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ABSTRACT

The present study focuses on the branchial basket in four Carapidae s@=ui@sus acus, Encheliophis boraboren-

sis, Encheliophis homeind Encheliophis gracilisThe aim is to highlight the skeletal and muscular features of the
branchial basket, especially those that are believed to be related to their way of life and/or to be linked to the
presence of primary sound-producing muscles.

The space occupied by the primary sound-producing muscles between the neurocranium and the branchial basket
gives rise to distinctive skeletal and muscular features. They prevent the 1st pharyngobranchials from becoming
attached to the neurocranium in the normal way. These do not seem to play any role in the suspension of the upper
pharyngeal jaws, as it is usually the case in teleosteans. The 1st epibranchials are separated from the 2nd pharyngo-
branchials. Ossified interarcual elements jointed to the 2nd pharyngobranchials and 1st epibranchials are found in
the position usually occupied by the latter. The presence of primary sound-producing muscles gives rise to the need
for the reorganisation of the musculature which is seen in particular with regards to the levatores branchiales. These
are not found on the neurocranium but on the hyomandibular.

The general skeletal and muscular data and the observations of the stomach contents suggest that the action of the
branchial basket is restricted to carrying foodGarapus acus, Encheliophis boraboreasigEncheliophis homei,
whereas it could also play a role in the work of cutting up soft fo&huheliophis gracilis.

KEYWORDS:Carapidae ,Carapus, Encheliophipharyngeal jaw, sound-producing muscle, branchial muscle.

INTRODUCTION species, the majority of the Carapidae display amaz-
ing behaviour: they are able to enter, leave and re-

The Carapidae (Ophidiiformi) are fish whose etholoimain in an echinoderm host in particular. These Cara-

gy has intrigued scientists for many years (Emerypidae are commensals or parasites.

1880; Hipeau-Jacquotte, 1967; Trott, 1970; Gustato, Trott (1970) and Markle and Olney (1990) high-

1976; Meyer-Rochow, 1977; Smith et al., 1981; Govilighted a series of anatomical features in Carapidae

oni et al., 1984). With the exception of few pelagicthat they believe are related to the gradual transition
from a pelagic way of life to a parasitic style, includ-

ing a benthic and then a commensal transitional stage.

Address correspondence to: Prof. Pierre Vandewalle, Inst.||=hiS evolution in behaviour is believed to be accom-
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et évolutive, Université de Liége, Quai Van Beneden, 220@nied by morphglogical _che_mges such as the loss of
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Emery (1880), Bougis and Ruivo (1952), Courtewere found inside specimensB®bhadschia arguga
nay and McKittrick (1970) and Courtenay (1971) obholothurian). The specimens Gfarapus acusvere
served the presence of two pairs of so-called “sountkken from the Mediterranean sea (S.T.A.R.E.S.O.
producing” muscles in several species of Ophidastation, Calvi, Corsica). They were foundHolothu-
Brotulidae and Carapidae. In the latter, the “primarytia forskalli. The carapids were preserved in formalin
sound-producing muscles are found at the front in tH&%) or frozen at —2C. 8E. boraborensigTL: be-
orbital roof, run ventrally alongside the skull and aréween 13 and 28 cm),B. home{(TL: between 10 and
fixed at the back on the anterior upper part of th&7 cm), 6C. acugTL: between 7 and 15 cm) andE5
swim bladder. “Secondary” sound-producing musclegracilis (TL: between 16 and 24 cm) were examined.
run from the occipital region to the first pair of ribs.Three specimens &. boraborensis, E. homanhdC.
The sound-producing muscles are thought to be daeus and two specimens d&. graciliswere stained
rived from the modifications of the epaxial musculawith Alizarin and/or Alcian blue using the Taylor and
ture and of the Baudelot ligament (Courtenay &an Dijk (1985) method so as to reveal the skeletal
McKittrick, 1970; Courtenay, 1971; Howes, 1992)structures. All the fish were dissected and examined
They are believed to play a role in the emission afith a Wild M10 binocular together with a camera
sounds or vibrations like certain muscles observed Incida.
the Ariidae, Pimelodidae and Holocentridae (Tavol- Pharyngeal teeth of the four species were dehy-
ga, 1962; Winn & Marshall, 1963; Courtenay &drated and underwent metallization by Au-Pd pulver-
McKittrick, 1970; Courtenay, 1971; Demski et,al ization (Balzers SCD-30). Photographs were taken
1973; Markle & Olney, 1990). with a scanning electron microscope (JEOL, JSM -
This study aims at highlighting the skeletal an@40) under a acceleration voltage of 19KV.
muscular characteristics of the branchial basket in
carapid fish, especially those that could be related to
their way of life and/or linked to the presence of th&®@ESULTS
primary sound-producing muscles.
This paper considers four easily obtainable Carafgkeleton
idae species. In accordance with the systematic dEhe first three branchial arches are each composed of
nomination given by Markle and Olney (1990), thesa basibranchial, two hypobranchials, two cerato-
areCarapus acugBrunnich, 1768)Encheliophis bo- branchials, two epibranchials and two pharyngo-
raborensigKaup, 1856) (formerlyCarapus parvipin- branchials. However, the first arch is particular: (1) it
nis), Encheliophis homé&Richardson, 1844) (former- is not connected to 2nd pharyngobranchials; (2) it has
ly Carapus homg@i and Encheliophis gracilis two supernumerary bones called “interarcual ele-
(Bleeker, 1856). The four species are carnivorougent” (Allis, 1915). For each half branchial basket,
The first three are considered to be commensals (Ahe latter is articulated on the one side with the
nold, 1953; Smith, 1964; Trott, 1970; Van Denuncinate process of the 1st epibranchial and on the
Spiegel & Jangoux, 1989), while the fourth is considether side with the posterior end of the 2nd pharyngo-
ered to be a parasite (Strasburg, 1961; Smith, 196gkanchial (Fig. 1); (3) it is extended dorsally by re-
Trott, 1970; Van Den Spiegel & Jangoux, 1989). duced, cartilaginous pharyngobranchials buried in the
The nomenclature used to designate parts of tlwenjunctive tissue that are not directly connected to
skeleton and musculature of the branchial basket tise neurocranium; (4) i&. boraborensis, C. aciand
based on the works of Nelson (1967), Winterbottor&. homeijt has three particularly developed gill rak-
(1974), and Liem and Greenwood (1981). ers on the ceratobranchials (Fig. 2). The fourth arch
does not have any hypobranchials and has a cartilagi-
nous basibranchial. The fifth arch simply comprises

MATERIALS AND METHODS toothed ceratobranchials that form the lower pharyn-
geal jaws (LPJ) (Fig. 3).
Encheliophis boraborensig€ncheliophis homeand The disposition and the form of the fifth cerato-

Encheliophis gracilisspecimens were collected inbranchials differ between the four species examined.
Hansa bay (Laing Island biological station, Bismarcksenerally speaking, i&. boraborensis, C. acusnd
sea) on the north coast of Papua New Guinea). Th&y homej the 5th ceratobranchials are robust, their
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Fig. 1. Ventral view of the half left upper pharyngeal jaw irEAicheliophis boraborensi8: Encheliophis homeiC: Carapus acusnd
D: Encheliophis gracilis.

upper surface has big teeth on the inner side and small
teeth on the outer side (Fig. 3). These teeth end in a
conical dome and are oriented towards the back of the
buccopharyngyal cavity (Fig. 4.2). Ea gracilis, the

5th ceratobranchials are flattened and separated from
each other. From a dorsal view, they slope laterally
and bear only cardiform teeth (so called by Markle &
Olney, 1990) on their inner upper surfaces (Fig. 4).
These teeth also end with a small cone and are organ-
ised in several perfectly aligned rows (Figs 3, 4.2D).
In the four species, a membrane joins the right and
left 5th ceratobranchials.

In the four species, the 2nd, 3rd and 4th pharyngo-
branchials form the upper pharyngeal jaws (UPJ) (Fig.
1). In all cases, the 3rd pharyngobranchials are sur-
mounted in front by the 2nd pharyngobranchials and
at the back by the 4th pharyngobranchiéls.acus
has the most developed 2nd pharyngobranchials and
1st epibranchials These elements are smallerEn
boraborensisand E. homej andE. gracilis has re-
duced 2nd pharyngobranchials and very fine 1st epi-
branchials. However, in the latter species, the 4th
pharyngobranchials are the most important (Fig. 4)
compared with other species.

The UPJ contain conical teeth surmounted by a
_ , _ , _ small sharp cone and pointing to the rear and the cen-
Fig. 2. Lateral view of some gill rakers with the three particularly, . . .

developed on the 1st ceratobranchiaEincheliophis bo- tre Of the branchial cavity (Fig. 4.1). Teeth are more
raborensis. numerous and more tapereddrgracilis (Figs. 3, 4).
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Fig. 3. Dorsal view of the lower pharyngeal jaws in Bacheliophis boraborensid3: Encheliophis homeiC: Carapus acuset D:
Encheliophis gracilis.

TABLE 1. Enumeration of the branchial basket muscles and of their insertions. (*) indicates that they are particuEargieitis.

Muscle Origin Insertion
LEXT 1to 4 upper inner face of the hyomandibular EBR 1to 4
LINT 2/3 and 4 upper inner face of the hyomandibular PBR 2/3 and 4
LINT 3 (*) upper inner face of the hyomandibular and prootic PBR 3
obliquus

OBLDO 1 PBR 2 EBR 1

OBLDO 2 PBR 2 EBR 2

OBLDO 3s PBR 2 and 3 EBR 3

OBLDO 3p PBR 2 EBR 3

OBLDO 4 PBR 4 EBR 4

OBLV 1 HBR 1 CBR 1

OBLV 2 HBR 2 CBR 2

OBLV 3 HBR 3 CBR 3

OBLPO PBR 4 CBR5

OBLPO (*) EBR 4 CBR5
transversus

TRD 1 PBR 2 median aponeurosis

TRD 2 EBR 2 median aponeurosis

TRD 3 EBR 3 median aponeurosis

TRV 1 (left) CBR 4 (right) CBR 4

TRV 2 (left) CBR 5 (right) CBR 5
rectus

RECTV HBR 3 CBR 4

RECTC URH CBR5

dorsalis

REDO 1 PBR 2 INEL

REDO 2 INEL EBR 2

REDO 3 EBR 2 EBR 3

REDO 4 EBR 3 EBR 4
pharyngocleithralis

PHCE SCAP CBR 5

PHCI SCAP CBR5
RD vertebras 2 and 3 PBR 3
adductor branchialis 5 EBR 4 CBR 5
adductor branchialis 5 (*) EBR 3 and 4 CBR 5

Fig. 4. View of the teeth of the upper pharyngeal jaws (1) and of the lower pharyngeal jaws (Ztmch&liophis boraborensi®:
Encheliophis homeiC: Carapus acusgnd D:Encheliophis gracilis.
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LINT 4-2

P
' LEXT 1-4

STH

Fig. 5. Lateral view of the neurocranium, the branchial basket musculature and the right primary sound-producingEmedekaphis
boraborensisTeeth and gill rakers are not shown.

E. boraborensieindC. acusalso have teeth on the
3rd basibranchial and on the 3rd hypobranchials,
whereask. homeionly had teeth on the 3rd basi-
branchial. These teeth are missingeirgracilis.

Musculature
Each of the four species of Carapidae observed has
two primary sound-producing muscles (Fig. 5). Each
muscle has its origin on the swim bladder and its
insertion on its respective frontal.
The branchial basket muscles and their insertions
are listed in Table 1. BBR 4
Despite the information given in Table 1 and in the
figure (Figs. 5, 6, 7, 8, 9), a few anatomical details TRV 1
should be specified. The 4tévator internusslopes  RECTC
steeply and its origin is on the inner surface of the pHCE
hyomandibular in front of the 2nd/3tdvator inter-
nus. These muscles are therefore crossed (Figs. 3RV 2
10). Thelevatores externmuscles are found further
to the back and lower down than tegatores interni
on the inner surface of the hyomandibular. They run
in rostrodorsal direction. Therefore all thevatores Fig. 6. Ventral view of the branchial basket ventral musculature in
may also be considered to be UPJ protractors. Encheliophis boraborensis
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Fig. 7. Dorsal view of the half right branchial basket dorsal mug=ig. 8. Dorsal view of the half right branchial basket dorsal mus-
culature in A:Encheliophis boraborensi®: Encheliophis culature when thé&ransversus dorsaliare removed in A:
homej C: Encheliophis gracilis. Encheliophis boraborensisB: Encheliophis homeiC:

Encheliophis gracilis.



160 P. VANDEWALLE ET AL.

LINT 2/3

i}

REDO 2
LINT 4

\\\\\“x M

\

,.“

the UPJ.

NCR

| _LINT

LEXT
/ PBR

ADD 5
CBR

TRV 2

RECTC
PHCE
STH

Fig. 10. Schematic view of a transverse section in the bucoopha-
ryngeal cavity in AEncheliophis boraborensasnd B: a
Teleostean Kerranus scriba modified according to
Vandewalle et al.1992).

There is ndevator posterior
Theretractores dorsalebave their insertion at the
front on the 3rd pharyngobranchials, run obliquely
between the primary sound-producing muscles and
have their origin on the lower surface of the 2nd and
3rd vertebrae. In addition to their retraction function,
the disposition of these muscles enables them to lift

Fig. 9. Dorsal view of the half right branchial basket dorsal mus- E. gracilis has several features which differ from

culature when théransversus dorsalisnd theobliquus

dorsalisare removed in AEncheliophis boraborensi®: the _Other .three species (Figs 7, 8, 9). The first relate .tO
the insertion of some muscles (Table 1): (1) There is

Encheliophis homeiC: Encheliophis gracilis.
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no 2nd/3rdlevator internusbut only a 3rdlevator tion of the 1st pharyngobranchials. In Ophidiidae and
internuson the 3rd pharyngobranchial and some dBythididae, there is no independent interarcual ele-
the fibres of the latter are attached to the prootic of theent but the epibranchial is extended to the 2nd
neurocranium. (2) Thebliquus posteriois attached pharyngobranchial by a cartilaginous posterior head.
to the 4th epibranchial and not the 4th pharyngdts anterior head is attached to a bony 1st pharyngo-
branchial. (3) Some 5thdductor branchialisnuscle branchial. In Ophidiidae and Bythididae, the sound-
fibres are attached to the 3rd epibranchial and the 4phoducing muscles are situated further back on the
epibranchial. There are also a few other differenceseurocranium. It therefore seems that the situation
(1) At the front, the 1stectus dorsaliss not totally observed in Carapidae could be related to the more
covered by theéransversus dorsalis anteriand the rostral position of the primary sound-producing mus-
1st obliquus dorsalis.(2) Thetransversus dorsalis cles. Birdsong (1975), Rosen & Parenti (1981) and
centralisis partly covered by thieansversus dorsalis Stiassny (1982) also report the presence of interarcual
anterior. (3) Theobliquus dorsalis superficialisov- elements in certain Gobiidae, certain Cichlidae and
ers nearly all théransversus dorsalis posterior many Atherinomorphs. But, in the latter, the interar-
cual element does not seem to relate to modifications
regarding the anterior parts of the UPJ.
DISCUSSION Generally speaking, as it is the case with many
Teleosteans whose pharyngeal jaws have altered very
In Teleosteans in general, the first epibranchials alitle (Liem & Greenwood, 1981; Lauder & Liem,
not only linked to the first pharyngobranchials butt983; Vandewalle et al., 1992, 1995), the four spe-
also articulate with the second, playing a role in pacies UPJ and LPJ function seems simply to transport
ticular in the support and the movements of the URHe food. The main differences regarding the LPJ and
(Liem & Greenwood, 1981; Lauder, 1983; Liem,UPJ in the four species concern the strength of the
1986; Vandewalle et al1992). The situation is dif- skeletal pieces and the teeth (Figs. 1, 3, 4). These
ferent in the four Carapidae species: on the one hadiiferences could be related to the fish’s diet. Indeed,
the 1st pharyngobranchials do not seem to be cote diet ofE. boraborensis, E. homeaind C. acus
nected to the neurocranium and, therefore, may noonsists mainly of crustaceans and fishes (Arnold,
be involved in the suspension of the UPJ, and on ti®53; Smith, 1964; Hipeau-Jacquotte, 1967; Trott,
other hand the 1st epibranchials are separate and 2820; Van Den Spiegel & Jangoux, 1989). The
not jointed to the 2nd pharyngobranchials. The intestrength and closeness of their LPJ and the few, sharp
arcual element occupies the place of the first epieeth in their LPJ and UPJ may be in relation to a
branchial and could ensure some of the functions sfmple transport of rough preys. This assumption
the latter. As is suggested by Rosen & Parenti (1981eems to be confirmed by the presence of entire prey
these interarcual elements could in fact be the isolatr the stomach oE. boraborensis, C. acuand E.
ed mesio-caudal branches of the 1st epibranchialsomei Moreover, according to Vandewalle et al
The presence of the primary sound-producing mu§1995), a branchial system with thin sharp teeth is not
cles (Figs. 5, 10) could be at the origin of this originalery efficient for transporting soft elementsHngra-
disposition because they do not allow the 1st pharyuilis, seen as a parasite feeding on the gonads, viscera
gobranchials to become attached to the neurocranitand arborescent organs of Holothurians (Strasburg,
in the normal way as is the case with most Teleost&961; Smith, 1964, Trott, 1970; Van Den Spiegel &
ans (Anker, 1978; Liem & Greenwood, 1981; LauderJangoux, 1989), the ceratobranchials are thinner,
1983; Liem, 1986; Liem & Sanderson, 1986; Vandemore widely spaced and contain cardiform teeth
walle et al, 1992, 1995). Apparently, the primaryorganised in rows whereas the UPJ have more ta-
sound-producing muscles cause a lateral displacemgmtred teeth. A hypothesis is that the cardiform teeth
of the 1st pharyngobranchials and the 1st epibranchirganisation could constitute a sawing system used to
als, depriving these from a contact with the UPJ. laut up soft food. These stand in contrast to fine, sharp
this situation, the suspension function of the front aieeth that would be able to retain the cut food and
the pharyngeal jaws on the neurocranium usually praransport it as seen in the other three species. In addi-
vided by the 1st pharyngobranchials is no longer posien, according to Liem & Greenwood (1981) and
sible. This loss of function could explain the reducVandewalle et al(1994), the teeth on the third basi-
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branchial and/or the third hypobranchials in the lat-iem & Sanderson, 1986; Wainwright, 1989; Vande-
ter species may constitute an argument for consideralle et al., 1992). Their more lateral insertion should
ing their bucco-pharyngean system as more priménable them to spread their upper jaws but the effi-
tive. The fact that the upper jaw teeth of the fouciency of their contraction could be reduced insofar
species are directed caudally and medially would a&s they are attached to a mobile element. Moreover,
low food to be concentrated in the entry of théhe suspension movements could influence those of
oesophagus during the retraction movements of thebee branchial basket to some extent.
pharyngeal pieces which probably do most of the According to Liem & Greenwood (1981), Wain-
transport, as in all Teleosteans possess@tigactor  wright (1989), and Galis & Drucker (199@gvator
dorsalismuscles (Liem & Greenwood, 1981; Laudemposteriormuscles associated with great hatores
& Liem, 1983; Liem, 1986; Liem & Sanderson, 1986 externiin some Teleosteans are involved in the appli-
Galis, 1992). cation of the UPJ against the LPJ and promote the
The branchial musculature of Carapidae has mamyushing and the chewing of food. The misdienp-
distinctive features. The first involves the upper intor posteriorand the presence of the small kator
sertions of théevatores externandinterni (Fig. 10). externustherefore confirm the assumption that their
Generally, in teleosteans, all branchial badkga- pharyngeal jaws only transport food ih boraboren-
toresare found in the otic region of the neurocraniunsis, C. acusk. homeiandE. gracilis. In E. gracilis, a
(Holstvoogd, 1965; Nelson, 1967, 1969; Laudergreat Sthadductor branchialisvhose insertion cov-
1983; Liem & Sanderson, 1986; Claes & De Vreegrs the whole length of the 4th epibranchial, part of
1992; Vandewalle et al., 1995). |1 boraborensis, the 3rd epibranchial and a largbliquus posterior
C. acus, E. homeaindE. gracilis, thelevatores exter- muscle compared with the three other species could
ni andinterni are found on the inner upper side of thée related to the work of cutting their soft food.
hyomandibular, except for a few Jeatores interni
fibres inE. graciliswhich are attached to the neuroc-
ranium. Only Le Danois (1964) reports that the 4tiCONCLUSIONS
levator externu®f certain Antennaire are located on
the hyomandibular. Emery (1880) situated lea- (1) The presence of primary sound-producing mus-
tores externandinterni insertions ofC. acuson the cles has led to two major modifications of the branchi-
neurocranium. al basket. (a) The 1st pharyngobranchials are not
These remarkable insertion sites of theatores involved in the UPJ suspension and the 1st epi-
are probably linked to the presence of the two primdranchials are only indirectly related to the 2nd
ry sound-producing muscles. In fact, these musclegharyngobranchials by means of bony interarcual ele-
which are missing in other Teleosteans, run betweenents that are articulated between those two pieces.
the branchial basket and the neurocranium and ocdiy) Thelevatores externandinterni originate at the
py the usual place of thevatoreqHolstvoogd, 1965; inner side of the hyomandibular, which is a very spe-
Nelson, 1967, 1969; Liem, 1970; Vandewalle, 197Zial feature among the teleosteans presently observed
Winterbottom, 1974; Anker, 1978 ; Lauder, 1983and which could have implications for the mobility of
Liem & Sanderson, 1986; Claes & De Vree, 1992he branchial basket.
Vandewalle et al., 1995). This may have led to re- (2) The muscular and skeletal morphology of the
strictions requiring a lateral displacement ofldvea-  branchial baskets seems at least partly related to the
tores In order to verify this assumption, it would bediet of the four species. . boraborensis, E. homei
interesting to know the insertion places of teea- and C. acus the strength of 5th ceratobranchials
toresin Ophidiidae in which the primary sound-pro-(LPJ), which have changed but little and which con-
ducing muscles are shorter and are located on tten sharp teeth, the lacklefvator posterioythe thin-
back of the neurocranium (Courtenay, 1971; Howesggess of the 4thevatores externithe presence of the
1992). The displacement of thevatores externand retractores dorsalon the one hand and the presence
interni insertions of the branchial basket will haveof entire prey in the stomach on the other hand argue
functional consequences. Usually in Teleosteans) favour of pharyngeal movements which are only
these muscles pull forward and upward (Winterbotable to transport the food. . gracilis, less strong
tom, 1974; Liem & Greenwood, 1981; Lauder, 1983and more widely spread LPJ with cardiform teeth as
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opposed to the longer teeth of the UPJ and more d@BR: pharyngobranchial;
veloped 4tradductor branchialisndobliquus poste- PHCE: pharyngocleithralis externus;
rior could be related to cutting movements for sofPHCI: pharyngocleithral internus;
prey in addition to the transport movements. RD: retractor dorsalis;
(3) Some morphological observations were justiRECTC: rectus communis;
fied either by the appearance of a “new” structure ®RECTV: rectus ventralis;
by the originality of their functions. No reason has sREDO 1 to 4 rectus dorsalis 1 to 4;
far been found for many others. For example, there & suspensorium;
no perceptible reason for the form of the teeth endir§B: swimbladder;
in a conical dome or the variations in the mutual oveSCAP: pectoral girdle;
lapping of some branchial muscles. SOP: primary sound-producing muscle;
(4) In addition, observations of the morphology ofSTH: sternohyoidus;
the branchial basket tend to group togetheborab- TRD 1: tranversus dorsalis anterior;
orensisandE. homeiwith C. acusas opposed t&. TRD 2: tranversus dorsalis centralis;
gracilis, which is a case apart, and argue against tidRD 3: tranversus dorsalis posterior;
generic change suggested by Markle and OIneyRV 1: tranversus ventralis anterior ;

(1990). TRV 2: tranversus ventralis posterior;
UPJ: upper pharyngeal jaw;
URH: urohyal.
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ABBREVIATIONS

ADD 5: adductor branchialis 5;

BBR: basibranchial;

CBR 1 to 5: ceratobranchial 1-5;

EBR 1to 5 epibranchial;

GR: gill rakers;

INEL : interarcual element;

HBR 1 to 3: hypobranchial 1 to 3;
LEXT 1 to 4:levator externus 1 to 4;
LINT 3 and 4:levator internus 3 and 4;
LINT 2/3: levator internus 2/3;

LPJ: lower pharyngeal jaws;
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