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studies on the effects of food particre size, feeding
frequency and prepared food on the growth and survival_ of
cLarias macrocephaTus l-arvae with an initiar size of o.69
+o"05cm in total length and 0"46 +o.12mg in dry weight over a

21- day experimental period !ùere conducted. Larvae h¡ere reared

in glass aquaria and plastic tubs under aerated conditions at
water temperatures from 2s to 29"c" Live food (Artenia) was

given to excess at different size ranges and feeding
schedules. rn addj-tion l-arvae \.vere fed using combinations of
l-ive (Artemia) and prepared food; rarvae $/ere switched to
prepared food on day 6, 11 and i-6 after receiving Artemia from

the start of exogenous feeding. Larvae fed on Artemia attained
a high growth and survival. There was evidence artificial food

$/as acceptabre at the start of exogenous feeding but
relatively poor growth and survival resul-ted. Artemia in a

si-ze range from l-60 to 3rs¡t is more suitabl-e f or c.
macrocephaLus larval rearing than sizes smal_Ier than 160p. A
feeding schedule of one feeding per day is acceptable if
feeding is to excess. Live food (Artenia) is necessary at the
start of exogenous feeding to improve survj_var. cjarias
macrocephaJ.us larvae fed on Artemia at the start of exogenous

feeding untit day 1-1, followed by prepared food until the end

of the experiment, showed significantly higher growth and

acceptable survival compared to those fed on other food

combinations, Artemia, or prepared food alone.

a

Ãbstract



I am indebted to my advisor, professor G" Eric E. Moodie,

for his immense encouragement and assistance. r woul-d like to
thank Professor F.J" ward, who brought me to canada, for his
time and guidance, and also other advi-sory committee members,

Professor K"w" stewart and Dr. M. GiLes for their time and

valuable comments"

r would l-ike to extend a speciar note of gratitude to
Dr" Phanna l^IaikakuÌ, Dr. Manochai Keeratikasisorn, Mr. ponchai

Jaruratijamon, and Mr" Prapast chalokpunrat for their time and

enthusiasm. There are many people who participated in my study

as Professors, staff, and friends in both KKU and u of M whose

help is al-so gratefully acknowledged" special recognition is
due to my trainees for their hard work.

My academic endeavour would have been impossible without
the generous support of the Canadian International- Development

Agency (CIDA).

Lastly, I wish to dedicate this thesis to my parents
¡rKesorn and Ruringsak Petkamrt and my sisters for their endress

love and eternal support"

Ãcknowledgements

lL



Abstract

Acknowledgements

List of Tabl-es

List of Figures

List of Appendixes

1-. Introduction

. 11r_

TabLe of Contents

2" Review of the Literature
2 " l- Biology of Clarias macrocephalus

2"2 Food Particl_e Size

2"3 Prepared Food

2.4 Feeding Frequency

3 " Materials and Methods

3. L Brood Stock Supply

3.2 Larval- Supply

3"3 Food Sources

3 " 4 Rearing Tanks and Experi_mental Location
3 " 5 Sampling and I¡Iater euality Measurements

3.6 Feeding Experiments

3 "7 Statistical Anal_ysis

4 " Results

5" Discussion and Conclusions

6. References

7 " Appendixes

Page

i

ii

iv

v

vii

1

5

5

I2

1"2

13

l_5

l-5

1_5

L7

I9

22

23

27

30

62

7T

ö_L



Pag:e

l-" chemícal composition of prepared food and Artemja 18

nauplii used in !99I and 1-992 experiments.

2" Means of final total length, dry weight and 32

survival of experiment 7-, 1991"

3. A comparison of specific growth rates, relatl_ve 35

growth rates and increments of experiment I, LggL.

4" Means of final total J-ength, dry weight and 37

survival- of experiment 2, 1991_.

5. A comparison of specific growth rates, relative 40

growth rates and increments of experiment 2, Lgg1".

6. Means of final total length, dry weight and 43

survj-val- of experiment I, 1,992.

7 " A comparison of specific growth rates, relative 46

growth rates and increments of experiment 1_, L992"

8. Means of final total length, dry weight and 49

survival of experiment 2, a992.

9. A comparíson of specific growth rates, relative 52

growth rates and increments of experiment 2, Igg2.

l-0 " A compar j-son of specif ic growth rate in total J-ength 55

and dry weight at dif ferent age of experi-merit 2 , 1,992 "

l-1" Means of final total length, dry weight and 58

survival of experirnent 3 , i,992 "

L2" A comparison of specific Arowth rates, relative 61_

growth rates and increments of experiment 3t Igg2"

l-v

Líst, of Tables



Page

1. Differentiating characteristics of Èhe three 6

dominant CTarias catfish species cultured in Thailand.

2 " Differentiation of mal-e and femal-e of I
C" macrocephalus adults"

3. Development of C" macrocephaLus from fertil,ized 10

egg to yolk larvae (free embryo) "

4. Development of C. macrocephalus larvae from 1l-

approximately 2 to I days post hatching.

5 " Glass aquaria used in the 1-99I exper j_ments " 20

6 " The tanks used in experj-ments in l-992 . ZO

7. Map of Thailand indicating the experimental 2j.

location and a distribution of rnajor catfj-sh farms.

8" Experiment L, L991-. The effect of food particle 33

size (Artemia) on the total length of larvae.

9" Experiment L, L991-" the effect of food particle 34

size (Artenia) on the dry weight of 1arvae.

l-0" Experiment 2t L991-" The effect of food particle 3g

size (prepared food) on the total length of l-arvae.

l-1-. Experiment 2, 1-991-" The effect of food particle 39

size (prepared food) on the dry weight of larvae"

a2 " Experiment l- , L992 " The effect of food particle 44

size (Artenia) on the totaJ- length of larvae.

13 " Experiment 7-, 1,992. The ef f ect of f ood particle 45

size (Artenia) on the dry weight of larvae.

v

List of Figarres



Page

1-4. Experiment 2 , rggz " The effect of food combinatÍons 50

on the total length of larvae.
15" Experiment 2, 1,992" The effect of food combj-nations 51

on the dry weight of 1arvae.

L6" Experiment 2 | r9g2; the stomach furl-ness of larvae 53

1- day after start of exogenous feeding"
1-7 " Experiment 2 , 1,992; the stomach fur-rness of larvae 54

1 day after the first presentation of prepared food

in powdered form.

1-8 " Experiment 3 | 1-992 " The ef fect of feeding schedules sg

on the totaL length of larvae.

l-9. Experiment 3 | 1,992. The ef fect of feeding schedules 60

on the dry weight of l-arvae.

vl_

f,ist of Fígures (Contsd)



l-" Randomized tank allocation for experiments in
199A and 1-992 "

2 " Means of the total length of experi-ments in t 99i- g3

and 1-992 "

vii
T.Íst, of Ãppendixes

3. Means of the dry weight of experiments in j_99j_

and 1-992 "

4 - water quality of experiments in l-991 and 1,gg2. 93

5 " The analysis of variance of the individual total_ 99

length, dry weight and survival of experiments in
1991- and L992"

6" The observed accumurated mortality of experiments ro7

in a992 "

Page

81

88



fn the past thirty years drastic population increase in
Southeast Àsia has led to overfishing, water poJ_lution, and

therefore deterioration of wil-d fish populations. The demand

for fish has been rising rapidry. Fish farming has become

widespread" Relative to alternatives, fish is a good protein
source, in terms of texture and cholesterol content, moreover

fish is comparatively cheaper. All these factors lead to a

high demand.

!{alking catfish (cJarias sp.) j-s one of the dominant fish
genera cul-tured in Thailand. Among the southeast Asian

countries, Thailand is well known for the successful cul-ture

of catfish. CLarias sp. can be cul-tured at high density, in
sali-ne, and poorly oxygenated water, and witl_ produce a high

harvest per unit area over a short cuLture cyc]e, farming of
these species is expanding widely throughout the country
(Leenanone, l-981r" Areerat, l-987) " There are five Clarias sp.

found in Thailand but only two native species are farrned,

Clarias batrachus and C" macrocephaTus. In additj-on, C.

gariepinus which is an introduced species is widely farmed

because it has the advantage of superior growth. cLarias

macrocephaTus, hovTever, ís preferred by consumers and regarded

as the most delicious catfish because of its tender fresh and

better taste" rt is therefore the most vafuable species of
catf ish on the market (Diana et â1., i-995; .A,reerat, j.gg7) 

"

L" Introduction



During the early stages of catfish culture development,

catfish larvae were traditionally col-lected from the wild,
particularly the paddy fields which are preferred spawning

areas of c" macrocepharus" As both intensive and extensive c.

macrocepha-z.us farrning have gradually expanded, natural brood

stock has decreased, and seedring suppries from natural-

sources and government facirities have become inadequate.

consequentry, although a high demand for seed has resurted in
increased seed production, the current demand for seed

(larvae) has exceeded the supply avairable from natural
sources and government facil-ities. The high demand has

resulted in cultured rarvae production becoming a major source

of seedling supply

Although clarias macrocephaTus is the catfish preferred
by Thai consumers, its production is stir-r- lirnited in
comparison to that of c. batrachus and c. gariepinus. The

Lirnited avail-ability of c. macrocephaTus l-arvae has held back

the production of this species rel-ative to that of C.

batrachus and c. gariepinus" Additionally, c. macrocephal-us

larvae have a high rnortality and the growth rate is slower

than that of the other two species"

The earJ-y stage of transition from endogenous to
exogenous feeding is considered the most cruciaL period in c.

macrocephaLus larval rearing" Traditionally, larval rearing of
many species is based on zooplankton which can be corlected
from ponds (Thakur and Das, 1996) " As larval- production has



expanded throughout Thail-and, harvestable live food can barely
meet the demand" The problem is made qrorse by major

environmental changes which have affected the production of
natural live food. rn addition, infectious diseases are

difficurt to control- when witd plankton is used as food. All
these circumstances have led to a shift to the culture of live
food for the catfish larvae, particuJ-arly where a large number

of larvae are produced. However production of both natural and

cultured live food depends on seasonal and partialry
uncontrolled conditions. There may thus be considerabre

unpredictable variation in the supply of l-ive food. Therefore

there is risk in relying on those types of food, especially
for intensive production. Good quality foods such as Artemia

have been j-ntroduced for many types of larval production but
such food can be too costly if the rearing period is
prolonged.

RecentIy, there has been increasing use of prepared

(artificial) foods for rearing Larvae of several species. As

a result of a short digestive tract and initial inactivity of
certain digestive enzymes, the understanding of l-arval-

nutrient requirements is stil1 uncl-ear which causes many

difficulties in formulating a suitabl-e diet" The feasibility
of using prepared foods depends on quality of foods, 1arva1-

nutrient requirements, which in turn depend on the anatomy and

physiology of the digestive tract, and larval feeding

behaviour" Prepared food has been successfully used to rear



larvae of some species. However the combinati-on of l_ive food

and prepared food is often necessary for larvae of other
species 

"

Larvae of c" macrocepharus have a very smarl_ mouth gape

and a short gut; the appropriate food particre size and the
frequency of feeding are thus critical-. The feasibility of
usi-ng prepared food in this species in order to shorten the
peri-od of dependence on 1ive food is unknown.

The objective of this study was to determine if rnethods

coul-d be f ound by v¡hich live and prepared f ood courd be

presented to c. macrocepharus so as to improve larval survival
and growth. The following issues were examined:

- Appropriate food particle size for C.

macrocephal_us l-arvae.

- Àppropriate feeding frequency for C.

macrocephalus larvae.

- The feasibil_ity of using prepared food for
rearing C" macrocephalus larvae.



2.1- Biology of Clarías macrocephal-us

CTarias macrocephaTus, 1oca11y known as Pl-a Duk Oui, is
a member of the Farnily Clariidae, Order Sil-uriforms, Cl-ass

Osteichthyes (Nelson , 1-984; Suvattj-, L981; Snith , L945) .

Cl-arias macrocephalus has neither scales nor adipose fin. Both

pectoral fins are preceded by a spine with a saw-Iike edge

which cause a painful wound if fish are handl-ed careì-essly.

These spines are also used to move overland when it is raining
or it is too dry hence the common name rrwalking catf ish'r

(Figure 1) " Clarias macrocephal-us is able to survive outside

the aquatic environment for a very long period by rneans of an

auxiliary breathì-ng organ. This organ is dendritic in form and

located in the supra-brachiaL chamber" There is al-so some

degree of respiration through the skin which is covered by a

very thick layer of mucous. The body colour is normally black

or dark grey and partly yellow in the abdominal area (Areerat,

1-97O; Leenanone, l-981) "

The three catfish species farmed in Thail-and are easily
differentiated by the shape of the occipital- process. CLarias

macrocephaTus has a rounded occipital- bone with its base three

to five times wider than its length, unfike C. batrachus r¿hich

has a sharp occipital- bone, with a width twice its length and

C" gariepinus which has not only a bigger head but al-so a more

elongate occipital bone (Figure 1) (Areerat, I97O) "
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The accessary air breathing organ allows C. macrocephaTus

to be found naturally in all types of freshwater bodies, even

almost dry pools (Smith, 1-945) " It can also l-ive in brackish

water. The larvae feed on detritus and zooplankton" Although

a benthi-c species sometimes classified as a scavenger, it can

be trained to t,ake f ood at the water surf ace. Adul-ts are often

fed trash fish or pellets composed of fish meal-, rice bran

and broken rice. The use of dry pelleted food is becoming more

conmon on catfish farms (Areerat et al., 1982) "

In nature, C" macrocephalus reaches maturity at the age

of 8-12 months. At this age the sexes can be distinguished by

an anal- papilla on the male which is elongated rel-ative to
that of the female which is oval- in shape (Figure 2). In

addition, during the spawning season, the female has distended

belly and is bigger than the mal-e. Spawning time occurs during

the rainy season (May October). The female makes a small,

round, hollow nest, about 30cm j-n diameter and 5 to Bcm deep,

in the grassy bottom in shallow water" The eggs are deposited

in the nest and adhere to the grass" The male finaì-Iy guards

the nest after spawning while the female stays nearby

(Sidthinunka, t971-) " Clarias macrocephaTus does not seem to
spawn in the confined water of fish ponds (pilIay, LggO) .

Artificial propagation using hormone injections is thus the

best method of obtaining gametes" This method can be practised

from February until October and can be repeated as often as

l-0 times per year" In cul-ture I C. macrocephalus reaches



Figure 2 " Differentj_ation of male

macrocephaLus adults (Leenanone, 1991) "

and female of (-.
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1-5 0g in approximately 7 -g months " Fecundity of C "

macrocephaTus has not been deterrnined but using c.batrachus

as a reference, F: l-89.5W1'223where F is thousands of eggs and

W is body weight in kg" Spawning individuaÌs weigh from 50-

1-859 " On average eggs are l- " 2mm in diameter and hatching

occurs withÍn 24-3Oh after fertilization" Larvae start feeding

3 days after hatching and are generally 5-8mm in length

depending on each population and the size of the parent

(Figure 3 and 4). Limitation on year-round culture of this
species rel-ates to poor larval survival_ rather than egg

laying or hatching (Diana et al., l-985).

In rearing ponds, larvae suppJ-ied with adequate food

reach an average length of 2cm with 30-35u survival within z

weeks" Ear1y growth of larvae approaches 4SZ of the body

weight (BW) per day over the first 2 weeks of l_ife, then,

declines to 3-5eo of BI{ per day for the duration of cul-ture

(Diana et aI., l-985) .

Growth occurs in the temperature range from 25 to
33oC" (Britz and Hecht, L987) " Optimal pH is 6"5-8.5. Cjarias

macrocephal-us can be cultured at a high density" Suggested

optimal rearing density is 15 fingerlings per l-itre" Although

they can survive in poorly oxygenated water, adult feeding is
reduced when dissol-ved oxygen (DO) falls below 0"5 ng/L. If DO

j-s l-ower than 1, mg/L, qrowth of C" macrocephaTus larvae is
reduced" Mortality of larvae occurs when DO is less than O"2

mg/L"
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Figure 3. Development of c. macrocephajus from fertilized egg

to yorked larvae (free embryo): 3a. sornite stage, 3b. Advance

somite stage, 3c. Eyed stage, 3d. Free embryo stage
(Leenanone, 19gL).
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Figure 4" Development "l C. macrocephaTus larvae from

approximately 2 Eo 8 days post hatching at ZSoCz 4a. 2 days

after hatched (mean = 5.5 mn.) , 4b. 4 days after hatched (mean

: 7 mm.), 4c" 8 days after hatched (mean : 10 rnm.) (Leenanone,

1e8r_) "
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2.2 Food Particl-e Size

Larval fishes usually have a very smal1, toothless mouth

and limited mobility (Hyatt, L979) " These characteristics
limit their ability to utilize a wide range of natural and

prepared foods. Food particles shoul-d be small-er than the

mouth width and should be located near the fish. The suitable
size of food probably also depends on composition or species

of food and changes with larva1 size. The particle size of

decapsulated and drj-ed Artenia cysts (2OO-25O¡t") may be a more

appropriate feed for C " gariepinus l-arvae than larger Artemia

naupli í (470-550¡r) (Verreth et al-., L987) . A particle diameter

of 2.22 of the total length of C. gariepinus larvae was found

to be optimal by Uys and Hecht (1985).

L2

2.3 Prepared Food

The abundance of both natural l-ive food and cul-tured food

is seasonally dependent and good quality live food such as

Artemia is relativeJ-y expensive. There has been, therefore,
consi-derable j-nterest in the feasibility of using prepared

feed to rear Clarias sp. Uys and Hecht (1985) found that
larvae fed on optinally forrnulated dry feed grew significantly
better than those fed on plankton" Appelbaum and Damme (t-gBB)

sinilarly suggested that feeding C " gariepinus larvae

exclusiveJ-y with a f ormulated high quality dry f eed is
feasible. Artificial feed has advantages over l-ive food in
terms of the potential to eliminate disease organisms through



sterilization and the possibilitl' of control-ling nutrient
conpositi-on and energy content, all of which may increase

survival rate. Alternatively, C" Tazera (gariepinus) Iarvae

can be reared successfuì-Iy on live Artemia and zooplankton

(Hogendoorn, 1980) " Selection of specific cyst sources may

result in the continued use of Artemia cysts in aquaculture

according to Vanhaeke and Sorgeloos (l-983) " In Southeast Asia,

mashed boiled egg yoì-k is used to rear CTarias (Viveen et
â1.,1-990) " A mixed diet oL Artemia plus a dry artificial- feed

for C" macrocephafus produced a higher specific growth over

the first L4 days than a diet of either item al-one (Fermin and

Bolivar, a991) "

1_3

2"4 FeedJ-ng Frequency

Because CTarias larvae have a very short, smalI gut, the

frequency of feeding must be high enough to maintain their
metabolic requirements. Feeding twice a day was found to be

economical-Iy optirnal for 2 week old (0"3g) C" macrocephaTus,

whereas more frequent feeding !üith proportionately restricted
amounts of prepared food (92 BW) did not affect growth but

feed conversion ratio increased (Tabthip$/on, 1990) " Feeding

three times a day with l-ive food (Ì{oina) has been suggested

for rearing C" macrocephaTus larvae (Mol1ah and Tan, I9B2).

Feeding more frequently may be preferred in the case of C"

gariepinus with an application every 4 h suggested by Uys and

Hecht (1985) " Continuous feeding for 24 h per day gave the
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fastest growth of C. Tazera (gariepinus)

according to Hogendoorn (l-981-) 
"

larvae (0"5 g")



3"1 Brood Stock Supply

A C" macrocephaTus brood stock (totalling BOkg) was

purchases from a private catfish farm located in Northeast

Thailand " The brood stock Ìdas originalry col-lected from a

river the previous year. The average weight of individuar fish
v/as between 80 and 2509. The brood stock was transferred to
the experj-mental- site, temporarily deprived of food and kept

separately in an earthen pond, 10m wide, 2Sm long and l-.5m

deep" The pond was enclosed with a 3ocm high net to prevent

f ish from escaping by rrwalkingrr. Feeding to satiation took

place twice a day, in early morning and the evening, using a

dry pelleted diet"

15

3, Materíals and 3{et,hods

3 "2 Larval Supply

CTarías macrocephalus larvae v¡ere obtained by artificial
propagation using a hormone injection method. Brood stock,

kept separatery in earthen ponds, were collected using a gi1l
net, and transferred to cement tanks at the hatchery in the

early morning before feeding" spawning readiness of males was

determined on the basis of general vigour, the presence of a

pointed genital papiIla, and a weight of 1OO-i_50g" Females

s/ere selected if they weighed 1-00-2oog and had an extended

reddish genital papitla" weights were individually recorded

and pairs of males and fernales were kept separatety in the



tanks. Oxygen was monitored and water was sprayed on the water

surface to imitate the rainy season (Spraying water is thought

to improve hormone levels and there is some evidence that
CTarias sp" may spawn at any time if subjected to sudden

freshwater flows or sudden temperature changes according to
Areerat et al-" (l-982) ). A Luteinizing Hormone ReÌeasing

Hormone Analogue (LH-RH Analogue) was utilized for both males

and females at a dosage of l0pg per kg of BI^t in the first
injection, however, the dosage is arbitrary depending on a

spawning readiness of the brood (a soft extended belly and

reddish genital papillae) " The second. injection \^/as done 6h

l-ater using z)pq per kg of BIrI in the male and ISpg per kg of

BW in the female. Ma1es received rnore because C. macrocephaTus

males normalÌy have low volumes of mil-t. Six hours after the

second injection the female was checked for readiness and then

the eggs srere stripped into a dry plastic bowl. The male was

then sacrificed and the testes removed and minced, the milt
was immediately mixed with the eggs using a feather.

Fertilization took place within L-2 minutes of sacrifíce.
Itater was poured onto the eggs in order to facilitate the

movement of sperm to the eggs" This procedure is similar to
that used for C" garíepinus" The fertilized eggs were then

removed to the hatching tanks and spread over netting which

hras submerged in each tank" ONygenation and the .çi¡ater spray

v¿ere monitored at alL tirnes " The eggs hatched within 241n

of fertilization. All unfertilized eggs r¡rere removed.. Two days

16
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after hatching, the larvae \dere carefully transferred to the

experimentaL units. Larvae from two parents were pooled and an

average of 600 were randomly sampled by means of a siphon.

Finally, exactly 600 larvae were removed with a table spoon

and randornly allocated to the treatment groups, except in
experiment 7,, L992, in which three hundred and twenty l-arvae

I¡/ere allocated in each experi-mental unit to yield a density of

20 larvae/L" (because of limited supply of larvae. ) One day

was allowed for recovery and complete yolk absorption for all_

experiments ín l-991- and 1992. Dead l-arvae hrere replaced to

maintain a density of 20 larvae/L before experiments started.

Larvae generalÌy started exogenous feedi-ng at the açfe of 4

days after hatching. (Atl subsequent references to larval or
juvenile ages refers to days after hatching. ) All experiments

began at the onset of exogenous feeding.

3.3 Food Sources

Artemia nauplii cysts r¡trere hatched in 8L glass cyJ-i-nders

at the ambient temperaLure of 25oC and a salinity of 30ppt.

Àir stones circulated the cysts and water at a}l times" The

cysts hatched within 36h and were separated and hel-d in
culture medium until fed to the larvae. Prepared food used in

this experirnent was a conmercial Thai food in a powder form.

The chemical conposition of Artemia and prepared food was

generally similar except for water content (ÎabIe 1) "



L8

Table i-. Chernical- composition

nauplii used in experiments of

Protein (?DM)

Lipid (UDM)

Ash (?DM)

Moisture (å)

of prepared food and Artemia

I99I and L992"

Artemia

Source: Damme et a1" (l-990) and C.P. Ltd" (Thailand) "

5i-"3

L6.6

9.8

92 "2

Prepared Food



3"4 Rearing Tanks and Experimental Location.

In the sunmer of 1991, experiments l- and 2 were conducted

in glass aquaria having a total volume of 40L (3Ocm wide, 45cm

Iong and 3ocm high; Figure 5) " containing of 3OL city water.

The aquaria were illuninated by natural- light" Treatments and

replications \¡¡ere randomly assigned to the aquarj-a.

In the sunmer of 1"992, aÌl three experiments were

eonducted in circular blue plastic tubs (Socrn in diameter and

2ocm high; Figure 6) fil-led to a capacity of 3oL with city
water" In experiment 1, (1,992) the tubs lvere fiI1ed to a

capacity of only l-6L of water per tank in order to maintain

the desired larval density of 20 larvae/L" This change from

glass aquaria to the plastic tubs rlras prompted by difficulties
encountered in 1,991,, in rearing the larvae and cleaning the

glass aquaria. In the i-992 experiments, 803 of the water was

replaced every second day and 30å r,rras replaced on the

intervening days to maintain acceptable water quality (between

the optirnal ranges at a temperature of 25-30"C and pH 6.5-

8"s) "

City (tap) water rÀlas utilized for both experiments in
both sunmers after storage in an open tank for at least 24I;l to

avoid the effect of chlorine"

The experiments in both 1991, and 1-992 s/ere conducted at

the Hatchery Section, Department of Inland Fisheri.es, Faculty

of Agriculture, Khon Kaen University, Khon Kaen Province,

Thailand (Figure 7) " In 1-991- experiments s¡ere conducted inside

t_9



Figure 5"
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Glass aquaria used in the l-991- experiments .

Figure 6. The tanks used in experiments in the summer of L992"
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Figure 7" Map of Thaíland

(*) and the distribution

indicating the experimental location
of najor catfish farms (arrows) 
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The Hatchery Building" Experiments in 7992 were conducted ín

the CIDA/f.LP (IIM & KKU) Building" The experirnental areas were

shaded but exposed to outdoor temperature" Water temperatures

in the tanks and tubs ranged from 25 to 29oC over all
experiments. Oxygen was monitored at all times" Tanks Ìüere

cl-eaned regularly before the first feeding tíme each day" Dead

larvae were removed daiJ-y and cause of death determined where

possible.

22

3"5 Sampling and Water Quality Measurements

Samples for each experiment rdere obtaj-ned by randomly

removing 3O larvae from each aquarium or tub on each sarnpling

date" Ten larvae were preserved in a formalin solution for
24}:. Their total lengths s/ere then recorded using a stereo

microscope. Larvae s/ere preserved in 10å formalin in l-991. In

1-992, 52 formalin was used to reduce length shrinkage caused

by preservation in formalin (G1enn and Mathias, L9g7) "

The remaining 20 larvae from each sarnple rúere used to
estimate dry weight" In 199L, larvae \dere pì-aced in a drying

oven set to 100oC for 24h. In L992, the oven temperature was

reduced to 80oC to avoid excessive loss of vol-atile fatty
acids. After 24hr samples were removed from the oven and

a1Iov.¡ed to cool for about 5 minutes in a desiccator" They were

then weighed (as a group of 20) on a balance in an air-
conditioned Ìaboratory.

Water temperature (.C) and pH trÄ¡ere measured using a



digital meter (orion pH meter, sA 2so) " Dissolved oxygen (Do,

n.g/L) and amrnonia concentration (mg/L) v¡ere was measured using

a Hach kit. Three random trater sarnples \.Jere also analyzed for
ammonia concentration by standard rnethods (American pubric

Health Association, rnc. ,!g6s) to ensure the accuracy of the
Hach kit readings"

3"6 Feeding Experj-ments

23

Experiment 1-, 1991-"

Artemia nauplii v¡ere graded by means of sieves so that
equal numbers of food items r¡tere available over the following
size ranges: <l-å, 1,-22, 2-32, and 3-42 of larvar initial total
length" six hundred, two day oId c. macrocepharus larvae were

randomly sampled and allocated to 3oL grass aquaria. The

experiment utitized a compretely randomized design with 5

treatments and 3 reptications" The experimental_ Iay-out is
shown in Appendix l-.1-. The treatments applied were as follows:

- treatment L, l_arvae received unsieved Artemia

' treatment 2, larvae received Artenia <S9tt

- treatment 3, larvae received Artemia Sg-1_B3p

- treatment 4, larvae received Artenia 1,93-2O5¡t,

- treatment 5 , larvae received Artemia 2OS-Z95p 
"

The food was gi-ven to excess every 4h throughout a 15 day

experimental period" Thirty larvae \dere randoml-y sampled from

each experimental unit on days 1-,3,5,7, g, aI, 13, and 15.



The individual total length and dry weight were then recorded.

Growth and survival v/ere calculated"

Experiment 2t 1991-.

The experiment util-ized a completely randomized design

with 4 treatments and 4 replications. Treatments consisted of
prepared food pressed through sieves in the following size

ranges:

- treatment Lt larvae received unsieved prepared food

- treatment 2, l-arvae received prepared food <1-83¡.t

- treatment 3, larvae received prepared f ood 1-83-2O5¡t"

- treatment 4, larvae received prepared food 2O5-Z95p.

The experimental design is shown in Appendix I.2"
Six hundred two-day old farvae $¡ere randomly sampled and

allocated to 30L glass aquaria" Thirty l-arvae were randomly

sampled from each experimental unit on days 1, 3, 5, 7, 9t II,
and 13 " The individuaL total lengths and dry weights were then

recorded" Prepared food (supplied in excess) was gj-ven every

4h" Growth and survival lvere cal,culated"
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Experiment L, L992"

The experiment utilized a completely randomized design

with four treatments and three replications" Three hundred and

twenty, tv/o day old C " macrocephalus larvae !'¡ere randomly

allocated to each tank. The 12 tanks $¿ere filIed with t_6L of

water and a densj-ty of 20 larvae/L. The lay-out of the



experiment is shown in Appendix 1"3.

The treatments consisted of size graded Artemia nauplii"
Nylon nesh sieves rdere used to separate nauplii into three
size groups" Food density for each sÍze of Artemia hras

evaluated by counti-ng under a microscope. Larvae hrere then

supplied with equal numbers of Artemia" Four treatments were

applied each with three replicates:

- treatment 7, larvae received unsieved Artemia

- treatment 2, larvae received Artemia <160¡.1

- treatment 3 | larvae received Artemia I6O-2I4p

- treatment 4 , larvae received Artemia 21,4-315¡¿.

Thirty larvae hlere sarnpled from each experimental- unit on

days Lt 6t 13, and 21-. Tota1 length and dry weight were then

measured" Feed was given equally for all treatments to excess

every 6h" Growth and survival h/ere calculated.
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Experiment 2 , 1,992.

The experirnent utilized a compÌetely randornized design

with 6 treatments and 3 replications. Six hundred, two day old

larvae çrere randomly al-located to each tank. The ray-out of
the experiment is shown in Ä,ppendix 1,"4"

The six treatments applied in this experiment k¡ere as

f ol-lows:

- treatment l-, larvae were fed on Artemia nauplii through

the entire 2l- day experirnental- period"

- treatment 2, larvae were fed on Artemia nauplii for the



first fifteen days and fed prepared food in powdered form

the remaining six days.

- treatment 3, larvae þ/ere fed on Artemia nauplii for
first ten days and fed prepared food in powdered form for
remaining eleven days.

- treatment 4, larvae were fed on Artemia nauplii for the

first five days and fed prepared food in powdered form for the

remaining sixteen days"

- treatment 5, J-arvae were fed prepared food in powdered

forrn throughout the 21, day experimental_ period.

- treatment 6, Ìarvae were fed prepared food in a paste-

l-ike form throughout the 21, day experimental period.

Larvae were fed to excess at 6h intervals each day

depending on the treatment" Thirty l-arvae were randomly

sampled on days L,5, 6, 10, 11, 15, l-6 and 21 for length and

dry weight measurements" The extent of stomach fullness was

classif ied as rremptyr!, ¡tharf-fuIlrr or ¡rfullt on the basis of
a subjective examination under a dissecting microscope. The

sample data r¡/ere used to carculate growth, survival and degree

of stomach fullness in each treatment group"
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for

the

the

Experiment 3, 1-992"

The experiment r¡'las conducted using a complet.ely

randomized desígn with 5 treatments and 3 replications. The

dependent variables were growth and survival.
six hundred, two day old larvae were randornly allocated
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to 30L tanks resulting in a

lay-out of the experiment is
treatrnents were applied in this

- treatment 1-, larvae $¡ere

each day (7AM)

- treatment 2, larvae were

day (7PM)

- treatment 3, larvae !,¡ere

- treatment 4, larvae were

and sPM

density of 20 larvae/L" The

shown in Appendix l- " 5. Five

experiment as follows:

fed once at the beginning of

- treatment 5, l-arvae lrrere fed four times at 7L1q,t LOAM,

2PM, and 5PM"

Larvae were fed using equal numbers of Artemia for all
treatments depending on a assigned schedule of treatment.

Thirty larvae were randomly sampled on day 1, St g, a3, l_7 and

2L for total length and dry weight measurements. Ten larvae
r¡¡ere individually measured f or a total length and twenty

larvae used to obtain a pooled dry weight" Tanks were cleaned

regularly at dusk, except for tanks used in treatment 2 which

Iirere cleaned at dawn to control- food avail-ability during day

and night " Growth and survival were cal-cul-ated "

fed once at the end of each

fed twice at 7A-M and sPM

fed three tj-mes at 7AM, A2AY1,

3 "7 Statistical Analysis

Analysis of variance

differences in treatrnent

total length and mean

(ANOVA) hras used to compare the

effects on the tested parameters,

dry weight" When statistically



si crni f icant- dif f erences existed at a Prohahi I i tr.z 'l ar¡ol <n n6
-_a..._\v.vJ'

Duncants Mu1tiple Range test lnras utilized to compare treatment

means" Hartley¡s Test was used to test the Homogeneity of

variance (Neter et aI., l-990). Percent survival at the end of
an experiment was normalized by an arcsin transformation and

analyzed by means of one-r¡¡ay ANOVÃ,. The correLation between

mean length and survj-va1 among the replicates within an

experíment was analyzed to determine whether differences in
growth could be attributed to differences in survival as wel]

as differences among treatments" Specific growth rate,
relative growth rate and increment of both total- tength and

dry weight were tested by means of one-way ANOVA (SAS

fnstitute Inc., L987, Neter et al., 1990 and Schulman, 1-gg2) .

These pararneters were cal-cul-ated as follows (Ricker, L975) z
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Total Length (TL)

Specific growth rate in total length, ? per day:

: [(]n final TL - ln initial TL)/tirnel*too

Relative growth rate of total length, Z per day:

[ ( (Final TL' Initial TL) /rnitial TL) /tine]*too
Increment of total length, cm:

Final ÎL - Initial TL"



Dry rdeight (Dw)

Specific growth rate in dry weight, å per day:

[(In final Dw - In initial DI,{)/tíme]*too

Relative growth rate of dry weight, ? per day:

[ ( (rina] Dw - Initial Dw) /Initial Dw) /time] *roo

Increment of dry weì-ght, mg:

Final- Dw - rnitial DI{.
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Survival,

fnumber of

sampled

z"

surviving l-arvae / ( initial number of
larvae) I *100 

"

Iarvae



Effect of Particle Size on Growth and Survival z Artemia

(1eer_) "

A one-way analysis of variance j-ndicated food particle
size had a highly significant affect on both total length and

dry weight of larvae (F:73 " 64 , Pr)F:O " OOOl; F:I2 . 80,

Pr>F:O"0006 respectively) " Treatment 4 (l-83-205¡.r,) yielded the

maximum total length (1"67crn, Table 2). Larvae which received

the small-est Artemia (359tt, Treatment 2) attained the smal-l-est

size (0.96cn). Maximum dry weight of 4.72m9 resulted when

l-arvae received the largest Artemia (205-295þ, Treatment 5,

Table 2) " The lowest dry weight (l-.03n9) resulted when larvae

received the smallest Artemia (Treatment 2). Differences among

treatments 5, 4, and 1v/ere not si-gnificant. Treatments 2 and

3 general-ly resulted in poor growth throughout the l-5 day

experimental period (Figures 8 and 9).

There were no detectible si-gnificant differences in
survival because very high variation occurred within
treatments (F:2.62, Pr>F=O"0987; survival in each treatment:

Tl-=68.332, 55.00å, 78"892ì T2:20"83å, 4"1,72, 18"89å;

T3:4L"392, I"672, 43"332í T4:52"782, 51-"942, 14"17Z¡

T5:50"00U, 14"442, 60"002)" The best survival resulted when

larvae received unsieved Artemia (Treatment 1-, 67 " 42 , Tabl-e

2) " Larvae which received the smal-lest nauplii (<59tt,
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Treatment 2) shov¡ed the poorest survival " There hias no

significant correlation between growth and survivar in the 15

tanks" Differences in specific growth rates, rerative growth

rates and increments of both total length and dry weight are

shown in Table 3 " There were significant differences among the
specific Arowth rates of total length and dry weight (F:I7.44,
Pr>F:O" 0002 ; F:]-2.73, Pr>F=O. 0006 respectively) . Treatment 4

(6"422) and 5 (5"84u) gave the best specific arowth rate of
total length" The best speci-fic arowth rates of dry weight

I^Iere found in treatment l- (1-6 "892) , treatment 4 (16.g42) and

treatment 5 (16.722) 
"
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Table 2"

survival
nauplii
Meansl +

A comparison of final total length, dry weight and

of larvae fed unsieved and size graded Artemia

for 15 days after hatching" (Experiment 1_ | 1_99a¡

SE,)

lreatments Total Length3 (crn)

T1, unseived

T2, <59tt

T3,59-1-83¡.1

T4 , l-8 3-2O5u,

T5,205-295tr"

32

J-"372'

0.969"

L "240d

l_"666'

L " 546b

+ 0"040

+ o"01-4

J 0.026

+ 0.039

+ o.o32

Dry t{eight4 (mg)

4"473^ +

1"O3ob +

2.Og3b +

4.6g0u +

4.720" +

0 " 6l-5

0. o87

o "397

0"318

o.719

Survival (å)

67 " 43_^

14.634

29.90"

44 .54"

35 .37"

lMeans in the same col-umns with the same superscript arenot significantly different.
21he standard error of the estimate.
3after preservation in 10? formalin for ZAin.

aafter drying at 1O0oC for 24in"

+ 6.9A

+ 5.26

+ 13.57

+ 7.83

t 13.2A



Figure 8" Experiment 1, ]-99L" The effect of food particle size
on the total length (cm) of larvae" Tl- unsieved naupÌii, ,I2

nauplii < 591t, T3 nauptii S9-LB3¡t, T4 nauplii fe3-205¡l and T5

nauplii 2o5-2951t. The vertica] bars are the standard error of
the estimate.
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Figure 9. Experiment 1t 1,991," The ef fect of food particle
size on the dry weight (mg) of l-arvae. Tt- unsieved naupr-ii, T2

nauplii < 59tt, T3 nauplii S9-LB3¡;, T4 nauplii l_83-2OS¡t and T5

nauprii 2o5-295tt. The vertical- bars are the standard error of
the estimate"
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maL'l a ,) 7\ ^^**^-.: ^^- ^€ .: €.: ^¿ qsrs J o n ev¡tl}/a! ¿Þvtt L/! Ðts,t:vf ! _Lrg

growth rates and increments for total-

larvae fed unsieved and size graded

days after hatching" (Experiment 1,

Treatments

35

T1-, unsieved

T2, s59¡t'

T3,59-a83¡t

14,L83-2O5¡t

T5,205-295¡t

Specific Growth

--^-.!L -^&^- --r -!.:--^Yr lJF,r r-rt l- ct LcÞ , l. cJ-ct LJ. vg

length and dry weight of

Artemia nauplii for l-5
1)t99L; Means' + SE')

4.50b + 0.45

2.24c + o.30

4.24b + o.4s

6.424 + o.4l-

5.844 + o.2g

Total Length

Relative Growth

6.50b

2 .6gc

5.99b

l-0. 874

g.3ga

T1-, unsieved

T2, 559¡t.

T3,59-a83¡t

T4,l'.83-2O5¡.t

T5,2O5-295t"t,

Specific Growth

t 0.9L

+ 0"43

+ 0"86

I l_"04

+ o.71

L6. gga

7. 6gc

l-L.95b

16.844

16 .7 2a

Increment

o. 6gb"

0.28d

o. 5gc

1. O3a

o. go"b

Dry Weight

I 0"90

t o"45

t 1"20

t 1_"51

t 1.39

tM"u.,= in the
not significantly

+ 0.1_1

+ o"o3

+ o.o8

t 0.09

+ 0.06

Relative Growth

79.774 +

1-4 .52b +

34.66b +

go. g4a +

7g.624 +

2The standard error of the estimate.

10"95

L" 42

7 "18

1_8. 1_3

16.31

same columns
different "

Increment

4.L24

0.71b

r.7 6b

4.314

4.344

v¡ith the same superscript are

J 0.60

+ 0"08

+ 0"38

t 0.38

+ o.73
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Effect of Food Particl-e síze on Growth and survival: prepared

food in powder form (1-991-) "

Particre size of prepared food had no significant affect
on total length (based on a one-h¡ay ÀNOVA, F:L.79,
Pr)F:O " 1-531-) . Maximum total length (t- " O5cm) was found in
treatment 1 (unsieved prepared food) and minirnum total length
(0"99cn) was found ín treatment 3 (prepared food <J_83¡.c, Table

4) " However, there were highly significant differences in dry

weight (F:1-0.69, Pr)F:O.OO1-). Maximum dry weight (1"O8mg) was

found in treatment 1- (unsieved prepared food).

Treatment 3 resulted poor growth throughout the L3 day

experimental- period (Figures l-0 and 11) . There were

significant differences in specific growth rates of dry weight

(F:5"89, Pr>F:O.0104) but no significant difference \^ras found

for specific Arowth rate of total length (F:0.64, pr>F:O.6056l

Table 5) " The best specific arowth rate of dry weight v/as

f ound in treatment 1- (7 .822) and treatment 4 (7 . 64e") .

Dif ferences in survival hrere not signi-f icant (F:1.96,

Pr>F:O "L740) " Low survivar occurred in alr treatments. The

best survj-val s/as only l-8 " 9å, in treatment 1-; the poorest

survival , 3.3eo was found in treatment 2 (whose larvae received

the smallest size of prepared food, Table 5) " There was no

significant correlation between growth and. survivar in the 16

tanks "



Table 4" A comparison of finat total length, dry weight and

survival of larvae fed unsieved and size graded prepared food

for 1-3 days after hatching. (Experiment z, L99L,- Meansl +

sE,)

Treatments Total- Length3(cn) Dry weight(mag) survivar(å)

TL, Unsieved

T2, <183¡,r

T3,l-83-2O5¡t

T4,205-295¡t"

37

l- " 052"

1. O3l-u

0.991-a

l- " o34a

I O.O22

+ 0"01_5

t 0"020

+ 0"020

l_.og0u

o " 965b"

o "7 68c

o"g70"b

+ 0"053

+ o. 01_2

+ 0.026

+ 0"056

l_9.95'

3 "27"

L5.59"

16 " 674

lMeans in the same columns with the same superscript arenot significantly different"
2The standard error of the estimate.
3after preservatj-on in 1,OZ formalin for 24lr"
aafter drying at l-OOoC for 24in.

+ 6.34

+ t-.85

+ 5.21

J 3.46



Figure l-0. Experi-rnent 2 ,

size on the total length

food, 12 prepared food <

T4 prepared 2 O5-295p. The

of the estimate.

38

L99!" The effect

(cn) of larvae" T1

1,83¡t , 13 prepared

vertical bars are

of food particle

unsieved prepared

food L83-2O5¡t and

the standard error
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Figure L1. Experiment 2 , 1-991- " The ef f ect

sj-ze on the dry weight (ng) of larvae. Tt-

food, T2 prepared food < 1-83¡.c, T3 prepared

T4 prepared 2O5-295p. The vertical bars are

of the estimate.

of food particle

unsieved prepared

food 1-83-2O5¡t and

the standard error
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Table 5" A comparison of specific growth rates, relative
growth rates and increments for total length and dry weight of
larvae fed unsieved and graded prepared food for 13 days after
hatching. (Exper j_ment 2 , i-991_; Meansl+Snz)

lreatments

40

T1-, unsieved

T2, <183t¿

T3 , l-8 3-205¡t

14,205*295¡t"

Specific Growth

3"98u + O"42

3.78^ + O.1,7

3.48" + 0.19

3.84" + 0.20

Total Length

Relative Growth

Tl-, unsieved

T2, <1-83¡t"

T3,l-83-2O5u

T4 t205-295tt

5 "274

4"89u

4 .4f

5"00"

Specific Growth

+ 0.68

+ o.27

t o.28

1 0.33

7.82^ + O.37

6"19b + 0.3L

5. 64b t O. 69

7 "64^ + O"27

Increment

0"43u

0"40"

0"36'

0.41-a

Dry Weight

Relative Growth

+ 0"05

+ o.02

+ 0.03

+ 0.03

lMeans in the
not significantly

2The standard

l_3 " 63u

9 " 55b

I " 50b

l_3 " l-ou

t r-. 03

t o"71

+ 1.35

t o.74

same columns
different.

error of the

Increment

o"6ga

0.48b

o"4ob

0.614

+ 0.05

J 0"02

+ 0"05

+ 0.04

with the same

estimate "

superscript are
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Effect of Food Parti-cl-e Size on Growth and SurvívaL z Artemia

(r-eez) "

A one-way ANOVA indicated that. treatment 4 in which

larvae fed on Artemia (2I4-3L5tt), and treatment 3 in which

larvae fed on Artemía (160-21-4¡t) gave sj,gnificantly higher

growth in terms of total length than treatments l- and 2 ín

which l-arvae f ed on unsieved Artemia and nauplii <1"60¡t

respectively (F:6.O7 , Pr)F:O. O0O7, Table 6, Fi-gure 12) .

Maximum total length v¡as found in treatment 4 (1-"38cm), fed on

the largest nauplii and minimum total length occurred in
treatment 2 (L " 3 Ocn) , f ed on the smal_l_est nauplii. No

significant differences \^/ere found between treatments 4 and 3

as weII as between treatments 1 and 2 (Tab1e 6).

Differences in dry weight were not significant (F:1-.20,

Pr>F:O "3687) " However, larvae fed on bigger sizes of Artemia

(T3, l6O-21-4¡t" and T4 , 2L4-31-5u) tended to be heavier than

those receivj-ng smaller sizes of Artemia (Table 6, Figure i-3) "

Larvae fed on the smallest size of Artemia (3160¡.1) had a lower

dry weight but significant differences s/ere not detectable.

Survival vras generally high and did not significantly
differ among the four treatments (F:1" 06, Pr>F:O "41,92) .

Survival was highest in treatment 1 (84 "32) and lowest (77 "32)

in treatment 2" There'was no significant correlation between

growth (totaJ- J-ength) and survival- among the 1-2 tanks.

Significant differences were not detectable in specific growth



rates of total length (F:2"02, Pr)F:O"I894, Table 7) and

specific growth rates of dry weight (F:2.4O, pr>F:O"1430).

However, treatrnents 4 and 3 had a tendency to give slightly
higher specific arowth rates in both total length and dry
weight than treatments i- and 2 but not significantly
different "
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rFrh] a 4 À

survival of

nauplii for
Meansl +sEz)

^^-^--iean n€ €ìn='l ta.l-='lvv¡uyq! +Èvr¡ v¡ ! ¿¡rqf uv uqr

larvae fed unsieved and

2L days after hatching"

Treatments Total Length3 (crn)

T1-, unsieved

T2, <1-60¡.1

13 ,160-214¡t

14,21-4-3L5p.

43

1.319b

1.297b

r.377"

L"379"

length, dry weight and

si-ze graded Artemia

(Experiment t, 1,992 ¡

t 0. 0r-8

t 0. 0r-1

t 0"017

t o" 019

Dry Weight4(mg)

3 "253"

2.983"

3 .627"

3 " 360u

+ 0"373

+ o" l_33

+ 0"081-

+ o "269

Survival (å)

84.334

77.33^

8l-. l-7u

79.L7"

lMeans in the same columns
not significantly different"

zThe standard error of the
3after preservation in 5å

aafter drying at SO.C for

+ L"1,7

+ 5.13

+ o.44

+ 2"35

v/ith the same superscript are

estimate "

formalin for 24}:l.

24}] "



Figure a2" Experiment a, L992" The effect of food particle
size on the total length (cn) of larvae. Tl- unsieved nauplii,
T2 nauplii <feo¡^r,, T3 nauplii 1,6o-21-4¡.c and T4 nauplii Zt+-ztS¡t "

The vertical bars are the standard error of the estimate.
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Figure l-3. Experiment Lt 1992. The effect of food particle
size on the dry weight (ng) of larvae. T1 unsieved nauplii,
T2 nauplii <feo¡r, T3 nauplii i,6o-21,4¡, and T4 nauplíí 21,4-3L5¡t.

The vertical bars are the standard error of the estimate.
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Table 7 " A comparison of specific growth rates, relative
growth rates and increments for total length and dry weight of
larvae fed unsieved and size graded Artemia nauplii for 21-

days after hatching" (Experiment I, 1992; Meansl+Snz)

Treatments

46

T1-, unsieved

T2, <1,6Ou

T3 ,:..60-21,4¡t

T4,21,4-3L5tt

Specific Growth

2"5]-"

2 .47^

2.72"

2.80u

+ 0.05

+ 0"04

+ 0. t_t_

t 0. r_8

Total Length

Relative Growth

T1, Unsieved

T2, <L6O¡t

T3 ,1,6O-2L4¡t

T4 t2L4-3a5p,

3.31_u

3 .24"

3.69u

3.82"

Specific Growth

t 0.08

+ 0.06

+ 0.19

t 0"33

9"40^

9.56"

l-o " o4u

l_0.85u

ïncrement

Dry Weight

0.544

0"53'

0. 60u

0.61u

+ 0.35

t o"75

+ 0.05

t 0" r-3

Relative Growth

+ 0"01

+ o. 01,

+ 0.03

t 0.04

lMeans in the
not significantly

zThe standard

29 .7 1-"

31"58u

34 " 49"

47.75"

+ 2"43

+ 5"82

+ 0.38

t 1"26

Increment

same col-umns
different "

error of the

2 " 
g1-"

2 .44"

3"19u

3.02^

+ o.35

+ o.22

+ o.o7

+ o.25

with the same

estirnate "

superscript are



Effect of Food Combination on Growth and Survival- (1,992) "

In this experiment, larvae which fed on Artemia for the

first 10 days followed by powdered prepared food for the

remaining 11 days (T3) of the 21- day experirnental- period grevr

significantly larger in both totaL length (1-"77cm, F:30.41_,

Pr>F:O"0001) and dry weight (6.62m9, F:41-.90r Pr>F:O.OOO1)

than larvae in the other treatments in which Artemia and

prepared food were provided for different time peri-ods (Table

8) " The worst growth in terms of total_ length and dry weight

occurred when larvae received powdered food throughout the 21

day experimental period (T5). In general, diets consisting
entirely of Artemia or entirely of prepared food v/ere inferior
to those in which larvae began feeding on Artemia and were

then switched to powdered prepared food" of the two treatments

in which larvae received only prepared food in either a powder

(T5) or a paste-like form (T6), those (16) receiving it in the

paste-1ike form showed superior growth in terms of both total_

length and dry weight (Table 8, Figures L4 and 15) " Specific
growth rate, relative growth rate and j-ncrement of both total
length and dry weight were significantly higher in treatment

3 than in the other treatments (P<0.01, lable 9)"

Dissection of the stomachs of larvae indicated both

powdered and paste-like prepared food srere accepted at an

early stage of exogenous feeding, hov/ever, young l_arvae of
this catfish have a preference for live food (Artemia) insofar
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as those receÍving Artemia (treatments L, 2, 3, and 4)

had significantly more food in their stomachs than those

recej-ving prepared food (Figure 16). older larvae tended to
feed more successfully on prepared food (Figure 1-7) "

The best survival (87 "92) was attained in treatment 2,

however survivar levels of 85"9? and 84"3å in treatments 3 and

1 respectively, which also received both Artemia and prepared

food' were not significantly different from that of treatment

2" Larvae which received only prepared food had significantly
poorer survival- (F=57.73, Pr)F:O.OOO]-, Table g) " There was a

significant positive correlation between growth (total length)

and survival (r2:O.52, b:0.004); differences in specific growth

rates, relative growth rates and increments shown in Table g

are therefore effects of treatments rather than differential
survival. There were hiqhly significant differences in
specif ic Arowth rate of total J-ength (F:17. 18, pr>F:O.0OOl_)

and dry weight (F:L4"76, Pr>F:O"OOOI-). The best specific
growth rate of total length and dry weight over a 2L day

period were found in treatment 3" rn addition, a comparison of
specific arowth rate at different ages is shown in Tabre i-0.

There was a stronq trend of higher specific growth rate after
switching to prepared food in treatrnent z, treatment 3 and

treatment 4 in comparison to other treatments at each age.
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lable 8.

survival

hatching 
"

A comparison of final total length,
of larvae fed different diets for
(Experiment 2, 1-992¡ Meansl+SEz)

Treatments Total- Length3(cn)

T1s

126

T37

T48

15e

T610

49

l- " 4gg"d

1" 553b"

1- "771"

1"633b

1 " 25ge

1 " 4]-7d

+ 0"023

t 0.021_

+ 0"045

1 0.029

+ 0.023

t 0.037

Dry ?teight4 (m9)

drlz weight and

21- days after

3.943"

4 " 487c

6 " 6174

5"830b

2"170d

4 " 1-57c

lMeans in the same columns with the same superscript arenot significantly different.
zThe standard error of the estimate.
3after preservation in 5å formalin for 24l.
aafter drying at BOoC for 24in.

sArtemia throughout the entire 21 days.

'Artemia followed by powdered prepared food on day 16.
TArtemia followed by powdered prepared food on day 1r-.
sArtemia fotlowed by powdered prepared food on day 6.
epowdered prepared food throughout the entire 23- days.
l'paste-like prepared food throughout the entire 21- days.

+ o "226

t 0"121_

+ o.l_56

+ o "394

+ 0.321_

+ 0.054

Survival (*)

84 " 26"

87 "87^

85.924

57 "78b

12 "7 g'

7_7 - 22c

+ 1-"54

+ 1"33

+ o " 8l_

+ I " 93

I 3"43

J 3.43



Figure 14. Experiment 2, 1992" The effect of food combj_nation

on the total length (cn) of larvae" T1 nauplii, T2 nauplii and

switch to powdered prepared food on day A6, T3 nauplii and

switch to powdered prepared on day \L, T4 nauplii and switch

to powdered prepared food on day 6, T5 powdered prepared food

and T6 prepared food in paste-l-ike form. The vertical bars are

the standard emor of the estimate.
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Figure 1-5. ExperimenL 2, L992" The effect of food combínation

on the dry weight (ng) of larvae" T1 nauplii, T2 nauplii and

switch to powdered prepared food on day 16, T3 nauplii and

swj-tch to powdered prepared on day 11, T4 nauplii and switch

to powdered prepared food on day 6, T5 powdered prepared food

and T6 prepared food in paste-like form. The vertical bars are

the standard error of the estimate.
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Table 9 " .4, comparison of specif ic
growth rates and increments for total
larvae fed different diets for 2L

(Experiment 2t Igg2; MeansltsEz)

Treatments

52

T1

T2

T3

T4

T5

T6

Specific Growth

growth

Iength

days

3 .53c

3.77b'

4.304

3.90b

3.O7d

3.5gb"

rates,

and dry

after

+ o"o4

t 0.09

+ o"04

+ 0"15

+ o "1,2

+ 0. l_l-

Tota1 Length

Relative Growth

relatíve

weiqht of

hatching "

5 .23c

5.76bo

7. OOa

6. O5b

4.31d

5.34c

T1

T2

T3

T4

T5

T6

+ 0.08

1 0" 1"9

+ 0"1_l_

t 0.34

t o"22

t o"24

Specific Growth

g.33c

9.88b

1l-.66ã

l-1. o2"b

7 "47c

l-o " go"b

Dry Weight

Increment

o.7g"d

o. g5b"

l-. o5a

0.91b

0.60e

0.75d

t o"22

t o"32

t o"75

1 0"22

+ 0.48

t 0"33

+ 0.0L

t 0.02

+ o"o2

+ 0.04

t 0"03

+ 0.02

tM".rr= in the
not significantly

Relative Growth

22 .66td

33.3obc

57-.7 6a

43.56"b

l-8.33c

4L.44ab

tTh" standard error of the estimate.

t 1-"28

+ 2"46

t 8"94

+ 2"22

t 2.27

+ 3 "29

same columns with
different "

Increment

3.L8d

3.g2c

6. 038

5.25b

7- .7 3e

3 .7 ztd

+ o"22

+ 0.1L

t 0"20

+ 0"36

+ 0.30

t o"o2

the sarne superscript are
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Figure 17, Experiment 2, ]-992. The stomach fullness of larvae
L day after the first presentation of prepared food in
powdered form (E:empty, H:haJ-f-fu1l and F:fut1) " T2 larvae
offered prepared food at t-6 days of age" T3 l-arvae offered
prepared food at lL days of age. 14 larvae offered prepared

food at 6 days of age" T5 larvae offered prepared food at j_

days of age"
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Tab1e l-0. A comparison of specific Arowth rate of total length

and dry weight at different age in experiment 2, L992"

lMeansl+sE2¡

Age

1-6 B.1B1a g.1-2ga 8.447a g.zgga g.sg7a g.zoga
+o"21"7 +0.1_49 +O.l_09 +0"384 +0.463 +0"323

6-11- 3 .s32b 3. 1ot-b 3. 961-b 5. 191-a l-.9o8c a .Aogb
to " 268 +O " 469 +0.327 +0. 31-6 +O "2L7 +0 " 568

t-l--16 1.321-a 1.4834 2.og3a t-.sBBa o.72ga L.Lg7a
+0. 066 +o "372 +O.26L +O.257 +0. 395 +O.29L

t6-2L o.964bt r.77gb z.gg3a 1. oSgbc o. 3r-6c r-. or-6bc
+o "287 +0.578 t0. 057 +0.251 +O "226 +0 .357
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T]- T2 T3 T4 T5 T6

Specific Growth Rate of lotal Length

Age

l--6 13.335" rs.67za i-4.2:-sa L4.773a ts.g2|a L6.B44a
+o " 455 +2 " 458 +2 .584 +1_. 8L7 +2 " Ot6 tL " t_55

6-i-i- 1l-.B64bc tz.2g6b. L2.i.33bc i.g.sgla 8.416c L4.o6zb
+t_"346 +2"O57 +0"865 +O"l_50 +L"49O +L"7L4

i-i--l-6 4 .632bo z .43sc 9 .6gga 4.gozbc 4 .382b. 6.77stb
+l_.508 +0"252 +L"672 +0"348 +0"870 +I"]-22

r6-zt 4 .z}4td g .236'b 10.783a 5. g61bc z.2osd 6.3B9bc
+o.225 +0 " 882 +O "209 tl_ " 1-48 +2 "1,75 t0 " 738

Specific Growth Rate of Dry l{eight

T]. T2 T3 T4 T5 T6

signif icantly different.

'Th" standard error of the estimate"

tM"rrr= in the same rols with the same superscript are not
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Effect of Feeding Frequency on Growth and Survival (1-992) "

Dif f erent f eeding schedul-es during the 21, day

experínental period following hatching resulted in significant
differences in dry weight (based on two-factor ANOVA F:5.48,

Pr>F:O"OOO8) but no significant difference $¡as found in total
length (F=2"30, Pr>F=O.0690, Table 11) " There was no

significant interaction between treatments and time. One day-

time feeding (Treatment 1) gave the best dry weight (7.79mg)

and one night-time feeding (Treatment 2) gave the poorest dry

weight (6.05mg, Table 11, Figure l-B and 19).

Survival leveÌs v¡ere not significantly different among

the varj-ous treatment groups (F:2.86, Pr)F:O.O8O7). Treatment

2 yielded lower survival (68.42) than other treatments.

However, increasing feeding frequency probably tended to
improve survival (Table L1).

Àlthough total length and survival \r/ere not significantly
dif f erent among the treatments means, there Ì/üas a tendency f or

total length and survival of larvae fed at night-time to be

lower than larvae in other treatments in which food was given

in the day-time" In addition, C. macrocephaLus fed during day-

time achieved significantly greater dry weight than those fed

during the night" Survival among those fed in the day-time was

also higher than among those fed during the night-time but it
v/as not significantly different" Àlthough, significant
differences \É¡ere not detectable in total length, there was a



strong trend for one-time feeding (T1) to give better total
length over a 2L day period"There was no significant
correl-ation between growEh (total length) and survj-val among

the l-5 tanks "

Significant differences in specific growth rates,
rerative growth rates and increments were not evident (Tab1e

L2) "
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Table 1l-" A comparison of final total length, dry weight and

survival of larvae receiving food once in the day, once at
night, twice, three and four times in the day, for 2r days

after hatching. (Experiment 3, aggT; Meansl+SEz)

Treatments

T1-, once (D)

T2, once (N)

T3, twice

T4, three

T5, four

58

TotaI Length3 (crn) Dry !{eight4 (mg)

2.l,g0u

2 . r63a

2 " 740^

2 " 1-9L^

2 " 2124

+ 0"037

+ 0.027

+ 0.033

+ 0"023

+ 0"028

7 "793^

6. 050"

6. 6oOb"

6.650b"

7. OOO"b

t o "29r
J O"26s

+ 0.340

+ 0.401-

+ 0"465

Survival (å)

76"03^

69"41u

87.38"

91-.7 4"

79"444

lMeans in the same columns with the same superscript arenot si-gnificantly different.
zThe standard error of the estimate,
3after preservati-on in SZ formalin for 24in.
aafter drying at BOoC for 24h.

t 2"55

+ 8.93

+ 3.70

+ 1-.79

+ 4.58



Figure 1-8 " Experiment 3 | 1-992. The effect of feeding schedure

on the totar length (crn) of larvae. Tj_ one time feeding at
day-time, T2 one tj-me feeding at night-time, T3 two times
feeding at day-time, T4 three tj-mes feeding at day-time and T5

four times feeding at day-time. The vertical bars are the
standard error of the estimate.
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Figure 19" Experíment 3 | L992. The effect of feeding scheduÌe

on the dry weight(mg) of larvae. Ti- one time feeding at day-

time, T2 one tírne feeding at night-time, T3 two times feeding
at day-time, 14 three times feeding at day-time and T5 four
tirnes feeding at day-time. The vertj-car bars are the standard

error of the estimate"
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labl-e 12" A comparison of specific arowth rates, relative
growth rates and increments for total length and dry weight of
larvae receiving food once in the day (D), once at night (N),

twice, three and four times in the day, for 2j. days after
hatching" (Experiment 3, 1-gg2; Meansl+Sn2)

Treatments

67

T1-, once (D)

T2 , once (N)

T3 , twice

T4, three

T5, four

Specific Growth

5"30u

5. 15u

5"]-4"

5. 0g'

5 "37"

+ o"07

+ 0.1_l-

t 0"07

+ 0. 1_o

t 0"r_7

Total Length

Relative Growth

T1-, once (D)

T2, once (N)

T3, twice

T4, three

T5, four

g "75"

9 "29"

9 .26^

9.13"

9.95"

Specific Growth

J O .21-

+ 0.33

+ 0"20

+ 0.30

+ 0"53

12 " 424

l-o " 69"

L2 "32"

7r "524

l_l- " 95"

ïncrement

Dry tfeight

3- " 47"

r.43"

1.4]-u

l_.39"

l- " 50u

+ o"o8

t 0"46

+ 0.58

+ o"37

+ 0"38

lMeans in the
not si-gnificantly

2The standard

Rel-ati-ve Growth

t o.02

+ 0.05

+ o.03

t 0.05

+ 0"07

59 " g4a

40 " 57^

59 " 4L"

49 " 07a

54 " 23"

+ 1_"L0

+ 4.43

t 7"80

t 4"26

+ 4"82

same column with the same
different "

error of the estimate"

Increment

1 "zla

5 " 4l"u

6"10'

6"06"

6.43"

+ o"28

1 0.29

+ 0"36

+ o"4I

+ o"47

superscript are



Results of experiment i- in 1991- indicated that c "

macrocephaTus larvae showed improved growth when offered
bigger ArtemÍa" The experiment was repeated in rggz to avoid
the confoundj"ng effect of unequal food density among

treatments which existed in the i-991- experiment. The resurts
of the L992 experiment confirmed that C. macrocephaTus larvae
suppried a bigger size of Artemia and fed to excess, under

laboratory conditions, achieved better growth. A particle size
equivaJ-ent to 2.22 of totar larvaI tength is optimar for c.
gariepinus according to uys and Hecht (t-995), however, it is
difficult to maintain this size rerationship during 1arvaI
cul-ture as the larvae increase in rength whil-e the size of
unfed Artemia nauplii remains constant.

Larvae in all treatments could be observed to accept

Artemia very wel-l and generally had full stomachs within about

30 minutes of being offered food, after which they formed a
school- at the bottom of the tanks" This demonstrated the
acceptability of l-ive food (Artenia) and confirmed

observations of Omorinkoba et al" (1990) in which Heterobrachus

and cTarías larvae accepted Artemia and zooplankton fairly
well and showed comparatively good growth"

The analysis of growth parameters indicate an Artenia
sj-ze range from 160 to 3r5tr is more suitabre than Artemia
<1-60¡.r f or c " macrocephaTus larval reared under laboratory
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conditions" The ability to successfully capture food depends

on larvaI size and prey size. Halver (1989) stated that too
small- food particle are not consumed efficiently" A prepared

food size of L25¡.t appeared to be too smaI1 for C.

macrocephaTus larvae (unprasert and sinthusen, l-ggg). A food

particle size of 5o-90¡¡ is consj-dered suitable for sÍlver carp

larvae, 9o-150¡-r, for grass carp larvae and 150-27o¡t for bighead

carp larvae (Dabrowski and Bardega, 1-gB4) " Hasan and Macintosh

(L992) suggested that food particle sizes in the ranges of
I25-3OO¡¿, 300-500¡.r, 3OO-790¡1, and 500-l_rOOO¡l in diameter were

most appropriate for carp larvae weighing 1_5-23mg (TL 13-

18rnrn) , 46-97n9 (TL 17-22mm), LOS-Z09ng (TL ZO-25mm) and 2l-O-

466m9 (TL 24-31mm) respectively. Zagarese (l-9BB) stated that
food partitioning may occur when larger prey items are

available for larvae of the south AfrÍcan catfish (Rhandía

sapo) larvae. rn the case of c. macrocephaTus the mouth gape

is still unknown and Torrans (l-986) has stated that as the

larvae grort/, they will usually select progressiveJ-y larger
prey items" Further investigations should therefore be

undertaken using wider size ranges of rarvar food items and

older larvae"

The differences in growth among larvae receiving
different food sizes may resurt from a higher energy

requirement when larvae feed on smaller sizes of food cornpared

to those feeding on bigger food items (pitcher and Hart,

L982) " More energy may be required to capture small food
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items. survival in the l-992 experiment was higher than in the
experiment in 1,99L in which tank cleaning was difficult. Good

sanitation is vital for successfur larval rearing. A

comparison of growth using Artemia (experiment 1, ]ggL) versus

prepared food (experiment Z, 1991-) confirmed that C"

mactocephalus larvae prefer or are more successfully cuLtured

on a live food. Larvae fed on prepared food showed poor growth

and survival" This could result from physiotogical irnmaturity
with littte or no capacity to synthesize certain digestive
enzlrmes (Lam, ]-99L; Hofer, l-985) . Dabrowski and Glogowski_

(|'rg77) stated that proteolytic enzymes present in natural- live
food contribute substantially to the digestion process in
fish. Hepher (l-988) similarly stated that exogenic enzymes may

increase the digestibility of food and this was considered to
be a rnajor advantage of l-ive food" The 1ow enzymes production

as well as the absence of a stomach in the first few weeks

after hatching are two important reasons for difficulties in
rearing coregonids (hybrids of coregonus wartmanni and

coregonus Tavaretus) according to Lauff and Hofer (t_994) 
"

Linited digestibitity of dry diets has been the assumed cause

of poor growth and survival in poTydon spathula rarvae
(!üebster et aI", 1,99r) " rn addition, a short digestive tract
might contribute to some difficulties resulting from absence

of certain enzymes or l-ack of time due to the short tract
(Hofer, 1-985) " Nevertheless, uys and Hecht (1985) suggested

that prepared food could be used to successfully rear c.
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garíepinus larvae. The quarity of the prepared food is
probably critical when larvae are invol-ved. Tn the 1-ggL

experiments, prepared food used in all treatments showed signs

of poor palatability, nutrient leaching and breakdown. These

results contradict the hypothesis that the risk of mortality
can be reduced by using sterilized, prepared food. However, if
prepared food of very high quarity was availabLe, the outcome

might be better.
The results of experiment 2 in J.992 revealed that c "

macrocephalus larvae fed on live food (Artemia) attained good

growth and survive in high numbers " cl-arias gariepinus

requires live food organisms such as Artemia or zooplankton

for the first period of life (Msiska, t_981) . Likewise, C.

batrachus larvae fed on lj-ve food exhíbited significantly
superior growth relative to those fed artificial- diets (Aram

and MoJ-]ah, l-988). Live Artemia resulted in better growth than

artificial feed in c. batrachus larvae according to Bairage et
al. (1988) " species other than catfish such as grass carp and

bighead carp larvae al-so grow better when given live food than

when fed on commercial dry diets (Rottman et â1., 1991).

Although there was evidence in the present study that c.
macrocephalus larvae accepted prepared food to some extent at
the start of exogenous feeding, larvae fed solery on prepared

food in powder form not only gre\"¡ poorly but also had poor

survival. conversely c" macrocephalus fed on paste-like
prepared food attained good growth but had poor survivar.
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survival of larvae fed on a paste-like forrn was slightly
higher than those fed on prepared food in a powdered form but
not significantly different" This indicates that an

appropriate physical- form may be important for good results.
santiago et aI" (1987 ) likewise reported that Nire tilapia
(oreochromis niToticus) larvae fed on pelreted crumbles had

significantly higher survj-val than those fed on unpelreted
diets. other catfish species (rctarurus punctatus) onry start
accepting artificial food 5 weeks after stocking (Zag.arese,

l-988) " The duration of the transitional period from live food

organisrns to artificial diets in c " macrocepharus larvar
rearing is stiIl uncertain. The length of the feeding period

on live food may be crucial if larvae are to maximize growth

and achieve a high survivar rate. The food combination applied

in this study, in which l-arvae fed on Artemia for the first j-o

days and subsequentry fed on powdered prepared food for the

remaining 1-l- days of the 21 day experimental period resul-ted

in the best growth and survival" The findings in this study

support and even explain a study conducted by Fermin and

Bolivar (l-991-) in which the best specific growth rate (rz"3gz
per day) and highest survival rate (71,-86Z) of C.

macrocephaTus rarvae were obtained when larvae fed on a

miNture of Artemia and dry food (Artenia and dry diet at soz

of body weight) when compared to those suppried either
zooplankton or a dry artificial diet alone" The findings of
the present study inply that prepared food may not be consumed
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efficiently at the start of exogenous feeding. prepared food

should therefore, be given after a period of live food feeding
to avoid poor growth as well as water quality problerns. okoye

et al" (199L) suggested that zooplankton alone cannot support
the growth and survivar of c" gariepinus larvae in outdoor

tanks and that artificiar diets containing at least 3oå crude

protein are necessary to supprement the natural food in the
tanks at a particular period for good growth and survival.
Dabrowski (l-984) similarry suggested that growth rates of
Cyprinid larvae improved when larvae r¡/ere transferred to a dry
diet at an individuar wet weight of 5-6mg. Feeding on

zooplankton and subsequentry on an artificial diet revealed

some improvement in both growth and survival of common carp

larvae (Dabrowski, t-987) " Growth of c. gariepinus rarvae

halted when food was changed from Artemia to a cornmercial diet
between the age of L"B and 4.1- days according to Verreth and

Tongeren (1989) "

conversely, Damme et al. (l-990) found that the best growth

rate of c. gariepinus l-arvae courd be obtained when larvae fed

on Artemia alone" Feeding on Artemía and a dry diet resurted
in intermediate growth and poor growth was obtained when

l-arvae fed only on a dry diet" carp (cyprinus carpio) rarvae

showed good growth and low mortality when fed on dry food

under intensive conditions (Applbaum and Dor, J,g7B) "

The rationale for the examination of the effect of
feeding frequency on c. macrocepharus larval rearing success
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e/as based on the fact the larvae have a small stomach but a

high metabolic rate. Feed should therefore be given at an

appropriate time. More frequent feeding may stimulate rarvae
to feed more and thus result in better growth. The frequency
of larval feeding varies depending on species, âgê, feeding
Ieve1, and other variabl-es. Feeding three tirnes per day was

suggested to be optinal for cirrhinus mrigara (Hamilton)

larvae (sampath and Ravindran, lggT) " Feeding twice a day was

sufficient to obtain maximal growth in 5og channel catfish
(IctaTurus punctatus) (Andrews and page , 1,975) .

rn the present study increase in feeding frequency
improved neither growth nor survival. A feeding frequency of
three times per day appeared to be suitable for rearing c.
macrocephaTus larvae at ambient temperature (26-31oc)

accordj-ng to Mol-Iah and Tan (1982) " The different results may

be a consequence of different feeding revel applied. satiation
feeding was utilized by Morlah and Tan (rggz) whereas feeding
to excess was used in the present study. rn the present study
excess Artemia survived welr and \^rere available untir the
next feeding time" Given that c" macrocepharus larvae can be

crassified to some extent as scavengers, the effect of an

increase in feeding frequency may thus not have been directly
tested. However, the increase in feeding frequency from 2 to
4 times per day did not significantly increase growth and

survival, therefore one daily feeding is acceptable at l_east

under laboratory conditions and when excess live food is
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supplied" A comparison of day and night-tirne feeding did not
indicate a significant difference in growth and survival.
However, c" macrocephaTus fed on Artemia during the day-tirne
had slightry better growth (but not significantly different)
and survival than those fed at night. Clarías batrachus which

has sirnilar feeding behaviour to c" macrocephalus is also
considered to be diurnally acti-ve (Leenanone, l_9Bl-). Larvae of
other catfish species such as c " gariepjnus are considered to
be primarily nocturnarly active, tactile feeders according to
Britz and Piennaar (]-992), however this may not be the case

with C. macrocepha-Z.us

rn concl-usion, the studj-es revealed that Artemia nauplii
in the si-ze range of 1"60¡.1 to 315¡.r, produced better growth than
Artemia smaller than r6o¡t,. Artemia and paste-like prepared

food produced better growth than powdered prepared food.
Larvae fed on Artemìa also attained higher survival-, unlike
those fed on paste-like prepared food in which poor survival
resulted" However a combination diet beginning with Artemia
and then switching to prepared food on day j_t- resulted in
better growth than combinations of other time periods,
prepared food or Artemía alone" A feeding schedure of one

daily feeding is acceptable when larvae are fed to excess

using lj-ve food (Artenia) " c" macrocepharus larvae appear to
be diurnal feeders. The physical form of prepared food may be

important to avoid nutrient leachi-ng and water pollution.
These studies show sirnple changes in the cul_ture
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procedures can improve the production of c" macrocephalus

larvae. Further study of the feeding of c. macrocepharus

larvae may make the culture of this species more attractive to
fish farmers in Northeastern Thail_and.

The curture of c" macrocephaius rarvae will_ be more

efficient if the following issues can be clarifÍed:
opt.irna]- food particle size over a wi-der size range,

older fish, and other prepared foods.

Idea1 feeding frequency using prepared food.

The best tirne to switch to prepared food within the
period from 5 days to l-o days ord in order to create base

l-ine data which would allow length or weight to be used to
determine the best time to switch from nauprii to prepared

food.

- A mouth (gape) size study should be undertaken since it
is sti1l unknown.

The ontogeny of the digestive system and its enzyme

production. This knowledge courd result in a better
understanding of the age at which different diets could be

assimilated "
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Appendix 1" Randomized

and L992 (T:treatments

1" 1 Experirnent 1, 199L.

. 8L

Appendixes

tank allocation for experiment in 1"99L

and R:replications)
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1.2 Experiment 2, L99L.
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1.5 Experiment 3 , 1-992 "
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a--^-1.: -. â ar^^-^ ^3 ÀL^¡rIJPe¡¡ur-.¿5, ¿. r'¡eo'rtÞ rJl l-¡¡e

and 1992"

2 " 1, Experiment 7- , 1991- "

Îrt" Rep"

83

!^!- ì I ^--!Lu(J Lct J_ 1e¡ r9 u¡r

Rl"
T1- R2

R3

Age l-

Rt-
T2 R2

R3

0.65 0"92 0"94
o"7L 0.93 0.97
o "72 0 " 90 0.95

Rt-
T3 R2

R3

-E ----^-:-^-!- 
i 

-rJr c.ì(IJer rrllcrt Lsr J_ll I> > L

Total l,engthl (cm)

o.71- O.82 0.82
0. 65 0.84 0.86
o"72 0"86 0.88

Ri.
14 R2

R3

0.65 0.85 0.87
o. 66 0.86 0.87
o. 65 0.87 0.90

R1
T5 R2

R3

7"04 1_"1-8
1. 13 L.20
1_. 05 1. r-3

0"65 0"97 0.99 t_.15 L"20
o"62 0"93 l_"08 1,"27 l_.31
0.63 0.94 0.99 L.1_4 l-"19

0.86 0.89
o.87 0.85
o "92 0.90

1_ l_

0.63 0"90 0"97 1"20 1,"25
0"65 0.95 r_.00 L"t4 L"1"7
0.65 0.90 0"95 L"1"6 I"21_

1.32 1"36 l-"1-4
1-.40 1.45 t-.58 NS
L"22 1-.30 L.40

0.88 0. 9r_
o.92 1_.00
0.91_ o.96

l_3

o"97 0.96 0.98
0.9r- 0.95 0.99 NS
l_"o1- o"95 0"94

t_5

1_. 08 1. r_6 1.38
t.L7 1,.20 1.25 NS
1. 08 1_. O0 1. 09

H2

lafter preservation
zHartleyos Test for

1_. 39 t_.41_ l_.51
1"42 1_"56 l_"75 NS
1,"48 L"59 4"73

1_ " 48 1-. 51_

L"28 t-"35
L "32 L.42

l-"65
1-"50 NS
L"49

in 1-0U formalin for 24lr.

homogeneity of variance.



2"2 Experiment 2t 199L"

Trt. Rep"

T1

Age

Rr-
R2
R3
R4

T2

84

o"67
0"66
0"58
0"60

R1
R2
R3
R4

Total Lengthl (crn)

0"82
o. 83
o.79
0.80

T3

0"61-
0. 60
0. 65
0. 66

Rl_
R2
R3
R4

0.98
0"98
0.86
0"96

T4

o "79
o "77
o. 85
0.80

0"60
0. 65
o .62
o. 65

R1_

R2
R3
R4

1_"02
L"04
0.87
1" 05

0.90
0.86
o "94
o. 89

o "77
0.83
o"76
0.80

9

o. 61
0. 63
0. 60
o"67

1. 09
L"t-0
o "92
1-"08

1. 01
o. 88
0.99
0.99

0.88
o .97
0.81
0.82

l_ l-

0.78
0.81-
o.79
0"82

t-"06
1" 09
o "96
t-"08

L. t2
0"98
L"07
0. 98

l_3

o "94
t_"03
0.86
0.90

0.82
0.91_
0. 85
o.94

1, " 1,2
0.95 NS
1. 06
l-. 08

H2

o "96
0.96
l_"03
L"02

0"89
l_. 03
0.91_
o "94

0.84
o.97
0.91-
1. 04

1-. 04
0.99 NS
t_. 00
1" 09

0.89
l-"03
0.93
1. 06

o "94
L. 02
o.92
L"06

0.89
T"O2 NS
o. 98
l-"08

lafter preservation
2Hartley¡s Test for

o.88
1. 10
o.94
1-. 01

o.94
1_. 05 NS
1-. 05
1. 1_0

in L0Z formalin for 24h"

homogeneity of variance.



2"3 Experirnent t, L992"

Trt. Rep.

T1
R1
R2
R3

12

Age

85

RL
R2
R3

T3

0"78
o "77
o.78

Rl_
R2
R3

Total lengthl (cn)

T4

o "77
o.77
o "78

R1-

R2
R3

t.03
1" 06
1" O9

o "78
o. 78
o.77

t"02
1_. 03
a. 02

L4

o"74
0"78
0.78

1"17
1. 1_6

L "23

l-"08
t-"06
1" 05

1" 08
t-. 10
1" 09

2L

t_"05
l-. 03
l-. 06

1,"32
t-.33 NS
L.30

1_. r-6
1-"06
L"05

H2

r-. 28
1,.29 NS
1-"33

l- " 1-6
L "32
l-. 19

L.42
1, "32 NS
t-"39

lafter preservation
zHartleyrs Test for

1" 42
t_.31 NS
4"41

in 5å formalin for 24h'"

homogeneity of variance"



2"4 Experiment 2t 1-992"

Trt" Rep.

R1_

T1 R2
R3

Age

R1_

T2 R2
R3

86

Total l,engthl (cn)

R1
13 R2

R3

o "72
0"70
o "7\

R1_

T4 R2
R3

o "72
0.70
o. 69

1_. l_o
1_. l-1_

1_. l-0

RL
T5 R2

R3

o "7L
o "72
o "72

l-L

L "L2
1" L1
t_ " l-o

Rt_
T6 R2

R3

L "28
1.33
1,.34

0.70
0"74
o "72

l-"08
1" 09
t_ " 1t-

1,"25
1.34
t_.30

!6

1.36
r.42
L"44

o .67
0. 65
0. 66

1_. 09
1. 08
1_ " 1_O

L "32t"29
1_.39

1.38
L.46
1. 35

21,

0. 69
0. 65
o"66

t-"06
t_. 10
1. 04

1" 49
L"49
L"49

I "37
L.43
L.44

H2

1""45
7"47
1.52

1" 08
l-. oL
l_"08

1" 56
1-.52
1" 58

NS

1. 19
1,"27
1.14

t_.5r.
l_. 51
t .57

1, "73r.77
1" 8L

NS

1,"32
I "23
1, "2r

L.21,
I.28
1_-23

lafter preservation in 52 formalin for 24Ir.
2Hartleyrs Test for homogeneity of variance.

1" 66
L"58
1. 66

NS

L "37
l_.30
L .32

r.25
1.30
1-22

NS

1.40
L.43
1,"41

NS

NS



2"5 Experiment 3t 7992"

Trt. Rep"

Rl-
T]- R2

R3

Age

R1
T2 R2

R3

87

o "72
o "73
0.70

Ri_
T3 R2

R3

Total t engthl (cm)

o-74
o.72
o"74

R1-

T4 R2
R3

i-. 19
1, .22
L.20

R1
T5 R2

R3

o "73
o "72
o "73

1, "17
1, .23
1"1-6

l_"48
1" 52
1" 51

o.71,
o "73
o "72

13

1,"24
L "24
1_.20

l_"50
l-"43
L.43

1,"64
L "82
L.78

o.71_
o.73
o"71,

1, .23
1_. t_9
1, "L7

L7

L"50
l_.45
1,"44

t"78
1-"73
1,"67

1""92
2"02
2"OO

L "22
1, .2r
r-. t-9

1" 4a
L"44
1" 43

21

1, "77
r"73
1,.77

1_"84
1, "96
l-"90

2 "23
2"16 NS
2 "16

H2

l-. 51
1.46
t_. 50

1.63
t.7L
L"74

L " 93
1. 95
t-"80

2 "24
2"1,7 NS
2"08

1,.84
L"69
1,.72

L.7 4
1" 95
t-.98

2 "1,9
2"1,4 NS
2"09

lafter preservation
2Hartley¡s Test for

t-.98
L .82
2.OL

2 .1,O
2"1,9 NS
2.Oa

2 "3L
2.l_0 Ns
2 "23

in 52 forrnalin for 24ln"

homogeneity of variance.



Appendix 3. Means of the dry weight of experiments in l-991- and

L992 "

3 " l- Experiment 1,, l-991- "

Trt. Rep.

RL
T1 R2

R3

88

Day

RL
T2 R2

R3

0.40 0. s9 0.84 1. 15
0.31_ 0.64 l_.1-6 1_.63
0"34 0"58 0.89 1"10

Rl_
T3 R2

R3

Dry Weightl lng¡

0.33
0.31
0.33

R1
T4 R2

R3

o "42 0 "43
o " 34 0.42
0.40 0.54

0.40 0.42 0.58 0.65
0.31- 0"41_ 0.54 0"67
0.30 0"42 0"45 0.55

R1_

T5 R2
R3

0.51_
0"34
0.30

r".81 2"51- 2"22 5"38
1_.90 2.97 3"47 4.74 NS
L"64 2.47 2 "33 3.30

0.56 0.74 0.85 0.68 1_.L7
0 " 48 0.54 0.59 0.73 0. 87 NS
o. 56 0.51- o "7 6 0 " 78 1_. 05

L"27 1,.23 L"50 2"14
0.66 1"38 2"2L 2"70
o.76 1"11_ 1_"94 2.50

0.41- 0.56 1_.57 1"88 l-.5L
0"40 0.44 1_"12 1"52 L"73
o"32 0.6r- L"i_1 1_.45 2"33

l-1 1_3

0.80 t.17 l_.03 2.48
0.91_ l_.40 1_.97 2"50 NS
0 " 83 1. 03 0.94 1. 30

15 H2

lafter drying at
zHartley¡s Test

3.29 2"88 4"L4
3"36 4"22 4"69 NS
3.70 4"76 5.24

4.1-o 3.L4
2 "1,1, 3.00
3"63 3"99

l-00oC for 24n-"

for homogeneity

5"56
3 "29 NS
5"31

of variance"



3"2 Experiment 2, L991-"

Trt" Rep.

R1
T1 R2

R3
R4

Day

T2

89

0 " 40 0.50
0"36 0"45
0.39 0"44
o"4l- o"47

R1
R2
R3
R4

Dry üreigntl 1mg¡

T3

0.39
0"40
0"35
0.4r_

R1_

R2
R3
R4

o"64
o"67
0"60
o.73

T4

0"46
0"43
0.41_
0"48

0.43
0.33
0"35
o "37

Rl-
R2
R3
R4

0. 68
o "79
0"70
L"07

0. 60
0"51
o"64
0"50

o .46
0.40
0.38
o-43

o.32
0.34
0.35
0 " 43

0.80
0"87
0"90
1 " l-1_

o .87
0. 60
0"78
0.78

0"48
o .67
0.45
o-49

0.39
0.4r_
o.43
o"47

L1

1" 09
1" 11
1" 06
o "97

0.89
o.70
o "77
o"88

0"70
o. 85
0"63
0.50

0.46
o .64
o. 63
0"69

t_3

I "23l-"05 NS
0"98
t_"06

o " 83
o.72
0. 85
o "92

H2

0.56
0.86
o. 68
0.58

o.7 0
0.80
0.89
0"85

0"83
0.88 NS
0.88
0.87

o"57
o.72
0.86
0. 68

o.75
l_. 01
0"74
0"83

0"69
0.80 Ns
o "78
0.80

lafter drying at L0OoC for 24h.

0.60
0.81
0.78
o "97

zHartley¡s Test for homogeneity of variance"

0.87
1_ " 0r- NS
0"89
r_ " ]-t



3"3 ENperiment L, 1992.

Trt" Rep"

T1-
Rt
R2
R3

Day

T2

90

Rl-
R2
R3

T3

o"44
o"49
0"41_

Dry Weigntl lmg¡

Rl-
R2
R3

T4

o"44
o.32
0"38

R1-
R2
R3

L"L7
1" 0l-
L-07

o .42
0.45
0"45

t-"03
o "77
0"59

0 " 38
o.3L
o " 34

13

1,"78
L"62
1_"63

1-"35
0"66
t_"08

1. t_3
1" 04
0"95

1,"25
1. 06
1" 14

2L

3 " 39
3 "82 NS
2"55

1"7 5
L"66
L.47

H2

2"s4
3"1-8 NS
2 "73

L "99
1.33
1. 66

3"48
3 "64 NS
3"76

lafter drying at SO.C for 24 h.
zHart1ey¡s Test for homogeneity

3 " 89
3.O2 NS
3 .1-7

of variance"



3"4 Experiment 2, 7992"

Trt. Rep.

Ri-
T1 R2

R3

Day

RL
T2 R2

R3

9A

Rl_
T3 R2

R3

o"67
0. 65
0. 68

Dry Weigntl 1mg¡

Rl-
T4 R2

R3

o"57
0"64
0"49

1-.33
L"2T
L"36

Rt-
T5 R2

R3

0. 6L
0.43
o"71-

r_ " 31-
1. 1-1_

L "29

1-1

R1
T6 R2

R3

2 "1,8
2"49
2 "39

0. 6l-
o .49
o. 63

l_. 1_3

l_. l_3
L "23

2 "LL
2.51
2"24

L6

0.41
0.43
o.49

2 "98
2 "70
3 "23

r"1,7
L.23
L.20

r-"99
l_. 98
2.46

o.44
o.37
o"49

2"44
2.78
2 .52

2T

0. 98
1-"08
0.89

3"76
3.50 NS
4 "27

H2

3. 13
3.31-
3.15

3 "52
3"49
3"38

L. 02
0"95
1. 03

4"70
4.48 NS
4 .28

l-.31-
1. 65
r"54

4"1-o
4"09
4.O6

6"89
6. 61- NS
6"35

2"43
1_. 84
1" 84

1-.55
2 "24
t-"85

lafter drying at
zHartley¡s Test

5.63
5.27 NS
6 .59

3 .05
2"76
2"70

1,.62
2.1,6 NS
2 "73

4 .1,3
4.08 NS
4.26

80oC for 24}:"

for homogeneity of variance"



3.5 Experiment 3, L992.

Trt. Rep.

R1
T]. R2

R3

Day

RL
T2 R2

R3

92

0.55
0.58
0. 59

Rl-
T3 R2

R3

Dry l{eigntl 1m9¡

0"58
o"62
o "73

R1_

T4 R2
R3

o"64
0"66
0"70

0. 5s
o "54
o"4L

Rl_
T5 R2

R3

0"65
0. 55
0"53

l_. 63
1" 68
r"79

0.6L
o .57
0.59

o"76
o"57
0"61-

13

i-"35
7"41,
1""27

3"64
4 "O4
3"65

0. 60
0.56
0"54

0. 60
0. 54
0.59

L"66
1,"43
i-"58

3 "84
3 "32
2 "87

l7

5"51_
5"39
5"61_

0.57
0. 59
0. 68

r "37
t.52
1-. 56

3.18
3 "7L
3.63

2a

5"30
4"68
4"43

7 "257"85 NS
8"25

H?

l-"54
L. 56
l-. 60

3 "32
3.36
3 .47

5 .21,
5"50
3 "99

6"55
5"65 NS
5.95

3 " 8B
3"50
3.70

4.39
5. 08
5.54

5. 95
7"10 NS
6 "75

1 ^.'after drying at 80oC for 24n..

4.35
5.51
5"54

6.20
7"45 NS
6.30

zHartleyrs Test for homogeneity of variance.

7 "LO
6"1_5 NS
7 "75



Appendix 4. l{ater quality of experiments in tggi. and LggZ "

4"1 Experiment 1-, L997"

Parameters

l, l-

)T; 28 28 28 28 28 28 29 28 28 28 29 28 28 28 28
p:7"7 7.6 8"0 7.8 7.6 7"7 7"9 7"6 7"7 7"7 9"2 7"7 7"7 7"8 7.7
D* 5.1 5"0 3.7 s"z 4"9 4"8 5.0 5.0 5.2 s.o 4.8 s.2 5.0 5.1 5.5

93

L2 L3

T
p
D

2t

28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
7.5 7.6 7.6 8.2 7.6 7.6 7.7 8.1" 7.6 7 "8 7.8 7.9 7 "6 7.7 7 "85"0 5"2 5"0 5"0 5"O 5"2 4"9 5.1 5.0 5"0 4.8 5"2 4"9 5"0 5.3

Treatment Combinationsl

22

T
p
D

23

29 28 28 28 28 28 28 28 28 28 28 28 28 28 28
7.9 8.0 7.9 8.2 8.0 8.0 8.0 8.0 7.9 8"0 8.2 8.2 7.8 8.0 8.0
5"L 4"9 4"8 5.0 4 "9 4"9 5.2 5.1 5.O 4.8 5.0 5"0 5"1_ 5.2 5.1

3L

T
p
D

32

28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
8"0 8.0 8.2 7.9 8.2 8"0 8.1_ 8"2 8.0 8.0 8"2 8.1 8.0 8"0 8.0
5"0 5.O 4.6 5.1 5.0 5.0 5.5 4.9 4"8 5.1_ 5"0 5.1,5.O 4"9 4"9

33 47 42 43 5l_ 52 53

tNo. of treatment and replication.
tT"*p"tuture ('c) .

3__pH"

aDissolved oxygen (mg/L) .



4.2 Experiment 2t L99I"

Parameters

Temp" ('C)
pH
Do" (nq/L)

Temp.
pH
DO.

94

1l_

Temp "
pH
DO.

28
7"5
5.0

12

Treatment Combinations

28
7 "6
4"8

28
7 "6
4.8

Parameters

1_3

28
7"7
5"2

28
7.6
5.1

¿ó
7.9
3.5

Temp.
pH
DO.

a4

28
7 "6
4.9

28
7 "9
5.0

29
7"7
5.4

21,

Temp "
pH
DO.

28
7"7
5.6

29
7 "6
4"5

28
8"1-
5"L

3l-

22

Ternp "
pH
DO.

28
7"7
4"5

28
7"7
5"2

28
7"9
5.3

28
8"4
4.7

32

23

Treatment Combinations

28
7"7
4"7

28
7"7
5"2

¿ö
7"7
4"8

28
7"9
5"1

28
8.0
5"1-

33

24

28
7 "6
5.2

29
7"9
5"1_

28
7"5
5"3

28
7.7
5"0

28
7"9
5"1

29
8. i_

5. 1_

34

28
7.7
5"2

¿0
7"7
5.0

28
7"7
4.8

28
8"0
5"5

29
8. 1-

4-9

47

28
7 "6
5.2

28
8.0
5. l-

28
8"2
5.0

28
8"2
3"7

42

28
7"7
4"8

¿0
7 "6
5.0

28
8"2
5"2

43

28
7"8
5"1_

28
7"8
5"0

28
7 "6
4.8

44

28
7"7
5"3

29
7"8
5"1_

28
8"5
5"1_

28
7 "9
5"2

28
7"9
5"2

28
8.0
5.1



4"3 ExperÍment 7-, t992.

Parameters

r: zs 2s
p;7"e 7"8
D_ 6"8 6.9
A) o.9 o.9

1l- L2 l_3

95

T252525
p 7"8 7"8 7"9
D 5"9 6"5 6.4
A O" 9 l-. t- L.2

25 25 25 25
7 "9 8.0 8.0 8.0
6"1 6"2 6.4 6"5
l-.0 0"9 0"8 0"9

21-

lreatment Combinationsl

22

T2525252s2s
p 7.8 7.9 7.8 7"8 8.0
D 6.8 6.8 6.5 6.2 6.3
A 0"9 1""2 1,.2 r_.r_ 1.3

23

25 25 25
8.0 8.0 8.0
6.1- 6"5 6"6
0" 9 1"2 1_"2

31

T282828
p 7"9 8.1- 8"2
D 6"5 6"8 6"4
A 1,"2 1" 3 1,"2

25 25 25
8"0 8.0 7"9
6"6 6"2 6"7
0"9 0.9 1"0

32 33

25 25 25
8.1 8.1 8"1
6"4 6"4 6.2
l_"1_ 1"3 1-"0

41,

25
7.9
6.4
t_.1_

28 28 28
8"1- 8.1 8.0
6"3 6.3 6.3
L"4 7"2 l-"3

25 25 25
7"8 7"9 7"8
6"1, 6"s 6"4
l_"0 1.0 0"9

42

25 25 25
8.0 8.1 8.0
6.5 6.8 6"4
0.9 0.9 l_.3

43

25 25 25
7"7 7"8 7"8
6"7 6"2 6.8
0.9 L"2 1.l-

tNo. of treatment and replication.

28 28 28
8.2 8. 1 8.0
6"5 6"5 6"7
l_"1- 1"2 1_"3

tT"rp"r.ture ('c) .

3pH.

26 26 26
8.0 7.9 7.8
6"4 6.4 6.7
l-.0 L"2 L"0

aDissolved oxygen (mg/L) .

5Tot.1 Àmmonia (ng/L).

28 28 28
8.0 8.0 8.0
6"5 6.4 6"4
1" l- t_.1- 1-"4



4"4 Experiment 2, L992"

Parameters

Temp" ('C)
pH
Do" (ms/L)
Ammonia(nq/L) 0"9

Temp"
pH
DO
Ammonia

96

11

26
7 "6
6"4

Temp.
pH
DO
Ammonia

L2

Treatment Conbinations

26 26 26 26
7"8 7"9 7.6 7"8
6"5 5.8 6"4 6"4
4"2 t"4 1.3 1-"2

13

27 27
6"9 6"9
6"5 6"8
1-"0 1.0

Temp.
pH
DO
Amrnonia

2a

25
7"7
6.9
l_. l_

22

27 27 27 27
7"r 7"1_ 7"0 7"5
6"4 6"3 5.9 6"4
1"1_ 1"3 1"L 1"1-

Temp.
pH
DO
Ammonia

25 25 25 25
7"7 7.8 8.0 7"7
l-0 8.2 8.8 6.9

L.2 0. 9 1-. 1 1,.2

23

27 27 27
7.O 7.2 6.9
5"4 4"9 4"7
1,"4 l-.3 0.8

26
7"8
6"4
l-"3

3i-

26 26 26
7"7 7.6 7"6
6.8 6.4 6. t_

L"2 1_" 3 1.3

32

25 25 25
6"9 7.2 7.3
5"9 6"2 6"7
0.9 L.O 0"8

33

27 27 27
7.O 7 "3 6"9
6"0 6"8 6"1-
1_" 1_ t_" 1 r-" r_

27 27 27
7"3 7"t 7.O
4"8 4.9 4"7
0.9 0.8 0.8

25 25 25 25
7 "9 7.7 7.7 7.6
7.5 8.2 6.9 7.8
1-. t_ L. r. l-. 1 1-.2

25
7 "6
7"2
o.7

25 25
7"3 7"7
6"6 6"5
o"7 0"7

27 27
6.9 7.5
4.4 3"9
0.8 0. 8

25 2s 25
7.4 7"6 7"4
5.8 7"2 7"2
0"6 0"5 0"5

27
7.O
4.6
l-.1-



Experiment 2t 1992 (Contrd)

Parameters

Temp" ('C)
pH
Do. (nq/L)
Ammonia (mg/L) l-. 3

Temp.
pH
DO
Ammonia

97

4\

26
7"5
5"9

Treatment Combinations

Temp "
pH.
DO
Ammoni-a

42

26 26 26 26 26
7"3 7"6 7"9 7"9 7"9
6.3 6"4 6.7 6.2 6.8
l_"3 I"2 0"8 0.9 0"7

43

27 28
6"9 8"0
7.2 8"0
1- " 1 1,.2

Temp "
pH
DO
Ammonia

51-

25 25 25
8"0 8.r_ 7"5
7"8 7"5 7"5
0.9 0.8 L.2

52

27
7"O
6"3
1.L

Temp.
pH
DO
Ammonia

53

27 27 27
7.7 7.2 7 "66"4 6.4 6.8
l-"6 1"2 1"5

27
6.9
4.7
o"7

61-

27 27 27
6.9 7 .1, 6.9
4.4 4 "5 4.8
o"7 0.6 0"5

26 26 26
8"C 8"0 7"8
5"9 6"5 6"4
L"L o.7 0.9

25 25 25
7"8 7"6 7"8
9"4 7"8 7"2
0.8 0.9 1.0

25 25
7 "4 7 "88"0 9.0
r-" i_ 1" 6

62 63

28 27 28
8"2 6"9 7"7
7.2 7"O 6"1"
l-.6 r_"5 1.6

25 25 25 25
7"5 7"5 7"0 6"9
6.0 6"2 5"7 6"6
l_"6 l-"0 1"0 t_"0

27
7.O
4"4
o"4

25 25 25
8"0 7"7 7"9
6 "9 6.5 8.0
L"O 1.0 0.8

27 27 27 27
7.1, 7.3 6"9 6.9
4"5 4"4 6"0 5"0
0.5 0"4 0"4 0"6

25 25 25
7 "2 6"9 7.8
6"8 6"7 7"2
1"1 t-"0 1_"O



4"5 Experiment 3, 1,992"

Parameters.

1l-

)T; 25 2s 25 25 25 25 25 25 25 25 25 25 25 25 25
p:7"8 7"8 7"9 8"0 7"6 7.6 7"7 7.6 7.9 8"0 8"O 7"9 7"9 7.8 7"8
ol e"5 B"o 9.2 9"0 8"9 B.o 10 s.6 8.9 9.0 8.3 8"5 10 B"s 7 "sA' 0.8 0"9 1"3 0.9 0.8 1"1- 0"9 l-"1- 1-"2 1.1 1"1 7"2 1.1_ 1.3 0.9

L2 L3

98

21-

T
p
D
A

Treatment Cornbinationsl

26 25 25 25 26 25 25 25 25 25 25 25 25 26 25
7.9 8"1- 7 "6 8.O 7.9 7"9 7"7 7"7 7"6 7"9 8"1_ 7 "6 8"0 8"0 7"8
8"5 8.2 8.0 8"5 8"3 8.3 8"9 8.4 9"0 1-0 8"6 8.5 8.5 8"9 8"6
0.9 0"9 0.9 0.8 0"9 1.0 0"9 L"0 0"9 0.8 0"9 0"9 0"9 0"9 1.0

22 23

T
p
D
A

31

25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
8"0 7"6 7"6 8"1 7"9 7"9 7"6 7"6 7"9 7"6 7"4 7"7 7"9 8"0 8"0

l_0 8"5 8.0 6.8 8.0 8.2 7.6 8.0 8"5 8.4 7.2 8.5 6.8 7.9 8.9
0.8 0.7 1.0 0.8 0.9 0.9 0.8 0.8 0.9 L.t_ 0.9 0"9 1.0 0.8 0.8

32 33

T
p
D
A

2s 25 25 25 25 25 25 2s 25 25 25 25 25 25 25
7"7 7"7 8"O 7.6 8.O 7"5 8.1 8"O 7"7 7"9 8.0 8"O 7.7 7.7 7"6
8.0 l-O 8.5 8.7 8.8 8.8 9"5 8"9 7.9 8.1_ 9"0 8.8 9"4 70 7.9
0.9 L.l_ 1-"2 0"9 0.9 L"2 t_.0 0"9 0.9 1.1_ L.2 0"8 1"1 1"O L"2

41, 42

T
p
D
A

43

25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
7"4 7"7 8"O 7"9 7"5 7.5 7"8 7"7 7"7 8"0 8"I 7"6 8"0 8.0 7"5
5"9 6"7 6"1 6"s 6"2 5"7 6.5 6"7 6"8 6"7 7 "2 6"4 6.6 5.8 7.2
1.3 4"4 1"4 L"2 r_"r_ r_"4 1"3 L"2 1.L L"2 1,"4 L"2 1"3 1.3 L.2

5t- 52 53

'No. of treatment and replicatíon.
tT"*p"r.ture ('c).
3__pH.

aDissol-ved oxygen (ng/L) .

tTot.l Ammonia (mg/L) .



Appendix 5" The ¿¡¿'lysis

and 1-992 "

5"L Ana1ysis of Variance Procedure of Total Length(Tl), Dry

t{eiqht(DW) and Survival(Y) of Experiment 7, 1991-.

Dependent Variable: TL

of

99

variance of experiments in l-991-

Source

Model

Error

Corrected ]-49

DF

4

L45

Sum of

Squares

I " 861-89600

4 "3621_2000

L3.2240]-600

c. v.

L2 "7 6842

Anova SS

I " 861-89600

Source

TRT

R-Square

o " 67 01,37

DF

4

Mean

Square

2 "2L547 400

0 " 03008359

Dependent Variable: DI{

Source

Model

Error

Root MSE

o "L73446

Mean Square

2 "21,547 400

Value

73"64

Corrected 1-4

R-Square

0"836587

Sum of

Squares

35.64844000

6 "96333333

42.61,!77333

c. v"

24 "53349

DF

4

l_o

Pr>F
o " 0001

Mean

Square

8 "9L211000

o " 69633333

ÎL Mean

L "3584 0000

Pr>F

o. oool

Value

73"64

Va1ue

L2"80

Root MSE

o.834466

Pr>F
o " ooo6

Dtr{ Mean

3 "40L33333



Source

TRT

Dependent Variable: Y

DF Anova SS

4 35"64844000

Source

Model

Error

1_00

Corrected t4

Mean Square

8 "91,21_1000

DF

4

t_o

Sum of

Squares

2 "3405]-932

2 " 23242430

4 "5729436l.

c"v"

36 .7 4690

Anova SS

2 "3405L932

Source

TRT

R-Square

0. 5l-l-8L9

DF

4

Mean

Square

o " 58512983

o "22324243

Value

t-2 " 80

5"2 Analysis of Variance Procedure of Total Length(TL), Dry

Weight(DW) and Survival(Y) of Experiment 2, l-991,.

Pr>F
o " 0006

Dependent Variable: TL

Root MSE

o " 472485

Mean Square

0.58512983

Sum of

Source DF Squares

Mode1 3 0.08065688

Error 156 2"35554250

Corrected L59 2 "43619938

Va1ue

2"62

Pr>F

o. 0987

Y Mean

r " 2857 8347

Value Pr > F

2"62 0"0987

R-Square

o " 033108

Mean

Square

o " 02 688563

0 " 0l-509963

c.v.
1l_"96573

F Value

1"7 8

RooI MSE

o " 1,22881,

Pr>F

o " l_531

TL Mean

L. 026937 50



Source

TRT

Dependent Variable: DW

DF

3

Source

Model

Error

Corrected

Anova SS

o " 08065688

10L

Mean Square

o " 02 688563

DF

3

1,2

1_5

Sum of

Squares

o " 217 5187 5

0. 08137500

0" 29889375

c"v"

I " 944830

Anova SS

o .21,7 51,87 5

Source

TRT

R-Square

o.7277 46

DF

3

Mean

Square

o "07250625

o " 0067 81_25

Val-ue

r.7a

Dependent Variable: Y

Source

Model

Error

Corrected

Pr>F

0 " 1531-

Root MSE

0.082348

Mean Square

o . 07250625

F Va1ue

10. 69

DF

3

12

15

Sum of ltfean

Squares Square

o "7L48501_l_ O "23828337

1"45942374 0 "1-21_6L864

2 " L7 427 384

Pr>F

0. 0010

Source

TRT

R-Square

o "32877 6

DF

3

DW Mean

o "92062500

Pr>F
o. 001_o

Value

1_0. 69

C.V. Root MSE

51,"92297 0"348739

Anova SS Mean Square

0"71-48501_t- O"23828337

Value

1-"96

Pr>F

o"1,740

Y Mean

o " 67t64621-

Pr>F
o"1,740

Value

1- "96



5.3 Analysis of Variance Procedure of Total Length(Tl), Dry

Weight(DW) and Survival(Y) of Experiment L, tggT"

Dependent Variable: TL

Source

Model-

Error

Corrected

LO2

Sum of

DF Squares

3 0. 152 68667

\16 0 "97203333

1l-9 L"1-2472000

Source

TRT

R-Square

0. t_35755

DF

3

Mean

Square

0 " 05089556

0 " 00837960

Dependent

c "v.
6 "876094

Anova SS

o "1,5268667

Source

Model

Error

Corrected

Variabl-e: DI.]

Root MSE

0 " 091_540

Mean Square

0 " 05089556

Value

6"07

Sum of

DF Squares

3 0" 637891_67

8 1-"4L260000

1_1_ 2 . 050491_67

Pr>F

o " 0007

Source

TRT

R-Square C"V. Root MSE

0"311_092 ]-2"7]-t1-2 0"420208

DF Anova SS Mean Sguare

3 0"63789167 0.21_263056

Mean

Square

o "21-263056

o "t7 657500

Value

6"07

TL Mean

34300000

Pr>F
o " 0007

1_"

Val-ue

1"20

Pr>F
o "3687

Dll Mean

3.30s83333

Value Pr > F

L"20 0 "3687



Dependent Variable: Y

Source

Model

Error

Corrected

DF

3

I

1t-

Sum of

Squares

o " 04 899332

o "1_2356372

o "]-7255705

c"v"

5 " 588677

Anova SS

0 " 04 899332

t_0 3

Source

TRT

R-Square

o "283925

DF

3

Mean

Square

o " ol-63 3111_

o " 01544547

5.4 Analysis of Variance Procedure of Total Length(TL), Dry

Weight, (D$f ) and Survival (Y) of Experj-ment 2 , 1-992.

Dependent VariabÌe: TL

Root MSE

o " L24280

Mean Square

0 " 016331_t-t-

Value

1" 06

Source

ModeI

Error

Pr>F
o " 41,92

Corrected 1-79

Y Mean

2.22377850

Value Pr > F

1- " 06 0.4]-92

DF

5

j.74

Sum of

squares

4.73637778

5 " 4t992000

10 "]-5629778

c.v.

LL.6487 0

Anova SS

4 "73637778

Source

TRT

R-Square

o " 466349

DF

5

Mean

Square

o "94727556

o " 031"L4897

Root MSE

o " 17 6491,

Mean Square

o"94727556

Value

30"41-

Pr>F

0. 0001

TL Mean

i_ " 515L1-11-1-

Pr>F

o. 0001_

Val-ue

30,41



Dependent Variable: DW

Source

Model-

Error

Corrected

Sum of

Squares

36 " 67 669444

2 "too66667

38 "777 3 6l-l_l_

c"v.

9 "262250

Anova SS

36 " 67 669444

DF

5

1"2

1,7

LO4

Source

TRT

R-Square

o.945827

DF

5

Mean

Square

7 "33533889

o " t-7505556

Dependent Variabl-e: Y

Source

Model

Error

Corrected

RooI MSE

0.418396

Mean Square

7 "33533889

Value

41, "90

DF

5

a2

1"7

Sum of

Squares

9 "218557 07

o "38327 09L

9 .601-82798

c"v"

to "28697

Anova SS

9 "21,8557 07

Pr>F
o. 0001-

Source

TRT

R-Square

0 " 960084

DF

5

Mean

Square

1, .8437 r14L

0 " 03 L93924

DW Mean

4 .5L7 22222

Pr>F
o " o00t-

Value

47 "90

Root MSE

o"L787t6

Mean Square

1 " 84 371,]-4I

Value

57 "73

Pr>F
o " 0001-

Y Mean

L"73730058

Pr>F

o. 000L

Value

57 "73



5"5 Analysis of Variance Procedure of Total Length(Tl), Dry

Weight(DW) and Survival(Y) of Experiment 3, L992"

Dependent Variable: TL

Source

Model

Error

Corrected

Sum of

DF Squares

29 20 "3 531-7889

60 0.201,06667

89 20"55424s56

R-Square C"V"

0.99021-8 3 "771802

DF Anova SS

5 20 "291-1,2556

4 0 " 03084000

20 0. 031,21,333

105

Source

TTME

TRT

TIME*TRT

Mean

Square

0 " 70r.83375

o " 003 351_11-

Dependent Variabl-e: WT

Root MSE

o. 057889

Mean Square

4 " 0582 251_1,

o"oo77Loo0

o " 00156067

Source

Model

Error

Corrected

F Value

209 " 43

DF

29

60

89

R-Square

0 " 983 953

Pr>F
0 " oool_

Sum of

Squares

499 "3923s56

8 "1,446667

507 "5370222

c"v"

1,2 "].8r.91,

F Value

l-2 t-i- " o1

2 "30

o"47

TL Mean

l_ " 53 477778

Pr>F

0. 0001-

o.0690

0.9698

Mean

Square

L7 "220426L

o " l_3 57 444

F Value

L26 " 86

Root MSE

0"368435

Pr>F

o " oool-

FtT Mean

024444443.



Source

TTME

TRT

TTME*TRT

DF Anova SS

5 492 "9248889

4 2 "977 r_889

20 3 "4902778

Dependent Variable: Y
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Source

Model-

Error

Corrected

Mean Square

98 "5849778

o "7 442972

o "1,7 45139

Sum of

DF Squares

4 0 " s0888981_

10 0 "44429327

L4 0.95318308

R-Square C.V.

0" 533885 9.428744

DF Anova SS

4 0 " 50888981_

F Value

726 "25

s.48

L "29

Source

TRT

Mean

Square

o "1,2722245

o . o4442933

Pr>F
0. 0001-

0 " 0008

o "2242

RooI MSE

o.2LO783

Mean Square

o "L2722245

Value

2"86

Pr>F
o. 0807

2

Va1ue

2 "86

Y Mean

"23553279

Pr>F
o " 0807



.Appendix 6" The observed

in a992.

accumulated mortality

LO7

6.1, The observed accumulated mortality
Dead larvae r{ere pooled among three

larvae = 960 , sampled for total length

and missing l-arvae between 22-45) "

of experiments

of exper j-ment 1, L992 .

replications (initial

and dry sreight : 360,
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6"2 The observed accumulated mortality of experiment 2, L992"

Dead larvae were pooled among three replications (initiaì- :

1-800, sarnpled for total length and dry weight = 72O , and

missing larvae = 29-175).
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109.

6.3 The observed accumulated mortality of experiment 3, L992.

Dead larvae hrere pooled among three replications (initial :

l-800, sampled for total length and dry weight:54O, and

missing larvae between 5-48).
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