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Abstract: We report a detailed description of the vertebral column of the giant trevally (Caranx 

ignobilis, Forsskål 1775). A total of 10 giant trevally were obtained from the Jangka seawaters, 

Bireuen Regency, Aceh Province, Indonesia. The giant trevally vertebral columns were processed 

physically and chemically. The vertebral column was disarticulated and observed individually. 

Morphometric parameters were measured, including the length, width, and height of the centrum, the 

length of the rib, the length of the neural spine, and the length of the haemal spine. The results showed 

that the vertebral column of the giant trevally consisted of three regions, namely the abdominal 

vertebrae, the caudal vertebrae, and the urostyle. The abdominal region comprises 10 centra, 7 pairs 

of costae, 10 neural spines, and 4 haemonephropophysis. The caudal region comprises 13 centra, 13 

neural spines, 13 haemal spines, and 1 haemonephropophysis. The urostyle region is composed of 2 

hypurals, 1 parhypural, 1 uroneural, and 1 epural. Morphometrically, the length and height value of 

the centrum of the giant trevally were greater than the width. The 4th costae, 14th neural spines, and 

11th haemal spines were also observed to be the longest compared to others in their respective series. 
  

Introduction 

The Carangidae is an economically valuable fish 

family (Willette and Padin, 2014; Batubara et al., 

2017; FAO, 2020). Damerau et al. (2018) determined 

that the Carangidae is divided into four subfamilies, 

32 genera, and 146 species. Their habitat includes 

tropical, subtropical, marine, and brackish waters 

(Dekar et al., 2018; Irhami et al., 2018). Carangids 

have an elongated compressed body shape, a separate 

dorsal fin, two anterior spines on the anal fin, a narrow 

tail, and a caudal fin that is divided into two parts 

(homocercal) (Honebrink, 2000). 

One carangid that has been widely studied is the 

genus Caranx (Damerau et al., 2018). Caranx has a 

large body with a slim body shape, 20-31 gill rakers in 

the first-gill arch, seven spines on the dorsal fin, and 

one to two spines on the anal fin (Torres and Santos, 

2019). Maherung et al. (2017) report that up to now, 
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18 species have been attributed to the genus Caranx. 

Furthermore, White et al. (2013) revealed that there 

are five species of fish of the genus Caranx that 

inhabit Indo-Pacific waters, namely Caranx ignobilis, 

C. melampygus, C. papuensis, C. sexfasciatus, and 

C. tille. 

The giant trevally (C. ignobilis Forsskål, 1775) is 

one of the target taxa for Indonesian fishermen (Fig. 

1). This fish is reported to have a total length of up to 

170 cm with a weight of up to 80 kg (Randall, 1995). 

The giant trevally is generally found in coastal waters 

ranging from a depth of less than 20 to 100 m 

(Sudekum, 1991). The population of giant trevally 

continues to decline due to high market demand 

accompanied by more catching efforts (Torres and 

Santos, 2019; FAO 2020).  

Willette and Padin (2014) state that one of the 

challenges faced in identifying species in this genus is 
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the presence of significant morphological changes 

between the juvenile and adult phases. For example, 

the juvenile phase of the giant trevally has a silvery-

brown-yellow color, accompanied by five to six dark 

vertical lines on the lateral side of the fish. Conversely, 

the adult phase of the giant trevally has a turquoise 

silver color on the dorsal side and silvery-white on the 

ventral side (Lin and Shao, 1999). In addition, this 

taxon can also change color depending on the 

environmental conditions of the waters (Phuong et al., 

2015). This phenomenon has caused taxonomic 

confusion among researchers (Jaafar et al., 2012). 

Efforts to further identify differences between species 

of the genus Caranx have been carried out through the 

study of comparative geometric morphometrics and 

DNA barcoding (Torres and Santos, 2019. However, 

identification efforts based on variations in the 

skeletal structure of this genus are rare. Hilton (2011) 

and Batubara et al. (2021) state that studies on the 

osteological morphology of fishes are urgently needed 

to present accurate information related to ontogeny, 

phylogeny, and ecomorphological concepts of fishes.  

Several studies related to fish osteology in the 

Carangidae family have been published in the past, 

including the morphology of the vertebral column of 

Carangoides caeruleopinnatus (Jawad, 2015), the 

morphology of the anal fin of Parastromateus niger 

(Springer and Smith-Vaniz, 2008; Hilton et al., 2010), 

the morphology of the caudal vertebrae in Caranx 

crysos (Hilton and Johnson, 2007), and the osteology 

of Trachinotus ovatus (Zheng et al., 2016). There are 

no previously published studies related to the 

osteology of the giant trevally. 

 The vertebral column plays an important role in 

supporting the flexibility and elasticity of fish during 

movement (Jalili et al., 2015a; Zulfahmi et al., 2018). 

In addition, the vertebrae column also plays a role in 

the regulation and storage of phosphorus for 

homeostasis (Webb, 1975; Skonberg et al. 1997). In 

general, the vertebral column consists of five regions, 

namely the skull, abdominal vertebrae, caudal 

vertebrae, and urostyle (Nasri et al., 2016; Zulfahmi et 

al., 2019). According to Zulfahmi et al. (2018), studies 

related to the vertebral column of fishes are needed to 

understand the balance and acceleration of fish, 

among other reasons. Our research aims to describe 

the vertebral column morphology of the giant trevally.  

 

Materials and Methods 

A total of 10 giant trevally were obtained from 

Figure 1. Lateral view of giant trevally (Caranx ignobilis) (Scale bar = 2 cm). 
 

 

 

Figure 2. Morphometric parameters of the giant trevally’s vertebral. 

CL: centrum length; CH: centrum height; CW: centrum width and 

SL: spinae length. 
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fishermen in the Jangka estuary region, Bireuen 

Regency, Aceh Province, Indonesia (5°15'31.8"N 

96°47'07.4"E). The weight of the specimens ranged 

between 2.2-3.1 kg, while their total length ranged 

between 38-46 cm. Our methodology can be broken 

into three stages: The preparation of the skeletons, the 

taking of morphometric measurements, and the 

identification of vertebral column regions. All 

processes of the study were conducted at the 

Mathematics and Natural Sciences Laboratory, 

Almuslim University, Indonesia.  

Preparation of the vertebral column: Fish vertebral 

columns were prepared physically and chemically 

according to Zulfahmi et al. (2018) and Batubara et al. 

(2021). The physical stage begins by removing muscle 

tissue and scales so that the vertebral column is 

visible. The anterior articulation of the first vertebrae 

was then separated from the cranium, and the costae 

(ribs) were detached, counted, and glued back into 

their original articulation.  

Chemical preparation stages include soaking the 

vertebral column in a 10% formalin solution for seven 

days, followed by a 100% ethanol solution for 24 

hours. Bone preparations are again cleaned using a 

brush with soft bristles to remove the remnants of 

muscle that were still attached to the bone 

preparations. The prepared vertebral column is sun-

dried for seven days to remove its fat content. The 

prepared bone is then coated with varnish and dried 

again for three days. 

Morphometric measurement of the vertebral 

column: Morphometric characteristics of the vertebral 

column measured, including the length, width, and 

height of the centrum, the length of the neural spines, 

and the length of the haemal spines. Centrum length 

was considered to be represented by the maximal 

distance between anterior and posterior articular 

surfaces, width measurements were considered to be 

the maximal distance between right and left lateral 

sides, while the measurement of the centrum height 

was considered to be the maximal distance between 

dorsal and ventral surfaces (Fig. 2). The length of the 

vertebral column is measured from the anterior 

articular surface of the first centrum to the posterior 

tip of the urostyle. Measurements were taken to the 

nearest 0.1 mm, using digital calipers. The 

measurements did not take the elements’ curvature 

into account. Morphometric ratio values were 

obtained by comparing each measurement with the 

total length of the vertebral column. The formula used 

is MR = M/total length of the vertebral column, where 

MR is the morphometric ratio and M is the 

morphometric characters. 

Photography, image editing, and identification of 

vertebral column regions: Every part of the vertebral 

column was photographed using a Canon EOS 700D 

camera, and image editing was conducted using 

Adobe Photoshop CS6. The vertebral column regions 

were determined by comparison of the shape and 

location of each bone with the vertebral column 

Figure 3. Lateral view of main regions of the giant trevally vertebral column (abdominal vertebrae, caudal vertebrae and urostyle). CT: costae; 

PP: parapophysis; HS: haemal spine; NS: neural spine (Scale bar = 2 cm). 
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morphology of different fish taxa that were previously 

studied by Rojo (1991), Huysentruyt and Adriaens 

(2005), Rojo (2013), Birindelli (2014), and 

Hasanpouret al., (2015). The data were presented in 

figures to be analyzed quantitatively and 

descriptively. 

 

Results  

The vertebral column of the giant trevally is divided 

into three main regions, namely the abdominal 

vertebrae, caudal vertebrae, and urostyle (Fig. 3). Ten 

vertebrae make up the abdominal series, comprising 

ten vertebral centra, seven pairs of pleural ribs, ten 

neural spines, and four haemonephropophysis. The 

caudal region includes 13 centra, 13 neural spines, 13 

haemal spines, and one haemonephropophysis. The 

urostyle region consists of two hypurals, one 

parhypural, one uroneural, and one epural. 

The giant trevally has a ratio of the length and 

height of the centrum which is greater than the width 

of the centrum. In general, the ratios of the length and 

height of the centrum compared to the full length of 

the vertebral series tend to increase in the posterior 

abdominal vertebrae and caudal vertebrae. The 20th 

centrum has the largest centrum length-to-length of 

the vertebral series ratio, while the first centrum has 

the smallest ratio, with ratios of 6.00 and 1.96, 

respectively. The 18th centrum has the largest centrum 

height-to-length of the vertebral series ratio, while the 

23rd centrum has the one, with ratios of 7.17 and 2.68, 

respectively. The centrum width-to-length of the 

vertebral series ratio tends to decrease in the posterior 

abdominal vertebrae and to increase again through the 

caudal vertebral series to reach higher values in the 

posterior caudal centra. The largest ratio is that of the 

20th centrum, while the smallest width ratio is that of 

the 11th centrum, which are 3.62 and 1.09, respectively 

(Fig. 4). 

The fourth pleural rib has the highest rib length-to-

length of the vertebral series ratio, while the second 

rib has the smallest, with scores of 33.25 and 12.98, 

respectively. The ratio of the length of the neural and 

Figure 4. Length, height and width ratio centrum of the giant trevally. 
 

 

 

Figure 5. The ratio of costae, parapophysis, neural spine, and haemal spine length of the giant trevally. 
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haemal spines to the length of the vertebral column 

tends to increase through the vertebral series to the 

anterior portion of the caudal vertebrae and to 

decrease progressively again in more posterior regions 

of the caudal series. The largest neural spine length 

ratio is that of the 14th neural spine, while the smallest 

one is that of the 20th centrum, which are 11.74 and 

3.51, respectively (Fig. 5). 

The 11th haemal spine has the largest spine length-

to-total vertebral series length ratio value, while the 

20th one has the smallest length ratio value, 

respectively corresponding to 13.28 and 3.36. The 

length of the haemonephropophysis to the total length 

of the vertebral series tends to increase from the 

posterior abdominal series to the anterior caudal 

vertebrae. The largest ratio is that of the 11th 

haemonephropophysis, while the smallest ratio is that 

of the 7th haemonephropophysis, at respectively 7.59 

and 3.06 (Fig. 5).  

Abdominal vertebrae: The first and second neural 

spines are thicker and shorter compared to other neural 

spines in the abdominal region (Fig. 6a). The third to 

the sixth neural spines are angled posteriorly. In 

contrast, the seventh to tenth neural spines are thinner 

but longer, with a more tapered tip compared to other 

neural spines. All pleural ribs of the giant trevally are 

located in the abdominal region. Five pairs of ribs are 

attached to the centrum, while two other pairs are 

attached to the haemonephropophysis. The first rib is 

shorter and slimmer, while the ribs are wider and 

longer towards the middle of the series.  

The giant trevally has five haemonephropophysis, 

and four of them are located in the abdominal region. 

The first and second haemonephropophysis extend 

ventrally from both sides at an obtuse angle. 

Meanwhile, the third and fourth 

haemonephropophysis resemble triangles with angles 

that point ventrally. The abdominal region has four 

ventral holes (foramina), which become progressively 

larger posteriorly (Figs. 3, 6c). Conversely, the neural 

canal gets smaller posteriorly. The first centrum has a 

more developed and wider zygapophysis than the 

other centra (Figs. 6a, b, c). The neural canal in the 

first centrum is circular, while the ninth centrum is 

triangular. Additionally, the first haemal arch and the 

beginning of the haemal canal occur on the ninth 

centrum.  

Caudal vertebrae: The caudal region extends 

between the 11th and 23rd centra. The neural spines in 

the anterior caudal region have a wider base compared 

to other neural spines. The neural spine of the 11th 

centrum corresponds to the dorsal fin attachment. The 

haemal spines become progressively shorter in the 

more posterior regions of the vertebral series. The first 

haemal spine corresponds to the anal fin attachment 

(Figs. 7a, b). From the 19th to 22nd centrum, neural and 

haemal spines are directed posteriorly, to the point of 

being nearly parallel. Additionally, the neural and 

haemal arches tend to become progressively smaller 

in more posterior regions of the caudal series.  

Figure 6. Lateral view of the anterior abdominal vertebrae region (A); Anterior view of the anterior abdominal vertebrae region (B); Lateral view of 

posterior abdominal vertebrae region (C); Anterior view of the anterior abdominal vertebrae region (D). C: centrum; HA: haemal arches; HC: haemal 

canal; NA: neural arches; NC: neural canal; NS: neural spine; PP: parapophysis; ZP: zygapophysis (Scale bar = 0.5 cm.) 
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The only haemonephropophysis in this region is 

borne by the 11th centrum. The caudal region has one 

ventral vertebra and ten dorsal vertebrae foramen. The 

ventral vertebrae foramen is located in the 11th 

centrum, while the dorsal vertebrae foramen is located 

in the dorsal portion of the 12th to 21st centrum. The 

size of the dorsal vertebrate foramen tends to decrease 

in the posterior direction (Figs, 3, 7a). 

Urostyle: The urostyle is located posterior to the 23rd 

centrum. There are five hypurals, which are divided 

into three groups, the 1st hypural is grouped with with 

the 2nd hypural, the 3rd hypural is grouped with the 4th 

hypural, and the 5th hypural is grouped with the 

uroneural. The epural and parhypural are elongated 

and thick. The epural lies parallel to the dorsal part of 

the urostyle. In the ventral region, there is a 

parhypural, while in the dorsal region, there is a 

uroneural (Fig. 7c). 

 

Discussions 

Studies related to vertebral column morphology are 

needed to understand kinematics (Day, 2002; Tyler et 

al., 2003), phylogenetic relationships, and fish 

functional systems (Jalili et al., 2015b; Sunger et al., 

2020; Akmal et al., 2020; Akmal et al., 2022; 

Zulfahmi et al., 2022). In addition, fish vertebral 

elements show a high degree of interspecific variation 

allowing taxonomic identifications (e.g., Granadeiro 

and Silva, 2000; Jalili and Eagderi, 2014). Thus, 

information related to vertebral column morphology 

can be used to describe the ontogeny of fish from the 

beginning of its development to adulthood (Adriaens 

et al., 2001; Farhang and Eagderi, 2019). Leprevost 

and Sire (2014) also explain how the morphological 

profile of the vertebral column greatly influences the 

speed and swimming style of various fish taxa.  

The vertebral column of the giant trevally consists 

of three regions, namely the abdominal vertebrae, 

caudal vertebrae, and the urostyle. The abdominal and 

caudal regions consist of 11 and 13 centra, 

respectively. This distribution of centra among both 

vertebral regions is identical with several other 

carangids, such as Trachicaranx tersus (Prokofiev, 

2002), Parastromateus niger (Hilton et al., 2010), and 

Carangoides caeruleopinnatus (Jawad, 2015). 

However, different families show various 

distributions of centra (e.g., Otero, 2004; Howellidae 

and Latidae; Prokofiev, 2007). 

The most obvious difference between the giant 

trevally and the Otophysi is the absence of a Weberian 

apparatus. Nevertheless, the first and second centra of 

the giant trevally still have a size that is wider than any 

of the more posterior centra of the vertebral column. 

In addition, the swim bladder of giant trevally is not 

located at the front of the vertebrae column but is 

located closer to the dorsal part of the intestine 

(Katsuragawa, 1997). The increased sizes of the 

zygapophysis on the first and second centra and 

Figure 7. Lateral (A) and anterior (B) view of the anterior caudal vertebrae region; Lateral view of urostyle and posterior caudal vertebrae region 

(C). C: centrum; EP: epural; HA: haemal arches; HC: haemal canal; HP: haemonephropophysis; HS: haemal spine; HY: hypural; NA: neural 

arches; NC: neural canal; NS: neural spine; PH: parhypural; UN: uroneural; UST: urostyle; ZP: zygapophysis (Scale bar = 0.5 cm). 
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 parapophysis on the second centra are thought to 

function as the focal points of the lateral and ventral 

flexibility in the giant trevally. 

The morphometric analysis of the centra shows that 

the length and height of the centra have greater ratio 

values than the width of the centra. Similar results 

were reported in other carangids, such as C. 

caeruleopinnatus (Jawad, 2015). Nevertheless, C. 

caeruleopinnatus tends to have centra with similar 

height and width ratios. Increasing length and height 

ratios of more posterior abdominal centra is thought to 

have a connection with the attachment of internal 

organs in the abdomen (Zulfahmi et al., 2019). The 

increase in the length and height ratios of the posterior 

caudal centra is related to the mechanical role of this 

region of the vertebral series, which acts in supporting 

the motion and acceleration of most fishes (Jawad, 

2015). According to Oliver et al. (2016), each centrum 

that has a short size (length of vertebral centra) can 

affect and limit the mobility of each segment of the 

vertebral column.  

Haemonephropophysis is a bone that extends 

ventrally from the centre in the posterior region of the 

abdominal vertebrae. In addition to the Carangidae, 

the presence of haemonephropophysis is also reported 

in the Pholidae (Sweetser and Hilton, 2016). 

Furthermore, according to Sweetser and Hilton 

(2016), the presence of haemonephropophysis 

indicates the presence of parts of the costae that are 

still not fully developed. Haemonephropophysis of the 

giant trevally began to develop at the 7th centrum, 

while in Pholis laeta from the family Pholidae, 

haemonephropophysis began to develop at the 3rd 

centrum (Sweetser and Hilton, 2016). Furthermore, 

studies related to haemonephropophysis in fish 

skeletal structures have not been widely reported. 

The giant trevally has seven pairs of pleural ribs. 

This is the same number of ribs as are present in 

Parastromateus niger but is lower than in Seriola 

dumerili (8 pairs) (Liu, 2001; Hilton et al., 2010). The 

ribs function as a protective organ and support the 

formation of cavities in the abdominal region 

(Zulfahmi et al., 2018). The 4th rib has the largest rib 

length-to-length of vertebral series ratio. According to 

Takeuchi and Hosoya (2011), the costal arch in fish is 

strongly influenced by the capacity of the abdominal 

cavity and the swimming style of the fish.  

The ratio of the length of the neural spine to the 

haemal spine is largest for positions in the anterior 

caudal series. Spinal elevation occurs at the sites 

where the dorsal and anal fins are attached through 

pterygiophores (Jawad and Jig, 2017). This spinal 

structure may be related to expressing the locomotive 

function of the vertebral column (Ramzu et al., 1992). 

The first neural spine in the giant trevally is aligned 

upward. This is the same as in Parastromateus niger 

(Hilton et al., 2010), and unlike Carangoides 

caeruleopinnatus, where the tip of the neural spine 

leads anteriorly (Jawad, 2015). The neural spine 

height serves to increase the locomotory impulse. 

Swimming acceleration is mostly concentrated in the 

most caudal areas in carangids, so they need support 

for anatomical adaptation (Jawad, 2015). 

The urostyle of the giant trevally is located 

posterior to the 23rd centrum. The giant trevally has a 

structure of urostyle region similar form to Selene 

vomer (Hilton and Johnson, 2007), but different from 

Uylyaichthys eugeniae (Prokofiev, 2002). Unlike 

other members of the Carangidae, such as Caranx 

crysos, mullet species, and U. eugeniae, who have two 

or three well-developed epurals (Prokofiev, 2002; 

Hilton and Johnson, 2007; Batubara et al., 2021), the 

giant trevally only has one epural. Based on these 

results, epural could be a specific character 

(interspecies morphotypes) in the genus Caranx in 

particular, because there are differences in numbers. 

 

Conclusion  

The vertebral column of the giant trevally consists of 

three regions: the abdominal and caudal regions, 

followed by a urostyle. The ratio of the length and 

height of the centrum of the giant trevally is higher 

than the centrum width ratio. The 4th rib has the 

highest length ratio, while the second rib has the 

lowest score. The largest length ratio is that of the 14th 

neural spine, while the smallest length ratio is that of 

the 20th neural spine. The 11th haemal spine has the 

highest length ratio value, while the 20th haemal spine 
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has the smallest length ratio value. The giant trevally 

has a spinal morphology that appears adapted to 

maximize swimming acceleration, especially 

horizontally. 
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