








Figure 28. 

a. 

b. 

c. 

The "Opaque" abnormality 

An "opaque" maie. A Cambodia with green iridocyte color. 
Note altered appearance of colors, also "white" head 
area and enlarged eye. 

An "opaque" female of the same color type. 

A young Fg male with a considerable amount of "opaque" 
pigment. Eye slightly affected. 

An "opaque" Cambodia (left) compared with a "normal" 
Cambodia. The deposits in the normal fish are in the 
lower cheek areas and on the operculum. On the "opaque" 
fish they are spread to all scale areas, especially over 
the dorsal parts which look more transparent on the 
ordinary fish. The deposits are even noticeable in the eye. 
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Only a few spasms were obtained from crosses (Figure 29) but in

ferences may be drawn from the fact that spawn 164, an opaque (Maurus 

inbred strain) X normal (no opaque in ancestry) cross, produced all 

opaque progeny, the effect being intermediate. Two F2 spawns were 

extremely small (two and five individuals, respectively) yet each pro

duced at least one normal and one Opaque. More data are required but 

tentively I propose a mutant at a single locus, dominant or partially 

dominant to normal, and suggest the symbol 0 (for Opaque). 

Color Loss and Albinism 

Breeders constantly search for albino Bettas but genetic albino 

strains have never materialized. The nearest approximation is the 

"temporary" phenotypic albinos which remain following the extensive 

loss of pigment in what appear otherwise to be normal fish. There is 

no uniformity to the progressive changes so individuals are highly 

variable (Figures 30-a, b, c, d, e, f, g, h; Figure 31-a, b, c, and d). 

The occurrence of this abnormality is not very common, but most 

breeders who raise quantities of Bettas notice them occasionally. I 

have observed enough of them to be able to describe some of their develop

mental features. 

The first sign of deterioration seems to be lightening in irregular 

patches as black pigment disappears. This has the most noticeable effect 

on the color phenotype as the fish may progressively lose it all and 

become a "synthetic Cambodia", or "albino". If pigment deterioration 

continues (and it usually does), iridocyte color and fed soon follow. 



Opaque 

Normal 
(melano 
ancestry) 
(103) 

Opaque 
(possible 
me1ano 
ancestry) 

/Progeny parasitized 
I few classified 
A some me1anos 
1 (202A) 

All partially 
effected" 
(164) 

Thai 
betta 

I Two spawns, both short 
W in numbers, each had 

I normals and Opaque 
(207, 236) VJI 

•fS 

{Progeny parasitized and 
lost without classification 

(235) 

Figure 29. Pedigree chart showing origins and relationships of "Opaque" Bettas 

^Moderately affected, seemed to get worse as they got older 



Figure 30. Bettas in stages of color loss 

a. A formerly purple male which has lost most of its color. 
Patches of red remain in the anal and caudal fins, the 
retina is black and the iris of the eye has considerable 
iridocyte color. 

b. The same male about five weeks later showing recovery of 
some red pigment, no others. 

c. A former melano which has lost most of its pigment. Small 
amounts of black are still visible on the fins, in the eye 
and on the gill membrane. 

d. The same fish a few days later. Color disappeared rapidly, 
finally even from the retiria. 

e. A young male moderately affected, black pigment, primarily, 
is absent. 

f. The same fish several weeks later in a "recovery" stage. 

g. The same fish still later, when it has regained its normal 
color, the inside of the eye was pink. 

h. Initial stages of color loss. Part of head and one eye 
involved. Pigment lost from retina giving a "pink" eye. 
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Figure 31. Partial color loss and "colorless" Bettas 

a. A young male with the blotchy appearance first observed 
when black pigment is lost. Other pigments not yet 
affected, 

b. A sibling to the first fish in about the same condition 
Note the Cambodia-like appearance of the light areas. 

c. An extreme variegated Cambodia female. No yellow, black, 
or red integumentary pigment is visible. The retina is black 
and small amounts of green iridocyte color are visible on the 
fins. 

d. A spread, green male, losing black pigment. It is absent from 
the anal, dorsal, upper caudal, and the central part of the 
body. 

e. A young "white" male which developed as a Cambodia, non-red. 
No yellow is evident, Iridocyte color is steel blue which 
looks silvery white on the light background. The retina is 
black and the iris has some pigmentation. 

f. The same fish photographed against a contrasting background 
to show the "white" of the steel blue iridocyte color. 
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The process may be completed in a week or it may take several. It may 

be arrested or even reversed at any time. If color re-forms red develops 

first (Figure 30-a and b) followed by iridocyte color, then melanin. 

Possibly because of ontological specialization and separation from general 

pigment milieu, eye pigments respond slower, being the last to disappear. 

They also lag in recovery. The fish in Figure 30-e, f, and g, for 

example, never completely lost its body pigment and recovered almost 

completely but finally had "albino eyes". This individual, during its 

color recovery, went through a most striking color phase (Figure 30-f). 

The condition must be unrelated to genetic color "lack" (Cambodia, 

non-rad) since those abnormalities are permanent. Those types do develop 

and retain black choroidal pigment (Figure 31-c, e, and f). 

The criterion of eye pigment is important since Cambodias and other 

mutants with normal retinal pigment always have normal vision whereas 

individuals losing eye pigment become progressively blind. The frag

mentary and apparently destructive nature of eye pigment loss is shown 

in Figure 32-c and f. , 

As black pigment disappears the retina becomes redder as expected 

in albinos. The fish might then be considered "transitory" albinos. 

The problem of terminology lies with the definition of albinism. Fish 

fanciers refc.- to almost any red-eyed fish that is light colored (even 

yellow or red) as albinos, and the possibility of genetic relationships 

or relative permanence are given little consideration. 

The reason for color loss is unknown. Wallbrunn (personal com

munication, 1964) thought he could see pigment at the bottom of containers, 
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Figure 32. "Pink" eyes of Bettas with deficient or degenerating 
pigment 

a. The head and eye of the formerly melanistic fish 
shown in Figure 29-a and 29-d. At this stage retinal 
pigment is absent and most is gone from the iris. 

b. The same eye. The unpigmented area includes a 
pigmentless area of the iris. 

c. A formerly red male. Little body or fin color 
is left. Little retinal pigment (the eye was 
quite pink though the print does'nt show it) some 
black remains in the wall of the eye. 

d. A pink eyed with a pigmentless retina. Some patches 
of reddish-yellow were visible on the sides of the 
fish. Spawn-mates were also variously affected. 

e. The eye of the same fish, showing fragmentary black 
patches in the retina. 

f. Another view of the same fish. 
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but I cannot confirm this. That pigment and (or) possibly pigment cells 

are absent is evident. A scale from the fish shown in Figure 32-c appears 

in Figures 7-h, (p.77), 8-h(p.79), and 9-h(p.81). It is clearly devoid 

of color though unpigmented cells could be present. 

There is slight evidence for a hereditary basis. Two spawns 

(relationship unknown) produced 5 and 2 affected individuals respectively. 

Also, I have found only males affected so far. The fact that males are 

cared for individually and are large and showy makes it more likely they 

would be noticed. An affected female in a population tank might never 

be. ' 

Attempts to breed these types have been largely negative as they 

are practically unable to perform spawning duties. I feel they should 

not be called albinos since they are not, at this time, either a re

producible strain or a permanent color type. 

Further Discussion of Color Effects 

Pigment cell counts were used in some cases by past workers to dif

ferentiate phenotypic classes, but consideration was not given to pigment 

cell populations in terms of their relation to wild type. It is most use

ful to include the concept of mutants in the development of "genetical 

systematics" for any organism. It is unfortunate that wild Betta stocks 

were not available for most of my genetic tests. Further tests using 

them will surely clarify some of the more confusing variations, especially 

those involving antagonistic and synergistic interacting effects. However, 

the wild-type substitutes have been effective, and the genetic data now 
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available, and with observations on pigment cell shifts, make phenotypic 

diversity reasonably comprehensible. 

Pigment cells and cell populations were shown in Figure 7, (p.77), 

Figure 8, (p.79), and Figure 9 (p.81). Cell detail is clearest in 

Figure 9. Certain cell variations are plain enough. The presence, 

absence, or relative numbers of various pigment cells can adequately 

account for significant amounts of variation. But not all .variations 

are simply demonstrable. The problems of interpretation at the cell level 

were not recognized at first. They are extensive and offer new oppor

tunities for further investigation. 

While wild type fish have many black melanophores on the body scales, 

Cambodia scales have few, though it is not known for sure whether the 

cells are absent or are present but unable to'produce color. Blond fish 

have reduced numbers of black cells in the intermediate zone, but they too 
L 

could have some cells that are colorless. Cell counts were not made of 

melanophore populations of melanos, but on the scales numbers seem about 

normal. However they appear to have more expanded processes full of large 

numbers of pigment granules. Further study is necessary to make accurate 

determinations. 

Red cells are not found on scales of wild-type Bettas. The ex

tended red mutant, however, has numerous red cells in the same area of 

the scale that has yellow and black cells. Though the color is clearly 

different, the cell morphology does not clearly indicate an additional 

cell type. In addition, the red cells have not been shown to be identical 

to the fin erythrophores, though superficially the color is the same. The 

appearance of the red cells on the body suggests that they might be 
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melanophores with abnormal pigment. 

Non-red fish cannot be distinguished from wild type by examining 

pigment cells on the scale. In the fins, -where one would expect to 

see erythrophores, I observed only what appeared co be ovoid cells con

taining a mass of colorless granules and lacking visible processes. My 

interpretation is that these abnormal cells are non-red erythrophores. 

Though xanthophores are clearly present on scales of the wild type, 

dark or light fish which look very yellow (genotypes not all understood) 

seem to have far more yellow pigment. Some show only xanthophores. 

Others look as if the pigment in yellow cells may become orange to red. 

In still others, non-red erythrophores may look yellowish and, if present, 

supplement the yellow color of the normal xanthophore population. Ordinary 

xanthophores show few granules, while yellow-red cells and the erythrophores 

have granules which appear structurally identical to melanosomes. It is 

practically impossible to be sure whether an isolated cell containing red

dish granules is a genuine erythrophore or a modified melanophore or a 

modified xanthophore. 

A tabulation of mutants with probable cell population alterations 

is given in Table 33. A diagrammatic representation of the relationships 

between normal and various mutant phenotypes is shown in Figure 33. 

Structural Abnormalities 

A number of structural variations have been noted, some having a 

genetic basis, and others not, according to breeding, tests. 
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Table 33. Summary of effects of color mutants on cell populations 

Mutants Symbol Deviation from wild type 

Cambodia Melanophores mostly absent (or lacking 
melanin?) in integument (but not choroid), 

Blond Melanophore numbers decreased in fins, dor
sum, and intermediate zone of body scales. 

Melano m Melanophore numbers increased in fins 
(and elsewhere?), and melanin tends to be 
more widely and constantly dispersed in the 
cells. 

Red cells present in scales and dorsum 
(erythrophore invasion from fins? or red
dened melanophores or xanthophores?) 

Erythrophores colorless or yellowish (or 
absent?); no visible processes. 

Erythrophores absent or colorless in 
irregular areas of fins. 

Guanine increased in scales and fins (but 
not in dorsum); maximum spread at maturity. 

Blue B1 Yellow (lutein) reduced or absent? (from 
slime layer?) (altered iridocytes?) 

Opaque 0 Guanine increased in scales and fins and 
dorsum, apparently develops throughout life. 

Extended red R 

Non-red nr 

Variegated fins Vf 

Spread iridocytes Si 
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Variegated fins 
(Vf::) 

A 

Albino? 

Melano 

Blond 
(̂ ) 

Cambodia" 
(cc )  

Fin extension* 
(Zz) 

Wild type 
(normal) 

Spread iridocyte color 
(Si-) 

Opaque 
(0) 

Extended red 

V 
Yellow 

A 

\ 

Non-red 
(nr nr) 

Double-tails* 
(dt dt) 

Steel blue and blue 
(B1 El) (B1+) 

Figure 33. Relationships between Betta mutants and wild type 
structural mutants) 
* Structural mutants to be discussed later 

(Includes 

Genetic abnormalities 

Extended fin growth (Veil-tail) The gross anatomical difference 

between wild type and long-finned domestic fish has already been illus

trated. (Figure 2, p.13). In Bettas it is characterized by a sax dif

ference, the males developing extension of all structural fin elements 

in all fins except the pectorals. Wallbrunn (1951) related that Eberhardt 

(1943a) demonstrated long fins (disregarding shape variation) to be con

trolled by a single dominant gene. I have not seen the original data. 

My own data from domestic X wild (short-tailed) agree with such a 
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conclusion (Table 34). 

Table 34. Spasms from matings of long-finned X normal Bettas 
(various combinations) 

Spawn 
Number Male Parents Female 

Progeny 

Normal Long Fins " 

107 Wild Domestic (97) 0 40-50 

(green) 

123 Domestic (97) Wild 0 10 
(melano) 

109 Wild Wild 3 0 

196 (Fg) Normal (107-1) Normal (107-2) 0 13 

242 (F2) Normal (123-1) Normal (123-2) 3 10 

Females not classified 

Reciprocal crosses produced all long-finned F]_ male progeny. The F2 

from spawn 107 produced only 5 males suitable for fin classification, 

all with long fins. Of 13 males in the F2 (spawn 242), of spam 123, 

three were short-finned. Though data are limited all confirm the domin

ance of the "long" alternative. 

The symbol 2 selected by Eberhardt probably came from the German 

prMchtig, meaning splendid, magnificent, gorgeous, or sumptuous. The 

term is applicable so I suggest retention of the symbol and designation 

Dorso-caudal mutant The most unusual anatomical abnormality in 

Bettas is a rather rare type having an unusual multiplication of dorsal 

fin rays and either a -duplicate or bifurcate caudal fin and posterior 
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caudal peduncle (Figure 34). 

Regan (1909) gives the dorsal ray numbers as 9-10 with 11 maximum 

in the wild type. The fish described here have 20-25 dorsal rays 

(Figure 34a). The caudal fin of a normal fish has 12-14 rays but each 

lobe of the duplicate type contains 8-10 rays. Very young fry show 

large wide-spread caudal rays quite unlike the normal fry. 

Mr. Walt Maurus, who supplied them, says they breed true. His 

matings with normal fish produce all normal ?]_ progeny, and matings of 

Fl with abnormals produce both types of progeny. I have had only one 

spavm, which was between a normal F^ male and an affected female. The 

young are of both types. 

This anomaly has been mentioned only in hobby publications. No 

breeding data have been reported anywhere. I am confident of Mr. Maurus' 

accuracy, and our combined results demonstrate the condition to be genetic 

and a simple recessive. 

A description by Whitern (1962) refers to these fish as "split-

tails". Mr. Maurus and I both feel that "split-tail" is a misnomer. 

Fish with large fins frequently split their fins (separation of rays by 

splitting or tearing of the web membrane) and this damage may heal 

(Figure 34c). By contrast, the anomalous new type is a permanent 

developmental feature. We feel it would more properly be called "double-

tail". Because of the evidence we have and the considerations mentioned 

I propose the symbol ̂  (for double-tail). 
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a, A young double-tail male showing plainly the bi-lobed caudal fin. 
Note the increased number of dorsal fin rays. 

b. An older double-tail male. The tail is clearly double and the 
dorsal fin is as extensive as the anal. 

c. A male from ordinary stocks with a mechanical split which has 
partially healed. Note tl.at the dorsal fin has normal number of 
rays. 

Figure 34. Genetic and non-genetic "Double-tail" Bettas 
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Non-genetic abnormalities 

A number of traits were observed that produced unnatural pheno-

types but which upon investigation seemed to be non-genetic. I have 

sub-grouped these on the basis of their being temporary (conditional 

or environmental) or of permanent (developmental) origin. 

Conditional or environmental defects (Figure 35). 

1. Split or damaged fins (Figure 35-a and b). Web membrane 

separations are common in some stocks. They often occur when males fight 

or when they injure females during a spasming drive. Poor general con

dition may make tissues vulerable to attack by bacterial, fungal, or 

other parasitic infections which then leads to tissue degeneration. 

Frequently the condition is minor and regeneration occurs but sometimes 

leads to major fin destruction and death. 

2. Distention (Figure 35-c). Bettas are susceptible to "dropsy", 

(an example appears in Figure 31-e, p.158) where they become moribund, 

their scales protrude and often they die. They may also have distended 

abdominal areas which could result from intestinal blockage, ovarian 

problems or even swollen air bladder. Blocked intestines may be relieved 

either spontaneously or by treatment. Ovarian problems seem to result 

from decompositon of eggs in the ovarian tissue. Necrosis of local tis

sue often results, and further problems may develop. The air bladder in 

Bettas extends quite far back into the caudal peduncle and not uncom

monly this may develop improperly or it may not fill properly. Breeders 

occasionally complain of "jumpers" or, "sliders", young fish which cannot 



Figure 35. Abnormalities of unknown origin 

a. Male having some of the membrane absent between 
rays in the upper portion of the caudal fin. 

b. Another specimen with a similar defect. The membrane 
separation is located near the center of the caudal 
fin. A split is present at the upper posterior rim 
of the caudal such as is often observed following 
injury. 

c. A female with greatly distended abdominal area, thought 
to be caused by decomposition of large egg masses in 
the ovaries. 

d. A green male with a split caudal, many misaligned rays 
in all median fins, jagged fin edges and deformed pelvic 
fins. 

e. A "purple" male having a bent dorsal fin and rudimentary 
pelvic fins. 



ZLl 



173 

swim horizontally because the air bladder is not properly developed 

and inflated. 

3. Bent, recurved, curled or misaligned fin rays (Figure 35-d 

and e). Frequently individuals are discovered with one or more of these 

defects. A single individual may have a bent fin such as the dorsal of 

fish in Figure 35-e. This particular condition is rarely seen and has 

not been reproduced. The more common poor alignments usually occur in 

fish (sometimes entire spawns) which grow up in poor surroundings such 

as fouled water. 

At present there is no evidence of a genetic basis for these problems. 

Recurving fins (nor shown) appear to develop when growth occurs after some 

damage (microscopic) has been done to the free growing margins of the fins. 

This, I feel, follows infection of some kind, tissue damage, the formation 

of scar tissue, and subsequent growth of sub-terminal tissue of the fins. 

Developmental defects (Figure 36). 

1. Missing or reduced caudal fin (Figure 36-a and b). Rarely, a 

specimen appears lacking its caudal fin. This occurred in perhaps a 

dozen cases during my experiments involving thousands of fish. None of 

these were used for breeders. However, the rarity of their appearance 

and the lack of relationship of their ancestry make it doubtful they 

have any genetic basis. The cannibalistic tendencies of spawn mates in 

populations suggest the possibility of loss through amputation without 

subsequent regeneration. 



Figure 36. Abnormalities thought to be produced by faults 
in. embryological development 

a. A Cambodia male with no caudal fin. Other fins are 
partially folded but were normal. 

b. Another Cambodia male, this one having a less severe 
reduction in caudal fin size. A webumembrane seems to 
unite caudal and anal fins. 

c. An extended red male lacking the paired (ventral) fins 
normally located anterior to the large anal fin. 

d. "Pug-nose" and other signs of retarded development thought 
to result from crowding, 

e. A male with a notch out of the lower part of its body, 
involving also the anal fin. 

f. A female with same abnormal notch. 
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2, Missing pelvic (ventral) fins (Figure 36-c) On several 

occasions spavjns were obtained containing numerous individuals with 

insufficient development of the pelvic fins. The condition was not 

uniform. Some fish lacked any vestige of either fin. Others had 

rudiments of one or both. Some had one normal fin. Wallbrunn (1951) 

analyzed the condition and concluded it was non-genetic. He reported 

an increase in dorsal ray number as an accompanying abnormality. 

I agree with Wallbrunn that the condition is non-genetic. I found 

no consistency in the appearance of these types. They occurred in spawns 

from normal parents but two matings between affected individuals produced 

only normal progeny. Normal X abnormal matings usually produced only 

normal fry. 

The best clue to its probable cause comes from spa\m 100. The male 

parent did not keep eggs in a bubble nest but allowed them to lie on the 

bottom of the tank. A number of these were moved to a finger bowl and 

allowed to develop under about an inch of water. Some hatched and 19 fry 

were reared. Eighteen lacked pelvic fins, the other had only one. 

There were several factors where teratological stimulation could 

occur. The eggs may require contact with air, especially at certain 

developmental stages, which may have been impossible as they remained on 

the bottom. There could be pressure differences between surface develop

ment and "bottom" development, though I consider this a minimal probabil

ity. There could have been temperature shock, since eggs were moved from 

a controlled 82° environment in a thermostatically controlled heated tank 

to an unheated finger bowl which could flucuate throjigh several degrees 

with rapid changes. 
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3. Effects of overcrowding (Figura 34-d) In early breeding ex

periments I encountered what might be termed a "stunting syndrome" which 

resulted in phenotypes having smaller bodies, improperly developed fins, 

and characteristic "pug noses" apparently caused by poor development of 

the frontal, nasal, maxillary, and pre-maxillary complex of the superior 

anterior aspect of the skull. 

The affected fish would recover significantly if removed to in

dividual jars and better care, indicating an environmental basis for the 

problem. The skull would rarely recover however, indicating that the 

skull, once formed, is unable to undergo much change. "Old" or "bad" 

water must also be considered a factor since spaxms with better care 

produced size-stunted fish without the other aberrations. 

4, Notches in the body (Figure 36-e and f) I found two fish with a 

portion of the inferior part of the caudal peduncle and the corresponding 

portion of the large anal fin absent. A very similar condition has been 

observed in other aquarium fish. Both specimens were obtained from the 

same breeder's stock, and none were ever found from any other. A 

pedigree diagram is provided (Figure 37). 

The two affected specimens were mated and produced spawn 124 which 

contained at least 50 progeny, all normal. Thus, no evidence is forth

coming of a genetic basis. Possibly mechanical damage or local tissue 

necrosis during early development caused the abnormality. 

For reference purposes, a tabulation of all reasonably certain 

genetic types, including new mutants now described and suggested re

visions of terminology and symbolism appears in Tables 35 and 36. 
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MF - 1 
(normal) 

Normal 

MF - 5 
Notched 

Normal 

Q26 normal 
< 0 notched 
(56) 

284 normal 
1 notched 

At least 50 
normal 
0 notched 

(124) 

202 normal 
0 notched 
(47) 

(24 normal 
J 0 notched 
1 (79) 

344 normal 
0 notched 
(69) 

Figure 37. Pedigree chart showing origins and relationship of 
the two "notched" Bettas 
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Table 35. Summary of mutants of Betta splendens from the literature, 
with my revision of symbols and recommended terminology 

Published Published Described Date Recommended Suggested 
mutant symbols by name mutant, 
name symbol 

Previously described 

Albino C,c 

Cambodia 

(Melano-
phore re
duction) 

(Lipophore) 

Bright 

(Steel blue, 
blue, green) 

Viridens 
Green 

Pr&chtig 

Reduced 
iridocytes 

C,c 

M,m 

L,1 

B,b 

V,v 
G,g 

Ri, ri 

Schreit-
mliller 
Umrath 
Lucas 

Goodrich 
Mercer 
Domentay 

Umrath 
Eberhardt 
Wallbrunn 
Lucas 

Umrath 
Wallbrunn 
Lucas 

Goodrich 
Mercer 
Umrath 
Eberhardt 
Wallbrunn 
Lucas 

Eberhardt 
Lucas 

Eberhardt 
Wallbrunn 
Lucas 

1928 
1939 
1968 

1934 
1935 

1939 
1941 
1958 
1968 

1939 
1958 
1968 

1934 
1939 
1941 
1958 
1968 

1941 
1968 

1941 
1958 
1968 

Albino? 

Cambodia 

Blond 

"Blue" 
(Steel blue. 
Blue) 

PrUchtig 
(splendid) 

B1 

Spread irid
ocytes Si 

* I interpret "albinos" as Cambodia-combinations or non-genetic color loss. 



180 

Table 36. Mutants of Betta splendens not previously described in 
the literature 

Mutant 

name 

Described 

by 

Date Recommended 

name 

Suggested 

mutant 

symbol 

Non-red 

Black 

Lucas 

Cook* 

Lucas 

1968 

1966 
1968 

Non-red 

Melano 

nr 

. m 

Varie

gated fins Lucas 1968 Variegated 

fins Vf 

Extended 

red 

Lucas 1968 Extended 

red R 

Double-

tail 

Opaque 

Maurus* 

Lucas 

Lucas 

1967 
1968 

1968 

Double-

tail 

Opaque 

dt 

0 

Described without oating data in hobby publications. 
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SEX DETERMINATION EXPERIMENT 

The only previous attempt to determine environmental influences 

on sex ratios of Batta splendens was that of Eberhardt (1943b). His 

experiences suggested, as have mine, that environmental conditions may 

influence the sex ratios. He considered the possibility of differential 

sexual mortality due to aggressive differences within groups. He found 

a wide range of sex ratios in preliminary experiments where competition 

was a definite environmental factor and therefore concluded that differ

ential mortality from this source was not important. His opinion was 

that exogenous masculinizing factors were involved. 

Eberhardt's finding of excessive males was duplicated by Wallbrunn 

(1951). In my experiment 22 of 36 spavms had more than 50% males, all 

experimental groups had in excess of 50% males, and the total surviving 

progeny consisted of 827 males and 619 females, a decided masculine ad

vantage. 

Eberhardt finally concluded, with supporting data, that unfavorable 

environmental conditions were responsible for masculinization and opti

mum conditions would provide equal sex ratios but suggested that addition

al research was necessary to determine which feature of the environment 

night be responsible. My experiment was designed to 1) minimize dif

ferential mortality 2) provide uniformity of developmental environment, 

and 3) to investigate some more specific factors than "poor conditions" 

(see methods section). 

The results obtained from individual matings appear in Table 37. 
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Table 37. Sex ratios obtained from experimental matings, expressed 
as males/ total survivors and percent males 

Matings Replications Totals Standard 
Combinations 12 3 and % error 

Ames water. Warm 

Old Male 21/49 18/36 34/48 73/115 t 4.5% 
Young Female 42% 50% 71% 63% 

Young Male 14/29 10/50 32/50 56/129 t 4.4% 
Young Female 48% 20% 64% 43% 

Young Male 42/50 37/44 38/39 117/133 ± 2.8% 
Old Female 84% 84% 97% 88% 

Ames water, Cool 

Old Male 
Young Female 

Young Male 
Young Female 

Young Male 
Old Female 

Des Moines water, Warm 

Old Male 
Young Female 

0/27 
none 

6/29 
21% 

29/47 
62% 

35/103 
34% 

t 4. 6% 

Young Male 
Young Female 

28/37 
76% 

8/15 
53% 

7/48 
15% 

43/100 
43% 

t 4. 9% 

Young Male 
Old Female 

33/41 
80% 

33/42 
79% 

19/45 
42% 

85/128 
66% 

t 4. 2% 

!s Moines, water. Cool 

Old Male 
Young Female 

26/50 
52% 

12/27 
44% 

15/22 
68% 

53/99 
54% 

t 5. 0% 

Young Male 
Young Female 

31/49 
63%-

8/30 
27% 

13/29 
45% 

52/108 
48% 

t 4. 8% 

Young Male 
Old Female 

44/48 
92% 

17/40 
43% 

20/32 
63% 

81/120 
68% 

± 4. 2% 

19/31 20/34 42/48 81/113 + 4.2% 

61% 59% 88% 72% 

31/44 35/50 23/45 89/139 t 4.1% 
70% 70% 51% 64% 

19/4.9 27/50 16/42 62/141 ± 4.3% 
54% 38% 44% 



183 

The 36 spaiiras had nale percentages ranging from 0 to 97. Among 

spawns having less than 6% mortality, the range in percentages of males 

was from 15 to 92. Since the fish were reared individually, competi

tive differential mortality was impossible. The highly divergent male 

percentages minimize the possibility of an innate difference in survival 

strength between the sexes. 

Because of the effort to make conditionsimiform within groups, 

one would expect replicate results to be similar, but they often dif

fered greatly. Whether the environment was "good", or "bad", it does 

not seem accountable for the variation obtained. 

More males were obtained from every experimental combination 

(Table 38). Comparisons of various groups revealed that there was no 

difference in the sex ratios obtained from the two temperature variables; 

therefore temperature was eliminated as an element for further analysis. 

It should be noted however that these results do not rule out the pos

sibility of positive influence by more extreme temperature variables. 

Since there were significant sex ratio differences in the other 

groups (Table 39) they were further analysed with a "two-way analysis 

of variance (with replications)" model after Freund, Livermore and Miller 

(1962) (Tables 40 and 41). 
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Table 38. Sex ratios from various combinations of variables 

Variable Males Females Died % of males 
in survivors 

Standard 
error 

Ames Water 473 310 112 617= t 1.7% 
Des Moines Water 349 309 242 53% t 2.0% 

Cool temperature 418 302 180 - - 58% T 1.8% 
Warm temperature 409 317 174 56% + 1.8% 

Old M X Young F 242 206 152 54% t 2.2% 
Young M X Young F 240 236 124 50% t 2.2% 
Young M X Old F 345 177 78 66% t 2.1% 

Table 39, Chi-square tests of various independent elements of the 
sex determination experiment 

Test Elements Chi-square p Level of 
Significance 

Water variable 20.12 <0.005 Very 

Temperature variable .098 90>75 Not 

Total matings combinations 26.167 <0.005 Very-

0 - Y matings 74.40 <0.005 Very 

Y - Y matings 68.90 <0.005 Very 

Y - 0 matings 40.32 <0.005 Very 
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Table 40. Table of sûmes of squares used in two-way analysis of 
variance test with replications 

Values 

Correction term 

C = 56,336 
a • b • n 

Water variable sum of squares (a) 

I: TiZ 
SSA = i = 1 - C 333 

b • n 

Mating combinations sum of squares (b) 

SSB = .1 = 1 - C 946 
a • n 

Mean sum of squares 

a b 2 

SSM = ijÉll . -C 1.654 

Interaction sum of squares 

SSI = SSM - SSA - SSB 325 

Replicate sum of squares 

É 
SSB. = k = 1 - C 283 

a • b 

Total sum of squares 

a b n 

SSÏ- i?i kÇl - c 4,573 

Error sum of squares 

SSE = SST - SSM 2,636 



186 

Table 41. Analysis of variance table, two-way replications 

Source of 

Variat ion 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Squares 

Water 

Variable 

Mating 

Combinations 

Interaction 

Replicates 

Error 

Totals 

(a-1) 
2-1=12 

(b-1) 
3-1=2 

(a-1)(b-1) 
1-2=2 

(n-1 
3-1=2 

(n-l)(ab-l) 
2-5=10 

(n-1) 
18-1=17 

383 

946 

325 

283 

2,636 

4,573 

383 

473 

162.5 

141.5 

263.6 

? statistics 

~ = 1.45 df = 1,10 4.96 (value of significance) 
MSE 

Fg = MSB = 1.79 df = 2/10 4.10 " " 
MSE 

~ MSB. = ,62 df = 2/10 4,10 " " 
MSE 

F J. = = ,53 df = 2/10 4.10 " " 
MSI 
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The F ratios obtained show no significant levels for any individual 

factor in the experiment. My interpretation is that, though variation 

exists, the test would not support a null hypothesis suggesting any one 

of the elements as a "causative" element. All included components must 

be contributing somewhat to the variation. 

Further consideration of the results will require still further 

basic information. One additional factor which might cause variation is 

a seasonal "sex differential". Since seasonal data were available for 

the experimental mating: a tabulation was made of the natings and results 

(Table 42). 

Though matings were not established with regard to seasons, the 

results clearly show wide ranges of sex ratios for each season. I 

conclude that seasonal fluctuations, under the artificial cultural 

conditions, had no effect. 

General observations concerning sex determination in Bettas 

Some generalities may be made concerning the sex ratios of 

domesticated Bettas. 

1. They are extremely and significantly variable. 

2. There appears to be a consistent advantage to the r^ale sex 
which remains unexplained. 

3. Differential mortality does not appear to be a factor in the 
production of abnormal sex ratios. 

4. Rearing of spax-ms in constant temperature ranges 2° F above 
and below the 80° F optimum did not influence the obtained 
sex ratios. 

5. "Water conditions" appear to cause different ratios, possibly 
through some constituent not yet recognized. 
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Table 42. Matings tabulated by months of the year, information 
considered as % of survivors that are males 

Month Avg. % No. of % Range No, above No. below 
spawns 50% 50% 

Jan 

Feb 56 13 00 to 92 8 5 

Mar 62 2 62 to 63 2 0 

Apr 54 5 27 to 80 3 2 

May 64 2 59 to 70 2 0 

Jun 71 1 1 0 

Jul 

Aug 21 1 0 1 

Sep 66 8 44 to 97 6 2 

Oct 

Nov 40 3 15 to 84 1 2 

Dec 42 1 0 1 

Totals 56 36 00 to 97 23 13 

6. Mating combinations involving parents' age variations can 
produce abnormal sex ratios, 

7. There is some evidence that a young male, older female 
combination may result in a higher male percentage. 

The possibility that Bettas possess a labile sex-determining system, 

as indicated by previous reports, still exists, and seems reinforced by 

my findings. It is possible that exogenous factors are critical. Further 
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investigations are required of the possibilities of exogenous factors 

not yet considered. Specific constituents of water must be suspected 

because of their proven effect. (Cases of Bonellia and Tigriopus, p.50). 

The crowding effect in oysters suggests another possibility that closely 

parallels the Betta case. Hunger caused by crowding, if truly a factor, 

certainly could not be discounted. Many large spawns have numerous 

"stunted" individuals which no doubt suffer from, among other things, 

food deficiencies. 

The lack of conclusive evidence for a cytological genetic sex-

determining system remains a handicap. It is possible that Bettas 

may have a "borderline" genetic sex determining system and that such 

fish as the Betta, Xiphophorus helleri and others represent a slight 

step up, in this respect, from more clearly protogynous animals. This 

idea is supported by the normal development through undifferentiated 

stages to final definitive forms and the occurrence of female-to-male 

sex reversal but no instances of the reverse. 
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SUMMARY 

The objective of this study was to survey the literature on the 

Genetics of the Siamese Fighting Fish, Betta splendens Regan, as well 

as to make breeding-cast analyses of available variant types. 

In order to clarify the genetics of the numerous colorations, 

resolution of the mutant genes was undertaken in relation to the pig

mentation components which they affect. At first wild-type specimens 

were not obtainable in the U.S., and a synthetic wild-type was used as 

a standard of reference. Later actual wild fish were imported from 

Germany and South Vietnam. 

Color mutants identified were as follows: 1) Cambodia, symbol c_, 

causing nearly complete failure of melanophore development except in 

the choroid; 2) blond, causing reduction in number of melanophores 

especially on the dorsum; 3) spread iridocytes, S_i, causing more wide

spread occurrence of guanine crystals on the scales and fins; 4) blue, 

31, incompletely dominant, the homozygous mutant being "steel blue"; 

this is a change in reflective effect, of the iridocytes, but may possibly 

be a property of the slime layer; 5) melano, m, causing abnormal ex

pansion of the melanophore processes; the eggs of nm females fail to 

produce embryos; 6) non-red, nr, causing erythrophores to be degenerate 

except in rare flecks or streaks; 7) extended red, R, causing erythro

phores (or red melanophores?) to be present in body scales and over the 

head, best seen in the adult males; 8) variegated fins, Vf, causing 

failure of red pigment-cell development in portions of the fins; and 

9) opaque, 0, causing extra deposition of creamy matter (guanine?) 



191 

throughout the integument, and often swollen eyes. 

"Yellow" Bettas seem to be combinations of £ with nr and (or R). 

Ko true genetic albino type has been identified. Other combination 

effects, interactions, possible linkages, etc., were considered but 

much more work on these remains to be done. 

A new structural mutant, "double-tail", is reported, and the symbol 

dt proposed. This causes dorso-ventraL doubling of the tail, as well 

as the extra ray development in the dorsal fin. The only other known 

structural mutant is the prevalent long-fin type, P, expressed chiefly 

in adult males. Several non-genetic structural abnormalities were 

studied briefly. Also an apparently non-genetic color-loss effect was 

observed in a number of specimens; pigment cells, especially melano-

phores, would degenerate over part or all of the body and even in the 

choroid, giving more or less albinotic effects. Regeneration sometimes 

occurred. 

During the early breeding tests highly aberrant sex ratios called 

attention to the question of sex-determination. An experiment was set 

up to test the possible influence of kind of water, of.temperature, and 

of parental age on sex-ratio. Extraordinary fluctuations were common 

even with closely controlled conditions, and no certain evidence was 

obtained as to cause. In general there was a tendency to produce 

excess males. The Betta apparently does not have simple genetic sex 

determination. 
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