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APPENDIX A: PREPARATION OF CHEMICAL SOLUTIONS 

General 

1. Preparation of 10% neutral buffered formalin (1litre) 

Formalin…………………………………………………………100ml 

Distilled water………………………………….………………...900ml 

 Sodium phosphate, monobasic, monohydrate (NaH2PO4)………4g 

 Sodium phosphate, dibasic, anhydrous (Na2HPO4)……………..6.5g 

 

2. Preparation of 70% alcohol solution 

95% Ethyl alcohol…………………………………………...…..700ml 

Distilled water…………………………………………………...250ml 

 

3. Preparation of 85% alcohol solution 

95% Ethyl alcohol………………………………....………...…..850ml 

Distilled water…………………………………………………...100ml 

 

4. Preparation of 20% sucrose solution (100ml) 

 Sucrose………………………………………………………......20g 

 Distilled water…………………………………………………...100ml 
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APPENDIX B: PERSONAL OBSERVATIONS ON FISH SWIMMING 
BEHAVIOUR 

Personal observations were made on the swimming behaviour of selected fishes 

used in this study. Emphasis was placed on the function of fins in fish locomotion. It 

should be noted that the observation made was limited only on the behavior of fish in 

the aquarium. Scientific conclusion on the fish swimming behaviour can only be drawn 

by complete behavioral experiments. 

(a) PERSONAL OBSERVATIONS ON FISH SWIMMING BEHAVIOUR 

Table 1 below summarized general usage of the fins. Detail information is 

described for each fin. 

Table 1: Summary of fin functions 

 Fish with long & continuous 
dorsal fin 

Fish with short & non-continuous 
dorsal fin 

 Channa 
micropeltes 

Clarias sp. Mystus 
nemurus 

Pangasius sp. 

Dorsal fin Direction 
maneuver, 
stabilizer, 
smoothen 
turning 
movement,  
propulsor 

Direction 
maneuver, 
stabilizer, 
smoothen 
turning 
movement,  
propulsor 

Direction 
maneuver, 
stabilizer, 
smoothen 
turning 
movement 

Direction 
maneuver, 
stabilizer, 
smoothen 
turning 
movement 
 

Adipose fin - - Stabilizer Stabilizer 
Anal fin Propulsor, 

Direction 
maneuver 

Propulsor, 
Direction 
maneuver 

Propulsor Propulsor 

Caudal fin Propulsor, 
remain still 

Propulsor Propulsor Propulsor 

Pectoral fins Direction 
maneuver, 
stabilizer, 
halt 

Direction 
maneuver, 
stabilizer, 
halt 

Direction 
maneuver, 
stabilizer, 
halt 

Direction 
maneuver, 
stabilizer, 
halt 

Pelvic fins Control 
pitching 

Control 
pitching 

Control 
pitching 

Control 
pitching 
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(i) FISH WITH LONG AND CONTINUOUS DORSAL FIN  

Channa micropeltes 

When swimming straight forward, the fish approximately two thirds of the body 

musculature to produce forward thrust. However, once it was disturbed, it moved by 

passing muscular contraction along the body to make turns or aggressive movement. 

Dorsal and anal fins both acted to help generating forward propulsion. They also 

had a role to play in direction changing. Part of the dorsal fin or the whole of it, and also 

the  anal  fin  could  be  pressed  closely  to  the  body  in  order  to  move  up  or  down.  Two  

types of movement could be performed by the caudal tail. It expanded to its maximum 

and then narrowed to the minimum next. This could be observed when it was trying to 

remain at a fixed position in moving water. Besides that, the caudal fin could also 

perform wave-like motion, especially while trying to generate forward propulsion. The 

pectoral fins were very flexible and the fish kept flipping them forward and backward 

almost all the time. They were used to change direction and also to remain a stand-still 

position. Pectoral fins were also used as stabilizers. Pelvic fins, on the other hand, acted 

as “rudders”. It helped to fish to lift, or to descend to the bottom. 

The fish liked to stay still, i.e. to make no movement at all sometimes. It would 

move to the surface to breathe in air from time to time. Once disturbed, it moved rapidly. 

Besides that, the fish could perform a little backward motion.  
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Clarias sp. 

The fish moved by successive curving of body trunk into “S” shape. Caudal fin 

aided in the movement to produce even more powerful thrust. When only small 

movement  was  involved,  for  example,  moving  forward  a  little,  only  undulation  at  the  

caudal end of the trunk was observed. However, if the fish swam around the aquarium, 

body undulation could be observed at the whole body trunk.  

Dorsal and anal fin helped to control the direction by initiating wave-like 

movement originating from the anterior to the posterior part. As it moved by undulation, 

dorsal fin helped to make the movement smooth. It also played important role for the 

fish to make a smooth turning. Besides that, dorsal fin also acted as stabilizer which 

prevented the fish from rolling and at the same time allowed it to lean on one side. 

Pectoral fins acted to decide the direction of where the fish was heading. The fish halted 

by flipping open the pectoral fins widely to make a sudden stop. At resting position, the 

head was slightly tilted and it gently flipped its pectoral fins up and down, two at a time, 

probably to maintain its balance. Pelvic fins acted in conjunction with pectoral fins to 

generate forward movement. When the fish was not moving, the pelvic fins could be 

seen opened up as if to steady the fish in resting position. 

The fish could perform swimming with very high flexibility, unlike some fishes 

which  can  only  swim  straight  forward;  they  can  go  any  direction  they  want.  Besides,  

they could swim in great flexibility at very high speed, but only for a short period. It 

was also important to note that the flexibility of the body movement achieved by this 

fish enabled it to leap up from the aquarium. However, sometimes they remained still, 

usually at the bottom of the aquarium, with the head lifting. Since the fish had 

labyrinthic organ for air breathing function, it came to the water surface frequently to 

breathe.  
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(ii) FISH WITH SHORT AND NON-CONTINUOUS DORSAL FIN 

Mystus nemurus 

The form of swimming for this fish was carangiform locomotion. It used mainly the 

caudal fin to generate forward propulsion. The caudal tail was able to produce powerful 

stroke which generated great forward thrust. Hence, the forward movement of the fish 

mainly depended on the caudal tail.  

Dorsal  fin  helped  to  control  the  direction  it  was  heading.  Besides  that,  helped  the  

fish  to  swerve  either  to  the  left  or  right  in  the  direction  it  was  heading.  Adipose  fin,  

which was located between the dorsal and caudal fins, stabilize the fish. The anal fin, 

which was located near to the caudal fin, helped in generating forwards thrust. The pair 

of pectoral fin assisted in direction control and body balancing. Besides that, they also 

functioned to halt the movement. Pelvic fins, on the other hand, acted mainly as 

“rudders”. The fish descended from its original position when the pelvic fins were 

pressed closely to the body, and vice versa.  

 

 

 

 

 

 

 

 



167 
 

Pangasius sp. 

Pangasius sp. swam in the form of carangiform locomotion, which was caudal type 

of propulsion. Dorsal fin acted as a stabilizer, to keep the fish from rolling over, and to 

allow the fish to lean its body on a certain side. It, too, allowed a smooth turning while 

the fish was changing direction, for example when performing a “U-turn”. Adipose fin 

did not move in both swimming and resting mode. It probably acted as stabilizer which 

maintained the balancing of the fish body. Anal fin helped in forward propulsion by 

having wave-like movement originating from the anterior to the posterior part. Caudal 

fin, on the other hand, was the main propulsion generator. Pectoral fins involved in 

controlling the direction and able to halt the movement. For instance, when the fish 

turned right, it moved only the right pectoral fin. Besides that, the widely open pectoral 

fins stabilized the fish in the water. They could also control the position of fish in the 

aquarium. When they were lifted upwards, the fish descended from its original position, 

and vice versa. Pelvic fins had similar functions and acted in conjunction with pectoral 

fins. 

This fish usually swam straight. They were able to turn left and right, move up and 

down, but the movement was not as flexible as what observed in Clarias sp. was not 

seen in them. Side to side movement of the head (yawing) was observed when it swims. 

They were constantly moving and came to the surface to breathe from time to time. 

They liked to hover in the aquarium. However, it was interesting to note that a stressed 

fish would lie on one side or dash madly at the sides of the aquarium. In a worse case 

scenario, the fish swam with the head kept to the bottom and the tails uplifted. 
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(b) PERSONAL OBSERVATIONS ON DORSAL FIN AMPUTATION  

To further investigate the function of dorsal fin in swimming, the dorsal fin was 

amputated to study its effects on swimming locomotion. The fish was first anaesthetized 

using MS222 into the state of surgical anaesthetization before the fin was cut away. It 

was important to note that the dorsal fin was trimmed to just above the base of fin rays. 

After  that,  the  fish  was  placed  in  water  (without  MS222)  in  order  for  it  to  regain  

consciousness. Its swimming behaviour after dorsal fin amputation was observed.  

For future study, the quality of work might be improved by using better instruments. 

Visual observation on the fish swimming movement, both normal and after fin 

amputation could be made perfect by permanent records over long period of time. 

Besides, two cameras can be used to record the fish movement from above and from the 

side simultaneously.  

All the fishes were affected by the dorsal fin amputation. The swimming movement 

was not as stable. Details of the effects are described below. 

Table 2: Summary of effects of dorsal fin amputation on the selected fishes  

 Fish with long and continuous 
dorsal fin 

Fish with short and non-
continuous dorsal fin 

 Channa 
micropeltes 

Clarias sp. Mystus 
nemurus 

Pangasius sp. 

Effect of 
amputation 

 Awkward 
body 
undulation 
and turning 
 Loss of 
balance 
 Less 
propulsion 

 Awkward 
body 
undulation 
and turning 
 Loss of 
balance 
 Less 
propulsion 

 Awkward 
turning 

 Loss of 
balance 

 

 Awkward 
turning 

 Loss of 
balance 
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(i) FISH WITH LONG AND CONTINUOUS DORSAL FIN  

Channa micropeltes 

When the fish regained consciousness, it tried to leap out of the aquarium which 

might be caused by the stress and pain it experienced. However, without the dorsal fin, 

its leaping became less powerful compared to the time before amputation.  

The  fish  lost  its  balance  without  the  dorsal  fin.  Some  of  the  time,  it  could  not  

control the steadiness of its body, and ended up leaning to its left or right side, or rolling 

over.  

Besides that, the fish had some problem in raising its body. This motion became 

slower compared to normal fish.  

Other noticeable changes included awkward body undulation and direction 

changing. Additionally, without the dorsal fin, less forward propulsion thrust was 

generated as the movement became slow and sluggish.  

However, it was interesting to note that after the dorsal fin amputation, the fish was 

still able to make backward movement.  
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Clarias sp. 

Amputation of the dorsal fin affected the swimming behaviour of the fish. The loss 

of dorsal fin caused the undulation movement to be awkward compared to the time 

before where it swam smoothly with undulation movement.  

Besides that, the undulation movement performed by the fish also produced less 

propulsive thrust. The movement was observed to be clumsy.  

The  fish  had  the  ability  to  leap  out  from  the  aquarium  easily.  With  the  dorsal  fin  

amputated, less propulsion was generated and thus the leaping was unsuccessful. 

Without the dorsal fin, the fish encountered with some problem when swerving 

either to the left or right in the direction it was heading. The movement was awakward. 

Besides that, it was difficult for the fish to gain its balance without the dorsal fin. 

When they performed undulation movement, it easily rolled to one side of the body.  
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(ii) FISH WITH SHORT AND NON-CONTINUOUS DORSAL FIN 

Mystus nemurus 

The fish, with the dorsal fin amputated, had slightly lost its balance. It struggled to 

gain its balance in order not to roll over. It could be observed when the fish was 

swimming and also when it tried to remain still in the aquarium. 

It could not perform a smooth “U-turn” after its dorsal fin was amputated. The fish 

performed awkward turnings. It was also important to note that it had to repeatedly 

adjust its body in order to make a turn. 

Pangasius sp. 

As soon as the fish regained consciousness, it performed abnormal swimming 

behaviour. It glided in the aquarium with the head at the bottom but the tail lifted 

upwards, flipping vigorously. However, when the time progressed, the fish did not 

perform this swimming behavior again. 

The fish seemed to have a hard time to gain balance without its dorsal fin. The fish 

had to adjust itself from time to time in order not to fall on the left or right side. 

Another noticeable effect  of fin amputation was the difficulty to make turns.  With 

the dorsal fin, the fish could perform a smooth turn. After the dorsal fin was amputated, 

the fish could not make a turn in one shot. Instead, it had to repeatedly adjust its body in 

order to make a turn.  
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APPENDIX C: HISTOLOGICAL AND STAINING PROCEDURES 

(a) H&E Staining 

STEP DURATION 
Deparaffinization  
Xylol I 3 min 
Xylol II 3 min 
Hydration 
95% Alcohol I 3 min 
95% Alcohol II 3 min 
70% Alcohol 3 min 
Distilled water Rinse  
Distilled water Rinse 
Staining 
Harris’ Alum Haematoxylin 15 seconds 
Under running tap water Rinse 
HCl 0.2% 2-3 seconds 
NaHCO3 1 min 
Under running tap water Rinse 
Eosin 40-60 seconds 
Dehydration 
95% Alcohol III 1-2 seconds 
95% Alcohol IV 1-2 seconds 
100% Alcohol I 3 min 
100% Alcohol II 3 min 
Xylol III 3 min 
Xylol IV 3 min 
Mounting 
Mount in Canada Balsam - 
Store in oven 24 hours 
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Preparation of chemicals: 

1. Eosin stain 

Eosin Y solution………………………..……………………......0.2ml 

  95% alcohol……………………………………………………...100ml 

2. Harris’ alum haematoxylin stain 

Haematoxylin crystals…………………………………………...1g 

Absolute alcohol…………………………………………………10ml 

Aqueous aluminium ammonium sulphate……………………...1ml 
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(b) Nissl Staining using Cresyl Violet as Dye 

Deparaffinization 
Xylol I 3 min 
Xylol II 3 min 
Hydration 
95% Alcohol I 3 min 
95% Alcohol II 3 min 
70% Alcohol 3 min 
Distilled water rinse 
Distilled water rinse 
Staining 
Cresyl violet stain 20 min 
Dehydration 
70% Alcohol 3 min 
TBA I 3 min 
TBA II 3 min 
TBA III 3 min 
Xylol III 3 min 
Xylol IV 3 min 
Mounting 
Mount in DPX - 
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Preparation of Chemicals: 

 

1. Cresyl Violet 

 Cresyl violet acetate ……………………………………………..0.2g 

 Distilled water……………………………………………………150ml 

 

2. Buffer Solution pH 3.5 

 0.1M acetic acid (6ml/1000ml water)……………………...……94.0ml 

 0.1M sodium acetate (13.6g/1000ml water)…….…………..…..6.0ml 

 

3. Working Solution 

 Buffer solution …………………………………………………..100ml 

  Cresyl violet…………………………………………….............6-12ml  
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(c) Myelin staining - Lillie’s Varient and Weil-Weigert Method 
 

1. After fixation in 10% formalin, the tissue was soaked in 2.5% potassium 
dichromate for four days. 

2. Tissue was dehydrated in a series of alcohol with gradually ascending 
concentrations, from 70% alcohol, 85% alcohol, 95% alcohol I, 95% alcohol II, 
absolute alcohol I to absolute alcohol II. The tissue was then soaked in two 
changes of wax and ended in toluene wax. After infiltration in three changes of 
wax, the wax embedded as paraffin block. 

3. After sectioning, the slides were stained in the following process. 

Xylol I 
 

Xylol II 
 

95% alcohol 
 

85% alcohol 
 

70% alcohol 
 

50ml 4% iron alum + 50ml 1% alcoholic haematoxylin (1-5 days old)  
(55-60oC, 40 minutes) 

 
Wash in distilled water 

 
Decolorize in 0.5% iron alum (30-40 minutes), control under microscope 

 
Wash in distilled water 

 
Blue in 1% borax + 2.5% potassium ferriacyanide solution (10 minutes) 

 
Wash in distilled water 

 
Counterstain in safranin O (5 minutes) 

 
Acetone 

 
Acetone + xylene 

 
Xylene 

 
Mount in clearmount 
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Preparation of chemicals: 

 

1. 10% alcoholic haematoxylin 

 Haematoxylin……………………………………….…………..10g 

 Absolute alcohol………………………………..……………….100ml 

2. 0.5% iron alum 

 Iron alum………………………………………………………..0.5g 

 Distilled water…………………………………………………..100ml 

3. 2.5% potassium ferricyanide 

 Potassium ferricyanide………………….………………………2.5g 

 Distilled water…………………………………………………..100ml 

4. Safranin O 

 Safranin…………………………………………………………0.1g 

 1% acetic acid…………………………...……………………...100ml 

 
5. 4% iron alum 

 Ferric ammonium sulphate……………………………………..4g 
 Distilled water…………………………..…………….………..100ml 
 
 

6. 1% acetic acid 
 Acetic acid……………………………………………………...1ml 
 Distilled water…………………………...……………………..99ml 
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(d) Wholemount 
1. After fixation in 10% formalin, the tissue was passed dehydrated by passing 

through 30% alcohol, 50% alc0hol, 70% alchol, 85% alcohol, 95% alcohol (I 
and II) to abosolute alcohol (I and II).  

2. The tissue was then cleared in methyl salicylate. 
3. Immediately after that, it was mounted in a pool of Canada Balsam.  
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APPENDIX D: DATA AND TABLES 

Table 1: Average number of motor neurons innervating caudal fin of Clarias sp. 

Specimen 1 2 3 4 5 6 Average SD 
Length 
(cm) 

13.5 13 13 14 14.5 13 13.5 0.58 

Weight (g) 15.95 16.15 12.96 15.15 22.3 16.0
7 

16.43 2.85 

Labeled 
neurons 

133 135 143 137 139 167 142.33 11.47 

 

Table 2: Average number of motor neurons innervating caudal fin of Pangasius sp. 

Specimen 1 2 3 4 5 6 Averag
e 

SD 

Length 
(cm) 

13.5 13.5 14 13.15 14.5 13.5 13.69 0.44 

Weight (g) 18.8 20.3 19.7 20.15 18 20.01 19.49 0.83 
Labeled 
neurons 

183 185 168 192 168 163 176.5 10.66 

 

Table 3: Distribution of Clarias sp. caudal fin motor neurons at different spinal 
segments  

Segment IL DM VM C VL DL RDL Sum 
V-6 3 1 2 1 3 0 0 10 
V-5 4 3 4 2 3 0 0 16 
V-4 6 7 9 3 3 0 0 28 
V-3 5 5 7 2 4 0 0 23 
V-2 7 9 11 5 4 0 0 36 
V-1 6 7 8 4 2 0 0 27 

 

Table 4: Distribution of Pangasius sp. caudal fin motor neurons at different spinal 
segments  

Segment IL DM VM C VL DL RDL Sum 
V-6 0 0 0 0 0 0 0 0 
V-5 2 0 3 1 0 0 0 6 
V-4 5 6 11 5 7 0 0 34 
V-3 7 9 21 5 20 2 0 64 
V-2 6 5 15 7 14 1 0 48 
V-1 1 2 13 3 7 0 0 26 
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Table 5:   Percentage of motor neuronal shapes (motor neurons innervating Clarias sp. 
caudal fin) 

Shape Percentage (%) 
IL DM VM C VL DL VDL Sum 

tear 14.96 16.15 21.98 9.5 10.69 0.12 0 73.4 
oval 1.43 2.14 2.14 0.48 0.24 0 0 6.43 
cone 0.95 1.9 2.95 0.83 0.95 0.12 0 7.7 

spindle 0.36 0.36 0.24 0.24 0.48 0 0 1.68 
irregular 2.02 2.5 3.09 1.78 1.54 0 0 10.93 

 

Table 6:  Percentage of motor neuronal shapes (motor neurons innervating Pangasius sp. 
caudal fin) 

Shape Percentage (%) 
IL DM VM C VL DL VDL Sum 

tear 11.96 8 27.57 8.8 17.1 1 0.17 74.6 
oval 1 0.67 1.16 0 1.16 0 0 3.99 
cone 0.67 1.83 2.82 0.17 0.83 0.17 0 6.49 
spindle 0.5 0.67 0.83 0.5 2.16 0.17 0 4.83 
irregular 1.5 1.16 2.99 1.16 2.99 0.33 0 10.13 
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APPENDIX E:   SELECTED PUBLICATIONS (PROCEEDING AND 
ABSTRACT) 
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