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Observations on the skeleton
of the heterocercal tail of sharks
(Chondrichthyes: Elasmobranchii)

Colin D. LITTLE & William E. BEMIS

Abstract

This paper presents new illustrations and descriptions of the anatomy of the heterocercal tail of twelve species of
sharks represented by multiple adult specimens. Nine species from the family Carcharhinidae were examined
(bull shark, Carcharhinus leucas; blacktip shark, C. limbatus; dusky shark, C. obscurus; sandbar shark, C. plumbeus;
tiger shark, Galeocerdo cuvieri; Atlantic sharpnose shark, Rhizoprionodon terraenovae; bonnethead, Sphyrna tiburo;
great hammerhead, S. mokarran; and scalloped hammerhead, S. lewini). We also studied one species of Alopiidae
(common thresher shark, Alopias vulpinus), as well as one species of Ginglymostomatidae (nurse shark, Ginglymo-
stoma cirratum) and one species of Triakidae (smooth dogfish, Mustelus canis). Our most interesting observations
concern anatomical relationships of the hemal arches and spines that support the ventral fin-web of the hypo-
chordal lobe of the caudal fin and the modified neural arches and spines that support the epichordal portion of
the caudal fin. Not surprisingly, the patterns of these skeletal elements differ in many details from the patterns
described previously for the heterocercal caudal fin of actinopterygians such as paddlefishes, and these differences
offer insight into general aspects of the anatomy of heterocercal caudal fins. Additionally, variation in caudal
anatomy documented here suggests its potential as a source of phylogenetic characters at the species, generic,
family and ordinal levels. This paper is a contribution to a symposium honoring Hans-Peter Schultze and his many
contributions to the anatomy and systematics of fossil and living fishes.

Introduction

Several functional anatomical studies of heterocercal tails in sharks and sturgeons have been made (e.g.,
THOMSON 1976, FERRY & LAUDER 1996, LIAO & LAUDER 2000). However, very little detailed infor-
mation is available concerning the anatomy of the endoskeletal supports of heterocercal tails (e.g., see
BEMIS & GRANDE 1999 for polyodontids and HILTON, this volume for acipenserids). Historically
important works on the skeleton of elasmobranchs such RYDER (1884), GARMAN (1913) and REMANE
(1936) provide broad comparisons among taxa and treat aspects of skeletal development, but do not
provide details concerning anatomical variation in the caudal skeleton necessary for rigorous phylogenetic
comparisons among taxa. Although there is a long history of using vertebral calcification patterns in sharks
for phylogenetic inference stemming from the work of HASSE (1879, 1882, 1885), most contemporary
studies of the vertebrae of sharks concern age and growth determination rather than comparative anatomy
(e.g., SIMPFENDORFER et al. 2002). One of the few works to document caudal skeletal elements of
elasmobranchs is MIVART (1879); his interpretation of the caudal fin of Mustelus antarcticus is reproduced
in Figure 1. Although we differ from Mivart about the interpretation of the homologies of some caudal
elements, he described features of the caudal fin also observed by us. For instance, in his account of
M. antarcticus, he noted that the hemal arches and spines (although he termed them differently) are not
fused together near the base of the tail, but that they are fused into single elements more distally.
SPRINGER & GARRICK (1964) undertook a broad survey of vertebral numbers among sharks, focusing on
carcharhinids, and suggested that such counts could be used for systematic studies. We agree, and note

563



The whole contribution can be
purchased as PDF file.

Availability

Generally all our publications are available as PDF files;

full publications as a general rule after the printed version

is out of print. If you have questions concerning particu-

lar contributions please contact us by e-mail:
pdf@pfeil-verlag.de.

The PDF files are protected by copyright.

The PDF file may be printed for personal use.

The reproduction and dissemination of the content or
part of it is permitted.

Itis not allowed to transfer the digital personal certificate
or the password to other persons.

Prices
Books: Prices are to be found in the catalog.

Articles in journals and single contributions or chapters
in books:

10 EURO basic price per order (including the first 10
pages),

and

0.50 EURO per page, beginning with the 11" page.

Page numbers are found in the contents of the publica-
tions.

Orders

Use our order form for PDF files or send your order in-
formal per e-mail (pdf@pfeil-verlag.de). The only ac-
cepted payment is by credit card. While using the order
form for PDF files, your data will be transmitted by secure
link (ssl). You also may send the informations informally
by e-mail, fax, phone or mail.

Handling

As soon as possible, depending on our business hours
and your order, you will receive your PDF file together
with the certificate and password by e-mail.

Larger PDF files can be downloaded from our webspace,
if necessary.

Your invoice will be sent out by e-mail after we charged
your credit card.

To open the encrypted PDF files you have to install your
personal certificate after your first order. All PDF files
with the same certificate can be opened from that time
on.

Dieser Beitrag kann als
PDF-Datei erworben werden.

Verfugbarkeit von PDF-Dateien

Prinzipiell sind von allen unseren Publikationen PDF-
Dateien erhaltlich. Komplette Publikationen in der Regel
erst nachdem die gedruckte Version vergriffen ist. An-
fragen bezlglich bestimmter Beitrdge richten Sie bitte
per E-Mail an pdf@pfeil-verlag.de.

Die PDF-Dateien sind urheberrechtlich geschiitzt.
Ein Ausdruck der PDF-Dateien ist nur fir den personli-
chen Gebrauch erlaubt.

Die Vervielfaltigung von Ausdrucken, erneutes Digitali-
sieren sowie die Weitergabe von Texten und Abbildungen
sind nicht gestattet.

Das personliche Zertifikat und das Passwort diirfen nicht
an Dritte weitergegeben werden.

Preise

Bicher: Die Preise sind dem Katalog zu entnehmen.
Zeitschriftenbeitrage und einzelne Kapitel aus Sammel-
bénden bzw. Buchern:

10 EURO Grundbetrag pro Bestellung (einschlieRlich
der ersten 10 Seiten),

und

0,50 EURO pro Seite ab der 11. Seite.

Den Umfang der Beitrdge entnehmen Sie bitte den In-
haltsverzeichnissen.

Bestellungen

Bestellungen sind mit dem PDF-Bestellformular oder
formlos per E-Mail (pdf@pfeil-verlag.de) an uns zu
richten. Die Bezahlung ist ausschlie3lich per Kreditkar-
te moglich. Bei Verwendung unseres Bestellformulars
werden die Kreditkartendaten Uber eine gesicherte
Verbindung (ssl) Ubermittelt. Sie kdnnen die Daten aber
auch formlos per E-Mail, Fax, Post oder telefonisch
Ubermitteln.

Abwicklung

So bald wie méglich, aber abhangig von unseren Biiro-
zeiten und der gewinschten Bestellung, schicken wir
lhnen die PDF-Datei(en) zusammen mit Ihrem persoén-
lichen Zertifikat und dem zugehdrigem Passwort per
E-Mail. GroRere Dateien bieten wir lhnen gegebenenfalls
zum Herunterladen an.

Der fallige Betrag wird von Ihrer Kreditkarte abgebucht
und Sie erhalten die Rechnung ebenfalls per E-Mail.
Um die verschlisselten PDF-Dateien 6¢ffnen zu kénnen,
muss bei der ersten Bestellung das passwortgeschitz-
te personliches Zertifikat installiert werden, welches
anschlieRend auf dem Rechner verbleibt. Alle mit diesem
Zertifikat verschlisselten Dateien kénnen anschlieBend
auf diesem Rechner getffnet werden.



