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ABSTRACT

A morphometrical study of the successive vertebrae constituting the vertebral axis of Lagocephalus scleratus permits a division of the vertebral
column of this species into five morphologically distinct regions. This regionalization is more complicated than the classical division in truncal
and caudal parts only. The biometrical study of the length, height and width of the successive vertebrae allows characteristic-looking vertebral
profiles to be drawn. The regionalization in the vertebral column of the species in question could be developed through the difference in length
of vertebrae in different regions of the vertebral column. These morphological descriptive parameters express a morphotype that may be linked

with the Ostraciform mode of swimming of Silver-cheeked toadfish.

INTRODUCTION

The puffer fishes are commonly known of all type of fish
poisoning and has been recognized from ancient times. It is
probably the most common fish poisoning along the coasts
of Asia. The Lagocephalus scleratus is known to be one of the
most dangerous puffer fish species the toxicity of this spe-
cies and other tetraodontid species is investigated by many
authors (Kots, 1998; LIN et al., 1998). The members of the
family Tetraodontidae produce the toxin tetrodotoxin and it
is probably the most common poisoning along the coasts of
Asia (CDC, 1996). Puffer fish poisoning has been reported in
Many Asian countries including Thailand, Malaysia, Bangla-
desh, Taiwan and particularly Japan have shown cases of puffer
fish poisoing (KancuanaronGkur, 2001). The high concen-
tration of tetrodotoxin is present in the liver, ovaries, intestines
and skin of puffer fish (TSUNENARI ez al., 1980). Tetrodotoxin
can cause failure of depolarization and propagation of action
potential in nerve tissue. It can act on both the central and
peripheral nervous systems. The gonad and specially the ova-
ries have the highest toxicity when compared with the other
tested organs (FucHI er al., 1988; ALl er al 1995). Seasonal
variation of toxicity is a characteristic feature observed in the
majority of animals containing tetrodotoxin and other marine
toxins (Kovama ez al., 1982; NogucHt et al., 1985). The high-
est toxicity scores of the puffer fish L. sceleratus were recorded
during April, May and June for both sexes which coincide with
the spawning season (Kots, 1998) where the toxicity generally
begins to increase just before the spawning season and then
decreases sharply after spawning activity.

There are as many as 120 species of puffer fish that live most-
ly tropical seas. They also called blowfish, toadfish, swellfish,
globefish and balloon fish (TropA ¢z al., 1973). They are named

after their habit of inflating themselves with water or air when
threatened, making it difficult for a predator to swallow them.
The pulffer fishes are belonging to the order Tetraodontiformes
which comprises about 320 species of mostly shallow-water,
circumtropical, and subtropical marine forms. This order is di-
vided into two suborders (Sclerodermi or Balistoidei and Gym-
nodontes or Tetraodontoidei) and into 10 families (TYLER,
1980).

The phylogenetic position at one of the major end lines of tel-
eosts radiation and their great variation in their structure, size,
behaviour, way of life and habitat have gave the tetraodontids
some biological interest. The tetraodontids show some com-
mercial interest directly through the use of their dried skins
and their use as food for human consumption (TyLER, 1965).
Among the tetraodontid fishes is the Silver-cheeked toadfish,
Lagocephalus scleratus (Gmelin, 1789). It distributed in the
Indo- West Pacific Ocean (SmitH & HEEMSTRA, 1986), pri-
marily at depths ranging from 18 to 100 m, it is also a reef
inhabitant (RaNDALL, 1995).

The vertebral column varies in degree of regionalization across
vertebrates. Such differences in the morphology of verte-
brae of different regions of vertebral column can be revealed
by biometrical studies (KuBo & Asano, 1987; 1990; DESSE
et al., 1989). The vertebral column of actinopterygian fishes
has two distinct regions: the pre-anal abdominal region and
post-anal caudal region (GRANDE & Bewmis, 1998). Although
the actinopterygian vertebral column has two primary regions
(i.e. abdominal and caudal), there is diversity in vertebral form
within these regions (Forp, 1937; PieTsch, 1978; GRANDE &
Bemis, 1998; Bemis & Forey, 2001). The abdominal region
may include, from anterior to posterior, occipital vertebrae
that are incorporated into the skull through ontogeny, anterior
vertebrae that are highly modified (e.g. Weberian apparatus in
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Ostariphysi and fused vertebrae in Syngnathoidei), and ver-
tebrae that generally bear abdominal ribs. The caudal region
includes vertebrae that bear haemal spines and ural vertebrae
that bear hypurals. This regional pattern of vertebral structure
is probably linked to, and could thus express, the locomotory
functions of the vertebral column (Ramzu et al., 1992).

The vertebral column plays a very important mechanical role in
fish locomotion (LEarRM, 1976; LINDSEY, 1978; WEIHs, 1989).
During the developmental stages, this structure is subjected to
different types of biological strains which seem to be expressed
by local and specific morphological peculiarities (Kuso & Asa-
NO, 1987, 1990; DEssE et al., 1989). The vertebral column has
strong anatomical and functional relationships with the axial
musculature (LE Danois, 1958; LiNDsEy, 1978; VRONSKII &
NikorarrcHOUCK, 1989); therefore it is worth to study its mor-
phological characteristics in order to reveal such relationship.
Among the comprehensive osteological studies on the members
of the genus Lagocephalus is that of TyLER (1980). In this study,
a detailed description of the morphology of the entire skeleton
of L. laevigatus is given. In several points, the description of
this species coincides with that of the species in question.

A follow up study on other teleost species such the species in
question will make data available to check the morpho-func-
tional hypothesis in those species. Therefore the present work
is aimed to study the biometry of the vertebral column of the
Silver-cheeked toadfish Lagocephalus scleratus collected from
the Arabian Sea coasts of Oman as there is no such informa-
tion is available in the literature for this species.

MATERIALS AND METHODS

Fishes of L. scleratus were collected from the vicinity of Salalah
City at the Arabian Sea coasts of Oman on June 2010 (Fig-
ure 1). To prepare the vertebral columns, fish specimens were
boiled and flesh strip off the bone. Additional removal of tis-
sue was done by brushing the vertebral column with soft teeth
brush under running water. The columns were dried, and the
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Fig. 1. Map showing the collection site of the specimens of
Lagocephalus sceleratus.

vertebrae were separated and numbered then measured with a
digital 1/100 caliper. Three vertebral parameters were selected:
the length of the vertebra (VL), which represents the distance
along the left mid-ventral line, the anterior height (VH) cor-
responds to the maximum vertical distance of the anterior side
of the vertebrae and width of vertebra (VW), which represents
the maximum horizontal of the anterior side of the vertebrae.
From these three measurements, it is possible to establish a
vertebral profile which reflects the variation of these three pa-
rameters along the vertebral axis (DEssE et al., 1989; Ramzu,
1994; Kacem et al., 1998; Ramzu & MEUNIER, 1999). To avoid
individual variation and to facilitate future comparisons with
other samples, even other species, each vertebral measurement
was converted into a vertebral index V. is calculated separately

for VL, VH and VW~
V. =P/SL

Where, P is the vertebral parameter (VL, VH and VW) and
SL the standard length. Profiles of the vertebral column were
drawn by plotting LV, LH and W against the ordinal number
of the vertebrae.

Abdominal vertebrae were defined as those that were cranial
to vertebrae with fused haemal arches. The caudal region was
defined as the region from the first fused haemal arch posterior
to the last centrum including the ural centrum.

REsurrs

There are 18 vertebrae in the vertebral column of L. scleratus.
Each vertebra is equipped with biconcave centra, except the
last, which ends posteriorly in the modified urostyle and fusion
with some of the hypurals (Figure 2).

It is possible to divide the vertebral column of the species in
question into two main regions: an anterior region made of ab-
dominal vertebrae without haemal spine and posterior region
with caudal vertebrae with modified two haemal arches. The
anterior region is divided into two regions, the postcranial (V1-
V2) and the anterior middle region (V3-V8). Similarly, the pos-
terior region is divided into posterior middle region (V9-V12)
and ural region (V13-V18). The limit between abdominal and
caudal vertebrae is located at the level of vertebra number 8.
The 8 anterior vertebrae, or precaudal vertebrae (V1-V8), de-
fine the abdominal region or truncal, delimited by the presence
of the gut. In all specimens studied, the abdominal vertebrae
numbered eight. The neural spine of V1-V3 bifid vertically di-
rected relatively short getting longer and directed backward at
V4. Neural arch of V1-V4 form complete bony roof over the
neural canal. The first vertebra articulates with the posterior
end of the skull by posterioventrally projecting spine-like exoc-
cipital condyles. It also articulates poaterodorsally at a shallow
concavity on its lateral surface with the neural prezygapophysis
of the second vertebra. From its posteroventrallateral edge, large
process extends posteriorly to fit under a shallow groove on the
anterior half of the ventrolateral surface of the centrum of the
second vertebra. The fourth abdominal vertebra, however, has
the neural spine bifid anteriorly but single posteriorly. All the
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Fig. 2. Vertebral column of Lagocephalus sceleratus showing different regions.

vertebrae, both abdominal and caudal, posterior to the fourth
abdominal vertebra have undivided neural spines. In V5-V8
abdominal vertebrae, the neural spines become increasingly
thinner and longer. The neural and haemal prezygapophyses
of the abdominal vertebrae, V2-V8 are gradually increase in
length and no haemal arches or spines are present.

Out of 32 specimens studied, ten specimens have the caudal
vertebrae started at V10 and in three specimens, caudal verte-
bra is started at V9. The distinctive character of the caudal ver-
tebrae and only the caudal vertebrae is the presence of haemal
arches. The caudal vertebrae V6-V8 that falls just below and
posterior to the last basal pterygiophore of the anal fin possess
large haemal spines. In the first four caudal vertebrae (those
without conspicuous haemal spines), the haemal arches are
modified for articulation by fibrous tissue with the dorsal ends
of the basal pterygiophores of the anal fin. There is one projec-
tion directed anteriorly and another posteriomedially from the
haemal prezygapophyses of each of these vertebrae.

On each side of the vertebra, the anterior projections from the
haemal prezygapophyses do not meet in the midline under the
centrum. On the other hand, the posteromedial projections
from each side fuse in the midline under the centrum at the
open area between the anterior projections from the haemal
prezygapophyses of the vertebra behind it. Therefore, the hae-
mal arch is formed from the haemal prezygapophyses which
are displaced posteriordorsally from their normal position. On
the other hand, and except in the case of the first caudal ver-
tebra the anterior projection is greatly enlarged and ventrally
directed to support of the dorsal end of the first basal pterygi-
ophore. The fifth caudal vertebra, in all of the studied speci-
mens, possesses a haemal spine. In the fifth caudal vertebra,
and in addition to the fuse of the posteriormedial projections
to each other in the midline, they also fuse to the ventrolateral
edges of the centrum. Such fusion leaves an open medial canal
beneath the centrum and enclosing a large foramen laterally. A
long haemal spine is projected ventrally from the area of fusion
with the centrum.

In the V6, V7, V8 and V10 caudal vertebrae the haemal arch
fuse posterolaterally to the centrum and completely enclose
the haemal canal, except laterally at the foramen. The haemal
spines of the sixth, seventh and eighth caudal vertebrae are the
largest of those of the caudal vertebrae. In all specimens these
three haemal spines become enlarged and swollen, taking on
the hyperostotic consistency. The haemal structures of the last
two vertebrae are autogenous. The neural spines of the first five
caudal vertebrae are slender rods. They arise from the postero-
dorsal surface of the neural arches at the region of the neural
postzygapophyses. The neural spine of the fifth caudal vertebra
is largest among the caudal vertebrae 1-5, but it is relatively
small in comparison to the neural spine of the sixth, seventh
and eighth caudal vertebrae. The neural spine of the vertebrae
posterior to the sixth vertebra becomes progressively smaller.
Whereas the haemal spines of the sixth, seventh and eighth
caudal vertebrae are swollen and spongy in the studied speci-
mens, their neural spines are normal thin hard plates.
Generally, the profiles corresponding to the three parameters
measured on all the vertebrae were the same in all the speci-
mens studied, indicating a similar trend (Figure 3, Table 1).
The morphometric analysis shows that the vertebral axis of L.
scleratus has complex division. Four regions can be character-
ized along the vertebral axis according to the changes of the
three parameters measured from one vertebra to another.

The vertebral profile given by the variation of the vertebral
length along the axis shows two maxima: one anterior at V6,
the other at posterior end at V15. Between V1 and the first
maximum vertebral length value at V6, the vertebral length in-
creases steadily; then it slightly decreases and steadily increases
again until reaching the second maximum value at V15. After
that, the value decreases sharply reaching to its minimum value
at V18.

The vertebral profile revealed by the vertebral height shows
the following changes along the axis of the vertebral column:
a steadily increase between V2 and V5 then a gradual decrease
until reaching the minimum vale at V11. The height values
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Fig. 3. Vertebral profiles of Lagocephalus sceleratus. VL, central length; VH, central height; VW central width.

increased slowly reaching to its highest value at V16 then de-
crease to its minimum value at V18.

There are two minima shown by the vertebral width profile,
one at V2 and the other at the posterior end of the vertebral
column at V18. After a decrease and rise in the value between
V1 and V3, the vertebral width values decrease steadily until
V7 and fluctuate between V7 and V16. The vertebral width
drops steadily reaching to V18.

The total number of vertebrae of L. scleratus is 18. Out of this
number; there are 8 vertebrae as abdominal vertebrae and 10 as
caudal vertebrae. The vertebral aspect ratio is 1.00 and 1.02 for
the abdominal and caudal regions respectively and the index of
vertebral column elongation.

DiscussioNn

The analysis of the variation of the length, height and width
of vertebrae along the vertebral column of L. scleratus shows
that its structure is more complex than simple division in two
areas, precaudaland caudal. This biometric study suggests the
division of the vertebral column in four regions: 1) a poscranial
(anterior truncal); 2) anterior middle region; 3) posterior mid-
dle region; and 4) ural region. The regions 1 & 4 are character-
ized by strong variation in vertebral parameters; in the regions
2 & 3, these variations are more regular and characterized by a
cline on both side of the maximum value of the length, height
and width of vertebrae.

The postcranial region, immediately at the back of the head,
ensures the articulation with the skull. The first three vertebrae
V1-V2 form a morphological set resulting mainly into specific
parameters of vertebral length, height and width. However
these three vertebrae do not show completely different mor-
phological characteristics compared to the other vertebrae (ex-
cept for the first one). For L. scleratus, the first vertebra plays as
anterior ventral concavity which is articulated with the basioc-
cipital. This first post-cephalic vertebra is designed to articu-

late with the posterior region of the skull, forming with the
next vertebra a link between the two main elements of the axial
skeleton, which is a function that requires some morphological
specificity (VIDELER, 1993). The four vertebrae beyond V2-V6
could be considered like transition vertebrae because they show
an increase in the vertebral biometric parameters (Ramzu &
MEUNIER, 1999).

The middle regions include the limit between the precauda-
land caudal regions (V3-V8 and V9-V12) which correspond
to the haemal arch closing. It is therefore composed of truncal
vertebrae and caudal vertebrae and forms morphological units.
In these two regions the increase is regular until a maximum
value before decreasing progressively.

The ural region starts with the 13" vertebra. It corresponds to
the tail and is characterized by a slight increase then decrease
of the three values of the analyzed parameters. The last five
vertebrae of this region are with different anatomy of haemal
arches and spines.

As in other teleost fishes (Ramzu ez al., 1992), the substitu-
tion of classical anatomical precaudal and caudal region by
more than two regions is probably linked to the mechanical
constraints of swimming. This is the case of the species in ques-
tion, L. scleratus. Moreover, the anterior-posterior development
of the three morphological parameters studied with the sudden
variations of the postcranial and ural regions on the one hand,
and the maximum of the middle regions on the other, favors this
hypothesis (Ramzu ez al., 1992). The Silver-cheeked toad fish is
known to present an ostraciform mode of swimming (BREDER,
1926; LiNDsEY, 1978; WEBB, 1978), where the caudal peduncle
and fin beat in a sculling action of caudal fin-like rowing,.

The fact that the maximum of the length of the vertebra (VL)
occurs around the vertebrae V14-V16; this can be the structure
response of these vertebrae to the local presence of maximal
mechanical constraints.

Regarding the fourth region of the vertebral column, its specific
parametrical variation might express the major role performed
by the caudal vertebrae in the motor process of swimming. The
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VL VH vw
ORDINAL NUMBER OF VERTEBRAE

M sD M sD M sD
1 8.72 1.67 7.16 1.41 5.73 1.40
2 8.63 1.58 6.55 1.54 5.00 1.55
3 8.54 1.36 6.88 1.40 5.48 1.42
4 8.71 1.28 7.02 1.48 4.98 1.47
5 8.87 1.34 7.20 1.59 4.92 1.58
6 9.21 1.41 7.12 1.52 4.05 1.51
7 9.08 1.37 6.92 1.29 5.45 1.28
8 9.22 1.45 6.86 1.17 5.50 1.15
9 9.30 1.25 6.84 1.06 5.67 1.04
10 9.44 1.32 6.56 1.13 5.56 1.1
11 9.68 1.18 6.47 0.97 5.29 0.96
12 9.98 1.29 6.53 1.05 5.34 1.03
13 10.77 1.61 6.65 1.08 5.46 1.06
14 11.05 2.13 6.71 1.30 5.50 1.28
15 11.06 1.93 6.86 1.18 5.38 1.16
16 10.89 1.92 7.15 1.19 5.66 1.17
17 10.10 1.81 7.07 1.33 4.97 1.31
18 9.33 1.68 6.53 1.17 4.95 1.15

Tab. 1. Average values (M) (mm) of length (LV), height (LH) and anterior width (W) for the successive vertebrae if the
vertebral column of Lagocephalus sceleratus (SD = standard deviation)

caudal skeleton responds to the alternate contraction of the in-
trinsic muscles on the lateral sides of this region, thus a torsion
of the caudal peduncle is created, when they slightly increase
or decrease the surface area of the caudal fin at different phases
of one beat (BAINBRIDG, 1963), thereby creating a support on
water. No body waves are present and body remains rigid use-
ful for the odd-shaped of the fish.

The morphometric analysis of the vertebral column has re-
vealed no significant difference between the variation of the
vertebral length, height and width studied taken on each ver-
tebra of L. scleratus. Therefore, characterization of one vertebra
along the vertebral column would be sufficient if it based only
on one of these two parameters (DESSE ez a/., 1989).

The regionalization in the vertebral column of the species in
question could be developed through the difference in length
of vertebrae in different regions of the vertebral column that
in turn is due to different mechanisms that regulate growth of
vertebrae in each region (FyELLDAL ez al,, 2005). The similarity
in the value of the aspect ratio of both abdominal and caudal
region obtained in this study may indicate that the changes
in the vertebral length in abdominal and caudal regions are
closely linked (WARD & BRAINERD, 2007).
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