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INTRODUCTION

DESPITE THE FACT that many catfishes are
well known to emit sounds, reports in the
literature are very sparse and sporadic. Agas-
siz (1850) briefly discussed the fact that cat-
fishes and other fishes grunt by forcing air out
of the swim bladder through the pneumatic
duct. Dufossé (1874) mentioned the sounds
produced by Silurus glanis as being such
eructations or “‘bruits de souffle.”

The squeaking or grating sound of the base
of the pectoral fin spine as it rotates within its
socket was described by Sérensen (1894) and
by Burkenroad (1931) for a number of cat-
fishes. In Galeichthys and Bagre, at least, such
sounds have not been recorded from freely
swimming animals under water, do not occur
under normal circumstances, and are very
unlikely to serve any communicatory func-
tion (Tavolga, 1960).

The grunting or humming sounds ascrib-
able to the ‘“‘elastic spring’’ mechanism were
described by Sérensen (1894) for Doras. In
this form, the sound was reported loud
enough to be audible in air up to a distance of
100 feet. In addition, Sérensen demonstrated
that, in the pimelodid catfish Platystoma, the
extrinsic ‘‘compressor’’ muscles were respon-
sible for sound production. Aside from some
general comments on fish sounds by Aristotle,
probably the earliest identified sonic catfish
was Synodontis, reported by Geoffroy St.-Hi-
laire in 1829. In Egypt, this fish was com-
monly called “porcus, parce que, disent les
auteurs, il grogne comme le cochon.” One of
the sonic catfishes, not specifically identified,
was reported by Smith (1927) to be a common
noisemaker in Siam. The ‘‘singing fish” of
Ceylon, heard mainly at night and sounding
like a distant automobile horn, was identified
by Lange (1953) by its common name in
Tamil, but from the account it was probably
a catfish. The grunting sounds of Galeichthys
were described by Burkenroad (1931), and
the mechanism of the “elastic spring’” was
thought to be responsible.

Dobrin (1947) was one of the earliest in-
vestigators to record and measure under-
water catfish sounds and, indeed, probably
any fish sounds. The species named in his
paper was Felichthys felis, which is now a
synonym of Bagre marinus, but it is quite

certain that he meant the common sea cat-
fish Galeichthys felis. He reported a rhyth-
mic drumming noise, with a sound pressure
of about 0.8 microbar and a fundamental
frequency of around 150 cycles per second.
Knudsen, Alford, and Emling (1948) re-
ported the sea catfish as producing a ‘“‘pop-
ping” or ‘“drumming’’ noise. On a commer-
cially available record, Kellogg (1955) pre-
sented a sample of sounds produced by a large
chorus of thousands of individuals of Galeich-
thys. He very aptly described it as sounding
like the ‘‘bubbling of a giant percolator.”

In a previous report (Tavolga, 1960), the
under-water sounds of both Galeichthys and
Bagre were described in detail, with the aid
of sound spectrograms and accompanying
recordings. The descriptions are summarized
below in the present paper.

This report seeks to establish the morpho-
logical basis of sound production in the ariid
catfishes Galeichthys and Bagre. Both the sea
catfish, Galeichthys felis (Linnaeus), and the
gaff-topsail catfish, Bagre marinus (Mitchill),
are common estuarine and shore-line forms in
Florida, where all this work was done. The
skeletal structures involved are described
first, then the muscles and their innervations.
In the process of determining the precise
muscles and nerves responsible for sound
production, I obtained data on the physiol-
ogy of these structures that enabled me to
form some interpretation of the mechanics of
the apparatus. It can be assumed that the
structure of the swim bladder and associated
sonic organs determines the quality (or tim-
bre), pitch, and other properties of the sounds
that are emitted (Fish, 1954; Tavolga, 1960),
but the exact acoustics of the sound-produc-
ing mechanisms have not yet been satis-
factorily explained, nor has the reason for the
high efficiency of these low-frequency, under-
water loud speakers.

ACKNOWLEDGMENTS

The research for this paper was supported
by a contract between the Office of Naval Re-
search, Department of the Navy, and the
American Museum of Natural History, Con-
tract No. Nonr 552 (06) NR 301-322.

The author is greatly indebted to Mr. F. G.



6 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Wood, Jr., Director of Exhibits at Marine
Studios, St. Augustine, Florida, for making
the facilities of the Marineland Research
Laboratory available for this project. Mr.
Clifford Townsend and the entire Collecting
Department of Marine Studios were ex-
tremely helpful in obtaining the fish used in
this work.

The assistance of Mr. G. Scott Johnson,
presently at Indiana University, is gratefully
acknowledged. Mr. Johnson was a partici-
pant in the Undergraduate Research Training
Program of the National Science Foundation,
sponsored by the American Museum of Nat-
ural History.

The author is also grateful for the com-
ments and criticisms of Dr. Lester R. Aron-
son and Dr. Bobb Schaeffer, of the American
Museum of Natural History.

KEY TO SYMBOLS AND ABBREVIATIONS ON
THE PLATES

aort. can., aortal canal formed by the overgrowth
of a superficial layer of ossification covering
the ventral and lateral surfaces of the first
several vertebral centra

aort. grv., aortal groove (as above)

ART, articular

BOC, basioccipital

CENTR-1, first vertebral centrum

CENTR-6, sixth vertebral centrum

Cer. hemi., cerebral hemisphere (frontal lobe)

CERHY, ceratohyal

CLEITH, cleithrum

COR, coracoid

DENT, dentary

DETH, dermethmoid

DSOC, dermosupraoccipital

EPHY, epihyal

EPOT, epiotic

EPOT-LAM, epiotic lamina

EXOC, exoccipital

EXOC-Col, short column of bone connecting the
exoccipital with the base of the horizontal sup-
port of the Miillerian ramus

Fac. lobe, facial lobe of medulla

FR, frontal

horiz. supp., horizontal support along the anterior
edge of the Miillerian ramus shown in plates
11 and 19

HYOM, hyomandibular

HYPHY, hypohyal

inc. oss., areas of incomplete ossification in the
expanded fourth transverse process

IOP, interopercular

lat. supp., lateral supporting lamina of the fourth
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neural spine in Bagre (pl. 18)

MPTER, metapterygoid

MiiR, Miillerian ramus; the distal end of the
anterior ramus of the fourth transverse process

N. VII, facial nerve (VII)

N. IX, glossopharyngeal nerve (IX)

N. X, vagus nerve (X)

NAS, nasal

NS4, neural spine of fourth vertebra

nuch. sh., nuchal shield

Occip. n. gang., dorsal root ganglion of occipital
nerve

Occip. n. dors. branch, dorsal branch of occipital
nerve (to protractor muscle)

Olf. lobe, olfactory lobe

Olf. tract, olfactory tract

OPERGC, opercular

Opt. lobe, optic lobe

Opt. n., optic nerve (II)

ORSP, orbitosphenoid

PAL, palatine

PASP, parasphenoid

pect. sp., enlarged first pectoral fin spine

PFR, prefrontal

PMAX, premaxillary

POP, preopercular

PROT, pro-otic

Protractor mus., protractor muscle of Springfeder-
apparal

PT, posttemporal (supracleithrum of some au-
thors)

PT-Inf, inferior limb of posttemporal

PT-Sup, superior limb of posttemporal

PTOT, pterotic

PTSP, pterosphenoid (alisphenoid of some au-
thors)

PVOM, prevomer

QUAD, quadrate

Ramus recur. VII, ramus recurrens branch of
facial nerve (VII)

SCB, scalebone (posttemporal of some authors)

SOC, supraoccipital

Spin. n. 1, 2, 3, spinal nerves 1, 2, and 3

SPOT, sphenotic

subv. proc., subvertebral process formed at the
point of juncture of the basioccipital and the
anteriormost vertebrae

sup. oss., superficial layer of ossification covering
the ventral and lateral portions of the first
several vertebrae

TP4, transverse process of the fourth vertebra;
in the plates this label points to the terminus
of the posterior ramus

TPS, TP6, TP7, transverse processes of the fifth,
sixth, and seventh vertebrae

TRIP, tripus; the first and largest of the series of
Weberian ossicles

URHY, urohyal

Vag. lobe, vagal lobe of medulla



SKELETAL BASIS OF SOUND PRODUCTION

IN SKELETAL STRUCTURE, and other features
as well, the Suborder Siluroidea (of Regan,
1911; or Nematognathi of Jordan, 1923) is a
very distinct group of fishes. The Order
Ostariophysi (Cypriniformes of Berg, 1947),
which includes the cyprinoids, characinoids,
and gymnotoids, as well as the siluroids, is
also a clear and natural group characterized
by the presence of the Weberian apparatus.
This series of four ossicles, which connect the
cavity of the swim bladder with that of the
inner ear, was first described by Weber in
1820. He named three of the ossicles ‘‘mal-
leus,” “incus,” and “stapes.” The fourth and
innermost was called the ‘claustrum.” To
avoid erroneous implications of homology,
Bridge and Haddon (1889) first proposed the
terms ‘‘tripus’’ (instead of malleus) for the
largest, crescent-shaped element; ‘‘scaphium”
(instead of stapes) for the usually spoon-
shaped inner ossicle that overlies the lateral
surface of the sinus impar; and ‘‘intercalar-
ium” (instead of incus) for the small ossifica-
tion in the ligament between the tripus and
scaphium. ““Claustrum’’ remained as the term
for the bone on the median side of the sinus
impar, between it and the neural canal. The
bilobed sinus impar is a posterior extension of
the perilymphatic cavity. The ossicles them-
selves are derived from portions of the neural
arches and transverse processes of the first
three vertebrae, and their precise embryonic
origins are still a matter of some dispute (De
Beer, 1937; Krumholtz, 1943).

Weber originally postulated that the os-
sicles served a function of transmitting sound
to the inner ear in a manner analogous to that
of the middle ear ossicles of mammals. Dijk-
graaf (1949, 1952, 1960) has clearly shown
the broader frequency response and lower
auditory threshold of ostariophysine fishes, as
opposed to those that lack a Weberian ap-
paratus. Similar data were reported by von
Frisch (1923), Stetter (1929), and Evans
(1925, 1935). By means of extirpation
methods, von Frisch and Stetter (1932), von
Frisch (1936), and Poggendorf (1952) were
able to prove the auditory function of the
ossicles, which does not imply, however, that
the Weberian apparatus is exclusively audi-

tory in function (see reviews by Jones and
Marshall, 1953, and Jones, 1957).

The skeletal characteristics of the catfishes
(Siluroidea) include a non-protractile mouth
with a reduced maxillary, a heavy broad
cranial roof, and the ankylosis of the first
several vertebrae to the occiput. The centra
of the first four vertebrae are usually fused
into a heavy complex, rigidly attached to the
basioccipital. The fifth, sixth, and seventh
vertebrae are more typical but are usually im-
movably joined to the first four. The dermo-
supraoccipital is extended caudad and par-
ticipates in the support of the nuchal shields
and enlarged first dorsal fin spine. The
Weberian apparatus varies from that of other
Ostariophysi in the elimination of the claus-
trum from the functional chain of ossicles and
the reduction in size of the intercalarium
(Chranilov, 1929; Krumholtz, 1943).

The modifications of the fourth vertebra
are of particular interest here, because the
transverse processes are enlarged and invari-
ably form the support for much of the swim
bladder, and, in some forms, are associated
with sound production. Bridge and Haddon
(1893) described the skeletal and swim-blad-
der structure for most of the siluroid genera,
although their arrangement of families and
genera does not fit the later systematic sche-
mata of Regan (1911) and Berg (1947). The
primitive condition with respect to skeletal
support of the swim bladder seems to be ex-
emplified best by the Siluridae and the
Bagridae. In these families, the large swim
bladder is supported dorsomedially by the
enlarged and fused centra of the first five
vertebrae, dorsolaterally by a flattened shelf
of bone formed by the transverse processes
(parapophyses) of the fourth and fifth verte-
brae, and anteriorly by a decurved extension
of the anterior ramus of the parapophysis of
the fourth vertebra. The latter firmly abuts
the inferior limb of the posttemporal bone.
Essentially, the same structure is also
present in the siluroid families Plotosidae,
Ameiuridae, and Chacidae, and in some mem-
bers of the Schilbeidae (Bridge and Haddon,
1893; Wright, 1884; Kindred, 1919).

Johannes Miiller (1842, 1843) described a



8 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

special modification of the anterior ramus of
the fourth vertebra. In the genera Auchenip-
terus, Doras, Euanemus (Doradidae), Syno-
dontis (Synodontidae), and Malapterurus
(Malapteruridae), he found that this ramus
was free of attachment to the posttemporal,
distally enlarged into a plate attached to the
forward wall of the swim bladder, and sup-
ported by a thin, spring-like parapophysis.
He also found that the presence of this
Springfederapparat was associated with a pair
of protractor muscles which originate on the
occipital region and insert on the anterior
surfaces of the enlarged rami. He theorized
that the function of this complex was to con-
trol air pressure within the swim bladder, in
keeping with the Cartesian diver theory of
swim-bladder function as proposed by Borelli
in 1680 and originating with Robert Boyle in
1675. Bridge and Haddon (1893) described
the “elastic spring’’ apparatus in a number of
additional genera and species and added the
genus Pangasius (family Pangasiidae) to the
list. They agreed fundamentally with Miil-
ler’s hypothesis of the function of this struc-
ture. Sérensen (1894) presented strong evi-
dence that, in the Doradidae, at least, the
elastic spring acted as a sound-producing
mechanism, an hypothesis with which Bridge
and Haddon (1894) later concurred.

The anterior ramus of the fourth vertebra
shows considerable significant variations
which are important in family distinctions.
Its modification into a Springfederapparat is
also quite variable, as is its ‘‘elasticity.”” Con-
sidering the systematic and functional im-
portance of this structure, I propose that, re-
gardless of its shape and function, the anterior
ramus of the transverse process of the fourth
vertebra in siluroids be named the ‘“Miil-
lerian ramus.” This term also has the values
of brevity and historical interest.

Many of the siluroid families possess vari-
ously specialized swim bladders of transverse
tubular, bilobed, or bipartite shapes. In most
of these the Miillerian rami, and in some cases
other bony elements, form a pair of investing
capsules of cylindrical or globular shape
around the greatly reduced swim bladder.
This type of modification is present in the
genus Ageniosus of the family Doradidae
(family Ageniosidae, according to Berg,
1947), in some genera and species of the
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Schilbeidae and Pimelodidae, and in all mem-
bers of the Amblycepidae, Sisoridae, Clari-
idae, Hypophthalmidae, Trichomycteridae,
Bunocephalidae, Callichthyidae, and Lori-
cariidae. In no case in which the bladder is so
reduced is the Miillerian ramus modified into
an elastic spring or has sound production by
means of the swim bladder ever been re-
ported.

An interesting modification is present in
many species of the Pimelodidae. Members of
this family that possess a large swim bladder
have a Miillerian ramus of the silurid or
bagrid type, in which it is firmly joined to the
posttemporal, and there is no ‘‘elastic
spring.”’ Bridge and Haddon (1893) described
a pair of compressor muscles originating from
the occiput and inserting on the anteroven-
tral surface of the swim bladder. They also
described a pair of small muscles that always
accompany the compressors. Each of these
originates medially on the occiput and inserts
on the tripus. They hypothecated that the
tensor tripodes muscles function as dampers
on the tripus against too violent air move-
ments within the bladder. Such movements
would be produced by the compressors. S6-
rensen (1894) clearly demonstrated, in the
genus Platystoma, that the compressors do
not compress the bladder but function in
sound production. Bridge and Haddon (1894)
subsequently concurred with Sérensen.

The family Ariidae is usually placed in a
primitive phylogenetic status (Regan, 1911;
Berg, 1947) because of the supposed fossil
antiquity of the genus Arius. The hind part
of the skull and the vertebral complex were
described in detail by Bridge and Haddon
(1893) for Arius, and other genera were
briefly mentioned. The skull of Arius was
described by Koschkaroff (1905) and figured
by Gregory (1933). Karandiker and Masure-
kar (1954) reported on the skull of Arius
platystomus in some detail, but did not men-
tion the vertebral complex. Merriman (1940)
figured and described some selected aspects
of the osteology of Galeichthys felis and Bagre
marinus. The Miillerian ramus was not de-
scribed in any case, nor was its significance as
a Springfederapparat recognized.

At this point, a nomenclatorial digression
seems to be in order. It may be confusing to
the reader, as it was initially to me, to have a



1962

catfish family called Bagridae and the genus
Bagre in the family Ariidae. The name Bagre
Cuvier was listed as preoccupying the names
Felichthys Swainson and Adlurichthys (emend-
ed to Aelurichthys) Baird by Jordan in 1917.
Bagre was adopted by Hubbs (1936) and
most subsequent authors. The genus Bagrus
Valenciennes, however, is the type of the
family Bagridae. It was therefore suggested
by Jordan and by Hubbs that the names
Bagre and Bagrus, because of their similarity,
be considered homonyms and that the next
available name for Bagrus be substituted.
This would be Porcus Geofiroy St.-Hilaire,
which would make the family name Porcidae.
Jayaram (1956) interpreted the International
Rules as permitting both Bagre and Bagrus
to remain, the former in the family Ariidae
and the latter in the Bagridae. To add com-
plication, some authors, including Jayaram,
refer to the Ariidae as the Tachysuridae.

Prior to a description of the ariid skulls, it
is appropriate to give a detailed account of
the condition as found in the Siluridae. The
following descriptions are limited in scope to
the occipital region of the skull and the an-
terior vertebral complex.

The nomenclature of the bones described
here and labeled in the plates is based mainly
on that used by Harrington (1955) and, to
some extent, that of Gregory (1933).

Wallago sp.
Plates 1-3

This account is based on a specimen in the
collection of the American Museum of Nat-
ural History. The skull lacks a few elements,
such as a Weberian apparatus on the left side,
and has a few cracked bones, but it is other-
wise in good condition. Wallago is a member
of the Siluridae, and its general cranial oste-
ology closely resembles that of most silurids
and bagrids (Bridge and Haddon, 1893;
Joseph, 1960).

SUPRAOCCIPITAL
Plates 1, 3

Dorsally the dermal part of this bone is
broad and slightly humped in the middle, and
its surface is prominently ridged with parallel
and interlacing rugosities, as is the entire
dorsal cranial surface. Anteriorly it is sutured
tolthe frontals; laterally, to the sphenotics,
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pterotics, and scalebones (parietals are ab-
sent, as in all siluroids). Posteriorly the der-
mosupraoccipital extends as a stout process
that is involved in the support of the nuchal
shields characteristic of the order. Under the
posterior process a median vertical support-
ing ridge expands at the occiput, where it su-
tures with the epiotics laterally and exoccipi-
tals ventrally (pl. 3). Under the base of the
posterior process is a pair of large foramina.
The nerves that pass through these apertures
are the rami lateralis accessorius of the facial
(VII) (Herrick, 1901), also called the rami re-
currens (Berkelbach van der Sprenkel, 1915,
and most subsequent reports). This pair of
large cutaneous sensory branches is common
to siluroids. The enlarged neural spine of the
third vertebra projects into a median groove
on the ventral posterior surface of the supra-
occipital.

ExoccrpiTaL
Plates 2, 3

A posterior, vertical ridge divides this bone
into two wings. The anterolateral wing is su-
tured to the basioccipital, pro-otic, sphenotic,
and epiotic, and it possesses a large, multiple
foramen for the glossopharyngeal, vagus, and
occipital nerves. The posterior, median wing
is sutured to the basioccipital, epiotic, supra-
occipital, and contralateral exoccipital. It
forms the arch of the foramen magnum and
possesses several nerve and nutrient foramina
at its base. The vertical ridge extends dorsad
onto the epiotic and ventrad to the base of the
inferior limb of the posttemporal.

BasioccIpiTaL
Plate 2

This bone shows few special modifications
from that of the normal teleost. It is sutured
to the parasphenoid, pro-otics, exoccipitals,
and inferior limbs of the posttemporals. It
forms the floor of the foramen magnum and
possesses a small, median, nutrient foramen
on its posterior ventral surface.

Er1oTIC
Plates 1, 3

The vertical ridge of the exoccipital con-
tinues dorsad onto the epiotic to form an
acute angular ridge projecting caudad. Dor-



10 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

sally the epiotic is joined to the superior limb
of the posttemporal; laterally it is sutured to
the pterotic, medially to the supraoccipital,
and ventrally to the exoccipital. A large
dorsolateral foramen is present.

POSTTEMPORAL
Plates 1-3

This is the supracleithrum of Regan (1911)
and others. The superior limb of this V-
shaped bone is immovably joined to the
scalebone (posttemporal of Regan, 1911)
dorsally and the epiotic ventrally. This limb
is also supported by a ventral process of the
pterotic, and it fits into a fossa formed by the
three supporting bones. The inferior limb of
the posttemporal is columnar and firmly su-
tured to the basioccipital and ventral edge of
the exoccipital. The distal, apical portion of
the posttemporal is broadened and possesses
a deep notch into which the dorsal point of
the cleithrum fits. This joint is a loose one
and permits some anterior and posterior
swinging of the pectoral girdle, as well as
some vertical sliding movement. The poste-
rior surface of this apex hasa facet at which it
is firmly laced with connective tissue to the
Miillerian ramus (see below).

WEBERIAN APPARATUS

A detailed account of these ossicles is not
given here, for they vary little among the
siluroids and are not an important element in-
volved in sound production. Bridge and Had-
don (1893) described the ossicles for most of
the siluroids, and mentioned them in Wallago
briefly. A number of more recent and detailed
reports concerning these ossicles include those
by Krumholz (1943) and Chranilov (1929).
These structures appear to be relatively con-
servative, and among the various siluroid
families there is little difference from the form
described originally in Siurus by Weber
(1820).

FIRST VERTEBRA
Plate 2

Only a thin centrum is present and dis-
tinguishable. Laterally and ventrally it is
fused with the following vertebral complex.
Midventrally an aortal groove continues
caudad.
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SECOND AND THIRD VERTEBRAE

The centra of these vertebrae are indis-
tinguishably fused with the centrum of the
fourth vertebra. A pair of small, lateral, wing-
like projections extend from what is probably
the second centrum. These serve to support,
in part, the anterior wall of the swim bladder.
Dorsally the arch and spine of the third verte-
bra project forward. The broadly compressed
spine fits immovably into a groove in the
supraoccipital. Posteriorly this spine joins
that of the fourth vertebra by means of a
thin, median lamina.

FoUurRTH VERTEBRA
Plates 1-3

This structure is highly modified, char-
acteristically so in the siluroids, and it forms
an important support for the anterior cham-
ber of the swim bladder, the Weberian ap-
paratus, and the spine of the dorsal fin. The
centrum is elongate and not distinguishable
from that of the fifth. It is invested by a
layer of superficial bone (pl. 2, sup. oss.)
which extends ventrally to form a deep aortal
groove (pl. 2) along the ventral midline. The
neural spine is large and inclined caudad
(pls. 1, 3). It is grooved posteriorly and re-
ceives the bony supports for the spine of the
dorsal fin. Anteriorly the neural spine is con-
nected to that of the third vertebra by a
median lamina. Laterally a pair of strength-
ening ridges extend out onto the transverse
processes.

The transverse process (parapophysis) is
greatly expanded and flattened to form the
roof of the anterior chamber of the swim
bladder (pls. 1-3). The anterior, Miillerian
ramus is stout, sharply decurved, and ex-
panded distally into a thick, rugose wing
which is firmly laced to the distal end of the
inferior limb of the posttemporal. The de-
curved portion of the Miillerian ramus sup-
ports the anterior face of the swim bladder.
The posterior ramus is broad, slightly arched,
inflexible, and continuous with the Miillerian
ramus. Distally it fans out and is immovably
{')oined to the parapophysis of the fifth verte-

ra.

FirTH VERTEBRA

Because of the layer of superficial ossifica-
tion, the fifth centrum is not distinguishable
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from the fourth. The neural spine is a low,
median ridge. Anterior and posterior rami of
the parapophysis are visible as thickenings at
the base of the transverse process. Distally
the two rami fuse to a point (pls. 1-3). The
sixth and following vertebrae show no special
modifications.

Galeichthys felis
Plates 4, 5; 6, figure 1; 7-12

The skull and vertebral complex show few
modifications from the typical ariid form as
described by Bridge and Haddon (1893) for
Arius pidada, Koschkaroff (1905) for Arius
thalassinus, Bhimacher (1933) for Arius and
related forms, Gregory (1933) for Arius sp.,
and Karandikar and Masurekar (1954) for
Arius platystomus. The following description
is based on several specimens of various sizes
collected in the vicinity of Marineland,
Florida.

SUPRAOCCIPITAL
Plates 4; 6, figure 1

Dorsally the dermosupraoccipital is a
broad, rough-surfaced shield, sutured to the
frontals, sphenotics, pterotics, and scale-
bones. Posteriorly a broad, flat process sup-
ports the nuchal plates. The posterior face is
sutured laterally to the epiotics, ventrolater-
ally to the exoccipitals, and medially to the
neural spine of the third vertebra. On this
posterior face, immediately below the pro-
jecting posterior process, is a pair of ramus
recurrens (VII) foramina.

ExoccrriTaL
Plates 5, 11

This bone is smoothly convex, unlike that
of Wallago. 1t is sutured to the basioccipital,
pro-otic, sphenotic, epiotic, and contralateral
exoccipital, where it forms the arch of the
foramen magnum. Along its ventral edge are
three foramina. The middle and largest of
these is for the passage of the glossopharyn-
geal and vagus nerves. The ventral branch of
the occipital nerve passes through the pos-
terior of these foramina. An extension from
the posterior ventromedial angle of the exoc-
cipital forms a bony column which is im-
movably fused to the base of the Maiillerian
ramus (pl. 11). A small foramen just dorsal to
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this column is for the passage of the dorsal
branch of the occipital nerve.

BASIOCCIPITAL
Plates 5; 6, figure 1

As in Wallago, the basioccipital is sutured
to the parasphenoid, pro-otics, exoccipitals,
and inferior limbs of the posttemporals and
forms the floor of the foramen magnum.
Posteriorly it is indistinguishably fused with
the anterior vertebral complex of centra and
possesses a large, midventral, aortal foramen.
Posterior to this foramen is a prominent
ventral projection, bifid at the tip. This pro-
jection, called the “‘subvertebral process’’ by
Bridge and Haddon (1893), is composed of
the basioccipital and at least the first two
vertebral centra. The prominent subvertebral
process is considered to be characteristic of
the Ariidae.

Er10TIC
Plates 4; 6, figure 1; 10-12

Except for a projecting lamina (see below),
this bone is smoothly convex, sutured to the
supraoccipital, exoccipital, and pterotic. Dor-
sally it forms a groove together with the
scalebone for the reception of the superior
limb of the posttemporal. From its dorsal
edge a prominent lamina of stout, flat bone
projects ventrocaudad. The epiotic lamina
(erroneously considered part of the supraoc-
cipital by Bridge and Haddon, 1893) extends
to and is sutured to the dorsal ridge of the
posterior ramus of the fourth vertebra (pls. 4,
12). Laterally the lamina has a caudally di-
rected, pointed process, and medially it fuses
with the base of the third neural spine (pls.
10, 11). The presence of this lamina is char-
acteristic of the ariids (Bridge and Haddon,
1893), although Regan (1911) stated (in error)
that in Galeichthys this structure does not
reach the parapophysis. The epiotic lamina
forms a roof over the Miillerian ramus and
serves as the surface of origin for the ‘‘pro-
tractor” muscle (pl. 12; pl. 21, fig. 1). The
Doradidae, which include many sound-pro-
ducing species with a highly developed
Springfederapparat, also possess posterior ex-
tensions of the epiotics, but they serve as sup-
ports for the nuchal plates (Regan, 1911) and
do not appear to be involved in the sonic
mechanisms.
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POSTTEMPORAL
Plates 4, 5; 6, figure 1; 10-12

The superior limb is short, stout, and im-
movably joined to the pterotic, scalebone,
and epiotic. In older specimens, there is often
a small foramen between the portion joined
to the pterotic and that which fits into the
groove between the scalebone and the epiotic.
The inferior limb is long and cylindrical,
joined to the basioccipital. The distal apex
has a deep notch, into which the dorsal spine
of the cleithrum fits loosely (pls. 7, 9). There
is no direct connection with the distal end of
the Miillerian ramus (see below).

FirsT, SECOND, AND THIRD VERTEBRAE

The centra are indistinguishably fused to
the basioccipital and participate in the sub-
vertebral process. The neural spine of the
third vertebra is shaped like an I beam, and
it is inclined forward to join the base of the
supraoccipital.

FourRTH VERTEBRA

The fourth, fifth, sixth, and seventh centra
are fused together and covered ventrally and
laterally by an investing layer of bone (pls. 5;
6, fig. 1; 11, 12). This superficial ossification
forms a large, mid-ventral, aortal canal,
which extends from the basioccipital to the
base of the seventh vertebra (pl. 5). The
presence of such a canal, rather than a groove,
was considered an ariid character by Bridge
and Haddon (1893).

The Miillerian ramus (pls. 4, 5; 6, fig. 1;
10-12) is decurved, pointed, and stiffened
along its anterior edge by a thin horizontal
ridge (pl. 11, horiz. supp.) extending from the
base of the third arch. At its base it is at-
tached by a short column to the exoccipital
(pl. 11). The distal tip of the Miillerian ramus
is freely movable within the limits of elas-
ticity of the transverse process as a whole. In
Arius, Bridge and Haddon (1893) stated
that the distal tip is “applied to”’ the post-
temporal. Gregory (1933), in his figure,
showed it to be free, while Regan (1911) said
that it was “rigidly attached” in the Ariidae.
In all specimens that I have seen, the distal
tip is only very loosely attached to the post-
temporal by a small portion of areolar con-
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nective tissue. In dried and partially cleaned
skeletons, however, this tissue sometimes re-
mains and hardens and resembles a ligament,
which may explain the discrepancies in the
accounts. Conceivably, considerable specific
and generic variation may also exist. The
matter is important, because the freedom of
movement of the Miillerian process is an es-
sential feature in the sound-producing mech-
anism. In freshly dissected specimens, the
distal tip of the Miillerian ramus is movable
only in a dorsoventral arc. The horizontal
ridge described above prevents movement in
any but the dorsoventral direction.

The Springfederapparat itself is a thin,
fragile shelf forming an arched fan, ventrally
concave, connecting the anterior and pos-
terior rami of the fourth vertebra (pl. 12).
Even in young specimens, less than 4 inches
in total length, this region is thoroughly os-
sified, while other parts of the cranium are
still partially cartilaginous. Sounds can be
elicited from such individuals.

The posterior ramus is rigidly supported by
the epiotic lamina (pls. 10-12). Thus a deep,
roughly tetrahedral cavity is formed,
bounded on three sides by the Springfederap-
parat, epiotic lamina, and lateral occipital
region (epiotic and exoccipital; pl. 12). With-
in this cavity is the “protractor’’ muscle (pl.
21, fig. 1).

The fourth neural spine is formed as in
Wallago, inclined caudad and supporting the
underpinnings of the spine of the dorsal fin
(pls. 6, fig. 1; 10, 12).

The divisions between the fifth and sixth
and sixth and seventh vertebrae are visible
from above. Each has a pair of parapophyses
(pls. 4, 5). The fifth pair is the longest and
broadest and is firmly joined to the posterior
edge of the fourth.

Bagre marinus
Plates 6, figure 2; 13-20

The major features of the skull and other
aspects that distinguish this species from
Galeichthys were described by Merriman
(1940). In the following description, the
points of difference between Galeichthys and
Bagre are emphasized. The account is based
on several specimens collected in the vicinity
of Marineland, Florida.
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SUPRAOCCIPITAL
Plates 6, figure 2; 13, 18, 20

The bone is basically the same as that of
Galeichthys and that of Arius, except for a
mid-ventral ridge under the posterior pro-
jecting process. This ridge is fused with the
neural spine of the third vertebra. The for-
amina of the rami recurrens (VII) are lower
in position.

ExoccipITAL
Plate 14

A broad, thin, medial process projects back
over the neural canal and meets, but does not
fuse with, the third neural spine. Along the
ventral edge there are a small anterior fora-
men and a large middle foramen (glosso-
pharyngeal and vagus), followed by a smaller
foramen for the ventral branch of the oc-
cipital nerve. Behind the last-mentioned, a
short extension supports the anterior portion
of the tripus. Dorsal to this extension is the
foramen for the dorsal branch of the occipital
nerve. The exoccipital process in Galeichthys
which projects dorsal to the tripus and joins
the base of the Miillerian ramus is repre-
sented in Bagre by a small point on the
median edge of the exoccipital.

BASIOCCIPITAL
Plates 6, figure 2; 14

This bone is almost identical in form to
that of Galeichthys and contributes to a
prominent subvertebral process.

ErioTIC
Plates 6, figure 2; 13, 18, 20

In basic form and in the shape of the pro-
jecting lamina, the epiotic is like that in
Galeichthys. The lamina, however, is nar-
rower and is not joined medially to the neural
arch. The effect therefore is to reduce the
surface area available for the origin of the
protractor muscle.

POSTTEMPORAL
Plates 6, figure 2; 13, 14, 18-20
The superior limb is short and proximally
biramous. Its anterior ramus is sutured to the

pterotic, and the posterior ramus fits into a
deep groove formed by the scalebone and the
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epiotic. The notch at the distal apex of the
posttemporal is very deep and wide. In dis-
sections, the cleithral spine is found to fit
very loosely into this notch, thus permitting
vertical sliding as well as swinging move-
ments of the pectoral girdle (pls. 15, 17).
There is no connection with the Miillerian
ramus.

FIrsT, SECOND, AND THIRD VERTEBRAE

The neural spine of the third vertebra
resembles that of Wallago in being compressed
into a thin median ridge ankylosed to the
supraoccipital. This thin ridge is continuous
caudad with the fourth neural spine. The first
and second vertebrae are not distinguishable.

FourRTH VERTEBRA

The Miillerian ramus is stoutly supported
along its anterior edge by a horizontal shelf
leading from what appears to be the base of
the third arch (pls. 14, 19, 20). This structure
is also present in Galeichthys, but in Bagre it
is slightly less flexible. The thin, curved
lamina that joins the Miillerian ramus with
the posterior ramus is even more delicate and
fragile than in Galeichthys, particularly in the
region lateral to the juncture of the epiotic
lamina, where the bone has lacy areas of in-
complete ossification, even in mature speci-
mens (pls. 13, 14, 19). A similar area is usually
present on the dorsal, posterior surface of the
Springfederapparat, just medial to its junc-
ture with the epiotic lamina (pl. 19). Because
of the stout horizontal support, the dorso-
ventral flexibility of the Springfederapparat
is less in Bagre than in Galeichthys. The distal
tip of the Miillerian ramus is free of the post-
temporal, as is probably true of most ariids.

The neural arch of the fourth vertebra is
vertical (pls. 6, fig. 2; 20) and is supported
laterally by a pair of flat, triangular lamina,
the bases of which are fused to the posterior
rami (pl. 18). A large vertical fossa is thus
formed on each side of the supraoccipital
process (pls. 13, 20), bounded anteriorly by
the occiput, laterally by the epiotic lamina,
posteriorly by the flange of the fourth spine,
and ventrally by the base of the Miillerian
ramus. A portion of the epaxial musculature
fits into this fossa. The insertion of this
muscle is the skin of the dorsum and the base
of the dorsal fin.



THE MUSCULAR BASIS OF SOUND PRODUCTION

AMONG THOSE SILUROIDS that possess a
Springfederapparat as a modification of the
Miillerian ramus, there is invariably a muscle
that originates on the occipital region of the
skull and inserts on the anterior face of the
expanded Miillerian ramus. Miiller (1842,
1843) first described the presence of such a
muscle in a number of genera of the families
Doradidae, Synodontidae, and Malapteruri-
dae. Bridge and Haddon (1893) called this a
“protractor’”’ muscle and described its pres-
ence in some additional forms, including the
family Pangasiidae. The exact origin of the
muscle was reported as being the posterior
face of the epiotic and exoccipital.

Sérensen, in his doctoral dissertation in
1884 (not seen by me), first postulated the
function of the protractor muscle and the
Springfederapparat in sound production and
also presented some experimental evidence.

Ever since Sérensen’s (1894) and Bridge
and Haddon's (1893, 1894) reports, the
sound-producing potential of the Spring-
federapparat has been recognized in all the
above families. In the Ariidae, Burkenroad
(1931) described the grunt-like sounds of
Galeichthys milberti (=G. felis) as being pro-
duced by a mechanism similar to the ‘“‘elastic
spring.” He reported the presence of dorso-
ventrally oriented muscle fibers inserting on
the thin shelf of bone over the dorsal face of
the anterior swim-bladder chamber. Al-
though his description was brief, it is now
clear that he was discussing the ‘‘protractor”
muscle. Despite the fact that sound produc-
tion has probably been known from the first
moment that a man caught a sea catfish,
Burkenroad’s is the earliest published ac-
count that I can locate of sound production
in this family (Ariidae).

The following descriptions are based on
dissections of fresh and preserved specimens,
and on serial sections of juvenile individuals.
The latter were fixed in 10 per cent formalin
in sea water, decalcified in formic acid, sec-
tioned at 10 microns, and stained with Dela-
field’s hematoxylin and eosin. Small portions
of the protractor muscle, with other muscles
from the same individuals, were fixed in Gil-
son’s fluid, sectioned at 2 microns, and stained
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with hematoxylin and eosin. As controls,
portions were taken from the levator pec-
toralis (trapezius), the pectoral fin adductor,
and the epaxial muscle from the midbody
region.

Galeichthys felis
Plates 21, figure 1; 22

In dissection, the protractor muscle can
best be approached from the side. A soft, tri-
angular area can be discerned by palpation
just behind the cleithrum. The anterior,
vertical leg of the triangle is formed by the
posttemporal; the dorsal leg, by the outer
edge of the epiotic lamina; and the ventral
leg, by the outer edge of the fourth par-
apophysis. The last of these is not palpable
from the surface, because it is deeper and
thinner than the others. After the skin and
superficial muscle in this region are peeled
away, the triangular area occupied by the
protractor is easily evident, especially in a
fresh specimen. The muscle is quite visible be-
cause of its deep red color. It is obviously
much more highly vascularized than any of
the neighboring tissues, and indeed more so
than any other muscle tissue in this fish. The
protractor muscle is soft and spongy in tex-
ture, and further dissection is best continued
after the muscle is hardened in fixative.

Most of the volume of the tetrahedron
formed by the occiput, epiotic lamina, and
Miillerian ramus is occupied by the protrac-
tor muscle (pls. 12; 21, fig. 1). Its surface of
origin is an oval that extends over the entire
ventral surface of the epiotic lamina, includ-
ing the medial portion that unites with the
third neural arch. A few bundles of fibers also
originate from the portion of the epiotic
proper just beneath the lamina. The almost
circular area of insertion is the thin layer of
bone from the ridge along the anterior edge of
the Miillerian ramus to the site of fusion of
the epiotic lamina with the posterior ramus,
i.e., the insertion covers a large portion of the
dorsal surface of the Springfederapparat.

The general shape of the protractor muscle
is that of a greatly truncated cone. The fiber
bundles from the surface of origin converge
slightly as they approach the insertion surface
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(pls. 21, fig. 1; 22). The anterior fibers are
longest and converge most, whereas the pos-
terior fibers are short and are almost parallel
to one another. In the posterior portion, the
fiber bundles extend unbroken from origin to
insertion, while in the anterior portion, a few
columns of fibrous tissue run from points of
convergence of muscle bundles to the surface
of insertion.

Sections perpendicular to the long axis of
the fibers show the presence of numerous
capillaries between the fibers and a central
core of loose fibrous tissue and larger blood
vessels. The diameter of the fiber bundles
ranges from 600 to 700 microns, and the
bundles are all roughly circular in cross sec-
tion.

In tissues taken from mature specimens
(more than 10 inches in length), fixed in Gil-
son’s fluid, the diameter of the muscle fibers
ranges from 25 to 45 microns (average about
30 microns) and the cross striations are dis-
tinct, with the sarcomere size about 1 micron.
Nuclei are peripheral in position. Myofibrils
are very fine, closely packed, and with rela-
tively little sarcoplasm around them. In tis-
sues from juveniles (less than 4 inches in
length), the fibers are thinner (6 to 15 mi-
crons, average 12 microns) and the striations
very sharp (p. 22, fig. 2). The sarcomeres are
almost 3 microns in length, and the Q bands
appear finely granular under X1000 bright-
field magnification. These tissues were fixed
in 10 per cent formalin in sea water, and the
differences in fiber size and striations may be
in part the result of a different fixative. The
Gilson’s fixed material is probably more reli-
able and in general shows fewer artifacts.

In comparison, similarly treated (Gilson’s
fixation) muscle tissue from other parts of the
same individuals shows clearly larger fibers,
with more wvariability in size. Diameters
range from 75 to 150 microns (average about
100 microns). The striations appear less dis-
tinct, but have the same spacing, and the
myofibrils are coarser, with the intervening
sarcoplasm more visible.
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It is well known (Prosser, 1950) that fast-
acting muscles tend to have finer, more
closely packed myofibrils with less sarco-
plasm than slower-acting types. The so-called
“dark” muscles are generally slow acting,
and their color is the result of the accumula-
tion of myoglobin in the tissue. The deep red
coloration of the protractor muscle is prob-
ably caused not by myoglobin but by the
high degree of vascularization. The tissue, in
a freshly dissected animal, bleeds profusely
when damaged even slightly, and the colora-
tion is quickly washed out during fixation,
which is not true of ‘‘dark’ muscles.

Bagre marinus
Plate 21, figure 2

In dissections, the protractor muscle is
more difficult to locate than is that of Ga-
leichthys. The posttemporal extends laterad,
and the dorsal spine of the cleithrum pro-
trudes dorsad so as partially to cover the
triangular area within which the protractor
is placed (pl. 20). A considerable amount of
superficial muscle and connective tissue must
be removed before the protractor can be ex-
posed. Once revealed, it can be easily seen
and recognized because of its triangular shape
and deep red color.

In Bagre, the protractor muscle is smaller
than that of Galeichthys, and it is conical in
shape (pl. 21, fig. 2). The surface of origin is
an oval on the distal two-thirds of the ventral
side of the epiotic lamina. All the fibers con-
verge to a small area of insertion just median
to the tip of the Miillerian ramus dorsal to its
horizontal supportingridge. The surface along
which the muscle lies is always well ossified.
The sites of incomplete ossification are never
those involved with the attachment of the
protractor.

Except for the greater convergence of fibers
and additional fibrous tissue connecting
these, the protractor muscle of Bagre is
identical in microscopic anatomy to that of
Galeichthys (see above).



NERVE SUPPLY OF THE SOUND-PRODUCING MECHANISM

THE INNERVATION of the protractor muscle is
virtually the same in Bagre and Galeichihys,
so that one description serves for both.
Slight differences, where they occur, are men-
tioned. The description is based on dissections
of both fresh and preserved specimens, and
on serial sections of juvenile individuals. The
protractor muscle is supplied entirely by a
branch of the occipital nerve (nomenclature
according to Addens, 1933, but see discussion
below). The innervation was established not
only by anatomical observations (pls. 23, 24)
but by stimulation experiments.

On exposure of the cranial cavity, the oc-
cipital nerve roots can be seen just posterior
to the roots of the vagus (pl. 23). The occip-
ital nerve possesses a dorsal root, with a
ganglion, and a ventral root. Posteriorly the
next nerve is clearly a true spinal nerve, with
its roots just posterior to the foramen mag-
num. The occipital nerve penetrates the
lateral floor of the exoccipital and emerges
through two foramina posterior to the vagus-
glossopharyngeal foramen. The upper of the
two foramina serves the dorsal branch of the
occipital nerve. The dorsal branch runs cau-
dad along the outside of the exoccipital
portion of the auditory capsule almost up to
the ventral surface of the epiotic lamina.
Here it turns laterad and ramifies into the
protractor muscle along its surface of origin.
In Bagre, the nerve passes through, but does
not innervate, a large mass of epaxial muscle
before reaching the protractor.

The course of the ventral branch of the
occipital nerve is also of interest, and some
ancillary problems are touched on as it is de-
scribed. It is a larger nerve than the dorsal
branch and presumably contains sensory as
well as motor fibers. The ventral branch runs
laterad and follows the anterior surface of the
inferior limb of the posttemporal for about
one-third of its length, then turns abruptly
ventrad. At this turn, a small twig is given off
laterally, along the posttemporal, to the an-
terior surface of the cleithrum. Here this twig
ramifies into a large, oval muscle, the origin
of which is the ventral surface of the pterotic
and insertion on the anterior surface of the
dorsal limb of the cleithrum (see pls. 7-9,
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15-17 for skeletal parts). Stimulation of the
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