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INTRODUCTION

Infraorbital bones of teleosts and their relevance to systematics have
been considered by Smith and Bailey (1962) and Gosline (1965). Smith
and Bailey dealt with the occurrence in Recent teleosts of the subocular
shelf, a modification of one or a few of the infraorbitals, known so far
only in notopterids, myctophids, and acanthopterygians (Greenwood,
Rosen, Weitzman, and Myers, 1966; Rosen and Patterson, 1969).
Gosline briefly summarized the comparative structure of the circum-
" orbital bones in actinopterygians. In some teleosts one of the anterior
infraorbital bones (the antorbital) forms part of a “pumping system
which causes an incurrent flow of water over the nasal epithelia when
the mouth is opened” (Gosline, 1965, p. 189). Gosline considered this
pumping system a specialization unique to teleosts, one indicating a
monophyletic origin for the Teleostei.

For systematic studies, the infraorbital series as a whole has been of
little interest, apparently because of a prevailing belief that the infra-
orbital bones vary randomly in structure and number. The infraorbital
bones are normally associated with the infraorbital sensory canal and
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indeed display some of the variation of dermal bones in general (see
e.g., Devillers and Corsin, 1968). To be sure, the variability of dermal
bones in vertebrates remains the source of considerable controversy,
especially among paleontologists (see e.g., Jarvik, 1967; Parrington,
1967). But whereas the canal bones in some cases are relatively vari-
able, in others they are relatively constant. The relative constancy in
number and position of teleostean infraorbital bones has been noted on
occasion (e.g., by Gregory, 1935, p. 134; Patterson, 1967, p. 221), but
has never been investigated in any detail. The present paper is an
attempt to deal with some aspects of the general structure of the infra-
orbitals of teleosts, and from this general standpoint to assess the syste-
matic significance of the infraorbitals of a particular teleostean group,
the Osteoglossomorpha.

MATERIAL AND METHODS

Most of the material is from the collection of the Department of
Ichthyology, the American Museum of Natural History. In general,
adult fishes were studied. The infraorbital bones were removed as a
unit, usually from the right side, cleaned, usually stained in alizarin
(in aqueous 2% potassium hydroxide), and photographed. Drawings
were traced from the photographs. In many cases neuromasts could be
demonstrated simply with the use of transmitted light. In others, they
could be demonstrated after light staining with methylene blue. In still
others, neuromasts could not be demonstrated at all, and neuromast
number and position were inferred from the location of afferent nerve
foramina.

The abbreviation A.M.N.H. refers to catalogued specimens of the
American Museum of Natural History.

For the loan of specimens, the writer is indebted to Dr. P. H. Green-
wood, British Museum (Natural History), Mr. R. H. Kanazawa, U. S.
National Museum, Smithsonian Institution, Dr. J. C. Tyler, the Academy
of Natural Sciences of Philadelphia, Mr. L. P. Woods, Field Museum of
Natural History. Dr. H. Roellig allowed the writer to read his disser-
tation on Phareodus. Mrs. Norma Rothman made roentgenographs of
preserved specimens and prepared the drawings for publication.

RESULTS

Aside from the reduction of the antorbital and loss of its associated
canal, the infraorbital bones occur in very nearly the same pattern in
generalized members of many teleostean groups: Elopomorpha (fig. 1),
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B

Fic. 1. A. Elops saurus (AM.N.H. uncatalogued X 1%2). B. Albula vulpes A.M.-
N.H. uncatalogued X2). Infraorbital bones, lateral view of left side.

Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; S, supraorbital;
2-5, infraorbitals.

Clupeomorpha (figs. 2, 3), Ostariophysi (figs. 4, 5), Salmoniformes (figs.
6, 7), Myctophiformes (fig. 8B), Acanthopterygii (fig. 8A), and others.
In Recent teleostean fishes, the widespread occurrence of an antorbital
and lacrimal, followed by five infraorbitals, suggests that this pattern is
a primitive feature of most or all of the major teleostean groups.

Not only is the bone pattern itself relatively constant, but so also is
the pattern of neuromasts enclosed within the infraorbital sensory canal.
Thus, at the posterior end of the series, the dermosphenotic and the two
bones below it, almost invariably have but a single neuromast each. In
contrast, at the anterior end of the series, the antorbital, lacrimal, and
the two bones following, often have several neuromasts each, the number
varying among related species.

The bones bordering the rear of the orbit are of particular interest.
In their primitive condition, these bones seemingly include the dermo-
sphenotic (D), usually recognizable by the characteristic fork of the
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infraorbital canal, and three other bones (3-5). Of these four bones,
the most ventral (3) generally has two (figs. 1, 2, 3, 4A, 7A, 7D, 7F)
but in some cases only one (figs. 4B, 7E, 8B), and in some cases three
neuromasts (figs. 7B, C).

It is therefore possible to suggest that the primitive condition for tele-
osts included seven canal bones from the antorbital to the dermosphe-
notic, with the anterior four bones having more than one neuromast
each, and the posterior three bones having only one neuromast each.
If such was the primitive condition, reduction both of bone and neuro-

Fic. 2. Alosa sapidissima (A.M.N.H. uncatalogued, X 1%2).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

mast numbers seems to have occurred during the evolution of most
teleostean groups. Reduction of the antorbital and loss of its sensory
canal seem to have been common. Among salmonids, reduction seems
also to have involved loss of the dermosphenotic from the genus Salve-
linus (figs. 7E, F). In Chanos and cypriniforms, reduction in bone number
seems to have involved fusion between two middle members of the bone
series (fig. 5). Finally, among species of the genus Esox, reduction seems
to have involved both loss of some bones and fusion of others (fig.

9A, B).
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Fic. 4. A. Brycon guatemalensis (A M.N.H. 25395, X 3). B. Hoplias malabaricus
(A.M.N.H. 3777, X3%).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

With the exceptions of Gymnarchus (Allis, 1904, pl. 16, fig. 29;
Pehrson, 1945, fig. 2; pers. obs.) and Pantodon (fig. 10), no osteoglosso-
morph is known to have more than six separate ossifications in the infra-
orbital series. Pantodon apparently has the lacrimal fragmented into two
parts. Hiodon (fig. 11) is without an independent antorbital (fused with
the lateral ethmoid according to Greenwood and Patterson [1967] and
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Fic. 5. A. Chanos chanos (A.M.N.H. 27390, X3). B. Opsariichthys hainanensis
(A.M.N.H. 11053, X5).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

personal observations). Arapaima and Heterotis (fig. 12) have the ant-
orbital apparently fused with the lacrimal. With the exception of a few
mormyrids with four or five (fig. 13), all other examined osteoglosso-
morphs have six infraorbitals (figs. 14-16). Most of the bones have
a single neuromast, but the lacrimal has two in nearly all osteo-
glossomorphs examined (the fused antorbital-lacrimal of Arapaima and
Heterotis has three neuromasts), and the antorbital has two in most or
all species of notopterids (the small, upper neuromast could not always
be demonstrated in the available material (see e.g., fig. 16D; Omarkhan,
1949, fig. 1; Kapoor, 1964, fig. 2; cf. Sharma, 1964, fig. 1).
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DISCUSSION
OSTEOGLOSSOMORPH INFRAORBITAL BONES

Between the lacrimal and dermosphenotic of osteoglossomorphs, there
generally are only three bones, whereas four occur in most other gen-
eralized teleosts. It is possible to imagine the number of bones in osteo-
glossomorphs to have become secondarily reduced through fusion be-
tween two middle members of the infraorbital series. In Hiodon, the
occurrence of three neuromasts in a bone with a postorbital position
supports this interpretation (however, the intraspecific variation of this

Fic. 6. Thymallus arcticus (A.M.N.H. 10320, X 3).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

character was not investigated). Thus, the three neuromasts primitively
might have been enclosed within two bones, and through fusion,
have become enclosed in only one. Indeed, the reduced number of in-
fraorbitals in osteoglossomorphs, Chanos, and cypriniforms might have
arisen by fusion of the same two bones (3 + 4). That fusion of primi-
tively separate infraorbitals (the antorbital and lacrimal of Arapaima and
Heterotis), each adding their own neuromast complement to the com-
pound bone, has occurred among osteoglossomorphs further increases
the probability of this interpretation.

The writer is aware of the continuing controversy regarding the pos-
sibilities of fusion between canal bones (see e.g., Devillers and Corsin,
1968). If it can be agreed, however, that where two bones occurred in
an ancestor, there is only one in a descendant, then it matters little, as
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Fic. 8. A. Monocentris japonicus (A.M.N.H. 26765, X2). B. Synodus intermedius
(A.M.N.H. 18913, X4).

Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; SC, scale bone;
2-5, infraorbitals.

¢rvig (1962, p. 59) has pointed out, whether the two bones fused into
one, or one bone “invaded” the territory of the other, “conquered” it
completely, and “captured” all of its neuromasts and nerves. Whatever
the details of the phylogenetic process, which are not demonstrable, the
over-all result is called fusion here, for want of a better word.

It can be suggested here, but not argued very convincingly, that
osteoglossomorphs really have reduced the infraorbital number from
seven to six. Thus, the possibility remains that the osteoglossomorph
condition of six bones is primitive relative to that of other teleosts.
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Fic. 9. A. Esox lucius (A M.N.H.
27280, X1). B. Esox americanus
(A.M.N.H. 13278, X2%).

Abbreviations: D, dermosphenotic;
L, lacrimal; 2-5, infraorbitals.

B

Indeed, infraorbital structure might be interpretable as evidence that
the nearest relatives of the Osteoglossomorpha are all other teleosts
combined. But the closest Recent relatives of the Osteoglossomorpha are
unknown, and there is some belief that the group as here conceived is
not monophyletic. The relationships of Hiodon, because of its many prim-
itive characters, are the most difficult to assess. The infraorbitals of
Hiodon, despite their reduced number, are highly peculiar and do not
closely resemble those of any other Recent osteoglossomorph, or ap-
parently of any other Recent teleost.

Fic. 10. Pantodon buchholtzi (A.M.N.H., uncatalogued X8).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.
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Advanced characters indicating a monophyletic origin for the Osteo-
glossomorpha as here conceived are few. The most striking peculiarities
found among osteoglossomorphs generally do not occur in Hiodon: fusion
between the upper hypurals and second ural centrum, development of
full spines on the ural centra, reduction of “hypohyals,” epurals, and
uroneurals, development of tendon bones or hypobranchial processes

Fic. 11. Hiodon alosoides (A.M.N.H. 23755, X2).
Abbreviations: D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

(Gosline, 1960; Greenwood and others, 1966; Greenwood, 1967; Patter-
son, 1967; McAllister, 1968; Nelson, 1968). It is possible that most
osteoglossomorphs have secondarily acquired a full spine on the first
preural and first ural centra (Patterson, 1968b, pp. 84, 85), but these
spines are not constant features of Hiodon, which in some cases has a
full spine on preural centrum 1, but apparently rarely, if ever, on ural
centrum 1 (Cavender, 1966, p. 316; pers. obs.). Gosline (1960), Green-
wood (1967), and Patterson (1967) are of the opinion that most osteo-
glossomorphs are without independent uroneurals, but it is difficult to
see how the paired bones present apparently in all osteoglossids (fig. 17A;
the “epural” of Gosline, 1960, figs. 13, 14; Greenwood, 1967, figs. 1-6,
9-12), Pantodon (the “epural” of Greenwood, 1967, figs. 7, 8; Taverne,
1967, fig. 9), and mormyrids (figs. 17B, C; the “epural” of Gosline, 1960,
fig. 15) can be called anything but uroneurals (Taverne, 1967, figs. 2, 3;
1968, fig. 16; Monod, 1968, pp. 325-350, figs. 397-400, 430-438). Gosline
(1965) has noted the absence of a supraorbital-antorbital pumping sys-
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Fic. 12. A. Arapaima gigas (A.M.N.H. 26089, X 1%). B. Heterotis niloticus (A.M.-
N.H. 9808, X 1%).

Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

tem in all osteoglossomorphs, but there is no direct evidence suggesting
that this absence is anything but a primitive condition. Some characters,
probably advanced, are shared by Hiodon and most or all osteoglosso-
morphs: a reduced number (16 or fewer) of branched caudal rays, para-
pophyses fused with the centra, and no supramaxillaries nor lower
intermuscular bones. To these might be added the reduced number of
infraorbitals. Those advanced characters occurring only in Hiodon and
the Notopteridae (a similar type of swimbladder-ear connection, a spe-
cialized basihyal tooth plate, and the absence of oviducts [Berg, 1947;
Greenwood, 1963; Nelson, 1968]) increase the probability that Hiodon is
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Fic. 13. A. Mormyrops anguilloides (AM.N.H. 18629, X2). B. Mormyrus macrops
(A.M.N.H. 12393, x4). C. Stomatorhinus humilior (A.M.N.H. 6716, X 4).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

an osteoglossomorph and that the Osteoglossomorpha are a monophyletic
group. Finally, the similar and highly distinctive brain structure of the
notopterids, osteoglossids, and mormyrids (Nieuwenhuys, 1962a, 1962b,
1963) should be mentioned; if this condition were found also in Hiodon,
the position of Hiodon within the Osteoglossomorpha would be better
substantiated.

INTERRELATIONSHIPS AMONG OSTEOGLOSSOMORPHS

NoTOPTEROIDEI-MORMYROIDEL: Mormyrids traditionally have been re-
garded as close relatives of notopterids and hiodontids (see e.g., Ride-
wood, 1904, p. 212; Omarkhan, 1949; Greenwood, 1963, p. 409), but
Nelson (1968) was unable to find any supporting evidence in the gill-
arch structure, and such evidence as was found suggested a relationship
of mormyrids (and Gymnarchus) with osteoglossids (and Pantodon) rather
than with notopterids or hiodontids. The infraorbital evidence adds little
to clarify the interrelationships of these fishes, for the bones of Hiodon,
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Fic. 14. Scleropages leichardti (AM.N.H. 13977, X2).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

notopterids, and mormyrids for the most part are peculiar each in their
own way. It is true that the anterior infraorbitals of notopterids and
mormyrids do not completely enclose in bone the anterior part of the
enlarged infraorbital canal. But the tendency toward a cavernous head-
canal system has been repeated many times in teleostean phylogeny,
and in itself is of secondary value as an indication of relationships.

It might be added that even in some osteoglossids, which have the
infraorbital canal completely bone enclosed, the primary tubes (in the
sense of Allis, 1889, p. 467) have been modified into large sinuses. In
osteoglossoids there is an opening in the infraorbital canal between each
two neuromasts. In most genera the opening communicates with a short
primary tube or small sinus, and this tube or sinus communicates with
the exterior by means of a single or in some cases a double pore. In
Heterotis (fig. 18) the tubes are somewhat enlarged. In Arapaima (fig. 19)
they form large sinuses that open to the exterior by means of two or
more pores (see also Liiling, 1964, p. 492).

It is generally agreed that the notopterids and mormyrids are groups
that are distinctive in different ways. The infraorbital peculiarities of
each group support this view. Notopterids have an unenclosed canal in
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Fic. 15. Osteoglossum bicirrhosum (AM.N.H. 1126, X 1).
Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

all of the bones except the dermosphenotic, and apparently have no
primary tubes. In fact the sensory canals of the head are said not to
communicate with the exterior by canals or pores of any kind. In
mormyrids only three anterior infraorbitals do not enclose the canal
and primary tubes are present, but are few in number and apparently
end blindly. Antorbital neuromasts occur in both groups, but there are
generally two in notopterids and only one in mormyrids.

Any supposed relationship between the notopterids and mormyrids is
unsupported by the structures of the caudal skeletons. The caudal skele-
tons of both groups are widely different, with that of the notopterids by
far the more advanced, having a reduced number of caudal rays, full
spines on all centra except the last, no uroneurals nor epurals, and
hypurals consolidated into two compound elements (fig. 20). Mormyrids
in contrast have a primitive complement of caudal rays, a rudimentary
arch but no full spine on ural centrum 1, one uroneural, but no epurals,
and the hypurals only partly consolidated, but present in two groups.
The caudal skeleton of the osteoglossids in certain respects is inter-
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Fic. 16. A. Notopterus chitala (AM.N.H. 9522, X 1':). B. Notopterus notopterus
(AM.N.H. 9537, X2). C. Papyrocranus afer (A.M.N.H. 11706, X2%). D. Xeno-
mystus nigri (A.M.N.H. 6583, X4).

Abbreviations: A, antorbital; D, dermosphenotic; L, lacrimal; 2-5, infraorbitals.

mediate, having a reduced number of caudal rays, a full spine on ural
centrum 1, a single uroneural, but no epurals, and about the same
amount of hypural consolidation as the mormyrids. Clearly there is
similarity between the caudal skeleton of mormyrids and osteoglossids,
but relative to the notopterids, this similarity is due to the common
occurrence of primitive characters.

In view of the common occurrence of prominent ventral processes of
the second hypobranchial of osteoglossids and mormyrids, an investiga-
tion was made of the branchial musculature. Here, too, there is better
agreement in advanced features between the osteoglossids and mormyrids,
than between those of the mormyrids and notopterids. In fact the devel-
opment dorsally of inferior obliques, with which some of the external
levators seem to be fused, is doubtless an advanced condition suggesting
a relationship between the osteoglossids and mormyrids. But the sig-
nificance of this resemblance is offset slightly by the development ven-
trally of a rectus communis in notopterids and in mormyrids, but not
in osteoglossids (see Nelson, 1967 for a general summary of branchial
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Fic. 17. A. Osteoglossum ferreirai (A.M.N.H. 27679, X 20). B. Mormyrops deliciosus
(AM.N.H. 6892, X7). C. Gnathonemus elephas (A.M.N.H. 6822, X6). Caudal
skeletons, lateral view of left side.

Abbreviations: H1-6, hypurals 1-6; NA, neural arch; PH, parhypural; PU1,
PU2, preural centra 1, 2; Ul, U2, ural centra 1, 2; UR, uroneural.

musculature in teleosts; Bishai, 1967, has described the branchial muscles
of Mormyrus caschive).

Hiopontipak: That the two, Recent, North American species of Hiodon
are more closely related to each other than to any other Recent species
has never been doubted (for distribution see Trautman, 1957, maps
16, 17). The fossil record (Eocene) of the Hiodontidae is confined to
North America, and is represented only by FEohiodon, of which the exact
relationships with Recent species are obscure (Cavender, 1966).

NotorTerIDAE: This family contains about six species, Papyrocranus afer
and Xenomystus nigri of Africa (for distribution, see Poll, 1957, pp. 25,
26; Blache, 1964, pp. 24-26; Daget and Iltis, 1965, pp. 19-21) and
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Notopterus notopterus, N. chitala, N. blanci, and N. borneensis of Asia and
Indonesia (for distribution, see Fowler, 1941, pp. 544-547; Smith, 1945,
pp. 56-60; d’Aubenton, 1965). The systematics of the family as a whole
have not been reviewed since Giinther (1868), and of the Asian species
not since Fowler (1941).

Greenwood (1963) in a study of the African Notopteridae placed
Xenomystus in a monotypic subfamily (Xenomystinae), leaving the other
two genera in the Notopterinae. There is no doubt that Xenomystus is
highly peculiar, but many of its peculiarities (a reduction of branchi-
ostegal rays, reduction of pelvic fins, reduction in ray number of the
dorsal, pelvic and caudal fins, reduction in the number of upper pharyn-

Fic. 18. Heterotis niloticus, lateral view, showing openings of head sensory
canals, with sinuses stippled.

geal tooth plates from two to one, an increase in the number of swim-
bladder diverticula, and intracranial penetration of the swimbladder)
are shared to varying degrees with Papyrocranus. It therefore would appear
that the African notopterids are more closely related to one another than
to any of the Asian species and are to be classified together. This can
be accomplished simply by placing Papyrocranus in the Xenomystinae.
With the scanty material at hand, the writer can contribute little to
clarify the interrelationships of Asian notopterids. However, N. chitala,
N. borneensis, and N. blanci appear to be more closely related to one an-
other than to N. notopterus, for they share at least a tendency toward
dorsal curvature of the anterior part of the vertebral column (confirmed
in roentgenographs of N. chitala and N. borneensis; for N. blanci, see



‘G161 ‘Mojneaq 9p PuE IIGIM (LG6I ‘UBUNNELY, (GHE] YHWS ‘BT ‘UOS[IN ‘8961 “IISHIVO ‘9961 ‘emezeuey]
€961 ‘POOMUIDID f/GHT ‘TeIpeYS( ‘GO61 ‘SHII PUE 198e( ‘9961 ‘IOpusAE)) ‘061 ‘eSus[nog ‘F961 ‘Ouoeld ‘G961 ‘uorusqny p woy Apred ereq

'skes Areyusuaipna,

‘suawroads afSuts Jo suorrearssqo [euosiad uo paseq,

— 59 +  6L0L o1 g 2€-6¢  891-0¢1  €L-0L €I-I1 ¥ »6/6 121-66 — us x
— 59 + 021-CSI1 oI 69 GSb-8¢  8LI-0ST #8-8L SI-¥1 —  ,8/€1 1$1-001 L9 ufp
— »9 — 81 4 8 19-L§ +06CT .78 L1791 6% ,8/6I 901-¥6 016 sisusauiog N
é é é é ¢ 8 ¥ 181-LL1 é 91-¢1 ¢ é/61-€1 ge21-611 016 wuvjg N
— 9 — %l 20 6-8 ShLE +0GI »L8 9161 9% ,8/G1 021-66  01-6 ooy N
— 9 — ¥l 20 8 €6-8¢ +061 oL L1-ST 9  ,8/6I 66-68 6-8 smuadojou "N
— ¢ — — »€ 68 — 296 86-G6¢  ¥I-g¢1 L  ,91/0% 6¢-€¢  ¢I-TI snsidaa) “[f
— ¢ — — 26 0I°L — 2SS 19-8¢  gI-11 L ,91/0% 266¢  01-8 saprosopo [
+ 49 + — 0 ¥ — é 0ZI-%11 016 — — — 0£2-€81 snonou 9
+ 9% + — 0 89 — o¥I-66  ¥9-L& €16 9  ,91/0% 0L-0z 16721 sepuAuLIO]y
— ¢ — — 28 5 8 — 0£-82  0€ 8 9 6/€1 ¥1-6 9 znoyyomg
+ ¢ — — 0 6L — 66-¢¢  0L~99 gI-11 9  ,01/GI 66-¥€  L£732¢ snonopu
+ ¢ — — B O — »G6 18 o1l 9 ,81/¥¢ 2608 ,0F o515 'y
»+ 59 — — ,€ 01 — 0v-LE 001-96 L 9 ,8/€1 L9-19  1L6-¢S wuauaf 0
+ 9 — — ,€ Ol — LS-0¢ 6 ¥8 L 9 »6/%1 86-6v  0G-c¥ umsoy10q “Q
+ 5,9 — - 2€ WPl — fors L9 »8 9 ,L¥1/61 LI€ ,02 upivy3] g
+ 9 — — b€ LITP1 — ¥2-1¢ ,09 L 9 ,el/Ll 1292 0T snsousof ‘g
7 E 135 %8¢ PFPSEY 25 ¥ 5 § & 3B > o

& £ HBs898 5% "2 g 78 7 s § &8 E g

=1 e o5 9 2o 5 = 2 a s Y o = o N - =

§ © sE&& 2§ @ 5 = - 3 =5 3 g5 ® =

= 5 aog38 E3& 14 2 = 5 ~ g s 8 S C

o S a m 5 ® 5 o, b~ =} o o /M = /ww S

g~ 2-® 8 £ E 5 8% s

s g e, o =) S, 5

g 3 2 &

w ©w

STHSI] HAIOWOSSOTOOALS() LNIADAY 40 SYALIVIVH) YTHLO ANV DLISIHTJA] IWOS 40 XAVINNG

¢ d1dV.L



22 AMERICAN MUSEUM NOVITATES NO. 2394

Fic. 19. Arapaima gigas, showing openings of head sensory canals, with sinuses
stippled. A. dorsal view. B. lateral view.

d’Aubenton, 1965, fig. 1) and apparently increased numbers of anal
rays, vertebrae, and paired ventral scutes. The subgenus Chitala (Fowler,
1934, p. 244) apparently is available for these three species. Weber and
de Beaufort (1913, p. 10) listed “about 200” lateral line scales for N.
chitala, but this probably is a high estimate.

MormYRIDAE: This family presently contains numerous genera and
species, all confined to Africa. The many specializations of this group,
although strongly indicating a monophyletic origin, render difficult any
assessment of the interrelationships between mormyrids and other Recent
fishes. Some or all mormyrids are probably related to Gymnarchus,
but if Gymnarchus is to be included in a subdivision of the Mormyridae,
for example, with Mormyrops (see e.g., Gregory, 1933, p. 173), then some
basis other than the peculiarities of Gymnarchus will be necessary for
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subdivision of the family. No fossil record exists for the mormyrids and
Gymnarchus.

OsTEOGLOSSOIDAE: As conceived here the superfamily includes seven
species in five genera: Scleropages (S. formosus, S. leichardti; Fowler, 1941,
p. 535, listed a second Australian species, S. gunther:) in southeast Asia
and Australia (for distribution, see also Blanc and d’Aubenton, 1965),
Osteoglossum (O. bicirrhosum, O. ferreirai) and Arapaima gigas in South Amer-
ica, (for distribution, see Fowler, 1948, pp. 28-30; Liiling, 1964), Heterotis
niloticus and Pantodon buchholtzi in West Africa (for distribution, see Blanc,
1954; d’Aubenton, 1955, fig. 2; Poll, 1957, pp. 24, 25; Blache, 1964, pp.
26, 27; Daget and Iltis, 1965, pp. 23, 26, 27). The interrelationships of
these fishes are not yet thoroughly settled. Pantodon, because of its many
distinctive characters, traditionally has been placed in a family by itself,
with the other species lumped together in the family Osteoglossidae.
Greenwood and Thompson (1960) and Nelson (1968) found some evi-
dence that Pantodon is more closely related to Scleropages and Osteoglossum
than to Arapaima and Heterotis. Circumorbital evidence is consistent with,
but does not directly support, this view.

That the two species of Osteoglossum are closely related, and in most
respects advanced relative to the species of-Scleropages, is scarcely open
to doubt. The numerous vertebrae, lateral-line scales, and dorsal and
anal fin rays, reduced caudal rays (especially the branched caudal rays),
and reduced branchiostegal rays all support this interpretation. The
genus Scleropages, however, is presently defined on the basis of characters
that appear to be primitive (e.g., a large number of branchiostegal rays).
It is possible, therefore, that one species of Scleropages is really more closely
related to Osteoglossum. At present, however, little evidence can be brought
to bear on this problem. Provisionally, therefore, both S. formosus and
S. leichardti can be retained in the genus Scleropages, and the genus can
be considered monophyletic.

That Arapaima and Heterotis are more closely related to each other than
to any other Recent fishes is supported by circumorbital evidence, namely
the fusion of the antorbital and lacrimal. Other similarities have been
noted (see e.g., Herald, 1961; Dorn, 1968; Dorn and Schaller, 1968;
Nelson, 1968; Roellig, personal communication). That these genera and
Scleropages and Osteoglossum form a monophyletic group has long been
assumed, but supporting evidence has never been coherently summarized,
and appears rather meager. Perhaps the most notable peculiarity shared
by all four genera is the reticulate type of scale.

Cockerell (1910a, 1910b, 1911a, 1911b, 1911c, 1911d) found scales of
a reticulate type in lungfishes, osteoglossids, mormyrids, and some other
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teleosts, and concluded that the “ancestor of the teleosteans must have
had reticulated scales” (1911b, p. 127). Recent authors, too, have com-
mented on the similarity between lungfish and osteoglossid scales (Dorn,
1968; Dorn and Schaller, 1968). But notable differences exist, especially
in the pattern of surface ridges (circulae). In the lungfishes (see e.g.,
Brien, 1962, fig. 16), coelacanths (see e.g., Schaeffer, 1952, fig. 12), and
Amia (see e.g., Lagler, 1947, pl. 2, fig. 4), the ridges are longitudinal,
whereas in most teleosts, including all osteoglossomorphs, they are
circular.

Reticulate scales with well-developed dentinous and enameloid tissues
are unknown. Relative to cosmoid and ganoid types, reticulate scales
appear to be advanced in having reduced or lost such tissues. The fact
that this reduction has occurred independently among dipnoans and
neopterygians, can hardly be doubted, especially because reticulate scales
are absent from known fossil sarcopterygian and neopterygian fishes (see
e.g., Schultze, 1966). Therefore, the hypothesis that reticulate scales were
present in ancestral teleosts is to be rejected.

The exact relationships of Pantodon remain to be determined. In certain
respects (e.g. reduced numbers of branchiostegals and caudal rays), Panto-
don resembles Osteoglossum, but in others it represents evolutionary trends
probably opposite to those of Osteoglossum (e.g., reduction rather than
increase in vertebrae and dorsal and anal fin rays). There is no evidence
for a relationship between Pantodon and Scleropages, although Pantodon
shares some peculiarities with the Osteoglossinae as a whole (Greenwood
and Thomson, 1960; Nelson, 1968). In certain respects (a cellular swim-
bladder) Pantodon resembles the Heterotinae, but there is little other
evidence suggesting a relationship. Pantodon, without a reticulate scale,
lacks one of the major features that distinguishes all of its probable
relatives. The systematic position of Pantodon consequently is obscure.

The fossil record of the superfamily Osteoglossoidae is more significant
than that of any other osteoglossomorph group. Of particular interest
are the fossil genera Phareodus (Eocene of North America and Tertiary
of Queensland), Musperia (Eocene? of Sumatra and possibly Tertiary of
India), and Singida (Oligocene? of East Africa; see Hills, 1934; Sanders,
1934; Hora, 1938a, 1938b; Hora and Menon, 1953; Greenwood and
Patterson, 1967; Brychaetus from the Tertiary of England and possibly
North Africa [Casier, 1966, p. 144] and Genartina [otoliths] from the
Tertiary of England and North America [Frizzell and Dante, 1965] are
not yet identifiable as osteoglossomorphs).! The relationships of these

VlﬂTrzri;me (1969) has recently described an osteoglossomorph caudal skeleton from
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fossils have never been established, although there is some agreement
that Musperia and both the Australian and North American species of
Phareodus are very similar to each other. Singida, in contrast, is different
in numerous ways from other fossil osteoglossomorphs. One interesting
similarity among all three genera, however, is the occurrence of 15
branched caudal rays, with seven supporting the upper lobe, and eight
the lower lobe of the caudal fin (7+8 branched caudal rays seem to
occur in Musperia, see Sanders, 1934, pl. 2; for Phareodus and Singida, see
Greenwood and Patterson, 1967, p. 220). There probably is good reason
to assume that in the ancestors of the Osteoglossomorpha the number
of branched rays was higher. Most groups of lower teleosts have 17
branched caudal rays with nine supporting the upper lobe and eight
the lower (Gosline, 1960, p. 333), a condition probably primitive for
the Teleostei, with the Osteoglossomorpha included. Pholidophoroids
have greater numbers of branched caudal rays (Lund, 1967; Patterson,
1968a), but leptolepids apparently have the teleostean number of 9+8
(see e.g., Nybelin, 1963). Thus, there is reason to believe that early
osteoglossomorphs reduced the number of branched caudal rays, perhaps
from the primitive teleostean number of 9+8. Recent and fossil hio-
dontids and most mormyrids have 8 +8 branched caudal rays, a condi-
tion presumably derived from the loss of one upper branched ray (the
only mormyrids known to deviate from this number are species of the
genus Mormyrops, which often have one or both lobes supported by nine
or more branched rays; Gymnarchus is without a caudal fin and has the
caudal skeleton severely reduced [Taverne, 1967, fig. 4]). Fossil osteo-
glossoids, with 7+8 branched rays, would seem to represent a condition
more advanced than that of the hiodontids and mormyrids, a condition
presumably achieved by the loss of another upper branched ray. Further
reduction apparently proceeded independently, giving rise to the con-
dition of the Recent osteoglossids on the one hand and to that of the
notopterids on the other. There is no indication that the early reduction
in number of rays took place in round-tailed forms (cf. Gosline, 1960,
p. 344). Secondary increases, apparent both in Arapaima and Mormyrops,
are correlated with a round tail (in Mormyrops the tail is lobed, but the
lobes are rounded).

As discussed above, Phareodus and Musperia, with reticulate scales and

the Paleocene of North Africa and identified it as belonging to a species of Brychaetus.
This fact has little relevance to the present discussion, insofar as the relationships of
Brychaetus within the Osteoglossomorpha, as well as the significance of its occurrence in
marine beds, remains to be determined.
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only 15 branched caudal rays are tentatively identifiable as osteoglossoids,
but with present knowledge, cannot be attributed to any particular sub-
division of the superfamily Osteoglossoidae. Possibly they are closely re-
lated to each other and together represent an early side branch. Singida,
in contrast, shows some of the peculiarities of Pantodon, such as tendencies
toward reduction of dorsal and anal rays and vertebral number (Green-
wood and Patterson, 1967, discussed other similarities). Singida, like
Pantodon, is without a reticulate type of scale, but with the evidence
at hand whether this is a primitive or an advanced condition is not
determinable. In any case, Singida, even as a possible early representative
of the lineage leading to the Recent Pantodon, sheds no light on the
problem of the relationships between Pantodon and other Recent osteo-
glossomorphs.

Doubtless the greatest problem in osteoglossomorph systematics is that
of the relationships of Hiodon and the mormyrids. If Hiodon and the
notopterids together form a monophyletic group, as suggested elsewhere
by the writer (Nelson, 1968; see also Berg, 1947; Greenwood, 1963, p.
410), the peculiarities (a lateral cranial foramen, and enclosed sensory
canal system) said to be common to the mormyrids and notopterids but
absent from Hiodon (but see Greenwood, 1963, p. 405) would become of
secondary importance as evidence of relationship. As it stands now, the
problem is not anywhere near a final solution. For this reason, the
writer in the present paper will not attempt any better classification than
that already proposed (Nelson, 1968) even though the classification was
written as a summary of a particular study, not of a general synthesis.

OSTEOGLOSSOMORPH GEOGRAPHY

With a scattered distribution in the southern continents, the Recent
Osteoglossidae have caused some comment in relation to theories of
continental stability and drift. But how these fishes might have attained
their present distribution certainly cannot be resolved without the eluci-
dation of the probable distributions of the past, particularly those of
the species ancestral to the Recent ones.

A complete understanding of past distributions is unattainable, but
only the known data concerning interrelationships and distribution of
Recent and fossil osteoglossomorph fishes can directly furnish a basis
for discussion. That a historical analysis of biogeography implies, logi-
cally follows from, and can be no more reliable than, a prior phyletic
analysis has been discussed elsewhere by the writer (Nelson, 1969).
Some of the phyletic interrelationships of Recent osteoglossomorphs re-
main problematical; for this reason a simple and comprehensive theory
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regarding past distributions cannot be formulated. Further progress in
unraveling interrelationships among Recent forms would make such a
theory possible. Of greatest importance for this purpose would be clari-
fication of the relationships of Hiodon, the species of Scleropages, Pantodon,
and the mormyrids.

HiopontipAk: If the Hiodontidae and the Notopteridae together con-
stitute a monophyletic group, each must be characterized geographically
for the purpose of a historical analysis. The Hiodontidae are known only

- Xenomystinae Notopterinae Hiodontidae

(Africa) (SE Asia) (N America)

N America

Africa-SE Asia

osteoglossoid-mormyroid
(Gondwana) 9 y

N Asia? assemblage

(Laurasia) (Gondwana)
Africa-SE Asia

(Gondwana)

(Gondwana)

F1c. 21. Possible phyletic and geographic histories of the Recent notopteroid
fishes. Recent species are represented by black circles (o), hypothetical ancestors
by white circles (0), “Gondwana” and “Laurasia” are roughly synonymous with
“southern continents” and “northern continents” respectively.

from North America, the Notopteridae from Africa and Asia, with an
apparently monophyletic subfamily in each (the Xenomystinae in Africa
and the Notopterinae in Asia). One may hypothesize that the ancestral
hiodontid last occurred in North America, and that the ancestral notop-
terid last occurred in Asia and Africa (fig. 21). A hypothesis concerning
the last occurrence of the ancestor common to both families depends
upon some assumption concerning the relations between these three
geographical regions. If one assumes that the Asian-African distribution
of the ancestral notopterid is “Gondwanian,” and the North American
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distribution of the ancestral hiodontid “Laurasian,” then the ancestor
common to both families can be hypothesized to have occurred last in
Gondwana and Laurasia. If one chooses the more traditional assumption
of a faunal exchange between the Old and New World by means of a
Bering land bridge, then one would have to hypothesize that either the
Notopteridae or the Hiodontidae, or both, had a primary distribution
in northeast Asia, for which there is no direct evidence. However, even
with the Gondwana-Laurasia concept, it is necessary to admit that there
must have been some region of faunal exchange, regardless of the direc-
tion of faunal movement, between the ‘“supercontinents.” It is pos-
sible that northeast Asia might have been involved (see also Darlington,
1957, fig. 18). If so, it would follow that the distribution either of the
Notopteridae in Africa, or the distribution of the Hiodontidae in North
America, or both, are secondary. But the Recent distribution of their
relatives (the osteoglossoids and mormyroids) is Gondwanian. On this
basis, the presence of osteoglossomorphs (Hiodontidae) in North America
may be considered secondary and of relatively late occurrence.

Scleropages: With one species in Asia and one or two in Australia the
genus Scleropages is a zoogeographic problem in itself: which distribution,
if any, is primary and which secondary? The problem is complicated by
uncertainty regarding the relationships between the species. If one species
were more closely related to Osteoglossum than to the other, the basic
zoogeographic problem might considerably be changed.

If the genus Scleropages is assumed to be a monophyletic group with
Osteoglossum the Recent genus most closely related to it, an expanded
zoogeographic problem results that involves three continents instead
of two, and there is no indication of where the primary distribution of
Scleropages might have been. There is little basis for favoring either
faunal migration between Asia and South America independent of Aus-
tralia, or faunal migration between Australia and South America inde-
pendent of Asia. Examining other probable Recent relatives, such as
Pantodon, the Heterotinae (Arapaima and Heterotis), and the Mormyridae
adds to the puzzle the continent of Africa but no further clarification.

The fossil osteoglossoids Musperia and Phareodus, known from the Ter-
tiary of Asia, Australia, and North America, suggest at most that some
early osteoglossoids had a distribution not very different from the present
distribution of the Notopteridae-Hiodontidae. However, the fossil species
are of uncertain relationships, and there is no evidence that they them-
selves form a monophyletic group. Without supporting evidence, the
possibilities that the fossils are early representatives of the genus
Scleropages, of the subfamily Osteoglossinae, or of the family Osteoglos-
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sidae may be dismissed here. At present, any zoogeographic analysis
would have to involve some arbitrary assumption concerning even the
interrelationships of the fossil species. If, for example, the North American
Phareodus were most closely related either to the Australian species or to
Musperia, a secondary occurrence of “phareodids” in North America
would be indicated. If, as has been suggested, Musperia and the Aus-
tralian Phareodus were more closely related to each other than to the
North American Phareodus, a problem would arise similar to that of the

Scleropages Osteoglossum Heterotis Arapaima Pantodon mormyroids

SE Asia Australia S America Africa S America Africa Africa

SE Asia-
Australia

S America-
Africa

S America

Australia-
S America

S America-
Africa

F16. 22. One possible interpretation of the phyletic and geographic histories of
the Recent osteoglossoid-mormyroid fishes.

Hiodontidae-Notopteridae. Neither of these alternatives are acceptable
at the present time, without evidence that all of the phareodids them-
selves constitute a monophyletic group. With present uncertainties, there-
fore, the direction of movement of phareodids between Asia and Aus-
tralia cannot be decided with a reasonable margin of probability. It
follows that the present fossil evidence cannot be brought to bear on
the distributional history of Scleropages.

That Scleropages is related to Osteoglossum, and that these genera to-
gether are related to the Heterotinae, are assumptions that reasonably
can be accepted for the purpose of a zoogeographic analysis. That
all of the southern continents and only one northern continent are in-
volved in the Recent distribution of those fishes, must raise the possibility
of direct faunal interchange between the southern continents, and the
possibility of a secondary distribution of Scleropages in Asia and of
Phareodus in North America. Clarification of the systematic position of
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Pantodon might contribute to the solution of this problem.

If, as has been suggested (Greenwood and Thomson, 1960; Nelson,
1968), Pantodon were most closely related to the Osteoglossinae (Scleropages
and Osteoglossum), its occurrence in Africa might be relatively Recent
and parallel the possibly secondary distribution of the African notopterids,
implicating Asia even more as a possible area of primary osteoglossoid
distribution, primary at least relative to Africa. This possibility would
be enhanced somewhat if Singida from the Tertiary of East Africa proved
to be most closely related to Pantodon. In contrast, if Pantodon were most
closely related to the Osteoglossidae as a whole, its occurrence in Africa
might be relatively old, and would support the opposite interpretation
(as in fig. 22).

Little will be said here about the Heterotinae. Arguments relating to
its primary distribution either in South America, Africa, or elsewhere
will depend upon clarification of the problems already touched upon.

MormyRIDAE: The uncertainties regarding the relationships of the
mormyrids render their zoogeographic significance obscure. Whatever
their relationships, their origin probably goes back to the early stages
in the differentiation of the lineages that led to the Recent osteoglosso-
morphs. That much of this early differentiation could have taken place
in Africa is suggested at least by the occurrence there of representatives
of all major osteoglossomorph groups. On present evidence, however,
Africa as an area of origin for the Osteoglossomorpha is questionable
in view of the possibly secondary distribution there of notopterids and
Pantodon. A purely North American origin in the fashion of Matthew
(1915, p. 298) is here dismissed in view of the absence of evidence in
its favor, but an Asian origin remains plausible. It can be hoped that
the Antarctic continent might hold one key to the Recent osteoglosso-
morph distribution. Discovery on the Antarctic continent of fossil Osteo-
glossomorpha of whatever sort would doubtless establish a primary
distribution for them somewhere within the southern continents.

SUMMARY

The primitive condition of the teleostean infraorbital series probably
included seven separate bones from the antorbital to the dermosphenotic.
The anterior four bones probably enclosed more than one neuromast
each, but the posterior three bones probably enclosed only one neuro-
mast each. Reduction both of bone and neuromast numbers seems to
have occurred during the evolution of most teleostean groups.

The primitive condition of seven infraorbital bones occurs in at least
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some members of all major teleostean groups except the Osteoglosso-
morpha. It is suggested that the osteoglossomorph condition, typically
of six or fewer bones, has resulted from secondary fusion between two
of the middle bones of the series.

Infraorbital and other evidence, primarily the structure of the caudal
fin, indicate that the Recent Osteoglossomorpha constitute a monophy-
letic group, and suggest certain interrelationships among the members
of that group. Nevertheless, some interrelationships remain problematical.
For this reason a satisfactory phyletic classification of the Osteoglosso-
morpha and a comprehensive theory of their geographic history are not
yet attainable.
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