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Abstract

The dermal denticles are among the unique morphological adaptations of sharks,

which have been acquired throughout their long evolutionary process of more than

400 million years. Species-specific morphological characteristics of these structures

has been applied specially as tools for functional and taxonomic (family-level) studies.

Nevertheless, few studies have explored the diversity of denticle structure in differ-

ent around the body and oral cavity. In the present study, we described the morpho-

logical differences observed in skin and oral cavity of sharpnose sevengill shark

Heptranchias perlo, using scanning electron microscopy. Our findings demonstrate

substantial variation in morphological structure of the denticles of the body and oral

cavity. Overall, the dermal denticles observed across body surface were overlapped,

tricuspid, with the central cuspid being more pronounced, pointed, and triangular in

shape compared with lateral ones. Unlike, the denticles on the tip of the nose had a

smooth crown, with rounded edges, being compact, and overlapped. The oral denti-

cles were found in the ventral and dorsal region of the oral cavity. They also were tri-

cuspid, but with differences in arrangement and ridges. These results suggest a strict

functional relationship with the morphological characteristics observed. Such mor-

phological diversity body-region-dependent highlights the need for comparative

studies that include oral denticles, since this structure has an important functional

role in sharks and can be found in fossil and recent records.
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1 | INTRODUCTION

Sharks are well known for their unique morphological adaptations,

which have been acquired throughout their long evolutionary process

of more than 400 million years (Grogan & Lund, 2004). Examples for

such include a pair of copulatory organs (i.e., claspers), modified scales,

termed dermal denticles, and a specialized sensory system (Hamlett,

1999). The dermal denticles, a structure with a neural crest origin of

trunk, is composed of a calcified base and dentine protrusion covered

by an enamel cap (Gillis, Alsema, & Criswell, 2017; Gravendeel, Van

Neer, & Brinkhuizen, 2002). Denticle morphology has been well inves-

tigated in several studies, mainly considering their functional role on

reducing hydrodynamic drag during locomotion, which has inspired

several manufactured products (e.g., manufactured body suits and

aeroengines, see references in Oeffner & Lauder, 2012). Additionally,

denticle morphology has been used as an important tool for reconstruct
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shark communities and taxonomic identification specially related to

fossil records (e.g., Cappetta, 1987, 2012; Dillon, Norris, & Dea, 2017;

Kriwet & Benton, 2004; Kriwet, Kiessling, & Klug, 2008).

Some particularities of the denticles that make them interesting

tools include: (a) their morphological aspects (i.e., shape, size, and

arrangement) are highly variable intra and interspecifically; (b) they are

correlated with shark ecology; (c) are very abundant across the body

of sharks, including oral regions and nictitating membrane; and (d) are

continually exchanged (e.g., Dillon et al., 2017; Poscai et al., 2017;

Rangel et al., 2017). Although recent studies have addressed exten-

sively about morphology, taxonomy, and function of denticles

(e.g., Dillon et al., 2017), more studies are needed considering both

the high shark diversity (~500 living species; Weigmann, 2016) and

intra and interspecifically variability of denticles across the body and

oral cavity (e.g., Ankhelyi, Wainwright, & Lauder, 2018; Dillon et al.,

2017; Rangel, Salmon, Poscai, Kfoury Jr., & Rici, 2019).

Such a taxonomic tool seems to be especially interesting to explore

areas where research is more difficult to perform such as in deep-water

shark communities, despite its limited application to species and genus

level identification (Dillon et al., 2017). Therefore, to contribute with

information about the denticle morphology of deep-sea species, the

present study described the morphological differences observed in the

skin and oral denticles of sharpnose sevengill shark (Heptranchias perlo).

The sharpnose sevengill shark is a little-known Hexanchiformes, with a

wide geographic distribution, being found in tropical and temperate

regions, in deep waters, continental regions, islands, and high slopes, at

depths ranging from 27 to 720 m (Barnett, Braccini, Awruch, & Ebert,

2012; Ebert & Stehmann, 2013). Recently, the sharpnose sevengill

shark was assessed as data deficient according to the World Conserva-

tion Union (IUCN) Red List (Soldo & Bariche, 2016). Thus, it is expected

that the results of this study will contribute with descriptive informa-

tion on the dermal and oral denticles of sharpnose sevengill shark,

which can be used in future ecological and taxonomic studies.

2 | MATERIALS AND METHODS

Skin and oral cavity samples were obtained from three adult female’

sharpnose sevengill sharks (95.0, 103.0, and 114.5 cm total length).

The individuals were obtained during the monitoring of longline fish-

ing targeting tuna in Santos and Guarujá, São Paulo, from August

1997 to February 1999. The specimens were preserved in ice in the

boats and subsequently fixed in a 10% formaldehyde solution until

the analysis. The individuals were donated from Instituto de Pesca to

the Surgery Department of Faculdade de Medicina Veterinária da

Universidade de São Paulo (FMVZ-USP). Sample use was approved

from the Ethics Committee on the use of Animals (CEUA) n�

4245050214, FMVZ-USP.

Samples were obtained from different body regions: (a) anterior

oral cavity, (b) tip of the nose, (c) anterior dorsal, (d) medial dorsal,

(e) anterior ventral, and (f) medial ventral. Scanning electron microscopy

(LEO 435VP) was used to examine the three-dimensional microstructure

of dermal and oral denticles. In order to scan, tissue samples dehydrated

in series of increasing ethanol densities (70, 80, 90 and 100%, with a

half-hour intervals between each one). After dehydration, the samples

were dried in a Balzers CPD 020 critical-point device, mounted onto

metal stubs with carbon adhesive, and sputtered with gold in an Emitech

K550 sputter apparatus for scanning.

3 | RESULTS

3.1 | Dermal denticles

The three-dimensional aspects of the dermal denticles reveled variation

among body regions (Figure 1). Overall, the denticles observed across

the body's surface were overlapped, with the apex pointing in a poste-

rior direction (Figure 1). No differences were found among the speci-

mens analyzed. The denticles on the tip of the nose had a smooth

crown, with rounded edges, being compact and overlapped (Figure 1b).

Denticles of the dorsal anterior body regions have crowns slightly less

elongated shapes and more rounded cusps (Figure 1c). Three to four

less pronounced ridges were identified on the crown in these denticles.

Denticles of the dorsal (central, Figure 1d) and ventral (anterior,

Figure 1e and central, Figure 1f,g) were similar. Denticles were tricus-

pid, with the central cuspid being more pronounced, pointed, and trian-

gular in shape. Three ridges were identified on the crown, extending to

the base until the end of the cusp, with the median ridge being the

most prominent (Figure 1d-g). On the dorsal anterior surfaces of the

body were observed pores of the ampullae of Lorenzini (Figure 1e).

3.2 | Oral denticles

The oral denticles were found in the ventral and dorsal region of the

oral cavity (Figure 2). The results illustrate the similarities in denticle

shape across the oral cavity. In the ventral region, there is the basihyal

attached to the hyoid arch of the mandible (Figure 2a). Scanning elec-

tron microscopy of the ventral region revealed a sparce distribution of

the denticles throughout the oral epithelium (Figure 2b). The denticles

were distributed with little overlapping each other, with irregular

spaces (Figure 2b,c). They were tricuspid, with the central cuspid

being more pronounced, pointed, and triangular in shape compared

with lateral ones. Four to five fine ridges were identified on the crown

of oral denticles of ventral region (Figure 2f).

In dorsal region of oral cavity, the denticles were heavily distributed

in anterior regions (Figure 2h). The overlapping observed in denticles

may be a result of sample preservation (Figure 2i). In other regions, the

denticles were found with little overlapping (Figure 2i). They were also

tricuspid, with the central cuspid being more pronounced, pointed, and

triangular in shape. Three ridges were identified on the crown, with the

median ridge being the most prominent (Figure 2h,i).

4 | DISCUSSION

Our findings demonstrate substantial variation in morphological

structure of the denticles of the body and oral cavity of sharpnose
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sevengill shark, H. perlo. Such morphological diversity being body-

region-dependent highlights the need for comparative studies that

include different regions (Ankhelyi et al., 2018). While the denticles

on the ventral and dorsal (central and posterior) regions of the body

were more similar to each other, the oral denticles and those found

on the nose and dorsal anterior regions had more a distinct shape

and arrangement. These results suggest a strict functional relation-

ship with the morphological characteristics observed.

The dermal denticle morphology has been linked to the ecological

traits of the shark, consequently with the specific functions on the

shark's body (Dillon et al., 2017; Raschi & Musick, 1986; Raschi & Tabit,

1992). Therefore, several functional morphotypes are observed across

the body, such as protection or drag reduction (e.g., Raschi & Tabit,

1992). Among the functional morphotypes observed in sharks (i.e., drag

reduction, abrasion strength, ridged abrasion strength, defense, lumi-

nescence, and generalized functions), sharpnose sevengill sharks have

been classified as having generalized functions (Dillon et al., 2017).

However, by observing other regions, it was possible to identify specific

functional morphotypes, such as abrasion strength found on the tip of

the nose, probably providing protection during feeding. This morphotype

is commonly observed in other sharks in these regions (e.g., Mustelus

canis, Ankhelyi et al., 2018). Similarly, the denticles found in the dorsal

anterior region were similar to the described ridged abrasion strength

denticles (Dillon et al., 2017).

The morphology of denticles of the other regions analyzed

(i.e., tricuspid with ridges in the crown) were similar to those described

to Bigelow and Schroeder (1948), and the functional morphotype seems

to be more related to hydrodynamic drag reduction (Dillon et al., 2017).

The ridges present on the crown surface are known to improve hydro-

dynamic efficiency, reducing turbulence as water flows around the body

(e.g., Dillon et al., 2017; Raschi & Musick, 1986). Despite this small shark

being a demersal species, it has a wide distribution (i.e., 27–1,000 m,

Ebert & Stehmann, 2013), indicating that it is a strong swimmer and that

this morphotype is consistent with its vertical movement behavior.

Although denticles are strongly related to the shark ecology, some

studies have shown that phylogeny may have an important role in the

F IGURE 1 (a) Body regions of sharpnose sevengill shark Heptranchias perlo. In scanning electron microscopy, dermal denticles of the (b) tip of
the nose, (c) Doral anterior, (d) dorsal central, (e) ventral anterior, showing the ampullae of Lorenzini (aL), and (f and g) ventral central region.
Dermal denticles of some regions of dorsal and all of ventral region were found with cuspid (write arrow) and with ridges on the crown (yellow
arrow). Scale bars: (b, e, f, g) 300 μm; (c, d) 100 μm [Color figure can be viewed at wileyonlinelibrary.com]
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morphological diversity found (e.g., Mello, de Carvalho, & Brito, 2013).

This is evident in the microstructures found on the crown, which are

more specialized in sharks of more derived phylogenetic position

(i.e., sphyrnids; Mello et al., 2013; Rangel et al., 2019). Therefore, the

absence of these microstructures linked to hydrodynamics (e.g., orna-

ments on the crown) may be related to phylogeny; likely because the

sharpnose sevengill shark belongs to an ancestral family of sharks

(i.e., Hexanchidae), with evolutionary divergence estimated 82 million

years (Tanaka et al., 2013).

While dermal denticles are relatively well known, only recent stud-

ies have investigated the morphology and distribution of oral denticles

(e.g., Atkinson & Collin, 2012; Rangel et al., 2019). The oral denticles

of sharpnose sevengill sharks were completely distinct from dermal

denticles around the body. Similarly, the oral denticles seems to have

a functional morphotype for drag reduction. This morphotype has

been described in other shark species, such as Prionace glauca (Rangel

et al., 2017), Isurus oxyrinchus, Alopias superciliosus, Sphyrna spp.

(Rangel et al., 2019), Rhizoprionodon lalandii (Ciena et al., 2016), and

some batoid species (e.g., Zapteryx brevirostris, Rangel et al., 2016;

Aptychotrema rostrata, Atkinson & Collin, 2012). The reduction of

hydrodynamic drag may be mainly beneficial for pelagic sharks, includ-

ing sharpnose sevengill, which have RAM ventilation (i.e., the water

flows through the mouth during swimming; Atkinson & Collin, 2012;

Rangel et al., 2019). Additionally, other functions of oral denticles

F IGURE 2 Oral cavity of sharpnose sevengill shark Heptranchias perlo. (a) Jaw with teeth (t) and ventral region of oral cavity (v). In scanning
electron microscopy (b-f) oral denticles (*) distributed with little overlapping by epithelium (e) of ventral regions. (g) Jaw with teeth (t) and dorsal
region of oral cavity (d). (h and i) in scanning electron microscopy oral denticles (*) distributed with more overlapping by epithelium of dorsal
regions. All oral denticles were tricuspid, with the central cuspid being more pronounced (write arrow) with four to five fine ridges on the crown
(yellow arrow) of ventral region and three ridges on the crown of dorsal region that extending from the base (b). Scale bars: (b, c, d, h) 300 μm;
(e, f, i) 100 μm [Color figure can be viewed at wileyonlinelibrary.com]
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have been suggested, including protection of the oral epithelium from

parasites and injury caused by food items, and to facilitate food reten-

tion (Atkinson & Collin, 2012; Rangel et al., 2016).

In summary, our results showed that, as seen in other species

(e.g., Ankhelyi et al., 2018), the denticles vary considerably throughout

the body, including the oral cavity. Considering the great potential of

the use of denticles as a tool for taxonomic and ecological studies

(e.g., Dillon et al., 2017; Mello et al., 2013), understanding how such var-

iation is species-specific is essential, especially because the intraspecific

variation in dermal and oral denticles were body-region-dependent. In

addition, it is strongly recommended to include such morphological

descriptions of oral denticles, since this structure have an important

functional role in sharks and can be found in fossil and recent records,

as well dermal denticles from other body regions (e.g., lateral regions).

ACKNOWLEDGMENTS

The authors thank CNPq for financial support (Undergraduate Research

Mentorship Grant, No. 147122/2014-7, given to the FMVZ-USP

Graduate Program in Domestic and Wild Animal Anatomy) and the

Graduate Program in Aquaculture and Fishing, Instituto de Pesca.

We also thank Connor Neagle for the revision, and the reviewers for

the time spent and the suggestions made in order to improve the

manuscript.

CONFLICT OF INTEREST

The authors have no conflict of interest.

ORCID

Bianca de Sousa Rangel https://orcid.org/0000-0002-4029-765X

REFERENCES

Ankhelyi, M. V., Wainwright, D. K., & Lauder, G. V. (2018). Diversity of der-

mal denticle structure in sharks: Skin surface roughness and three-

dimensional morphology. Journal of Morphology, 279, 1132–1154.
https://doi.org/10.1002/jmor.20836

Atkinson, C. J., & Collin, S. P. (2012). Structure and topographic distribu-

tion of oral denticles in elasmobranch fishes. The Biological Bulletin,

222(1), 26–34.
Barnett, A., Braccini, J. M., Awruch, C. A., & Ebert, D. A. (2012). An over-

view on the role of Hexanchiformes in marine ecosystems: Biology,

ecology and conservation status of a primitive order of modern sharks.

Journal of Fish Biology, 80, 966–990. https://doi.org/10.1111/j.1095-
8649.2012.03242.x

Bigelow, H. B., & Schroeder, W. C. (1948). Fishes of the Western North

Atlantic. In Part one. Lancelets, cyclostomes, sharks (p. 576). New

Haven: Sears Foundation for Marine Research, Yale University.

Cappetta, H. (1987). Handbook of paleoichthyology: Chondrichthyes II. In

H. P. Shultze (Ed.), Mesozoic and cenozoic elasmobranchii (Vol. 3B,

p. 193). Stuttgart: Gustav Fischer Verlag.

Cappetta, H. (2012). Chondrichthyes: Mesozoic and Cenozoic Elasmobrachii:

Teeth. In Handbook of Paleoichthyology. Stuttgart, München: Gustav

Fischer Verlag.

Ciena, A. P., Rangel, B. S., Bruno, C. E. M., Miglino, M. A., Amorim, A. F.,

Rici, R. E. G., & Watanabe, I. (2016). Morphological aspects of oral

denticles in the sharpnose shark Rhizoprionodon lalandii (Müller and

Henle, 1839) (Elasmobranchii, Carcharhinidae). Anatomia, Histologia,

Embryologia, 45, 109–114. https://doi.org/10.1111/ahe.12178
Dillon, E. M., Norris, R. D., & Dea, A. O. (2017). Dermal denticles as a tool

to reconstruct shark communities. Marine Ecology Progress Series, 566,

117–134. https://doi.org/10.3354/meps12018

Ebert, D. A., & Stehmann, M. (2013). Sharks, batoids, and chimaeras of the

North Atlantic. Rome: FAO Species Catalogue for Fishery Purposes.

Gillis, J. A., Alsema, E. C., & Criswell, K. E. (2017). Trunk neural crest origin

of dermal denticles in a cartilaginous fish. Proceedings of the National

Academy of Sciences, 114, 13200–13205. https://doi.org/10.1073/

pnas.1713827114

Gravendeel, R., Van Neer, W., & Brinkhuizen, D. (2002). An identification key

for dermal denticles of Rajidae from the North Sea. International Journal

of Osteoarchaeology, 12, 420–441. https://doi.org/10.1002/oa.645
Grogan, E. D., & Lund, R. (2004). The origin and relationships of early

chondrichthyes. In J. C. Carrier, J. A. Musick, & M. R. Heithaus (Eds.), Biol-

ogy of sharks and their relatives (pp. 3–31). Boca Raton, FL: CRC Press.

Hamlett, W. C. (1999). Sharks, skates, and rays: The biology of elasmobranch

fishes (p. 528). Baltimore, MD: John Hopkins University Press.

Kriwet, J., & Benton, M. J. (2004). Neoselachian (chondrichthyes, ela-

smobranchii) diversity across the cretaceous–tertiary boundary. Pal-

aeogeography, Palaeoclimatology, Palaeoecology, 214, 181–194.
https://doi.org/10.1016/j.palaeo.2004.02.049

Kriwet, J., Kiessling, W., & Klug, S. (2008). Diversification trajectories and

evolutionary life-history traits in early sharks and batoids. Proceedings

of the Royal Society B: Biological Sciences, 276, 945–951. https://doi.
org/10.1098/rspb.2008.1441

Mello, W. C., de Carvalho, J. J., & Brito, P. M. (2013). Microstructural mor-

phology in early dermal denticles of hammerhead sharks

(Elasmobranchii: Sphyrnidae) and related taxa. Acta Zoologica, 94(2),

147–153. https://doi.org/10.1111/j.1463-6395.2011.00547.x
Oeffner, J., & Lauder, G. V. (2012). The hydrodynamic function of shark

skin and two biomimetic applications. Journal of Experimental Biology,

215(5), 785–795. https://doi.org/10.1242/jeb.063040
Poscai, A. N., Rangel, B. S., Casas, A. L., Wosnick, N., Rodrigues, A.,

Rici, R. E. G., & Kfoury, J. R., Jr. (2017). Microscopic aspects of the nic-

titating membrane in Carcharhinidae and Sphyrnidae sharks: A prelimi-

nary study. Zoomorphology, 136(3), 359–364. https://doi.org/10.

1007/s00435-017-0351-1

Rangel, B., Salmon, T., Poscai, A. N., Kfoury, J. R., Jr., & Rici, R. E. G. (2019).

Comparative investigation into the morphology of oral papillae and den-

ticles of four species of lamnid and sphyrnid sharks. Zoomorphology, 138

(1), 127–136. https://doi.org/10.1007/s00435-018-0427-6
Rangel, B. S., Ciena, A. P., Wosnick, N., de Amorim, A. F., Kfoury-Junior, J. R., &

Rici, R. E. G. (2016). Ecomorphology of oral papillae and denticles of

Zapteryx brevirostris (Chondrichthyes, Rhinobatidae). Zoomorphology, 135

(2), 189–195. https://doi.org/10.1007/s00435-016-0304-0
Rangel, B. S., Wosnick, N., Hammerschlag, N., Ciena, A. P., Kfoury-

Junior, J. R., & Rici, R. E. (2017). A preliminary investigation into the mor-

phology of oral papillae and denticles of blue sharks (Prionace glauca)

with inferences about its functional significance across life stages. Jour-

nal of Anatomy, 230(3), 389–397. https://doi.org/10.1111/joa.12574
Raschi, W., & Tabit, C. (1992). Functional aspects of placoid scales: A

review and update. Australian Journal of Marine and Freshwater

Research, 43, 123–147. https://doi.org/10.1071/MF9920123

Raschi, W. G., & Musick, J. A. (1986). Hydrodynamic aspects of shark scales

(Virginia Institute of Marine Science Special Report in Applied Marine

Science and Ocean Engineering No. 272). Gloucester Point: Virginia

Institute of Marine Science.

Soldo, A., & Bariche, M. (2016). Heptranchias perlo. The IUCN Red List of

Threatened Species 2016: e.T41823A16527717. Downloaded on

November 27, 2018.

RANGEL ET AL. 5

https://orcid.org/0000-0002-4029-765X
https://orcid.org/0000-0002-4029-765X
https://doi.org/10.1002/jmor.20836
https://doi.org/10.1111/j.1095-8649.2012.03242.x
https://doi.org/10.1111/j.1095-8649.2012.03242.x
https://doi.org/10.1111/ahe.12178
https://doi.org/10.3354/meps12018
https://doi.org/10.1073/pnas.1713827114
https://doi.org/10.1073/pnas.1713827114
https://doi.org/10.1002/oa.645
https://doi.org/10.1016/j.palaeo.2004.02.049
https://doi.org/10.1098/rspb.2008.1441
https://doi.org/10.1098/rspb.2008.1441
https://doi.org/10.1111/j.1463-6395.2011.00547.x
https://doi.org/10.1242/jeb.063040
https://doi.org/10.1007/s00435-017-0351-1
https://doi.org/10.1007/s00435-017-0351-1
https://doi.org/10.1007/s00435-018-0427-6
https://doi.org/10.1007/s00435-016-0304-0
https://doi.org/10.1111/joa.12574
https://doi.org/10.1071/MF9920123


Tanaka, K., Shiina, T., Tomita, T., Suzuki, S., Hosomichi, K., Sano, K., …
Tanaka, S. (2013). Evolutionary relations of hexanchiformes deep-sea
sharks elucidated by whole mitochondrial genome sequences. Journal
of Biomedicine and Biotechnology, 2013(147064), 11. https://doi.org/
10.1155/2013/147064

Weigmann, S. (2016). Annotated checklist of the living sharks, batoids and
chimaeras (Chondrichthyes) of the world, with a focus on biogeo-
graphical diversity. Journal of Fish Biology, 88(3), 837–1037. https://
doi.org/10.1111/jfb.12874

How to cite this article: Rangel BdS, Amorim AF, Kfoury Jr. JR,

Rici REG. Microstructural morphology of dermal and oral

denticles of the sharpnose sevengill shark Heptranchias perlo

(Elasmobranchii: Hexanchidae), a deep-water species. Microsc Res

Tech. 2019;1–6. https://doi.org/10.1002/jemt.23273

6 RANGEL ET AL.

https://doi.org/10.1155/2013/147064
https://doi.org/10.1155/2013/147064
https://doi.org/10.1111/jfb.12874
https://doi.org/10.1111/jfb.12874
https://doi.org/10.1002/jemt.23273

	 Microstructural morphology of dermal and oral denticles of the sharpnose sevengill shark Heptranchias perlo (Elasmobranchi...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	3  RESULTS
	3.1  Dermal denticles
	3.2  Oral denticles

	4  DISCUSSION
	4  ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  REFERENCES


