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Variation in color patterns within a single species
has caused many taxonomlic protlems. It was thougnt that

Abudefduf gmabilis (De Vis) and s-udefduf leucopomus

(Lesson) were perhaps also color variants of the same
species. Lybrids have been found on Cuam and elisewhere
in relatively small numbers and although it is indicative
of interbreeding between these two speclies of ALbudefduf
it does not imply that they are the same species.

It was decided to use thne techaique of cellulose
acetate electrophoresis to study the eye lens nuclear
proteins. The eye lens nuclel have been used in nmany
taxonomic studies because of their very stavle character
and have bteen found to be reliabie indicators of species as

well as breeding populations. 4Arudefduf glaucus

(Cuvier gnd Valenciennes) and Lbudefduf biocellatus
(Quoy and Gaimard) which belong to the same subgenus,

Chrysiptera, as Abudefduf amabilis and sbudefduf leucopomus




were used as controls since were readily

distinguishable. &4lthough al Tour species have the sane

protein band pattern, that is they al. exhlibit seven bands

with the same migration distances, it was found by using

the “ruskal-Wallis and Wilcoxon statisti:al tests that

there is a significant difference (F=.05) between the
four species in protein concentration of these bands.

Thus four separate breeding populations are present and

probably four different species.
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INTRODUC  ON

A commonly encountered prou’ m in taxonomic studies
is one in which two groups appear to be the same except

2

Tor a variation in color. I

1

or uxaunple, Scarus, the
parrotfisn, shows several cases of sexual dimorphisn in
which the color patterans of male and female are so nerkedly
different that these two sexes have been classirled as two
separate species (Randall, 1963). There may be other

cases of dimorphism caused by sex, age, or environument,
either questioned or still unnoticed in reef fishes. It
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has also been suggested that Lbudefduf amabilis (Le V

and Abudefduf leucopomus (Lesson) in the family
Pomacentridae are perhaps dimorphic forms of a single
species (Z.S. Jones, pers. comm.; A&llen, 1972; See
4Lppendix). ish showing intermediate color patterns have
been ouserved in New Guinea, riji, ralau, the Solomon Sea,
ané on the Great Barrier Reef (&llen, 1972). These have
also been observed in Guam in relatively small numbers
(pers. observ.). It is known that the color varistion

is not a result of sexual dimorphism as ripe females of
voth color forms have been reported (allen, 1972). The
presence of mature females showing both color patterns

indicates that the color variation is not the resuvlt of



changes in color pattern with ege. The possibllity

remains, however, that the color variation in

Abudefduf amabllis and A. levcoponus may be caused by

environmental factors. A. leucopomus patterns were

observed in iIndividuals in calm water and A. amabilis
patterns in indivicduals in fairly rough surge (Allen, 1972

end vers. observ.). Intermediates would presumably be

found in any environment if the two extreme color

patterns of A. amabilis and A. leucopomus interbreed.

However, interbreeding is not evidence thet the two ere of

the seme specles unless it 1s found thet the hybrid is
fertile. Breeding of these rare hybrids, like breeding

of most tropicel. fish in the laboratory, might prove to be
very difficult. Zecause of the anticlipated difficulty

of breedl g the hybrids ia the laboratory, 1t was decicded

to use electrovhoresis of the eye lens nuclear proteins

to see 1f this type of analysis might indlcate whether

A. 2mebilis and A. leucopormus belong to the same breedilng

vopulation end therefore to the same speciles.

Blectrophorecis of the eye lens nuclear protelns was

chosen for th: “lowing four reasons. First, the eye lens
nucleus is made " cells that have sclerosed and died
during lens formati: ‘om t1e lack of intrinsic

circuvlation; thereforc, “hese proteins have been removed

from sources of dietary * :ein and oxygen (Walls, 1942).

Carbon-14 studl:s have detected any turnover ¢{ the

nuclesr lens protein ! and Bell, 1965).



No change An electrophoretic pattern hes been observed

with ege (Smith, 1969 and Salvelinus fontinalis, Eckroat

and Wright, 1969) or between right and left eyes
(scombroid fishes, Barret and Williams, 1967; Smith, 1968;

and Szlvelinus fontinelis, Eckroat ard Wright, 1969)

or sex (Selvelinus fontinelis, Eckroat and Wright, 1969).

Third, the nuclear proteins are highly concentrated as

7ell as readily soluble (Wood and Burgess, 1961).

Fourth, these proteins resist denaturation

(Thunnus albscares, Smith, 1965; Sebastolobus slascanus,

Smith, 1971b). Smith (1971b) studied the natural stebility

of the nuclear lens vroteins. No change in the

electrophoretic pattern of the eye lens nuclear protein

was found in fish which had been frozen once; frozen,

hawed, and refrozen; decomposed for five days at room
tenperature; stored outdoors in the shade for five days;
and stored outdoors in the sun for five days.

Because of thelr excellent properties, eye lens
nuclear proteins have been used in taxonomic stuvdies of

several species of fish. The electrovhoretic band patterns

have supporte the results of traditional taxonomic stndies
of bluefin tunu (<mi*» 1968); Scorpaenidae (Smith, 1%08);

yellowfin tuna and bi. eye tuna (Smith, 1970) and bluefin

tune, bonita, and albacore (Smith, 197lc). In one case,

vhere speclation was doubtful, the electrophoretic study

did not support previo taxonomy (Smith, 1,68).



Not only has it been found possible to distinguish

specles electrophoreticzally but also to separate breeding

vopulations within specles (Salmo gairdnerii, Smith, 197la;

Salvelinus fontinelis, Eckroat and Wright, 1969).

Blectrophoretic pattern differences were found in
populations of the same specles of tuna coming from
California end Australia (Smith, 1969); bluefin tuna from
various areas along the California coast (Smith and Clemens,
1973) arnd in oceen whitefish from Cedros Island, Baje
California end Coronados Island, Californis (Smith and
Goldstein, 1967).

The genes for eye lens nuclear proteins appear to be

independert of other genes, and there is probably a simple

Mendelian mode of inheritance (Smith, 1971a). Variation
in protein patterns appears to be caused by incomplete

dominance in Salvelinus “ontinalis (Eckroat and Wright, 1969)

and Salmo gairdnerili (Sw*th, 1971a). Multiple alleles

appear to be present =' the locus for some eye lens nuclear

proteins (Smith, 1971-
Because of the ural stebility of the eye lens

nucleer protein as obr wved in stuvdles on a wide variey

of fish (and it is med that pomecentrids would also

show this stability) and the sensitivity of electrophoresils

in separating species and t eeding popuvlations of fish,

t was decided to aprly this technique to Abudefduf amebilis

and A. leucopormus to 7 :rmine if they do, indeed, belong

to édifferent breedin lations.



Because Abudefduf biocellatus (Quoy and Gaimard) and

A, glavcus (Cuvier snd Valenciennes) belong to the sanme

subgenus (subgenus Chrysiptera) es A. amabilis and

A. levcovromus but are clezarly distinguishable as separate

specles they were used as standards to determine the

expectable renge of varlation in electrophoretic patterns

between distinct specles. Three other pomacentrld specles

in different geners (Dascyllus erusnus,

Pomacentrus albofasciatvs, snd P. melanopterus) were

also run to give some indicatlion of the range of

electrophoretic variation to be found within the family.



M2 S3T ap
TALTLE 1

THE MEAN STANDARD LYNGTH, THE HEAN ZYE LENS KUCLEI WeIGHT
48D SAMrLE SIZE OF ThE POMACERTHRIDS STUDIED

Sample liean Standard lean Wet Weight of
Size Length (mm) Eye Lens HNuclei (em)
iAtudefduf emabilis 33 43 .0059
Abvudé~fduf leucopomus 6 35 .0032
e Rind Bloeellatus 9 L8 0124
stuvdefduf glaucus 20 L9 .0088
Dascyllus aruanus 24 33 .0090
Ponacentrus albofasciatus 8 38 .0087

Fomacentrus melans us 4 5k 0094




to give én equal volume of solution and tissue when
centrifuged (Smith, 1969). The nucleil were then macerated
using e glass rod. Tach tube was covered with parafilm
and placed in the refrigerator at 5°C for a 24-hour period.
During this time the proteins were solubilized (Smith, 1969).
After 24 hours the tubes were removed and
centrifuged at a force of about 500 G for three to five
minutes. A two microliter aliquot of the cleared extract
was removed with a micropipette and was then pipetted in
a straight line across the center of a 1" by 6" cellulose
acetate strip. The strivs were soscked in a solution
containing 0.1 M uvrea and 0.023 M sodlium borate at a pH of
8.6 (Barret and Williams, 1967) and were blotted lightly
before the extract was applied. The strips were placed
in the electrovhoresis chamber built after Audubert and
de lende (1960) which had been filled with one liter of
the urea-sodium borate buffer solution. Following an
equilibration period of 30 minutes, an electric current
of 300 Volts, 7 mill?zmpe was eppllied for 20 minutes
ceusing the proteins to migrate in bvends. The dlstance
mligrated was determined by proteln size based on the
number of amino acids in the protein and by protein charge
based on type of amino acids and thelr sequence in the
protein. At the end of the run, the strips were removed
and stained for elght minutes in & flve percent
trichloroacetic acld solution contzining 0.5 percent

Ponceau S. The amount of stain absorbed by each band we:



proportional to the amount of protein present. The strips

were then transferred to two successive baths of seven

percent glacial acetic acld, each for a period of five to
elght minutes for destaining. The strips were cleared in

cyclohexanone as described by Beckman Instruction FMenual

for the Microzone Electrophoresis Cell, 1965. The

cleared strips were scanned on a 3Beckman Model RB-IN=6

densltometer to vroduce a granh of stein intensity versus

Cistance migrated reflecting the types and amounts of

protein vresent.



ChhAPlZR IIX
RESULTS

Figures 1 and 4 show overlapping densitomete:r scans
(actual size) of the electrophoretic patterns obtained
from runs on several specimens of each species. These
patterns were selected to illustrate the wide variation
of quantity of protein present in each bvand within one
specles.

Figures 2 and 5 are histograms of migration distances
for each of the bands. To reduce variation of migration
distances measured for each band from the densitometer
scans, the data was transformed by dividing the distance
migrated for each band by the total migration distance.
This transformation eliminated many of the overlaps caused
by variation in total distances. Eand I was arbitrarily
assigned a distance of 0 because it was a sharp distinctive
btend and was used as a reference point for measuring band
distances. There was still some overlap which can be seen
in Figures 2 and 5; however, when the stained patterns
were examined the bands were readily distinguishable from
each other.

The average transformed migration distances and
variation and mean of percent of protein present in each
band can be seen in Figures 3 and 6 and Tables 2 and 3.

Migration distance reflects size and type of protein present.
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Dascyllus arvarus

VI

romscentrus alkofasciatus

VI il

Formacentrus melanopterus

Fisure 1. Ov=s .apping densitometer scens (actual
slze) showing the ve ;ion in percent »ro' eln occurring
in each tand within v of the species. kands I and VI
are marxed.

11



2l §

Dascyllus grusnus

v
11 111 v
1 FH I L r
r p a f
0 L — oAl “;Usﬂrnrfrlf e rhg kﬂ[? "
0 Transformed iigration Ulstance 1
comacentrus alktofasciatus
8{!1 II 1T IV v VI E]
00 qafly im0 n A  [n A 1 on i
Transformed Iigration Distance
Pomescentrus melanopterus
II Iv Vv
hﬂ I I1I VI H
0 O ) % = I | {a B L B S L ' I o | )= . I

Transformed higration Distance

Figure 2. EHistogram of trensformed migration distances for each of the six

protein htands. ILote that there is variastion in the distance migrated occurring in each
individual tand.

2t



60

55

stancard deviation for ihe six prote

13

VI
T
Dascyllus gruvanus
Iv Vv -
I II1I
II
0 «13 .38 . 56 <81 i1
Transformed Migration Distance
VI
r
Pomacentrus albofasciatus
I
II
v A A
IIX ]_
0 .16 .32 .54 e 1
Trensformed llgretio llstance
Figure 3. ﬁpnge of percent grotein based on one
n vands.



14

VII

abudefduf smebilis

Lpvaefduf biocellatus

Axvdefdul leuconomus
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Figure 4. Overleppoing densitometer scans (actual
size) showing the variation in percent protein occurring in
each hand within ezch of the species. Pands I and VII are
marked.
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Figure 5. Histogrem showing transformed migretlon
distances for each of the seven protein bands. Note that
there 1s variation in the distance migrated occurring in
each indivicduel bvand. Distances were measured from Band I.
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TABLE 2

AVEBAGE PERCENT PROTEIN, STANDARD DEVIATION OF

PERCENT PROTEIN, AVERAGE TRANSFORMED MIGRATION

DISTANCE AND STANDARD DEVIATION OF TRANSYFORMED
IMIGRATION DISTANCE



Averasge S.D. of

Average S:D. of Transformed Transforred
Fercent Percent Iigration Migration

Band Number and Specles Frotein frotein Distance Distance
Band I

Pascyllus aruanus 13,0 6.8 0.0 -

romacentrus slbofasciatus 17.7 9.0 0.0 -

ronacentrus melsnopterus - - 0.0 -
-and II

Lascyllus arvanus 7.8 3.4 .13 .03

Pomacentrus albofzsciatus 14.8 7.4 .16 .06

Fomacentrus melanopterus - - .19 512
Band I11

Descyllus arusnus 13.8 L.,6 .38 .09

Fomacentrus albofasciatus 8.6 L.1 .32 .12

Fomacentrus melanopterus - - 33 .32
Eand IV

Dzscyllus aruanus 14.0 6.7 .56 &l d

Pomacentrus altofasciatus 11.4 5.1 .54 .21

Fomacentrus melanopterus - = « 50 .29
Eand V

Dascyllus aruanus 13.2 8.0 .81 .21

Pomacentrus zlktofzsciatus 10.5 L,6 .74 .31

Fomacentrus melanonterus - - 2 A2
Band VI

Dascyllus aruanus h3.2 14.3 1.0 -

Formacentrus glhofascistus 37 .2 16.1 1.0 -

Pomacentrus melanonterus - - 1.0 -

0¢



FERCENT CCCURRE! Cg, HAVERAGE *phLCENT PROTHEIN, ALD SPTANDARD DEVIATION OF
FPERCERT PROTEIN, AVERACE TRANSFORNED mIGRATICN DISTANCE ALRD
SWANDARD DEVIATICH RANSFCRLED WIGHATICN DISTARCE
Average S.D, of
average S. D. of Transformed Transformed
rercent Fercent Fercent Figration Figration
:d Numter and Species Cccurrence Yrotein Frotein Distance Distance
Eand I
Abudefduf amabilis 100.00% 8.0 3.8 0.0 -
Atudefduf leucopomus 100.00% 14,0 10.2 0.0 -
Abudefduf slaucus 100. 00% 6.0 3. 0.0 -
Atudefduf biocellatus 100.00% 11.1 7.0 0.0 -
Band II _
Avudefduf amabilis 100.00% 11.3 .o .15 .05
Apudefduf leucoponus 100.00% 16.4 9.7 11 .05
Lbudefduf glaucus 100. 00” 9.h 3.? .lz .Ob
Lpoudeioufr ciocellatus 100.00% 10.8 o7 el .05
Band III
Lbvdefduf zmabilis 6. 97o 13. L,8 2 .07
sbudeidufl Teucoponus Z OO} g.z 9.1 o2 e
sxudefduf slaucus 100.00% 13.8 .2 <27 .07
Abudefduf biocellatus 88.89% 11.1 .9 .29 11
EBand 1LV
Abudefduf amabilis 90.91% 10.3 4,6 .39 .09
buéefduf leucopomus £0.00% 2.8 g.l .%6 .21
puuc duf Tlaucus 100.00% 3 ‘3 9 .10
Soudefduf biocellatus bl L 6.2 h,o RN .2l

e



"'.Vel’&ge S ° Dc Of

Average S.D., of Transformed Transformed
N Tercent rercent Fercent kigration fiieration
Bend Nunmber and Specles Cccurrence frotein Protein Distance Distance
Band V
Loudefduf smabilis 4€.48% 7.3 33 + 52 Al
Abudefduf leucopomus 80.00% L,2 3.3 U7 24
Abudefduf glsucus oL, LhoZ 7.8 3.l v 5L .13
Lbudefduf biocellatus 65.67% 8.4 B:3 + 52 23
Pand VI
Apudefduf omabllls 100.00% 15.6 h.2 .67 .13
Ssbudefauf leucopom s 100.00% 13.0 6.6 .65 +33
Abuderduf glaucus 100.00% 18.2 Sl .68 .16
Loudefdut bioceliatus 100.00% 17.7 8.1 .68 .25
Band VII
Lhudefduf amenilis 100.00% 38.0 9.7 -
Lbhudefduf leucoponus 100.00% 39.2 20.3 -
Abudefduf glaucus 100.00% 39.1 10.7 -
Abudefduf biocellatus 100.00% L2.,1 16.7 -

(A
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Dascyllus eruvanus, Pomacentrus albofascilatus, and

FP. melenopterus were uvused as additional controls. These

three specles showed a difference in the number of protein

bands (six) present as well as & difference in migration
distances of these bands from the four speciles of

Abudefduf showing that the technlique would indeed separate

specles.

Band I, the reference point, was seen in severel

different forms on -he densitometer scans. It occured in

Abudefduf amabilis as a shoulder of Band II or as a small

peak. Rarely did 1t form e distinctive peak. Band I

apveared in the same form in A. leucopnomus.

In A. biccellatus Band I formed one of the largest peaks

and wes distinctive in many ceses. It was also frequently

seen in conjunction with Band II s a shoulder. Thls wes

also the case in A. glaucus. A. leucopomus had the highest

average percent protein present in Band I and A. glavcus

the lowest (Table 3).
Band 1I was present in 21l four speciles of Abudefduf.

In A. amablilis 1t was found generally to be a peak of

varying size, only rare'y did it occur es a shoulder of

Bend III. DIend II in A. leuconomus occurs both as a peak

and shoulder of Bend I, l1.e. these two bands are often

found in conjunction. 'n A. gleucus Band II was

vrecdominately found as small peak but also as a shoulder

of Bend III. Thils 'as also the case in A. blocellatus.
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Avudefduf leucovomus agaln had the highest average

percent protein (16.4). The lowest percentage of protein
was in A. glaucus (9.4).

Band III was a distinctive band in a2ll four species
of Abudefduf. It occured only 60 percent of the time in

A. leucopomus end elso had the lowest percentage of protein

in A. leucopomus (8.6). The highest concentration of

protein was In 4. armabllls and A. glaucus end in both of
these, Band III was generally present (Table 3).

Bands IV and V were small bends forming shoulders
with the adjacent bands, Bands III and VI, respectively.

Bend IV was present in A. leucopomus 60 percent of the time

end in A. blocellatus 44 percent of the time. It was

always present in A. glaucus and 90 percent of the time

it appeared in A. 2mabllis. A. leuconomus had the lowest

percent of protein and L. amabilis the highest (Table 3).
Bend V was present 48 percent of the time in A. gmabilis
{lowest occurrence) and 94 percent of the time in

A. glaucus (highest occurrence). The highest percentege

of protein was found in A. biocellatus which had e 66 per-

cent occurrence and the lowest in A. leuvcopomus with an

80 percent occurrence of the bend.

Band VI was a distinctive peak in all four specles
of Abvdefduf. It was present all of the time in all
species. The highest concentration of protein was in

A+ plaucus and the lowest in A. leucopomus, 18.2 and 13.0

respectively.
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Band VII contrasts sherply with Band VI in shape.
It 1s a broad flat curve and was again found in 211 four
specles, The variation of protein between the four
species was considerably less in this band.

Avudefduf blocellatus had the highest concentration (42.1)

and L. z2nablilis the lowest (38.0).

Mlgration distances for eacn of the seven bands
were very similar for all four of the species of Ahudefduf.
It was, therefore, necessery to determine if significant
differences could be found between A, amebilis,

#A. levcopomus, A. glauvcus, a2nd A, blocellatus based on the

vercentages of v»roteln found in each of the bands., All

four sets of date from Abudefduf were filrst tested using

the Kruskal-Wallis tests for more then two samples

(Sokal and Rohlf, 1969). This is a ranked statistical test.
Bach of the seven bhands was tested comparing all four
specles. With the exception of Bend VII, it was found

thet there was a significant difference between the four
species. It was then necessary to test two samples at a
time. For this the Wilcoxon Two Sample test was used

(Sokal and Rohlf, 1969); it is a2lso a ranked test. A

totel of six different statistlical comvarisons bvetween the
four specles was made for each of the seven bands (Teble L4).
Again 1t was found in all six tests that Band VII showed

no significant difference for each of the interspeciles
comvarisons. Band VI, on the other hand, showed the

highest number of significant statistical differences.



HEESULTS OF THE WILCCXON TWO SAMFLE T=ST.

TARLE L

P= ,05 SHOWSED WO

SIGHIFICANCE DIFFERENCE

Eand Band Band Band Band Zand Eand
Statistical Comrarison I 1T 11X v v VI Vil
Abudefduf leucoponus
X >.05 {.025 V.05 >.05 V.05 <.01 >.05
sbudefduf blocellatus
_udei 2uf 2laucus
X <.005 <,005 >.05 .05 <,025 <.001 >.05
sbudefduf leucoponus
Abudefduf biocellatus
x <.025 7.05 <.o1 <.025 2.05 2.05 V.05
Lbudefduf glaucus
Abudefduf amabkilis
X {.05 {.025 7.05 {.025 .05 <.o1 2.05
Atudefduf leucovomus
tbudefduf glaucus
. = <.025 <os V.05 <.005 <.o0005 <.005 >.05
Abudefdufl amabilis
Abuvdefduf asmabilis
x .05 7.05 <.025 <.0005 Y.05 <.025 >.05

Lpudefduf Lilocellatus

9¢
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The remeining five bands showed either two or four

significant differences in the six comparisons. The results

of the interspecies comparisons can be seen in Table L.

Four bends were shown to be significantly different

between Abudefduf 2mabllis and A. leucopomus; the highest

number of significant differences was found between

amabilis and L. glaucus (five) and the lowest between

{>=

leucovomus and A. bilocellatus (two). Between

I

£levcus end A. biocellatus three vands were shown to be

I

significantly different.



CIAPTER IV
DISCUSSION AND CONCLUSIONS

Seven bands were found to be present in the four

species of Abudefduf studled: A. amebllis, A. leucovonus,

A. Dbiocellatus, and A. pglavcus. However, only six bands

were found to be »resent in Dascyllus and FPomecentrus

specles studied. This indicates that the species of

Abudefduf studied have one more gene for eye lens nuclear

protein than 1s found in Dascyllus and Pomacentrus.

The specles of Abudefduf studied ere, therefore, different

from the specles in the other two genera tested.

Electrophoretic migration distances for each of the

seven bands for all four species were similar (Table 3 and

Figure 6) indicating that the same types of protein are
found in all four syecliles. There 1s a hlgh degree of

veriation in the amount of protein in each band from

species to specles. Inter: -ciles variation in protein can

9,

be seen in Figure 6. The .mary difference between the

four specles is the smour of protein present in each of

the seven bands and z2lso in the high rates of absence of
e band in some speciles. EBands III, IV, and V were the

only bands to shc ~bsences (Table 3).

In 2ll cas at least two bands were statistically

distinguisheble f  each other in all six statistlcel

comparisons.,



Smith (19712), in working with Sazlmo gairdnerii,

polnted out that evolutlionary rates of change for one

amino acld is at the rate of seven to ten million yeers

for blood and cytochrome-c. No rates have been postulated
for the eye lens nuclear proteins. Since the patterns

are simllar between these four specles, the divergence

is occurring with the amounts of protein found in each

bend; this could be elther the formation of a band or the

loss of & band. Since these proteins are set down in

early develovment and not turned over nor do they fluctuate
with age, these differences are probably genetlc differences.
If the guantities of protein are different and this differ-
ence 1s not becauvse of age, there are proLably different

frequencies of alleles at the locl. Thes- most likely

functlion in a fashion of incomplete or co-domina» .

Also the high rate of absence of Bands IV and V licate
the absence of the alleles coding for these t , bands

in some individvals.

Between Abudefduf leucoporus end A. bilocellatus,

+two bands were foun: to be statistic..lly distinguishable

which was the Lowest 1vmber . £ statisticel differences
found. There i1s not doubt that these two specles are,
indeed, seperate specles: they differ in coloration, in

habitat, and in externzl morphology. Between the two

control specles, A. blocellatus and A. glaucus, there were

three bands which were statistically significently

different; there is "o doubt thet these are two specles.



On the other hand, Abudefduf amebilis end A. leucovonus,

which have been thought to be ecological color veriants
of the seme specles showed four out of seven bands to be
statistically different. Thus, four distinct breeding
populations appear to be present. It is highly possible

that A. amebllis and A. leucopomus, which overlap in

habtlitat, are still diverging but have not separated to
the point that they cennot still interbreed as evidenced
by the occurrence of individuvels with intermedlate color

patterns. Both A. 2mebilis and A. leucovomus inrhabit the

same locelity on the reef, the surge zone. A. amabllils
prefers the reef flat and areas most subjected to wave

action. A. leucopomus, nowever, was always observed 1n

holes or channels wnere the surge 1s absent, that is
in ceeper water on the reef flat. The few intermedietes

observed appeared in the seme sort of habitat with

A, levcopornus (pers. observ.).

Tne Hardy-Welnberg Law states that unselected
alleles in a freely interbreeding population will have a
binomial distribution. W! - the action of the genes 1is
=2dditive as in the case of incomplete dominance, the gene
freguencies and the protein content of the bands may have
corpley distributions. Nevertheless, in a freely
interbreeding popouvlation, the samples shoulé not be
statlistically distinguishable 2s they ere for A, amebllis

end A. leuconomus. The nterspeclies comparison of these

two showed four banés to be statistically different.
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This wes a hligher number of bands that were statistically
different then between two distinguishadbly separate

species, Abudefduf levcopomus and A. blocellatus in which

only two bands were statisticelly different. Detween

the two control specles, A. blocellatus and A. glaucus,

three bands were found to be significantly different.
Thus four separeste breeding populations ere present and

most likely four separate species.
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HhPrPuNDIX
The following are color descriptions of live
specimens according to Woods and Schultz (1960) of the four
species of Abudefduf studied.

Lpudefduf leuvcoponus (Lesson) nas a black spot at

the dorsal edge of the base of the caudal fin which is
prominent at all ages. 4 narrow blue stripe passes from

the snout along the dorsal cdge of the eye, widening behind
the eye and continuing to the base of the soft dorsal. &ere
it surrounds the large oblong btlack spot. <L[he upper sides
are brown and the lower, pale yellowish. The belly is

white and the pelvic, anal, and caudal fins are pale nyaline
in color. No dusky color is found on the distal portion orf
the caudal fin. There are 12 or 13 soft dorsal rays and

12 or 13 soft anal rays.

sbudefduf amabilis (De Vis) is brown and usually

has a narrow white transverse bar from the fifth to seventh
dorsal spine to the anus. There is a second wnite ring
around the anterior part of the caudal peduncle. Thnese
wnite areas may be absent. The entire basal tnird of tne
caudal fin 1s black. The pectoral area is always pale;
pelvics and anals are dark brown or black, and the middle
caudal rays are dusky. There are 11l or'12 soft dorsal

rays and 12 soft anal rays.



Both Abudefduf leucopomus and A. amabllis have a

pale yellow spot on thelr opercles.

Apudefduf gleucus (Cuvier and Valenciennes) 1is

plain nale greyish tan in color; bluish or whitish lower
sides with two feint inverted V-sheved pale areas. The
anus is black, contrasting sharply with the surrounding
area. Young have a narrow bluish line from the snout
across the top of the eye along the base of the dorssl
breaking up into blue dots. This disavppears with age.
There are 12 soft dorsal rays and 12 soft anal reays.

Avudefduf bilocellatus (Quoy and Gaimerd) has a

brown to black body, with or without a white wedge-shaped
transverse bar under the fifth to seventh dorsal splnes.
The lower sides and belly ere brownish and the back bears

a large black ocellus (except in large adults), Just below
the bese of the last four dorsal svines and a smaller black
svot at the base of the posterior rays. Speclimens from

20 to 50 mm may heve e nerrow pale blue line from the

snout across the top of the eye slong the dorsal base to
the ocellus, sometimes thls is absent. There are 13 soft
dorsal rays and 13 soft anal rays.

The pale spot on the opercles 1s lacking in both

Abuvdefduf Liocellstus and A. glaucus.



