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1  |  INTRODUC TION

The largehead hairtail (Trichiurus lepturus) or beltfish is a member of 
the cutlessfish family, Trichiuridae is found in tropical and temperate 
oceans throughout the world (Muhammad et al., 2017; Nakamura 
& Parin, 1993). The Food and Agriculture Organization of the 
United Nations included this fish on its list of highest commercially 

harvested aquatic animals. In 2020, 1,143,578 tonnes of these fish 
were harvested worldwide, nearly double that fished in 1980, with a 
value of $1,143,578.373 (FAO, 2022a, 2022b).

The carnivorous T. lepturus feeds on cephalopods, bony fishes 
and euphausiids as sub- adults and adults (Martial et al., 2020; Martins 
et al., 2005). Bakhoum (2007) revealed that Trichiurus from the 
Egyptian coast, especially at AbuQir, fed on crustaceans when they 
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Abstract
Trichiurus lepturus is a carnivorous fish, and most of the previous anatomical research 
has focused on computed tomography imaging and histology of their teeth and fangs, 
while the remaining structures of pharyngeal cavity remain unexplored. The present 
research is the first to use anatomical examinations alongside scanning electron mi-
croscopy to investigate the T. lepturus oral cavity. The oropharyngeal roof included 
teeth, upper lip, rostral and caudal velum and the palate. The middle of the palate 
showed a median groove flanked by two folds, followed by a median band flanked 
by micro- folds, thereafter the palate became crescent shaped. The lateral regions of 
the palate exhibited longitudinal folds that extended rostrally towards the fangs. The 
oropharyngeal floor had two cavities which acted as a scabbard for the premaxil-
lary fangs and upper velum, while the caudal sublingual cavity contained two oyster- 
shaped structures on the outer surface plus sublingual ridges and sublingual clefts. 
The tongue apex exhibited a spoon- like shape, its body demonstrated a median el-
evation and the root with two lateral branches contained only dome- shaped papil-
lae. Taste buds were located on the upper velum, lower lip and the caudal part of 
the interbranchial septum. Images and descriptions of T. lepturus tooth structure are 
also provided. The present research, using anatomical dissection and morphological 
observation using scanning electron microscopy, has identified the structures of the 
dentition system, a variety in shapes of the folds and microridges, and identified the 
taste buds and mucous pores in the T. lepturus oropharyngeal cavity.
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2  |    EL-BAKARY et al.

were smaller than 30 cm in size, while fish larger than 59 cm tended 
to eat fish. The oropharyngeal cavity in predatory fish plays several 
roles including seizing and maintaining grip on prey (including other 
fish), food selection and the rejection of unwanted excretory particles 
swallowed by the fish. In fish, the lips and accompanying structures 
can be classified based on how their food is selected, captured, pre-
digested and the deglutition process (Elgendy et al., 2016; Nandi & 
Saikia, 2021; Sayed et al., 2019). Several studies have also been con-
ducted on differing fish species on the role of food uptake and intra- 
oral mechanics with a focus on the close relationships between fish 
adaptation to their environments and changes in the oral cavity anat-
omy (Alsafy et al., 2021, 2022; El Bakary, 2012; Elgendy et al., 2016; 
Fishelson et al., 2014; Rønnestad et al., 2013).

The oropharyngeal cavity roof and floor, and especially the 
teeth and sublingual floor, velum, tongue, palate, micro ridge and 
the pore system play significant roles in carnivorous fish feeding 
and their ability to adapt to their environment (Alsafy et al., 2022; 
Elgendy et al., 2016; Madkour et al., 2022). Most fish have a pre-
maxilla and a maxilla (caudal to the premaxilla) in their upper jaw. 
In comparison to other vertebrates, the caudal region of the maxilla 
often has a greater range of movement in fish. A more complicated 
series of muscular and skeletal movements are therefore required 
to produce an effective gape (open mouth) for food prehension. 
The premaxilla protrudes rostrally during feeding to give the gape's 
dorsolateral appearance. This action increases the suction required 
in order to eat most prey fish. The presence of a ligament linking 
the caudal side of the premaxilla to the caudal end of the mandi-
ble's dentary bone allows for passive premaxillary protrusion by en-
abling ventral and posterior movement of the jaw (Gibb et al., 2015; 
Roberts- Sweeney, 2016).

Dentition in differing fish species also varies enormously. Several 
combinations observed include no teeth, few teeth, numerous col-
umns of teeth, pharyngeal teeth (upper alone or both upper and lower 
plate- like teeth) and teeth on gill rakers (Alibardi, 2013). Dentition 
morphotypes include, front- fanged macrodont, back- fanged mac-
rodont, villiform and edentulate, all of which differ in terms of indi-
vidual tooth morphology, biomechanical properties, description and 
inferred function based on tooth size, position along the jaw, number 
of teeth, number of teeth rows and distance between teeth (Mihalitsis 
& Bellwood, 2019).

Morphological studies of the fish tongue both with or without 
taste buds, the distribution of taste buds, the teeth in general and the 
surface organisation of the mucosa of the oropharyngeal cavity have 
also received much attention from researchers (Abbate et al., 2006, 
2012, 2020; Alsafy et al., 2018, 2021; Elgendy et al., 2016). For ex-
ample in the carnivorous fish Rita rita and Sparus aurata (commonly 
called the gilthead seabream), papilliform teeth were associated with 
holding the prey, whereas molariform teeth were used for crushing 
and grinding the food (Elgendy et al., 2016; Yashpal et al., 2006). In ad-
dition, three types of taste buds were present to enable gustation. The 
rigid- free surface observed in the epithelial cells may contribute to-
wards the compactly arranged microridges which help protect against 
physical abrasions during swallowing.

Despite knowledge about the anatomy and histology of some 
species, little is known about the T. lepturus oropharyngeal cavity. 
Understanding more about the anatomy may aid future cross- species 
comparisons and functional studies, especially in relation to eating, 
predation and respiration. The present work provides a comprehen-
sive understanding of the anatomy, morphology and architecture of 
the oropharyngeal cavity in T. lepturus.

2  |  MATERIAL S AND METHODS

Seven sub- adult T. lepturus fish measuring 30– 55 cm were collected 
from the Mediterranean Sea near Damietta- Egypt by professional 
fishermen following the guidance set out in ‘Sampling protocol for the 
pilot collection of catch, effort and biological data in Egypt’ (Dimech 
et al., 2012). The specimens were euthanized operating under stand-
ard commercial fishing conditions (cervical dislocation) and was con-
ducted by a trained veterinary surgeon, in accordance with local, 
national and international ethics guidelines and checked for abnor-
malities. Specimens were placed on ice and then transported to the 
laboratory facilities. The specimens were considered subadults (at 30– 
55 cm long), with juveniles classified as 5– 30 cm long, and full adults 
measuring more than 70 cm. The roof and the floor of the oropharyn-
geal region were then separated in each fish.

Two specimens were used to undertake the morphology study 
(observations and photographs) and the remaining five specimens 
were prepared for scanning electron microscopy (SEM). SEM spec-
imens were fixed in 2% formaldehyde, 1.25% glutaraldehyde and 
0.1 M sodium cacodylate buffer at pH 7.2 for 1 h at 4°C, thereafter 
the specimens were washed in 0.1M sodium cacodylate containing 
5% sucrose, processed through tannic acid, and dehydrated through 
a graded series of ethanol and critical point dried. The samples were 
attached to aluminium stubs facing upwards and covered with carbon 
tabs and gold, prior to SEM examination (using a JEOL JSM- IT200 
at Alexandria University, Faculty of Science). The term ‘fang’ was 
used to refer to large teeth, as used previously for the trichiurids by 
Tucker (1956), similarly ‘dagger- shaped teeth’ was used as described 
by Bemis and coauthors (2019).

3  |  RESULTS

3.1  |  Morphology

The oropharyngeal cavity appeared relatively wide with the mouth 
open, with an elongated jaw relative to the head size and opened ros-
trally through a pointed opening (Figure 1). The maxilla was shorter 
than the mandible. The oropharyngeal cavity was divided into two 
distinct parts. The characteristic features of the teeth within the T. 
Lepturus oral cavity, especially the fangs, were observed. The mouth 
was bordered by the upper and the lower jaws (Figure 1). The roof 
teeth contained three premaxillary fangs in five out of seven speci-
mens, and four in the two remaining cases. The floor contained two 
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    |  3EL-BAKARY et al.

dentary fangs in the majority of the samples, these were often bro-
ken, one specimen had three fangs. On the roof, the dagger- shaped 
teeth increased in length gradually just rostral to the maxilla in a 
caudal direction, whereas on the floor of the mouth these teeth 
started to decrease in length in the middle of the mandible. The roof 
of the oropharyngeal cavity was marked by an elevation between 
the fangs and the palate (Figure 2a). The floor was further character-
ized by two depressions or cavities, a pigmented apical pouch and 
the spoon- shaped tip of the tongue along with two lateral branches 
of the tongue root which were attached to the medial side of the 
upper jaw (Figure 2b).

3.2  |  The roof of the oropharyngeal cavity

The roof of the oropharyngeal cavity had a truncated triangular shape, 
its apex was located rostrally and its base was positioned caudally 
(Figure 3a). The roof consisted of the upper jaw, upper lip, velum, pal-
ate and teeth. The roof was divided into three parts: rostral, middle 
and caudal. The teeth consisted of rostral and caudal premaxillary 
fangs, two premaxillary teeth and dagger- shaped teeth.

The rostral part of the roof had a round margin upper lip and two 
premaxillary teeth that appeared in front of either one or two rostral 

premaxillary fangs (Figures 3a and 4a). Caudal to the rostral premax-
illary fangs, there were either one or two caudal premaxillary fangs 
(growing fangs) their apex was wide and directed caudally (Figures 4a 
and 5a). The lateral dagger- shaped teeth of the upper jaw consisted of 
3– 4 teeth on each side (Figure 2a). There were two premaxillary an-
kylosed fangs directed rostroventrally, they appeared as long- pointed 
conical- shaped curved teeth and had barbs on their apices (hook- 
shaped enamelled cap), the lateral surface of the fang had regular 
longitudinal folds and the epithelium on their bases formed a socket, 
resembling a tie around a neck (Figure 4a). The two premaxillary teeth 
were folded on their outside surface and their apices appeared long 
and cylindrical, reminiscent of implements used to core fruit and veg-
etables such as a squash corer.

The epithelial surface of the upper lip had several microridges and 
epithelium protrusions, on the rostral margin, the epithelium protru-
sions took on a shape similar to mountain ridges, and caudally they 
appeared more leaf- like in shape (Figure 4b). In the mid and lateral 
regions of the lip, several microridges ran in the middle and lateral 
areas, these were transverse and oblique microridges, respectively 
(Figure 4c,d).

The velum differentiated into two portions: the rostral and caudal 
parts. The surface of the velum had irregular epithelium protrusions 
that contained taste buds, microfolds and pores (Figure 2). The caudal 

F I G U R E  1  Morphology of the oropharyngeal cavity in Trichiurus lepturus. (a) Lateral aspect of T. lepturus. (b– d) Lateral aspect of the 
opened buccal cavity showing the different teeth and anatomical structures. (b) Three premaxillary fangs: one positionally rostrally and two 
caudally. (c) Three premaxillary fangs, two positioned rostrally and one caudally. (d) Three premaxillary fangs, one positioned rostrally and 
two caudally, with three dentary fangs. B, barb; CPF, caudal premaxillary fangs; DF, dentary fangs; DT, dagger teeth; JJ, jaw joint; K, keel; LJ, 
lower jaw; LP, lower lip; M, maxilla; RPF, rostral premaxillary fangs; Tg, teeth groove; TM, translucent membrane; UJ, upper jaw; UP, upper lip.
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4  |    EL-BAKARY et al.

portion had an elongated elevation and appeared tongue- like, the lat-
eral part and central elevation had more protrusions and taste buds 
than that observed in the anterior region (Figure 4a).

The middle region of the oropharyngeal roof was represented 
mainly by the palate (Figure 5), the middle palatine part exhibited a 
median groove flanked by two folds, followed by a median band (with 
an appearance resembling a bamboo stem) flanked by epithelium with 
microfolds (Figure 5b,c). Thereafter, the middle palatine part became 
wider, forming a more crescentic shape. The lateral palatine part was 
characterized by longitudinal folds and extended rostrally towards the 
fangs (Figure 5b).

The upper jaw formed a central groove or a canal where five 
dagger- shaped teeth were arranged in this area on each side, the 
length of these teeth gradually increased caudally. Erupted and grow-
ing teeth were also present (Figures 4a and 5a).

The caudal region of the roof appeared rectangular in shape and 
had several regular and parallel longitudinal folds with longitudinal 
clefts. On the edges of this region, some upper pharyngeal teeth 
bands contained spiny curved teeth which were directed caudally and 
laterally (inwards) to direct food towards the oesophagus (Figure 6a). 
The end of this region was covered by several longitudinal folds that 
contained irregular microfolds and micro- clefts (Figure 6d).

3.3  |  The floor of the oropharyngeal cavity

The floor of the oropharyngeal cavity comprised of the lower lip, 
lower jaw, lower velum, sublingual floor, apical pouch, tongue, lateral 
side of the floor, pharynx floor and the teeth. The two dentary fangs 

were present and did not have barbs and the dagger- shaped teeth 
lingual teeth band and interbranchial teeth band were both present.

The lower lip appeared thicker in the central rostral part and thin-
ner in the periphery areas. Epithelium covered the internal surface of 
the rostral part of lips. The epithelium was characterized by several 
epithelial protrusions that carried taste buds, whereas the middle and 
the hind parts exhibited no taste buds (Figure 7a,b).

The lower velum had one pair of longitudinal velum ridges, plus 
a transverse velum ridge and a velum notch (Figure 7a). Caudal to 
the lower velum, there was a sublingual cavity that was divided into 
a rostral cavity just behind the upper velum cavity that acted as a 
scabbard (sheath) for the rostral premaxillary fangs and rostral velum, 
and a caudal cavity for the caudal premaxillary fangs and the caudal 
velum (Figures 3b and 7a,c). The caudal sublingual cavity contained 
three types of structures, (1) two structures resembling the shape 
of a closed oyster shell, (2) sublingual ridges and (3) sublingual clefts 
(Figures 3b and 7c,d).

The lateral part of the apical pouch was characterized by paral-
lel paralingual longitudinal folds, and its caudal margin was shaped 
like a crescent (Figures 3b and 7c,d). Meanwhile, the tongue was 
located at the mid- region of the oropharyngeal floor and appeared 
as an elongated thickening of the underlying hyoid skeleton. The 
tongue was immobile and was divided into three parts: an apex, 
a body and a root. The apex of the tongue was pointed, thin and 
extended caudally to form a thin lingual border, the epithelium of 
the apex surface had irregular transverse folds and microfolds, in 
addition, no taste buds were present in this region (Figure 7d,e). 
The body of the tongue was characterized by a central elevation 
with a small depression at its beginning from the root (Figure 8a). 

F I G U R E  2  Morphology of the 
Trichiurus lepturus oropharyngeal cavity 
floor and roof. (a) Roof and (b) floor. AP, 
apical pouch; AT, apex of the tongue; BT, 
body of the tongue; CC, caudal sublingual 
cavity; CPF, caudal premaxillary fangs; 
CPS, crescent shaped part of the palatine; 
DF, dentary fang; DT, dagger- shaped 
teeth; IS, interbranchial septum; LB, lateral 
branch of the root of the tongue; LP, 
lower lip; LPp, lateral part of the palate; 
LV, lower velum; MP, median part of the 
palate; PHR, pharyngeal roof; RC, rostral 
sublingual cavity; RPF, rostral premaxillary 
ankylosed fangs; RT, root of the tongue; 
SF, sublingual floor; UP, upper lip; UV, 
upper velum.

 14390264, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ahe.12943 by T

est, W
iley O

nline L
ibrary on [03/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  5EL-BAKARY et al.

The tongue root was characterized by two lateral branches that 
attached to the inner side of the lower jaw. The epithelium of the 
body and root were characterized by dome shape papillae in addi-
tion to a lingual teeth band that had spiny teeth rows with a circular 
groove around their bases (Figure 8c– e).

The caudal part of the oropharyngeal floor had a long interbran-
chial septum which contained an interbranchial teeth band on the two 
lateral margins; the interbranchial teeth were rows of spiny teeth and 
had oblique folds (Figures 8e and 9a,b). The caudal part of the inter-
branchial septum was characterized by oblique folds, oblique clefts, 
oblique and transverse ridges and several taste buds (Figure 9c,d).

The lower jaw had a teeth groove that began from the dentary 
fang and contained the dagger shaped teeth, the groove had two sides 
the medial and lateral sides of the lower lip, the medial side had a lat-
eral oblique fold band, its shape resembled a steel wire rope with the 
oblique folds and oblique grooves (Figures 2b and 8a,b).

4  |  DISCUSSION

There are 45 species of cutlassfish the family Trichiuridae within the 
order Scombriformes. It is a valued food source around the world, 
for example in Egypt, 1812 tons were caught in 2010 (General 
Authority for Fishery Resources Development, 2010) and in China 

it was identified as the most important commercial marine fish spe-
cies in terms of weight accounting for 10%– 20% of their total marine 
(Luo, 1991). Previous research had concentrated on teeth, looking at 
histological and computed tomography results. The present study was 
the first to research the oropharyngeal cavity of this species using 
SEM.

The importance of breathing valves has been shown in several stud-
ies (Alsafy et al., 2022; El Bakary, 2012; Elgendy et al., 2016; Kaushik 
& Bordoloi, 2017; Nandi & Saikia, 2021). The breathing valve (velum) 
is crucial in preventing water reflux and food escape (Dahlgren, 1898; 
Hughes & Hughes, 1963). The automated operation of the maxillary 
(also known as upper) and mandibular (also known as lower) breathing 
valves, prevent water from entering the cavity while also preventing 
water from exiting through the mouth. Some Actinopterygii species 
such as Catostomidea have no lower valve, Siluridea have equally sized 
valves whereas some teleosts have a larger upper velum compared to 
the lower (Mitchell, 1904). The present work shows that the cutlass-
fish, T. lepturus also has a larger upper velum compared to the lower 
velum. The functional significance of this has been attributed to the 
upper velum catching the returning water stream needing and there-
fore needing to be heavy enough to resist the outward pressure from 
water (Mitchell, 1904).

It has previously been noted that the oropharyngeal cavity 
morphology of the cutlassfish, T. lepturus is potentially related to 

F I G U R E  3  Scanning electron 
micrographs showing morphology of 
the Trichiurus lepturus oropharyngeal 
cavity floor and roof. (a) The roof and (b) 
floor of the oropharyngeal cavity. AP, 
apical pouch; AT, apex of the tongue; B, 
barbs on the fang apex; BT, body of the 
tongue; CC, caudal sublingual cavity; 
CD, caudal part of the velum; CL, closed 
oyster shell- shaped structure; CPF, 
caudal premaxillary fangs; CPS, crescentic 
palatine shape; DF, dentary fang; DT, 
dagger- shaped lateral teeth; Lb, lateral 
branch of the tongue root; LJ, lower jaw; 
LOF, lateral oblique's fold band; LP, lower 
lip; LPL, lateral part of the lower lip; LPp, 
lateral part of the palate; LV, lower velum; 
MP, middle part of the palate; PHTB, 
pharyngeal teeth band; PLF, paralingual 
longitudinal folds on the apical pouch; 
PT, two premaxillary teeth; RC, rostral 
sublingual cavity; RLP, rostral part of 
the lateral palatine part; RPF, rostral 
premaxillary ankylosed fangs; RT, root of 
the tongue; RV, rostral part of the velum; 
SF, sublingual floor; TG, teeth groove; UJ, 
upper jaw; UL, upper lip.
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6  |    EL-BAKARY et al.

the type of food and feeding habits of this fish. For example, T. 
lepturus is characterized by a large mouth and jaw, and increased 
gape that enables it to engulf its prey (de Schepper et al., 2008). 
Previous research has shown these features are effective for cap-
turing the movable and evasive prey, as this predators depends on 
high- velocity mouth closure when catching prey (Ferry- Graham 
et al., 2001; Kammerer et al., 2005; Norton & Brainerd, 1993; Porter 
& Motta, 2004).

The teeth consisted of different types of teeth, which varied in 
shape. These included premaxillary and dentary fangs, and sharp 
dagger- shaped teeth (sharp papillary form shape). In addition, the 
two small premaxillary teeth, the pharyngeal teeth band in the roof 
and the lingual and interbranchial teeth bands were present, given 

the shape and location we hypothesis these may help with the fine 
grinding actions exerted on the prey, but further functional studies 
are required to ascertain their functions. The current study agrees 
with a previous study in Atlantic cutlassfish (Bemis et al., 2019) as 
T. lepturus also have large, barbed, premaxillary and dentary fangs 
and sharp dagger- shaped teeth (sharp papillary form shape) in one 
row their oral jaws. In addition, the functional teeth firmly ankylose 
to the dentigerous bones. While Bemis et al. (2019) concentrated 
on tooth development and replacement, the present research elu-
cidated anatomical and morphological aspects of the entire oro-
pharyngeal cavity. The morphology and arrangement of these fangs 
may play essential roles in capturing, retaining and eating food 
these types of teeth are generally found in carnivorous (predatory) 

F I G U R E  4  Scanning electron micrographs showing the surface morphology of the rostral part of the oropharyngeal cavity roof. (a– d) 
Increasing magnifications, the boxed (a) and pale red shaded areas (b and c) indicate the areas depicted in (b)– (d), respectively. B, barbs on the 
fangs apex; CPF, caudal premaxillary fangs; CV, caudal part of the velum; DT, dagger- shaped lateral teeth; EF, epithelium surrounding the base 
of the fangs (socket of the fangs); EP, epithelium lining; ET, erupted lateral teeth; f, longitudinal folds on the outer surface of the fangs; IEP, 
irregular epithelium protrusion; L, lateral part of the caudal velum; LP, leaf- like epithelium projection; M, median elevation of the caudal velum; 
mf, microfolds in the epithelial protrusions;OR, oblique microridges; P, epithelium protrusion shaped like mountain ridges; PT, two premaxillary 
tooth; RLP, rostral lateral region of the palatine part; RPF, rostral premaxillary ankylosed fangs; RV, rostral part of the velum; SC, cylindrical teeth 
apex, similar in shape to a squash corer; TB, taste buds; TR, transverse microridges; TS, tooth socket; UJ, upper jaw; UL, upper lip.
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    |  7EL-BAKARY et al.

fish (Kaushik & Bordoloi, 2017). It was indicated that in Oxycheilinus 
digramma the fangs were primarily to capture prey ensuring punc-
turing of prey skin, whereas the short conical teeth for gripping 

and cutting prey after capture, whereas others mentioned that the 
jaws and pharyngeal teeth in some fish species assisted with mas-
tication and crushing of the food prior to swallowing (Mihalitsis & 

F I G U R E  5  Scanning electron micrographs showing the surface morphology of the mid- region of the oropharyngeal roof (a– c). CD, the 
caudal part of the velum; CPF, caudal premaxillary fangs; CPS, crescentic shaped part of the palate; DT, dagger- shaped teeth; L, the lateral 
part of the caudal velum; Lf, lateral fold; LP, the lateral part of the palate; M, median elevation of the caudal velum; MB, median band with a 
bamboo stem like appearance; mf, microfold; Mg, median groove; MP, the middle part of the palate; PHR, pharyngeal roof; RLP, the rostral 
of the lateral palatine part; TG, teeth groove; TS, teeth socket; UJ, the upper jaw, the dotted area represents the median part of the palate. 
Rostral = the rostral part of the roof. Middle = the middle part of the roof.

F I G U R E  6  Scanning electron micrographs showing oropharyngeal cavity roof surface morphology. (a and b) caudal region of the 
oropharyngeal cavity roof, (c and d) end of the caudal region containing microfolds and micro- clefts. CPS, crescentic palatine shape; DT, 
dagger- shaped teeth; LC, longitudinal clefts; LF, regular parallel longitudinal folds; MC, micro- cleft; MF, microfolds; PHR, pharyngeal roof; 
PHTB, pharyngeal teeth band; ST, spiny curved teeth; UJ, upper jaw.
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Bellwood, 2019; Sibbing, 1982; Vandewalle et al., 1994). Martins 
and coauthors also reported field observations of large T. lepturus 
inhaling and cutting their prey (Martins et al., 2005). Given the car-
nivorous diet of T. lepturus these fangs and teeth may increase the 
chances of capturing prey, create deep punctures into evasive prey 
and/or prey with hard structures, and the dagger- shaped teeth also 
function to help catch, retain and cut the seized prey following 
capture.

The current research investigating T. lepturus noted that the 
tongue was immobile and did not protrude out of the buccal cavity, 
and that an apical pouch was present. This type of immobile tongue is 

similar to that of the European sea bass Dicentrarchus labrax (Abbate 
et al., 2012), the common sole flatfish Solea solea (El Bakary, 2014), gil-
thead seabream S. aurata (El Bakary, 2012; Elgendy et al., 2016), white 
grouper Epinephelus aeneus (Alsafy et al., 2021) and the grey gurnard 
Eutrigla gurnards (Abumandour et al., 2021). The apical pouch discov-
ered in T. lepturus may provide a protective feature to the apex of the 
tongue, similar findings were also observed in the white sea bream 
Diplodus sargus sargus and the gilthead seabream S. aurata (Elgendy 
et al., 2016; Guerrera et al., 2015).

The current work observed that the T. lepturus tongue was differ-
entiated into three regions, apex, body, and root. It contained several 

F I G U R E  7  Scanning electron micrographs showing the surface morphology of the rostral part of the oropharyngeal floor (a– e). (a + c) The 
lower lip through to the tongue apex. Higher magnifications of (b) rostral part of the lower lip surface, (d) sublingual floor and the tongue 
apex, and (e) dorsal surface of the tongue apex. AP, apical pouch; AT, apex of the tongue; B, thin tongue borders; CC, caudal cavity for the 
caudal premaxillary fangs and caudal upper velum; CE, transvers folds; CL, closed oyster- shaped structure; CP, thick epithelium projections; 
DF, dentary fang; LF, longitudinal folds at the sublingual floor; LJ, lower jaw; LOF, lateral oblique fold band; LP, lower lip; LPL, lateral part 
of the lower lip; LV, lower velum; mf, microfolds; PA, pointed apex of tongue; PB, posterior border of the velum; PLF, paralingual parallel 
longitudinal folds at the apical pouch; RC, rostral cavity for the rostral premaxillary fangs and rostral upper velum; SC, sublingual clefts; 
SF, sublingual floor; SR, sublingual ridges; TB, taste buds; TF, central elevation of the tongue body; TG, teeth groove; VN, velum notch; vrl, 
longitudinal valum ridge; vrt, transverse valum ridge.
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rows of teeth in its lateral regions, and interbranchial teeth and pha-
ryngeal teeth, in addition to taste buds located on the upper velum, 
lower lip and on the caudal part of the interbranchial septum. We hy-
pothesize that these anatomical features could assist with food inges-
tion, food processing and taste. The presence of small teeth and dome 
shape papillae on the tongue, the pharynx, and the presence of taste 
buds, indicate potential interplay between the mechanics of food pro-
cessing, taste and swallowing. The presence of teeth on the tongues 
dorsal surface in fish differs among predatory teleostean species. In 
the European sea bass D. labrax (Levanti et al., 2017) and Short mack-
erel Rastrelliger brachysoma (Kettratad et al., 2017) there were canine- 
like teeth with a different distribution arrangement to those seen in 
the present study. In addition, the median part of the European sea 
bass tongue body is covered with teeth while the tongue root dorsal 

surface is characterized by the absence of teeth (Levanti et al., 2017). 
It has also been suggested the pattern and the distribution of the 
teeth and taste bud on the tongue of the Micropterus salmoides were 
related to food processing and taste (Linser et al., 1998).

The oral cavities of most fish lack salivary glands and are instead 
lined by a stratified epithelium containing various mucous cells (Abbate 
et al., 2020; Roberts- Sweeney, 2016; Yashpal et al., 2014). The cut-
lassfish in the present study exhibited invaginations and shallow 
depressions within the epithelium on the lateral sides of the dagger- 
shaped teeth (sharp papilliform teeth) and in the tongue, in addition to 
mucous pores. These may have many functions including filtration of 
food, increasing plasticity, flexibility, absorption and mucus secretion 
which could aid the smooth passage of food, while also protecting the 
epithelium from potential dangers such as abrasions (Gibb et al., 2015; 

F I G U R E  8  Scanning electron micrographs showing the surface morphology of the mid- region of the oropharyngeal floor. (a + c) Mid- 
region of the buccal cavity floor. Higher magnifications of (b) boundaries of the teeth groove, (d) surface epithelium to the root of the tongue, 
(e) teeth bands. AP, the apical pouch; B, thin tongue borders; BT, the body of the tongue; CAP, the caudal margin of the apical pouch; D, the 
depression on the caudal part of the tongue body; DP, dome shape papillae; DT, dagger- shaped teeth; F, oblique folds on the interbranchial 
septum; g, circular groove around the base of the teeth; IS, interbranchial septum; ITB, interbranchial teeth band; LL, the lateral part of 
the lower lip; LOF, lateral oblique's fold band; Lp, the lateral branch of the tongue root; LTB, lingual teeth band; PLF, paralingual parallel 
longitudinal folds; OF, oblique folds; Og, oblique grooves; RT, the root of the tongue; SF, sublingual floor; ST, spiny teeth rows; TF, the central 
elevation of the tongue body; TG, teeth groove.
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Harabawy et al., 2008; Whitear, 1990; Yashpal et al., 2006, 2009), but 
further studies are required to elucidate the functions.

The presence of taste buds was observed on the lip velum and 
pharynx in T. lepturus. In addition, the dome- shaped papillae were only 
located on the tongue and on the folds at the apex, in this species. The 
dorsal lingual surface of different carnivorous fish have been shown 
to contain several taste buds similar to those observed in the pres-
ent study, including species such as the carnivorous Chub mackerel 
Scomber japonicus (Baaoom et al., 2018), the ray- finned fish Cirrhinus 
mrigala (Yashpal et al., 2014), and in gilthead seabream S. aurata (El 
Bakary, 2012), and the sea bass D. labrax (Abbate et al., 2012). In con-
trast, no taste buds were observed on the dorsal surface of swordfish 
Xiphias gladius (Levanti et al., 2017) or the white grouper E. aeneus 
tongue (Alsafy et al., 2022). It has previously been suggested that the 
presence of taste buds might indicate a high taste capacity, which 
could assist with discriminate between different types of nourishment 
(Baaoom et al., 2018), but this functional link needs further investi-
gation. It is also of note that the eventual rejection of food has been 
demonstrated in other species including the gilthead seabream S. aurata 

and the carnivorous freshwater catfish R. rita (Abbate et al., 2012; 
Yashpal et al., 2006), therefore this could also be the case for T. lepturus.

The present research has also shown the presence of a lateral 
oblique folded band on the medial side of teeth groove, shaped like a 
steel wire rope. In the middle of the palate there was a median band, 
with a bamboo stem- like structure and shape. It is possible that these 
structures may harden or strengthen the cavity to accommodate and 
tolerate the hard structures within the prey. In addition, the presence 
of cavities on the floor may act as sockets for fangs to prevent any 
destruction at the floor during feeding activities, but further studies 
are required to confirm their function.

T. lepturus is in the top 10 species of fish caught by fish-
eries worldwide, with 1,144,000 tonnes caught in 2020 alone 
(FAO, 2022a). Despite the importance of T. lepturus as a food 
source for people, and their importance to fisheries, little is known 
about its oropharyngeal cavity anatomy. The present research pro-
vides greater insights into the anatomy, morphology and structure 
of the T. lepturus oropharyngeal cavity, an important food resource 
worldwide.

F I G U R E  9  Scanning electron micrographs showing the surface morphology of the hind region of the oropharyngeal floor. (a) 
Interbranchial septum appeared as a caudal extension of the root of the tongue. Higher magnifications of (b) dorsal surface to inter branchial 
septum, and (c + d) the caudal part of the interbranchial septum. GF, gill filaments; IS, interbranchial septum; ITB, interbranchial teeth band; 
LF, longitudinal folds; OC, oblique clefts; OF, oblique folds; OR, oblique ridges; TB, several taste buds; Tr, transverse ridges.
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