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Morphological Study of the Genus Chromis from Korea
II. Comparison of Skeletal Characters of Chromis notata,
Chromis analis and Chromis fumea

Yong Uk Kim and Jin Koo Kim
Department of Marine Biology, Pukyong National University, Pusan 608-737, Korea

Comparative osteology of Chromis notata, C. analis and C. fumea was studied based on the samples
collected from the Korean waters. The three species are distinguished by the shape of cranium, visceral
skeleton, vertebra and caudal skeleton. Chromis notata has a glossohyal which is slightly curved in shape while
two other species are deeply curved. C. analis has three spiniform procurrent caudal rays while others have
two. C. fumea could be distinguished easily by the shape of preopercle which is serrate in posterior margin.

This investigator reveals following bones as new taxonomic criteria for the genus Chromis in Korea. In
cranium, height of supraoccipital, height of process of parasphenoid and anterior margin of basisphenoid, in
visceral skeleton, presence of fine papilla-like process at the surface of preopercular sensory canal, in orbital
bone, width of preorbital, in hyoid arch, shape of glossohyal, union state between lower hypohyal and
ceratohyal and union state between ceratohyal and epihyal, in shoulder girdle bone, dorsal margin of
posttemporal, width of upper postclavicle, posterior end of lower postclavicle and posterior margin of first
actinost bone, in vertebrae, beginning point of parapophysis, in caudal skeleton, upper shape of second neural
spine of pleural centrum.

Key words : morphology, osteology, genus Chromis, Korean fish
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Genus Chromis o5 A AAA 2 76% (Allen, 1991;
Randall and McCosker, 1992), ¥¥o& 24% (Nakabo,
1993)0] Bl glon), &3] vgtde 3%Tte] B
5o} 1t} (Chyung, 1977; Kim et al, 1994a, b; Lee and
Kim, 1996). 254 o}Fe A2 EH off FolA 712
s MAH4E 7kA ™ (Randall et al, 1981), T8 2
A Alole ZFubkA o= (Emery and Thresher, 1980,
HNE A% C flavicauda® A71A (Smith-Vaniz and
Emery, 1980), Miyakejima® C. miyakeensis®] A 717
(Randall et al, 1981), A% ALY C. enchrysura®] A
2]d o] (Emery and Smith-Vaniz, 1982), Y1 =-el e
9| C. viridis®) B3%3 o] (Randall, 1985), 3tsto] 24
9 C. ovalis® 437 w2 &4 o] (Randall and Follett,
1989) 5 o9 A7 Havt glen, $8 dgdMe
A5 Axo] el (Koh and Jeon, 1983), A& &S
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o] 2 U]71EZ (Kim et al, 1994a, b), Bl 7]o}= o F
o] £79 EX (Lee and Kim, 1996), A&l E% ol F 3
%9 9% ge-1 (Kim and Kim, 1996) 59 9+ HEi7}
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8 Percoidei (Folot) o2 HFFRen, Ho 9A
FFF ¥ 53 289 Y2 ¥ Kaufman and
Liem (1982)¢] Labroidei’t Richards and Leis (1984),
Liem (1986), Stiassny and Jensen (1987) % Lee and
Kim (1996) 5 o8 statgel o3 ARSn YA 2
Bego 9 S B8 A3 2412 g A o] Nelson
(1994 2} A E ul ek
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Fig. 1. Cranium of Chromis(A1-C1: dorsal view, A2-C2: lateral view).
A1, A2: Chromis notata; B1, B2: Chromis fumea; C1, C2: Chromis analis; al: alisphenoid; bo: basioccipital;
bs: basisphenoid; e: ethmoid; exo: exoccipital; epo: epiotic; f: frontal; le: lateral ethmoid; opi: opisthotic;
pas: parasphenoid; pro: prootic; p: parietal; pto: pterotic; so: supraoccipital; spo: sphenotic; v: vomer. Scale

bars=5 mm,
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Fig. 2. Parasphenoid of Chromis(A1-C1: ventral view; A2-C2:. lateral view).
A1, A2: Chromis notata; B1, B2: Chromis fumea; C1, C2: Chromis analis. Scale bars=2.5 mm,
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2. WZEZ (WES, Visceral skeleton) (Fig. 3, 4)
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Fig. 3. Opercular of Chromis (lateral view).
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A: Chromis notata; B: Chromis analis; C: Chromis fumea; iop: interopercle; op: opercle; pop: preopercle;

sop: subopercle. Scale bars=5 mm.

Fen, s 4 =@ gL AAMNE HgR
g7 FEHAT, dFAEL A 2 FHgAL.
G FT HES VA FEo W2 AE 2 =
AL EL FANE HZ FPE7)7) g id, A
A EL HaA FA9 2ol & Yt

WZE & YAFRE FAH3e 53 AE2 (pa
latine), 2l"¢Z (endopterygoid), <J4F (ectoptery-
goid), ¥94E (metapterygoid), '#F (quadrate), H&
= (symplectic), 42+ (hyomandibular) ¢} 7708 ZHo
2 FAH A, FHEL M G YxEe W
AZo g oz 4 UdaEs Hay, s ¢ &
FAAFAME AEL FHENEY ©S A9
=g gy A4 AYE 719} SHETle AY 2o,
T AEE R AFAYELE FAZY 524 §79
E717 wed whe) mgx }\’JE° FhA o= Fo} zfo)
& eyl
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Fig. 4. Suspensorium of Chromis (lateral view).
A: Chromis notata;, B: Chromis fumea; C. Ch-
romis analis; ed: endopterygoid; et: ectoptery-
goid; hyo: hyomandibular; mp: metapterygoid;
pal: palatine; qu: quadrate; sym: symplectic.
Scale bars=5 mm,
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5. M3 (&, Hyoid arch) (Fig. 7)
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Z (interhyal) @ A2 Z (branchial rays) 2 7AE W2,
S ARt £t

Fig. 5. Orbital bone of Chromis (lateral view).
A: Chromis notata; B: Chromis fumea; C:. Ch-
romis analis; po: preorbital bone; sot: first su-
borbital bone; s02: second suborbital bone; so
3: third suborbital bone; so4: fourth suborbital
bone; so5: fifth suborbital bone. Scale bars=2.
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Jaw bone of Chromis (lateral view).
A: Chromis notata; B: Chromis fumea; C: Chromis analis; an: angular; ar: articular; arp: articular process; asp:
ascending process; d: dentary; m: maxillary; pm: premaxillary. Scale bars=5mm,

Fig. 6.
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Fig. 7. Hyoid arch of Chromis,

A1-C1: The hyoid arch (lateral view); A2-C2: glossohyal (ventral view); A3-C3: urohyal (lateral view); A1-
A3: Chromis notata; B1-B3: Chromis fumea: C1-C3: Chromis analis; br: branchiostegal rays; ce: ceratohyal;
ep: epihyal; hy: hypohyal; in: interhyal. Scale bars=2.5 mm.
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Fig. 8. Shoulder girdle of Chromis(lateral view).
A: Chromis notata; B: Chromis fumea, C: Chromis analis: ac: actinost bone; cl: clavicle; Ipc: lower postclavi-
cle; pt: posttemporal; sc: scapular; scl: supraclavicle; st: supratemporal; upc: upper postclavicle. Scale
bars=5 mm.

Fig. 9. Vertebrae of Chromis (lateral view).
A: Chromis notata; B: Chromis fumea; C. Chromis analis; av1: first abdominal vertebra; cv1: first caudal ver-
tebra; h: hemal spine; n: neural spine; pa: parapophysis. Scale bars=10 mm.
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Fig. 10. Caudal skeleton of Chromis (lateral view).

A: Chromis notata; B: Chromis fumea; C: Chromis analis; ep: epural; hy: hypural; npu 2: second neural
spine of pleural centrum; ph: parhypural; pp: hypurapophysis; spc: spiniform procurrent caudal rays; us:

urostyle;un 1: first uroneural. Scale bars=5 mm.
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Table 1. Comparative morphology and osteological characters of Chromis notata, Chromis fumea and Chromis

analis
Characters Chromis notata  Chromis fumea Chromis analis

Cranium Height of supraoccipital Moderate Low High

Height of process of parasphenoid Low High High

Anterior margin of basisphenoid Project Flat Flat
Visceral skeleton | Fine papilla-like process at the end of Absent Absent Present

the preopercular sensory canal

Orbital bone Width of preorbital Narrow Moderate Broad

Hyoid arch Shape of glossohyal Slightly curved Deeply curved Deeply curved
Union between lower hypohyal and By hard bone By hard bone By cartilage
ceratohyal
Union between ceratohyal and epihyal By hard bone By hard bone By cartilage
Shoulder girdle Dorsal margin of posttempbral Flat Flat Project
Width of upper postclavicle Broad Narrow Broad
Posterior end of lower postclavicle Point Round Point
Posterior margin of first actinost bone S form S form Round form
Vertebrae Beginning point of parapophysis seventh vertebra sixth vertebra fifth vertebra
Caudal skeleton Upper shape of second neural spine of Bumpy Flat Flat

pleural centrum

AAAZS SRt §Y B E vEho F3i8
A TFEHAL

Alexander, R. McN. 1967. The functions and mechanism of
the protrusible upper jaws of some acanthopterygian
fish. J. Zool., London, 151, 43~64.

Allen, G. R. 1991. Damselfishes of the World. Mergus Pub-
lishers, Melle, Germany, 271 pp.

Arai, R, M. Inoue and H. Ida. 1976. Chromosomes of four
species of coral fishes from Japan. Bull. Nat'l. Sci. Mus.
Japan. ser. A (Zool.), 2 (2), 137~142.

Baik, M. H. 1980. On the morphology of digestive organ of
Osteichthyes along the coast of Seogwipo in Jeju-do-
Liver, stomach, pyloric caeca, intestine-. Bull. Cheju
Nat'l. Univ. (Nat. Sci.), 11, 117~127.

Chyung, M. K. 1977. The Fishes of Korea. Ili-Sa. Co.,
Seoul, 727 pp.

Ciardelli, A. 1967. The anatomy of the feeding mechanism
and the food habits of Microspathodon chrysurus (Pis-
ces: Pomacentridae). Bull. Mar. Sci., 17, 845~883.

Emery, A. R. 1973. Comparative ecology and functional os-
teology of fourteen species of damselfish (Pisces: Po-
macentridae) at Alligator Reef, Florida Keys. Bull. Mar.
Sci., 23, 649~770.

Emery, A. R. 1980. The osteology of Lepidozygus tapeino-
soma (Pisces: Pomacentridae). Bull. Mar. Sci., 30,
213~236.

Emery, A. R. and R. E. Thresher. 1980. Biology of damselfi-
shes. Bull. Mar. Sci., 30, 145~146.

Emery, A. R. and W. F. Smith-Vaniz. 1982. Geographic va-
riation and redescription of the western Atlantic dam-
selfish, Chromis enchrysura Jordan and Gilbert (Pisces:
Pomacentridae). Bull. Mar. Sci., 32, 151~165.

Eschmeyer, W. N. 1990. Catalog of the genera of recent fi-
shes. San Francisco:California Academy of Sciences,
697 pp.

Kaufman, L. S. and K. F. Liem, 1982. Fishes of the suborder
Labroidei (Pisces: Perciformes): phylogeny, ecology,
and evolutionary significance. Breviora, 472, 19 pp.

Kawamura, K. and K. Hosoya. 1991. A modified double
staining technique for making a transparent fish-ske-
letal specimen. Bull. Nat'l. Res. Inst. Aqua., 20, 11~
18.

Kim, I. S. and E. J. Kang. 1989. Comparative study on the
urohyal of the Subfamily Gobioninae of Korea. Korean
J. Ichthyol,, 1(1, 2), 24~34,

Kim, Y. U. 1989. Introduction of Ichthyology. Tae Hwa Pub.
Co., Pusan, 270 pp.

Kim, Y. U, J. R. Ko and J. K. Kim. 1994a. New re-



I AYES A5 3

cord of the damselfish, Chromis analis (Pisces: Poma-
centridae) from Korea. Bull. Korean Fish. Soc., 27 (2),
193~199.

Kim, Y. U, J. R. Ko and ). G. Myoung. 1994b. New record
of the damselfish, Chromis fumea (Pisces: Pomacentri-
dae) from Korea. Korean ). Ichthyol., 6 (1), 21~27.

Kim, Y. U. and ). K. Kim. 1996. Morphological study of the
genus Chromis from Korea - 1. External morphology of
three damselfishes of the genus Chromis (Teleostei:
Pomacentridae) from the Korean waters. Korean J. Ich-
thyol,, 8 (2), 23~32.

Koh, J. R. 1995. Taxonomic study on the family Labridae
(Teleostei: Perciformes) from Korea. Ph.D. Thesis, Nat.
Fish. Univ. Pusan, 167 pp.

Koh, Y. B. and D. S. Jeon. 1983, Fisheries biology for fishing
improvement and optimum catch of a damsel fish,
Chromis notatus (Pisces, Pomacentridae) in Seogwipo,
Jeju Island - 1. Life cycle and spawning. Bull. Mar. Re-
sour. Res. Inst. Jeju Nat'l. Univ,, 7, 1~14.

Lauder, G. V. and K. F. Liem. 1983. The evolution and inte-
rrelationships of the actinopterygian fishes. Bull. Mus.
Comp. Zool., 150 (3), 95~197.

Lee, W. O. and 1. S. Kim. 1996. A revision of the Suborder
Labroidei (Pisces: Perciformes) from Korea. Korean J.
Ichthyol., 8 (1), 22~48,

Liem, K. F. 1970. Comparative functional anatomy of the
Nandidae (Pisces: Teleostei). Fieldiana. Zool., 56, 1~
166.

Liem, K. F. 1986. The pharyngeal jaw apparatus of the Em-
biotocidae (Pisces: Teleostei) : a functional and evolu-
tionary perspective. Copeia, 1986 (2), 311~323.

Liem, K. F. and J. W. M. Osse. 1975. Biological versatility,
evolution and food resource exploitation in African ci-
chlid fishes. Amer. Zool., 15, 427~454,

Masuda, H., K. Amaoka, C. Araga, T. Uyeno and T. Yo-
shino. 1984. The Fishes of the japanese Archipelago.
Tokai Univ. Press, Tokyo, 448 pp.

Nakabo, T. 1993. Fishes of Japan with Pictorial Keys to the
Species. Tokai Univ. Press, Tokyo, 1474 pp.

Nelson, ). S. 1994. Fishes of the World. 3rd ed. John
Wiely & Sons, INC., New York, 600 pp.

Randall, J. E. 1985. Chromis viridis (Cuvier, 1830), the cor-
rect name for the Indo-Pacific damselfish previously
known as C. caerulea (Pisces, Pomacentridae). Cy-
bium, 9 (4), 411~413.

Randall, J. E. and W, L. Follett. 1989. Diagnosis of the Ha-

2

&
ow

> 573

J.?L'

waiian pomacentrid fish Chromis ovalis and its juvenile
stages, with discussion of its challenged specific name.
Copeia, 1989 (4), 847~849.

Randall, ). E. and ). E. McCosker. 1992. Two new damselfi-
shes of the genus Chromis (Perciformes: Pomacentri-
dae) from the South Pacific. Proc. Cali. Acad. Sci., 47
(12), 329~337.

Randall, J. E.,, H. Ida and J. T. Moyer. 1981. A review of the
damselfishes of the genus Chromis from Japan and
Taiwan, with description of a new species. Japan. J.
Ichthyol., 28 (3), 203~242.

Regan, C. T. 1913. The diassification of percoid fishes. Ann.
Mag. Nat. Hist., 8 (12), 111~145.

Richards, W. J. and J. M. Leis. 1984. Labroidei : Develop-
ment and relationships, In Ontogeny and Systematics
of Fishes. American Society of Ichthyologists and Her-
petologists. Special Publication No. 1. pp. 542~547.

Schaeffer, B. and D. E. Rosen. 1961. Major adaptive levels
in the evolution of the actinopterygian feeding mecha-
nism, Amer. Zool., 1, 187~204.

Smith-Vaniz, W. F. and A. R. Emery. 1980. Redescription
and synonymy of the western Atlantic damselfish Ch-
romis flavicauda (Ginther). Bull. Mar. Sci., 30, 204~
212,

Stiassny, M. L. J. 1981. The phyletic status of the family Ci-
chlidae (Pisces, Perciformes): A comparative anatomi-
cal investigation. Neth. J. Zoo., 31 (2), 275~314,

Stiassny, M. L. J. and J. S. Jensen. 1987. Labroid intrarelatio-
nships revisited: morphological complexity, key inno-
vations, and the study of comparative diversity. Bull.
Mus. Comp. Zool., 151 (5), 269~319.

Yamaoka, K. 1982. Morphology and feeding behaviour of
five species of genus Petrochromis (Teleostei, Cichli-
dae). Physiol. Ecol., 19, 57~75.

Yamaoka, K. 1983a. A revision of the cichlid fish genus Pet-
rochromis from Lake Tanganyika, with description of a
new species. Japan. J. ichthyol., 30 (2), 129~141.

Yamaoka, K. 1983b. Feeding behaviour and dental mor-
phology of algae scraping cichlids (Pisecs: Teleostei) in
Lake Tanganyika. African Study Monogr., 4, 77~89.

Yamaoka, K. 1987. Comparative osteology of the jaw of al-
gal-feeding cichlids (Pisces, Teleostei) from Lake Ta-
nganyika. Rep. Usa Mar. Biol. Inst.,, 9, 87~137.

19979 3¥€ 18Y¢ FHF
19979 6% 309 F¢



