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of the Butterflyfish Family, Chaetodontidae1

WARREN E. BURGESS2

MOST AUTHORS have classified the butter
flyfishes and angelfishes as two subfamilies
Chaetodontinae and Pomacanthinae, of th~
family Chaetodontidae (Woods and Schultz
in Schultz et a11953, Greenwood et al 1966
and Bohlke and Chaplin 1968). Ahl (1923):
Weber and de Beaufort (1936), and Marshall
(1964) included subfamilies, as Scato
phaginae, Drepaninae, etc., within the
Chaetodontidae along with Chaetodontinae
and .Pomacanthinae, which are presently
consIdered as families. Smith (1953, 1955)
and Munro (1955, 1967) preferred to use
family Chaetodontidae and family
Pomacanthidae. None of the above authors
gave sufficient supporting evidence to jus
tify their use of a particular classification.

Fraser-Brunner (1945) recognized some
of the distinguishing characteristics of the
angelfishes (frontal bones forming a concav
ity between the orbits, the presence of a
strong spine at the angle of the preoper
culum, the absence of the pelvic axillary
process, the distal portions of the ribs nor
~ally formed, and a forward ventral expan
sIOn of the first interhaemal bone) but con
tinued to use subfamily Pomacanthinae and
subfamily Chaetodontinae.

A few workers dealing with certain as
pects of the anatomy of fishes have men
tioned particular differences between the
two groups. Some of them, such as Cock
erell (1915, 1916) and Freihofer (1963), were
of the opinion that the differences might be
enough to warrant full family distinction.

On the basis of the following anatomical
and life history differences the two sub-
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families should be considered as separate
and distinct families.

SCALES

Cockerell (1915, 1916) investigated the
form of the scales in the genera Chaeto
don, Henioehus, Chelmon, Chaetodontop
ius, Pomaeanthus, Centropyge (Ho/aean
thus hie%r = Centropyge hie%r), and
Mieroeanthus. In his analysis of scale
structure he divided these fishes into three
distinct groups which happen to correspond
to the currently accepted families
Chaetodontidae, Pomacanthidae, and
Scorpididae.

Cockerell (1915) found the scales of the
butterflyfish genera similar and remarked,
"It is impossible to find satisfactory charac
ters for the separation of the species of
Chaetodon, Chelmon, and H enioehus. The
ctenoid elements of Che/mon are coarser
than those ofH enioehus, but the structure is
the same." I have examined scales from all
genera and subgenera of the family
Chaetodontidae and have found that, al
though the scales are variable in size and
shape, the basic structure is the same. The
chaetodontids have scales in which the
ctenii extend in a band along the apical mar
gin with the elements separate and striated
(Fig. IB).

Pomacanthids have scales in which the
median ribs of apical teeth extend as con
tinuing rods to the base of the apical field
(Fig. IA). Cockerell (1915) reported this for
the genera Chaetodontoplus, Pomaean
thus, and Centropyge. I have examined
scales from the other genera of the family
Pomacanthidae and found all of them to be
similarly structured.

Cockerell also reported that the scales of
Microeanthus were similar to those of
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FIG. 2. A. Base of pelvic fin of Pomacanthus
(Pomacanthidae); B. base of pelvic fin showing axillary
scaly process ofChaetodon (Chaetodontidae); C. base
of pelvic fin showing axillary scaly process of
Heniochus (Chaetodontidae).

B
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character and pointed out that the "axillary
process is not an all or none character; it can
be and frequently is rudimentary or practi
cally transitional between a ridge and a pro
cess. "

However, Gosline said that the scaly axil
lary process in the great majority of percoid
families is either consistently absent or con
sistently present. 1have examined all genera
of both families and found as Fraser
Brunner (1945) reported that, although vari
able in size and shape, the axillary process is
consistently present in the Chaetodontidae
(Fig. 2B, C) but consistently absent in the
Pomacanthidae (Fig. 2A).

" \, \

AXILLARY SCALES

Regan (1913) and Norman (1957) made
their primary division of percoid families on
the basis of the presence or absence of a
scaly process in the axil of the pelvic fins.
They placed the Chaetodontidae (including
Pomacanthidae) with the families that have
this feature. Gosline (1966) discussed this

Chaetodon, Heniochus, and Chelmon.
They differed, however, in general shape
and the genus was placed in a third group
apart from the pomacanthids and
chaetodontids mentioned above. Although
Mierocanthus was considered to be a genus
of the family Chaetodontidae in Cockerell's
time, it was placed in the family Scorpididae
by Fraser-Brunner in 1945.

A
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RAMUS LATERALIS ACCESSORIUS NERVE

Freihofer (1963), in dealing with the pat
terns exhibited by the Ramus lateralis ac
cessorius, discovered that the arrangement
of these nerves in genera of the family
Chaetodontidae is different from that ofthe
pomacanthid genera. He stated, "Although
still incomplete, the survey for RLA in
chaetodontid (sensu latro) genera indicates
that pattern 8 is characteristic of the
Chaetodontinae (two genera examined) and
pattern 9 the Pomacanthinae (three genera
examined). Judging from the apparent sig
nificance RLA has in other groups, such a
distribution in the Chaetodontidae raises
serious doubts that the two subfamilies are
correctly classified."

AUXILIARY SCALES

Auxiliary scales (small scales at the base
of the larger ones) occur in adult specimens
of all pomacanthid genera and are absent in
all genera of chaetodontids (personal obser
vations).

Fraser-Brunner (1933) used the presence
or absence of these scales in his generic keys
to help separate various groups of species. I
have examined several of the species which
were reported by him as lacking auxiliaries
(e.g., Chaetodontoplus melanosoma,
Pomacanthus imperator, Apolemichthys
xanthurus) and found that these small scales
are present in large specimens, particularly
in the areas below the anterior dorsal spines
and on the chest.

OSTEOLOGY

Skeletons of the following species were
examined in an attempt to determine differ
ences between the family Chaetodontidae
and the family Pomacanthidae: Chaetodon
ornatissimus, C. multicinctus, C. trifas
ciatus, C. auriga, C. lunula, C. lineolatus,
Chelmon rostratus, Forcipiger jlavissimus,
H emitaurichthys polylepis, and H eniochus
acuminatus of the family Chaetodontidae;
Pomacanthus imperator, Apolemichthys
arcuatus, Pygoplites diacanthus, and
Centropyge potteri of the family Pomacan-

thidae. Some of the above species were rep
resented by articulated skeltons. Abbrevia
tions used in the illustrations are as follows:
FR, frontal; V, vomer; PS, parasphenoid;
OP, opercle; 10, interopercle; EX, exoccip
ital; EP, entopterygoid; HY, hyomandibu
lar; Q, quadrate; CLT, cleithrum; SCA,
scapula; AR, articular; FM, foramen mag
num; PF, prefrontal; ME, mesethmoid; SO,
supraoccipital; BO, basioccipital; PO,
preopercle; SO, subopercle; P, palatine;
MP, metopterygoid; PT, pterygoid; S,
symplectic; COR, coracoid; ON, dentary.
Illustrations were prepared by Lourdes A.
Burgess.

Within each family the skeltons are essen
tially similar, although variations do exist,
e.g., greater or lesser spination of certain
bones (both chaetodon ts and pomacan
thids), proportional differences due to pro
longation of the snout (chaetodontids), and
varying body depths (both families). The
differences between the families, however,
are much more extensive.

The form of the preopercle has served as
the most useful and distinctive character to
differentiate the two groups. In pomacan
thids there is a large spine at the angle of the
preopercle and smaller spines on the
preopercle, lacrymal, and interopercle (Fig.
3D). The chaetodontids lack the spine at the
angle and have, at most, small serrations on
the preopercle and lacrymal; the interoper
cle is smooth (Fig. 3C).

The opercles, although somewhat vari
able within the two families, are similar.
This is also true of the subopercles but with
one major exception. The process on the
upper edge of the subopercle in the
chaetodontid genera is perpendicular to the
long axis of the bone but forms an acute
angle with the long axis in the pomacanthids
(arrows in Figs. 3Ca and 3Da). The in
teropercles are not only shaped differently,
but their relative position is not the same in
the two families. In the chaetodontids the
long axis of the interopercle is set at about an
angle of 45° with the horizontal. The broad
anterior end of this bone is curved inward
toward the mid-ventral line where it meets
the one from the opposite side (Figs. 3C and
9 A). The interopercle of the pomacanthids
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FIG. 3. A, lateral view of the ethmoid region of Chaetodon; B, lateral view of the ethmoid region of
POl1ll1cal1thllS: C, opercular bones of Chaetodol1: a, interopercle ofChtJetodon; b, subopercle of Chaetodon; D,
opercular bones of Holacallthlls; a, interopercle of Holacanthlls; b, subopercle of Holacanthlls.

See page 59 for definitions of symbols.
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is relatively flat, the longest axis almost
horizontal or only slightly inclined; the nar
row anterior ends of the right and left in
teropercle approach each other but do not
touch midventrally (Figs. 3D and 9B).

Except for differences in spination, the

lacrymal and orbital bones are similar. A
subocular shelf is present in both families.

The supraoccipital crest is comparatively
shorter and not as well developed in the
pomacanthids as it is in the chaetodontids
(Fig. 4A, B). This is true even when compar-
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FIG. 4. Dorsal views of skulls. A, CiIl/elotioll; B, Holl/ClIlllilus. See page 59 for definitions of symbols.
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ing such deep-bodied angelfishes as
Pomacanthus imperator with shallow
bodied butterflyfishes such as Chaetodon
tr(fascialis. In addition the tip of the supra
occipital crest of the chaetodontids has a
distinct bifurcation (Fig. 4A). By contrast,

SO

in the pomacanthids, it has a single point
(Fig. 4B). The bifurcation of the chaetodon
tidsaccepts the first predorsal (Fig. 5C).
The first predorsal just touches the point of
the occipital crest in the pomacanthids (Fig.
5D).

FIG.5. A, occipital region ofChaetodon: B, occipital region ofHo/acant/lIIs: C, predorsal and first interneural
ofChaetodon. D, predorsal and first interneural of Pomacanthlls.

See page 59 for definitions of symbols.
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FIG.6. A, suspensorium ofChaetodon; B, suspensorium ofPomacantlllls: C, lateral view and cross section of
rib of Chaetodon: D, lateral view and cross section of rib of Pomacantlllls.

See page 59 for definitions of symbols.
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FIG. 7. A, pectoral girdle ofChaetodon; B, pectoral girdle of Ho/acanthus: C, urohyal ofChaetodon; D,
urohyal of Ho/acanthus.

See page 59 for definitions of symbols.
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The urohyals of the two families are sim
ilarly shaped (Fig. 7C, D), that of
H emitaurichthys resembling the pomacan
thids more than other chaetodontid genera
but is still distinctly chaetodontid in
form. The pomacanthids have a peculiar
double-pronged arrangement at the end of
the ventral process of the urohyal (arrow,
Fig. 7D). The forward edge of the c1eithrum
fits into the fork and is braced by it. The
chaetodontids do not have this connection.

The bracing between head and axial
skelton in the chaetodontids then is be
tween the supraoccipital and the predorsals
(Fig. 5C). The brace in the pomacanthids is
between the urohyal and the pectoral girdle
(Fig.5D).

The shape of the vomer is quite different
in the two families (Figs. 3A, B; 4A, B). That
of the pomacanthids is depressed with the
anterior end wider than the posterior. The
vomer of the chaetodontids is not depressed
but hoof-shaped (Figs. 3A and 4A), the an
terior end narrower than the posterior.

The bones of the ethmoid region have
been discussed by Starks (1926). The
specimens of angelfishes he examined
(Angelichthys ciliaris, Holacanthus
tricolor, and Pomacanthus paru) were
found to be "strikingly similar toDrepane."
According to Starks, and confirmed by me
on specimens of additional genera, "the
inner edges of the prefrontals are turned
backward (not visible in illustration) and at
tached to the side walls of the mesethmoid,
which is in the form oftwo converging walls
enclosing a wedge-shaped cavity between
them" (Fig. 3B and 4B). In the butterfly
fishes, the prefrontals are not turned back
but' 'there is a deep cavity that occupies the
greater part of the mesethmoid and extends
back somewhat into the interorbital region
behind the prefrontals. It is more or less
completely walled behind by very open,
lace-like bone, that occasionally is nearly
absent, and the cavity becomes simply a
large foramen through the mesethmoid."
The cavity, instead of being wedge-shaped
as in H olacanthus et aI., is cup-shaped
(Figs. 3A and 4A).

There is a depression or groove at the
anterior half of the median suture of the

frontals in the pomacanthids that is absent in
the chaetodontids (Fig. 4A, B). The anterior
wedge of the supraoccipital that extends be
tween the posterior part of the frontal is
much more developed in the chaetodontids,
being a pointed wedge (Fig. 4A); that of the
pomacanthids is short and sometimes ir
regular (Fig. 4B).

The posterior ventral section of the skull
in the Chaetodontidae is narrower than in
most pomacanthids, where it is slightly in
flated (Fig. 5A, B). The basioccipital has a
more-or-Iess rounded area for attachment of
the lower edge of the vertebral centrum in
the chaetodontids; in the pomacanthids this
area is triangular (Fig. 5A, B). The butter
flyfishes, in addition to the foramen magnum
above, have an opening or canal im
mediately below the basioccipital. This
canal is pinched off in the angelfishes (Fig.
5A, B). The first vertebra is firmly wedged
into the skull in pomacanthids, that of the
chaetodontids is not.

No important differences were seen be
tween the postemporal and supracleithra
of the two families.

The hyomandibular bones are some
what different. The pomacanthids have a
hyomandibular that is laterally flared in the
upper portion, becoming abruptly a strut,
which is sometimes flattened below (Fig.
6B). The condyles are low and almost con
tinuous (not evident in view in Fig. 6). In the
chaetodontids the flared portion of the
hyomandibular reaches to, or almost to, the
lower end of the bone (Fig. 6A). The con
dyles are better differentiated and well sep
arated (also not evident in view in Fig. 6).

Starks (1930) studied the primary shoul
der girdle in several species of butterfly
fishes and angelfishes and pointed out that
the pomacanthids, as opposed to the genus
Chaetodon, "do not have the interosseus
space [between the coracoid and the c1ei
thrum] divided, and in the latter genus
(Angelichthys) the c1eithrum does not send a
process back to meet the tip of the
coracoid. " The coracoid in the pomacan
thids has a lesser amount ofthin bone filling
the space between the coracoid and scapula
(Fig. 7A, B). The lower tip of the c1eithrum
is curved posteriorly to meet the tip of the
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FIG. 8. A, premaxilla of Chaetodon; B, maxilla of Ho/acant/lIIs; C, nasal of Chaetodon; D. maxilla of
Ho/acanthlls; E. F. maxilla ofChaetodon; G. maxilla of Ho/acanthlls; H, lowerjawofChaetodon; I. lower jaw of
Ho/acanthlls.

See page 59 for definitions of symbols.
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coracoid in the chaetodontids but is almost
straight in the pomacanthids, the coracoid
extending forward to meet it (Fig. 7A, B).

The suspensorium is similar in both
families except for minor differences in the
shapes of the various bones and the differ
ences mentioned above in the hyomandibu
lar (Fig. 6 A, B).

The maxillaries of both the chaetodontids
and pomacanthids are twisted and irregular
in shape (Fig. 8E-G). Although most chae
todontids have an extra flared portion (Fig.
8F) some species, such as Chaetodon 01'

natissimus and C. trifasciatus, do not (Fig.
8E). The premaxilla of the chaetodontids
has a long, slender, median, ascending pro
cess (Fig. 8A); the premaxilla of the
pomacanthids has a broader base to the me
dian ascending process and a straight,
pointed, lateral process (Fig. 8B).

The nasal bones of the butterflyfishes are
irregular in shape but heavier than those of
the pomacanthids; the nasal includes a slen
der tube through the center (Fig. 8C). The
angelfishes have a shorter, stubbier, nasal
bone which is practically hollow, the tube
being much wider (Fig. 8D).

The lacrymal bone is irregular in both
famiiies, a comparison not revealing any
thing that can be construed as important as a
family distinction. The spination was men
tioned above.

The dentary and articular bones are simi
lar when using a short-snouted chaetodon
tid such as Chaetodon ornatissimus for the
comparison (Fig. 8H, I). The pomacanthids
do have an extra process (arrow, Fig. 81)
that the chaetodontids lack.

No important differences were noted in
the pelvic girdles of these families.

The first interneural has an anteriorly di
rected spine (procumbent spine at the base
of the first dorsal spine) in the pomacanthids
(Fig. 5D), whereas in the chaetodontids this
is a blunt, flattened, spade-shaped process
(Fig. 5C). The predorsals in the chaetodon
tids are incorporated into the connection be
tween the supraoccipital crest and the first
interneural; those of the pomacanthids are
separate (Fig. 5C, D). The first interhaemal
of the pomacanthids has a prominent an
teriorly directed process at the base of the

first anal spine; in the chaetodontids this
process is blunt (Fig. 9C, D).

The ribs of the butterflyfishes are distinc
tive in having flattened, expanded, medial
and distal portions, giving extra protection
to the visceral area (Fig. 6C). The ribs of the
angelfishes are without these expansions
(Fig. 6D). In both families the ribs are at
tached to transverse processes.

OTOLITHS

Mr. John Fitch, Marine Resources Re
gion, California State Fisheries Laboratory,
examined the otoliths of various genera of
butterflyfishes and angelfishes at my re
quest. He found significant differences in
size and configuration between those of the
chaetodontids and pomacanthids, and con
siders the otolith to be a "good tool at the
family level" (personal communication).
Mr. Fitch will report on the specific d;ffer
ences in his own papers,

SWIM BLADDER

The swim bladder in the Chaetodontidae
has two anteriorly directed processes or
"horns." That of the Pomacanthidae lacks
such anterior horns but may have pos
teriorly directed extensions.

NUMBER OF VERTEBRAE

Both the chaetodontids and pomacan
thids have 24 vertebrae. The angelfishes,
however, have a formulae of 10+ 14; the but
terflyfishes 11+ 13. Scorpidids, on the other
hand, have 10+ 15.

LARVAE

One of the main arguments for retaining
the angelfishes as a subfamily of the Chae
todontidae is that they are considered to
have a "tholichthys" stage similar to that of
the buttertlyfishes (Liitken 1880, Fraser
Brunner 1933). The tholichthys larva is
highly modified with large bony plates ex
tending from the posterior portion of the
head; the head itself is encased in a bony
armor (Fig. lOA). Liitken (1880) described
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FIG.9. A, ventral view ofopercular region ofChaetodon: B, ventral view of opercular region ofH o/acanthus:
C, first interhaemal of Chaetodon; D, first interhaemal of Pomacanthus.

See page 59 for definitions of symbols.

and figured several of these forms. One of
them he identified as a larval stage of
Pomacanthus. This specimen, from the
South Atlantic, was even more peculiarly de
veloped. [n addition to the bony develop
ment of the head it had two' 'horns" project-

ing from the supraorbital region. Fraser
Brunner (1933) followed Liitken in referring
this type oftholichthys to the pomacanthids.
[ have studied many larvae of both the
Pomacanthidae and Chaetodontidae, in
cluding most of the Atlantic species, in prep-
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FIG. 10. acanthid.fa 12-mm porn'. larval stage 0haetodontld, B,. ofa IO-mm c(tholichlthys)A, larval stage
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aration for papers describing the larval
forms of these families. The larvae of the
pomacanthids, including those of the Atlan
tic species of the genus Pomacanthus, do
not pass through a tholichthys stage. They
are compressed, round to oval, and lack the
characteristic head armature (Fig. lOB).

The form illustrated by Lutken and
Fraser-Brunner (1933, text fig. 3) as belong
ing to the genus Pomacanthus is typical
of that occurring in Chaetodon orna
tissimus and C. meyeri. It is not a pomacan
thid larva and apparently was erroneously
recorded from the Atlantic Ocean. Gunther
(1871) illustrated a larger specimen of the
same type of tholichthys larva and correctly
identified it as a chaetodontid.

The larvae of the family Scatophagidae
are the only other tholichthys-like form (see
Weber and de Beaufort 1936, fig. 3 a-d).

SUMMARY

Several morphological characters of the
butterflyfishes and angelfishes were pre
sented and the differences between them
were pointed out. Many of these characters
were of such a magnitude that it is surprising
the two groups were never separated on a
more stable basis before this time. The false
impression that a tholichthys state was pres
ent in the Pomacanthidae, however, prob
ably had much to do with repressing any
further investigation into the matter.

Once 1 had established that the larvae
were completely different, I made a close
examination of the external morphology and
pointed up some differences between the
two groups, particularly in the structure and
arrangement of the scales. The major differ
ences, however, that completely nullified
the possibility of these fishes being in the
same family were internal. Aside from the
discoveries of the divergent types of swim
bladders and the patterns of certain nerves,
the most significant findings were made in
the investigation of the skeletal system.
Again, although major differences were
noted in such things as otoliths and num
ber of vertebrae, the most important find
ing was that of the completely different

relationship between the skull and axial
skeleton. The dissimilar basioccipitals and
atlas combination, together with the two
types of bracing, dorsally in the Chaetodon
tidae and ventrally in the Pomacanthidae,
leave no doubt that these two groups of
fishes deserve separate families.

It is even questionable whether the but
terflyfishes and angelfishes are closely re
lated and further osteological studies are
being conducted to discover the extent of
the relationship between the groups of fishes
variously united with the Chaetodontidae
(Scatophagidae, Platacidae, Ephippidae,
etc.).

LITERATURE CITED

AHL, ERNST. 1923. Zur Kenntnis der
Knochenfischfamilie Chaetodontidae,
insbesondere der Unterfamilie
Chaetodontinae. Arch. Naturgesch.,
Abth. A, Heft 5, 89: 1-205.

BOHLKE, JAMES, and C. C. G. CHAPLIN.
1968. Fishes ofthe Bahamas and adjacent
tropical waters. Livingston Publishing
Co., Wynnewood, Pennsylvania. 771 pp.

COCKERELL, T. D. A. 1915. The scales of
some Australian fishes. Mem. Qd. Mus.
3: 35-46.

---. 1916. Some Australian fish-scales.
Mem. Qd. Mus. 5: 52-:-57.

FRASER-BRUNNER, A. 1933. A revision of
the chaetodont fishes of the subfamily
Pomacanthinae. Proc. zool. Soc. Lond.
3: 543-599.

---. 1945. On the systematic position of
a fish, Microcanthus strigatus (C. & V.).
Ann. Mag. nat. Hist., ser. 11, 12:
462-468.

FREIHOFER, W. 1963. Patterns of the
Ramus lateralis accessorius and their
systematic significance in teleostean
fishes. Stanf. ichthyol. Bull. 8 (2):
80-189.

GOSLINE, W. A. 1966. The limits of the fish
family Serranidae, with notes on other
lower percoids. Proc. Calif. Acad. Sci. 33
(4): 91-112.

GREENWOOD, P. H., D. E. ROSEN, S. H.
WEITZMAN, and G. S. MYERS. 1966.



Evidence for Elevation to Family Status of Angelfishes-BuRGESS 71

Phyletic studies ofteleostean fishes, with
a provisional classification of living
forms. Bull. Amer. Mus. nat. Hist. 131:
339-456.

GUNTHER, A. 1871. On the young state of
fishes belonging to the family of
Squamipinnes. Ann. Mag. nat. Hist., ser.
4,8: 318-320.

LUTKEN, C. 1880. Spolia Atlantica. K.
danske vidensk. Selsk. 12: 413-613.

MARSHALL, T. C. 1964. Fishes of the Great
Barrier Reef and coastal waters of
Queensland. Livingston Publishing Co.,
Wynnewood, Pennsylvania. 566 pp.

MUNRO, I. S. R. 1955. The marine and
freshwater fishes of Ceylon. Department
of External Affairs, Canberra. 352 pp.

---. 1967. The fishes of New Guinea.
Department of Agriculture, Stock and
Fishes, Port Morseby. 650 pp.

NORMAN, J. R. 1957. A draft synopsis of the
orders, families, and genera of Recent
fishes and fish-like vertebrates. British
Museum (Natural History) n.d. 649 pp.

REGAN, C. T. 1913. The classification of
percoid fishes. XXX. Ann. Mag. nat.
Hist., ser. 8, 12: 125-131.

SCHULTZ, L. P., ET AL. 1953. Fishes of the
Marshall and Marianas islands. 1.
Families from Asymmetrontidae through
Siganidae. Bulletin 202. U.S. National
Museum, Washington, D.C. 685 pp.

SMITH, J. L. B. 1953. The sea fishes of
Southern Africa. Rev. ed. Central News
Agency Ltd., Grahamstown. 564 pp.

---. 1955. The fishes of the family
Pomacanthidae in the western Indian
Ocean. Ann. Mag. nat. Hist., ser. 12,
8: 377-384.

STARKS, E. C. 1926. Bones of the ethmoid
region of the fish skull. Stanf. Univ.
Pub\., BioI. Sci. 4: 141-338.

---. 1930. The primary shoulder gir
dle of the bony fishes. Stanf. Univ.
Pub\., Bio\. Sci. 6: 147-239.

WEBER, M., and L. F. DE BEAUFORT. 1936.
Fishes of the Indo-Australian Ar
chipelago. Vol. 7. Leiden. 607 pp.




