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INTRODUCTION AND BEVmW OF THE LITEBATUBE 

More information is needed about the Siamese Fighting 

Fish since it is finding considerable use as a research 

animal. This study was made to desoribe the embryology of 

the Siamese Fighting Fish, Betta splendens Resan. 

Aocording to Smith (1945), Bettes, as they are com

monly known, are found in the wild only in Thailand, where 

they are used ~or sporting events beoause of their pugna

cious attitude. Dr. Gene Lucas of Drake University has 

obtained examples of the species from Viet Nam and from 

Malaysia. This disoontinuity in range may possibly be 

explained by their artificial distribution for mosquito 

control. Bettas prefer live food. Now, ironically, a 

mosquito raising industry thrives In Thailand to meet the 

feeding demands of breeders of these fish. 

The Betta makes a good research animal, since it is 

cheap and clean, demands little maintenanoe, and is 

readily available. To keep the adult fish, one needs only 

an aquarium of fruit jar size. Domestic Bettas are fed 

once to several times daily. Their water is kept at about 

260 C. They utilize air gulped at the surface of the water, 

so their water does not have to be aerated. 

These fish cannot obtain enough oxygen through their 

gille and make uee of an acoessory respiratory appa.ratuB 

oa.lled the labyrinth, a structure used by a number or 



speoies adapted to life in often-stagnant water. The 

labyrinth 1s a cavity on e8Gh side of the head covered with 

vascular epithelium. Absorption is enhanoed by several 

projecting laminae. The flsh go to the surface of the water. 

expel a bubble of used air. and then take in a new supply 

which goes to the labyrinth. The adaptation greatly 

facilitates the use of the fish in artificial culture 1n 

small volumes of water. 

Bettas are naturally aggressive. and the males are 

kept separate from other males unless the aquarium is 

large or there is thick follage 1n it. If not separated. 

they wl11 tight each other. oausing severe fin d.amage and 

seale loss. Healthy individuals heal quickly_ usually 

without signs of permanent or extensive damage_ within a 

tew days. The fish seem to show little discomfort after a 

fight. even though they may look ragged. Braddook and 

Braddock (1955) reported fighting between females in small 

aquaria, but this author has never observed aggression 

between females. Bettas adapt readily to oommunal living 

With most other speoies. Similar speoies may tend to 

stimulate aggressive responses. 

Female Betta.s ma.y produce hundreds of eggs during a. 

mating session. This large number of eggs faoilitates 

statistica.l studies for genetios, a.s well as studies of 

developmental embryology. The large number of progel17 

could possibly be used in physiologioal and psychological 



studies pertaining to crowding or other populat10n 

problems. 

Simpson (1968) made an in-depth study of the aggres

sive display of Bettas. He noted the brightening of colors, 

flaring of fins and gill covers, jockeying for position, 

battle, and behaVior after Victory or defeat. Non

aggressive and mating display are also recorded. 

Marrone, Pray, and Bridges (1966) reported the 

effects of norepinephrine and epinephrine on the Betta. 

They also described aggressive behavior and flaring of 

opercula and fins. They found that fish treated with 

norepinephrine presented the aggressive display, whereas 

fish treated with epinephrine did not. 

Considerable pharmacological and psychological 

experimentation has been done with the Bettas. Abramson 

and Evans (1954 and 1957) used Bettas 1n research on 

LS~25 and other ergot drugs. They found that under the 

influence of these drugs the fish arohed their tails and 

swam with either a nose-up or a nose-down attitude. 

Juvenile Bettes were found to be more sensitive to the 

drugs than adults. 

Walesyek and Abood (1956) disclosed that oomplete 

elimination of aggression could be obtained by using 200 

milligrams of meprobamate per 5 gallons of water. Sohaffer 

(1963) tested this on a series of males whioh were treated 

individually for 120 minutes and then placed together 1n an 
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aquarium which contained the same diJ.ution of the drug. In 

some oases the t'ish existed peacefully together, but in 

others they did not. 

Goodrich (1929) summarized ea..rly research on the 

genetics of aquarium fishes, inoluding work with guppies, 

poecilia reticulata; rice fish, Orlzlas la-tipes; swordtails, 

Xiphophorus maoulatus; goldfish, Carassius auratus; a 

killifish Rlvulus urophthalalmus, and others. Most ot' 

these studies dealt with color patterns or sex determina

tion. 

Most genetic work with Bettas has been with color 

variations. Goodrich and Mercer (1934) identified an 

albinistio type now known as "Cambodian. II Other color 

mutants have since been desoribed by Eberhardt (1941), 

Wallbrunn (1958), and Lucas (1968). Wallbrunn (1951) 

desoribed the reduction or absenoe of ventral fins and 

earne to the conclusion that this abnormality is non-genetioo 

Lucas (1968) confirmed this and described the double-tail 

form. Robby publioations have mentioned oolorless, yellow, 

red, brown-black, and other abnormal Bettas. 

Fertilization. Betta eggs are well suited for 

embryonic studies since the moment of fertilization ean be 

determined within quite well defined limits, they are a 

convenient size and development is rapid. When the pair 

is ready for mating, the female sidles up to the male and 
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partially rolls over, or the male rolls her on her side or 

back and appears to squeeze her 'by wrapPing himself around 

her. The eggs are fertilized externally, evidently soon 

after leaving her body, since the fishes' vents are close 

but do not touch. 

The Betta egg 1s a typical teleost egg. A large 

quantity of yolk is present, typical of polylecithal eggs. 

Cleavage 113 discoidal. There is a definite an1mal pole 

during development, but it cannot be distinguished before 

oleavage. According to Manner (1964) the yolk of a 

teleost is conoentrated in the center of the egg 

(centroleoithal). Before fertilization there is a 

peripheral layer of cytoplasm, except near the animal pole 

whioh 113 yolk free. There is a micropyle by the animal 

pole. 

Manner described fertilization as follows: the egg 

is first surrounded by spermatozoa, one of which enters 

through the mioropyle. A male pronuoleus is now in the 

egg, but the process of fertilization oannot be completed 

sinoe the egg Is still in the seoond meiotio division. 

When maturation is oomplete the seoondary oooyte is ready 

to join with the male pronuoleus, and fertilization is 

a.ooomplished. 

After fertilization the vitelline membrane lifts 

from the surface of the egg oreating a per1vitelline space. 

It 18 filled with fluid produoed by the egg. After 
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fertilization, the egg is considered to be telolec1thal 

because the cytoplasm has a tendency to flow toward the 

po1nt ot sperm entranoe. 

Development of the embryo 1s rapid, w1th hatohing 

ooourr1ng within 48 hours. Rugh (1962) reports that in 

10-20 minutes after rae.t1ng, fert1le eggs will appear 

translucent, and unfertilized eggs will appear opaque, 

although an oooasional fertile egg will appear opaque. 

Little researoh has been done on Betta embryology. 

An early report was that of Van Dt1ijn (1938). His 

description began at 24 hours and continued until the 

young fish were free swimming (no time given). It 

included only seven photographs taken at various 1ntervals 

of development. He described the threshing of the tail 

of the young flsh which finally causes °hatchingU by 

ripping the egg membrane. He pointed out the large size 

of the eye, iThich is typical even of mammals and mentioned 

that 24 hours after hatching, the fry leave the nest. 

A photographic essay on Betta embryology by Daugs 

(1967) appeared in a hobby publication. No information 

was supplied concerning technioal aspeots of his work. 

His identified stages apprOXimate mine. 

Cohen (1962) observed developing Betta embryos 

from the time of fertilization through 96 hours. She 

made a oomparison with the Zebra fish. Braohydan10 

rer10. and found that the development of these two speoies 
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olosely paralleled each other for the first 24 hours. Her 

report was not illustrated. 

Some detailed studies have been compiled of the 

embryology of other aquarium fishes. A fate map of gastrula 

tissue areas wa.s produced by Oppenheimer (1947). 

(Oppenheimer's stages are used as a classical form for 

comparison.) :BuSh (1962) compiled information regarding 

embryology of a number of aquarium fiab, including the 

killifish, Fundulus heterocl1tus (Solberg, 1938); the 

Zebra fish, Brachydanl0 rerio (Haaeen-Bunge, 1939); the 

Japanese rice fish or Medaka, Oryzlas latlpes; the 

Platyfish, Xiphophorus (PlatyPoecllus) maoulatus; and others. 

Kirchen and west (1969) used serial sections and photo

micrographs of entire embryos and determined stages whioh 

were described in detail. 

Considerable investigation has also been made of 

more distantly related fish. Salmon embryology was 

described by Ballard and Dedes (1968). They defined 

morphogenetic movements at the lower surface of the 

blastbdlsc. Knight (196) described early embryonio 

development of the ra1nbow trout, Salmo gairdneri. 

Excellent photomlorographs and e. very thorough explanation 

were provided. Embryos were desoribed in relationship to 

t1me, but they were not staged. 
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MATERIALS AND METHODS 

Twenty-five pairs of Bettas were set up in one and 

one-half gallon aquaria kept at 260 C. Des Moines city tap 

water which had been aged by standing in glass jars at least 

2 days was used. Initially, the females were kept out of 

contact with the males by placing them in a jar 1n the 

spawning aquarium. The Betta is a bubble nest bUilder, and 

in the wild builds his nest under leaves on or near the 

surface of the water. Half of a styrofoam cup was used to 

simulate the leaf. The male courts the female by spreading 

his fins and opercula and by becoming viVidly colored. The 

nest is built of bubbles, which, when blown, are covered 

with a viscous muoous that causes them to last for days 

and aids their clinging together. After suitable bubble 

nests were bUilt, the females were released and the behavior 

of the fish was observed periodically until spawning 

occurred. The mating pair of fish was observed until a 

mating embrace oocurred. The time was recorded. Eggs were 

siphoned out of the tank with a pipette as they dropped from 

the female. They were put in depression plates for sub

sequent observation. Eggs from the same spawn were observed 

for the entire developmental period. Water in the depres

sion plate was exchanged periodioally with water from the 

aquarium as a preoaution against retarding or harming the 

embryos with metabolic wastes or oxygen starvation. 
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Finally, reoords were made and photomiorographs were obtained 

of their progress. 

Observations were made frequently during the first 

two hours, so all of the early cell divisions could be 

photographed. From 2-24 hours the observations were made 

hourly. Then the time intervals were generally increased 

to 4 hours unt1l 68 hours. (Note the 56-64 interval, then 

68 hours.) The remaining observations were made when 

convenient. At other times the depressions were covered 

with a cover slip to minimize evaporation of the water. 

Piotures were taken on Kodak Panatomic X film with a 

Honeywell Pentax Spotmatic camera mounted on an A 0 Spencer 

binocular microscope. The film was developed in Kodak D-76 

developer using standard small tank procedures. An omega 

B22 enla.rger and either Kodak Medalist or Kodabromlde 

paper were used for printing. All pictures are approxi

mately 60X. 

DaTA AND DISCUSSION 

Results are disoussed with reference to the age of 

the embryo rather than by stages. Any references to stages 

are comparisons to Oppenheimer's stages of Fundulus, as 

recorded by Solberg (1938). 

Before cell division started, the egg was about 

1 millimeter in diameter. The yolk diameter was 0.6-0.7 mm.' 

The dlfferenoe was due to the vitelline membrane's listing 
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from the surfaoe of the egg. thus forming the perivitelline 

space. 

Cleavage involved only the an1mal hemisphere. so it 

was meroblastic and discoidal. The animal pole was 

distinguished only after cleavage started. The first 

visible cell appeared about 10 m1nutes after fertilization 

(Fig. i-a). After about one-half hour (Fig. i-b) this oell 

had flattened. By three-fourths hour (Fig. 1-0) the first 

cleavage occurred. The second oleavage ocourred by 1 hour 

(Fig. i-d) and the plane was perpendioular to the first. 

The third oleavage (Fig. 2-a) was in the same plane as the 

first so that at one and one-fourth hours there were two 

rows of four cells. By one and one-balf hours the fourth 

cleavage had occurred (Fig. 2-b). It was in the same plane 

as the second. The cells were in four rows of four cells. 

Cells could not be counted in later stages. From the 

original single oell of about 0.5 Mm. cell sizes were 

reduced to about 0.1 mm at one and one-half hours. 

From 2 hours to 11 hours (Fig. 2-0 to Fig. 4-d) the 

germinal disc flattened and grew around the yolk. The 

oells extending around the yolk tended to squeeze it out of 

its spherical shape. and a distinotive yolk plug appeared 

at about 9 hours (Fig. 4...b). By 11 hours the germinal disc 

had fully encircled the yolk. 

By 12 hours the oephalio end of the embryo could be 

distinguished (Fig. 5-a). The neural keel was very apparent. 
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By 13 hours (Fig• .5-b) the optic vesioles appeared. arising 

from the eotoderm of the neural keel .. 

The mesodermal somites appeared by 17 hours (Fig. 

6-b). There were 15 somites at this time. As can be seen 

in the ph.otomicrograph. the medulla was distinguishable. 

The optio lobes. forebrain. oerebellum were also present 

by this time. There was no disoernible heart aotivity yet. 

Du.ring the next three hours the embryo was growing 

as Been by its position on the yolk and by oomparison of 

the photomiorographs (Fig. 6-b, o. d). Surprisingly. only 

15 somites were seen during this period. At 20 hours 18 

somites were visible and at 21 hours 20 somites (Fig. 7-a. 

b). 

The heart beat was first observed at 23 hours, about 

the midway point to hatching (Fig. 7-d). It was beat~g 

only 16 beats per minute. The sinus venosus and ventriole 

were visible as were gill buds. In one hour's time (Fig. 

8-a) the heart rate made a notioeable increase to 80 beats 

per minute. By 24 hours the caudal knob had grown free of 

the germinal lay-ere 

At 28 hours the heart rate was 104 beats per minute 

(Fig. 8-b). The gill area was visible due to the blood flow 

in that area. The blood flow was also observed in the 

oaudal region as it passed from the dorsal artery through 

capillaries between the somites into the ventral vein and 

baok to the heart. The embryo was beginning to squirm by 
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lashing its tail. Knight (1963) reports that the early 

thrashing about of the trout embryo appe·ars to be myogenic. 

These early tail movements in the Betta could also be 

spontaneous in the somites themselves. 

Circulation was first observed in the vitelline arc 

of the yolk sac at 32 hours (Fig. 8-c). ~he heart rate 

remained stable at 104 beats per minute. As can be seen 

in the photomicrographs. the first chromatophores were 

appearing as dark spots on the dorsal surface. Pigmentation 

was also apparent in the eyes. 

At 36 hours (Fig. 8-d) the embryos were very active 

and difficult to photograph. The heart rate had increased 

to 120 beats per minute. Ti.ny pectoral fin buds were seen 

for the first time. 

By 40 hours the fin buds were clearly visible on 

both sides of the embryos, just behind the operculum. The 

heart rate was 152 beats per minute. 

The embryos were hatching by 44 hours (Fig. 9-b). 

but they did not appear to be very active. Observation of 

the fry in the aquarium at this time disclosed that they 

were hanging tail down from the bubble nest. At times they 

fell from the nest. Then they were sucked up by the male 

end blown baok into the nest. Sometimes by furious wiggling 

they mad.e it back themselves. Note the pectoral fin bud. 

cephalic vessel, and the bumps on the oephalic and dorsal 

surfaoes (Fig. 9-b, c). Aooording to Daugs (1967) these 
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projections are an aid to ripping the chorion. Knight 

(1963) related that trout embryos possess hatching glands 

in the head region and the yolk sac. These glands produoe 

an enzyme that weakens the chorion, and the lashings of the 

embryo's body burst the membrane. The bumps on the Betta 

may be homologous to the hatching glands of the rainbow 

trout, but this is not certain. At this time the heart rate 

was 152 beats per minute. The embryo had also reached its 

full complement of 31 somites. The cloacal opening was 

olearly visible. 

Though these structures should have been formed 

earlier, the otic vesicle was first clearly visible at 48 

hours (Fig. 9-c) and the opthalmallc lobes of the brain at 

52. The heart rate had reached 160 beats per minute. At 

56 hours (Fig. 10-b) the pectoral fin bud was mOVing 

periodically with no particular rhythm. The heart rate 

remained 160 beats per minute. 

During the next eight hours the heart rate dropped 

to 152 beats per minute. Until 52 hours the embryos had 

been kept at 260 C. At 64 hours (Fig. 10-c) the temperature 

dropped to 240 0, due to a room temperature change. By 68 

hours (Fig. lO-d) the temperature was down another degree to 

2)0 C. The heart beat rate was down to 140 beats per 

minute. The embryos seem oritioally sensitive to temperature 

shifts. as a J degree drop caused a heart beat reduotion ot 
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20 beats per minute. Note the optic nerves in this 

photomiorograph. 

By 76 hours (Fig. 11-a) the fry were free swimming. 

At this time, also, the temperature rose to 240 Ot and the 

heart rate returned to 160 beats per m1.nute. Note that 

the little "hatohing" bumps were still present. 

At 96 hours (Fig. ll-b, 0) the temperature again 

reaohed 260 C. The heart rate was up to 200 beats per 

minute. The peotoral fins were moving qUite rapidly. Fry 

in the tank were no longer hanging from the bubble nest, 

but were swimming in the norma1 ho~lzontal position. Their 

movement s seemed coordinated. The balancing meohanism 

apparently was operative by this time. Mouth movements 

were quite noticeable. The otic vesicle could be seen in 

side view (Fig. i1-b). 

By 120 hours (Fig. Ii-d) the yolk material was almost 

gone. The heart rate continued at 200 beats per minute and 

mouth movements corresponded to operCUlar movements. 

The development of many eggs was timed, and stages 

appeared at the same hours oonsistently. The relatively 

greater consistency of Betta development may be only 

apparent. Development in 2 days rather than 23 makes an 

hour of trout development correspond to about 5 minutes in 

Bettas. Knight (1963) noted that trout eggs varied markedly 

during the first few days of development6 
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Fish are polkelot.ermal animals and, as suoh, have 

metabolio rates dependent on environmental temperature. 

Assuming that the temperature drops reoorded during the 

68-96 hour period are what affeoted the heart beat rate, 

other development might be varied by altering the water 

temperature. 

About 200 eggs were oolleoted from one spawn, none 

of which developed. Eggs from another spawn which were 

placed in small bottles about 4 oentimeters deep died 

within 5 hours. It may be that embryos are very sensitive 

to pressure, or they have to be near the surfaoe of the 

water for oxygen. No difficulties were experienced when 

the eggs were grown in depression plates. 

CONCLUSIONS 

Limited embryologioal study has been made of Bettas. 

Beoause of interest and application, additional information 

seemed desirable. stocks of domestic Betta splendens were 

used to obtain eggs for embryological study. 

Eggs, developing embryos, and young fry were observed 

during a 120 hour span from the time of fertilization. 

Development was compared to classical embryological studies, 

such as that of rainbow trout, Fundulus, and salmon. 

Betta development was very rapid oompared to other 

speo1es. Essent1al fea.tures of development were early 

oleavages everyone-fourth hour. blastulation in two hours. 
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organ development starting at 

and the fry beeoming 

that of lessening of 

the heart beat 

gastrulation in 11 hours, 

13 hours, hatching at 44 hours, 

self-sufficient by 96 hours. 

An interesting observation was 

the heart beat rate when the body temperature decreased. 

When the body temperature dropped 3° 0, 

rate was depressed 20 beats per minute. 



F1gure 1. Betta embryos in the first hour ot 
development ~j 

a--10 m1nutes. One cell stage. Oppenheimer 
stage 2. Oppenheimer's stage 1 is the unfer
t1lized egg. 

0..-1/2 hour.' still one cell. but it has flattened.' 

c--')/4 hour. Two oell stage. Oppenheimer stage .3. 

d--1 hour. Four cell stage. Oppenheimer stage 4. 
This cleavage was perpendicular to the first 
cleavage• 

.9'70 
~915 

}roth. 
~mbryo 



18 

b. 1/2 HOUR 

d. 1 HOUR 

FH~ure 1. 

10 MINUTES 

3/4 HOUR 

a. 

0 0 



Figure 2. Betta embryos during 1 through :3 hours' 
development. 

a--1-1/4 hours. Eight oell stage. Oppenheime.r 
stage 5- There are two rows of four cellse 1'11e 
third cleavage was in the same plane as the 
f1rst cleavage. 

b--1-1/2 hours. Probab1.y sixteen oe1.1 stage whloh 
would oorrespond to Oppenheimer stage 6. Th1s 
fourth cleavage was 1n the same plane sa the 
second oleavage. 

0--2 hours. 

d--3 hours. 



9.. 1-1/4 HOURS	 b. 1-1/2 HOURS 

o.	 2 HOURS d. J HOUES 

Figure 2. 



Figure 3. Betta embryos during 4 through 7 hours' 
'ment.' 

a--4 hours. 

b--S hours. 

0--6 hours. 

d--? hours. Oppenheimer stage 12. Dnring these 
stages of' development the cell mass was extend1.t1g 
around the yolk material. The individual oells 
cannot be distinguished. but the definite 
progress of blastulation can be followed. 
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F 

~:-~-

9.. 4 HOURS b. 5 HOURS 

o. 6 HOURS d. 7 HOURS 

Figure 3



Figu.re 4. Betta embryos during 8 through 11 hours of 
development. 

a--8 hours. Oppenheimer stage 13. The blastoderm 
is about one-half over the surfaoe of the yolk.: 

b--9 hours. Oppenheimer stage 13. The blastoderm 
is about two-thirds to three-fourths over the 
yolk. The yolk has beoome distended by the 
squeezing of the blastoderm. 

0--10 hours. Oppenheimer stage 13. The yolk 1s 
almost enolosed by the blastoderm. The neural 
keel 1s apparent. 

d--11 hours. Oppenheimer stage 13. 
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8. 8 HOURS b. 9 HOURS 

c. 10 HOURS d. 11 HOURS 

Figure l.. 



Figure;. Betta embryos during 12 through 15 hours' 
development. 

a--12 hours. The oephalic end can be distinguished. 

b--13 hours. Optic vesicles are apparent. They
 
arise from the ectoderm of the neural keel.
 
Oppenheimer stage 16.
 

0--14 hours. There is little d1fference 1n appear

ance of the 13. 14. or 1; hour embryo.
 

d--15 hours. ! 

c 

1IIIIIIn.~ _ 
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• 

a.. 12 HOURS b. 13 HOURS 

d. 15 HOURSc. 14 HOURS 

Figure 5. 

-




--,-----

Figure 6. Betta embryos during 16 through 19 hours' 
development. 

a--16 hours. The embryo has attained greater s1ze. 

b--17 hours. Somites f1rst appear. 15 somites are
 
visible. The medulla, cerebellum, forebrain, and
 
opt1c lobes were present. Approximately
 
Oppenhe1mer stage 20.
 

0--18 hours. The embryo 1s growing, but stlll
 
only 15 somites are present.
 

a. 1 
d--19 hours. 15 som1tes are present. 

c. 11 

_."---------~
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• 

a.. 16 HOURS b. 17 HOURS 

c. 18 HOURS do 19 HOURS 

Figure 6. 



i 
,..ez-----

Figure 7. Betta embryos during 20 through 2) hours' 
development. 

8--20 hours. The number of somites had increased 
to 18. 

b--21 hours. The number of somites was 20. 

0--22 hours. 

d--2; hours. The sinus venosus and ventricle were 
visible. The heart aotion was first observed; 
the heart was beating 16 beats per minute. The 
gills were Visible. Oppenheimer stage 21. 
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a.. 20 HOURS b. 21 HOURS 

do 2) HOURSo. 22 HOUBS 

Figure 7. 



Figure 8. Betta embryos during 24 through 36 hours' 
development. 

a--24 hours. Heart beat was 80 beats per minute. 
The caudal knob was free of the germinal la.yer. 

b--28 hours. Heart beat was 104 beats per minute. 
The gill area was visible. Embryo was moving. 

0--32 hours. First pigmentation appeared. 

d--36 hours. Peetoral fin buds were discernible. 
Oppenheimer stage 24. 

197C 
G91~ 
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a. 24 HOURS b. 28 HOURS 

o. )2 HOURS d. 36 HOURS 

Figure 8. 



development. 
Figure 9- Betta embryos during 40 through 48 hours' 

a--40 hours. Heart rate was 152 beats per minute. 

b--44 hours. Embryo had hatohed. The fry was not 
very aotive. Oppenheimer stage 32. Note the 
bumps on the dorsal surface of the fry. It is 
believed that they are an aid to hatching. 
The fry contained 31 somites. 

0--48 hours. Otic vesiole is visible, but it 
probably formed earlier. 

197' 
G91 
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111 

a. 40 HOURS 

b. 44 HOURS 

c. 48 HOUBS 

F1gure 9. 



Figure 10. Betta fry during 52 through 68 hours' 

development. 

a--52 hours. Opthalma110 lobes were clearly 
visible. The heart rate was 160 beats per 
minute. 

b--56 hours. The pectoral fin was moving with no 
particular rhythm. The heart rate was still 
160 beats per minute. 

c--64 hours. The heart rate dropped to 152 beats 
per minute, which was probablY due to the 
temperature decrease 260 C to 24° c. 

d--68 hours. The heart rate was 140 beats per min
ute, as the temperature dropped to 240 c. Unt1l 
52 hours the temperature had remained at 260 c. 
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a. 52 HOURS 

b. 56 HOURS
 

c. 64 HOUBS 

d. 68 HOURS 

Figure 10. 



Figure 11. Betta fry dur1ng 76 through 120 hours' 
development. 

a--76 hours. Note that the bumps were still 
present on the dorsal surface of the fry. 
The trg were tree swimming. The temperature 
was 24 Ot and the heart rate was 160 beats 
per minute. 

b, c--96 hours. The try displayed coord1nated 
movements. The temperature was back to 26° C. 
and the heart ra.te was 200 beats per minute. 

d--120 hours. The yolk material was almost gone.
The heart rate was 200 beats per minute. 
Oppenhe1mer stage 34. 
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hOu'rs' 

lted 
to 26° 0, 
mlnu,te., 

; gone. b. 96 HOURSa. 76 HOURS 

o. 96 HOURS d. 120 HOUBB 

Figure 11. 
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Table 1. Embryonic stages ot Betta s lendens compared 
with Solberg' s Fundulus neteroo11us sages 

and Oppenheimer stages. 

Fundulus Betta
Age 1n hours Age 11'1 hoursDevelopmental Oppenheimer Develot>ing Develegingstage stage at 2Sl) C at 26 c. 

(Solberg, 1938) 

Unfertilized egg 1
 

1 cell 2
 

2 oell 3
 

4 cell 4
 

8 cell .5
 

16 oell 6
 

Gastrula.tion begins.
 
Blastoderm about
 
one-third over
 
surface of yolk. 12
 

Blastoderm about ona

half over sU.rfaoe
 
of yolk. 13
 

Yolk plug 14
 

Blastopore olosed. 15
 

Optic vesicle visible. 16
 

Expansion of the
 
optic cups. 20
 

Heart pulsates.
 
Hind brain enlarges. 21
 

Ciroulation begins
 
through dorsal aorta
 
and Vitelline vessels. 22
 

Pigmentation. 20
 

o
 

1
 

1.5
 

2
 

16-18
 

19•.5
 

25
 

26
 

24
 

38
 

46
 

42
 

0.17-0.5
 

.75
 

1
 

1.25 

1.25 

7
 

8
 

10
 

11
 

13
 

17
 

23
 

24
 

32
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Fundulus Betta 
Age in hours Age in hoursDevelopmental Oppenheimer Develog1ag Developingstage stage at 25 C at 26~ C 

(Solberg, 1938) 

Pectoral fin bud 
appears. 24 78 

Bumps on dorsal 
surfaoe. 

Hatohing. 32 264 

Otic vesicle 
visible. 23 60 

Opthalmalio lobes 
visible. 52 

Fry assume horizontal 
swimming position. 76 

Yolk oompletely 
absorbed. 288 120 



Table 2. 
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Heart beat rate of Betta splendens embryo and fry, 
developing at 260 c. There was a temperature drop 
of 30 C from 56-68 hours. 
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