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Ontogenetic Color Variation of Abudefduf notatus (Pomacentridae: Perciformes) Revealed by 16S rRNA
Sequences Analysis by Young Sun Song and Jin-Koo Kim* (Department of Marine Biology, Pukyong National Univer-

sity, Busan 608-737, Korea)

ABSTRACT

Seven individuals (16.1 ~29.1 mm in length) which were estimated with fishes of genus

Abudefduf were collected in Seogwipo, Jeju Island in the summer of 2011 and 2012. Among them, five
individuals (20.8 ~29.1 mm SL) are similar to Abudefduf notatus, based on morphological characters
such as yellow transverse band on the body, one small black spot on the base of the pectoral fin, and
yellow caudal fin. On the other hand, two individuals (16.1 mm, 17.0 mm SL) differ from them in several
light transverse bands and transparent rays of all fins except for pelvic fin, and anterior transparent head
with only one (16.1 mm). According to the results of molecular analyses of 578 base pairs of mtDNA 16S
rBRNA sequences, these individuals correspond to A. notatus adult, with a high bootstrap value of 95%
(genetic distance, d=0.002). Therefore, this study shows that the individuals more than 20.8 mm similar
to adult body color but the 16.1 mm individual differs to that of adult. We confirm that this species
changes to body color during their early life stages. This result regards as a survival strategy to protect
themselves against their predator during their early life stages.
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2006)ll Hol WF HAEATh & Aol AReE =R
273 ) 3t (Pukyong National University, PKU)ol| 53 4
Haslo] olet. R ef= A 8] 3-31n] 7 (Olympus SZX-
16. Japan) s}el|A] A8}l © Hubbs and Lagler (2004)<-
et Alg 2 F2 7 B4 0.1mm =97HA] A5kl
BEARAS 25 Total DNAE Chelex 100 resin (Bio-rad,
USA)E o] 8sle] 28%F oAl 233t PCRE H| =
Zxz]o} DNA 16S rRNA<] %3-S |vanova et al. (2007)2]
16Sar-5' (5'-CGCCTGTTTATCAAAAACAT-3) 3} 16Shr-
3 (5-CCGGTCTGAACTCAGATCACGT-3) primerz. ==
A1 745k 10X PCR buffer 5uL, 25mM dNTP 4 uL, 16Sar-5
primer 1ul, 16Shr-3’ primer 1 uL, FR taq polymerase 0.5 uL
(Biomedic, Korea) = 412 &3}E-ol total DNA 10uL= #
718t &, & 50uL7} 2 wi7bx] 3z} /43S Y3 Therma
cycler (Bio-rad MJ mini PTC-1148, USA)E o] g3} t-&
3} 722 z7efA] PCRS 4:3)3lglt}: Initial denaturation
95°Cel|A] 5% PCR reaction 35 cycles (denaturation 95°Col|
4] 13, annealing 50°Cel|A] 134, extension 72°Cel| 4] 132);
final extention 72°Cel|A] 5%. A A= ExoSAP-IT (United
States Biochemical Corporation, USA)Z o] 83} t}. 74
o2 ABA 3730XL sequencer (Applied Biosystems Inc., USA)
ollA] ABA Bigdye terminator cycle sequencing ready reaction
kit v3.1 (Applied Biosystems Inc., USA) S o]8-3}o] <dgic).
nEZ =g o} 16SrRNA 371492 =2 BiokEdit version
7 (Hall, 1999)2] Clustal W (Thompson et al., 1994)= o] &5}
Aqom, G7IMLE vwatr] 98 F2AE HoelA A
937149} NCBI (National Center for Biotechnology Infor-
mation)ol] 5=% EA}54 o] F 6%F2] DatabaseE o]£-3}
Ack g o g Folg A ele] 7§ el (Trachurus
japonicus)E &7 v]wslsd o) Abudefduf notatus(PKU 6320,
K F154016), Abudefduf sp. (PKU 6325; KF154017), Abudefduf
vaigiensis (AY 365120), Abudefduf sexfasciatus (JF457206),
Abudefduf saxatilis (AY279673), Abudefduf bengalensis
(FJ616397), Abudefduf sordidus (JF457210), Abudefduf
notatus (FJ616400), Trachurus japonicus (PKU 6551; JQ1
78230). 5414 718]+= Mega5(Tamuraet al., 2011)¢] Pair-
wise distanceZ Kimura-2-parameter =2 (Kimura, 1980) =

A Ars}edE}. Neighbor joining tree (NJ)= Mega 5 (Tamura et

al., 2011)=
sdet.
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PKU 6320 (713 29.1 mm), PKU 6321 (213 25.3 mm),
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Table 1. Comparison of counts and measurements of Abudefduf

notatus juveniles

Present study Kim (2010)
Number of specimens 7 12
Standard length (mm) 16.1~29.1(22.1) 29.4~41.3(35.3)
Counts
Dorsal finrays XIIl, 13~ 14 X1, 13
Anal finrays Il,13~14 I,12~13
Pelvic finrays 1,5 1,5
Pectora finrays 17~19 18~19
Pored scale on Lateral line 21 20~22
Scalesin longitudinal row 28~29 -
Measurements(In % SL)
Body depth 48.6~54.2(51.6) 49.7~55.3(53.0)
Head length 30.7~35.7(33.8) 32.3~36.3(34.4)
Snout length 7.6~9.8(8.4) 8.0~10.3(9.1)
Eye diameter 11.3~14.9(129) 11.9~13.3(12.5)

Cauda peduncle length
Caudal peduncle depth

Pre-dorsal length
Pre-anal length

16.2~19.1(17.6)
13.8~17.5(16.1)
43.4~50.2 (46.4)
70.5~76.3(72.3)

15.4~18.6(16.5)
16.9~18.1(17.4)
44,6~ 48.3(46.6)
66.5~ 74.4(70.6)

Parenthesis indicate average.
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Fig. 1. Relationships between standard length (SL) and proportional
measurements of Abudefduf notatus. Body depth (diamond), Head
length (rectangle), Snout length (triangle), Eye diameter (cross), Cau-
dal peduncle length (star), Caudal peduncle depth (circle), Pre-dorsal
length (plus sign), Pre-anal length (minus sign).
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Fig. 2. Abudefduf notatus, PKU 6320, 29.1 mm SL (A-A"), PKU 6325, 16.1 mm SL (B-B’), collected from Jgju Island. Fresh specimen (A-B),

Fixed specimen (A’-B”).
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g2 - Abudefduf vaigiensis (AY365120)
L Abudefduf sexfasciatus (JF457206)
Abudefduf margariteus (JF457202)
Abudefduf bengalensis (FJ616397)
Abudefduf sordidus (JF457210)
Abudefduf notatus (FJ616400)
95 L{Abudefduf notatus (PKU 6320) juvenile
76 | Abudefduf sp. (PKU 6325) juvenile
Trachurus japonicus (PKU 6551)

Fig. 3. Neighbor-joining tree showing the relationship between Abudefduf sp. and genus Abudefduf six species and Trachurus japonicus as one
outgroup using mtDNA 16S rRNA sequences. Numbers at branches indicate bootstrap probabilities in 5000 bootstrap replications. Bar indicates

genetic distance of 0.01.
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3. A =3

= NAST A o= ol 1A (PKU 6325, A
A 16.1mm)e] AEst F AL 9l n|EZ=ge} 16S
rRNA 3¢ 578 base-pairg #3819t} 524 Adoie] Al
e 747 Xe] 1704 (PKU 6320, 214 29.1mm)<} NCBI
of 558 EFAES oIF 6% ulm A, AEmE(A
sexfasciatus) 3} A3 A2 (d)7} 0.049, s] == 127] (A
vaigiensis)¢}= d=0.043, 2% (A. bengalensis)z}= d=
0.041, Z#}& (A. sordidus)3}+= d=0.0222 Z}o]E HYo
1}, 222% (A notatus) = d=0.0022 99.8% Y| ==
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Fricke (1980)= #l2] &3} o] F2] Pomacanthus imperator 2]
A% ol Siel A Aelrk Aule A s
A FHEs S d =ee Fo ek Bge] A
I o Fe] 277N B 5 e EADA ] e Al
Aol EAAZIE A4S Weistr] 98 Azl A 7]
olgt 7 o]} (Neal, 1993). =3+ Gittleman et al. (1980)- ]
A7b W AME ASE Aol Aolo] BT A =T
FA71E mA7L QR Sk o) Hol7h Ao
Hoje] ode] el Hel@Ee she | ol47FsT AT
& 3717 Fei(Ned, 1969, 3 A4 18T 20
o Bjgh uhel: 2ot ofE} AojellM = el & 4 9l

\l

W



o} ol g 59, FE3e] A E (Canthigaster rivulata)2] 73-¢,
9] &8 mesH ke AAE 7}*’2@‘% FHg
F3tEle] AL A EHA] Eet=s kA (Tackett,
2002), v}5-o]3}2] Sgnigobius blocellatus,: SA =gju]e] 3
Aol w4 A7 FHE 7HA Ale A1 BelAE k=
2 ZARY & w2EAF)7]|= sk} (Hoese and Allen,
1997; Tackett, 2002). o]= yn]|327|3}e] 7HAUe] 127]
(Chaetodon auriga)-} Chaetodon bennettioll M = 2 el
o} (Tackett, 2002) AA 16.1~17.0mm Z7]2] =24AE ]
ool ¥ 4 = wele] YB3} 53] melx =] A=
57t B S o]Ee] 2AF o] F2 Bo|A| oA A
= mEoh O A% 52 Aoe 2AA 8 eqle
i%'-Ei ol A =] A, Helz QA EA] xS st
AA1E- vl & 7l o]t}

2 o

201193% 20123 &HA|el AlF= AMFAZAA EAESE
o]z AL Xo] 7/ (MA 16.1~29.1mm)7} 2=
Holch. 2% SA (A 20.8~29.1mm)= B okl 3}
Ae] £9g hzzRH 9l e g A 2e 3L
A el 1 913 melA =efulsh b Wi el A
Z=7-2}1% (Abudefduf notatus)} -AFstdcl. 22, A A
o =7 F7|7} 2R 2704 (A& 16.1mm, 17.0mm)E= o} o]
2 ZhEEFHIE 3 TR 9E wi A =2u| S A9
3 wE xr2n q:]_z\ﬂ 7} =13k Mol A kA 5rA| 9} 2}
o]2 w4t} njEZc=z2]o} 16SIRNA ¢ 578bps EA
1_} A 2 QA= Eﬂz}i Al o] 2} 95% bootstrap %k_i
=] 5193 T} (genetic distance, d=0.002). w}je}r], &=
) gZAE Aol F 20.8mm o]} A= *30154 ‘IT‘}‘}'
AAe vepliglont T2rg 22 161 mmriA oM =
o9} The A me] B FL of Aol Aol W
e AE ST AU, ol olFe) ol Al =
A2 RE] A4S welsly] 18 AEAFow And

) 0¥m rua

A

oy oX

_l)v

Z

pus

i)

g% . 77 2010. FA o) 7} (Pisces: Cynoglossidag) zke] 2%
9] mlEZ=g|olDNAC 23t FelsA o eldA. 34
Ab3}3t3) 7], 43(5): 482-488.

7. 2010. A=) 53t A= AEA [F=2] HF5E], =1

AE X} 13k, 91, pp. 56-79.

SF & o)FE - ol gF - AA -

Trfﬂcﬂ 3hAL, 615pp.

A gAY - o]pA - AT 2011, &

71 7 A&, 2005. 3=

4>

\0{

HA2}o] (Echelus uropterus)

SEAE X0f2 W&ol WE Mol 57

o

Apele] BAREA, AAEA R sk 13,
538}3%), 23(3): 217-224.

Allen, G.R. 1991. Damselfishes of the world. Aquarium Systems
Mentor, Ohio, USA. Mergus Publishers, Melle, Germany,
271pp.

Allen, G.R. and M. Adrim. 2003. Coral reef fishes of Indonesia. Zool.
Stud., 42(1): 1-72.

Allen, G.R. and M.V. Erdmann. 2012. Pomacentridae, In: Reef
fishes of the East Indies. Vol. II. Tropica Reef Res., Perth
Australia, pp. 561-630.

Booth, C.L. 1990. Evolutionary significance of ontogenetic colour
changein animals. Biol. J. Linn. Soc., 40: 125-163.

Chang, C.H., Y.T. Shao and H.W. Kao. 2006. Molecular identifica-
tion of two sibling species of Puntiusin Taiwan. Zool. Stud.,
45: 149-156.

Delfour, C., P. Roger, C. Bret, M.L. Berthe, P. Rochaix, N. Kalfa,
P. Raynaud, F. Bibeau, T. Maudelonde and N. Boulle. 2006.
RCL2, a new fixative, preserves morphology and nucleic
acid integrity in paraffin-embedded breast carcinoma and
microdissected breast tumor Cells. J. Mol. Diagn., 8: 157-
169.

Frederich, B., A. Pilet, E. Parmentier and P. Vandewalle. 2008. Com-
parative trophic morphology in eight species of damselfishes
(Pomacentridae). J. Morphol., 269: 175-188.

Fricke, H.W. 1980. Juvenile-adult colour patterns and coexistence
in the territorial coral reef fish Pomacanthus imperator. Mar.
Ecol., 1: 133-141.

Gittleman, J.L., P.H. Harvey and P.J. Greenwood. 1980. The evolu-
tion of conspicuous coloration: some experiments in bad
taste. Anim. Behav., 28: 897-899.

Hall, T.A. 1999. BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for windows 95/98/NT.
Nucleic Acids Symposium Series, 41: 95-98.

Herald, E.S. 1961. Living fishes of the world. Chanticleer Press.
Doubleday & Company, Inc., Garden City, N.Y ., 304pp.

Hoese, D.F. and G.R. Allen. 1997. Sgnigobius biocellatus, a new
genus and species of sand-dwelling coral reef Gobiid Fish
from the Western Tropical Pacific. Japanese J. Ichthyal.,
23: 199-207.

Hubbs, C.L. and K.F. Lagler. 2004. Fishes of the Great L akes region.
Revised ed. Michigan Univ. Press, Ann Arbor., pp. 1-332.

lvanova, N.V., T.S. Zemlak, R.H. Hanner and P.D.N. Hcbcrt. 2007.
Universal primer cocktails for fish DNA barcoding. Mol.
Ecol. Notes., 7: 544-548.

Kimura, M. 1980. A simple method for estimating evolutionary rate
of base substitution through comparative studies of nucleo-
tide sequences. J. Mal. Eval., 16: 111-120.

Kingsford, M.J. 1985. The demersal eggs and planktonic larvae of
Chromis dispilus (Teleostei: Pomacentridag) in north-eastern
New Zealand coastal waters. N.Z. J. Mar. Freshwater Res,,
19: 429-438.

Maakar, A K., W.S. Lakra, M. Goswami, M. Singh and R.M. Mishra.

2o}



58 &Gd - ZdT

2012. Molecular identification of three Ompok species using
mitochondrial COI gene. Mitochondrial DNA, 23: 20-24.

Masuda, H., K. Amaoka, C. Araga, T. Uyeno and T. Y oshino. 1984.
The fishes of the Japanese Archipelago. Tokai Univ. Press,
Tokyo, Text: i-xxii+1-437, Atlas: Pls. 1-370.

Milana, V., A. Fusari, A.R. Rossi and L. Sola. 2011. Molecular and
morphological identification of an uncommon centrolophid
fish. Central European J. Biol., 6: 440-445.

Murphy, B.F., JM. Leisand K.D. Kavanagh. 2007. Larval develop-
ment of the Ambon damselfish Pomacentrus amboinensis,
with a summary of pomacentrid development. J. Fish Biol.,
71: 569-584.

Nakabo, T. 2002. Fishes of Japan with pictorial keys to the species
second edition. Tokai Univ., Tokyo, 1748pp.

Neal, T.J. 1993. A test of the function of juvenile color patternsin
the pomacentrid fish Hypsypops rubicundus (Teleostei: Po-
macentridag). Pacific Sci., 47: 240-247.

Nelson, J.S. 2006. Fishes of the world. 4™ ed. John Wiley and Sons,
Inc., Hoboken, New Jersey, 601pp.

Potthoff, T., S. Kelley, V. Saksena, M. Moe and F. Young. 1987.
Description of larval and juvenile Yellowtail Damselfish,

Microspathodon Chrysurus, Pomacentridae, and their oste-
ological development. Bulletin Mar. Sci., 40: 330-375.

Tackett, D.N. 2002. Reef Life. Natural history and behaviors of
marine fishes and invertebrates. T. F. H. Publications, Inc.,
Neptune City, New Jersey, 227pp.

Tamura, K., D. Peterson, N. Peterson, G. Stecher, M. Nei and S.
Kumar. 2011. MEGAS: Molecualr evolutionary genetics
analysis using maximum likelihood, evolutionary distance,
and maximum parsimony methods. Mol. Biol. Evol., 28:
2731-2739.

Thompson, J.D., D.G. Higgins and T.J. Gibson. 1994. CLUSTAL
W: Improving the sensitivity of progressive multiple sequ-
ence alignment through sequence weighting, position speci-
fic gap penalties and weight matrix choice. Nucleic Acids
Res., 22: 4673-4680.

Thresher, R.E. 1984. Reproduction in reef fishes. T. F. H. Publica-
tions, Inc., Neptune City, New Jersey, 399pp.

Wainwright, P.C. and D.R. Bellwood. 2002. Ecomorphology of
feeding in coral reef fishes. In: Sale, P.F. (ed.), Coral Reef
Fishes: Dynamics and Diversity in a Complex Ecosystem.
Academic Press, San Diego, pp. 33-57.



