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Variation in color patterns within a single species 

has caused many taxonomic probl ems. It Nas thoug'ht that 

Abudefduf amabllis (De Vis) and b~udefduf leucooomus 

(Lesson) were perhaps also color variants of the same 

species. Hybrids have been found on Guam a.nd else''There 

in relatively small numbers and although it is indicative 

of interbreeding between these tw'O species of L.budefduf 

it does not imply that they are tne same species. 

It was decided to use the techi.1ique of cellulose 

acetate electrophoresis to study the eye lens nuclear 

proteins. The eye lens nuclei have been used in many 

taxonomic studies because of their very stable character 

and have been found to be relia.ble indicators of species as 

well as breeding populations. Atudefduf glaucus 

(Cuvier a.nd Valenciennes) and .. "..budefduf biocellatus 

(Quoy and Gaimard) \,lhich belong to the same subgenus, 

ChrysiDtera., as Abudefduf amabilis and l-.bud.efduf leucopo'r:lUS 



were used as controls since 't'lere readily 

distint~uishab1e. Although 801 ~our species ha.ve the same 

protein band pattern, t h&t is they a1: ~xhibit seven bands 

wi th the same migration distances, 1 twas fOl-,.,d. bJ using 

the :t.:ruska1-Ha11is and ~'lilcoxon statisti 'a1 tests that 

there is a significant difference (~=.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. Ol~ 

A commonly encountered pro~- ~n in taxonowic studies 

is one in 11·Thich two groups a;>pear to be the same except 

for a variation in color. For ,jxaruple, ScaruoS, ~he 

parrotf1sh, sho~vs several cases of sexual diIllorph:"sm in 

which tho color patterns of male and female are so n&:r'kedly 

different that these two sexes have been classi:i.~ied as t\'iQ 

separate species (Randall, 1963). There may be other 

cases of dimorph1sm caused by sex, 2..0e, or environment, 

either questioned or still unnoticed in reef fishes. It 

has also been suggested tha t l1.budefduf amabilis (De Vis) 

and Abu<t~t<!.q:t: .leucopomu§ (Lesson) in the f amily 

Pomacentridae are perhaps dimorphic forms of a single 

species (R.S. Jones, pers. comm.; Allen, 1972; See 

Appendix). 1<'1sh shovling intermediate color patterns have 

been observed in N'evl Guinea, ?iji, l?'alau, the bolomon Sea, 

and on the Great narrier Reef U.::'len, 1972). 'I'hese have 

also been observed in Guam in relatively small numbers 

(pers. observ.). It is knovm that the color variation 

is not a result of sexual dimor~hism as ripe females of 

both color forms have been reported (.Allen, 1972). The 

presence of mature females showing both color patterns 

indicates tr~t the color variation is not the result of 



changes in color pattern with age. The ~ossib1lity 

re!'lains. hm-;rever. that the color variation in 

Ab~.efduf ~~abtlJ~ and A-. leucopo!'lU~ may be caused by 

environmental factors. ~. leucoDomus patterns w'ere 

observed in individuals in calm v~a.ter and t:.. BIr.abilis 

patterns in individuals in fairly rough surge (Allen. 1972 

and pers. observ.). Intermediates would presumably be 

found in any environment if the two extreme color 

patterns of Ii. '?JP.ab1~is and !::.. leucopomus interbreed. 

Hel'lever, interbreeding is not evidence that the t,'lO are of 

the same species unless it 1s found that the hybrid is 

fertile. Breedinp of these rare hybrids, like breeding 

of most tropics: fish in the laboratory, might prove to be 

very uifficult. Eecause of the anticipated difficulty 

of b~eed1 ~g the hybrids i~ the laboratory , it was decie.ed 

to use electrophoresis of the eye lens nuclear proteins 

to see if this type of analysiS might indicate whether 

A. ~~8~~§ and~. leucoDo~us belong to the same breeding 

population and tberefore to the same species. 

Electrophore~~s of the eye lens nuclear proteins was 

2 

chosen for th·. ,:lowing four reasons. First, the eye lens 

nucleus is made ~ cells that have sclerosed and died 

during lens formati, 'om t :1e lack of intrinsic 

circulation; therefor~ . ~hese proteins have been removed 

from sources of dietary 

Ce.rbon-14 studl ~s have 

nuclear lens protein ( 

;ein and oxygen (Halls. 1942). 

detected any turnover (~ the 

and Bell. 1965). 



1\0 change in electrophoretic pattern he.s been observed 

i'lj.th e.ge (Smith, 1969 and S8.lve11nus fontinalis, 1!:ckroat 

and Wri~ht, 1969) or between right and left eyes 

(scombroid fishes, Barret and W1lliams, 1967; Smith. 1968; 

and Salvelinus font1n~~~~, Eckroat and Wright, 1969) 

or sex (Se.~elinus font1ne..,:...11s, Eckroat and \vriLSht, 1969). 

Third, the nuclear proteins are highly concentrated as 

well as readily soluble (Wood and Burgess, 1961). 

Fourth, t~ese proteins resist denaturation 

(Thu.mlUs .~lbacares, Smith, 1965; Sebastolobus e.lasca~.us, 

J 

Smith, 1971b). Sm1th (197lb) studiec the natural stability 

of the nuclear lens proteins. No change in the 

electrophoretic pattern of the eye lens nuclear protein 

,,~~. s found in fish which had been frozen once; frozen, 

,hawed, and refrozen; decomposed for five days at room 

temperature; stored outdoors in the shade for five days; 

and stored outdoo~s in the sun for five days. 

Because of their excellent properties, eye lens 

nuclear proteins have been used in taxonomic studies of 

several species of !lsh. The electrophoretic band patterns 

have support€' ';he results of tradit10nal taxonomic st'1dies 

of bluefin tun/;). (.:.·.11 .... '.., 1968); Scorpaen1dae (Smith, 1908); 

yel10wfin tuna B.nd. bi e-. eye tuna (Sm1th, 1970) and bluefin 

tuna, bon1ta, and albacore (Sm1th, 1971c). In one case, 

l'There spec1at1on was doubtful, the electrophoretic study 

d1d ~ot support prev10 taxonomy (om1th, 1)68). 



Not only he.s it been found possible to distinguish 

species electrophoretically but also to separate breeding 

4 

populations within species (Salmo eairdnerii, Smith, 1971a; 

Salve11 nus fontine~i~, Eckroat and Wright, 1969). 

Electrophoretic pattern differences were found in 

populations of the same species of tuna coming from 

California and Australia (Smith, 1969); bluefin tu~~ from 

various areas along the California coast (Smith and Clemens, 

1973) and in ocean i'lhi tefish from Cedros Island, Baja 

Californi a and Coronados Island, California (S~ith and 

Goldstein, 1967). 

The genes for eye lens nuclear proteins appear to be 

independer.t 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 Sf:\lvelil1£§ .."ontinalis (Eckroat and 1,vright, 1969) 

and Salrno ga1rdneri~ (S!"''- th, 1971a). ~lultiple alleles 

appear to be present ~ ' ~he locus for some eye lens nuclear 

proteins (Smith, 1971p 

Because of the ~ral stability of the eye lens 

nuclear protein as obr 'ved in studies on a wide varie~y 

of fish (and it is ~med that pomacentrids would also 

show this stability) end the sensitivity of electrophoresis 

in separatine species and l eeding populations of fish, 

it '\Iore.s decided to apply this technique to Abudefduf ameb1'is 

['.nc. !:::.. leucopo~us to (l .::!r~ine if they do, indeed, belonc 

to different breedi!~ , o .. tions. 



Becs.use A bU,ctefq.'J.f btoce]'J .. atus (Quoy and Gaimard) and 

!:.. £..le. ucu~ (Cuvi er 8.nd Ve.lenciennes) belong to the same 

subeenus (subgenus Ch~xsiptera) as A. amabilis and 

a. ~~~PPQ~~ but are clearly distinguishable as separate 

species they 1'rere used 8.S ste.ndards to determine the 

expectable range of variation in electrophoretic patterns 

between distinct species. Three other pomacentrid species 

in d.ifferent geners. (Dascyllus e..rUB.nus, 

Pomacentrus a1~ofasciatus, and P. melanopterus) were 

also run to give some indication of the range of 

electrophoretic variation to be found within the family. 

5 
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to give an equal volume of solution and tissue when 

centrifuged (Smith, 1969). The nuclei were then macerated 

using e glass rod. Each tube was covered with parafilm 

8 

and placed in the refrigerator at 50 C for a 24-hour period. 

During this time the proteins were solubilized (Smith, 1969). 

After 24 hours the tubes wel'e removed and 

centrifuged at a force of about 500 G for three to five 

minutes. A two microliter aliquot of the cleared extract 

~.,as removed 1'/'i th a micropipette and was then pipetted in 

a straight line across the center of a 1" by 6" cellulose 

acetate strip. The strips were soaked in a solution 

containing 0.1 M urea and 0.023 M sodium borate at B. pH of 

8.6 (Barret and Hilliams, 1967) and were blotted lightly 

before the extract ~ms applied. The strips were placed 

in the electrophoresis cr~mber built after Audubert and 

de Bende (1960) ,,(hich had been filled "1i th one liter of 

the urea-soo.ium borate buffer solution. Following an 

equilibration period of 30 minutes, an electric current 

of 300 Vol t s, ( ~11l~amp~ was applied for 20 mi~utes 

c~usl~g the proteins to migrate in bands. The distance 

migrated ~/ias deter::llined by protein size based on the 

number of amino acids in the protein and by protein cha~ge 

based O~ type of amino acids and their sequence in the 

protein. At the end of the run, the strips were removed 

a nd stained for eight minutes in & five percent 

trichloroacetic acie solution containing 0.5 percent 

Poncee.u .'3. The amou..."lt of stain absorbed by each band 'Nat::. 



proportional to the amount of protein present. The strips 

were then transferred to t,:'lO successive baths of seven 

percent glacial acetic acid, each for a period of five to 

eight minutes for destai~ing. The strips were cleared in 

cyc1ohexanone as described by Beckman Instruction !'~a~ual 

for the Microzone Electrophoresis Cell, 1965. The 

cleared strips 'ttre:?:'e scanned on a Beckman Node1 RS-IN-6 

densitometer to produce a gra,h of stain intensity versus 

distance migrs.ted ref lecting the types and amounts of 

protein present. 

9 



RE&ULTS 

Figures 1 and 4 show overla pping densltomete~ scans 

(actual size) of the electrophoretic patterns obtained 

from runs on several specio ens of each species. ~hese 

patterns were selected to i : lustrate the wide variation 

of quantity of protein present in each band witr.in one 

species. 

Figures 2 and 5 are histograms of migration distances 

for each of the bands. 'ro reduce variation of migratior. 

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. ~and I was arbitrarily 

assigned a distance of 0 because it was a sharp distinctive 

band 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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Figure J.}. Overlapping densitometer scans (e.ctual 
size) showing the variation in percent protein occurring in 
each band within each of the species. Bands I and VII are 
marked. 
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Figure 5. Histogram showing transformed migre.tion 
distances for each of the seven protein bands. Note that 
there is variation in the distance ~lgrated occurrine in 
each individual band. Distances were measured from Band I. 
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TABLE 2 

AVERAGE PERCENT PROTEIN, STANDhRD DEVIATION OF 
PERCENT PROTEIN, AVER..IiGE l I 11A.NSFOP'}1ED NIGPJ\. TION 
DISTANCE AND STANDARD DEVIA'rION OF TRAN6FOHNED 

IUGRA TION DISTANCE 

19 



Band Number and Species 

Band I 
DBscy11us a~('uC'mus 
f (Th1acentrus- a1 bofascie.tus 
l=m;:ac ~nt :cJl§ ]l e-10~-,1o.R.~ru.§-

-,-,and II 
J)a~q~llu~ aruanll~ 
Poraa cen i£Y;.§ 8.1 bo:('::..§.~:!ill.§ 
Fome.centrus Ele1.~!lg.pte..r.!:!.§ 

Ba.nd 111 
Dascy11us arue.nu§ 
Fomacentrus albofasc1atus 
Pom~centru~ me1~4o.Dteru~· 

Eand IV 
Da.scyl1us aruanus 
Pomac,;,entrus a1 bofasc1 a tu_§ 
~omacentrus TIe1anopteru~ 

Eand V 
Da.sQy11us aruanq§ 
Pomacentrus a1bofesciatus 
Pomac~us me1anonteiU§-

:Sand VI 
Dascy11us aruanus 
F02acentrus a1bofasciatus 
~oma'cEm tru~ ~=-te-r.Q.§ 

Average S.D. of 
Fercent Percent 
Protein ?rotein 

,---_ ........... _ .... _----. 
13.0 6.8 
17.7 9.0 

7.8 J.4 
14.8 7.4-

1J.8 4.6 
8.6 4.1 

14.0 6.7 
11.4 5.1 

1J.2 8.0 
10.5 4.6 

L~J. 2 14.3 
37.2 16.1 

Averaoe c 
'Transformed 

I'i igra tion 
Distance 

0.0 
0.0 
0.0 

.1J 

.16 

.19 

.38 

.J2 

.J3 

.56 

.54 
·50 

.81 

.74 

.72 

1.0 
1.0 
1.0 

S.D. of 
Transfol';:c.ed 

J:l!igration 
Distance 

.03 

.06 

.12 

.09 

.12 

.J2 

.13 

.21 

.29 

.21 

.J1 

.42 

l'\) 

o 



'i:t\'!)LoC. 3 

FE:1CENT OCCUJ.REl:C£. il.VERb .. G~e; ::- i'~~CSl{T P :i.10'l'EIH. Al':D S'l'ANDAHD DEVIA'I'rON OF 
r~B.C ;~:I\r.r PROTEl h' t AVEF ... ". GE TFJ;.NSFORr-il£D ~flIG?.A 'rION DISTA1~CE AND 

S'i'AHDARD DEVIA'rlOi~ OF TR;. lJ SF03I·J~D lHG?,..c,.TICj:~ DIS1~,.ECE 

Average S.D. of 
Average S. D. of Transfor~ed Transformed 

Percent Percent Percent ~igration Kig~ation 
.. :d i'Juncer 8.nd Species Occurrence l.='Totein l:"rotein Distance Distance 

-- ---- ~--

Eand I 
Abudefdqf £~~is 100.00% 8.0 3.8 0.0 
~tudef~uf ~~~9~_O~~ 100.00~ 14.0 10.3 0.0 
~~budef~uf ?l~ucus 100.00~ 6.0 3.0 0.0 
Abudefduf hiocellatu§ 100.00) 11.1 7.0 0.0 

Bs.nd II 
Abudefduf amabilis 100.00% 11.3 4.0 .15 .05 
Abudefduf 1eucoDomus 100.00% 16.4 9.7 .11 .05 
Abudefduf glaucus 100.00% 9.4 3.7 .13 .04 
~QefQuf DrocerIatus 100.00% 10.8 4.7 .14 .05 

Band III 
l'.bude!.<;luf amabl1\.~ 96.97% 13.9 4.8 .23 .07 
hbuder.2_u:r Te'UCoDOjill§ 00.00% 8.6 9.1 .23 .15 
hcudefduf ~laucus 100.00% 13.8 4.2 .27 .07 ....- ..... 
AbU~~fdUf pio~el1~t~ 88.89~ 11.1 4.9 .29 .11 

Band 
Abudefduf ~mabi1is 90.91% 10.3 4.6 .39 .09 
~~~dqf leucopomus 60.00$ 4.8 5.1 .)6 .21 
t-_ouc_eldur ~n_aucus 100.00;:1 6.3 2.) .)9 .10 
Ablldefqpf .b_~o_ce118_tu~ 44.44% 6.2 4.0 .L~l .24 

f\) 

I-' 



i· .. verege 
Percent Percent 

Band NULlber and Species Occurrence E'rotein 

-,-------- ---..-----
Band V 

Abudefduf amabilis 48 .48% 7.3 
1-.. bi~fduf I""ew;O}2,oli.i!-l§ 80.00% 4.2 
£i budefqy.f glaug .. u~ 9L~.40% 7.8 
£.~b !licE'; f d u f 'pI Q.9 e lJ.,y. t US 61' 6T' 8.4 o. 10 

Eand VI 
!~cl e..f 9: tl.f .Q.;Jl8. qJ.l t§ 1 00. OO~~ 15.6 
.\. bu(tef(iuf leucopom" f3 100.00% 13.0 
FbU~e-fduf .gl~tlcu~ · . 100.00,& 18.2 
AblHle:(dut.: 'pioceld~Jl§ 100.00% 17.7 

&nd VII 
i.~udefduf amb.oi1ts 100.00% 38.0 
f: c~~efduf l eUco12Qj]J:l§ 100.00% 39.2 
Abudefdl!.f. g-laucus 100.00% 39.1 
Abudefduf _b~P'gella tJ·t§ 100.00,% 42.1 

S.D. of 
Percent 
Protein 

3.3 
3.3 
3.1 
5.3 

L~. 2 
6.6 
5.4 
8.1 

9.7 
20.3 
10.7 
16.7 

t_verage S. D. of 
'.i:ransformed Transformed 
higration 
Diste.nce 

i':iP'Tation 
Distance 

.52 .14 

.47 .24 

.51 .13 

.52 .23 

.67 .13 

.65 .33 

.68 .16 

.68 .25 

1.0 
1.0 
1.0 
1.0 

I\) 
I\) 



Dascyllus ~~, Pomacentrus albofasciatus, end 

P. lr)..elruJ,opterus were 1-".sed as a(1di tional controls. 'rhese 
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three species showed a difference in the number of protein 

bands (six) present as well as a difference in migration 

distances of these bands from the four species of 

Abuc1.efduf showing tta t the technique would indeed sepe.rate 

species. 

Band I, the reference point, was seen in several 

different forms o~ ~he densitometer scans. It occured in 

Abudefduf a!!labilis as a shoulder of Band II or as a small 

peak. Rarely did i~ form a dist1nct1ve peak. Band I 

appeared in the sa!!le form in ~. ,leuconomus. 

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

and was d.1stinct~ve in many cases. It was also frequently 

seen in conjunction with Band II as a shoulder. This was 

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

average percent protein present in Band I and A. glaucus 

the lowest (Table 3). 
Band II ... :as present in 8.11 four species of Abudefduf. 

In b:,. 8.l'!!abl1ls 1t was found generally to be a peak of 

va.rying s1 ze, only rare'_y did 1 t occur as a shoulder of 

B~nd III. Band II in A. leucopomus occurs both as a peak 

and shoulder of Band I, i.e. these two bands are often 

found. in conjunction. :-n A. glaucus Band II was 

pl "ec,om1ne. tely found as small peak but also as a should.er 

of Band III. This '~s also the case in~. b10cellatus. 



A bud.efduf ~copo~us a gain had the highest average 

percent protein (16.L~). The lowest percentage of protein 

'Nas in !!:.. glaucus (9.4). 
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Band III 1'Tas a distinctive band in all four species 

of Abudefduf. It occured only 60 percent of the time in 

~. leucoDomus and also had the lowest percentage of protein 

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

protein was in !.!. e.!!'.e.bi11s and!}... glaucus and in both of 

these, Band III was ~,enerally present (Table 3). 

Bands IV and V were small bands forming shoulders 

1r:1 th the adjacent bands t Be.nds III and VI t respectively. 

Be.nd IV was present in !;;. leucopomus 60 percent of the time 

a.nd in !::.. ~10cel1a tus 44 percent of the time. It was 

ah:ays present in !::. r.la~ and 90 percent of the time 

it appeared in A. enabilis. !::.. leucoDomus had the lowest 

percent of protein and b. amabilis the highest (Table 3). 

Be.nc. V "tlas present 48 percent of the time in ~. e,mabi"'! 1 s 

(lowest occurre~.~ce) and 94 percent of the tim.e in 

A. plau~ (highest occurre~ce). The highest percentage 

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

cent occurrence and the lowest in~. leucopomus with an 

80 percent occurrence of the be.nd. 

Band VI \\"as a dj.stincti ve peak in all four species 

of Abt.~defduf. It '"",8.S present all of the time in all 

species. The hifhest concentration of protein was in 

A. e).aucus and the 10~Nest in!::.. leucopomus, 18.2 and 13.0 

respectively. 



Band VII contrasts sharply with Band VI in shape. 

It is a broad flat curve and was again found in all four 

species. The variation of protein between the four 

species )'Ias considerably less in this band. 
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Abudefduf biocellatus had the highest concentration (42.1) 

and £. a~abilis the lowest ()8.0). 

Higratior.. distances for each of the seven bands 

were very similar for all four of the species of Abudefduf. 

It '.'laS . therefore. necessary to determine if significant 

d~.fferences could be found behreen !:=. ame.bilis. 

§.. l~copo!!1US, A. ~9"laucust 8.nd A. biocellatus based on the 

percente.p:es of protein fou.."ld in each of the bands. All 

four sets of data fro~ Abudefduf were first tested using 

the Kruske.l-~/,re.llis tests :'or more than two sa!!1ples 

(Sokal and Ro~lf, 1969). This is a ranked statistical test. 

Each of the seven bands was tested comparing all four 

species. Hi th the exception of Be.nd VII, it was found 

the.t there w'e.s a significant difference bet""een the four 

species. It was then necessary to test two samples at a 

time. For this the Hilcoxon TltJ'o Sample test was used 

(Sokal e.nd Rohlf, 1969); it is also a ranked test. A 

total of six different statistical comparisons between the 

four species was made for each of the seven bands (Table 4). 

A~ain it was found in all six tests that Band VII showed 

no significant differen ce for each of the interspecles 

com~arisons. Band VI. on the other hand, showed the 

highest number of significant statistical differences. 



'l'i-.ELE 4 

R1!SDLTS OF THE HILCOXOl~ T~'IO SAi''LPLE 'l'r~Sr:;.°. p=. 05 SI-iO\JSD NO SIGNIF'ICANCE DIFF£P,.zNCE 

Band Band 3and Eand Band Eand Band 
Statistical Comparison I II III IV V V I VII 

Abudefduf leucopof1US 
~.~.--x_v _. .. > . 05 <.025 ) .05 ) • 05 ) .05 < .01 > . 05 
1:,. buc.efd~f .Qioe:eJ.J§ tus 

. udef1uf p laucu8 
. _-_.-£~ ... -.~.- . < .005 < .005 ) • 05 '/ .05 < . 025 <.001 > .05 
~:.budefd.uf 1-euQ..oPom.u~ 

Abudefduf biocellatus 
---x-·"'·-~··-- <.025) .05 < .01 <.025 >.05 >.05 ).05 
hbudefdu~ Rlaucus 

Abudefduf amacills 
x < .05 <.025 >.05 (.025 ).05 < .01 ).05 

A budefduf leuc.Q}29..!!ill§ 

1. budefduf g)aucus < /' < < > i. . .025 \.05 ) .05 < .005 .0005 .005 .05 
i~budefduf amabl1is 

Abudefduf aroabl1is 
- x----- ).05 /.05 (.025 <.0005 ).05 <.025 ).05 
l-.budefduf .hl...o_Q..~lJ~ ~ 
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The re~ei~ine five bands showed either two or four 

sl~nificant differences in the six comparisons. The results 

of the lnterspecies conparisons can be seen in Table 4. 

Four bands were shown to be signIficantly different 

between Abudefduf e~abilis and A. leucopomus; the highest 

number of slrnificant differences '!flaS found beh·Teen 

~. amabIl1s and ~. ylaucus (five) and the lowest between 

~. JeucoDomus and~. b~ocellatus (two). Between 

~. Lleucus end ~. plocellatus three bands were shown to be 

signIficantly dIfferent. 



CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

Seven bands \frere found to be present in the four 

species of Abudefdu.f studied: A. amabills, ~. leucopo~us, 

~. bi oce1latu§, and A. glaucus. Rowever f only six bands 

Here found to be :?resent in Dascyllus and Pomacentrus 

species studied. This indicates that the species of 

Abudefduf s~udied have one more gene for eye lens nuclear 

protein than is found in Dascyllus and Pomacent~. 

The species of Ab~d~~duf studied are, therefore, different 

from the species in the other two genera tested. 

Electrophoretic migration distances for each of the 

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

Figure 6) indicating that the same types of protein are 

found in all four species. There is a high degree of 

variation in the amount of protein in each band fro~ 

species to species. Interf ' cies variation in protein can 

be seen in Figure 6. Th~ .. mary difference betw'een the 

four species is the amour of protein present in each of 

the seven bands and e.lso in the high rates of absence of 

a band in some species. Eands III, IV, and V were the 

only bands to she 

In all ca~ 1 

distinguishable f 

comparisons. 

··bsences (Table J). 

at least two bands were statistically 

each other in all six statistical 
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Smith (1971a), in working with Salmo gairdneril, 

pointed out that evolutionary rates of change for one 

amino acid is at the re.te of seven to ten million yee.rs 

for blood and cytochrome-c. No rates have been postulated 

for the eye lens nuclear proteins. Since the patterns 

are similar between these four species, the divergence 

is occurring ~J'i th the amounts of protein found in each 

band; this could be either the formation of a band or the 

loss of a band. Since these proteins are set do~m in 

early development and not turned over nor do they fluctuate 

with age, these differences are probably gene".;ic differences. 

If the Q.uantities of protein are different and this differ

ence is not because of a r:e, t here are probably different 

frequencies of qlleles at the loci. Thes ~ most likely 

function in a fe.shion of incomplete or co-domine.~ · 

Also the high rate of absence of Bands IV and V 11cate 

the absence of the alleles coding for these t , ) bands 

in some individuals. 

Between Abudefduf leucopo!! us find b:,. ,1? ".ocellatus, 

two bands were foun· to be statistic .. lly distinguishable 

v.rhich ~'Tas the lO'.,;est lv_'D.ber . f' statistical differences 

found. There 1s not doubt thn t these two species are, 

indeed, sepe.rate species: they differ in coloration, in 

habitat, and in externe.l morphology. Between the two 

control species, ~. biocellatus and &. glaucus, there were 

three bands which were s".;atistically significantly 

different; there is ~ o doubt the.t these are two species . 



On the other hand, Abudefduf amabilis and A. leucoDornus, 

which have been thought to be ecological color variants 

of the same species showed four out of seven bands to be 

statistically different. Thus, four distinct breeding 

populations appear to be present. It is highly possible 

that ~. amabilis and A. leucopomus, which overlap in 

habitat, are still diverging but have not separated to 

the point that they cannot still interbreed as evidenced 

by the occurrence of individuals with intermediate color 

patterns. Both~. ~mabilis and e. leucoDomus inhabit the 

sa~e locelity on the reef, the surge zone. ~. amabilis 

prefers the reef flat and areas most subjected to wave 

action. A. leuco-pomus, however, "ras always observed in 

holes or channels where the surge is absent, that is 

~n c_eeper water on the reef fl~tt. The few intermediates 

observed appee,red in the se.me sort of habitat ''1i th 

l:!. leu.copOT'lUS (pers. observ.). 

The Hardy-Weinberg Law states that unselected 

a:leles in a freely interbreeding population will have a 

bino1r.lal dist!'ibut1on. Ion . the action of the genes is 

~dditlve as in the case of incomplete dominance, the Bene 

frequencies and ~~e p!'oteln content of the bands may have 

co~p:ey distributions. Neve~theless, in a freely 

in~erbreeding population, the samples should not be 

statistically distinguishable as they are for~. a~abilis 

and ~. leucouomus. The ~~terspecies comparison of these 

two showed four bands to be statistically different. 
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This "r8.S a hieher n~m.ber of bands that were statistically 

different than betw'een t~10 distinguishably separate 

speCies, Abudefduf Jeu.copomus e,nd A. biocellatus in which 

only tw'o bands were ste.tistice.lly different. Between 

the two control species, A. biocellatus and~. elaucus, 

three bands 't'1ere found to be significantly different. 

Thus four sepe.rate breeding populations 8.re present and 

most llltely four separate species. 
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~he following are color descriptions of live 

specimens according to Woods and Schultz (1960) of the four 

species of Ahudefduf studied. 

l~budefduf leucopomus (Lesson) has a black spot at 

the dorsal ed.se of the base of t he caudal fin 'Nhich is 

prominent at all ages. J.. narrm'l blue stripe passes f:-om 

the snout along the dorsal edge of the eye, widening behind 

the eye and continuing to the base of the soft dorsal. ~ere 

it surrounds the large oblong blacK spot. 'i'he upper sides 

are brown and the lower, pale yellowish. ?he belly is 

white and the pelvic, anal, and caudal fins are pale hyaline 

in color. No dusky color is foa~d on the distal portion o~ 

the caudal fin. There are 12 or 13 soft dorsal rays and 

12 or 13 soft anal rays • 

.nbudefduf amabilis (De Vis) is "orm·;n and usually 

has a narrow white transverse ba r from the fifth to seventh 

dorsal spine to the anus. There is a second white rin~ 

around the anterior part of the caudal peduncle. These 

white areas may be absent. The entire basal third of ~he 

caudal fin is black. r'::he pectoral area is alvvays pale; 

pelvics and anals are dark brown oT' blacl{, and the middle 

caudal rays are duslcy. There are 11 or 12 soft dorsal 

rays and 12 soft anal rays. 



Both Abucefduf leuconomus and A. amab1lis ~ave a 

pale yellow spot on their opercles. 

b.budefduf p:le~ (Cuvier and Valenciennes) is 

plain pale greyish tan in color; bluish or whitish lower 

sides ','Vi th t~'lO fe.int inverted V-sha.ped pale areas. The 

anus is black. contrasting s~arply with the surrounding 

aree.. Young have a narrO\l·r bluish line from the snout 

across the top of the eye along the base of the dorse.l 

breaking up into blue dots. This disappears with aGe. 

There ere 12 soft dorsal rays and 12 soft anal rays. 

Abudefduf bioce1 latus (Quoy and Gaimard) has a 

brown to blac]{ body, with or v;r1thout a "J'hite 'fledpe-shaped 

transverse bar under the fifth to seventh dorsal spines. 

The l01,rer sides and belly e.re brownish and the back bears 
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a l s rre black ocellus (except in large adults). just below 

the base of the last four dorsal spines and a smaller black 

spot at the base of t he posterior rays. Speci~ens from 

20 to 50 mm ~ay have a narrow pale blue line from the 

snout acrOSEl t~e top of the eye a.long the dorsal base to 

the ocellus, some~i~es this is absent. There are 13 soft 

dorsal rays a~d 13 soft e.ne.l re.ys. 

The pale spot on the opercles is lacking in both 

Abudef~uf b iocelletus and~. ~laucus. 


