags in the desired position, providing thermal insulation znd/ or

enables the handling efficiently (Berka, 1986).

I. Stocking

The most critical stage of the transportation can happen in the release of fish at their
destination area. The fish are already stressed in the transportation and their sudden exposure to

water of diverse or poor quality will further stress the fish, frequently beyond what they can
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CHAPTER 3:

METHODOLOGY

C1. Materials

The following materials were used in this study:
Sx8* polyethylene plastic bags, 72 sampling bottles, 72 acrators, freshwater, plastic
bowl, two 100 ml beakers, nine basins, strainer, artificial feeds, thermometer, laboratory orbit

shaker, 810 native catfish (Clarias macrocephalus Gunther) fry

C2. Experimental Design

This experiment utilized a completely randomized design (CRD). The experimental units

are 18 5x8” polyethylene bags containing 100 ml of aerated freshwater with different loading

densities of three- week old native catfish fry (Clarias macrocephalus Gunther).

- The independent variables tested are: loading density and transport duration. Loading
density has three levels: 1 000 fry /10 li, 2 000 fry / 1q 1i, and 3“Q00 fry/101i % Transport
' _ duration has two levels: four hours and | six hours. Che i ‘ : I lay one after
ﬂ@ulatcd transport until thp 1 4,,‘, yo
The dependent variz\i:_l.:)l’t*:1 b

macrocephalus Gunther).

it L‘Z’ : L
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C3. Experimental Methods

C.3.1. Induced Spawning of Broodstock
Twenty gravid female native catfish broodstock, approximately 6- 8 months and 30 cm long
were induced to spawn by injecting 0.5 pl Ovaprim / g body weight (BW) to hasten ova maturation.
and were manually stripped of eggs after 16- 20 hours. Before females were stripped of eggs, male

catfish were sacrificed. The male reproductive tract was then dissected, the testes were removed and

soaked in 0.6% NaCl for the rescarchers to easily separate the clotted blood vessels from the testes.

It was then macerated to obtain the milt to fertilize the eggs. Thereafter external fertilization. the

cggs were placed in flow troughs for observation and hatching.

C.3.2. Larval- Rearing

Four to five days after hatching, native catfish larvae were stocked at 30 per liter in larval-

rearing tanks (LRT) and were allowed to grow as fry for three weeks. The water temperature was

monitored daily. 70% of water was changed every other day to ensure cleanliness and healthy

environment. They were fed twice daily with natural ;i:odd“dljgani’:e‘}r"iﬁ‘§ﬁc7i"'fi'5ﬁffé‘§hrimp Artemia

nauplii for three days, and the water flea Moir
catfish larvae were fed with formulated

the fry were three weeks old, the : er

A el Angl
C.3.3. Simulated T“rans
The experiment utilized a ¢
1.as
catlish (Clarias macrocep‘hzg

the hatchery (Plate 1)of tﬁé"ﬁ
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(SEAFDEC/AQD) in Tigbauan, Iloilo. Initial temperature of freshwater was recorded before the
ea‘tpenment These test organisms were randomly selected and packed at loading densities of 1 000,
000 and 3 000 individuals / 10 i in 5x8” polyethylene plastic bags containing 100 ml freshwater.
?iaétic bags were then inflated with oxygen (about 1:2, water: oxygen ratio) (Plate 2), scaled tightly
ate 3) and placed in a tray secured on top of the laboratory orbit shaker and were shaken at 50 rpm
four hours (Plate 4). Each density level has three replicates. A further set of fry was subjected to
~time duration of six hours of simulated transport. Final temperature of water in each bag was
recorded immediately right after shaking. The water and fry from the packs were then transferred
into sampling bottles and were aerated for observation.
The survival of native catfish fry was counted one hour after transport and was then recorded.
The nitrite and ammonia content of water was measured (Plate 5) a day after simulated transport.
- Nitrite and ammonia are excretory products of fish that accumulate in dangerous amounts under

crowded conditions (Johnson, 1979). Changing of water in euch set- up was done every morning.

- The temperature was also recorded daily (Plate 6). Percent mortality after transport was determined
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ANOVA revealed that there is an interaction effect between these factors on percent survival of the
fry, each combination of loading density and duration of transport was considered a single treatment
(T1 to To).

The six treatmex;ts were subjected to One- Way Analysis of Variance ar.xd Duncan’s Multiple
Range Test (0.05a) (SAS System) to determine which treatment combinations of ldading density

and transport duration (T1 to T6) varied significantly from each other from day one to day 14.
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CHAPTER 4

RESULTS AND DISCUSSION

A. Results

This study was conducted to determine the optimum loading dcnsity and transport
duration that would give the highest survival rate of three- week old C. macrocephalus Gunther
fry within two-week culture period after simulated transport conditions. This experiment
consisted of six treatments with three replicates in each treatment.

The researchers used | 000, 2 000 and 3 000 ind. / 10 li as ldading densities and four

and six hours as duration of transport. Loading densities of 1 000, 2 000 and 3 000 individuals /

10 1i subjected to four hours of simulated transport were referred to as Treatments 1, 2, and 3
respectively. Same loading densities subjected to six- hour duration were respectively named

Treatments 4, 5 and 6. Percent survival of the fry were monitored daily within 14 days culture

period after simulated transport,

Two- Way Analysis of Variance at 0050L (SPSS Noru81s 1986) revealed that the

Subjecting threc- week old n
&

transport resulted to decline of sugvx
i
A day after simulated transport, pe

groups decreased (o 53-89% CFi
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53.94- 74.20% 10 23.85-43.08%. There was a decrease in percent survival of the fry in all

treatment as the days of culture progresses. Results show that percent survival of the fry in
all treatment groups were very minimal from day five to day 14. At day nine, percent
survival in all treatment groups remained constant ranging from 12- 55% up to day 14
(Figure 1).

Results further revealed that percent survival of the fry at loading densities of 1 000
fry /10 i and 2 000 fry / 10 1i were not significantly different from each other. Analysis of
Variance (0.05at) also show that in all loading densities, the duration of transport has
significant effect on percent survival of the native catfish fry (Apper;dix B).

Native catfish fry subjected to six hours of simulated transport in all loading densities
have low percent survival ranging from 12.76- 28.28% ai days five to nine and 10.70- 26.07%
atday 14 (Table 1). Duncan’s Multiple Range Test at 0.05a show that daily percent survival of
native catfish fry at loading densities of 1 000, 2 000 and 3 000 / 10 li at four hours of
simulated transport do not differ significantly from each other (Table 1). For fry subjected to

six hours of simulated transport, percent survival was significantly different between loading

densities of 1 000 and 3 000 fry / 10 li and bf_,, veen

survival of 10.70% was observéd
ead

(Table 2). Ranges in ni

(Table 3). i



Table 2. Water temperature in all experimental set- ups.
Viflues are means + S.D. of daily measurements taken
Within the two-week culture period (n = 3).

Treatment Mean + S.D.
1 29. 048 + 0.113
L3 29. 089 + 0. 093
3 29. 048 + 0. 063
gy 28. 708 + 0. 021
5 28.798 + 0. 074
6 28.929+0. 071

Table 3. Nitrite and ammonia content of water (ppm) one hour and 24 hours after the

four- hour simulated transport ¢ondition.
Nd - not detectable ;

Stocking Nitrite -Nitrite Ammonia
density (ppm) 4 (ppm) (ppm)

£ 4 * . TR ! s
of _setwidnted transnon gl

Ammonia

(ppm)

Been

(ind. /7 10 li) 1 hour
5 \'i - o

e

1 000 ind. / d . A
101i !

2000ind./ |
10 1i

3000 ind. /
10 Ii
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To summarize the present results indicate that loading density and duration of transport
influence the viability of three- week old native catfish, C. macrocephalus Gunther, fry
subjected to simulated transport. The optimum loading densities resulting in high survival rates
can be 1 000 up to 2 000 ind./ 10 li. However, the duration of transport must not exceed four
hours. Loading density during transport of native catfish must be less than 1 000 ind./ 10 Ii if

the duration of transport will be more than four hours.

B. Discussion

The present results indicate that the loading density -and duration of transport
significantly affect the viability of three- weck old native catfish Clarias macrocephalus
Gunther fry. The optimum loading density that resulted to high survival rate is 1 000 and 2 000
fry /10 li.

The low survival rate noted at density of 3 000 fry / 10 li may have been caused by
accumulation of toxins in the transport water, oxygen starvation, hyperactivity, straining,
exhaustion and other accidents due to overcrowding and starvation (Rgmachandran, 1969).

Furthermore, prplonging the duratiog_, |

survival of the fish (Table 1). Six ho

rates (10 — 26%) in all loading den;s

>

(41- 54%).
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Metabolic waste content of water, specifically ammonia and nitrite, was determined an
hour and a day after simulated transport conditions. Nitrite content is usually non-detectable or
present in very low concentration while ammonia content is higher. Based on resulting data,
the fish can tolerate up to 2.406 ppm of ammonia. Nitrite content in loading densities 1 000,
2000 and 3 000 ind. / 10 1i was non-detectable. Ammonia content in these loading densities is

0.7577- 0.9957 ppm. After one day, ammonia content rised to 1.0496- 3.1217 ppm.
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CHAPTER 5
SUMMARY OF SIGNIFICANT FINDINGS, CONCLUSION AND

RECOMMENDATION

A. Summary of Significant Findings

The rescarchers have found that the optimum loading density for three- week old native
catfish C. macrocephalus Gunther subjected to simulated transport conditions is 1 0600- 2 000
individuals / 10 1i, with the duration of transport of only four hours or less. Loading densities of
1000, 2000 and 3 000 fry / 10 Ii, respectively subjected to four hours of simulated transport
were labeled as treatments 1, 2 and 3. Treatments 4, 5 and 6 are loading densities of 1 €00,
2000 and 3 000 / 10 i, respectively, subjected to six hours of simulated transport. Survival
rates in treatments 1,2 and 3 were not significantly different from each other (55- 65 %)
(P > 0.05). Survival rates observed in trea'.ménts 4. 5 and 6, which were subjected to six- hour

transport duration, were significantly lower (10- 28%) (P < 0.05).

B. Conclusion

The researchers concluded that 1

survival rate of .lhrce- week old
simulated transport conditions.
to lower percent survival of t

Based on the results o i

with loading density belo
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duration. It is not known entirely under what condition native catfish can have highest survival

rate. Further rescarch should be done to determine this.

C. Recommendations

The researchers recommend loading densities of 1 000 to 2 000 fry / 10 li to those who
want to transport native catfish fry. This may also apply to other species of fish. However, the
duration of transport must not exceed four hours. If the transport duration goes beyond four
hours, we recommend loading density that is lesser than 1 000 fry / 10 i.

If sometime later, other students will undertake this kind of study, the researchers
highly recommend the following:

1. Use various stages of the fish in order to determine what is the best stage for the fish
to be transported in order to have higher percent survival.

2. Try to simulate transport in different temperatures to find out if it docs affect the
percent survival of the fish.

3. Subject a set of fish that have eaten and another set that have not eaten to simulated

P Nogges. S8 195, imoroved haichery

transport in order to determine if food (metabolic waste) |

A ISy
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ATy 315 of variance Procedure
<lass Level Information

Class Levels values

TRY G L#S8 Jrode

Number of observations in data set - 138

The SAS System 03:58 sunday, May 6, 2001 18
Analysis of variance Prrocedure

Dependent variable: SURVL

Zource

DF sum of Squares - Mean Square F value Pra> SF
Model 5 2903. 46824444 530.69364889 5.16  0.0093
Error 42 1350.22753333 112.51894444
Corrected Total 17

4253.69557778
R-Square

GOV Root MSE SURVL Mean

0.682576 14.20795 10.60749473 74.65888889

saurce DF Anova ss Mean square F value Rre>SF
TRT S 2903, 46824444 580.69364889 5.16 0.0093

The SAS System 03:58 sunday, May
Analysis of variance procedure ¢

el

buncan's mMultiple Range Test for va

NOTE: This test controls the type I comp:
experimentwise error rate

Alpha= 0.05 df= 12 Msg=

Number of Means 28
Critical Range 18.87 19.7

Means with the same letter are no

Duncan Croupa ng

onno >>>pp>>
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AMalysis ol varlance pi ocedure 5
Dependent variapie: SURVLS i
source DF sum of Lquares . tean square F value i £3 07
Hode 1 5 1755.14556111 351.02911222 0.67 €.6509
Ervor 12 6246. 90040000 520.57503333
Corlected Jora) i7 §002.04596111
R-Square GOV Root 15E SURVL3 Mean
0.219337 . 61.82763 22.81611346 36.90277778
Piuice DF Anova §5 ° Mean Square F Value Pr > F
TRT 5 1755.14556111 351.02911222 0.67  0.6509
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Analysis of variance Procedure
Duncan’s muitiple Range Test for variable: Survi3

NOTE: This test controls the type 1 comparisonwise error rate, not the
experaimentwy 5€ error rate

Alpha= 6.05 df= 12 MSE= 520.57S

Number of 1eans 2 3 4 5 5
Critical Range 40,59 42,49 43.63 44.39 44,92

Means with the same Jetter are not significantly different.

-

buncan Grouping tean :«a‘.i“@r }
55.86 i
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Dependent variabie: SURV;Q, 5
source o s l) ol
Model -
Error : T 5
Corrected Total b
K-5quare
0.206652
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Means with the same letter are

Dependent variabie: survi?
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Analysis of Variance Procedure
Duncan's Multip

NOTE: Thys test col

i nt
exXperimentwise

Alpha= ¢

Number of Means 2
Critical Range 40,41 432

1624.92477778

324.93495555

0.63
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le Range Test

els the
error rate

05 df= 1
3

not

Duncan Grouping

The SAS syst

PP >»D>RE>>e

em

for variable: SURvV1l

MSE= 516.,0036

type 1 Comparisonwise
3

4 5 6
+30 43.44 44,29 44,72

significant1y different,

Mean
53.86
46,84

34,93

"82.49
31.18
26.76

N

LSRR SR, W) SRt

TRT

COMENL SR = uy SR
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Analysis of vVariance Procedure

0.6809

error rate, not the

Source DF
Mode 5
Error 12
Corrected Total 17
R~-Square
0.214570

.SOUFCG

CTRT

sum of Squares
1665.39498333
6097.99266667
7765.88765000
CVe

60.34678

Anova ss

Mean square

F value Pr > F

333.17899667 0.66 0.6634
$08.16605556

RoOt MSE SURV12 Mean

22.54253880 37.35500000




Dependent variable: SURVLO

épurce DF sum of Squares Mean Square F value Pr > F
Mode 5 1535.00844444 307.00168889 0.55  0.7354
Error 12 6690, 45406667 557.53783889
Corrected Total 1.7 8225.46251111
R-Square : €.V, Root MSE SURV10 Mean
0.186617 60.26947 23.61223918 39.17777778
source DF Anova $s Mean Square F value Pr > F
TRT 5 1535.00844444 ~  307.00168889 0.55  0.7354

Dependent variable: SURVIL

source

Model

Error

A
A 34,78 8 6
A
A 33.32 F
The SAS sSystem 03:58 sunday, May 6, 2001 172

analysis of variance Procedure

The SAS System 03:58 sunday, May 6, 2001 173

Analysis of variance Procedure

buncan's Multiple Range Test for variable: SURV1O

NOTE: This test controls the type I comparisonwise error rate, not the
expermentwise error rate ‘ 3

Alpha= 0.05 df= 12 MSE= §57.5378

Number of Means 2 3 4 5 6
Critical Range 42.01 43.97 45.16 45.94 46.49

Means with the same letter are not significantly different.
Dunican Grouping . Mean N TRT

A £
> k"aw
Ppacan’s mlﬂ#

note THE, A% YRR
0 anal

Corrected Total

source
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Analysis of variance Proccdure
buncan's Muitiple Range Test for variable: syrvs

NOTE: This test controls the type 1 comparisonwise error rate, not the
experimentwise error rate

Alpha= 0,05 df= 12 MsE= 507,8834

i Number of Means 2 3 4 5 6
= Critical Range 40,09 41.96 43.10 43.85 44,37

Means with the same letter are not significantly different.

buncan Grouping Mean N TRT

A 53.86 3 4
A

A 48.93 ¥
A

A 42.79 Biarl
A '

A 39.66 3963
A

A “34.78 36
A

A 34.14 32
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Analysis of variance Procedure
Dependent variable: SURVY

Source OF

suim of Squares Mean Square F value Pr.>sfF

Model 5 1005.01782778 201.00356556 0.40 0.8407
Error 12 6052.89653333 504.40804444
Corrected Total 17 7057.91436111

R-Square C.V. ROOTL MSE SURV9 Mean

0.142396 53.55393 g ~ 22.4590303% 41.93722222
source DF Anova ss
TRT : 5 1005.01782778

A 4

The SAS Systen}% .
Analysgéz.

Number of Means
Critical R




A 36.45 3 6

A

A 36.36 <
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Analysis of variance Procedure
Dependent varijable: SURV?

source DF sum of Squares Mcan>Square F value Pr > F
H?de1 5 1192.32965000 238.46593000 0.44 0.8129
Error 12 6514.70320000 542.89193333
Corrected Total 17 7707.03285000
R-square GV ROOT MSE SURV7 Mean
0.154707 52.98073 23.30004149 43.9783333
Source DF Ahova $S Mean Square F value Pre>iE
TRT 5 1192.32965000 : 238.46593000 0.44 0.8129

~
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Analysis of variance Procedure

The $AS System

Duncan's Multiple Range Test for variable: SURY?

NOTE: This test controls the type I comparisonwise error rate, not the
eéxperimentwise error rate

Alpha= 0.05 df= 12 MsE= 542.8919

Number of Means 2 3 4 5 6
Critical Range 41.45 43.39 44.56 45.34 45.88

Means with the came letter are not significantly different.

buncan Grouping Mean N TRT
: A 58.08 3 4
A
A 50.00 3
A
A 45.00 Sl
A ks .
A 39.66 i3]
LA , g 3
A
A

kst
Dependent variable:
source
tdodel
Erroi

Corrected Total

Source

TRT
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Puncan’s Multiple Range Test for variable: SURVS
NOTE: This test controls the t i 2 hot the
experimentwise orror ratzpe Rl tomise wvorcoa,
Alpha= 0.05 df= 12 Msg= 703.0014
gumbgr of Means 2 4 H
\\ Fitical Range 47,17 49.37 50.71 51.59 §2.20
Means with the sape Tetter are not significantly different.
buncan Grouping Mean N TRT
A 66.63 3 4
A
A 55.69 898
A
A 49,93 Fiai]
A
A 39.66 38
A
A 38.28 2
A 3
A 37.59 35,6
The sAs System

Dependent variable: syryg

source

DF

Mode 5

Error 12

Corrected Total 17

R-Square

0.151109

source DF
TRT
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Analysis of variance Procedure

03:58 sunday, May 6, 2001 160
Analysis of variance Procedure

sum of squares Mean square F value P> F f
1226.32211667 245.36442333 0.43 0.8212 f
6891.97933333 574.33161111 ?
8118.80145000

C.V: RoOt MSE SURVG Mean
52.94036 23.96521669 45.26833333

- Anova Ss  tean square F value A T
1226.82 L, 5. 31 -«
A=
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Analysis of variance Procedure
Dependent variable: SURV4

source OF sum of squares Mean Square F value Pr > F
Mode S 2515.85684 444 503.17136889 0.72 0.623%
Error 1k 3432,963833333 702,74736111
Corrected Total 17 10948.82517778
R-Square GOV, Root MSE % SURV4 Mean
0.229783 53.29709 26,50938251 49.73883889
source DF Anova S5 . Mean Square F value Pr > F
S TRT 5 2515.85684444 R 503,17136889 0.72 0.6235
The $AS Systen 03:58 Sunday, May 6, 2001 15§

Analysis of variance Procedure
Duncan's Multiple Range Test for variable: SURV4

NOTE: This test controls the type I comparisonwise error rate, not the
experimentwise error rate :

Alpha= 0.05 df= 12 Msg= 702.7474

Number of Means 2 3 4 5 6
Critical Range 47.16 49.36 $0.70 51.58 52.19

Means with the same letter are not significantly different.

buncan Grouping Mean N THT
68.55 4 b e h s ]
59.79

¥

PR R

Dependent variable: SUKvs :
Source Qi??‘ .

Hode1 with He
Error 22

Corrected Total &L

 R-square

0.195274

source

TRT
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Analysis of Variance Procedure

Duncan's Multiple Range Test for variable: SURV2

NOTE: This test controls the type I comparisonwise error rate, not the
experimentwise error rate

Alpha= 0,05 df= 12 MSE= 495.6129
Number of Means 2

_ 2 3 4 5 6
& Critical Range 39.60 41.45 42,58 43.32 43.83
feans with the same letter are not

significantly different.
Duncan Grouping

Mean NTSETRT
A §9.09 3 4
A
B A 33.25 Sl
B A
B A 63.15 3 5
] A
4 A 56,68 SN2
B A
8 A 53.74 3.3
[ w
B 43,07 3 6
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Analysis of variance Procedure
Dependent Variable: SURV3

source

DF sum of Squares

Mean square F value Pr > F
Mode 5 2514.41969444

502.88393889 0.82 0.5584
Error

12 7359.54820000 613.29568333
Corrected Total

a7 9873.96739444
R-Square (@GN ROOT MSE SURV3 Mean
0.254651 46.58590 24.76480736 §3.15944444
Source DF ~ Anova $S Mean Square F value REESEE
TRT

5
The SAS System

2514.41969444 502.88393889 ’0,82 - 0.5584

it

NOTE: This tes
~ experimen




E A 41,0063 S8
B <. 26.070 3 4
B C
g C 21.903 Y
C
C 10.703 3 6
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Analysis of variance Procedure
Duncan's mMultiple Range Test for variable: SURVL

NOTE: This test controls the type I comparisonwise error rate, not the
experimentwise eryor rate

Alpha= 0.05 df= 12 MSE= 398.9435

Number of tMeans 2 4 5 6
Critical rRange 35.53 37. 19 38.20 38.36 39.33

Means with the same letter are not significantly different.

.

Duncan Grouping Mean N TRT

A 89.09 3.4
A

B A 83.25 3391

8 A

B8 A 79.34 gi02

8 A _

B8 A ~73.64 305

B A

’ 8 A 69.67 383
B
B 45.00 3 6
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Analysis of variance Procedure
Class Level Information

Class  Levels  values '

| {
6 123'45’6‘




source OF

Anova 55 Mean square F value Pr > F
TRT 5 4214.88751667 842.97750333 6.32 0.0042
The SAS System 03:53 Sunday, May 6, 2001 100

Analysis of variance Procedure

Duncan’s Multiple Range Test for variable: SURV13

NOTE: This test controls the type 1 comparisonwise error rate, not the

experimentwise error rate

Alpha= 0.05 df= 12 MSE= 133.2775

Number ot Means 2 3 4 5 6
Craitical Range 20.54 21.50 22.08 22.46 22.73

Means with the same letter are not significantly different.

Duncan Grouping Mean N TRT
A §3.847 S "2
: A49.220 3191
B : 41.740 3
g C 2&.070 3 4
8 C
B (5 21.903 SIS
E 11.410 3 6
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Analysis of variance Procedure
Dependent variable: SURV14

source DF Sum of Squares Mean Square F Value Pr > F
Model 5 4281.42251111 856.28450222 6.68 0.0034
Error 12 1539.03106667 128.25258889
Corrected Total g2 5820.45357778

R-Square | CoN ROQOT MSE SURV1+4 Mean

& anova s - %8, e F vaiue

0.735582 33,5042 11.32486595 33.80111111

P >F




B
8 C 26.070 39
B &
8 C 21.903 3545
C
C 12.087 386
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Analysis of variance Procedure
Dependent variable: SuRvi?

source DF sum of Squares Mean Square F value Pr > F
Mode1 5 4334.62609444 8066,92521889 6.56 0.0037
Error : 12 1586.95673333 132.24639444
Corrected Total 17 5921.58282778
R-Square CoV: ROOt MSE SURV12 Mean
0.732005 33.62910 11.49984324 34.19611111
Source DF Ahova SS Mean square F value Pr > F
~~
TRT 5 4334.62609444 866.92521889 6.56 0.0037
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Analysis of variance Procedure
buncan's Multiple Range Test for variable: SURVL2

NOTE: This test controls the type I comparisonwise error rate, not the
experimentwise error rate

Alpha= 0.05 df= 12 Mse= 132.24G4

Number of pMeans 2 3 4 5 6
Critical Range 20.46 21.41 21.99 22.38 22..4

Heans with the same letter are not significantly different.
Duncan Grouping Mean N TRT
0. 765665 UEAS wc oo ~ 54.833 3 2




TRT 5 4387.89716111 877.57943222 5.73 0.0063
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Analysis of variance Procedure
Duncan’s Multiple Range Test for variable: SURV1O

NOTE: This test controls the type I compariscnwise error rate, not the
experimentwise error rate

S Alpha= 0.05 df= 12 MSE= 153.2459

Number of Means 2 3 4 S 6
Critical Range 22.02 23.05 23.67 24.09 24,37

Means with the same letter are not significantly different.

i Duncan Grouping Mean N TRT
| b 54.83 372
| A
A . 49.22 3ad
A
g A 44. 54 353
B (@ 26,07 314
B c
B (@ 21.90 318
C
< 12.09 3 6
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Analysis of variance Procedure
Dependent variable: SuRvil

St

09.7214;

Source OF Sumn of Squares Mean Square F value Pr > F
Mode1 5 _ 4309.72142778 861.94428556 5.75 0.0062
Error 12 1797.59366667 149.79947222
Corrected Total 17 © 6107.31509444
R-Square | C.V. '~ Root MSE SURV11l Mean
0.705665 ' 35.43560 12.23925946 34.53944444 g
source DF 5. Anova SS Mean Square F value  Pr > F

861 ~ 5.75  0.0062




B &
B c 23.16 355
C
(@ 12.09 3 &b
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Analysis of variance Procedure
Dependent variable: SURVS

Saurce DF sum of squares Mean Square F value Pr > F
Model S 4428.69677778 885.73935556 5.89 0.0056
Error 12 1803.,92700000 150.32725000
Corrected Total 17 6232.62377778
R-Square GV, RoOt MSE SURV9 Mean
0.710567 35.14242 12.26080136 34.88888889
source DF Anova S5 - Mean Square F value Pr > F
TRT 5 4428.69677778 . 885.73935556 5.89 0.0056
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Analysis of variance Procedure
Duncan's tultiple Range Test for variable: SURVS

NOTE: This test controls the type I comparisonwise error rate, not the
experimentvise error rate

Alpha= 0,05 df= 12 MSE= 150.3272

Number of Means 2 3 4 5 6
Critical Range 21. 81 22.83 23.45 23.86 24.14

Means with the same letter are not significantly different.

buncan Grouping Mean :C& ﬂ:;T%T
A 54.83 " b e olieas
A b
“ A
, e
L 44} “A“

fir-ovik A 149,
& Bﬁ«é!"!
' B

g-
i—g_.

| g

 0noonan
-

The SAS System.I f« 03:58 5undy§}ﬂ
: Anal
Dependent Var1ah1e. SURVIO

source i '05-'

Mode ) ij 2
Error ' ." 12,1 -
Corrected Total 17

R-Square

source



The SAS System 03

Analysis of variance Procedure

158 sunday, May 6, 2001 61

Duncan’s Mulitiple Range Test for variable: SURV?

NOTE: This test controls the t
experimentwise error rate

Alpha= 0.05 df= 12 MSE= 178.9934

Number of Means
-~ Critical Kange

2

2 3
.80 24,91 25.%9

4

ype I comparisonwise error rate, not the

5 6
26,03 26.34

Means with the some Jetter are not significantly different.

Duncan Grouping

A
A
A
A
b A
8
B C
B C
(3 C
C
C

The SAS System

tean N
56.84 3
51,93 3
45.99 3
' 26.07 3
23.16 3
12,09 3

Analysis of variance Procedure

Dependcnt variable: SURVS

source DF Sum of Squares

Mode | 5 4628.94462778

| Error 12 2172.68306667
f Corrected Total 17 6801.62769444
R-Square cly:

0.680564

R TN N Rp——

37.71286

TRT

© v L W =N
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Mean Square F value Pr > F
925.78892556 5.1%1 0.0097
181.05692222

Root MSE SURVS Mean

13.45573938 35.67944444
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Analysis of variance Procedure
Dependent variable; sury;

Source OF sum of Squares Mean Square F value Pr>F
Mode ™ 5 4869.62422778 973.92484556 5.44  0.0076
Error 12 2147.92080000 178.99340000
carrected Total : % 70L7.54502778
R-Square S Root MSE SURV7 Mean
! 0.693921 37.14912 13.37834150 36.01333889
Sou;'ce DF Anova $S * Mean Square F Value Pr>F

TRT 5 4869.62422778 973.92434556 5.44 0.0076
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Analysis of Variance Procedure

Duncan's mMultipie Range Test for variablie: Survs

NOTE: This test controls the type 1 comparisonwise error rate, not the
experimentwise error rate

Alpha= 0.0% df= 12 msE= 132.1519

Number of Means 2 3 4 S 6
Critical rRange 24.01 25,13 25,81 26,26 26.57

Means with the same letter are not significant]y different.

Duncan Grouping Mean N TRT

A 57.98 302
A .
A 53,86 it
A

B A 45.99 3t 113

B

B8 C 28.28 3 4

e C ;

B C 23.16 3/"5
C
C 12.76 BIN6
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Analysis of varijance Procedure
Dependent Variable: SURVG

source GF

" sum of squares Mean Square F value Pr > F
Mode], s 4980, 35086667 996.07017333 5.47  0.0075
Error 12 2185,82333333 182.15194444
Corrected Total 17 7166.17420000
R-Square c.v. ROt MSE SURVG Hean
0.694980 36.47010 13.49636782 37.00666667
source DF Anova ss s Mean Square F value Pr > F
TRT 5 4930.35086667 996,07017333 5.47  0.0075

~
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Analysis of Variance Procedure
Duncan's Multiple Range Test for variable: Survs

NOTE: This test controls the type I comparisonwise error rate, not the
experimentwise error rate
Alpha= 0,05 df= 12 MSE= 169.869

Number of Means 2 3 4 LY G
Critical Range 23.19 24.27 24.93 25.36 25.66

Means with the same letter are not significantly different,

Duncan Grouping Mean N TRT

A 57.98 - 2
A
A 55.78 i |
A

g A 48.'58 3178

B < 28.23 3 4
C
g 24.23 315
C 12.76 3.6
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Analysis of variance Procedure

source DF sun of sSquares Mean square F value PEE>RE
Modql 5 5244.80937778 1048.96187556 6.18 0.0047
grror 12 2038.42813333 169.86901111
Corrected Total 17 7283,23751111
R-Square c.v, ROOt MSE SURVS tean
0.720121 34.35462 13.03338065 37.937777738
 source OF Anova $$ Mean square F value Pr > F
, TRT 5 5244.80937778 '1048.96187556 6.18 0.0047

Dependent variabie: SURVS

S~
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Analysis of variance Procedure

Duncan’s Multiple Range Test for variable: SURV4
NOTE: This test controls the type I comparisonwise error rate, not the
experimentwise error rate

Alpha= 0.05 df= 12 MSE= 141,8044
Number of Means 2 3 4 S G
<ritical rRange 21,18 22.17 2277523 .17:23 45

Means with the same letter are not sigmficantly different,

Buncan Grouping Mean N TKT

A 60,313
57.787
§1.147

S
36,933
27.223
16.083

o mmomo,m

AnoNn >xPr
W W w w ow w

2
1
3
4
5
6




Dependent variabie
source

Nodel

Erroy

~

corrected Total

source

TRT

1 SURVHY
or

S

1l

17
R-Square

0.756228

DF
5

The 5AS System

Sum of Squares

474956269444
L701,65220000
CA5). 20489444

gave

28.63954

Anova 55§

4749.56269444
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Aalvsis of variance procedure

Mean Square
949,91263889
141.80435000

Root M5SE

11.90816317

Mean square

949.91253289

f value

F value
6.70 0.0034

Pr » F

G.70 0.0034

SURVY Mean
41.579494444

Pr> F




The SAS System

NOTE: This test contrals the type
experimentwise error rate

Alpha= 0,05

Number of Means
Critical Rrange

buncan Grouping

A

> > 52

™™ RO

19.66 20.53

Analysis of variance Procedure

I comparisciwise error rate, not the

fSE= 122.17453

4

03:38 Sunday, tay 6, 2001 33

Duncan's Multiple Kange Yest for varaable: SURV3

! 5
21.14 21.51 21.76

Mean

63,857

57.813
57,787
36.933
29.687
20.530

w W w W w

fleans with the same Jetter asre not significantly different,

TRT

-
“

3




IR G LS 3R BTG

~ Bumber of observations 1 data set = 138
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Analyvsis of varjance Pirocedure
Dependent variabin: SURVE

Source Dr

sum of squares HMean square £ value ProsiE
tode1 5 3304,41649444 1760.88329889  13.05  0,0002
-
Error 12 1619.12240000 134.9268G6667
Corrected jota)l 17 10423 .53889444

R-Square GaV. Root MSE SURV2 Mean

0.844667 20.46136 11.61560245 56.,76944444

Source OF ANova ss Mean Square £ value Pr > F

TRT 2 8804,41649444 ‘1760.88329889 13.08 0.0002
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falysis of variance Procedure

Duncan's muitipie Range Test for variable: SURV?2

NOTE: This test controls the type I com

parisonwise error rate, not the
eXperimentwise error rate '

Alpha= 0.05 df= 12 Mse= 134,9269

Number of peans 2 2 4 s 6
Critical Range  20.66 21.63 22.21 22.60 22.87

Means wath the same letter are not

® %

€A

siygnificantly dif rent
tean 4 ‘

buncan Girrouping

OEETE B> D

The s,
Analysis o
Dependent variable: supvs

source DF Sum'
Model .S
Eirror 12
Corrected Total 17

3

R-squafe'
0.763730

Source

TRT

DF




