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ABSTRACT

This volume is a comprehensive, fully illustrated Catalogue of the Sharks, Batoid Fishes, and Chimaeras
of the Southeastern Atlantic Ocean, encompassing FAO Fishing Area 47. The present volume includes
10 orders, 23 families, 45 genera, and 78 species of cartilaginous fishes occurring in the Southeastern
Atlantic. It provides accounts for all orders, families, and genera and all keys to taxa are fully illustrated.
A species representative account of each genus is also provided and includes: valid modern names and
original citation of the species; synonyms; the English, French, and Spanish FAO names for the species:
a lateral view and often other useful illustrations; field marks; diagnostic features; distribution, including
a GIS map; habitat; biology; size; interest to fisheries and human impact; local names when available; a
remarks sections; and literature. The volume is fully indexed and also includes sections on terminology and
measurements, an extensive glossary, and a dedicated bibliography.
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1. INTRODUCTION

he presentcatalogue covers the deep—seachondrichthyans

of the Southeastern Atlantic Ocean, FAO Fishing Area 47.
The catalogue includes species of major, moderate, minor, and
minimal importance to fisheries as well as those of doubtful
or potential use to fisheries. It also covers those little known
species that may be of research, educational, and ecological
importance. The catalogue is intended to be a comprehensive
review of the shark-like fishes of the deep—sea Southeastern
Atlantic Ocean in a form accessible to fisheries workers as well
as researchers on shark systematics, biodiversity, distribution,
and general biology. It also caters to other researchers that
need comparative information on sharks, and their relatives,
and to people who encounter sharks at sea, and the general
public.

Biogeography of Region. The Southeastern Atlantic
region encompasses FAO Fishing Area 47, and is
bounded by a line beginning on the west African
continental coast at 6°04’36”S latitude and 12°19'48” E
longitude, and extending in a northwesterly direction to
a point intersecting at 12°00’E with the parallel 6°00’S
and to the west along a parallel to 20°00’W, and then
due south along this meridian to the 50°00’S parallel and
due east along this parallel to 30°00’E, and then due
north to the African continental coast and in a westerly
and northerly direction to the original point of departure
(Figure 1 — Map of the Southeastern Atlantic Ocean FAO
Area 47). FAO Area 47 includes the Benguela Large
Marine Ecosystem, defined by the Benguela Current that
runs the length of this region off the African continental
coast. A small portion of FAO Area 47 also includes the
Agulhas Current Large Marine Ecosystem extending from
about Cape Point at 18°42’E longitude and extending
eastwards to the boundary of Area 51 at 30°00’'E (Ebert,
2013). The Southeastern Atlantic region is mostly a
cool temperate regime, influenced by the broad north
flowing Benguela Current that extends northwards from
Cape Point, South Africa to about 15°S, or at about
Mossamedes, Angola (Briggs, 1995), where it meets the
tropical Angolan Current and veers offshore.

Classification and systematic arrangement used here.
The higher classification of these fishes includes the class
Chondrichthyes that is divided into two major groups,
each with a long and separate, pre—Devonian history,
the chimaeroids, Holocephali (with a single living order
Chimaeriformes), and the sharks and batoids proper, with
the surviving group Neoselachii divided into two cohorts,
the Selachii (sharks) and the Batoidea (rays and skates)
and includes all of the modern living species. The Selachii
is further divided into two superorders, the Squalomorphii
and Galeomorphii. The superorder Squalomorphii includes
the orders Hexanchiformes, Squaliformes, Squatiniformes,
and Pristiophoriformes, while the superorder Galeomorphii
includes the Heterodontiformes, Orectolobiformes,
Lamniformes, and Carcharhiniformes. The cohort Batoidea
recognizes four orders, Torpediniformes, Pristiformes,
Rajiformes, and Myliobatiformes. The ordinal classification
of the shark—like fishes largely follows the arrangement
of Compagno (2001, 2005), Ebert (2013), Ebert, Fowler
and Compagno (2013), Ebert and Stehmann (2013),
Ebert and Compagno (In press), and Ebert (2014) with
some modifications in recognizing eight orders and 34

families. The higher classification of batoid fishes and
the assignment of various families to suborders or orders
are not yet fully clarified. The cohort Batoidea recognizes
four orders, Torpediniformes, Pristiformes, Rajiformes,
and Myliobatiformes, although the higher classification
is still unresolved for this group. Nelson (2006) provided
a table reflecting different concepts and comparing his
own classification of the previous 3rd edition (Nelson,
1994) with those of Compagno (1999a, b) with six orders
and 21 families, McEachran and Aschliman (2004) with
four orders and 14 families, and finally his own concept
of the 4th edition (Nelson, 2006) with four orders and 17
families. More recently Aschliman, Claeson and McEachran
(2012) recognized 13 batoid families, and considered the
skates to be comprised of a single family with nearly 300
species, while Naylor et al. (2012a, b) found support for
retaining the family Arhynchobatidae as separate from
the family Rajidae. Therefore, given this uncertainty as
to the higher classification of the batoids, particularly the
skates, the classification of Nelson (2006) is followed with
the exception of retaining the skate family Arhynchobatidae
(Fowler, 1934), resurrected by Compagno (1999a, b,
2005), and generally followed in most current literature.
The Holocephali (chimaeras) are composed of a single
living order Chimaeriformes. The higher classification
of chimaeras follows Didier (1995, 2004) and Didier,
Kemper and Ebert (2012). The relationship of the sharks
to the batoids is still unresolved, with recent classifications
suggesting that the batoids are either sister to the modern
sharks orders Pristiophoriformes and Squatiniformes, and
share a common ancestry with the Squaliformes (e.g. the
Hypnosqualean hypothesis), or follow traditional dichotomy
of all modern sharks and batoids. The two hypotheses
break down largely between traditional morphologists
(Compagno, 1973, 1977, 1999a, b, 2001, 2005; Shirai,
1992a, 1996; de Carvalho, 1996) and newer molecular
evidence (Douady et al., 2003; Naylor et al., 2005, 2012a,
b; G. Naylor, pers. comm.).

The following classification to order is based on the above
discussion on higher ordinal classifications (*starred orders
are covered in this volume):

Class Chondrichthyes (cartilaginous fishes)
Subclass Holocephali (chimaeras and fossil relatives)
Order Chimaeriformes (chimaeras or silver sharks)*
Subclass Neoselachii (modern sharks and batoids)
Cohort Selachii (modern sharks)

Superorder Squalomorphii (squalomorph sharks)
Order Hexanchiformes (cow and frilled sharks)*
Order Squaliformes (dogfish sharks)*

Order Squatiniformes (angel sharks)*
Order Pristiophoriformes (sawsharks)*

Superorder Galeomorphii (galeomorph sharks)
Order Heterodontiformes (bullhead sharks)
Order Lamniformes (mackerel sharks)*

Order Orectolobiformes (carpet sharks)

Order Carcharhiniformes (ground sharks)*
Cohort Batoidea (batoids)

Order Torpediniformes (electric rays)*

Order Pristiformes (sawfishes)

Order Rajiformes (skates and guitarfishes)*

Order Myliobatiformes (stingrays)*
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Southeastern Atlantic Ocean Biodiversity. The
Southeastern Atlantic has a relatively low—diverse
chondrichthyan fauna with 10 orders, 23 families, 45
genera, and at least 78 species being represented (Table
1). However, these numbers are likely an under—estimate
since there are several undescribed species and a few
species complexes under investigation that should
eventually resolve the systematics of those species.
Also, the deep—sea off Angola is not well studied and it is
likely that additional species may be found to occur in this
region. The Southeastern Atlantic deep—sea shark fauna
is represented by 6 orders, 17 families, 30 genera, and at
least 50 species (Table 1). The most species—rich group
of deep—sea sharks are the Squaliformes with at least 32
species, representing about 64% of the deep—sea shark
species in this region. Most are in the families Etmopteridae
(n = 9) and the Centrophoridae and Somniosidae with
6 species in each family. The Carcharhiniformes are
represented by 10 species, 8 of which belong to the family
Scyliorhinidae. All of the other shark orders only have four
or fewer species representatives. The deep—sea batoid
fauna is represented with 3 orders, 4 families, 10 genera,
and at least 20 species (Table 1). The most specious group
of deep—sea batoids are the skates (Rajiformes) that have
two families (Arhynchobatidae and Rajidae), 8 genera and
18 species represented. The deep—sea chimaera fauna
has representatives of two families (Chimaeridae and
Rhinochimaeridae), and includes five genera, and at least
8 species.

(stg 1:)3;27) Sharks| Batoids | Chimaeras | Tot.
Orders 6 3 1 10
Families 17 4 2 23
Genera 30 10 5 45
Species 50 20 8 78

Table 1. — The families, genera, and species represented
within the deep—sea Southeastern Atlantic Ocean (SEA).

1.1 Plan of the Catalogue.

The format for this catalogue follows that of the FAO
Catalogue of Sharks of the World (Compagno, 2001; Ebert
and Compagno, In press; Ebert, In preparation), with orders
as the highest taxonomic group dealt with here, followed by
family, genus, and species accounts. A key to the families
and genera, where appropriate is also included. A difference
in the present catalogue is that not all species accounts
are dealt with in the same comprehensive detail. A list of
all deep—sea species known to occur in the Southeastern
Atlantic Ocean is presented for each family, with a
representative species of each genus presented in detail
and indicated by the presence of a shark, skate or chimaera
icon beside its scientific name. For some genera, especially
those where subgroups (e.g. Apristurus, Etmopterus)
are recognized, an example of each species subgroup is
presented in detail. In total, 50 of 78 species are presented
in detail here.

The species specific information on the biology, conservation
status, distribution, habitat, fisheries, and systematics of
Southeastern Atlantic Ocean chondrichthyans was compiled
from primary literature sources including, but not limited to,

Compagno (2001), Compagno, Ebert and Smale (1989),
Compagno, Ebert and Cowley (1991), Compagno and Ebert
(2007), Ebert et al. (2013), Kyne and Simpfendorfer (2010),
and Ebert and Compagno (In press). Electronic sources were
also of invaluable help and included, but were not limited to,
the California Academy of Sciences Catalogue of Fishes
(http://www.calacademy.org/research/ichthyology/catalog/
fishcatsearch.html) and IUCN Shark Specialist Group (http:/
www.iucnredlist.org). A comprehensive bibliography of the
literature, including primary, grey, and electronic sources is
provided at the end of this volume.

Order accounts include the valid modern form of the
order name with author and year; the original citation of the
order name with its author, year, reference and pagination;
the number of recognized families in the Southeastern
Atlantic deep—sea; common order Synonyms mainly from
the Southeastern Atlantic deep—sea region with the name,
author, year, and pagination; the FAO order Vernacular
Names in English, French and Spanish; Field Marks and
Diagnostic Features of members of the order; an account
of the natural history of the order under separate sections
covering Distribution, Habitat and Biology; a section on
Interest to Fisheries and Human Impact, a synopsis of
the human issues affecting shark families; Local Names
when available; a Remarks section mostly with systematic
comments; and a key to deep—sea Southeastern Atlantic
families, when orders have more than one family.

Family accounts include the valid modern form of the
family name with author and year; the original citation of the
family name with its author, year, reference and pagination;
the valid type genus with author and date; the number
of recognized deep-sea Southeastern Atlantic Ocean
genera in the family; family Synonyms with names mostly
associated with the Southeastern Atlantic Ocean region and
with the name, author, year, and pagination; the FAO family
Vernacular Names in English, French and Spanish; Field
Marks and Diagnostic Features of members of the family; an
account of the natural history of the family under separate
sections covering Distribution, Habitat and Biology; a section
on Interest to Fisheries and Human Impact, a synopsis of
the human issues affecting shark families; Local Names
when available; a Remarks section mostly with systematic
comments; a Literature section covering references to the
entire family; and a key to deep—sea Southeastern Atlantic
genera, when families have more than one genus.

Generic accounts include the valid modern form of the
genus name with author and year; the original citation of
the genus (or subgenus), with its author, year, reference
and pagination, and, if a subgenus, the original genus
name with author and year that the subgenus was originally
placed in; the type species and means of designating it
(for example, by original designation, monotypy, absolute
tautonymy, or subsequent designation); the number of
recognized Southeastern Atlantic Ocean deep—sea species
in the genus; the Synonyms of genera, with their rank
(genus, subgenus, or other genus—group ranking), author,
year, pagination, and genus they were described in, if
originally ranked as subgenera or equivalents; FAO Names
if they exist; Field Marks if genera are large and distinctive;
Diagnostic Features of the genus; Local Names where
available; a key to deep—sea Southeastern Atlantic species
if the genus has more than one species (is not monotypic);
and a Remarks section.
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Species accounts include the valid modern names of the
species, with author and date; the original citation of the
species, with its author, year, reference pagination; the
holotype, syntypes, lectotype or neotype of each species
(paratypes are not listed in the present account), including
the total length and sex of the specimen, its institutional
deposition, and its catalogue number; the type locality
including the location, coordinates and depth if available,
where the holotype, syntypes, lectotype or neotype were
caught; Synonyms of the species, including their names,
authors and dates; a section listing other scientific names
recently in use; the English, French, and Spanish FAO
Names for the species; a lateral view illustration, and often
other useful illustrations (lateral view drawings are given
of each shark species, usually ventral views of heads,
and often teeth and denticles of the shark in question);
Field Marks; Diagnostic Features (except in monotypic
genera); Distribution, including a map; Habitat; Biology;
Size; Interest to Fisheries and Human Impact; Local Names
when available; a Remarks section when necessary; and
Literature.

Synonyms commonly seen in the Southeastern Atlantic
Ocean deep-sea literature are listed, where appropriate,
and include only true taxonomic synonyms of the valid
family, genus and species given. For species, another
category, Other Combinations, is provided for common
misidentifications of a given species with another, valid
species as well as commonly used combinations that place
a valid species in different genera.

FAO Family and Species Names. English, French and
Spanish names for each family and species, primarily for
use within FAO, were selected by the following criteria: (a)
each name applies to a single family or species worldwide;
(b) the name conforms with FAO spelling nomenclature;
(c) the name conforms to prior usage when possible. FAO
names are not intended to replace local species names, but
are necessary to overcome the confusion caused by the
use of a single name for more than one species or several
names for one species. The FAO names used here conform
to prior FAO usage. The common French and Spanish
names of species from the other FAO Catalogues, including
the Sharks of World (Compagno, 1984a, b, 2001; Ebert and
Compagno, In press, Ebert, In preparation), and regional
FAO Catalogues on the Sharks, Rays, and Chimaeras of the
North Atlantic (Ebert and Stehmann, 2013), Eastern Central
Atlantic (Compagno, 1981; Stehmann, 1981), Namibia
(Bianchi et al., 1999), Western Central Atlantic (Compagno,
2002; Didier, 2002; McEachran and de Carvalho, 2002), and
Mediterranean and Black Sea (Serena, 2005), were used
when appropriate.

Keys, Field Marks, and Diagnostic Features. These
sections include identification data in different forms. Keys
to families, genera and species are standard dichotomous
biological keys that are followed in steps of alternate
choices to single out the taxa covered. It should be noted
that the Keys include only those families, genera, and
species that occur in FAO Area 47, or within the scope of
the present Catalogue and do not include those groups not
occurring with the area. Field Marks generally include a few
obvious characters of use in field identification, extracted
from Diagnostic Features at various levels, but included in a
separate section. Field Marks are listed at the ordinal, familial

and species levels, and occasionally the generic level in
cases of large genera with many species. The arrangement
of Field Mark characters is semihierarchical and pragmatic
and may include characters from a higher level such as an
order in lower level taxonomic accounts such as those of
species. Field Marks include characters that are obvious
in live or fresh—caught individuals but may be obscure in
frozen or preserved material. Diagnostic Features are lists
of characters at the ordinal, familial, generic, and species
level, with the character choice generally limited to external
characters, particularly at the species level, because of
their primary purpose of identification rather than indication
of relationships. The Diagnostic Features sections are
hierarchical, with characters at the ordinal level generally
not duplicated at the family, genus and species levels.
Monotypic orders with one family (such as Squatiniformes),
monotypic families with one genus (Mitsukurinidae) or
monotypic genera with one species (Cetorhinus) all have
the Diagnostic Features section present only in the highest
taxon covered.

Distribution. Geographic distributions for nearly all
species are given by listing the countries off the coasts of
or oceanographic features, e.g. seamounts and troughs,
where the species occurs. In compiling distributional data
and preparing maps it was noted that the distributions of
many wide—ranging deep—sea species are very spottily
known as present. In many cases gaps in distribution may
not indicate absence of a given species but absence of
knowledge. Continental slope chondrichthyan faunas are
poorly known for much of the world, and a number of deep—
sea species probably have wider ranges than are currently
known. Much effort was made to screen out distribution
errors, based on misidentifications of species, at a cost of
presenting distributional lists and maps that are spotty, but
possibly more accurate. A few species (e.g. Cirrhigaleus
asper, Carcharhinus altimus), only known from a single
record from the eastern edge of Area 47, are mentioned in
the order or family accounts, but not discussed further. The
sixgill stingray, Hexatrygon bickelli, is known only from a
couple of records off Port Elizabeth, South Africa, but since
the type specimen for the family, genus and species was
collected from there, it is included in detailed account.

Habitat. Habitat covers information on physical conditions
where various species are found. The known depth range
of the species (in metres), position in the water column, type
of substrate occupied, and preferences relative to coasts
are noted when available. In most cases data on salinity,
oxygen content, and specific temperature of the water in
which they occur was not available or was not in an easily
usable form and has not been regularly compiled here.

Biology. Includes data on reproduction, age and growth,
diet, and behaviour and movement patterns. Compilation
of these data suggests that very few deep—sea species are
biologically well known, and several are known only from a
very few specimens that have ever been observed.

Size. All size data are given as total lengths; this is
the measurement most often used as an independent
variable and standard measurement in the shark literature,
although particularly in fisheries papers precaudal lengths,
fork lengths, and other measurements have been used
from choice or necessity. Unfortunately chondrichthyans
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researchers have not agreed on a standard method of
measuring total length, so total lengths from different
sources in the literature may not be strictly comparable.
| prefer and advocate as a standard method a direct
measurement, in which the shark is held belly down with its
dorsal caudal—fin lobe depressed into line with its body axis
and total length measured as a point to point distance (not
over the curve of the body) from the snout tip to the tip of
the dorsal caudal—fin lobe. This method lends itself readily
to quick use of a fishboard with a perpendicular front bar or
plate to index the fish’s snout against, a one metre or two
metre ruler or folding ruler slipped under the shark, batoid,
or chimaera or even a steel or cloth tape, and avoids the
trouble of computation and possible errors and loss of data.

Total length data presented includes maximum size, size
at maturity (in some cases, a size range at maturity, when
abundant data were available) and maximum size for
both sexes, and size at birth or hatching. Sometimes size
at sexual maturity for either or both sexes is not known,
in which cases reported minimum and maximum sizes of
adult individuals are given. In some cases maximum size
exceeds that recorded for either sex, in which case the sex
of the outsized individual or individuals representing the
maximum size measurements was not indicated. In some
poorly known species only immature individuals are known,
in which case the hypothetical maximum adult size is almost
certainly larger than the known immature maximum.

Interest to Fisheries and Human Impact. This section
includes Fisheries information, including whether the species
is taken in targeted or non—targeted (bycatch) fisheries and
if taken as bycatch whether it is retained or discarded. Data
on localities of fisheries, gear used, and uses of the particular
species are noted when available. National fisheries data
for deep—sea sharks is often sketchy and combined for
a number of species. Thus, catch statistics are generally

unavailable except for relatively few species of sharks but
are noted when available, with particular emphasis on data
from those species reported to FAO. Additional data are
increasingly available from national and regional fisheries
bodies and are presented when available. Other aspects
of human interaction are presented if available or known,
although the average person rarely encounters most of
these deep—sea sharks. The current conservation Red List
status of each species as evaluated by the IUCN Species
Survival Commission’s Shark Specialist Group (http://www.
iucnredlist.org) is provided. At the end of the Bibliography
section an electronic reference section has been added
with a link to the Red List Assessment for each species
included in the Catalogue.

Local Names. Many species have no vernacular names
whatsoever or are lumped under catchall names, while
some species such as the basking shark have dozens
of names. Wherever possible common local names are
presented, especially for important wide-ranging species.
The broadening interest in sharks, batoids, and chimaeras,
and urgent need to acquire species—specific data for their
management and conservation should encourage fisheries
biologists and other researchers to compile local nhames
for their own countries or regions, and add to the sketchy
knowledge of local names.

Remarks. Important information, especially on systematics
and nomenclature, are given in the remarks section. Also,
the relative number of families per order, genera per family,
and species per genus worldwide is given when appropriate
for comparison to the groups occurring within FAO Area 47.

Literature. References cited here include specific works
with important information for each species and family as
well as comprehensive accounts, but are not intended as a
comprehensive bibliography.
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1.2 Technical Terms and Measurements

1.2.1 Picture Guide to External Terminology of Sharks

dorsal-fin first dorsal fin

s

spine
second dorsal fin

snout  nostril

precaudal pit

caudal fin

gill f caudal keel

[
|
. | |

labial  ,yepines | / i clasper

furrows P 2 } pelvic fin } (males) anal fin
| |
} pectoral fin |
| |
| |

«<— head ————— < trunk > tail >
Fig. 2 Lateral view
gill slits
. «— precaudal tail —>
snout  nostril / caudal fin
anal fin

preanal ridges

pelvic fin
(female, no claspers)

pectoral fin

Fig. 3 Ventral view

anterior nasal

flap (lifted)
excurrent
aperture

incurrent aperture

<~ anterior
o nasal flap
incurrent
aperture
; ; N posterior
circumnarial nasal flap
roove
£ circumnarial excurrent aperture

fold barbel upper labial furrow

Fig. 4 Head of an orectoloboid shark

(ventral view) Fig. 5 Nostril
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Fig. 6 Eyes
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Fig. 8 Dorsal fin
terminal lobe

epaxial web posterior tip

dorsal lobe . f«— terminal margin

dorsal margin

upper origin subterminal margin

subterminal notch

upper postventral margin

* \<—— posterior notch

/ o hypaxial web
lower origin/Y yp
preventral

margin

" .\$<—— lower postventral margin

<—ventral tip
ventral lobe
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Fig. 10 Pectoral fin
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Fig. 7 Mouth corner
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shaft
lateral fold
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rhipidion
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., spur
rhipidion
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glans
hypopyle
clasper tip

POSTERIOR

Fig. 11 Dorsal view of clasper
(lamnid shark)
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1.2.2 Picture Guide to Skeletal Terminology of Sharks

ANTERIOR /\

rostrum
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Fig. 13 Aplesodic and plesodic pectoral fins
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1.2.3 Measurements Used for Sharks

TL =TOTAL LENGTH PP2 = PREPELVIC-FIN LENGTH
FL =FORKLENGTH SVL =SNOUT-VENT LENGTH
PCL = PRECAUDAL-FIN LENGTH PAL =PREANAL-FIN LENGTH
PD2 = PRE-SECOND DORSAL-FIN LENGTH IDS =INTERDORSAL SPACE
PD1 = PRE-FIRST DORSAL-FIN LENGTH DCS = DORSAL CAUDAL-FIN SPACE
HDL = HEAD LENGTH PPS = PECTORAL-FIN PELVIC-FIN SPACE
PG1 = PREBRANCHIAL LENGTH PAS = PELVIC-FIN ANAL-FIN SPACE
PSP = PRESPIRACULAR LENGTH ACS =ANAL-FIN CAUDAL-FIN SPACE
POB = PREORBITAL LENGTH PCA = PELVIC-FIN CAUDAL-FIN SPACE
PP1 = PREPECTORAL-FIN LENGTH VCL =VENT CAUDAL-FIN LENGTH
>
4 TL
# FL +
+ PCL + |
]
+ PD2 .Jr :
I
* 1
+ PDI

]
|

-

VCL

P PAL

Fig. 17 Main longitudinal measures

PRN = PRENARIAL LENGTH

POR = PREORAL LENGTH

EYL =EYELENGTH

EYH =EYE HEIGHT

ING =INTERGILL LENGTH

GS1 =FIRST GILL SLIT HEIGHT

GS2 = SECOND GILL SLIT HEIGHT

GS3 = THIRD GILL SLIT HEIGHT

GS4 = FOURTH GILL SLIT HEIGHT

GS5 =FIFTH GILL SLIT HEIGHT

SIXTH GILL SLIT HEIGHT

SEVENTH GILL SLIT HEIGHT

P1A = PECTORAL-FIN ANTERIOR MARGIN
P1R = PECTORAL-FIN RADIAL LENGTH

P1B = PECTORAL-FIN BASE

P11 = PECTORAL-FIN INNER MARGIN

P1P = PECTORAL-FIN POSTERIOR MARGIN
P1H = PECTORAL-FIN HEIGHT

P1L = PECTORAL-FIN LENGTH Fig. 18 Measurements of pectoral fin, gill
SOD = SUBOCULAR POCKET DEPTH slits, eye and snout
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CDM = DORSAL CAUDAL-FIN MARGIN

CPV = PREVENTRAL CAUDAL-FIN MARGIN

CPU = UPPER POSTVENTRAL CAUDAL-FIN MARGIN
CPL =LOWER POSTVENTRAL CAUDAL-FIN MARGIN
CFW = CAUDAL-FIN FORK WIDTH

CFL = CAUDAL-FIN FORK LENGTH

CST = SUBTERMINAL CAUDAL-FIN MARGIN

CSW = SUBTERMINAL CAUDAL-FIN WIDTH

CTR = TERMINAL CAUDAL-FIN MARGIN

CTL =TERMINAL CAUDAL-FIN LOBE

D1L = FIRST DORSAL-FIN LENGTH

D1A = FIRST DORSAL-FIN ANTERIOR MARGIN
D1B = FIRST DORSAL-FIN BASE

D1H = FIRST DORSAL-FIN HEIGHT

D1l =FIRST DORSAL-FIN INNER MARGIN

D1P = FIRST DORSAL-FIN POSTERIOR MARGIN

D2L = SECOND DORSAL-FIN LENGTH

D2A = SECOND DORSAL-FIN ANTERIOR MARGIN
D2B = SECOND DORSAL-FIN BASE

D2H = SECOND DORSAL-FIN HEIGHT

D2l =SECOND DORSAL-FIN INNER MARGIN

D2P = SECOND DORSAL-FIN POSTERIOR MARGIN

P2L = PELVIC-FIN LENGTH

P2A = PELVIC-FIN ANTERIOR MARGIN

P2B = PELVIC-FIN BASE

P2H = PELVIC-FIN HEIGHT

P2l = PELVIC-FIN INNER MARGIN [LENGTH]

P2P = PELVIC-FIN POSTERIOR MARGIN [LENGTH]

ANL =ANAL-FIN LENGTH

ANA = ANAL-FIN ANTERIOR MARGIN
ANB = ANAL-FIN BASE

ANH = ANAL-FIN HEIGHT

ANl = ANAL-FIN INNER MARGIN

ANP = ANAL-FIN POSTERIOR MARGIN

Fig. 20 Measurements of dorsal, pelvic and anal fins

-~ PDI —+- PDO +
! |

1
|
t
|
1
|
|
I
|
I
1
!
|
|

|
!
|
1
!
|
1
!
I
1
|
t
I
1

|
DPI —+— DPO ——+ Y
DAO DAI

Fig. 21 Other common measurements (lateral view)

HDH = HEAD HEIGHT DPI = FIRST DORSAL-FIN MIDPOINT PECTORAL-FIN

TRH = TRUNK HEIGHT INSERTION

ABH = ABDOMEN HEIGHT DPO = FIRST DORSAL-FIN MIDPOINT PELVIC-FIN ORIGIN

TAH = TAIL HEIGHT PDI = PELVIC-FIN MIDPOINT FIRST DORSAL-FIN

CPH = CAUDAL-FIN PEDUNCLE HEIGHT INSERTION

DAI = SECOND DORSAL-FIN INSERTION ANAL-FIN PDO = PELVIC-FIN MIDPOINT SECOND DORSAL-FIN
INSERTION ORIGIN

DAO = SECOND DORSAL-FIN ORIGIN ANAL-FIN ORIGIN
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MOL =MOUTH LENGTH
MOW = MOUTH WIDTH
ULA = UPPER LABIAL-FURROW LENGTH

LLA =LOWER LABIAL-FURROW LENGTH
NOW = NOSTRIL WIDTH
INW = INTERNARIAL SPACE

ANF =ANTERIOR NASAL-FLAP LENGTH

CLO = CLASPER OUTER LENGTH
CLI = CLASPER INNER LENGTH
CLB = CLASPER BASE WIDTH

b) CLASPER

c) VENTRAL VIEW
d) ANGLE OF MOUTH

GIR = GIRTH

e) DORSO-LATERAL VIEW

f) DORSAL VIEW

INO =INTERORBITAL SPACE

SPL = SPIRACLE LENGTH

ESL =EYE SPIRACLE SPACE

HDW = HEAD WIDTH

TRW =TRUNK WIDTH

ABW =ABDOMEN WIDTH

TAW = TAIL WIDTH

CPW = CAUDAL-FIN PEDUNCLE WIDTH

Fig. 22 Other common measurements (ventral and dorsal view)
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1.2.4 Picture Guide to External Terminology and Measurements used for Batoids

alar or wing thorns of

toral fi
pectoral fin mature males

malar or cheek thorns of
mature males

) 18,080 pelvic fin, pelvic fin,
spiracle 520 anterior lobe posterior lobe

scapular
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orbit

/

thorns of
median row

clasper of
males
1% dorsal 2™ dorsal
/ fin fin

...... <——— caudal fin

lateral tail
inner margin fold
of pelvic fin

pectoral fin

(—)length ! . Fig. 23 Upper side of a typical skate (family Rajidae)
99 ¢
of snout, LA
preorbital tail spine dorsal cutaneous fold

(sting) ~. /

ventral cutaneous fold

length of Fig. 24 Base of tail in stingrays (family Dasyatida
snout, preoral 8 seo stingrays ( y syatidae)
anus
width of
disc -

| |

| |

| |

| |

| |

* |

nasal | |
apertures < length of tail ————————————>

gill slits

Fig. 25 Lower side of a typical skate
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Fig. 27 Teeth of a stingray (arrows

Fig. 26 Anterior part of disc of a skate indicate method of counting pavement
pattern in batoids)
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1.2.5 Picture Guide to External Terminology and Measurements used for Chimaeras

total length

fin spine

15t dorsal

\ /ﬁn

frontal lateral—
tenaculum line canals

2" dorsal
fin

|
|
|
nostril } [ caudal
outh | clasper (male anal fin | caudalfin filament
soft gill } gill ) sex organ) }
cover | gochin pectoral  prepelvic pelvic |
| penng fin tenaculum fin |
l«— head length >i< body length —— >
Fig. 28 Lateral view of a typical Chimaera
supratemporal
suborbital canal
canal occipital canal
infraorbital /
canal
otic canal
preopercular
canal

angular canal

mandibular
canal

oral canal

Fig. 29 Lateral line canals of the head of a typical Chimaera



mouth terminal,
pectoral fins not
attached to head

snout elongated,
sawlike

SQUATINIFORMES

snout short, not
sawlike

nictitating eyelids,
spiral or scroll
intestinal valve

body flattened,
raylike
5or6gill
slits; no anal
fin
body not
raylike
SHARKS —
6 or 7 gill slits,
1 dorsal fin
5to 7 gill
slits; anal fin
present
5 gill slits
2 dorsal fins

PICTORIAL KEY OF DEEP-SEA
SHARK ORDERS OCCURRING IN THE
SOUTHEASTERN ATLANTIC OCEAN
(not a cladogram)

no nictitating
eyelids, ring
intestinal valve

ASY4l
PRISTIOPHORIFORMES
- A 7 /')

=
,,‘\\?¥g_,\—7— - \Q

SQUALIFORMES

HEXANCHIFORMES

L =
- T
@“ N {\/

>

{

CARCHARHINIFORMES

LAMNIFORMES

Fig. 30 Higher classification of Sharks (Orders)




HOLOCEPHALI

1 gill slit II

BATOIDS AND
CHIMAERAS

5 to 6 gill slits II

Large eyes; long spine
at origin of first dorsal fin;
rubbery skin devoid of
denticles

Pectoral fins forming a
large oval disc; uni—lobed
pelvic fins; tail massive,

with two large dorsals and
a large caudal fin; large
electric organ on each
side of head

BATOIDEA

PICTORIAL KEY OF DEEP-SEA BATOID
AND CHIMAERA ORDERS OCCURRING IN
THE SOUTHEASTERN ATLANTIC OCEAN
(not a cladogram)

Except Guitarfishes,
pectoral fins fused with
head and trunk to form

mostly subrhombic
disc; pelvic fins bilobed;
tail rather slender, with
two small dorsals and
rudimentary caudal fin

Disc subrhombic to
lozenge—shaped; pelvic
fins uni—lobed; tail thin,

mostly long and whip-like,
often with serrated sting
on root

RAJIFORMES

MYLIOBATIFORMES

Fig. 31 Higher classification of Batoids and Chimaeras (Orders)
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1.2.6 Glossary of Technical Terms

The following glossary of terms used for the anatomy
and biology of shark-like fishes is modified from terms in
Compagno (1984a, 1988, 1999b) and a short glossary in
Compagno, Ebert and Smale (1989). The main glossary
duplicates that in volume 2 of the revised shark catalogue
(Compagno, 2001), except that additional terms for habitat
and distribution used in the text are reinstated in the glossary.
Terms for photophore patterns (including photomarks) that
pertain only to the Family Etmopteridae and primarily to the
genus Etmopterus are discussed under that family.

Abdominal ridges or keels: In some sharks, paired
longitudinal dermal ridges that extend from the bases of the
pectoral fins to the pelvic—fin bases.

Abyss: The deep sea bottom, ocean basins or abyssal
plain descending from 4500 m to about 6000 m.

Accessory dorsal marginal: In the clasper skeleton, a
flat cartilage on the posterior end of the dorsal marginal
cartilage that supports the cover rhipidion.

Acute: Pointed or sharp at tip.

Adductor mandibulae muscles: Paired head muscles
originating on the lateral faces of the quadrate process of
the palatoquadrates and inserting on the lateral surface of
the Meckel’s cartilages; the primary jaw—closing muscles of
sharks.

Adelphophagy: Foetus—eating, a mode of live—bearing
reproduction employing uterine cannibalism; early foetuses
deplete their yolk sacs early and subsist by first eating their
smaller siblings and then eating nutritive eggs produced by
the mother. At present only known for certain in the sand
tiger shark (Carcharias taurus), but suspected in a few
other lamnoids.

Alar thorns: Enlarged hooked shaped spines on the outer
pectoral fins of adult male skates.

Alternate teeth: Small oral teeth with asymmetrical crowns
that form two interdigitated rows on the symphysis, with the
cusps of each row hooked mesially towards the opposite
row. Additional paired rows of alternates may be present
distal to the symphysial rows.

Amphitemperate: Referring to a species that occurs in
temperate water in the Northern and Southern Hemispheres,
but is absent from the tropics.

Anal fin: A single fin on the ventral surface of the tail
between the pelvic fins and caudal fin of some sharks,
absent in batoids, dogfish, sawsharks, angel sharks, and
some chimaeras.

Annular rings or annuli: In a vertebral centrum in cross
section, rings of calcified cartilage separated by uncalcified
cartilage that occupy the intermedialia only, or concentric
rings that cross both the intermedialia and basalia.

Anterior: Forward, in the longitudinal direction of the snout
tip. Also, cranial.

Anterior fontanelle: On the elasmobranch neurocranium,
an aperture on the anterodorsomedial surface, usually at
the rear of the ethmoid region and forming a passage into
the internal cranial cavity. It is closed by a tough membrane,
varies tremendously in shape, and may be pinched off by
the medially expanded orbits in a few sharks.

Anterior margin: In precaudal fins, the margin from the fin
origin to its apex.

Anterior nasal flap: A flap on the front edges of the nostrils,
that serves to partially divide the nostril into incurrent and
excurrent apertures or openings.

Anterior teeth: Enlarged, tall, narrow—rooted oral teeth
near the symphysis, often with lingually curved cusps.

Anterodorsal palpebral depressor muscle: In the
orectoloboid family Parascyllidae, paired head muscles
that originate at the insertions of the preorbitalis muscles on
the anterolateroventral face of the Meckel’s cartilage, and
insert on the skin of the upper eyelid anterior to the eye.
These are possibly for depressing the upper eyelids and
closing the eyes, and are not found in any other sharks.

Antorbital cartilages: On the neurocranium of sawsharks
and batoids, separate cartilages attached to the sides of the
nasal capsules that support the sides or front of the head.

Apex: In precaudal fins, the distal tip, which can be acutely
pointed to broadly rounded.

Apical: In oral teeth, towards the tip of the crown or cusp.
Can also be used as indicating direction towards the apex
or tip of a fin, fin—spine, etc.

Aplacental viviparity: Live—bearing in which the young do
not have a yolk—sac placenta. Found in all groups of live—
bearing sharks.

Aplesodic fin: A pectoral, pelvic, dorsal, or anal fin in which
the fin radial cartilages do not extend into the distal fin web
and between the supporting ceratotrichia of the fin web.
Modern sharks always have aplesodic caudal fins, in which
the haemal arches of the caudal vertebrae do not support
the ventral caudal lobe.

Apopyle: The anterior opening of the clasper, on the
anteromesial surface of the clasper and close to the vent.
The apopyle receives sperm from the cloaca and fluid
from the siphons, which enter the clasper groove and are
discharged through the hypopyle. Apopyle is also used for
clasper skeletons for the anterior opening of the tubular
shafts formed by enlarged marginal and axial cartilages.

Axial cartilage: In the clasper skeleton, the elongated
ventral rod or plate—shaped cartilage that forms the main
support of the clasper. Also termed appendix—stem.

Barbels: Long conical paired dermal lobes on the snouts
of sharks, that may serve to locate prey. Sawsharks have
barbels on the underside of the snout in front of the nostrils
as in sturgeon, but most barbeled sharks have them
associated with the nostrils, either as an extension of the
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anterior nasal flaps or as separate structures medial to the
nasal apertures.

Basal: In oral teeth, a proximal direction towards the crown
foot and roots.

Basal cartilages or basals: In precaudal fins the large
cartilages of the fin bases, immediately distal to the pectoral
and pelvic fin girdles or the vertebral column (dorsal and
anal fins), on which the radials articulate distally. The paired
pectoral fins of living sharks primitively have a tribasal
pectoral fin, with a propterygium, mesopterygium, and
metapterygium as basals, although these may be fused;
in batoids, additional neopterygial basals may be added
between the mesopterygium and metapterygium and
the propterygium is variably expanded anterior with
a propterygial basal and axis. The pelvic fins have a
basipterygium that supports the pelvic radials and, in
males, the claspers. The caudal fin has no basals, but these
are functionally replaced by expanded neural and haemal
arches of the vertebral column.

Basal communicating canals: See subnasal fenestrae.

Basal groove: In oral teeth, a deep groove proximal to the
basal ledge on the labial surface of the crown neck and
apical root margin.

Basal ledge: In oral teeth, a shelf-like projection on the
labial surface of the crown foot.

Basal plate: The floor of the cranial cavity of the
neurocranium, a ventral, medial plate extending from the
ethmoid region between the orbits and otic capsules and
below the cranial cavity to the occipital condyles, occipital
centrum and foramen magnum.

Basals or basalia: In a vertebral centrum, the diagonal
spaces below the attachment surfaces of the basidorsal
cartilages, above the basiventral cartilages, and between
the two halves of the double cone. Basalia may be filled
with uncalcified cartilage, may have diagonal calcifications
penetrating the uncalcified cartilage, or may have calcified
annuli or solid calcified cartilage that are continuous
with calcification of the intermedialia. See diagonal
calcifications and intermedialia.

Base: In precaudal fins, the proximal part of the fin between
the origin and insertion, extending distally, and supported
by the cartilaginous fin skeleton. In the caudal fin, that
thickened longitudinal part of the fin enclosing the vertebral
column and between the epaxial and hypaxial lobes or webs
of the fin. In oral teeth, the proximal root and crown foot,
in apposition to the distal cusp. In denticles, the proximal
anchoring structures, often with four or more lobes, holding
the denticles in the skin.

Basidorsal cartilages: A pair of wedge—shaped arched,
thin cartilages articulating with the dorsolateral surfaces of
a vertebral centrum and forming a continuous neural arch
with the interdorsal cartilages to protect the spinal cord.

Basipterygium: The large elongate longitudinal cartilage at
the fin base of the pelvic fin, attached to the posterolateral
ends of the pelvic girdle or puboischiadic bar. The

basipterygium has pelvic radials attached along its distal
edge and has the clasper skeleton attached posteriorly in
males.

Basiventral cartilages: A pair of rounded or wedge—shaped
cartilages on the ventrolateral surfaces of a vertebral
centrum that form the bases for attachment of ribs in
monospondylous precaudal vertebrae. In diplospondylous
precaudal and caudal vertebrae the basiventrals form
haemal arches along with the interventral cartilages for
protecting the caudal artery and vein.

Bathypelagic zone: That part of the oceans beyond the
continental and insular shelves, from about 1000 m to 3000
to 6000 m and above the middle and lower continental rises
and the abyssal plain, the sunless zone. Some oceanic
sharks may transit the epipelagic, mesopelagic and
bathypelagic zones to the bottom while migrating vertically.

Batoid: A ray or flat or winged shark, a neoselachian of the
cohort Batoidea, a sawfish, sharkray, wedgefish, guitarfish,
thornray, panray, electric ray, skate, stingray, butterfly ray,
eagle ray, cownose ray, devil ray or Manta. Rays are
closely allied to the sawsharks (Pristiophoriformes) and
angel sharks (Squatiniformes), but differ from them in
having the pectoral fins fused to the sides of the head over
the gill openings, which are ventral rather than laterally or
ventrolaterally placed.

Benthic or Demersal: referring to organisms that are
bottom—dwelling.

Beta cartilage: In the clasper skeleton, a single, dorsolateral
flattened, wedge—shaped or cylindrical cartilage connecting
the pelvic basipterygium and axial cartilage and reinforcing
the intermediate segments, possibly derived from a pelvic
radial.

Blade: In oral teeth, an arcuate, convex—edged section of
the cutting edge of the crown foot, without cusplets.

Body: Can refer to an entire shark, sometimes restricted to
the trunk and precaudal tail.

Body ridges: Elongated longitudinal dermal ridges on the
sides of the trunk and precaudal tail in certain carpet sharks
(Orectolobiformes), in the whale, zebra and some bamboo
sharks.

Branchial arches: The paired visceral arches behind the
hyoid arch and just in front of the scapulocoracoid that
support the gills. In elasmobranchs the five to seven branchial
arches primitively consist of a pair of dorsomedial and wedge—
shaped cartilages, the pharyngobranchials, closely situated
against the roof of the pharynx, a pair of dorsolateral and more
cylindrical epibranchials that are connected dorsomedially
to the pharyngobranchials, a pair of ventrolateral cylindrical
ceratobranchials that are connected ventrolaterally to the
epibranchials, a pair of ventromedial hypobranchials that
are connected ventrolaterally to the ceratobranchials, and
unpaired ventromedial basibranchials that are connected
ventrolaterally to the hypobranchials. The hypobranchials
and basibranchials along with the expanded ventral ends
of the ceratobranchials form the basibranchial skeleton
of the floor of the branchial pharynx. The branchial skeleton
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is variably modified in elasmobranchs, with basibranchials
and sometimes hypobranchials often lost, the last two
pharyngobranchials and the last epibranchial often fused
together, and the last basibranchial often expanded into a
long, broad copula with which the anterior hypobranchials
and posterior ceratobranchials articulate.

Calcified cartilage: Shark skeletons are formed of hyaline
cartilage or gristle, but this is often reinforced with layers
of calcified cartilage, cartilage impregnated with a mineral,
hydroxyapatite, similar to that of bone but organized
differently, in a hard, tile-like pavement of tiny tesserae,
or more compactly as in the calcified structures of vertebral
centra.

Calcified double cones: In vertebrae, the primary
calcifications of the notochordal sheath, in lateral view
resembling two hollow, horizontal cones with their apices
merged, or an hourglass.

Cannibal viviparity: See uterine cannibalism.

Carcharhinoid: A ground shark, a member of the order
Carcharhiniformes, and including the catsharks, false
catsharks, finbacked catsharks, barbeled houndsharks,
houndsharks, weasel sharks, requiem sharks and
hammerheads.

Carina: On the crowns of oral teeth, a low blunt mesodistal
ridge replacing the cusp and cutting edge, in sharks that eat
hard—shelled invertebrate prey.

Carotid foramen: A single foramen or one of a pair of
foramina that penetrate the basal plate usually near its
midlength and allow passage of the internal carotid arteries
into the cranial cavity. In some advanced elasmobranchs
the carotid foramina shift through the stapedial foramina
and onto the medial wall of the orbit.

Cartilaginousfishes: Members ofthe class Chondrichthyes.

Caudal crest: A prominent saw-like row of enlarged
pointed denticles along the dorsal caudal margin and
sometimes along the ventral caudal margin of the caudal
fin. Found in certain sharks including hexanchoids and
some carcharhinoids.

Caudal filament: The long, thin, whip—like structure that
extends behind the end of the caudal fin in chimaeras.

Caudal fin: The fin on the end of the tail in shark—like fishes,
lost in some batoids.

Caudal keels: A dermal keel on each side of the caudal
peduncle that may extend onto the base of the caudal fin,
and may, in a few sharks, extend forward as a body keel to
the side of the trunk.

Caudal peduncle: That part of the precaudal tail extending
from the insertions of the dorsal and anal fins to the front of
the caudal fin.

Central foramen: In oral teeth, a nutrient foramen on the
midline of the lingual surface of the root, in the transverse
groove.

Centrum (plural, Centra): A spool-shaped, partially or
usually fully calcified structure that forms as a segmental
constriction in the notochordal sheath of neoselachians, and
which as an articulated string forms the principal structural
units of the vertebral column. Centra are primarily formed by
the calcified double cones in the notochordal sheath, which
may be their only calcification, but additional secondary
calcification may occur in the centrum between the outer
surfaces of the calcified double cones, including calcified
intermedialia, radii, annuli, and diagonal calcifications.

Ceratotrichia: Slender soft or stiff filaments of an elastic
protein, superficially resembling keratin or horn, from the
Greek keratos, horn, and trichos, hair. Ceratotrichia run in
parallel and radial to the fin base and support the fin webs.
The prime ingredient of shark—fin soup.

Chimaera: A member of the order Chimaeriformes,
subclass Holocephali, see also Chimaeroid, Holocephali.

Chimaeroid: A chimaera, ratfish, silver shark, ghost
shark, spookfish or elephant fish, a member of the order
Chimaeriformes.

Chondrichthyan: Referring to the class Chondrichthyes.

Chondrichthyes: The class Chondrichthyes, from Greek
chondros, cartilage, and ichthos, fish, a major taxonomic
group of aquatic, gill-breathing, jawed, finned vertebrates
with primarily cartilaginous skeletons, 1 to 7 external
gill openings, oral teeth in transverse rows on their jaws,
and mostly small, tooth—like scales or dermal denticles.
Chondrichthyes include the living elasmobranchs and
holocephalans and their numerous fossil relatives, and also
can be termed shark-like fishes or simply sharks.

Chondrocranium: See neurocranium.
Circumglobal: Occurring around the world.

Circumnarial fold: A raised semicircular, lateral flap of skin
around the incurrent aperture of a nostril, in heterodontoids,
orectoloboids, and a few batoids, defined by a circumnarial
groove.

Circumnarial groove: A shallow groove defining the lateral
bases of the circumnarial folds.

Circumtropical: Occurring around the tropical regions of
the world.

Clasper claws: In parascylliid orectoloboids, a longitudinal
row of large anterolaterally directed claw-like denticles on
the dorsolateral surface of the clasper glans, supported b