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ABSTRACT 

This study was undertaken to investigate the taxonomy, 

biogeogaphy and 

(Chondrichthyes: 

biology of 

Hexanchiformes) 

cow and frilled sharks 

This taxon comprlses two 

families, four genera and six extant species. The hexanchoids are 

a distinctive group of sharks characte r ized by six or seven 

paired gill openings, a single dorsal fin and an anal fin. Adult 

males of this group lack a siphon sac, but have in its place, a 

clasper sac. 

is unique to 

This structure, which develops along the claspers, 

the Hexanchiformes. Hexanchoid sharks are widely 

distributed in area and depth. This group ranges from coastal 

bays and harbors along the open coast out across the continental 

shelf and down along the slopes to considerable depths. They 

occur from the equatorial zone to sub-polar regions. However, 

little is known about the ecology and life history of these 

sharks . Intraspecific variation of meristic counts were generally 

low for the Hexanchidae, but high for the Chlamydoselachidae, 

indicating that subpopulations, subspecies or even additional, 

new species exist within this family. 

Based on the indicators used in this study, maturity In male 

frilled sharks was attained at 916 mm TL, perlon sharks between 

700 and 800 mm TL, sixgill sharks approximately 3140 mm TL, 

bigeyed sixgill sharks at about 1250 mm TL and sevengill sharks 

at approximately 1550 mm TL. Male reproductive success did not 

appear to be seasonal Slnce males were found to contain viable 

sperm all year round. 

Female perlon sharks begin maturing between 950 mm and 1100 

mm TL. Gravid females and newborns were absent from the other 

size classes and it is suspected that they aggregate in 

different locations to those of adult males and non - breeding 

females. Adult females are known at 4210 mm TL and immature at 

3500 mm TL, However, a more accurate estimate of the size at 

maturity is wanting. Newborn sixgills were caught off southern 

Namibia during mid- to late summer over three successive seasons. 

The occurrence of gravid females carrying term embryos during 

spring months and newborns dur i ng the summer months suggests a 

late spring or summer pupping period . Sixgill and sevengill 
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sharks give birth In areas of high primary productivity. 

Energetically, this is advantageous for the newborns to be placed 

In an area with an abundant food source. The rapid growth rates 

of sixgill and sevengill sharks over the first year would enhance 

their survivorship since neither species has many predators. The 

number of female sevengi lls entering the breeding population is 

regulated to ensure that some portion of the population is 

reproductively active at anyone time. The "staggering" of 

females which enter into the breeding population in any given 

year indicates a two year reproductive cycle. Fecundity estimates 

for 19 specimens with a largest egg diameter of at least 40 mm 

indicates a litter size of 67 to 104. The recapture of an adult 

female sevengill in approx i mately the same location in which it 

was tagged suggests that the same individual sharks may return to 

the same breeding grounds. 

As with any predators, sharks tend to exploit advantages 

over their prey. The hexanchoids, especially the sevengill, have 

evolved complex foraging strategies including social facilitation 

whereby they actively hunt in packs for large prey species. 

Sharks of the order Hexanchiformes, although lacking the 

diversity of the major shark orders, nonetheless play an integral 

role in the marine environment. The group's success can be 

attributed to their apical trophic posit ion. In most habitats in 

which they occur, hexanchoids have no comparable competitors 

since equivalent sized sympatr ic squaloids and carcharhinoids 

feed at a lower trophic level. 
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CHAPTER 1 

INTRODUCTION 

Sharks, rays and chimaeras are related groups of 

cartilaginous fishes included in the class Chondrichthyes. It is 

now generally accepted that sharks, or selachians (superorders 

Squalomorphi, Squatinomorphi and Galeomorphi) and rays, or 

batoids (superorder Batoidea) form a monophyletic group, sharing 

a common neoselachian ancestor. The interrelationships of the 

sharks and rays with the chimaeras (subclass Holocephali) 

however, remain uncertain (Compagno 1973, 1977; Maisey 1984). 

The sharks are a highly evolved and extremely well-adapted 

group of fishes, having persisted In some form for at least the 

last 400 million years. Studies on the life histories of this 

remarkabl e group have, however, been 1 imi ted. The extreme 

diversity of their bony fish counterparts, the teleosts (class 

Osteichthyes), has tended to focus attention away from the 

relatively less-diverse and less numerous sharks and their 

relatives. 

The role of chondrichthyians has often been ignored In 

marine community stUdies, yet they are apical predators and as 

such perform an integral role in their environment. Furthermore, 

in order to do so, they have evolved highly developed and 

specialized means by which they feed, reproduce and survive. 

Current taxonomy recognizes eight orders of sharks (Compagno 

1973, 1977), with 30 families and approximately 370 species. The 

batoids are an even more diverse group with five orders, 17 

families and at least 550 species. The chimaeras consist of a 

single order, three families, and 31 or more species. These 

numbers are continually being revised as new species are 

described. 

Orders of Sharks 

'Major' Shark Orders - Carcharhinoids 

Of the eight shark taxa, four may be considered major orders 

because of their numbers and diversity of species, while the 

other four are minor orders. The Order Carcharhiniformes is by 

far the predominant group, with eight families and comprising 
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over 55 percent (209 species) of the total number of shark 

specles. The characteristics of this group include two spineless 

dorsal fins, five paired gill slits, movable nictitating lower 

eyelids and a long mouth extending behind the eyes. According to 

Compagno (1988), these sharks are far less diverse 

morphologically and biologically than the other major shark 

orders. This conclusion was based on a lack of specialized 

characteristics or unusual trophic adaptations within this group. 

In gene ra l, this hypothesis holds t rue with regards to 

morphology, since most carcharhinoid families are externally less 

distinct from one another than are members of, for example, the 

lamnoid or orectoloboid families. Obvious exceptions are the 

hammerhead sharks (Sphyrnidae) with their bowplane cephalofoil s, 

and the swe ll sharks (Cephaloscyllium, Scyliorhinidae), wh ich 

have a unique ability to gulp air. 

In term s of their life histories, however, the 

carcharh i noids show extreme specialization. For example, along 

the east coast of southern Africa at least 15 species of 

Carcharhinus are known to occur (Compagno, Ebert & Smale 1989) 

and although morphologically similar, each occupies a specific 

niche within this ecosystem. Notable features of the Carcharhinus 

species i n regard to their general distribution and the habitat 

occupied by this group in the south-west Indian Ocean have been 

described by Bass, D'Aubrey and Kistnasamy (1973). Comparison of 

two large Carcharhinus species, the dusky, ~ obscurus, and 

Zambezi, ~ leucas, illustrates how morphologically similar 

congeners have relatively diverse life histories. Adu lt dusky 

sharks usually occur along the deeper waters of the outer 

continental shelf. Seasonally, they range close inshore to give 

birth. The juveni le dusky sharks remaln in thi s nearshore 

environment for the first few years of life. Once they begin to 

mature, the dusky sharks move offshore and join the adult 

populations. In contrast, the Zambezi shark is a coastal species 

that migrates up rivers and into estuaries to glve b irth. The 

young Zambezi sharks remain in these estuaries until they begin 

to mature. In the state of Florida, U.S.A., Snelson, Mulligan and 

Williams (1984) foun d that only juvenile and adult bull 
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(=zambezi) sharks occupied the nursery area, whereas adolescent 

individuals were excluded. Both species may be categor ized as 

sympatric or allopatric to each other depending on the life 

stages and microhabitat utilization. Juvenile dusky sharks and 

adolescent and adult Zambezi sharks occupy similar habitats, but 

the latter is a higher trophic level predator which preys heavily 

on juvenile dusky sharks. Studies by Van der Elst (1979) showed 

that Zambezi sharks were significant predators on juvenile dusky 

sharks along the Natal coast. The removal of Zambezi sharks by 

l arge mesh shark nets has resulted In an increase in numbers of 

juvenile dusky sharks, which prey heavi ly on commercially 

va luable teleost fishes. 

The complexity of all 15 Carcharhinus species, each 

successfully adapted to this ecosystem, suggests a group of 

sharks that has radiated into most available niches. The habitat, 

prey preference, reproductive strategy and behavior of each 

species varies according to life stage. Thus Carcharhinus has 

managed to invade a broad range of niches, especially in the 

tropics, and considering the inclusion of the other carcharhinoid 

groups, further enhances the dynamics of the ecosystem. 

'Major' Non-carcharhinoid Orders 

The three major non-carcharhinoid orders (Squaliformes, 

Orectolobiformes, Lamniformes) all have members that are far more 

heterogeneous than the Carcharhiniformes. Morphologically these 

groups are diverse, while biologically they occupy a wide range 

of habitats. The lamnoid and orectoloboid families are especially 

distinct from each other. 

The Order Lamniformes is a small (in terms of species) but 

highly diverse shark taxon with seven families, four of which are 

monotypic, and 15 specles. The sharks in this group are large 

with a "typical " shark shape. They have two spineless dorsal 

fins, an anal fin and five paired gill openings. The mouth lS 

long and there are no nictitating membranes. The lamnoids have 

not radiated into the same range of niches as carcharhinoids, but 

each member has particular morphological adaptations especially 

suited to its life history. The basking shark (Cetorhinidae) and 

megamouth shark (Megachasmidae) are giant filter- feeding species, 
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each of which occupies a dist i nctly different habitat. The two 

species can be contrasted with the warm - blooded, high-speed 

mackerel sharks (Lamnidae) which include the mako shark, Isurus 

oxyrinchus (probably the fastest swimming shark) and the white 

shark, Carcharodon carcharias, the marine superpredator. Prey 

preferences for this group include small to large teleosts, 

cephalopods, cartilaginous fishes, marine mammals, sea birds and 

marine reptiles. The thresher sharks (Alopiidae) have elongated 

caudal fins that are nearly as long as the body and used to stun 

schooling bottom and pelagic bony fishes. The bizarre-looking 

goblin shark, Mi tsukurina o wstoni (Mitsukurinidae), lS a 

deepwater species, unlike any other shark, and a specialized 

benthic inhabitant. 

The lamnoids, though small in number, are all fairly wide 

ranging species. They have representa t ives within all maJor 

ecosystems and appear to compete on an equal, and in some cases 

higher, trophic level than most carcharhinoids. Lamnoid success 

can be attributed to their highly specialized morphological 

adaptations and life history strategy. 

The Order Orectolobiformes is a small, diverse group of 

sharks with seven families and 33 species. These are the only 

sharks that combine two spineless dorsal fins, an anal fin, nasal 

barbels, a short mouth situated wel l in front of the eyes and 

five paired gill openings. This order includes many specialized 

bottom dwellers, such as the dorso-ventrally flattened wobbegongs 

(Orectolobidae) and the near eel-like carpets harks 

(Hemiscylliidae). Another specia l ly adapted member of this order 

is the filter - feeding, ocean l C whale shark (Rhincodon typus), 

which is also the largest living fish. The orectoloboids, despite 

their distinctive morphological appearance, are generally 

restrict ed to warm temperate or tropica l inshore waters. They 

fill the gap in the ecosystem left vacant, for the most part, by 

the carcharhinoids. The closest analog to the reef-dwelling 

orectoloboids is the swell shark, one of the few morphologically 

specialized carcharhinoids. Interesting l y, in those areas where 

both swell sharks and bottom- dwelling orectoloboids occur, the 

former group inhabits deeper water. This suggests an obvious 
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trophic adaptation that benefits both groups. Several 

orectoloboid species may for example, inhabit a typical inshore 

tropical reef. Members of the families Parascylliidae, 

Hemiscylliidae and 

specially adapted to 

Brachaeluridae are generally small and 

feeding on small reef fishes, crustaceans 

and other invertebrates. Larger species such as those members of 

the Ginglymostomatidae, Orectolobidae and Stegostomatidae feed on 

larger prey items such as fish, crabs, lobster and cephalopods. 

The wobbegongs, with their powerful jaws and fang - like teeth are 

especially adept at ambushing unsuspecting prey. The nurse sharks 

(Ginglymostomatidae) have a ",ell developed suction mechanism 

whereby they may quickly inhale small reef fish or invertebrates. 

Swell sharks by comparison, do not have any of the special 

feeding adaptations exhibited by the orectoloboids. Thus it 

appears that the more generalized swell sharks have been replaced 

in nearshore tropical reefs by several diversely specialized 

orectoloboid species. 

The Order Squaliformes is the second largest group of sharks 

with three families and at least 83 specles. This lS a 

predominantly deepwater group that, with continued investigation, 

will probably expand to 100 species or more. The characteristics 

of this group include two dorsal fins (many with spines), no anal 

fin, cylindrical bodies, short mouths, long snouts and five 

paired gill openings. The teeth are moderately differentiated, 

many species having powerful ja ~ls adapted for cutting. The 

squaloids have several specialized adaptations and include 

species with bioluminescent organs and others that are 

specialized oceanic pygmies. The oceanlC cookie-cutter shark, 

Isistius sp., for example, is an ectoparasite on large bony 

fishes, oceanic sharks, cetaceans and pinnipeds, while the 

deepwater Portuguese shark, Centroscymnus coelolepis, parasitizes 

deep diving cetaceans. This order has both some of the smallest 

and largest living shark species. The spined d~arf pygmy shark, 

Sgualiolus sp., reaches a maximum total length (TL) of 20 cm 

while the giant sleeper shark, Somniosus sp., grows to at least 7 

m. Squaloids are the only sharks that are known to inhabit the 

cold Arctic and Antarctic polar waters. The squaloids have 

5 



radiated mainly into deepwater and oceanlC habitats where the 

carcharhinoids are less abundant. 

'Minor' Shark Orders 

Of the remaining four Iminor' orders, three 

(Pristiophoriforrnes, Squatiniforrnes and Heterodontiforrnes) are 

morphologically conservative and appear to be restricted in 

their choice of habitat. 

The saw sharks (Order Pristiophoriforrnes) are a minor group 

with a single family (Pristiophoridae), two genera and five or 

more species. This is an unmistakable group that is easily 

distinguishable by its elongated and flattened rostrum, edged 

with slender, sharp lateral teeth and a long pair of rostral 

barbels in front of the nostrils. These sharks have two dorsal 

fins, no anal fin, short transverse mouths and small cuspidate 

holding teeth in both jaws. The genus Plio t rema differs from 

Pristiophorus by the presence of six paired gill openings instead 

of the usual five. The maximum size range for these sharks lS 

between 1 and 1.5 m TL. They occur at moderate depths on the 

continental shelves and slopes down to 915 m depth (Compagno 

1984a). These sharks appear to be most common on mud, sand or 

gravel bottoms. The saw - like snout is used for attacking small 

fishes and cephalopods. 

The angel sharks (Order Squatiniforrnes) a r e a small, highly 

distinctive group of sharks with one family (Squatinidae), a 

single genus and at least 13 species. They are ray-like in 

external morphology with mottled dorsal surfaces and large 

pectoral fins that extend over the ventrally directed gills. 

Unlike rays, however, the fins are not fused to the sides of the 

head. There are two dorsal fins, no anal fin and a caudal fin 

with the lower lobe longer than the upper. The mouth is terminal 

with sharp impaling teeth in both jaws. The maximum size for this 

group is 2.4 m TL but most species are less than 1.5 m TL. They 

are shallow to moderately deep water species of the continental 

shelves and slopes from the intertidal down to 1390 m depth 

(Compagno 1984a) . Angel sharks are often observed half buried on 

sand or mud bottoms. They are adept at ambushing prey, which 

consists largely of small fishes, crustaceans, cephalopods, 
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gastropods and bivalves. 

The horn sharks (Order Heterodontiforrnes) are a minor group 

with one family (Heterodontidae), a single genus and eight 

species. These are the only sharks that combine two dorsal fin 

spines and an anal fin. They have large, thick heads with a broad 

crest over each eye, short pig-like snouts, and short transverse 

mouths with enlarged, flattened crushing teeth posteriorly and 

smaller cusped teeth anteriorly. The maximum size attained by 

these sharks is 1.6 m TL. Horn sharks in ha b it shallow to 

moderately deep water from the intertidal out to 275 m depth 

(Bass, D'Aubrey & Kistnasamy 1975). They are often seen by 

divers, hiding in caves and crev i ces on rocky reefs during the 

day. The highly differentiated dentition and head structure of 

horn sharks are specialized adaptations for feeding on hard 

shelled invertebrates (Compagno 1988). 

All of these 'minor' groups have specialized morphological 

adaptations and life history strategies that enable them to co­

exist with the larger more diverse groups. For example, they tend 

to occupy shallow - water habitats in temperate seas where the 

carcharhinoids are less numerous, but are restricted to the outer 

shelf and upper slopes in the tropics. 

The fourth order in this 'minor' category, the cow and 

frilled sharks (Order Hexanchiforrnes), has two families, four 

genera and five species. These are the only sharks that combine 

SlX or seven paired gill openings, a single dorsal fin and an 

anal fin. Only the sixgill sawshark, Pliotrema warreni (Order 

Pristiophoriformes), has more than the customary five paired gill 

slits, common to all other shark species. However, the sixgill 

sawshark has two dorsal fins, no anal fin, and has its rostrum 

flattened into a saw with lateral teeth and rostral barbels. The 

catshark, Pentanchus profundicolus (Order Carcharhiniformes), has 

a single dorsal fin, but five paired gill slits. The validity of 

~ profundicolus is uncertain since it is known only from type 

material and may 

(Compagno 1988). 

The frilled 

monotyp i c group 

merely represent an anomalous individual 

sharks (family Chlamydoselachidae) are a 

represented by the frilled shark, 
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Chlamydoselachus ancuineus. Frilled shark is the common name 

usually applied to this species and will be used here. A list of 

other regional common names that have been applied to ~ 

anguineus is given in table 1.1. The frilled shark is distinctive 

in having a slender, eel-like body, with prominent keels on the 

abdomen. The head has six paired gill openings, with the lower 

ends of the first gill extending across the throat. The snout is 

extremely short and truncated, the mouth being terminal. The 

teeth are alike in the upper and lower jaws, with three strong 

cusps and a pair of intermediate cusplets. The anal fin is larger 

than the dorsal fin and the caudal fin lacks a subterminal notch. 

It is a medium-size shark that reaches at least 1.96 m TL (Bass 

~ ~ 1975). It is usually caught on or near the bottom in deep 

water between 120 and 1450 m depth, though it occasionally makes 

excursions into the water column (Shiobara, Abe & Hioki 1987). 

The frilled shark was first described by Garman (1884) from 

a 1.5 m TL female specimen purchased by the Harvard Museum of 

Comparative Zoology (MCZ), Harvard University. The exact location 

of capture is unknown, but it was likely southeastern Honshu, 

Japan, due to the close proximity of several deep water submarine 

canyons. Much of the early interest in this species stems from 

its supposed affinity with the cladodonts (Garman 1884, 1885; 

Gill 1884). Gudger and Smith (1933) showed, however, that the 

frilled shark actually possesses many specialized structural 

adaptations. Neurocranial studies by Compagno (1977) showed a 

close similarity between the frilled shark, other hexanchoids and 

squaloids. 

The frilled shark's anatomy has been described in detail by 

numerous authors (Garman 1885; Hawkes 1907; Goodey 1910; Allis 

1923; Gudger & Smith 1933; Smith 1937), but these studies were 

based on Japanese speclmens, Slnce their capture outside Japan is 

uncommon and most of these were deposited in museums and academic 

institutions. Smith (1967) pointed out that not only did a 

certain degree of sexual dimorphism exist within the species, but 

that within each sex there is a wide variation in form. Given the 

paucity of specimens, knowledge of their taxonomy, biology, and 

ecology lS sketchy. 
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The cow sharks (family Hexanchidae) comprise three genera 

and four living species. These sharks are characterized by having 

six or seven paired gill openings, a single dorsal fin, an anal 

fin and an elongated caudal fin. The genus Heptranchias is 

represented by a single speCles, ~ perlo, or commonly referred 

to as the perlon shark, the name that will be used here. A list 

of regional common names for this speCles lS given in table 1.2. 

Perlon sharks can be distinguished by their narrow snout, seven 

paired gill openings and a mouth that is subterminal and longer 

than wide. This is the smallest hexanchoid, attaining a maximum 

length of 1. 4 m (Garrick & Paul 1971). It is a moderately deep 

water species occurring between 27 and 720 m depth (Compagno ~ 

.a.L.. 1989). 

The perlon shark ",as first described by Bonnaterre (1788) 

from the Mediterranean Sea as SQualus perlo. The species was 

subsequently redescribed several times (see chapter 3 for 

synonymy) from various localities. Unfortunately most of these 

descriptions were poor and the supposed differences were owed to 

changes in allometry and sexual dimorphism (Garrick & Paul 1971). 

Detailed studies on their anatomy and morphology have never been 

undertaken. 

Two species In the genus Hexanchus are recognized, the 

sixgill shark, ~ griseus, and the bigeyed sixgill shark, ~ 

nakamurai. Sixgill shark lS the common name most frequently used 

for ~ griseus (and will be applied here) though other vernacular 

names such as mud shark, cow shark, gray shark, or bluntnose 

sixgill shark have been used (Bigelow & Schroeder 1948). A list 

of regional common names for ~ griseus is given in table 1.3. 

Bigeyed sixgill shark is the only common name that has been 

applied to ~ nakamurai and thus will be used here. Both species 

can easily distinguished by the presence of six paired gill 

openlngs, a subterminal mouth, comb-like lower anterolateral 

teeth and a subterminal notch on the caudal fin. The sixgill 

shark can be separated from its congener by a relatively short 

blunt snout, broad mouth, smaller eye diameter and a relatively 

smaller dorsal-caudal space (Bass ~ ~ 1975). The sixgill shark 

has six rows of large lower anterolateral teeth as compared to 
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five for the bigeyed sixgill. The sixgill is the largest member 

of the family Hexanchidae with a maximum of at least 4.82 m TL 

(Bolivar 1907) while the bigeyed sixgill is a moderate sized 

species that grows to 1. 78 m TL (Spr inge r & Waller 1969). Both 

are regarded as deep water species that occur along the outer 

shelves and upper slopes, but also occasionally come close 

inshore (Bass et ~ 1975; Ebert 1986b, 1988a). 

The sixgill shark was originally described as Squalus 

griseus by Bonnaterre (1788) from an unknown location in the 

Mediterranean Sea. The species was subsequently placed into the 

genus Hexanchus that was erected by Rafinesque (1810) . 

Descriptions of additional eastern Pacific Ocean species, ~ 

corinus (Jordan & Gilbert 1880), lli vulgaris (Perez-Canto 1886) 

and ~ griseus australis (De Buen 1960), are probably synonymous 

with lli griseus (Regan 1905; Bigelow & Schroeder 1948; Compagno 

198 4a). Detailed descriptions, however, are unavailable to 

acc urately determine any possible regional population 

differences. Comparison of regional populations, however, will 

only be possible when detailed descriptions of specimens from 

various regions are available. 

The bigeyed sixgill shark was originally described as a 

subspecies, lli griseus nakamurai , by Teng (1962) from specimens 

collected at a fish market in Kee-Lung, Taiwan. Considerable 

confus ion has arisen In the literature since this species has 

often been misidentified as lli griseus (Nakamura 1936; Desbrosses 

1938; Bigelow & Schroeder 1948; Fourmanoir 1961; Cervigon 1966). 

Spr inger & Waller (1969) recognized a distinct sixgill specles 

from the Bahamas and described it as ~ vitulus without 

commenting on Teng's (1962) earlier description. Compagno (1984a) 

commented on the status of these two species, noting that Teng's 

(1962) work had been cited as an unpubli shed dissertation, thus 

invalidating his name. The specific name lli nakamurai, however, 

has been resurrected for this dissertation based on new 

information (see chapter 3). 

The genus Notorynchus consists of a single species, N....... 

cepedianus. This species is commonly referred to as the sevengill 

shark (the name that will be used here) or cow shark. A list of 
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additional common names is given ~n table 1.4. The sevengill 

shark is easily distinguished by the presence of seven paired 

gill openings, broad head, large anal fin and spots covering the 

dorsal surface of the body. The lower jaw has six rows of large 

anterolateral teeth as compared to five in the perlon shark. The 

sevengill shark is a 

(Ebert 1986b). This 

large species reaching at least 2.96 m TL 

is the only nearshore, coastal hexanchoid 

species commonly found in shallow bays, estuaries and just behind 

the surf line along beaches (Herald & Ripley 1951; Compagno 1984a; 

Ebert 1986b, 1989). 

The sevengill shark was first described by Peron (1807) as 

Squalus cepedianus based on a specimen taken in Adventure Bay, 

Tasmania, Australia. Several nominal species of Notorynchus have 

been described, including the type species for the genus, ~ 

maculatus (Ayres 1855). The main criterion used to separate these 

spec~es was the number of upper medial teeth (G?nther 1870; 

Garman 1884; Fowler 1941) or color (Whitley 1931). More recent 

works by Bass tl .a..l..... (1975), Kemp (1978), Pequeno (1979), 

Compagno (19 84a) and Ebert (1989), however, have tended to 

synonymize this genus into a single wide ranging species. Daniel 

(1916, 1928, 1934) presented an excellent detailed description of 

Heptanchus maculatlls ( =N.,. cepedianus) from California, but his 

study was based solely on two immature specimens. Comparison of 

additional material from California and elsewhere ~s necessary 

before the taxonomic status of different sevengill populations 

can adequately be determined . 

Although morphologically conservative, the Hexanchiformes 

have adapted themselves to an extremely broad range of habitats. 

Th i s ~s especially interesting since given the low numbers of 

specles in this group, their wide-ranging distribution compares 

favorably with the more species-rich Carcharhiniformes. 

Life History Studies 

Studies on the life histories of elasmobranchs have been few 

(Ripley 1946; Olsen 1954; Springer 1960; Jensen 1966; Ebert 1984, 

1989). In the past, elasmobranch research has tended to focus in 

two directions. Most early research tended to concentrate on 

elasmobranch anatomy, with emphasis on their "primitive" 
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anatomical condition. Elasmobranchs were considered primitive 

fishes due to their low diversity in comparison to the numerous 

teleost species. This early misconception of the shark as a 

prehistoric misanthrope has been perpetuated to the point where 

sharks are perceived as 'mindless eating machines'. This general 

perception of sharks by the public is the cause of what has been 

the second emphasis In elasmobranch research, shark attack. The 

misconception of sharks as being primitive and a relic fish group 

has directed attention away from the fact that sharks are an 

important and perhaps vital link in the marine ecosystem. 

Most life history studies on sharks have concentrated on 

those species that are commercially important. Examples of some 

of these studies include those on the sandbar shark, Carcharhinus 

plumbeus (Spr inger 1960), soupfin shark, Galeorhinus galeus 

(Olsen 1954, 1984; Ripley 1946), the spiny dogfish, Squalus 

acanthias (Ketchen 1975, 1986; Jones & Geen 1977a ,b) and the rlg, 

Mustelus lenticulatus (Francis 1980, 1988, 1989; King 1984; King 

& Clark 1984). Studies aimed at the entire elasmobranch community 

instead of only the commercially important speCles are lacking. 

A Review of Hexanchoid Literature 

The hexanchoid sharks inhabit most marine ecosystems. They 

are especially prominent in the deep sea ranging from the outer 

continental shelves and upper slopes down to depths below 2000 m. 

Hexanchoids are most common in deep tropical waters, but rare in 

tropical shallow- water habitats. The sevengill is very common in 

temperate coastal zones while the sixgill is common in deep 

temperate waters. There are no records of hexanchoids from polar 

regions but this could be a sampling artifact since no efforts 

have been made to ascertain the presence or absence of these 

sharks in such areas. 

The seasonal and spatial movement patterns of cow and 

frilled sharks are for the most part unknown. Sevengills exhibit 

seasonal movements into and out of Humboldt and San Francisco 

bays (Ebert 1986b, 1989), while sixgills have been reported to 

occur in nearshore waters, including bays (Ebert 1986b, 1988a). 

Detailed tag-release studies for cow and frilled sharks have 

never been conducted. Approximately 60 sevengills were tagged in 
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1978 by biologists from Humboldt State University (HSU) of which 

two were recaptured with i n 14 days in the same location as they 

were tagged (Dr. R. Ba r nhart, HS U, Arca t a, California, pers. 

comm.). In separate st udies, sevengil l s were t agged in San 

Francisco Bay between 1979-80 (S. Sm i th, biologist, NMFS, 

Tiburon, Cal i fornia, pers. comm . ), and between 1981-83 (Ebert 

1984). Unfortunately, no sevengi ll s were ever recaptured from 

either study. 

Previous attempts to age cow sharks by standard techniques 

employed for elasmobranchs were unsuccessful (Ebert 1984, 

1986a,b, 1989). Age estimates In elasmobranchs are derived from 

counts of opaque and translucent bands in spines and vertebral 

centra (Cailliet, Radtke & Welden 1986). A problem with cow and 

fr illed sharks however, is t hat they lack fin spi nes and have 

i nsuffic i ent vertebral c alcificat i on. At present the only means 

by which growth rates may be determined and age estimates 

subsequently derived is by tag-recaptu re or in ~ studies with 

captive specime ns. Both these methods have their draw - backs. 

Tag-recapture studies In the field usua l ly require that large 

numbers of individuals be tagged, and that long time periods be 

allmved for sufficient recaptures. Growth rates of sharks raised 

in captivity do not necessarily reflect those of sharks in the 

wild (Wass 1973; Gruber & Stout 1983; Casey, Pratt & Stillwell 

1985) . All sharks of the Order Hexanc h iformes are 

ovoviviparous in their mode of reproduction . The young are 

retained in the f emale until they are fully developed. Most of 

what is known on the reproductive biology of hexanchoids was 

derived from scientific notes and referred to in the literature 

in more general works on elasmobranchs (Bigelow & Schroeder 1948; 

Breder & Rosen 1966). Original research on their reproductive 

biology is limited (Tanaka, Teshima & Mizue 1975; Tanaka & Mizue 

1977; Capape 1980; Ebert 1986a,b, 1989). Virtually no information 

exists for the frilled or bigeyed sixgill sharks. The frilled 

shark has received some atten t ion from the monograph volumes 

published by Gudger and Smith (1933), Smith (1937), and Gudger 

(1940), and based on data collected by Bashford Dean during his 

sojourns to Japan in 1900 - 1901 and again in 1905. Since then very 
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little new data on this speCles have become available. Most of 

the available information on bigeyed sixgill sharks is from 

anecdotal accounts based on one or two specimens ( Springer & 

Waller 1969; Forster et .9.l...c 1970; Bass et £.L. 1975). Information 

on size at maturity and fecundity in the perlon shark (Tanaka ~ 

£.L 1975; Tanaka & Mizue 19 77; Capape 1980) and s i xg i ll shark 

(Vaillant 1901; Desbrosses 1938; Branstetter & MacEachran 1986; 

Ebert 1986a,b) have been reported, but pertinent life history 

information for these species lS lacking. Daniel (1928, 1934) 

described the general reproductive anatomy of sevengill sharks, 

though all of his specimens were immature. Herald and Ripley 

(1951) commented on the sevengi 1l's occurrence in San Francisco 

Bay and hypothesized that the Bay represents a pupping ground 

for this species. More recently, Ebert (1989) reviewed the size 

at maturity, fecundity, and life cycle of the sevengill shark in 

relation to the ecosystem of two California bays. However, 

additional research is required to investigate the life cycle of 

this species outside these bays. 

Virtually no data exis t on the food habits and feeding 

behavior of these sharks. Most of the available information comes 

from generalized accounts for these species. The bigeyed sixgill 

shark was reported by Forster tl ~ ( 1970) to contain the 

remains of a midwater bony fish, while the sixgill shark has been 

reported to contain a wide variety of prey ranging from 

crustaceans and cephalopods to bony and cartilaginous fish 

species, as well as marine mamma l s (Bige l ow & Schroeder 1948; 

Backus 1957; Ebert 1986a,b). Scant information on the perlon 

shark indicates that it is primarily a feeder on bony fish and 

cephalopods (Bass ~ al . 1975; Capape 1980). 

Most extensive predator-prey studies have involved large 

land predators, such as the lion, Panthera leo, (Schaller 1972) 

or spotted hyena, Crocuta crocuta, (Kruuk 1972). Even with these 

land predators, however I problems arise. For example, many of 

these animals remain in the bush, thus making observations on 

them difficult, although their environment is certainly more 

conducive to field observations than the shark's. Attempting to 

continuously observe large marine predators, like the shark, is 
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virtually impossible. Very few observations have been made on 

large sharks feeding under natural conditions (Eibl-Eibesfeldt & 

Hass 1959; Hobso n 196 3; Limbaugh 1963; Tester 1963; Ebert 1986b), 

and most observations on shark feeding behavior has been under 

artificial situations wh-=re bait had been introduced (McCosker 

1985; Tricas & McCosker 1985). Observations such as this, u nder 

artificial conditions or In aquarla, hardly represent natural 

feeding behavior. 

Objectives of the Study 

The hexanchoids are usually co ns idered the most primitive 

group of neoselachians, though studies by Holmgren (1941) and 

Compagno (1973, 1977) and Maisey and Wo lfram (1984) have shown 

close similarities to other modern shark groups, e. g. 

squalomorphs. This is a very poorly known group and one that has 

frequently been overlooked in favor of the more diverse and 

'popular' sharks. Al though extremely well adapted, the reasons 

for the success of this group have never been analyzed. Previous 

studies on Hexanchiformes have centered on the anatomy (Garman 

1885; Goodey 1910; Allis 1923; Daniel 1916, 1928, 1 934; Gudger & 

Sm i t h 1 9 3 3 ; S mit h 1 9 3 7 ; HoI m g r e n 1 9 4 ° , 1 9 4 1 ) and 

interrelationships (Holmgren 1942; Schaeffer 1967; Compagno 1973, 

1977; Maisey & Wolfram 1984) of these sharks with other 

elasmobranch orders, and have not taken into account their life 

history and ecology. 

Given the integral role of these sharks in their 

environment, a world-wide study on the taxonomy and biology of 

hexanchoids was undertaken in an attempt to understand the 

persistence and success of this group. 
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TABLE 1.1 

Common regional names for Chlamydoselachus angulneus taken from 
Boeseman (1973), and Masuda ~ ~ (1984). 

English-Frilled Shark 
French-Requin lezard 
Spanish-Tiburon anguila 
German-Kragenhai 

TABLE 1.2 

Norway-Kravehai 
Russian-Plascenosnaja akula 
Sweden-Krashaj 
Japanese-Rabuka 

List of the common regional names for Heptranchias perlo taken 
from Bigelow and Schroeder (1948), Boeseman (1973) and Masuda ~ 
s.!L (1984). 

English - sevengill shark; narrowsnouted sevengill; slender 
sevengill; sharpsnouted sevengill 

Japan - edo - aburazame Spain - bocadulce 
France - perlon Greece - carcbias 
Yugoslavia - pas volonja pepeljak Italy - squalo manzo 
Israel - shevazim Portugal - olbo branzo 

TABLE 1.3 

A lis t of common regional names for Hexanchus griseus taken from 
Bigelow and Schroeder (1948), Boeseman (1973) and l1asuda et al. 
(1984). 

France - Requin griset 
Spain - Canabota gris 
Yugoslavia - pas glavonja 
Israel - sheshzim 
Greece - carcharias 
Sweden - sexbagig kamtandhaj 

TABLE 1.4 

Italy - squalo capopiatto 
Portugal - albafar 
Japan - kagurazame 
Denmark - Seksgaellet 
Norway - kamtannbai 
Germany - Grauhai 

Common regional names for Notorynchus cepedianus taken from Last, 
Scott & Talbot (1983), Compagno (1984), Masuda ~ ~ (1984) and 
the present study. 

Australia - Tasmanian tiger shark 
Brazil - cacao-bruxa, meaning witch shark 
Japan - ebisuzame 

(minami-ebisuzame= ~ pectorosus) 
New Zealand - broad-snouted sevengill shark 
North America - sevengill shark, spotted sevengill shark, broad­

snouted sevengill shark 
Southern Africa - cow shark 
Tristan de Cunha Island - brown rock shark 
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Material Collected 

CHAPTER 2 

METHODS AND MATERIALS 

Field collections of hexanchoids were made in California, 

U.S.A., Japan, Namibia, South Africa, and Ta iwan. The Californian 

material was collected with the assistance of several commercial 

and sport fishermen in central and northern Ca lifornia. A small 

fi shery for bay sharks has been operating in Humboldt and San 

Francisco Bays, ta rgeting amo ng other specles the sixgill and 

sevengill sharks. Sharks from Ca lifornia were taken by gill net, 

harpoon, long-line, and rod and reel (Ebert 1984, 1986a,b,c 

1989). Contacts within t he Cal ifornia commercial trawling fleet 

were he lpful in providing specimens of the sixgill shark (Ebert 

1986a). In 1987 a nation - wide network was established to collect 

hexanchoids in southern Africa. Contacts were made with angling 

clubs and indi v idual fisher men by attendance at fishing 

competitions where hexanchoids were li kely to be caught. 

Public i ty for the project was made through a media campaign 

involving l ocal newspapers, radio , magazines (Ebert 1986d, 1987a, 

1988b) and posters (Figure 2.1) throughout southern Africa. Co­

operation and participation on crUlses with Sea Fisheries 

Research Institute (SFRI) aboard the R/V Africana and the Cape 

Town based trawling fleet Pescanova, were especially helpful in 

the collection of the deeper living species. Addit ional material 

for comparative taxonomic study was provided by several 

individuals, institutes, and museums. A list of the museum 

material examined is provided under the appropriate species 

sections. Institutional acronyms following Leviton ftt al . (1985) 

and abbreviations for personal field numbers for material 

examined are listed in Appendix 1. 

Taxonomy 

Considerable confusion exists as to the precise number of 

hexanchoid species. Part of the problem results from species 

being named on the basis of locality, by poor systematic 

practice, and by a misunderstanding of variation between 

hexanchoid species. A synonymy of t hese various species lS 
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provided under the species account. Comparison of hexanchoids 

from various geographical regions has never been undertaken in 

any detail. Material for this study was collected from a wide 

range of geographical regions and compared using morphometrics 

and meristics, and includes fin radial, spiral valve, tooth and 

vertebral counts, and cranial measurements. Both fresh-caught and 

museum specimens were examined. 

Total length (TL), precaudal length, and total weight were 

recorded for all specimens taken in the field. A selected number 

of specimens, depending on geographical location and size (TL), 

were measured In detail. Morphometric measurements followed a 

modified version of Compagno (1984a) designed for hexanchids 

(Figure 2.2). Proportional measurements, expressed as percentage 

total length, and selected ratios were used to compare regional 

differences between conspecifics. Meristic counts were taken from 

skeletal material prepared through dissection and hot-water 

maceration. The material was rinsed in cold water to remove any 

extraneous tissue and to prevent the more delicate structures 

from falling apart from overcooking. The entire vertebral column, 

paired and unpaired appendages, and neurocrania were prepared by 

this method. Counts included those of the fin radials, vertebral 

column, and cranium. Radial fin counts included those of the 

pectoral, pelvic, dorsal, and anal fins. Due to poor centrum 

calcificatio n, vertebral counts were taken by counting the 

basidorsals. The vertebral counts include monospondylous (MP), 

diplospondylous (DP), and caudal diplospondylous (DC) vertebrae. 

The position where the haema1 arch formed in relation to the 

monospondyly-diplospondyly transition was noted. Cranial 

measurements followed those of Compagno (1988) allowing for 

modifications of the hexanchoid condition (Figure 2.3). Once the 

skeleton was cleaned, counted and measured it was place in 50% 

n-propyl or isopropyl alcohol for storage. 

Tooth counts were taken from freshly caught and museum 

speclmens, and literature accounts. The dentition of hexanchoids 

was examined for ontogenetic and sexual heterodonty in each 

specles. Tooth plates were prepared from fresh specimens by 

dissection of upper and lower tooth series from the right or left 
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side of the Jaw depending on which series was in better 

condition. If the functional tooth was extremel y worn or damaged 

a tooth from the second row was taken. After removal, the teeth 

were macerated in laundry bleach (5% sodium hypochlorite, NaC10, 

In aqueous solut ion ) and hot water until all extraneous tissue 

was removed. Once cleaned, measurements of principle cusp height 

(PCH), apical length (AP), mesial length (ML), and basal length 

( BL) were made to determine any changes in heterodonty (Figure 

2.4). The number of cusps and cusplets were recorded from varlOUS 

size specimens. 

Spiral valve counts were taken and compared within and 

between species in the order. 

All counts were statistically 

standard deviation (s.d.), range 

analyzed for mean (x), 

(R), and coeff icient of 

variation (cv) . Counts for upper and lower teeth are separated by 

a slash (I). The number of specimens examined is represented by 

an (N). 

Biogeography 

Knowledge of hexanchoid distribution was based upon field 

collections, museum records, published accounts, and personal 

communications from colleagues. Where possible , records of a 

species from a given location were verified by examination of 

prese r ved and freshly caught specimens or from photographs. 

Verification of species from thes e locations are noted by the 

appearance of 'present study' following a literature citation. 

For example, "sixgill sharks occur along the eas te rn North 

Paci fic from Baja California to southeast Alaska (Ebert 1986b; 

present study)," indicates that its distribution was reported by 

Ebert (1986b) and that specimens from this region were also 

examined in this study to verify their occurrence. Where a new 

record is reported here for the first time no citation is made 

following the statement. Tables condensing the species 

distribution and its source are glven. Maps illustrating the 

general location and range of the various species are presented. 
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Habitat 

A gen e ralized description of the known habitat for each 

species is given. Hydrographic data from R/V Africana cruises was 

especially useful for the deep-water species whose habitat is 

virtually unknown at the present. 

Movement Patterns 

Movement patterns of sevengill sharks were studied by tag 

and recapture methods. A tagging program In California was 

initiated in 1982 and conducted through 1985 (Ebert 1986b). The 

tagging effort in southern Africa was a coordinated program with 

the Oceanographic Research Institute (ORr) which had an 

established network among the angling community geared towards 

the conservation of fishes. This program was established in 1984 

to encourage anglers to release sharks, rays and bony fishes 

rather than leave them on the beaches. Among the species tagged 

was the sevengill shark . Coordination with the ORI program 

provided an established base from which to further encou rage 

anglers to tag and release sharks and to report their recapture. 

The tags used were of the sheep ear type or dart tags. Sharks 

that were caught by rod-reel and could be brought on shore or 

into a boat were tagged on the dorsal fin with sheep ear tags. 

Dart tags were used from boats and applied using a pole to 'dart' 

the sharks as they swam past . Thus the tag location was variable, 

but always confined to somewhere on the shark's dorsum behind the 

head. 

Growth 

Sevengill sharks were measured, when possible, prlor to 

being tagged and released to obtain growth data. When possible, 

both tota l length (TL) and precaudal length (PCL) were recorded. 

Anglers were encouraged to record PCL on all tagged sharks and to 

remeasure those recaptured (Ebert 1988b). 

Reproduction 

Determination of the physical maturation status for each 

animal collected was based on a modified and expanded criteria 

following Pratt (1979) and Ebert (1986b, 1989). Determination of, 

and speculation about, behavioral maturation will be discussed. 
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Males 

i) an abrupt change in the relationship of the inner clasper 

length to TL. Inner clasper length was measured from the apex of 

the cloaca to the clasper tip. ii) development of the clasper sac 

and scroll. with the onset of maturation, a large sac-like 

structu re forms along the length of the claspers. The clasper sac 

is thought to be analogous to the siphon sac of other 

elasmobranchs. The distal most 3 or 4 pelvic fin radials elongate 

to form the scroll. The scroll is a diagnostic character in the 

Hexanchidae only; the Chlamydoselachidae lack a scroll. iii) a 

sharp increase in the relationship of testes weight and length to 

TL. iv) the presence of a straight, as opposed to a coiled, 

epididymis. with the onset of maturation the epididymis enlarges 

and coils. v) the expulsion of sperm through the genital papilla 

by applying pressure along the sperm sac. Additionally, sperm 

smears were taken t o verify the presence of mature spermatozoa in 

the discharged seminal fluid. vi) calcification of the terminal 

cartilage elements. Terminal cartilage elements appear at the 

onset of maturity and become fully calcified in the adult 

condition. This development was considered critical In 

establishing maturity for cow and frilled sharks. 

Based on information derived from these indices, the 

approximate size at maturity was established by plotting body 

weight to TL. 

Females 

Sexual maturity could only be established for females by 

internal examination: 

i) differentiation of the ovaries and ovarian egg 

development. ii) a rapid increase In the shell gland width to TL 

relationship. lll) determination of whether the oviducts were 

pendulous. iv) the presence of fertilized eggs or embryos in the 

oviducts. 

As In males a length-weight relationship was plotted for 

fema l es to establish the approximate size at maturity . 

A simple four point numerical system, based on maturation 

data was employed for field use. The system is as follows: the 

number (1)- indicates embryos or fetuses, (2)- juveniles or 
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imrnatures, (3) - adolescence or mature, and (4)- adults. Sex is 

denoted by an M for males and F for females. Numbers followed by 

(+) or (-) indicate that the animal lS in a late or early phase 

of this stage. For example, M3 - is a male which has lost its 

juvenile characteristics and is starting adolescence, or an F3+ 

which indicates that this is a late adolescent female that may be 

entering her first breeding season. 

Food Habits and Feeding Behavior 

Shark stomachs containing prey items were removed and 

returned to the laboratory for identification. Stomach contents 

were identified to the lowest possible t axon. Each prey species 

was identified and weighed to the nearest 0.01 gram. Various 

indices have been described for quantitatively expressing the 

importance of different prey in the feeding hab i ts of fish. In 

this study an index of relative importance following Pinkas, 

Oliphant and Iverson (1971) was used to rank prey items. This 

index is calculated by summ l ng the numerical and weight 

percentage values, and mUltiplying by the percent frequency of 

occurrence. Due to the size of many prey items, the percent wet 

weight was used instead of percent volume. The equation reads as 

follows: 

where: 

(%N + %WT ) %FO 1.R.1. 

N = numerica l percent 

WT = percent weight 

FO = frequency of occurrence percent 

IRI = Index of Relative Importance. 

Data for the sixgill, sevengil l and perlon sharks were 

compared on a regional basis with the major prey categories being 

grouped at a higher taxonomic level, in order to determine 

regional differences in the ma j or prey groups. In those species 

for which adequate data were available, individuals were 

separated into size classes to determine dietary changes 

associated with growth. 

Most studies on the food habits of sharks merely present 

data on prey preference. Litt l e or no information regarding the 

behavior, habitat and life history of the predator or prey is 
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included. Due to the paucity of published data on elasmobranch 

feeding ecology and predator-prey relationships, observational 

information on the feeding behavior of the sevengill shark, over 

a seven year period, lS presented. These observations are 

presented in the context of predator-prey strategies, analogous 

to those of large land predators on which numerous studies have 

been conducted. 
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FIGURE 2.1 - Publicity poster for cow and frilled sharks. 
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FIGURE 2.2 - Abbreviation code for morphometric measurements, 
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sharks (continued). 
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FIGURE 2.3 - Cranial measurements. 
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length, (BL) basal length, (ML) mesial length and (PCH) principle 

cusp height. 
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Taxonomy 

CHAPTER 3 
RESULTS 

ORDER HEXANCHIFORMES Comgagno, 1973: 

Frilled and Cow Sharks 

Order: Hexanchiformes Compagno, 1973, J. Linn. Soc.(Zool.), 

Lond., 53, suppI. 1: 37p. 

Diagnosis: 

Sharks of the Order Hexanchiformes are characterized by 

having a cylindrical TRUNK, not flattened or ray-like. The HEAD 

is conical to slightly depressed, not expanded laterally, with 

six or seven pairs of GILL SLITS present on the sides of the 

head. The posterior most gill opening is located in front of the 

pectoral fin origin. SPIRACLES are usually present but are 

occasionally absent; if present they are small .and well behind 

and above the level of the eyes. NOSTRILS are without barbels or 

nasoral grooves; anterior nasal flaps are short and do not reach 

the mouth. EYES on sides of head, without nictitating lower 

eyelids. The SNOUT is short to moderately long, truncated to 

conical, not greatly elongated or flattened, and without lateral 

teeth or rostral barbels. The MOUTH is large, arched, and 

elongated, and extends behind the eyes. LABIAL FURROWS may be 

present or absent. The TEETH are weakly to strongly 

differentiated along the jaws, without enlarged anterior or 

posterior teeth and without any conspicuous gaps or small 

intermediate teeth between anterior and lateral teeth in the 

upper jaw. A single spineless DORSAL FIN with its origin set over 

or behind the pelvic insertion. The relative position of this fin 

corresponds to the second dorsal fin in other sharks. The 

PECTORAL FINS are small to moderately large, not expanded and 

ray-like. PELV I C FINS are small to moderately large, the vent 

continuous with the inner fin margins. The ANAL FIN is small to 

very large. The CAUDAL FIN has a long dorsal lobe, with the 

ventral lobe being present or absent. VERTEBRAL axis lS elevated 

into the dorsal caudal lobe. INTESTINAL VALVE is a spiral type. 

DEVELOPMENT is ovoviviparous without any yolk-sac placenta. 

No specialized conditions such as oophagy or uterine cannibalism 

occurs in these sharks. Litter Slzes range from 2 to 108. The 
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ovaries are paired for all specles. 

A key to the families and species of Hexanchiformes is 

provided following Compagno (1984a) with modifications stemming 

from the present stUdy . 

KEY TO FAMILIES 

lao Body elongated and ee l-l ike . six paired gill slits, with 

first gill slits being continuous across the throat. Mout h 

terminal on head. Single dorsal fin. Caudal fin lacks a 

subterminal notch. Teeth are tricuspidate and similar in upper 

and lower jaws - Frilled sharks . . ......... ......... . Family 

Chlamydoselachidae . 

lb. Body shape stout, not eel-like. Mouth subterminal. Six or 

seven paired gill slits; first gill slit does not extend across 

the throat. Single dorsal fin. Subterminal notch present on 

caudal fin. High long-cusped teeth in upper jaw, lower teeth are 

comb-shaped - Cow sharks .... .... Family Hexanchidae. 

FAMILY CHLAMYDOSELACHIDAE Garman, 1884: 

Frilled Sharks 

Family: Chlamydoselachidae Garman, 1884: 8. 

Diagnosis: The Chlamydoselachidae are a distinctive family with a 

single l iving genus and species that has a slender, eel-like 

body, with prominent keels on the abdomen. The head has six 

paired gill slits, with the lower ends of t he first gill slits 

extending across the throat. Spiracles mayor may not be present. 

The snout is extremely short and truncated, with the mout h being 

terminal . The teeth are alike ln the upper and lowe r j aws, with 

three strong cusps and a palr of intermediate cusplets. The anal 

fin is larger than the dorsal fin and the caudal fin lacks a 

subterminal notch. 

GENUS CHLAMYDOSELACHUS Garman 1884 

Genus : Chlamydoselachus Garman, 1884: 8. 

Diagnosis : see family diagnosis. 

Synonymy: 

CHLAMYDOSELACHUS ANGUINEUS Garman, 1884 

Frilled Shark 

Figure 3.1 

Chlamydoselachus anguineus Ga rman, 1884£: 47, fig. 5; 1884~: 116; 
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1884.d: 345; 1884~: 484; 1885,,: 1, pl. 1-20; 188512: 536; 

1887: 267; 1888: 82, pl. 15; 1899: 41-44, pl. 70; 1913: 14, 

pl. 59 (figs 4-5), pl. 61 (figs 7-8). Gill, 1884,,: 346; 

188412: 524. Davis, 1885: 98, pl. Ayres, 1889: 191, pl. 

Collett, 1890: 219; 1896: 3,pl 1-2. Rose, 1895: 194. 

Nishikawa, 1898: 95, text f i gs 1-3, pl. Palmen, 1898: 25. 

Dean, 1903: 487. Braganca, 1904: 26. Doflein, 1906: 257, 

figs. Hawkes, 1906: 959, text figs 1-2, pl. 1-2; 1907: 471, 

figs . Bolivar, 1907",: 197; 190712: 207. Stead, 1907: 554. 

Brohmer, 1908: 621, figs 1-6; 1909: 647, text figs 1-15, pl. 

1-4. Ziegler, 1908: 561, figs 1- 7. Deinega, 1909: 1, pl. 1 -

4; 1923: 1, pl. 1-4; 1925: 194, figs. Osorio, 1909: 48. 

Goodey, 1910: 540, pl. 42 - 45. Allis, 1911: 511, figs 1 - 2; 

1923: 123, figs. Maurer, 1912: 7, text figs. 1-3, pl. Roule, 

1912: 3. Seabra, 1913: 118. Pellegrin & Loppe, 1914: 140. 

Mertens, 1921: 173. Lozano Rey , 1928: 297, fig. Gudger & 

Smith, 1933: 243, text figs 1-33, pl. 1-5. Smith, 1937: 333, 

text figs 1 - 128, pl. 1-7. Momose, 1938: 2, figs 1 - 7. Gudger, 

1940: 523, text figs 1-33, pl.1 - 6. Bigelow & Schroeder, 

1948: 93. Noble, 1948: 106. Roedel & Ripley, 1950: 39, fig 

21. Smith, 1951: 87; 1967: 105, pl. 19-23. Wheeler, 1962: 

689. Springer & Garrick, 1964: 83. Trunov, 1968: 137, fig. 

3. Miller & Lea, 1972: 34, fig. Boeseman, 1973: 10. Bass et 

~, 1975: 16, text fig. 9, pl. 6. Domanevskiy, 1975: 1117. 

Armada, 1977: 9, fig. 1. Nakaya & Bass, 1978: 397, fig. 1. 

Bass, 1979: 247, fig 1. Timokhin, 1980: 125. Cadenat & 

Blache, 1981: 5, figs 3 - 4. Masai, Takatsuj & Aoki, 1981: 

257. Castro, 1983: 35, fig. Eschmeyer ~~, 1983: 17, pl. 

1. Uyeno & Sasaki (in Uyeno, Matsuura & Fujii), 1983: 45, 

fig. Compagno, 1984",: 14, fig. Maisey & Wolfram, 1984: 170. 

Masuda et .o\.h, 1984: 3, pl. 2. Nakaya, 1984: 293; 1985: 2. 

Tanaka, 1984: 30; 1987: 4. Taniuchi, 1984£;: 18; 1987: 19, 

fig. Borets, 1986: 3. Lloris, 1986: 87, figs 17-18. Clark, 

1 987 : 221. Hara, 1987: 14. Kobayashi, Tomonaga & Tanaka, 

1987: 1. Goto, 1987: 11. Sato, 1987: 20. Shcherbachev, 1987: 

38. Shiobara ~~, 1987: 7, figs 1-6. Tomonaga, Kobayashi 

& Tanaka, 1987: 3. Compagno ~~, 1989: 19, pl. 2. 
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Didymodus anguineus Cope, 1884g : 27S; 18841:2: 412 - 413; 188S: 878. 

Chlamydoselache anguinea Gunther, 1887: 22, pl. 64-6S. 

Material examined 

Chlamydoselachus anguineus, MCZ uncat. (Holotype), ca. lS00 mm 

TL, female, S.E. Honshu, Japan, only four pieces remaining from 

specimen; immature gonads and vertebral segments. 

Other material examined: see Appendix 2. 

Diagnosis: see family diagnosis. 

Description: Proportional measurements expressed as a percentage 

of the total length are give n in Appendix 3. 

BODY long, slender , eel-like, compressed behind the pelvic 

fins. Proportional lengths along body axis increase with growth 

(Figure 3.2). HEAD length to sixth gil l opening 1.8 times in 

pectoral-pel vic space. Head broad, flattened, wider than high, 

slightly convex. Preoral SNOUT length 0.1 times mouth width. 

Snout tip broadly rounded, nearly terminal. NOSTRILS latera l, 

width S. 2 in internarial width, 2.2 in eye length, and 0.3 in 

third gill opening. EYES rather large , rounded, length about 10.4 

times in head length. Proportional eye length decreasing I .... i th 

growth (Figure 3.3). SPIRACLE variabl y present or absent; if 

present about 11.6 times In eye length and located about 1.9 eye 

lengths behind posterior margln of eye. GILL OPENINGS descending 

in length with the sixth being about 1.4 times the height of the 

first. First gill opening extending across the throat. width of 

third gill opening about 3.2 times in head length and 3.3 times 

eye length. MOUTH large, width about 2.9 times in head length and 

1 .2 of head width at mouth corners. Mouth length 0.9 times in 

mouth width. 

TEETH are long, smooth, without serrations and tricuspidate 

with a pair of cusplets. The teeth are similar in both upper and 

lower jaws (Figure 3.4). The teeth are slender, curved inwards 

and set on a broad base which projects behind and interlocks with 

the tooth base posterior to it, thus it cannot be easily pulled 

out. Tooth rows range between 19-30/21-27 (Table 3.1), with the 

number of tooth rows varylng between individuals. No apparent 

regional or sexually dimorphic differences were apparent. 

LATERAL TRUNK DENTICLES (Figure 3.S) lanceolate, single 
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-cusped, with flattened bases. Crown slightly projected above the 

body with four longitudinal ridges extending from the base to the 

cusp. Denticle crowns widely spaced. 

PECTORAL FINS are of moderate size, broad, rounded and low 

on body. Both anterior and posterior margins are convex. Pectoral 

length from origin to rear tip 1.0 times in anterior margin 

length. Pectorals much smaller than pelvics. Pectoral origin is 

posterior to sixth gill opening. PECTORAL FIN SKELETON (Figure 

3.6) with radials ex t ending about 3.6 times into length of 

pectoral anterior margin. Radials divided into three to six 

segments. Propterygium small with no radials, mesopterygium with 

5 to 7 radials, and metapterygium with 4 to 10 radials on basal 

segment and 0 to 4 on metapterygial axis; total radial counts 

were between 15 and 17 (Table 3.2). 

PELVIC FINS large, broadly rounded, with anterior margin 0.9 

times pectoral anterior margin. Pelvic anterior and posterior 

margins convex, with inner margin of males somewhat longer than 

in females. Inner margin not forming clasper scroll. PELVIC FIN 

SKELETON (Figure 3.7) is a flattened band of cartilage, slightly 

concave dorsally and enlarged at the ends. A long basipterygium 

with three segments from which 20 to 23 radials extend 

diagonally from its axis (Table 3.3). Pelvic radials have 3 or 4 

segments each except for the last two or three which are 

unsegmented in some individuals. 

The CLASPERS (Figure 3.8) have an elongated axial cartilage 

connected to the basipterygium by an intermediate segment 

followed by the beta cartilage. In the adult condition the end­

style is joined by a terminal cartilage. 

The DORSAL FIN is set far back and low, only 1.4 times anal 

fin height. Anterior margin is rounded and convex with posterior 

margin. Base is short, 0.4 times dorsal caudal space, height 3.6 

times in base, and inner margin 1 .0 times in height and 3.6 in 

base . DORSAL FIN SKELETON (Figure 3.9) has a basal cartilage 

which is elongate, slightly convex distally and flattened 

proximally. Basal cartilage radials number between 16 and 32 with 

each having up to 4 segments (Table 3.3). 

ANAL FIN very large, broad, and rounded, height 1.5 times 
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dorsal fin he ight, base length 1.4 in dorsal base. Anterior and 

posterior margins rounded and convex. An acute angle formed at 

the tip of the posterior and inner margins. Base about 0.1 times 

in anal caudal space. Height 3.2 times in base, 3.1 into inner 

margin, and 9.9 times in base. ANAL FIN SKELETON (Figure 3.10) 

composed of an elongated basal cartilage with 20 radial 

cartilages extending diagonally from it (Table 3.3). Radials with 

a maximum number of between 4 and 6 segments. 

CAUDAL FIN elongated, subtriangular, without a subterminal 

lobe. Length of dorsal margin 2.8 times in pre caudal length, 

preventral caudal margin 3.2 times in dorsal caudal margin. 

Total VERTEBRAL COLUMN counts were 171 for the Namibian 

specimen and 146 for 

males. The variability 

the Taiwanese specimen; 

in the MP-DP counts was 

both were adult 

especially high. 

The Taiwanese specimen had 72 MP and 21 DP for pre caudal counts 

while the Namibian specimen had 18 MP and 76 DP for the 

precaudal. The caudal counts (DC) differed widely, with the 

Taiwanese spec ime n having 78 and the Namibian frilled shark 52 . 

The transition between the MP and DP for the Taiwan specimen was 

over the pelvic fins at the 72nd vertebrae, while the transition 

In the Namibian specimen was just posterior to the pectoral fins 

at the 18th vertebra . 

The NEUROCRANIUM of a 916 rnrn TL adult male from Namibia was 

dissected out and measured (Table 3.4). 

CRANIUM (Figure 3.11) with short, blunt ROSTRAL CARTILAGE, 

not hypercalcified in adult. Length of medial rostral cartilage 

about 19 times in nasobasal length, width across bases of lateral 

rostral cartilage about 4.9 times in length of medial rostral 

cartilage. NASAL CAPSULES longer than wide, with rounded edges. 

Width of cranium across nasal capsules 1.7 in nasobasal length. 

NASAL APERTURES moderately large and transversely oval, separated 

by a space 1.8 times their widths. ANTERIOR FONTANELLE large, 

rounded anteriorly, sub-triangular posteriorly, slightly longer 

than wide. CRANIAL ROOF 1.3 times orbital length. ORBITAL NOTCHES 

1.3 times orbital length. SUBORBITAL SHELVES 0.7 times orbital 

iength. OTIC CAPSULES 0.9 times orbital length. 

SPIRAL VALVE tu rn counts were found to be highly variable 
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and differed by geographical region (Table 3.5). Frilled sharks 

from Japan had counts ranging from 35 to 46, while Namibian 

specimens ranged much lower, between 26 and 28 turns. A single 

Norwegian specimen had 47 while an Australian individual had a 

high of 49. Those from Taiwan and the North Atlantic fell within 

the range of the Japanese specimens. 

The LIVER is large and extremely oily. It consists of two 

lobes, one on each side of the body, extending the entire length 

of the abdominal cavity. The lobes are of equal size and alike in 

form. 

The COLOR of fresh fr i lled sharks were a dark chocolate 

brown (Figure 3.12). A thin membranous fi lm covering the shark 

was rinsed off after death to reveal a dark gray color beneath 

the membrane. The color of preserved specimens varied from light 

brown to gray. 

DEVELOPMENT is ovoviviparous without placenta. Numbers of young 

range between 2 and 12 (Gudger & Smith 1933). 

ETYMOLOGY: The species name is derived from Greek Chlamydo­

meaning a mantle or frill, selachus - meaning a shark , and Latin 

anguineus meaning snakelike. 

REMARKS: The high degree of variability exhibited in this speCles 

needs to be assessed critically. Additional skeletal material 

needs to be examined and compared for differences, especially in 

spiral valve and vertebral counts. Although the sample size was 

small, the number of spiral valve turns correlated closely with 

individuals from similar geographical localities. However, the 

average number of turns differed widely between geographical 

reglons. The short mono spondylous condition observed in the 

Namibian frilled shark differed greatly from that of a Taiwanese 

specimen. The MP-DP transition typically occurs in the region 

over the pelvic fins in most elasmobranchs. The Namibian frilled 

shark has its MP-DP transition posterior to the free rear tip of 

the pectoral fins. The only other record for vertebral counts I n 

this species was a partial count of 112+ given by Goodey (1910). 

In Goodey's (1910) Japanese specimen the MP-DP transition 

occurred at the 70th vertebra. Unfortunately, frilled sharks are 

rare at most localities outside Japan and when a specimen is 
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caught it is usually preserved at an institution and cannot be 

dissected. Therefore, careful examination of the mer istics and 

morphometrics for most of these specimens is lacking. 

FAMILY HEXANCHIDAE Gray, 1851: 

Cow Sharks 

Figure 3.13 

Family: Hexanchidae Gray, 1851: 67. 

Diagnosis: These sharks are small to very large with a 

cylindrical, moderately s l ender to stout body, lacking keels. 

Unlike most sharks the head has six or seven paired gill slits, 

with the lower ends of the first gill slits not extending across 

the throat. The eyes are moderately large and rounded. Spiracles 

are present though minute. The snout is short to moderately long, 

conical and slightly pointed to broadly rounded. The mouth is 

subterminal on the snout and wide. The teeth are differentiated 

in the upper and lower jaws. The upper anterolateral teeth are 

small and narrow, with a single main cusp followed by one or more 

smaller cusplets. The lower anterolateral teeth are very broad, 

compressed, and comb-like, with a single large cusp followed by a 

series of smaller cusplets. Both upper and lower jaws have a 

serles of posterolateral commissural teeth which are small and 

granular. A single dorsal fin set behind the origin of the pelvic 

fins. A small to moderate-sized anal fin is present. The caudal 

fin is long, nearly one-third the total length and with a strong 

subterminal notch. 

Remarks: 

The Family Hexanchidae has traditionally been divided into 

three genera, Heptranchias, Hexanchus and Notorynchus, comprised 

of four valid specles. It has been suggested that detailed 

comparison of these species may reveal that the division of this 

group based on the number of paired gill slits is invalid (Bass 

tl ~ 1975, Garrick & Paul 1971, Springer & Waller 1969), and 

that l:L... perlo and l:L... nakamurai have more In common 

morphologically, while ~ cepedianus is closer aligned to ~ 

griseus. Detailed comparison of these four specles in the present 

study strongly supports the current taxonomic arrangement, with 

the two sixgill species belonging to a single genus and each of 
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the sevengill species belonging to its own genus. 

Key to the Family Hexanchidae: 

lao Six pairs of gill openings ........... Hexanchus 

lb. Seven pairs of gill openings ................ 3 

2a. Snout shorter, blunt and broad. Lower Jaw with 6 

rows of large, comb - like anterolateral teeth on each side. Dorsal 

fin base set far back, distance between its insertion and the 

upper caudal fin origin about equal to the dorsal fin base. Eyes 

relatively small. Size relatively large, growing to at least 

4.S2m TL ............ ~ grlseus. 

2b. Snout relatively long and pointed. Lower jaw with 

five rows of large , comb- like anterolateral teeth on each side. 

Dorsal fin base separated from upper caudal fin origin by a 

distance much greater than its length. Eyes relatively large. A 

mo d era t e s i zed s p e c i e s, rea chi n g up to 1. S m T L. . . . . . L 

nakamurai 

3a. Snout length more than 1.5 times internasal space. 

Anal fin small. Body p l ain or with few large indistinct dark 

blotches. Eyes relatively large. Lower jaw with five rows of 

large, comb-like anterolateral teeth on each side. A small 

hexanchoid species reaching about 1.4 m TL 

perlo 

Heptranchias 

3b. Snout length less than 1.5 times internasal space. 

Anal fin large. Dorsal surface of body usually covered with smal l 

dark spots. Eyes relatively small. Lower jaw with six rows of 

large distinct, comb-like anterolateral teeth on each side. Size 

large, up to at least 3 m TL ........... Notorynchus cepedianus 

GENUS HEPTRANCHIAS Rafinesque, lS10 

Genus: Heptranchias Rafinesque lS10: 13. 

Diagnosis: A narrow, pointed head, with seven paired gill slits. 

The mouth is subterminal and longer than wide. The eyes are large 

and rounded. Upper and lower teeth differ. The upper teeth have a 

single large, curved, smooth-edged cusp, with or without several 

smaller cusplets, while the lower teeth are large and comb-l i ke, 

with a single high cusp followed by a series of smaller cusplets. 

The caudal peduncle is long, over twice the length of the dorsal 

fin base. Caudal fin nearly 1/3 the total length. 
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Synonymy: 

HEPTRANCHIAS PERLO (Bonnaterre, 1788) 

Perlon shark 

Squalus perlo Bonnaterre, 1788: 10. 

Squa l us cinereus Gmelin, 1789: 1497. Bloch & Schneider, 1801: 

133. Bosc, 1803: 185. Latreille, 1804: 72. Risso, 1810: 24. 

Desvaux, 1851: 24 

Heptrachias cinereus Rafinesque, 1810: 13. Indice Ittiol. Sicil., 

1810: 45. Swainson, 1839: 314. Bonaparte, 1839: 9. Icon. 

Faun. Ital. 1841: 1. Cat. Pesc. Europ., 1846: 17. Costa, 

1854-1857: 11; 1871: 87. Gill, 1861: 404. Rey, 1928: 289. De 

Buen, 1930. Ranzi, 1934: 378, 417. 

Monopterhinus cinereus Blainville, 1816: 121. 

Carcharias cinereus Cloquet, 1817: 69. 

Squa lus (Monopterhinus) cinereus Blainville, 1825: 80 

Notidanus cinereus Cuvier, 1829: 390. Lowe, 1837: 194. Bonaparte, 

1835. Agass iz , 1843: 218. Cuvier, 1843: 364. Van der Hoeven, 

1855: 261. Nardo, 1859 - 1860 : 787. Fitzinger, 1864: fig. 176. 

Gunther, 1870: 398. Gervais & Boulart, 1877: 195. Reguis, 

1877: 53. Heldreich, 1879: 91 . Giglioli, 1880: 52. Perugia, 

1881: 55. Rochebrune, 1882: 46 . Faune Senegambie, 1883-1885: 

24. 

Squa lus (Notidanus) Clnereus Voigt (in Cuvier), 1832: 509. 

Heptanchus cinereus Muller & Henle, 1841: 81, pl. 35 (fig. 3). 

Dumeril, 1865: 437, pl.4 (fig . 1- 4). Bocage & Brito Capello, 

1866: 15. Miklucho-Maclay, 1870: 12, pl.2 (fig. 1-6). Ninni, 

1870: 66. Canestrini, 1871-1872: 43. Gegenbaur, 1872: pl. 21 

(f ig. 5,6). Hertw ig, 1874: 349, pI. 12 (f ig. 7, 10, 13 ) . 

Doderlein, 1878 - 1879: 30; 1881: 78. Stossich, 1880: 69. 

Moreau, 1881: 339. Graeffe, 1886: 447. Carus, 1889-1893: 

500. Vieira, 1897: 67. Sicher, 1898: 16. Steinhard, 1903: 6, 

pl.1 (fig.1-3). de Braganza, 1904: 30, 102. Allis, 1912: 

478, figs 1-2. Borri, 1934: 94. Belloc, 1934: 152. Daniel, 

1934: 4, 24, 25, 51, 91. Noronha & Sarmento, 1934: 100. 

Nobre, 1935: 414. Holmgren, 1941: 3. 

Heptranchus cinereus Gray, 1851: 68. 

Heptrancus angio Costa, 1854-1857: pl.13, 14, fig.3. 
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Heptanchus (Heptranchias) cinereus Brito Capello, 1870: 141. 

Notidanus (Heptanchus) cinereus, var. pristiurus (var. aetatis) 

Bellotti, 1877: 60. 

Notidanus (Heptanchus) cinereus La Bianco, 1899: 542. Imms, 1905: 

44. 

Heptranchias deani Jordan & Starks, 1901: 384. Jordan & Snyder, 

1901: 128. Jordan & Fowler, 1903: 595. Pietschmann, 1908: 

708. 

Hexanchus Clnereus Seabra, 1911: 195. 

Heptranchias perlo (Bonnaterre, 1788) McCulloch, 1911; Garman, 

1913: 21. Hussakoff, 1919: 9. Fowler, 1936: 27. Norman & 

Fraser, 1937: 5, fig.8. \~hite, 1937: 40, pI.1e, 4m, 17c, 

23b, 2ge, f. Tortonese, 1938: 286. Fowler, 1941: 9. Norris, 

1941: 23, 37, pI.1 (fig.4); pI. 20 (fig. 79). Howell-Rivero, 

1941: 7, pl.3,4. Fowler, 1944: 113, fig. 5. Bigelow & 

Schroeder , 1945: 92, fig. 30; 1948: 88, figs 10-11. Lindbe r g 

& Legeza, 1959: 26, fig. 15-16. Teng , 1962: 33, fig. 6. 

Springer & Garrick, 1964: 80. Forster et al . , 1970: 393. 

Garrick & Paul, 1971: 1,2. Boeseman, 1973: 8. Pissaro & 

Sanches, 1973: 3. Tanaka et al., 1975: 15, figs 1-8. Tanaka 

& Mizue, 1977: 1, figs 1-10. Capape, 1980: 231, figs 1-14. 

Chirichigno, 1980: 24, fig. 3. Uchida, 1982: 2. Cadenat & 

Blache, 1981: 17, figs 5-7. Castro, 1983: 40, fig. Uyeno & 

Sasaki (Uyeno, Matsuurs & Fujii), 1983: 46, fig. Chen, 1984: 

51. Compagno, 1984g : 17, fig. Maisey & Wolfram, 1984: 170. 

Mizue, 1984g : 42; 1984b: 46. Nakaya, 1984: 293. Tanaka, 

1984: 30. Taniuchi, 1984g : 7; 1984b: 11; 1984,;: 18; 1984.d: 

36. Cappetta et al., 1985: 401. Compagno & Talwar, 1985: 

169, fig 1. Nakaya, 1985: 2. Lloris, 1986: 90, fig. 20. May 

et aI., 1986: 82, fig. Yu, 1988: 3. Compagno et aI., 1989: 

18, pI. 1. 

Heptranchias dakini Whitley, 1931: 310; 1968: 5. Fowler, 1941: 5. 

Munro, 1956: 2, fig. 4. Scott, 1962: 19, text - fig.; Scott et 

~ 1974: 23, text - fig. 

Material examined: 

Heptranchias deani, SU 12620 (Holotype), 954 mm TL, adolescent 

female, Misaki, Japan. 
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Other material: see Appendix 2. 

Description: Proportional measurements expressed as a percentage 

of the total length are given in Appendix 3. 

BODY TRUNK slender and compressed. Proportional lengths 

along body axis increase with Qrowth (Figure 3.14). HEAD narrow, 

slightly convex, length to seventh gill opening 0.8 times in 

pectoral - pelvic space. SNOUT narrowly rounded, length of preoral 

snout about 1.6 times mouth width. NOSTRILS lateral, about 

equidistant between snout tip and mouth. Anterior nasal flap 

expanded as a broadly triangular, corrugated lobe. Nostril width 

2.0 in internal width, 2.7 in eye length, and about 0.5 in third 

gill opening. EYES very large , oval, anterior edge about opposite 

front of mouth. Eye length about 6.0 times in head length and 

about 2.0 in height. 

growth (Figure 3.15). 

Proportional eye length decreases with 

SPIRACLE present, but minute. Spiracle 

located at the level of the upper eye margin , its distance behind 

the eye about equal to the horizontal diameter of the latter. 

Spiracle about 15 times eye length and l oca ted about 1.1 eye 

lengths behind the posterior edge of the eye. GILL OPENINGS long, 

with the first extending from about the level of the spiracle to 

the throat, but not extending across it as in ~ anguineus. Gill 

openings decreasing in length with the seventh being about 2.3 

times the length of the first . width of the third gill opening 

about 3.0 times in head length and 2.0 times eye length. MOUTH 

l arge, narrowly rounded in front, and about 1.4 times length in 

width. Width about 2.8 times in head length. LABIAL FURROWS 

oblique at angle of mouth. Labial furrow originates on upper jaw 

and extend downward and forward for a short distance onto lower 

Jaw. Lower labial furrow about 1.5 times into upper labial. 

TEETH differ in upper and lower jaws (Figure 3.16). First 

two to fo ur upper anterolaterals smooth-edged, with a single 

slender median cusp curved rearward. The base of the first two 

anterolaterals smaller than succeeding teeth. The third or fourth 

tooth and all subsequent anterolateral teeth with 1 to 3 short 

cusplets on the outer side. The upper posterolateral commissural 

teeth small and granular. Lower jaw consisting of one symmetrical 

medium tooth with a single median cusp and up to three cusplets 
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on each side. The anterolateral teeth with si ngle large cusp 

followed by up to 11 cusplets. Serrations may be present on the 

mesial margin in larger individuals. The posterolateral 

commissural teeth small and granular. 

The total number of teeth range between 25-43/09-33 (Table 

3.6). The total number of upper teeth increased slightly with 

growth (Figure 3.17). The upper jaw consisted of 9 to 11 

anterolateral teeth per side with no apparent increase in their 

number associated to growth or state of maturity (Figure 3.18). 

The posterolateral commissural teeth range between 3 and 12 per 

side, and appear to increase with growth, thus accounting for an 

increase in the total number of upper teeth . The total number of 

lower teeth increased with growth (Figure 3.19). The lower jaw 

consists of a single medial tooth and five anterolateral teeth 

which was consistent for all speClmens examined. The lower 

posterolaterals numbered from 1 to 13 per side with an increase 

In their numbers associated to growth. 

LATERAL TRUNK DENTICLES (Figure 3.20.) lanceolate, with one 

large single cusp followed by a single cusplet on each side. The 

crown s lightly projected above the body with three longitudinal 

ridges extending from the base to the cusp. Denticle crowns 

imbricate. 

PECTORAL FINS relatively small and broad based. Anterior 

margin weakly convex, posterior margin moderately concave, apex 

narrowly rounded with free inner rear tip more broadly rounded. 

Pect oral length from origin to rear tip 1.1 times in anterior 

margin length. PECTORAL FIN SKE LETON (Figure 3.21) with radials 

extending about 0.5 of pectoral anterior margin length into fin. 

The radials are divided into 4 or 5 segments, the longest distal 

segment about 0.8 times length of its proximal segment. Total 

radial counts ranged from 21 to 25; Propterygium small with no 

radials, mesopterygium with 9 to 11 radials, and metapterygium 

with 11 to 15 radials (Table 3.7). 

PELVIC FINS slightly higher than anal fin; prolonged 

rearward in males, partially enclosing the claspers. The inner 

margins entirely separate posterior to the cloaca in both sexes. 

Anterior margin slightly convex, apex broadly rounded. Posterior 
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margln straight, apex pointed and free rear tip slightly convex. 

Pectoral anterior margin 0.4 times into pelvic anterior margin. 

PELVIC FIN SKELETON (Figure 3.22) consisting of a long 

basipterygium with two segments from which 20 to 26 radials for 

females and 19 to 23 radials for males extend diagonally from its 

aX1S (Table 3.8). Pelvic radials have 2 to 3 segments with the 

last 2 to 11 being unsegmented. 

The CLASPERS are enclosed ln a scroll formed by the last 4 

radials of the pelvic fins. In adults the clasper sac has three 

large glands which appear to function when the animal reaches 

maturi ty. No spur or spines are present. The CLASPER SKELETON 

(Figure 3.23) consists of an elongated axial cartilage connected 

to the basipterygium by an intermediate segment followed by the 

beta cartilage. In the adult condition the end-style is joined by 

a terminal cartilage which is calcified. 

DORSAL FIN origin set posterior to pelvic free rear tip. 

Length about equidistant to the pel vic-anal space. The base is 

about 0.6 times into the dorsal caudal space. Anterior margin 

slightly convex, apex broadly rounded . Posterior margin concave 

and narrowly rounded at free rear tip. Dorsal fin high, about 1.5 

times base and about 2.8 times inner margin. The DORSAL FIN 

SKELETON (Figure 3.24) has an elongated basal cartilage which is 

convex ventrally and slightly concave dorsally where the radial 

carti lages attach. Between 17 and 21 radial carti lages are 

attached to the basal cartilage with 3 to 6 segments per radial 

(Table 3.8). 

ANAL FIN small, broad-based, height about 0.5 times dorsal 

fin height. Origin of anal fin in re l ation to dorsal fin sexually 

dimorphic ; in females the anal fin originates near the middle of 

the dorsal fin base, while in males it originates below the 

posterior portion of the dorsal fin base. Anal fin height about 

2.6 times in base, and inner margin 1.6 times in height and 4.2 

times in base. ANAL FIN SKELETON (Figure 3.25) comprised of an 

elongated basa l cartilage with between 15 and 21 radials (Table 

3.8). Maximum number of radial segments range between 2 and 4. 

CAUDAL FIN elongated, dorsal margin moderately convex, 

length 2.2 times precaudal length. Preventral caudal margin 
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slightly convex, 4.1 times J.n dorsal caudal margin. Subterminal 

lobe strongly notched. Upper and lower postventral caudal margins 

strongly arched. Terminal caudal lobe moderately concave, about 

4.5 times into caudal dorsal margin. 

Total VERTEBRAL COLt.:HN counts range between 141 and 159 for 

specJ.mens from the l1edi terranean Sea, Natal, South Africa and 

Taiwan (Table 3.9). HP counts 33.9 - 38.6% (35.8%), DP counts 

18.6 -24.8% (22.5%), and DC counts 40-43.5% (41.6%) of the tota l 

vertebral counts and DP/HP ratio 0.5-0.7%, DC/HP ratio 1.1 - 1.3%. 

The HP-DP transit ion occurred between the 52nd and 58th vertebral 

segments or at about the rib closure. 

CRANIAL HEASUREHENTS were taken from a series of 

Heptranchias perlo from Taiwan and ranging between 592 mm and 

1030 mm TL (Table 3.10). 

CRANIUM (Figure 3.26) with a long narrow ROSTRAL CARTILAGE, 

not hypercalcified in adult. Length of medial rostral car ti lage 

about 8 . 7 times in nasobasal length, width across bases of 

lateral rostral cartilages about 1.3 times in length of medial 

rostral cartilage. NASAL CAPSULES longer than wide, with rou nded 

edges. Width of cranium across nasal capsules 4.3 in nasobasal 

length. NASAL APERTURES large, transversely oval and separated by 

a space 4.3 times their widths. ANTERIOR FONTANELLE rounded, 

slightly longer than wide. CRANIAL ROOF 1 .8 times orbital length. 

ORB ITAL NOTCHES 13 times orbital length. SUBORBITAL SHELVES 1. 4 

times orbital length. Length of OTIC CAPSULES 1.5 times orbital 

length. 

SPIRAL VALVE turn counts ranged from 18 to 22 for all 

specimens examined (Table 3.11). 

The LIVER is large, consistin<j of two lobes, one on each 

side of the body cavity, extending the ent ire length of the 

abdominal cavity. The lobes are of equal size and alike in form. 

The liver J.S extremely oily. Percent liver weight increase with 

size (Figure 3.27). 

COLORATION in adult perlon sharks is a rather pale uniform 

gray, ligh ter below. Juvenile color patterns are much more 

brilliant (Figure 3.28). The pectoral and caudal dorsal fin 

margins are white-edged. The dorsal fi n has a black spot at the 
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apex which fades with growth. Most individuals 

evidence of this black spot, 

up to one meter In 

but lose it beyond length have some 

this size. After 

brown. 

preservation these specimens become dark gray to 

DEVELOPMENT lS OVovlvlparous without placental attachment. Number 

of young range between 9 and 20 . 

ETYMOLOGY: The species name Hellt- for seven and -anchias, from 

branchias, gill. The name perlo based on the French common name 

perlon, of uncertain derivation but possibly based on French 

Perle, a bead or pearl, and perhaps an allusion to the large 

glowing eyes of this species. 

REMARKS: It appears that the number of upper anterolateral teeth 

is a variable character in this species and not related to life 

stage (Figure 3.18). Previous studies (Bigelow & Schroeder 1948, 

Bass ~ ~ 1975, Capape 1980) have reported an increase in the 

total number of upper anterolateral teeth corresponding to the 

state of maturity. It appears, however, that these authors had an 

insufficient sample size to verify this variability. The lower 

jaw was always found to have a medial tooth and five 

anterolateral teeth for all specimens examined in this study. 

Bigelow and Schroeder (1948) noted that some specimens lacked a 

lower median tooth and may have only four anterolaterals. 

Similarly, Garrick and Paul (1971) reported that one individual 

had six lower anterolateral teeth. However, these aberrant tooth 

counts appear confined to anomalous individuals. 

Published vertebral counts of perlon sharks may vary because 

of the different methods employed in counting them (Table 3.9b). 

Previous attempts to count vertebrae by x-radiography were not 

entirely successful due to poor calcification, and x-radiography 

did not adequately elucidate vertebral segments in the caudal 

region. This is illustrated in a photograph shown by Garrick and 

Paul (1971: p. 14; plate 2) of a perlon shark vertebral column. 

Furthermore, a higher number of calcified vertebral segments 

corresponding to TL (and perhaps age) was observed. Precaudal 

counts for western North Atlantic, Mediterranean (Springer & 

Garrick 1964), Australian and New Zealand (Garrick & Paul 1971) 

specimens using x-rays were consistent with the findings of this 
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study. However, published caudal counts were slightly lower. Bass 

et ~ (1975) had very lo w counts for South African and 

Mozambiquan specimens compared to the count noted above (Table 

3.9a) for a vertebral column of a South African specimen prepared 

by water maceration. The accuracy of Capape' s (1980) very low 

precaudal counts is difficult to assess since his methodology is 

somewhat vague and uncertain. 

GENUS HEXANCHUS Rafinesque, 1810 

Genus: Hexanchus Rafinesque, 1810: 14. 

Diagnosis: Members of this genus have a broad head, six pai r ed 

gill slits, moderate to large eyes, a minute spiracle, and 5 or 6 

comb-like lower anterolateral teeth. Ontogenic heterodonty and 

sexual dimorphism are pronounced. A long or short dorsal-caudal 

space, with the distance from the dorsal fin insertion varying 

from slightly longer to about twice as long as dorsal base. 

Moderate sized to large species ranging from 1.8 to 4.8 m TL. 

Spots or black fin tips lacking. Juvenile coloration brilliant 

with white fin edges. 

Synonymy: 

HEXANCHUS GRISEUS(Bonnaterre, 1788) 

Sixgill Shark 

SQualus griseus Bonnaterre, 1788: 9. Gmelin 1789: 1495. Bloch 

& Schneider, 1801: 129. Latreille, 1804: 72. Risso, 

1810: 37. Naccari, 1822: 24. Nardo, 1824: 261; 1827: 9. 

Martens, 1824: 408. Trapani, 1838: 16. 

SQualus vacca Bloch & Schneider, 1801: 138 

Hexanchus griseus Rafinesque, 1810: 14. Swainson, 1839: 316. 

Muller & Henle, 1841: 80 . Heckel, 1846: 91. Busch, 1848: 

pI. 3 (fig.8). White, 1851: 130. Costa, 1854-1857: 15, 16 

(39, 40); 1871: 87. Canestrini, 1861: 267. Guichenot, 

1841: 30. Dumeril, 1865: 431, pI.4, fig.9-12. Poey, 1868: 

454. Gray, 1868: 76. Brito Capello, 1870: 140. Miklucho­

Maclay, 1870: 13, pI. 2 (fig. 8-14). Ninni, 1870: 66. 

Costa, 1871: 87. Gegenbaur, 1872: pI. 3 (fig. 6,7). Poey, 

1876: 398. Brito Capello, 1880: 45. Doderlein, 1881: 76. 

Moreau, 1881: 336. Carus, 1889-1893: 499. Almeida & 

Roquet, 1892: 372. Jordan & Evermann, 1896: 19. Jordan & 
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Evermann, 1900: pl.2 (fig.8). Carruccio, 1896: 165. Vieira, 

1897: 67. Sicher, 1898: 16. Huber, 1901: 600, p1. 27, (fig. 

1,2). Vaillant, 1901: 202. de Braganza, 1904: 28. Regan, 

1905: 571. Bolivar, 1907: 207. Smith, 1907: 30; 1916: 349, 

351. Fowler, 1908: 52; (1929), 3, 1930: 484; 1936: 26; 1941: 

11. Diaz y Martinez, 1910: 82. Laboissiere, 1910: 6. 

Seabra, 1911: 195. Roule, 1912: 3. Garman, 1913: 16. 

Lahille, 1913: 26, 32; 1921: 63. Scharff, 1915: 99. Starks, 

1917: 146. Norman, 1922: 319. Marelli, 1924: 544. Barnard, 

1925: 22. Rey, 1928: 292. Hickling, 1928: 199. Jordan, 

Evermann & Clark, (1928),2,1930: 11. Hubbs, 1928: 11. 

Sanchez-Roig, 1931: 18. Baylis, 1933: 322. Belloc, 1934: 

151. Borri, 1934: 94. Fraser-Brunner, 1935: 319. Pozzi & 

Bordale, 1935: 149. Nobre, 1935 : 413, pI. 61 (fig.189). 

Lubbert & Ehrenbaum, 1936: 272, pl . 19 (fig. 239). Howell ­

Rivero, 1936: 42; 1941: 4, pl. 1, 2. Norman and Fraser, 

1937: 5. Desbrosses, 1938: 53. Tortonese, 1938: 286. 

Holmgren, l~~l: 9. Bigelow and Schroeder, 1945: 94, fig. 

31; 1948: 80, fig. 9. Phillipps, 1946: 5. Roedel & Ripley, 

1950: 40, figs 22-23. Herald & Ripley, 1951: 326, fig 146. 

Roedel, 1953: 12, fig. 4. Backus, 1957: 246. DeBuen, 1960: 

8. Teng, 1962: 27, fig. 4. Lynch, 1964: 259, figs 1-5. 

Miller & Greenfield, 1965: 857, fig. 1. Smith, 1965: 38, 

fig. 1. Cervigon, 1966: 923. Hureau, 1969: 1151. Springer & 
Waller, 1969: 159, figs 5,6,7. Wheeler & Blacker, 312. 

Forster et ~, 1970: 391. Bane & Bane, 1971: 20 . Miller & 

Lea, 1972: 34, fig. Hart, 1973: 27, fig. Pissaro & Sanches, 

1973: 8, fig. 1. Bass tl~, 1975: 8, fig. 5. ~ ~ al. 

1980: 176. Chirichigno, 1980: 24, fig. 1. Robbins tl ~, 

1980: 11. Cadenat & Blache, 1981: 20 , fig. 8. Castro, 1983: 

37, fig. Eschmeyer et ~, 1983: 19, pI. 1. Chen, 1984: 51. 

Compagno 1984~: 19, fig. Ebert, 1984: 1; 1986g : 135, fig. 1; 

1986b: 437, fig. 8. Gilat & Gelman, 1984: 259, fig. 4. 

Maisey & Wolfram, 1984: 170, fig. 1. Mizue, 1984~: 42. 

Mizue, 1984b: 46. Otake, 1984: 64. Tanaka, 1984: 30. 

Taniuchi, 1984~: 18. Borets, 1986: 3. Branstetter & 

MacEachran, 1986: 156, fig. 3. Clark, 1986: 681, figs; 1987: 
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225; 1988: 731. Llor is, 1986: 88, fig. 19. Menni, 1986: 425. 

Randall, 1986: 176, fig. 3. Robbins et ~, 1986: 17, pl. 2. 

Hongxi ~~, 1987: 19. Yu, 1988: 3. Compagno ~ ~, 

1989: 18, p1. 1. 

Monopterhinus griseus Blainville, 1816: 121. 

Notidanus griseus Cuvier, 1816: 128. 1829: 390. Bory de st. 

Vincent, 1829: 597. Voigt, 1832: 509. Bonaparte, 1835: pl. 

55 (fig. 1). Agassiz, 1835 - 1838: 92, p1. E (fig. 2-4). 

Lowe, 1837: 194. Bonaparte, 1839: 9. Cuvier, 1843: 362, 

p1. 115 (fig. 1). Couch, 1846: 1337. Bonaparte, 1846: 17. 

Sassi, 1846: 131. Nardo, 1847: 111. Owen, 1853: 91. 

Machado, 1857: 8. Nardo, 1859-1860: 787. Geme ll aro, 1864: 

122. Bocage & Brito Capello, 1866: 15. de la Blanchere, 

1868: 371. Gunther, 1870: 397. Canestrini, 1872: 43. 

Lawley, 1875: 60 , 65, pl. 4 (fig. 1). Gervais & Boulart, 

1877: 194, p1. 74 (fig. 18) . Delfortrie, 1878: 253. 

Doderlein, 1878: 30. Day, 1880-1884: 304, p1. 158 (fig.2). 

Stossich, 1880: 69. Perugia, 1881: 55. Graeffe, 1886: 447. 

Gunther, 1887: 207. Anderson, 1894: 182. Traquair, 1896: 

159. Phillipi, 1901: 304. Bolivar, 1907. Gunther, 1911: 

809. Ehrenbaum, 1927: 7. 

Notidanus vacca Cuvier, 1817: 28. 

Squalus (Monopte rhinus) griseus Blainville, 1825: 77. 

Notidanus monge Risso, 1826: 129. Bory de St. vincent, 1829: 

597. 

Hexanchus corinus Jordan & Gilbert, 1880: 352; 1881 : 30; 1883: 

62. Bean, 1881: 267. Jordan, (1885), 1887: 792. Jordan & 

Starks, 1895: 788. Jordan & Evermann, 1896: 19. Rep. U.S. 

Comm. Fish. (1895), 1B96: 213. Starks, 1911: 163. Garman, 

1913: 17. Halkett, 1913: 39. O'Donoghue, 1926: 41. Jordan, 

Evermann & Clarke, 1930: 11. Townsend, 1931: 169. Walford, 

1936: 24. Barnhart, 1936: 7. 

Notidanus vulgaris Perez Canto, 1886: 8. Phillipi, 1887: 554, 

p 1. 6 (f ig. 1). Qu i j ada, 1913: 112. 

Notidanus (Hexa nchus) griseus Werner, 1904: 286. Ehrenbaum, 

1930. 

Hexanchus griseus australis De Buen 1960: 
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Material examined: 

Hexanchus corinus, USNM 27369 (Holotype), 1030 mm TL, 48° 22 'N, 

124
0 

36'W, Neah Bay, Washington State, U.S.A. 

Other material: see Appendix 2. 

Diagnosis: A heavy-bodied shark, with a large blunt snout and six 

paired gill slits. The mouth is broadly rounded and subterminal. 

The dorsal fin is set far back, with the dorsal - caudal space 

being short, about equal to the dorsal fin base. The upper and 

lower teeth differ, the uppers have one large, single, curved, 

smooth - edged cusp, followed by up to four smaller cusplets. The 

lower teeth have a distinctive comb - like shape with a large high 

cusp followed by up to 13 smaller cusplets. The eyes glow a 

luminescent green In life. A noticeable pale light line follows 

the flank along the lateral line from midway up the tail to about 

the pectoral fin base. The upper and lower postventral caudal 

margins are weakly arched to nearly straight. Color when fresh 

ranges from a dark dirty gray to chocolate brown above; below the 

color may range from light to very dark. 

Description: Proportional measurements expressed as a percentage 

of the total length are given in Append ix 3. 

A stout BODY tapering posteriorly to become compressed 

laterally behind the pelvic fins. Proportional lengths along body 

axis increase with growth (F igure 3.29). HEAD flattened above, 

length to sixth gill opening 0.9 times in pectoral-pelvic space. 

Preoral SNOUT broadly rounded, short and blunt, length about 2.0 

times mouth width. NOSTRILS lateral, but closer to snout tip than 

to mouth. Nostrils small, oblique, with anterior nasal flap 

anterior margin expanded as a subtriangular lobe with a blunt 

tip. Nostril width 4.1 in internarial space, 2.8 in eye length, 

and 2.0 in third gill opening. EYES large , oval, about 6.9 times 

In head length. Eye height 1.8 times into eye length. 

Proportional eye length decreases with growth (Figure 3.30). 

SPIRACLE present, but very small, located at the level of the 

upper eye margin, about opposite the mouth corners. Spiracle 

about 9.0 times eye length, located about 1.S e ye lengths behind 

posterior margin. GILL OPENINGS long, with the first extending 

from about the level of the spiracle to the throat, but not 
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extending across it as in Chlamydoselachus angulneus. Gill 

openings decrease in length \<lith the sixth being 1.5 times the 

length of the first and 0.8 of the third. width of the third gill 

opening about 3.8 times In head length and 1.7 times eye length. 

MOUTH very large, rounded, about 2.0 times length in width. Mouth 

width about 1.7 times in head length and 1.1 times head width at 

pectoral origin. LABIAL FURROWS present, well developed 

especially in the lower jaw. Lower labial 1.0 times into upper 

labial. 

The TEETH are noticeably different in upper and lower jaws 

(Figure 3.31). Upper jaw usually with a pair of medial teeth, but 

occasional l y 

single large, 

anterolateral 

only one is present. The medial teeth have one 

smooth-edged cusp, without serrations. The first 

has a large single, smooth-edged cusp curved 

slightly rearward. The next seven to nine anterolaterals have a 

large single cusp with one to nine small cusplets; the number of 

cusplets increases with growth. Serrations are present from the 

second to ninth anterolaterals. Posterolateral commissural teeth 

are small and granular. Lower medial and anterolateral teeth with 

a very distinctive comb-like shape. A single symmetrical medium 

tooth with a single median cusp and up to three cusplets on each 

side. Anterolateral lower teeth have a single large cusp followed 

by 6 to 13 smaller cusplets; the number of cusplets increases 

with growth . Serrations may be present on the mesial cusp margin 

especially In larger individual sharks. The posterolateral 

commissural teeth are small, the first one to three having a tiny 

cusp followed by one or two smaller cusplets. The remaining 

posterolaterals are granular without any cusps or cusplets. 

The upper dentition consists of one or two medials, 6 to 9 

anterolaterals, and 8 to 28 posterolateral commissural teeth. The 

lower dentition consists of a single medial tooth and six 

anterolateral teeth; posterolateral commissural teeth ranged 

between 7 and 28. Total tooth counts range between 26-46/20-38 

for all specimens examined (Table 3.12). A high variability in 

the tooth count range was related to growth changes. The total 

number of upper (Figure 3.32) and lower (Figure 3.33) teeth 

increase with growth . Growth related tooth counts were due to 
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1ncreases in numbers of posterolateral tooth rows. 

ONTOGENIC HETERODONTY is very pronounced in the sixgill 

shark. Both upper and lower teeth show an increase in the number 

of cusps along the apical length and serrations along the mesial 

edge (Figure 3.34). This 1ncrease is related to growth and 

maturity in the animal. The lower anterolaterals are especially 

noticeable as the base and mesial length elongate with growth and 

sexual maturity. The cusp height of the anterolateral teeth 

increases at the onset of sexual maturity in males, but not 

females (Figure 3.35). However, the mesial edge of these same 

teeth lengthen in mature females, but not in males . 

LATERAL TRUNK DENTICLES (Figure 3.36) tricuspidate, with a 

prominent medial cusp flanked by a single cusp on each side . 

These denticles are loosely spaced, with slight overlap. Those 

denticles along the caudal dorsal marg1n are enlarged and 

especially noticeable in newborns. 

The PECTORAL FINS are large and broad with the anterior 

margin slightly convex and longer than the fin length. Pectoral 

fin length from origin to rear tip 1.1 times in anterior margin 

length. The apex of the anterior margin and posterior margin is 

broadly rounded, and the posterior margin 1S nearly straight. 

Pectoral fin anterior margin 0.5 times in pelvic anterior margin. 

Radials of the PECTORAL FIN SKELETON (Figure 3.37) extending 

about 1.8 times into anterior pectoral fin margin. Total pectoral 

fin radial counts range from 22 to 25 (Table 3.13) with each 

radia l with between 5 and 7 segments. The propterygium is small 

with no radials extending from it , the mesopterygium has 10 to 11 

radia ls, and the metapterygium with 12 to 14 radials. 

PELVIC FINS with near l y straight margins and rounded apices. 

Pelvic fin base slightly less than dorsal fin length. Free rear 

tip elongated in males to form a scroll for the claspers. The 

PELVIC FIN SKELETON (Figure 3.38) consists of a long 

basipterygium with two segments from which 21 to 26 radials 

extend diagonally from its axis (Table 3.14). Each radial has 2 

to 3 segments with the last 0 to 6 being unsegmented. 

The CLASPERS are enclosed 1n a scroll formed by the 1nner 

and posterior margins of the pelvic fins. A clasper sac 1S 
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present In adults, but not evident in juveniles. 

abs en t. The CLASPER SKELETON (F igure 3.39) 

Spur and splnes 

consists of an 

elongated axial cartilage connected to the basipterygium by an 

intermediate segment followed by the beta cartilage. In the adult 

condition the end-style is joined by 2 terminal cartilage 

elements. The last 4 radial segments of the pelvic fins form the 

scroll which encloses the claspers. 

DORSAL FIN origin set about over pelvic fin insertion. The 

mid-point of the dorsal base about over the anal fin origin. 

Dorsal with hearly straight anterior margin, a rounded apex and a 

broadly triangular free rear tip. Dorsal caudal space about 0.5 

times dorsal fin base and approximately 0.9 times anal fin base. 

Dorsal fin height about 0.7 times anal fin height. DORSAL FIN 

SKELETON (Figure 3.40) has an elongated basal cartilage which is 

convex ventral ly and slightly concave dorsally where the radial 

cartilages attach. Between 14 and 20 radials (Table 3.14) are 

attached to the basal cartilage with 3 to 4 segments per radial. 

ANAL FIN about as long at base as dorsal fin base, rear 

margin near ly straight, free rear tip short. Height about 0.7 

times dorsal fin height. Anal fin height about 1.9 times in base, 

and inner margin 1.6 times in height and 3.0 times in base. ANAL 

FIN SKELETON (Figure 3.41) composed of an elongated basal 

cartilage with between 14 and 20 radials (Table 3.14). Each 

radial has 3 to 4 segments. 

CAUDAL FIN elongated, about 1/3 the total body length. 

Dorsal caudal margin slightly convex, length about 2.0 time s 

precaudal length. Preventral caudal margin slightly convex, 3.9 

times in 

margins 

Terminal 

dorsal caudal margin. Upper and lower postventral caudal 

weakly arched. Subterminal lobe slightly notched. 

caudal lobe weakly concave, about 4.3 times in caudal 

dorsal margin. 

Total VERTEBRAL counts for California and southern African 

specimens ranged between 118 and 148 (Table 3.15). MP counts 31-

39.8% (S.A.), 28.0-40% (CA.), DP counts 14.6-21.2% (S.A.), 17.9-

20.6% (CA.), and DC counts 41.7-52.0% (S.A.), 39.8-50.3% (CA.) of 

total counts. DP/MP ratio 0.5 and DC/MP ratio 1.3. The MP -DP 

transition occurs between the 42nd and 50th segment (X=45) or at 
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about the rib closure . 

A series of NEUROCRANIA from speclmens ranglng between 681 

mm and 3330 mm TL were measured from California and southern 

Africa (Table 3.16). 

CRANIUM (Figure 3.42) with a short blunt ROSTRAL CARTILAGE, 

not hypercalcified in adult. Length of medial rostral cartilage 

about 19.7 times in nasobasal length, width across bases of 

lateral rostral cartilages about 0.3 times in length of medial 

rostral cartilage. NASAL CAPSULES broadly rounded; width of 

cranlum across nasal capsules 1.5 in nasobasal length. NASAL 

APERTURES large, oval and separated by a space 0.9 times their 

widths. ANTERIOR FONTANELLE large, rounded, wider than long. 

CRANIAL ROOF 1.1 times orbital length. ORBITAL NOTCHES 7.6 times 

orbital length; width across SUBORBITAL SHELVES 0.5 times orbita l 

length; OTIC CAPSULE length 0.6 times orbital length. 

SPIRAL VALVE turn counts (Table 3.17) ranged between 35 and 39 

for specimens from all geographical regions. 

LIVER is large, oily, consisting of two lobes, one on each 

side of the body cavity and extending the entire length. The 

lobes are about equal size and alike in form. 

COLORATION of the dorsum varies from a dark blackish- gray to 

chocolate brown, with lighter shades of each color extreme. The 

ventral region is lighter, ranging from a pale white to dirty 

gray. A visible light streak along the lateral line extends from 

midway up the caudal fin to about the pectoral fin base. This 

light lateral line is especially visible in those specimens 

tending toward the grayish extreme, less visible in those with 

the brown extreme. Coloration in newborns (Figure 3.43) is 

particularly brilliant with the anterior edges of the fins 

whitish, including the apex of the dorsal fin and the cauda l 

dorsal margin. Eyes glow a bright fluorescent green in life. 

DEVELOPMENT is OVovlvlparous without placental attachment. Number 

of young range between 47 and 108 (Desbrosses 1938; present 

study) . 

ETYMOLOGY: The species name hex- for SlX and -anchus from 

branchus meaning gill. The specific name griseus, gray, refers to 

a common coloration of this shark. 
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REMARKS: Based on the material examined, the sixgill shark, 

Hexanchus griseus appears to be a s i ngle, large widely-ranging 

species . Comparison of meristics, morphometrics, spiral valve 

and tooth counts taken from a broad geographical area and size 

range of individuals support this conc l usion. Descriptions of 

distinct sixgill shark species can be traced to individual 

variation and a lack of adequate material. Tooth count 

differences, cusplet numbers, and presence or absence of 

serrations have been used to separate sixgill species (Jordan & 

Gi l bert 1880; DeBuen 1960). However, ont ogen i c heterodonty lS 

very pronounced in this specles and tooth shape, numbers of 

cusplets and serrations, and the total number of teeth can be 

related to the sex, s i ze, and maturi t y of an individua l specimen. 

Jordan and Gilbert (1880) described.!L.... corinus based on 

differences noted on the lower anterolaterals which had fine 

serrations and only six cusplets instead of eight or nine. Regan 

(1905) examined a series of jaws from the Mediterranean and 

At l antic, and compared it with the California fu corinus and a 

Japanese sixgi l l shark. He concluded that the number of cusplets 

varied with the size of the animal and was not a specific 

characteristic. SUbsequent work by Bige l ow and Schroeder (1948), 

and Springer and Waller (1969) fa i led to reveal any specific 

tooth differences between European, western Atlantic, and eastern 

Pacific specimens . In addition to specimens from the North 

Atlantic and North Pacific, Jaws from the South Atlantic, South 

Pacific and Indian Oceans were examined . The number of cusplets 

reported by Jordan and Gi lbert ( 1880) corresponds to the number 

found in other ~ griseus of a similar size. The number of 

serrations increases along the mesial edge with growth, but these 

counts vary according to the degree of tooth wear. The total 

number of upper and lower teeth increases with growth. Tooth 

shape also changes with growth as the apical and mesial margins 

elongate to accommodate the addition of cusplets and serrations, 

respectively. Careful exami nation of the teeth, particularly the 

large lower anterolaterals, can indicate the approximate size, 

sex, and maturity of an individual specimen. 

In several published accounts of fu griseus (Gunther 1870; 
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Nakamura 1936; Desbrosses 1938; Bigelow & Schroeder 1948; Chen 

1963; Cervigon 1966) this species was inadvertently confused with 

the much smaller ~ nakamurai. Numbers of cusplets for similar­

sized ~ griseus and ~ nakamurai differ, the latter specie s 

having more cusplets. The large lower anterolateral teeth of all 

spec~mens of lL. gT~seus examined numbered s~x, confirming 

previous accounts. The only exception was noted by Bigelow and 

Schroeder (1948) who reported individuals with only four. They 

also reported that the lower medial tooth was absent in some 

specimens, but all individuals in this study had this tooth and 

no other accounts were found to support Bigelow and Schroeder's 

(1948) findings. The subspecies ~ griseus australis from Chile, 

described by De Buen (1960) has five larger lower anterolaterals, 

which suggest that it may have been a ~ nakamurai. However, the 

measurements given by De Buen (1960) were found to fit those of 

~ griseus and not ~ nakamurai. Unfortunately the holotype f or 

this spec~es was lost (Compagno 1984). Additional Chilean 

material examined all corresponded to ~ griseus in morphology, 

including the presence of six large lower anterolaterals. Based 

on the present evidence lL. griseus australis appear to be an 

aberrent specimen and should be regarded as a junior synonym of 

~ griseus. 

HEXANCHUS NAKAMURAI Teng 1962 

Bigeyed Sixgill Shark 

Hexanchus gr~seus (partim) Gunther, 1870: 397. Nakamura, 1936: 7, 

pl. 1 fig. 1. Desbrosses, 1938: partim fig. Bige l ow & 

Schroeder, 1948: 80, figs 8- 9. Fourmanoir, 1961: 8, text 

figs 3-4, pl. 1. Cervigon, 1966: fig 375. 

Hexanchus gr~seus nakamurai Teng, 1962: 30, fig. 5. 

Hexanchus gr~seus Chen, 1963: 6. 

Hexanchus vitulus Springer & Waller, 1969: 159, figs 1-4. Bass et 

~, 1975: 9, text fig. 6, pl. 2. Compagno 1984g : 20, fig. 

Compagno et ~, 1989: 18, pl. 1. Robbins et al., 1986: 17, 

pl. 62. Boeseman, 1973: 8. Castro, 1983: 38, fig. Cadenat & 

Blache, 1981: 22, fig. 10. Forster et aI., 1970: 390. 

Tortunese, 1985: 137. Kemp, 1978: 61, pl. 12. Maisey & 

Wolfram, 1984: 170 . Yu , 1988: 3. 
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Hexanchus nakamurai Boeseman, 1984: 74, fig. 

Material examined: 

Hexanchus vitulus, USNM 200674, Holotype, 1500 mm TL, adult male, 

Bimini, Bahamas. 

Hexanchus vitulus, USNM 200675, Paratype, female, Bimini, 

Bahamas. 

Hexanchus gr1seus nakamurai, TFRI 2515 (Holotype) Lost? 

Other material: see Appendix 2. 

Diagnosis: A thin - bodied shark readily distinguished from its 

larger congener by a narrower head, large eyes, five large lower 

anterolateral teeth, a long slender dorsa l caudal space , with the 

distance from the dorsal origin to upper caudal origin being at 

least twice the length of the dorsal fin base. The dorsal fin 

originates about midway over the pelvic fin base. The upper and 

lower post ventral margins form a strong arch. The color in life 

is a uniform pale brown without a light line extending along the 

lateral body trunk. The trailing fin edges are white in some 

specimens. 

Description: Proportional measurements expressed as a percentage 

of the total length are given in Appendix 3. 

BODY TRUNK slender, tapering to caudal peduncle. HEAD 

moderately flattened, narrow, and pointed. Proportional lengths 

along body axis increases with growth (Figure 3.44). Head length 

to sixth gill opening 1.0 times pectoral - pelvic length. SNOUT 

narrow, rounded, length of preoral snout 3.6 times mouth width. 

NOSTRILS nearer the snout than to the forward edge of the mouth, 

inner posterior part with single valve-like anterior nasal flap. 

Nostril width 3.6 in internal width, 3.4 in eye length, and about 

0.8 in third gill opening. EYES very large, rounded, orbits 

longer than high, their lengths about equal to length of snout in 

front of eye; anterior edge of orbit in advance of mouth. Eye 

length about 4.8 times in head length. Proportional eye length 

decreases with growth (Figure 3.45). The eyes glow a bright 

fluorescent green in life. SPIRACLES small and slit-like, their 

greatest diameter about 5.5 times 1n eye length. GILL OPENINGS 

number SlX with each successive gill opening becoming 

progressively shorter from the first to sixth gill; sixth gill 
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opening is about 1.7 times the length of the first. width of the 

third gill opening about 3.8 times in head length and 1.3 times 

eye length. MOUTH very large, strongly arched, mouth length 2.0 

times into mouth width. Width about 2.3 times in head length. 

LABIAL FURROWS not visible when mouth is closed, but visible when 

open. Lower labial about 0.6 times into upper labial length. 

TEETH differ in upper and lower Jaws (F igure 3.46). Upper 

Jaw with two medial teeth each having a single high smooth-edged 

cusp, without serrat i ons or cusplets. The first anterolateral has 

one single large smooth -edged cusp. The next six to seven 

anterolaterals have a single large cusp with one to five smaller 

cusplets. The number of cusplets increases with growth. 

Serrations are present on the mesial edge. Posterolateral 

commissural teeth are small and granular. Lower Jaw with a 

central medial tooth and a central cusp followed by 3 to 5 

cusplets on each side. A single cusp variably high or short 

depending on sex and maturity. Anterolaterals with a single cusp 

followed by 6 to 10 cusplets along the apical length. Serrations 

are present along the mesial length. The cusp is variably high or 

short depending on sex and maturity. Posterolateral commissural 

teeth are small and granular. 

The total number of teeth ranges between 25 - 33/09-30 for all 

specimens examined (Table 3.18). An increase in the total number 

of upper jaw teeth was observed ( Figure 3.47). The number of 

medial teeth was two followed by seven or eight anterolateral 

teeth per side. The upper posterolateral commissural teeth 

numbered between 7 and 15. No apparent increase in the total 

number of lower jaw teeth was observed (Figure 3.48), but there 

is considerable variation not correlated with sized. The lower 

jaw always consisted of a single medial tooth followed by five 

anterolateral teeth per side. The number of posterolateral teeth 

ranged between 4 and 19. 

SEXUAL DIMORPHISM is strong In this species with the upper 

and lower anterolateral tooth cusp of adult males becoming higher 

than those of adult females (Figure 3 . 49). The increased cusp 

height only occurs at the onset of sexual maturity in males. 

LATERAL TRUNK DENTICLES small, closely imbricate, with a 
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strong central ridge and two short lateral ridges, apical points 

not strong (Figure 3.50). A series of 1 to 3 enlarged denticles 

on the upper surface of the caudal dorsal margin. 

PECTORAL FINS broad and short, their anterior marglns 

slightly convex, lateral origins below and posterior to midpoint 

of sixth gill opening. Posterior margins slightly concave, tips 

rounded and triangular. Length about 1.1 times In anterior 

margin. PECTORAL FIN SKELETON (Figure 3.51) with radials 

extending about 2.2 times in pectoral anterior margin length into 

fin. The radials are divided into 6 segments. propterygium small 

without radials, mesopterygium with 10 radials, metapterygium 

with 16 radials; total radial counts 26 for a single specimen. 

Male PELVIC FINS long, with the posterior margin forming a 

scroll around the clasper. Anterior margin nearly straight, 

posterior margins straight in females, but slightly concave in 

males due to scrolling of the c l asper folds. Pectoral anterior 

margin 0.3 times into pelvic anterior margin. PELVIC FIN SKELETON 

(Figure 3.52) consists of a long basipterygium with two segments 

from which 23 radials extend diagonal l y from its axis. Each 

radial with 3 segments, except for the 4 posterior- most radials 

which are unsegmented. 

CLASPERS with a long axial cartilage and basal segments 

combined with a calcified terminal cartilage in adult males. The 

last 4 radial cartilages form the clasper scroll. Spurs and 

spines are absent. The CLASPER SKELETON consists of an elongated 

axial cartilage connected to the basipterygium by an intermediate 

segment, followed by the beta cartilage . The end style is joined 

by a terminal cartilage element in adults . 

DORSAL FIN origin set above pelvic fin midbase. Anterior 

margin of dorsal f i n nearly straight, apex rounded subtriangular, 

posterior margin slightly concave. Base length 0.7 times into 

dorsal caudal space. Height about 1.5 times base . Inner margin 

about 2.8 times height and 4.3 times base. DORSAL FIN SKELETON 

(Figure 3.53) with an elongate basal cartilage which is convex 

ventrally and slightly concave dorsally where the radial 

cartilages attach. One specimen had 13 radials attached to the 

basal cartilage, each with 3 segments per radial. 
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The ANAL FIN is small and subtriangular at apex; both 

anterior and posterior margins straight. Height of anal fin 0.5 

times dorsal fin height and about 2.4 times in base, anal base 

2.1 times in anal caudal space, anal inner margin 1.3 times in 

height and 3 times in base. ANAL FIN SKELETON (Figure 3.54) 

composed of an elongate basal cartilage with 13 radials, each 

consis ting of 3 segments. 

CAUDAL FIN elongated, slightly convex, about 1.9 times 

precaudal length. Preventral caudal margin slightly convex, about 

4.3 times into caudal dorsal margin. Subterminal lobe strongly 

notched. Upper and lower postventral caudal margins strongly 

concave. Terminal caudal lobe moderately concave, about 4.4 times 

into caudal dorsal margin. 

A VERTEBRAL COLUMN count was made on a single specimen from 

Taiwan. The counts were 57 MP, 30 DP, and 68 DC. The rib closure 

occurred at the 54th centra. The transition between MP -DP 

occurred three centra beyond the closure of the rib cage. The 

percentage of the total number of vertebrae was MP 36.8%, DP 

19.4% and DC 43.9%. Ratios were 0.53 DP/MP and 1.19 DC/MP. Only 

by removing the vertebral column could accurate counts be 

determined. 

NEUROCRANIUM from a 482 rom TL juvenile male from Taiwan was 

dissected out and measured (Table 3.19). 

CRANIUM (Figure 3.55) with short blunt ROSTRAL CARTILAGE, 

not hypercalcified in adults. Length of medial rostral cartilage 

about 29.8 times in nasobasal length , width across bases of 

lateral rostral cartilages about 0.2 times in length of medial 

rostral cartilage. NASAL CAPSULES large and rounded, width across 

about 3.8 in nasobasal length. NASAL APERTURES large, oval, and 

separated by a space 1.6 times their widths. ANTERIOR FONTANELLE 

rounded, slightly longer than wide. CRANIAL ROOF 1.4 times 

orbital length. ORBITAL NOTCHES 6.7 times orbital length . 

SUBORBITAL SHELVES 1.1 times orbital length. OTIC CAPSULES 1.5 

times orbital length. 

Intestine of the SPIRAL VALVE type with the number of valve 

turns ranging from 22 to 27 (Table 3 . 20). 

LIVER is large and very oily. It consists of two lobes, one 
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on each side of the body cavity, which extend the entire length 

of the abdominal cavity. The lobes are of equal size and alike in 

form. 

COLOR is a light pale brown to gray with no conspicuous 

markings other than trailing white edges on fins; slightly 

lighter below. Juvenile coloration (Figure 3.56) with white 

trailing fin edges on the pectoral, pelvic, and the dorsal fin 

tips. Caudal fin white edged along the caudal dorsal margin, 

upper post ventral margin, and the subterminal lobe. A black spot 

is located at the tip of the caudal fin. No light lateral line is 

present. 

DEVELOPMENT lS ovoviviparous with a litter size of 13 to 26. 

ETYMOLOGY: The generic name is derived from the Greek Hex- for 

six, anchus or branchus for gill. The specific name is in honor 

of Dr. H. Nakamura. 

REMARKS: Teng (1962) described the subspecies Hexanchus griseus 

nakamurai from Kee-Lung, Taiwan in his Ph.D thesis. Approximately 

100 copies of his work were published in Japan by Ogawa Press, 

Maizuru, Kyoto Prefecture, with copies being available to the 

general public (K. Nakaya, professor, Hokkaido University, Japan, 

pers. comm.). The question has arisen as to whether or not this 

should be regarded as a valid publication. According to the 

International Code of Zoological Nomenclature (1985; Article 8a), 

printing for general distribution, qualifies it as a publication. 

Thus, ~ nakamurai would appear to be a valid species name. The 

question remains as to whether the very similar ~ vitulus is a 

distinct species or a synonym of it. Unfortunately, the holotype 

and paratype of ~ nakamurai, which was held at the Taiwan 

Fisheries Research Institute (TFRI) in Kee-Lung, has been lost. 

However, comparison of the holotype of ~ vitulus to Teng's 

(1962) description, and excellent illustrations of his ~ griseus 

nakamurai by Y.T. Yang, to Taiwanese material of ~ nakamurai 

confirm that these two species are synonymous. Therefore, since 

Teng's (1962) ~ nakamurai has precedence over Springer and 

Waller (1969) the former should be resurrected as the valid 

scientific name for the bigeyed sixgill shark. 
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GENUS NOTORYNCHUS Ayres, 1855 

Type Species: Notorynchus maculatus Ayres, 1855, from San 

Francisco Bay, California (Ayres 1855: 1: 72 - 73). 

Synonymy 

SQua l us cepedianus Peron, 1807: 337. 

SQualus platycephalus Tenore, 1810: 241, 258. 

Notidanus indicus Agassiz, 1835, pI. E (fig. 1); 1838: 92; 1843: 

217. Gunther, 1870: 398. Hutton, 1873: 271. Day, 1878: 723, 

pI. 189 (fig. 4). Johnston, 1882: 138; 1890: 38. Gilchrist, 

1902: 165 . 

Heptanchus indicus Muller & Henle, 1841: 82, pI 32. Bleeker, 

1860: 58. 

Notorynchus maculatus Ayres, 1855: 72-73. Gill, 1862: 495. Jordan 

& Evermann, 1896: 17; 1900, pI.2 (fig. 7). Byers, 1940: 23. 

Roedel & Ripley, 1950: 41, fig. 24 ~25. Herald & Ripley , 

1951: 325. Herald, 1953: 241, fig. 2. Clemens & Wilby, 1961: 

17. Herald 1968: 412. Russo & Herald, 1968: 215. Bane & 

Bane, 1971: 21, fig. 8. Miller & Lea, 1972: 34, fig. Hart, 

1973: 28, fig. We lton, 1974: 3, fig. 1D. De Wit, 1975: 110. 

Compagno, 1977: 308. Gotshall et al., 1980: 223. Robins et 

~, 1980: 11. Ebert, 1984: 1- 57; 1985: 58-59, fig. 1; 

1986,;: 246. 

Notorynchus borealis Gill, 1864: 150 . 

Heptranchus indicus McDonald & Barron , 1868: 371, pl. 32 (figs 

1-6). Castlenau, 1872: 217. Haswell, 1880: 96; 1884.0\: 88, 

pI. 1 (fig. 5); 188412: 381, pI. 10 (fig. 1,2). Ogilby , 1889: 

179. 

Heptranchus griseus McDonald, 1873: 312. 

Heptranchias maculatus Jordan & Gilbert, 1880: 353. 

Notidanus (Heptranchus) indicus McCoy, 1880: 16, text figs A, B, 

pI. 43 (fig. 2). 

Heptranchias pectorosus Garman, 188412: 56. Lahille, 1928: 299, 

figs 1,2; Fowler, 1941: 7. Smith, 1965: 39. Yu, 1988: 3. 

Notidanus ferox Perez Canto, 1886: 7-8; (in Philippi) 1886: 23, 

pI. 6 (fig. 2). Philippi, 1886: 555-556. Reed, 1887: 23. 

Quijada, 1913: 112. Bigelow & Schroeder, 1948: 87. Bahamonda 

& Pequeno , 1975: 6. 
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Heptranchias haswelli Ogilby, 1897: 62. 

Notidanus medinae Philippi , 1901: 303. Bahamonde & Pequeno, 1975 : 

6. 

Heptranchias indicus Waite, 1907: 6. McCulloch, 1911: 2. 

Notorynchus indicus Zeit z , 1908: 289. 

Heptranchias platycephalus (Tenore, 1810) Lahille 1928: 300, 302. 

Notorynchus p latycephalu s Garman, 1913: 18. Lindberg & Legeza, 

1959: 27, fig. 17. Masai, 196312: 27. 

Heptranchias spilotus Lahille, 1913: 26, figs 1-3, p l . 8 (fig. 

1) . 

Notorynchus pectorosus Garman, 1913: 20. McCulloch, 1919: 219, 

p1. 6 (fig. 3a). Waite, 1921: 10 (fig 5). Waite, 1923: 24 , 

three figs. Phillips , 1924: 259, fig.l. Barnard, 1925: 21, 

p1. 1. Sadowsky, 1970: 33, fig. 1. Menni, 1975: 83; 1986: 

427. Smith, 1975: 10; Mennis & Garcia, 1985: 1, figs 1- 3. 

Heptranchias indicus: Thompson, 1914: 134. 

Heptanchus maculatus Daniel, 1916: 349; 1928: 4, fig. 12; 1934: 

1, fig. 12 . 

Notorynchus ocellatus Devincenzi, 1920: 97. 

Notorynchus platycephalus: Fowler, 1925: 188. Masai, 1963b: 27. 

Notorynchus griseus (McDonald, 1873) McCulloch , 1929: 3. 

Notorynchus macdonaldi Whitley, 193112: 138, pl. 20, figs 3-5. 

Phillips , 1935: 236 , fig. 1. 

Notorynchus cepedianus Whitley, 1934: 181, 197; 1940: 70, figs 4, 

50, 51; 1968: 5. Clemens & Wilby, 1946: 51, fig. 11. Graha m, 

1953: 62. Scott, 1962: 19. Teng, 1962: 36, fig. 7. Scott, 

Glover & Southcott, 1974: 23. Bass ~~, 1975: 14, fig. 8, 

pl. 5. Guzman & Campodonico, 1976: 207-210. Kemp, 1978: 74 , 

pl. 13 , fig. 2. Pequeno , 1979: 254. Chirichigno, 1980: 24 , 

fig. 2. Castro, 1983: 38, fig. Eschmeyer ~ al. 1983: 19, 

pl. 1. Compagno, 1984£: 22, fig. Maisey & Wolfram, 1984: 

170, fig . 1. Ebert, 1984: 1; 198612: 1, figs 1-7; 1989: 1, 

figs 6. Mizue, 1984£: 42. Praderi , 1985: 3. Branstetter & 

MacEachran, 1986: 156. May ~~, 1986: 492. Paust & Smith , 

1986: 28, fig. 6. De Silva, 1987: 61. Compagno et ~, 

1989: 18 , pl. 1. Galvan -Magana ~~, 1989: 77. 

Heptranchias cepedianus Smith, 1965: 38, fig. 2. 
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Notorynchus maculatum Roedel, 1953: 13, fig. 5. 

Material examined: 

Notorynchus borealis , USill1 110920 (Holotype), dried jaws only, 

Nisquilly, Washington State, U.S.A. 

Notorynchus pectorosus, MCZ SOl (Holotype), 391 rnrn TL, juveni le 

male, patagonia. 

Other material examined: see Appendix 2. 

Diagnosis: A stout heavy-bodied shark, with a large broad head. 

Seven paired gill slits, decreasing in length from the first to 

seventh. Small rounded, eyes. Nostrils nearer the snout tip than 

to the mouth. Mouth very large, heavy jawed, rounded. Teeth 

differ in upper and lower jaws. Upper jaw may have 1 to 4 medial 

symphysial teeth followed by 5 to S anterolaterals. Lowers are 

comb-shaped with a single cusp followed by 2 to 6 smaller 

cusplets. The mesial cusp margin has serrations which increase 

with growth. Pectoral fins are large , SUb-triangular, and broad; 

pelvics much smaller than pectorals. A single dorsal fin set far 

back. Caudal peduncle from dorsal fin insertion to origin of 

caudal fin short about the length of dorsal fin base. Caudal 

upper and lower margins weakly arched. Color in life ranges from 

an olive to silvery gray 

with black spots on the 

or reddish brown background, scattered 

dorsum. Spots but 

may be absent. Ventral color is usually 

are usually present, 

an off whi te to cream. 

Description: Proportional measurements expressed as a percentage 

of the total length are given in Appendix 3. 

A stout , heavy-BODI ED shark, with a broad head. Proportiona l 

lengths along body axis increases with growth (Figure 3.57). HEAD 

l ength approximately 0.9 times into pectora l-pelvic space. SNOUT 

broadly rounded, length of preoral snout 2.6 times mouth width. " 

NOSTRILS lateral, but much nearer the snout tip than the mouth. 

Anterior nasal flap subtriangular, tip rounded. Nostril widt h 4.5 

in internal width , 2.S in eye length, and 0.5 in third gill 

opening. EYES are sub-rounded, slightly longer than high; length 

1.6 times height. Eye length about 7.7 times in head length. 

Proportional eye length decreases with growth (Figure 3.57). 

SPIRACLES present, but small; about 10.S times eye length. Eye-

spiracle length about 1.7 times eye length. Th e MOUTH is very 
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large, broadly rounded and about 2.2 times length in width. Width. 

about 1.7 times in head length. LABIAL FURROWS at angle of mouth. 

Upper 0.9 times into length of lower. 

TEETH differ in upper and lower Jaws (Figure 3.59). Medial 

teeth with a single smooth-edged cusp. Anterolaterals with a 

large, low set cusp followed by 3 to 6 smaller cusplets. The 

mesial edge of the cusp is serrated. Posterolaterals are small 

and granular. Lower medial with a central cusp followed on either 

side by 2 to 4 cusplets. Anterolaterals comb-like, apical length 

with 2 to 6 cusplets, mesial margin serrated. Posterolaterals 

small and granular. 

Total tooth counts variable, ranging between 21-42/20-37 for 

all specimens examined (Table 3.21). Total tooth counts for upper 

Jaw lncrease with growth (Figure 3.60). Upper jaw with 1 to 4 

medials, followed by 5 to 8 anterolaterals and 4 to 14 

posterolaterals. Total tooth count s for lower jaw increase with 

growth (Figure 3.61). Lower jaw with a single cent ral medial 

tooth followed by six large anterolaterals. These counts were 

consistent for all speclmens examined. The posterolateral 

commissural teeth varied with growth, ranging between 2 and 10. 

LATERAL TRUNK DENT ICLES (Figure 3.62) lanceolate, with one 

large single cusp. The crown is slightly elevated above the body 

with three prominent longitudinal ridges extending from the base 

to the cusp. Denticles slightly overlapping. Caudal dorsal margin 

denticles large, rounded, occurring in a series of about three 

rows, most pronounced in juveniles. 

PECTORAL FINS large, broad based , anterior margln nearly 

straight, rounded at apex with posterior margin. Posterior margin 

slightly concave, narrowly rounded at tip with inner margin. 

Pectoral length from origin to rear tip 1.1 times in anterior 

margin length. PECTORAL FIN SKELETON (Figure 3.63) with radials 

extending about 1.6 of pectoral anterior margin length into fin. 

Total pectoral radial counts ranged between 23 and 27 (Table 

3.22). Propterygium sma~l with no radials extending from it, 

mesopterygium with 11 or 12 radial s , and metapterygium with 12 to 

15 radials (Table 3.22). The maximum number of segments per 

radial was 6 or 7. 
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PELVIC FINS small, nearly triangular, 0.5 times into 

pectoral fin length. Anterior margin nearly straight. Posterior 

margin slightly concave in females, strongly concave and 

elongated in males due to clasper scroll. The PELVIC FIN SKELETON 

(Figure 3.64) consists of a ~elvic girdle from which a long 

basipterygium projects posteriorly with between 21 and 26 radials 

extending diagonally from its axis (Table 3.23). Each radial 

consists of 3 to 4 segments with the last 3 to 7 radials being 

unsegmented. 

The CLASPERS are enclosed in a scroll formed by an 

elongation of the last four pelvic fin radials. In the juvenile, 

the clasper appears as a flexible stem of cartilage. Adults have 

an elongated calcified stem with three terminal cartilage 

elements. The CLASPER SKELETON (Figure 3.65) consists of a long 

axial cartilage connected to 

segments and dorsal to them 

the basipterygium by two basal 

lS the beta cartilage. At the 

terminus of the axial cartilage (and only in adults) are three 

strongly calcified terminal cartilage elements. 

The DORSAL FIN is set far back, with its origin about over 

insertion of pe l vic f ins ; base about 5.4 times in caudal dorsal 

margin. Anterior margin convex, broadly rounded at apex. 

Posterior margin concave. Dorsal fin height 0.9 times into anal 

fin height. Dorsal fin base about 0.6 times into dorsal-caudal 

space; height about 1.5 times into dorsal fin base. DORSAL FIN 

SKELETON (Figure 3.66) consists of an elongate basal cartilage 

which is convex ventrally and sl ightl y concave dorsally where the 

radials attach. Between 15 and 19 radial cartilages (Table 3.23) 

are attached to the basal carti l age each wi th 4 to 6 segments. 

ANAL FIN small, origin about below dorsal fin insertion, 

height about 0.7 times dorsal fin height. Anal fin height about 

1.8 times in base, and inner margin 1.7 times in 

times in base. ANAL FIN SKELETON (Figure 3.67) 

elongated basal cartilage with between 14 and 17 

3.23). Each radial has 1 to 4 segments. 

height and 2.9 

composed of an 

radials (Table 

CAUDAL FIN elongated, about 1/3 entire body length; dorsal 

margin moderately convex, length 2.1 times precaudal length. 

Preventral caudal margin slightly convex, 3.8 times in dorsal 
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caudal margin. Subterminal lobe strongly notched. Upper and lower 

postventral margins weakly arched. Terminal caudal lobe 

moderate l y concave. 

VERTEBRAL COLUMN counts were made on speclmens from 

California and South Africa. The total vertebral counts for 8 

California specimens were 123-130, while the range for 29 

Southern African specimens were 127 - 157 (Table 3.24). The percent 

MP for California was 40.4-45.9% and for Southern Africa 31.8-

44.5%, the percent DP for California was 10-18.2% and for 

Southern Africa 11.7-19.1%, and the percent DC for California was 

40.3 - 44.7% and for Southern Africa 42 . 5-52.9% (Table 3.24). The 

DP/MP ratios for California was between 0.2 and 0.5, and for 

Southern Africa between 0.3 and 0.6. The DC/MP ratios for 

California was between 0.9 and 1.1, and for Southern Africa 

between 1.0-1.6. The MP-DP transition ranges between the 50th and 

57th vertebrae, i.e. about 4 to 11 vertebral segments beyond the 

closure of the haemal arches. 

NEUROCRANIA were taken from a serles of specimens ranging 

between 854 mm and 2420 mm TL (Table 3.25). 

CRANIUM (Figure 3.68) with a short broadly rounded ROSTRUM, 

not hypercalcified in adult. Length of medial rostral cartilage 

about 8.7 times In nasobasal length, width across base of 

lateral rostral cartilage about 1.25 times in length of medial 

rostral cartilage. NASAL CAPSULES about as long as wide, with 

rounded edges. Width of cranium across nasal capsules 4.3 in 

nasobasal length. NASAL APERTURES large, oval, and separated by a 

space 4.3 times their widths. ANTERIOR FONTANELLE broadly 

rounded and oval. CRANIAL ROOF 1.84 times orbita l length. ORBITAL 

NOTCHES 13 times orbital length. Width across SUBORBITAL SHELVES 

1.37 times orbital length. Length of OTIC CAPSULES about 1.46 

times orbital length. 

SPIRAL VALVE turn counts range between 14 and 17 for all 

specimens examined (Table 3.26). 

LIVER is large, consisting of two lobes, one on each side of 

the body cavity. The l i ver is known to produce high 

concentrations of vitamin A (Byers 1940). Percent l iver weight 

increase with the shark's growth (Figure 3.69). 
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COLOR varies from a pale to silvery gray or a reddish-brown 

above, white below. Black spots usually present on back and 

sides, but may be absent. Sevengills kept in captivity at the 

Monterey Bay Aquarium (MBA) were observed to lose their spots 

within several weeks of placement in display tanks (G. van 

Dykhuizen, aquaris t, MBA, pers. cornrn.). White spots occasionally 

found on back and sides can be attributable to a fungus. Juvenile 

coloration quite striking with the trailing fin edges and dorsal 

fin apex being white (Figure 3.69). The caudal fin has a 

promine nt black strip extending from the caudal peduncle to the 

fin tip. The enlarged dermal denticles of the caudal dorsal 

margln are a conspicuous white, as is the ventral margin and 

subterminal lobe. Albino (Herald 1953) and piebald (Ebert 1985) 

colored individuals are occasionally captured. 

DEVELOPMENT is ovoviviparous without placental attachment. A 

single gravid female contained 82 embryos (Ebert 1986b, 1989). 

ETYMOLOGY: The species name is derived from the Greek Noto ­

meaning spotted, -rynchus meaning snout, and cepedi anus named in 

honor of Lacepede. 

REMARKS: 

Based on current evidence, it appears that Notorynchus is a 

monotypic genus represented by ~ cepedianus . The highly variable 

number of teeth in sevengills has been the subject of much debate 

as to 

of 55 

whether more than one species 

California specimens revealed 

is represented. Examination 

that 51% 

medial tooth, 44% had two medials, and 5% had 

possessed a 

three medial 

single 

teeth. 

In addition, examination of sevengills at three San Francisco Bay 

fishing derbies indicated that the number of medial teeth was a 

variable character and did not correspond to any particular size 

or sex. Compagno (1984a; pers. cornrn.) independently examined jaws 

of sevengills from Californ ia and concluded tha t this was a 

variable characteristic. Similarly, Bass tl £.h (1975) In 

southern Africa, Kemp (1978) in Australia and Pequeno (1979) in 

Chile independently arrived at the conclusion that ~ cepedianus 

was a monotypic species. Even though Smith (1965) listed both ~ 

cepedianus and 1L- pectorosus as occurring In South African 

waters, no specimens were observed with 2 or more upper medial 
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teeth. Examination of ca. 400 additional specimens from angling 

competitions in southern Africa failed to uncover any specimens 

with more than a single upper medial tooth. Individuals with 

additional upper medials may occur in this region, but if so, are 

rare. It is interesting to note that the Pacific Ocean 

populations have a variable number of upper medial teeth, but 

Atlantic and Indian Ocean populations lack this characteristic. 

Australian, Californian, Japanese and New Zealand specimens were 

found to have between 1 and 4 upper medial teeth. However, from 

examination of numerous specimens and published accounts 

(Sadowsky 1971; Menni 1975; Menni & Garcia 1985) revealed no 

evidence or records of sevengills with more than a single upper 

medial tooth from the Atlantic or Indian Oceans. 

Another variable character was vertebral counts. The 

precaudal counts for Californian and southern African specimens 

were consistent, but the caudal counts differed widely. Since the 

only California specimens examined were small « 1 m TL), and no 

southern African individuals of a similar size were compared, it 

may be that caudal vertebral numbers change with growth. This is 

known to occur within the Scyliorhinidae (Compagno 1988). This 

discrepancy may also be due to population differences as is the 

case of the soupfin shark, Galeorhinus galeus, which has higher 

vertebral counts in California than South African (Compagno 

1988). The MP - DP transition for both California and southern 

Africa occurred between the 50th and 57th vertebrae. Daniel 

(1928) reported that the MP - DP transition took place at the 55th 

vertebra in a single California specimen. The similarity of the 

MP-DP transition for both locations tends to support the 

conclusion that the DC vertebrae were varied with size. 

Biogeography 

Frilled Shark 

The frilled shark has a scattered but circumglobal 

distribution in boreal to temperate and sub-tropical waters 

(Figure 3.71; Table 3.27). The frilled shark has been reported 

from both sides of the North Pacific Ocean. In the Eastern North 

Pacific the one confirmed Californian specimen was taken in a 

drift gill net, at a depth of 20 m, over water in excess of 1500 
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m deep (Nob le 1948; present study). There are uncon f irmed 

report s of frilled sharks being caught off the Channel Islands of 

southern Cal ifornia, and In particular San Clemente (S. P. 

Applegate,Instituto de Geologia, Mexico, pers. comm.). Reports of 

a second frilled shark taken from California waters (Roedel & 

Ripley 1950) could not be confirmed. In the central Pacific 

Basin, they have been taken off the Milwaukee Seamount, 

Northwes t ern Range and Colahan Seamount, Hawaiian Range (Borets 

1986). Frilled sharks are especially abundant around the deep 

submarine canyons of Sagami and Suruga bays off SE Honshu, Japan 

(Tanaka 1985; Taniuchi 1987; present study). South of Japan this 

species has been caught in the Okinawa Trough of the East China 

Sea (Nakaya 1985) and from off Taiwan. The Taiwanese records are 

based on three specimens which were examined in April 1988. The 

three specimens were an adult male, 1250 mm TL, Ta- Chi (24
0 50'N, 

121 0 50'E), ca. 300 m depth, 12 April 1988; adult male, 1410 mm 

TL, Tung - Kang (22 0 26'N, 120 0 30'E), March 1988; adult female, 

1571 mm TL, Cheng-Kung (23~ 06'N, 121
0 22'E). These are the first 

confirmed records for this species from Taiwanese waters. In 

recent years deep sea exploratory fishing for orange roughies, 

Hoplostethus atlanticus, around Australian waters has resulted in 

an increased knowledge of the deep fauna. One of the less common 

species that lS regular ly caught in deep exp loratory trawling 

there is the fr illed shark (L.J.V. Compagno, South African 

Museum, Cape Town, pers . comm.). The frilled shark was originally 

reported from Australian waters by Stead (1907), but was based on 

rather dubious evidence, a skull and vertebral column. Later, 

Bass (1979) confirmed its occurrence from New South Wales. 

Frilled sharks are fairly common in New Zealand waters between 

depths of 600 m and 1200 m (Nakaya and Bass 1978). The frilled 

shark has been captured off Chile in the south Eastern Pacific 

Ocean (Armada 1977). 

Although Indian Ocean records are scarce, the frilled shark 

has been caught in oceanic waters off the Transkei coast 

(Timokhin 1980), and off the Natal (R. White, fishermen, Natal, 

South Africa, pers. comm.) and Cape (Smith 

former director, J.L.B. Smith Institute 
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Grahamstown, South Africa , pers. comm.) coasts. Those from the 

Transkei coast were taken in deptns of between 1230 and 1400 m, 

while the Natal specimen was caught in about 300 m depth by a ski 

boat fisherman. The Cape record for this species was based on a 

report by Smith (195 1) from an angler at Por t Alfred. 

Unfortunately, the specimen was discarded before i ts identity 

could be confirmed. As a result, this record is considered 

dubious since the continental she lf is very broad In this area 

and it seems unlikely that th is species would occur so far out of 

its normal range . It may be that this particular specimen was 

ill, disabled, or at least disoriented when caught. Thus, this 

record is only t ent atively included on the distribution chart. 

Frilled sharks are particular l y common in the Northeas t ern 

Atlantic, especia l ly off the Faeroe Bank. During a series of 

experimental trawls In this region during the late 1950' s, 

approximately 50 frilled sharks were taken from 300 trawls. This 

is far less than the large number of squaloids taken in the area, 

which consisted mainly of the genera Centroscyllium, Deania and 

Oxynotus (A. Wheeler, former curator, BMNH, pers. comm.). 

Elsewhere In the Northeast Atlantic, frilled sharks occur from 

Madeira to the Shetlands and the varanger Fjord, Norway; along 

the Iberian Penins ula , to t he Straits of Gibralta r and f rom the 

Northwest African coast (Col lett 1896; Wheeler 1962; Golovan & 

Pakhorukov 1986; present study). In the southeastern Atlantic, 

they range from off Ango l a southwards to Namibia (Smith 196 7; 

Trunov 196 8; Domanevskiy 1975; present study). The only frilled 

shark record from the Western Atlantic is from Suriname (uyeno & 

Saski 1983) . Exploratory researc h a long the upper continental 

shel f of this area and around the Caribbean Sea by the BCF/NMFS 

program failed to catch any additional frilled sharks, although 

other hexanchoids were caught. It may be t hat frilled sharks are, 

at best, rare in the Caribbean. 

Perlon Shark 

The perlon shark is a moderately deep water species with a 

circumglobal distribution in tropical, subtropical and wa rm 

temperate reg ions (Figure 3.72; Table 3.28). I n the western 

Pacific Ocean basin, this species occurs off the Japanese Islands 
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of Hokkaido, Honshu, and Kyushu (Mizue 1984a; Tanaka 1984; 

Taniuchi 1984a,b; present study). It is also known from Ogasawara 

Island (Taniuchi 1984c), the Yellow Sea (Chu et .9.L. 1960), and 

East China Sea (Hongxi et .9.L. 

1984b) southwards to Taiwan 

1987) extending from Okinawa (Mizue 

(Teng 1962; present study). The 

perlon shark has not been recorded from any of the central 

Pacific Basin is l ands including Hawaii and the Philippines, nor 

is it known from the eastern North Pacific . In the South Pacific 

it lS commonly taken off the eastern Australian states of New 

South Wales, South Australia, Tasmania and Victoria (Garrick & 

Paul 1971; Last et ~ 1983; May ~.9.L. 1986). It occurs off New 

Caledonia (present study) and New Zealand (Garrick & Paul 1971), 

but is unknown from any of the other South Pacific islands. In 

the eastern South Pacific perlon sharks occur off Chile and Peru 

(Chirichigno 1984; Compagno 1984a). 

Perlon sharks occur In the Indo-Pacific off Bali, Indonesia 

(Compagno 1984a), Western Australia (May ~ £.L. 1986; present 

study), India (Compagno & Talwar 1985) and the Gulf of Aden. It 

has not been recorded from the east coast of Africa between the 

Gulf of Aden and Mozambique though it may occur in this region. 

It is however, a common species from southern Mozambique to 

Natal, South Africa (Bass et .9.L. 1975; present study), and is 

known from several island groups scattered throughout the Indian 

Ocean including Aldabra (Forster et.9..l...... 1970), the Comores, 

Ma d a gas ca r ( F 0 u r man 0 i r 1 9 6 1 ) and the Mas car e n eRa n g e 

(Shcherbachev 1987 ) . 

In the west ern Atlantic Ocean, perlon sharks are common 

along the east coast of North America, from New York to Florida 

including the Bahamas and Bermuda. They occur th rou ghout the 

Caribbean from Cuba (Bigelow & Schroeder 1948) and the Gulf of 

Mexico, to Su riname, French Guiana, and Venezuela (Uyeno & Saski 

1983), and extending southwards to Brazil (0. Gadig, Guaruja, 

Brazil , pers. comm.) and Argentina (Compagno 1984). Perlon sharks 

occur along the west African coast from Central Namibia and 

Angola (Pissarro & Sanches 1973; Lloris 1986; present study) 

northwards through the Gulf of Guinea to the Straits of 

Gibraltar. In Atlantic European waters they occur from the Bay of 
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Biscay to the southern coast of England (Cappetta ~ al. 1985). 

Perlon sharks are common throughout the western Mediterranean 

Sea, particularly off Tunisia, France, Malta, and Italy (L. del 

Cerro, Barcelona, Spain, pers. comm.; J. Abela, fisherman, Malta, 

pers. comm.; Capape 1980; present study). There are no confirmed 

records from the eastern Mediterranean. 

Sixgill Shark 

With increasing exploration of the ocean depths and as the 

distribution of many deep sea species become available, it 

appears that one of the most wide-ranging shark specles is the 

sixgill shark. It has been recorded from temperate and boreal 

areas to the tropical (=equatorial) reglons of the world. 

Sixgills appear to have a circumglobal distribution, occurring 

from 70·N to at least 42"S latitude (Figure 3.73; Table 3.29). It 

may even be 

deep fauna 

a polar species, but 

has been conducted 

confirmed records of it from this 

the most broadly distributed 

as limited exploration of the 

in this region there are no 

region. This is probably one of 

and abundant large sharks, 

comparable only to the blue shark, Prionace glauca, a pelagic 

species and one which is easier to observe than the deeper - living 

sixgill. 

In the northern Pacific Ocean sixgill sharks occur from the 

outer coast of Baja California, northwards along the entire 

eastern Pacific coast of North America to Alaska and across the 

Aleutian Islands chain to Japan (Compagno 1984a; Ebert 1986b; 

present study) . There are no records of them occurring ln the 

Gulf of California or southwards along the Pacific Mexican and 

Central American coasts, nor have they been recorded from the 

Bering Sea. 

from Choshi 

They occur around the Japanese Islands of Honshu, 

to Nagasaki, and Izu (Tanaka 1984; Taniuchi 1984a,b; 

Mizue 1984a). This species occurs thro ug hout the East China Sea 

from Okinawa (Mizue 1984b; present study) to Taiwan (Teng 1962; 

present study) and the Philippines (Otake 1984), and extending 

into the South China Sea (Chu ~ al. 1962). The sixgill ranges 

throughout several Pacific island chains including Enewetak, 

Marshall Islands (Randal 1986), Palau, Micronesia (L.J.V . 

Compagno, pers. comm.; present study), the Hawaiian Islands, and 
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the Kimmey Seamount, Northwestern Range (Borets 1986). In the 

South Pacific, it occurs off the Australian states of New South 

Wales (Stead 1963), Tasmania (Last ~ al. 1983) and Victoria 

(Lynch 1964), and from the deep waters around New Zealand 

(Phillipps 1946). In the eastern South Pacific, sixgills occur 

off the South American coasts of Chile (present study) and Peru 

(Chirichigno 1980), and off the Nasaka Ridge (Golovan & 

Pakhorukov 1986). 

Sixgills range from Sumatra and Malaysia (Stead 1963) in 

Indonesian wate rs to the Indian Ocean is la nds of Assumption, 

Geyser Reef, Cosmoledo, Madagascar, Comores and Aldabra (Forster 

~ al. 1970; present study). They occur off southern Mozambique 

and South Afr ica (Bass ~ ~ 1975; present study), but are 

unknown from elsewhere along the north eastern African coast. 

Sixgills are common in the southeastern Atlantic along the 

coastlines of South Africa, Namibia, Angola, Ivory Coast and 

Nigeria and extending into the northeastern Atlantic from Senegal 

to Iceland and southern Norway (Wheeler & Blacker 1969; Pissarro 

& Sanches 1973; Bass ~ £L 1975; Compagno 1984; Lloris 1986; 

present study). They are particularly abundant around island 

chains such as the Azores, Madeira and the Canary Is lands 

(Boeseman 1973; present study). This species is also common in 

the Mediterranean Sea especially around some of the islands such 

as Crete, Cyprus and Malta and along the coast of France and 

Spain (Bigelow & Schroeder 1948; Gilat & Gelman 1987; Golani 

1986; L. del Cerro, pers. comm.; J. Abela, pers. comm.; present 

study). It is common along the Mid-Atlantic Ridge and Northwest 

Atlantic off Newfoundland, and along the eastern seaboard to 

Florida, including the Bahamas and Bermuda (Compagno 1984a; 

Backus 1957; Clark 1986; K. Hartel, curator, MCZ, pers. comm.; 

present study). Sixgills are abundant around Cuba, the Caymans, 

and throughout most of the Caribbean Sea including the Gulf of 

Mexico, the deep waters around the Yucatan Peninsula, to 

Nicaragua, Costa Rica, Venezuela and extending from Brazil to 

Argentina (Bigelow & Schroeder 1948; Cervigon 1966; Springer & 

Waller 1969; Clark 1988; Menni 1986; S.P. Applegate, pers. comm.; 

present study). In the South Atlantic sixgills are found along 
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the Mid-Atlantic islands of Isla de Noronha (A. Amorim, Instituto 

de Pesca, Santos, Brazil, pers. comm.), Gough and Tristan da 

Cunha (Roscoe 1979; present study). 

Bigeyed Sixgill Shark 

The bigeyed sixgill shark ranges in subtropical to tropical 

waters (Figure 3.74; Table 3.30) between 90 and 600 m depth (Bass 

tl ~ 1975). It occurs off the western Pacific islands of 

Ogasawara (Taniuchi 1984c), Okinawa (Mizue 1984b), Taiwan (Teng 

1962; present study), the Philippines (Springer & Waller 1969; 

present study), and New Caledonia as well as off New South Wales, 

Australia. There are no records of it from elsewhere in the south 

or eastern Pacific. 

Indian Ocean records for the bigeyed sixgill range from 

Bunbury, Western Australia, Kenya , . southern Mozambique, Natal, 

South Africa, and from off several island chains including Geyser 

and Zelee Banks, East of Diego Suarez, Castor and Cordeliere 

Banks (Forster et ~ 1970; Bass et .<l.l..... 1975; present study). 

Records of sixgill sharks from off Madagascar (Fourmanoir 1961) 

and Mauritius (Gunther 1870) were subsequently re-identified as 

bigeyed sixgills (Bass tl ~ 1975; present study). 

The North Atlantic range of bigeyed sixgills extends from 

the Bay of Biscay (Desbrosses 1938) and the Straits of Gibraltar 

to the western Mediterranean as far as Italy (Compagno 1984; 

Tortunese 1985). There are some questionable records from the 

Gulf of Guinea which need confirmation. The Eastern Atlantic 

range extends from Florida and the Bahamas, to the Caribbean 

including Cuba, Virgin Islands , and from the Caymans to Mexico, 

central America, and Venezuela (Bigelow & Schroeder 1948; 

Cervigon 1966; Springer & Waller 1969; Clark 1988; I. Sang, Dept. 

of Marine Sciences, University of Puerto Rico, Puerto Rico, pers. 

comm.; S.P. Applegate, pers. comm.; present study). There are no 

records of bigeyed sixgills from the South Atlantic. 

Sevengill Shark 

The sevengill shark is a common coastal species of 

Table 3.31). It occurs on both temperate waters (Figure 3.75; 

sides of the North Pacific, in the Sea of Japan, along the 

western Japanese coast line, around the Korean peninsula, Yellow 
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Sea, and along the Chinese mainland coast as far south as Amoy 

and Taiwan Island (Chu .e..t ~ 1960; Teng 1962; Chu 1963; Mizue 

1984a; present study). In the eastern North Pacific it occurs 

from southeast Alaska to the northern Gulf of California (Ebert 

1986a, 1989; Galvan - Magana, Nienhuis and Klimley 1989; S.P. 

Applegate, pers . comm.). 

In the southern hemisphere, sevengills occur along all three 

major continents, New Zealand, and off several smaller islands. 

Along the South American coastline, sevengills occur from Santos, 

southern Brazil (where they are rare), southward to Uruguay and 

Argentina where they are abundant, particularly in the Rio de La 

Plata area (Menni and Garcia 1985; o. Gadig, pers. comm.; present 

study). There does not appear to be any break in the population 

between Argentina and Chile since they are known to occur around 

the eastern Straits of Magellan (Pequeno 1979). Sevengills occur 

along the Chilean coast to southern Peru (Chirichigno 1980; 

present study). Around New Zealand waters sevengills are 

especial ly abundant in bays and harbors (Paul 1987). Along the 

Austral i an coastline sevengills commonly occur off New South 

Wales, Victoria, South Australia and Tasmania (Last ~ ~ 1983). 

In southern Africa sevengills occur from East London on the 

Southeas t Cape Coast to Cape Agulhas and the Cape Peninsula of 

South Africa, and up the west coast at least to Mowe Bay, 

Namibia. Although this species has not been confirmed from Angola 

several of its chondrichthyian faunal associates in temperate 

southern African waters , such as the gully shark (Triakis 

megalopterus), houndshark (Mustelus mustelus) and bull ray 

(Myliobatis aquila) occur at least to Mocamedes, Angola (Penrith 

1978) where the cold Benguela Current turns seawards and 

sevengills are to be expected to occur there. Sevengills are 

cited here for the first t im e as occurring on several small 

is land cha ins in the southern Atlantic; Tristan da Cunha (37 0 05' 

S, 12
0 

1 6' W) and Gough (40 c 18' S, 09° 56' W) (V . Peddemors, 

Natal Sharks Board, Umhlanga Rocks, South Africa, pers. comm.; T. 

Andrews, Rhodes University, Grahamstown, South Africa, pers. 

comm. ) . 

There are as yet unsubstantiated reports of sevengills from 
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India and Sri Lanka. Day (1878) first reported them as occurrlng 

from Madras, India, with De Silva (1987) later confirming their 

occurrence in Sri Lanka. Sevengills are commonly taken along the 

southern coast of Sri Lanaka and used for their liver oil (De 

Silva, naturalist, Madapatha, Sri Lanaka, pers. comm.). The 

distribution of sevengills from this region would place them far 

outside their normal temperate wate r habitat and range. 

The North Atlantic is the only conspicuous gap in the 

distribution of sevengills from temperate waters. The absence of 

sevengills from this region is of interest since the temperate 

Atlantic' waters around northern Europe and America would appear 

to be suitable for their existence. A faunal associate, the spiny 

dogf ish (Squa lu s acanthias), occurs on both sides of the north 

Atlantic, but another, the soupfin shark (Galeorhinus galeus), 

occurs only on the eastern side. Geologically, this species 

occurred in the North At lantic as recently as the Pliocene, ca. 

3 . 5 m.y.a. (D. Ward, palaeontologist, British Museum Natural 

History, London, England, pers. comm.). 

Habitat 

Frilled Shark 

Habitat information for fri ll ed sharks is scarce, Slnce 

hydrographic and substratum da ta are virtually unknown for 

frilled shark records published to date. Hydrographic data on a 

frilled shark caught in 434 m depth off sou thern Namibia indicate 

that it was in a low oxygen, high nutrient zone (Table 3.32), 

with a soft bottom substratum. The abundance of frilled sharks 

between southern Namibia and the Cunene River, Japan and the 

North Atlantic, coincides with regions of hi gh biological 

productivity. 

Perlon Shark 

Very little habitat data are available for the perlon shark. 

Most specimens were caught in bottom trawls though some were 

taken on midwater long line sets. Hydrographic data for a single 

perlon shark captured off Natal are given (Table 3.33) to provide 

some information on the physical parameters occurring in its 

habitat. It is a predominantly tropical to warm temperate 

species. 
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Sixgill Shark 

Hydrographic data for three specimens taken off the west 

coast of southern Africa indicate that they were in areas of high 

upwelling (Table 3 . 34). The bottom water temperature ranged 

between 6.2 and 9.9 °c and with a high nutrient content recorded 

in the water samples. All the specimens were juveniles between 

681 mm and 1340 mm TL. 

Bigeyed Sixgill Shark 

The bigeyed sixgill appears to be an epibenthic to midwater 

species. Off Taiwan this species is usually caught along the 

upper slopes of several deep trenches that occur around the 

Island. 

Sevengill Shark 

Sevengills occur in temperate to warm temperate oceans where 

the water temperature rarely exceeds 20 °c. They seem to be most 

abundant where the water temperature lies between 12 and 18 Q C. 

These sharks seem to occu r in areas that are associated with 

upwelling and high productivity. They tend to prefer rocky reef 

habitat where kelp beds comprising species of Macrocystis, 

Ecklonia, and Nereocystis, thrive, though sevengills are also 

caught over sandy and mud bottoms in bays or harbors. Salinity 

appears to have a profound influence on their habitat 

selectivi t y. This is especially true in bays and estuaries which 

play an important role in thei r life cycle. For example, during 

the El Nino event of 1982-83, along the California coast, 

extraordinary winter rains resulted in high river run off into 

the bays. The high flow of fresh water lowered the salinity to an 

intolerable level for many species. Sevengills typically enter 

these bays in substantial numbers during April to give birth and 

mate. In 1982-83 however, they appeared several weeks later than 

usual, at about mid-May, after the rains had subsided and the 

flow of fresh water runoff had decreased. The sevengill, like 

many other bay species , relies on certain environmental cues to 

initiate its movement into bays. 

76 



Movement Patterns 

Sevengill Shark 

A total of 376 sevengills from southern Africa and 36 from 

California were tagged of which 11 and 1, respectively, were 

recaptured (Table 3.35). Specimens were at liberty from between 

34 and ca. 730 days, and moved from 0 to 379 km. The most 

interesting recapture was that of an adult female (ca. 3 m TL) 

from California which had been at liberty for ca. 730 days. This 

speclmen had been dart-tagged In northern Humboldt Bay in May 

1984 and recaptured in l ate April 1986, almost two years later. 

I t is significant that Humboldt Bay is a breeding ground fo r 

sevengills and that this particular specimen had been recaptured 

at the same time of year in almost the same location. 

The movement patterns of sevengills in southern African were 

less clear, with specimens showing no distinctive patterns 

(Figure 3.76). All sharks were tagged from the shore in areas 

frequently fished by anglers. Similarly. all but two recaptures 

were made from shore locations. The depth of capture for the two 

offshore specimens was not recorded. There appeared to be no 

correlation between the length of time at liberty and the 

distance traveled for the southern Africa recaptures. The fastest 

moving sevengill traveled 2.0 km/day. Th e time of year when 

spec imens were tagged and s ubsequently recaptured did not reveal 

any significant pattern . Unfortunately, the sex was not recorded 

for any of the recaptured specimens. 

Growth 

Sevengill Shark 

Three tagged sharks were remeasured upon being caught. One 

specimen at liberty for 359 days grew 89 mm, while the other two 

showed no signs of growth. Of the two specimens that showed no 

growth, one had been at liberty for only 34 days, but the other 

had been free for 538 days. The sex was not recorded upon 

recapture for any of the specimens. 
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Reproductive Biology 

Frilled Shark 

Males 

Based on the degree of calcification of the terminal 

cartilage elements it is concluded that male frilled sharks 

mature at a minimum size of 916 mm TL. Figure 3.77 shows a sharp 

increase from a 542 mm TL specimen to a 916 mm TL specimen. The 

claspers of frilled sharks were not enclosed within a scroll as 

in the Hexanchidae, but a clasper sac is present in adults. The 

terminal cartilage elements were calcif i ed in all specimens 

except one juvenile (542 mm TL) and an embryo (178 mm TL). The 

juvenile claspers were narrow, stem-like appendages lacking any 

clasper sac development. The epididymis of adults were enlarged 

and coiled, and by applying pressure viable sperm were expelled 

through the genital papilla. The single juvenile examined was a 

museum specimen 

Unfortunately, no 

which was 

additional 

not dissected for examination. 

juvenile or adolescent 

were available for study. Thus t he onset of maturity is 

to determine in this species. 

Females 

specimens 

difficult 

No fresh spec i mens were examined during the study. Therefore 

no further comments on material other than that available in the 

literature can be made with regards to the maturity of female 

frilled sharks. 

Size 

The maximum reported Slze for males was 1650 mm TL, and 1960 

mm TL for females (Gudger 1940). The 542 mm TL specimen from 

Japan (USNM 161522) is the smallest known free swimming specimen. 

Gudger (1940) estimated that the size at birth was probably 

between 508 mm and 610 mm TL. This estimate was based in part, on 

a 610 mm TL free swimming female (Collett 1890) and an embryo 

measuring 390 mm TL that still had a large yolk sac of ca. 80 mm 

in diameter (Gudger and Smith 1933). The 542 mm TL specimen had a 

very recognizable umbilical scar present suggesting that it was 

not very old at capture. The 610 mm TL specimen reported by 

Collett (1890) also had a very recognizable umbilical scar . Based 

on the limited available evidence it is suggested that 
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parturition occurs, on average, at about 500 mm TL. 

Perlon Shark 

Males 

Males mature between 700 mm and 800 mm TL. All males over 

800 mm TL were considered mature . The smallest adult measured 746 

mm TL, while the largest adolescent was 783 mm TL. The clasper 

length increased rapidly between 700 mm and 800 mm TL (Figure 

3.78). Adult males had a sticky , mucous substance on the claspers 

which appeared to act as an adhesive, restricting the clasper's 

mobility. Calcification of the terminal cartilage elements appear 

to be the last criterion met before maturity was attained in this 

species. 

Testes weight increased rapidly between 700 mm and 800 mm TL 

(Figure 3.79) and may be considered a reliable indicator of 

maturity. However, testes length to TL increase was gradual and 

not considered a good indicator of maturity (Figure 3.80) . No 

seasonal change in testes weight was observed and viable sperm 

appeared to be present year - r.ound. Viable sperm were expelled 

from the genital papilla in both adolescent and adult specimens 

rendering this an unreliable indicator of maturity. The 

epididymis of adult specimens was highly convoluted, but only 

slightly coiled in adolescents. Coiling begins anteriorly in 

early adolescence and increases steadily throughout this stage of 

development. 

Size 

Figure 3.81 shows the length-weight relationship for 19 

males between 345 mm and 1069 mm TL. The largest male examined 

measured 1069 mm TL, and is the largest specimen on record. 

Females 

Females matured between 965 mm and 1100 mm TL. The largest 

egg diameter for specimens > 965 mm ranged between 8 mm and 28 mm 

(Figure 3.82). Maturing ova (10 ~~ in diameter) were present in 

one specim e n 891 mm TL, while the ovaries of an 871 mm TL 

specimen were undifferentiated. An adolescent measurlng 980 mm TL 

contained numerous sma ll non-yolk follicles, a narrow uterus (4 

mm width), and a shell gland width of 9 mm. The two largest 

females, 1130 mm and 1185 mm TL, had smaller eggs (10 mm and 18 
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rom in diameter, respectively), but enlarged oviducts and wide 

shell glands. The shell gland width to TL relationship increased 

sharply between 840 rom and 965 rom TL (Figure 3.83). Shell gland 

width (> 10 mm) appeared to be variable, and to be correlated with 

the size of the largest egg diameter (Figure 3.84). Oviduct width 

increased rap i d ly in those specimens over 1000 mm TL (Figure 

3.85). The oviducts in the two largest specimens were pendulous 

and hung loosel y. No gravid females were recorded during the 

study. The total number of eggs combining both ovaries ranged 

from 15 to 42 (Figure 3.86) for 11 specimens. No reduction in the 

tota l number of eggs in relation to the largest egg diameter, was 

observed (Figure 3.87). 

Size 

Figure 3.88 shows the length-weight relationship for 36 

female perlon sharks. The largest female examined measured 1185 

rom TL. The maximum reported size for this species is 1370 rom TL 

(Garrick and Pau l 1971). 

The size at birth is approximately 242 rom TL (Tanaka and 

Mizue 1977). 

Sixgill Shark 

Males 

Males mature at a mlnlmum Slze of 3140 rom TL. Adult males of 

this species were rare, only three being recorded during the 

study and measuring 3140 rom, 3260 rom and 3330 rom TL. Maturation 

was confirmed in these specimens by calcification of the terminal 

cartilage elements. Maturity in the 3260 rom TL specimen was based 

on a pair of claspers examined at the USNM (no. 206071). Another 

pair of claspers from a 3080 rom TL spec i men (USNM 220178) lacked 

calcification of the terminal cartilage elements as did two 

additional specimens measuring 2808 rom and 2805 rom TL. The latter 

three spec ime ns were al l considered to be adolescent. No abrupt 

increase in the clasper length (Figure 3.89) or testes length 

(Figure 3.90) was observed between specimens 2800 rom and 3200 rom 

TL. However, testes weight increased abruptly between 2400 rom and 

3330 rom TL (Figure 3.91). Viable sperm were found in the 3140 rom 

and 3330 rom TL specimens , but was not present in a 2400 rom TL 

specimen; the 2808 mm and 2805 mm TL individuals were both 
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preserved museum specimens which could not be examined for the 

presence of sperm. 

Size 

The length - weight relationship was plotted for 48 male 

sixgill sharks measuring between 675 mm and 3330 mm TL (Figure 

3.92). The 3330 mm TL specimen is the largest adult male sixgill 

on record. 

Females 

The largest speclmen examined (3195 mm TL) had an enlarged 

epigonal organ and ovaries which were undifferentiated. The shell 

gland of this specimen was undeveloped. Two additional specimens 

from the Azores (4050 mm and 4220 IT~ TL) were observed to have 

maturing ova ca. 50 mm in diameter (J. Reece, pers. comm.). The 

weight of these two specimens (350.5 kg and 466 kg, respectively) 

were considerably less than a pregnant female (4210 mm TL, 555 

kg) with term embryos. The ratio of male to female embryos for a 

4210 mm TL female Vias 1: 1 with a size frequency of 680 mm to 

736 mm TL for males and 680 mm to 722 mm TL for females. Newborn 

sixgills were caught off Luderitz, Namibia, at approximately the 

same location over three consecutive summer seasons which 

indicates that this area between 23" II'S, 13° 17'E and 27° 04'S, 

140 28'E may be a pupping ground. 

Size 

A length-weight curve for 72 females ranglng in size from 

610 mm to 4250 mm TL increased rapidly above 3500 m TL (Figure 

3.92) . 

The size at birth is between 610 mm and 736 mm TL. 

Bigeyed Sixgill Shark 

Males 

Males were immature at 845 mm TL, but mature at 1440 mm TL. 

No specimens between these lengths were examined to accurately 

estimate male maturity. Clasper length of specimens between 845 

mm and 1440 mm TL increases rapidly (Figure 3.93). The claspers 

of all specimens 1440 mm TL had calcified terminal cartilage 

elements. Insufficient data on other indices of maturity were 

collected. 
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Size 

The maximum observed size for a male vias 1570 mm TL. 

Females 

Inadequate data were gathered on females to accurately 

determine the s ize at maturity. 

Size 

The maXlmum recorded size for a female was 1780 mm TL 

(Springer & Waller 1969). Size at birth is approximately 400 mm 

TL. 

Sevengill Shark 

Male Maturity 

Sex ing of juvenile male sevengills was occasionally 

difficult to determine, without close examination of the scroll. 

The claspers remain well hidden within this scroll until late 

adolescence, when they lengthen. Even at full maturity the 

claspers are still relatively well hidden within the scroll. As 

the pelvic fins elongate, however, to accommodate the claspers, 

the distal most 4 to 5 fin radials also lengthen to form the 

scroll. A sharp increase in the ratio of clasper length to TL 

occurred between 1500 mm and 1600 mm TL (Figure 3.95). This rapid 

change in clasper length continued up to approximatel y 1800 mm 

TL. The change in clasper length to TL beyond 1800 mm TL appeared 

to reflect the animal's natura l grol'lth. With maturity, the 

claspers lengthen and become stiff and hard. Those of juveniles, 

however, are short, soft and flexible. The most noticeable change 

in clasper morphology was the development of th e clasper sac 

which commenced between 1300 mm and 1400 mm TL, and appeared to 

be fully functional by at least 1600 mm TL. The clasper sac, 

which can inf l ate, appears to function In a manner analogous to 

the siphon sac of other elasmobranchs. Male sevengills measuring 

over 1550 mm TL with calcified terminal cartilage elements were 

considered adult. Calcification of these elements was always the 

last criterion to be met for maturity. The smallest male with 

calcified terminal cartilage elements measured 1513 mm TL, while 

the largest adolescent lacking calcification measured 1710 mm TL. 

An increase in testes weight occurs between 1550 mm and 1700 

mm TL (Figure 3 . 96). This increase was found to be extremely 

82 



variable. Testes length showed an inflectio.n at about 1650 mm TL 

(Figure 3.97). The epididymis undergoes a gradual transformation 

from juveniles to adults. The epididymis in juveniles was, for 

the most part, straight and narrow . As the male enters 

adolescence the anterior portion becomes loosely coiled. This 

coil ing slowly extends down the entire length of the epididymis 

during adolescence. Specimens in late adolescence (usually over 

1500 mm TL), were found to have a highly convoluted epididymis 

which contained viable sperm. In addition, the sperm sac of many 

late adolescent sevengills was found to be expanded and contain 

large amounts of viable sperm which could be expelled through the 

genital papilla. 

Seasonality 

Mean monthly testes weight from adult males taken In 

southern Africa indicates a sharp increase from August to 

December (Figure 3.98). Mean monthly testes weight, ranged from 

101 gm in April to 293 gm in December. The monthly range in 

testes weight was extremely broad, with considerable overlap 

between these weights. 

Size 

Figure 3.99 gl ves the length-weight relationship for 352 

males ranging from 391 mm to 2430 mm TL. The heaviest male 

weighed 79.5 kg and measured 2420 mm TL. The maximum TL recorded 

for a male was 2480 mm TL, but no weight was taken for this 

individual. 

Female Maturity 

Females matured at a size In excess of 2180 mm TL. Two 

distinct size classes of ovarlan eggs containing yolk were 

observed in specimens between 2180 mm and 2438 mm TL (Figure 

3 .1 00). The largest egg diameter increased noticeably in 14 of 31 

specimens examined measuring between 2180 mm and 2438 mm TL. The 

largest egg diameter range was 32 to 77 mm for one group, and 8 

mm to 25 mm in the other. All specimens were collected during the 

late summer and autumn months. 

Both ovaries appeared to be functional in all maturing and 

adult females. The number of large eggs (> 40 mm in diameter) per 
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ovary varied with either the right or left ovary containing 

slightly more eggs than the other. Individuals differed as to 

which ovary contained more eggs. The right ovary contained 7 to 

17 more eggs in 3 specimens, while the left ovary had 2 to 26 

more eggs in 15 specimens. 

The total number of eggs from both ovaries (> 20 mm in 

diameter) decreased in relation to the largest egg diameter 

(Figure 3.101). This decrease appeared to stabilize once the 

largest egg diameter reached over 40 mm. Most ovaries with a 

largest egg diameter of only 20 rnrn contained large numbers of 

very small ova. The exact number was difficult to determine and 

only those over 10 rnrn diameter were counted. 

Fecundity estimates were based on the number of large 

ovarian eggs (> 40 in diameter) present in 19 females. The number 

of maturing eggs ranged from 67 to 104. No developing embryos or 

fer t ilized eggs were observed. 

The shell gland remains undeveloped, and measuring less than 

10 mm in width until the onset of maturity (Figure 3.102). At 

approximately 2200 rnrn TL the shell gland rapidly increases its 

width to over 25 rnrn wide. This rapid widening of the shell gland 

occurred in 10 of the 20 specimens between 2200 rnrn and 2438 rnrn 

TL. 

The rapid change in shell gland width occurred in those 

specimens with enlarged eggs> 32 rnrn in diameter (Figure 3.103). 

This relationship was observed In specimens over 2200 rnrn TL . The 

largest shell gland width in relation to the largest egg diameter 

was variable in those individuals with eggs > 32 rnrn in diameter. 

The uteri for specimens between 2200 rnrn and 2438 rnrn TL were 

straight and narrow. The uteri of individuals over 2500 rnrn TL 

hung loosely and were pendulous. In those specimens with enlarged 

ova (> 40 mm diameter), and broad shell glands a series of 

longitudinal folds were observed to extend the length of the 

uteri . The precise function of these longitudinal folds is 

uncertain, but they may increase the surface area of the uterus 

as eggs are ovulated. Longitudinal folds were only observed in 

late maturing animals. 
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Copulation 

One instance of copulation was observed in this specles (Mr. 

J.P. Walters, Walvis Bay, _ Namibia, pers. comm.). It was about 

midday and the sky was clear. Neither animal showed any activity 

or interest in the ski boat as it circled. The swimming pair were 

observed about 200 m from shore at the surface in water ca. 3 m 

deep. The pair swam s lowly at the surface, making very little 

water movement. The male's jaws were clamped tightly to the 

female's flank, just behind the pectoral fin. The body, from head 

to vent, of each shark was side by side with the male's slowly 

sagging down below the female. The posterior half of the 

male was wrapped under the female. It was impossible to 

determine whether one or both claspers were inserted. The TL 

of these animals were estimated to be about 1800 mm TL for the 

male and ca. 2600 mm TL for the fema le . 

Scarring 

Biting wounds observed in males and females were determined 

to have come from three sources; bites inflicted by other sharks, 

aggression bites inflicted by conspecifi c s, and mating bites. The 

first two types wil l be dealt with in the feeding section (3.7). 

Male courtship bites were identified as such by the location 

of the wound and the time of year. Male scarring consisted of 

slashes and tooth cuts between the dorsal and caudal fins (Figure 

3.104). Longitudinal scratches anterior to the dorsal fin were 

observed in some specimens. All wounds were superficial and had 

no apparent adverse effects on these individuals. These bite 

marks were observed during the spring and summer months in 

Humboldt and San Francisco bays. 

Female wounds occurred in three main locations; the pectoral 

fins, along the body flanks, and around the pelvic fins. The 

types of bite marks appeared to be either semi-circular Jaw 

impressions or tooth punctures (Figure 3.104). Both types of 

wounds appeared to be deeper and more severe than those inflicted 

on males. Specimens lifith fresh wounds were observed during the 

late spring and early summer months. Large females (> 2500 mm TL) 

were often heavily scarred, showing evidence of healed wounds. 

These bite marks were observed in adult and late adolescent 
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specimens. 

Seasonality 

Adults and juveniles were the two dominant age classes 

observed in Humboldt and San Francisco bays during the spring and 

summer (Table 3.36). Adolescent males and females were uncommon 

in these bays. After June, juveniles were the dominant class to 

occur at least through September. A decrease in juvenile 

abundance usually occurred after the first heavy autumnal rains, 

as the runoff reduced the salinity in these bays. 

Size 

Figure 3.105 gives the length - weight relationship for 324 

females ranging between 337 and 2960 mm TL. The 2960 mm TL female 

is the maximum known size for this species. The smallest free 

swimming juvenile measured 337 mm TL, while a term embryo 

measured 450 mm TL; size at birth is assumed to be within this 

range . 

Food Habits and Feeding Behavior 

Frilled Shark 

Examination of fresh and preserved material yielded some 

information on the food habits of this species. A 916 mm TL 

specimen from Namibia contained a partially digested cat shark, 

Apristurus sp., measuring approximately 265 mm from the cranial 

base to the caudal · region. Another Namibian specimen, measuring 

1025 mm TL, contained skeletal remains of a digested 

cartilaginous fish, possibly a member of the Scyliorhinidae. 

Finally, the stomach of a North Atlantic specimen contained the 

remains of an unidentified cartilaginous fish species. 

Examination of fresh speclmens revealed that the jaws and 

buccal cavity are highly distensible, suggesting that the frilled 

shark is capable of ingesting quite large prey. The inwardly 

projecting, needle - sharp teeth further indicate that this lS a 

highly specialized feeder. In addition, the abdomen is elongate 

and the stomach distensible, further indicating that this 

predator is capable of ingesting fairly large prey. 
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Perlon Shark 

Cephalopods and teleost fishes wer e the only prey items 

recorded for eight perl on sharks from southern Africa (Figure 

3.106). Due to the advanced state of digestion, identi f ications 

could not be made for any of the prey items. The diet of 28 

Taiwanese specimens consisted primarily of teleosts with 

crustaceans and cephalopods being of secondary importance (Figure 

3. 107) . Thirteen prey specles were identified including seven 

teleost, five shrimp and one crab species (Table 3.37). The main 

fish species consumed were Trichiurus lepturus, Trachurus 

japonicus and lanternfishes (My ctoph i dae), all of which are known 

to occupy an epibenthic to mesopelagic habitat. Of the crustacean 

specles identified, all were either epibenthic or mesope l agic 

species. 

Sixgill Shark 

Thirty-six sixgill sharks containi ng prey items were 

captured and 

fed mainly 

examined in southern Africa, and we re found to have 

on teleosts and ce phalopods (Figure 3. 1 08 ) . 

Secondary prey items included cetaceans and pinn i peds, wi t h 

cartilaginous fishes and invertebrates of minor importance . A 

total of 15 prey species were identified with teleosts 

representing 10 species, cephalopods at least 2 species , and one 

species each of gastropod, crustacean, cetacean and pinniped 

(Table 3.38). The primary species consumed were Merluccius sp. 

and Toderodes angolensis. The gut contents of 19 sixgills from 

California were examined and in contrast to southern African 

sharks, were found to feed pr imar i lyon carti lag inou sand 

teleostean fishes (Figure 3.109). Cartilaginous fishes were the 

most important prey group with an I.R.I. of 2896 followed by 

teleost fishes with 2714 (Figure 3.106). Cetaceans and agnathans 

were of minor importance, whi l e pinnipeds were found on a single 

occasion. A total of n ine prey species were recorded (Table 3.39) 

with Squalus acanthias observed on three occasions. Elsewhere, a 

sixgill from Chile and measuring 930 mm TL, contained two Octopus 

sp. and a 4220 mm TL female spe cimen from the Azores had the 

remains of a 25 kg swordfish, xiph ias gladius. 
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A breakdown of the food habits by size classes revealed 

dietary changes in this species whic h appeared t o be associated 

with growth. Newborn and juveniles ranging from 681 mm to 970 

mm TL preyed exclusively upon teleosts and cephalopods 

(Figure 3 .1 10). Those specimens measuring between 1005 and 1470 

mm TL primarily consumed teleosts and chondrichthyians, and 

secondari ly preyed upon cephalopods (Figure 3.111). Teleost and 

cephalopods were the main prey groups for specimens between 

1588 mm to 1946 mm TL with cetaceans being of secondary 

importance (Figure 3.112). The largest size group for which 

data were ava ilabl e (2000 mm to 3195 mm TL) rev e aled that 

teleosts and cetaceans were the primary prey groups (Figure 

3.113), while chondrichthyians and cephalopods were of secondary 

importance. Inadequate data were available for larger size 

groups, but from the information available, it appears that the 

size and type of prey ~ncreases with growth. Cetaceans become 

increasingly important and larger, while more active teleosts 

such as swordfish were captured by large specimens (> 4000 mm 

TL). One additional record of sixgill predation on cetaceans 

comes from a photograph of a bottlenose dolphin, Tursiops 

truncatus, with a sixgill bite taken out of it. The bite radius 

suggested the shark was 3 m TL. Predation on conspecifics was 

not observed in any size class. 

Predator size in relation to prey size may play an 

important role in determining hunting success. At least two 

Atlantic torpedo rays (Torpedo nobiliana) with sixgill shark 

scars were examined . One torpedo ray, with a DW of 315 mm had a 

bite radius of 101 mm from a sixgill estimated to be 1000 mm TL 

(Figure 3.114). This par ticu l ar species of torpedo ray is an 

active epibenthic predator and was most likely attacked while 

swimming off the bottom. The attacking shark had apparently 

seized the ray directly on its e lectric organs and had rece ived 

a shock. The size relationship between predator and prey suggests 

that the torpedo ray was able to fend off the shark's attack. A 

larger sixgill may have been more successful. The exhibited 

attack pattern was typical of other hexanchid attacks on 

batoids, with the shark first disabling the ray with a bite 
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through the pectoral disc and then consumlng it. 

Bigeyed Sixgill Shark 

Two Taiwanese speclmens were found to contain prey items. A 

845 mm TL male contained the remains of an unidentified teleost, 

while a 482 mm TL male contained a crustacean, a ribbon fish, 

Trichiurus lepturus, and some algae. One potential prey specles 

that can be added to this list is a new species of torpedo ray, 

Benthobatis sp. , which was collected from Tung-Kang, Taiwan in 

1988. This species is currently being described (Compagno and 

Ebert, in prep.). The specimen had a bite wound on its left 

dorsal margin (Figure 3.115). A "V -shaped" bite pattern was 

observed on the dorsum while the bite pattern on the ventral 

surface was rounded. The shape and pattern of the bite indicated 

that the attack had been made by a juvenile b igeyed sixgill of 

approximately 480 mm TL. The predation bout was unsuccessful, 

po s sib 1 Y pre v e n ted by an e 1 e c t ric a 1 dis c h a r g e fro m the 

Benthobatis. Judging by the extent of the wound, the bigeyed 

sixgill was able to secure a fairly good grip on the Benthobatis 

before releasing it. 

This predation bout reveals some insight into predator-prey 

interac tions between these species . Benthobatis is a benthic 

species that probably remains buried in the sediment for most of 

the day, as do many of its family, the Narc inid ae. This 

observation suggests that either the shark was able to detect the 

prey hidden in the substrate and se i z e i t, or tha t the 

Benthobatis spends at least some of its time swimming off the 

bottom. Benthobatis and other narc in ids have very small mouths, 

which they use to prey upon benthic infaunal organisms. Indeed, 

the specimen from Taiwan contained parts of several polychaete 

worms which it probably caught using its distensible jaw 

apparatus. A larger shark may have been successful in this 

predation bout. 

Sevengill Shark 

A total of 443 sevengills stomachs were examined with 241 

(54%) containing prey items. The high number of sevengills with 

empty stomachs is probably due in large part to these sharks 

everting their stomachs when hooked, thus expelling their 
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contents. On numerous occasions a hooked shark was brought up the 

surface with its stomach hanging out of its mouth. with such 

anima ls it was not possible to determine conclusively whether any 

stomach contents were present, s.1.nce this species is known to 

evert its stomach even when empty. 

Prey Preference 

Prey preference within four sevengill size classes showed a 

distinct increase in chondrichthyian and pinniped prey with 

growth. Those specimens measuring less than 999 mm TL appear to 

feed mainly on teleosts, though the s ample size was small (Figure 

3.116). The 1000 mm to 1499 mm TL size class consumed slight l y 

more teleosts than chondrichthyians (Figure 3.117). 

Chondrichthyians were the most important prey group for specimens 

over 1500 mm TL, with pinnipeds becoming an increasingly 

important prey group (Figure 3.118). Those specimens measurlng 

over 2000 mm TL fed primarily on chondrichthyians, with pinnipeds 

replacing teleosts as the second most important prey group 

(Figure 3.119). 

Geographical variation 

Analys is of the important prey groups and species from 

California, Namibia, and South Africa revealed distinct 

differences between these regions. 

California. Specimens were collected primarily from Humboldt Bay 

and San Francisco Bay, wi th little representation from open-coast 

sites in California . Onl y 15 specimens we re recorded from the 

open coast during this study. Unfortunately, those specimens had 

been eviscerated by f ishermen p rior to examination and no 

stomach content s were available. 

A total of 175 stomachs were examined with 55 (43 %) 

containing prey items. Chondrichthyians and teleosts were the 

predominant prey groups (Figure 3.120), with the other prey 

groups being of minor importance. Sixteen prey species were 

identified from Californian waters. Chondrichthyians were the 

most common prey items and were identified to species level 

(Table 3 .4 0). The bat ray, Myliobatis californica, and brown 

smoothhound shark, Mustelus henlei, were the highest in percent 

number and occurrence of any individual prey. Bat rays were 
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slightly higher in percent weight than brown smoothhound sharks. 

The identified 

habitats and 

teleost prey species occupied a wide range of 

ranged from fast s "'limm ing pelagic salmon, 

Oncorhynchus sp., coastal nearshore and bay species like the 

perch, Phanerodon f urcatus, to small bottom dwelling specles, 

e.g. members of the Cottidae. The single marine mammal species 

recorded, the harbor seal, Phoca vitulina, was ranked fourth in 

importance. When compared as a prey group to the teleosts and 

chondr ichthyians, pinnipeds were of minor dietary importance. All 

sevengills examined with harbor seal remains were large 

ind i viduals (over 268 cm TL) and were recorded from Humboldt Bay. 

Invertebrates were of minor importance in the diet of sevengills 

from California. The only two invertebrate species observed were 

the dungeness crab , Cancer magister, and giant Pacific octopus , 

Octopus dofleini. 

Southern Africa 

The stomach contents of 139 South African and 129 Namibian 

sevengills were examined. Of the stomachs examined, 98 (71 %) 

from South Africa, and 88 (68 %) from Namibia contained prey 

items . Samples from South Africa were taken between East London 

and St. Helena Bay. Samp l ing along the coastline of Namibia was 

limited to Luderitz Lagoon and ",aters north of Swakopmund. 

Sampling was restricted due to the diamond mining industry which 

controls much of the Namibian coast l ine and prohibits access, 

and because of limited ship time for collecting material. 

South Africa. Chondrichthyians were the most 

item found in sharks from South Africa 

Chondrichthyians represented 49 % of the prey 

and made up 51.2 % of the total prey weight. 

predominant food 

(Figure 3.121). 

species reco rded 

Chondrichthyian 

remains occurred in 50 % of the stomachs examined. Of the 40 prey 

items observed 18 were chondr ichthy ian (Table 3.41). The most 

common prey species were an endemic group of catsharks, genus 

Poroderma, and the wide ranging hound shark , Mustelus mustelus. 

The striped catshark, ~ africanum and the leopard catshark, ~ 

pantherinum, are common coastal temperate water species which 

range from the Eastern Cape Province to Saldanha Bay on the west 

coast. It is interesting to note that, west of Cape Agu lhas, ~ 
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afr icanum was the more common prey species, while east of Cape 

Agulhas, .l2........ pantherinum \<las the more abundant prey item. 

Teleosts were the second most important group off South Africa. 

Numerically, they contributed 31.5 % of the total food ingested 

and occurred in 28.6 % of the stomachs examined. No single 

teleost species as consumed in abundance . Marine mammals were of 

minor importance in the diet of South African sevengills, with 

the Cape fur seal, Arctocephalus pusillus pusillus, observed 

seven times and cetacean rema i ns being recorded on seven 

occasions. The only cetacean rema~ns identified to species were 

of a juvenile dusky dolphin, Laqenorhynchus obscurus, estimated 

to have been ca. 800 mm TL. This dolphin had been eaten in 

February, which ~s the calving season for these dolphins. 

Invertebrates and algae were of minor importance and contributed 

very little to any of the individual indices. The algal remains 

were most likely ingested along with the Poroderma egg cases 

since this species tends to lay its eggs on algae. 

Namibia. Cape fur seal, l1.... pusillus, was the predominant prey 

species found in sevengills from this area (Figure 3.122). This 

prey species contributed the highest percent number, weight, and 

frequency of occurrence of any prey species recorded (Table 

3.42). Cetaceans were the only otter marine mammal species found 

to occur in the diet of Namibian sevengil l s. Chondrichthyians and 

teleosts were important secondary prey groups; teleosts had a 

slightly higher I.R.I. to chondr i chthyians (1657.3 to 1610.5). 

Ten chondrichthyians and eight teleosts made up 18 of the 26 prey 

species recorded. The hound shark, Mustelus mustelus and 

conspecifics 

chondrichthyian 

conspecifics on 

were the two most frequently consumed 

species. Sevengills were found to have consumed 

at least four occasions. Sea barbel, Galeichthys 

sp., and maasbanker, Trachurus trachurus, were the two most 

frequently consumed teleosts. Invertebrates and algae were of 

minor importance. Invertebrates were found to occur on eight 

occasions, but comprised very little in percent number or weight. 

Algae was observed in a trace amount on one occas~on along with 

shy shark, Haploblepharus pictus, egg cases. 

Subdivision of the Namibia data into two regions, the 
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Luderitz area and the area north of Walvis Bay to mile marker 72 

reveals that seal predation was much higher in Luder i tz (Figure 

3.123). This illustrates the versatility of this predator at 

optimizing the available food resources. The majority of pinniped 

colonies are located in the qeneral vicinity of Luderitz. In 

Swakopmund, no pinniped colonies are located in close proximity 

to areas sampled. 

Analysis of individual sampling areas reveals a distinct 

difference in the predominant prey groups. Chondrichthyians and 

teleosts were the most important prey groups for the California 

sample , while chondrichthyians and pinnipeds were respectively 

the most important prey groups for South Africa and Namibia 

(Figures 3.120, 3.121 & 3.122) . In all areas, invertebrates and 

algae were of minor dietary importance. 

Hunting Behavior 

Based on observations of sevengill feeding behavior, at 

least four distinct foraging strategies were identified. Each 

particular strategy, or a combination of one or more, were 

employed depending on the size and type of prey being subdued. 

Further studies may reveal additional feeding strategies. 

Burst Speed (Figure 3.124). Sevengills typically swim with a very 

slow, sinuous, almost lethargic motion. This swimming behavior, 

which has been observed both ln situ and in aquaria, glves an 

illusion of a sluggish animal. These sharks have often been seen 

swimming slowly and paying very little attention to the numerous 

potential prey species around them. Then, without any indication, 

one would attack a particular individual prey item. This pattern 

was observed when sevengills attacked leopard sharks, ~ 

semifasciata, ln Humboldt Bay, Cal Hornia. These attacks were 

very purposeful, with the prey having no time to take flight. 

In one obse rved predatory bout, a leopard shark was swimming 

near a mud bank in water approximately 30 to 40 cm depth. The 

attack was initiated by a sevengill from a distance of 30 m. The 

predator sevengill, measuring ca. 2.7 m TL, 'streaked ' past 

several other leopard sharks at its intended victim as the attack 

unfolded. By the time the prey shark sensed the attack and began 

to take flight, it had been seized with a powerful and fatal 
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bite. The force of the attack caused the predator to beach itself 

on the shallow mud flats with the prey dangling out of its mouth. 

The sevengill quite agilely managed to wriggle itself back into 

the water and swim off. 

The prey appeared to have been killed by the initial bite 

which severed the spinal cord. An interesting observation from 

this attack was that the predator had passed several other 

individuals of the same species, but seemed to have 'targeted' 

one in particular. Nothing in the prey's behavior appeared to 

differ from that of any other leopard s harks swimming in the 

area. 

Ambush Strategy (Figure 3.125). Sevengills seem to be most active 

nocturnally and on days when the sky is overcast. On clear sunny 

and warm days, they tend to stay in t he deeper wate r of bays and 

lagoons. It appears that foraging under conditions of poor 

lighting favors these predators. Perhaps many of the fast 

swimming prey species recorded in their diets were more 

vulnerable in low visibility water. In Humboldt Bay, these s harks 

can be observed foraging on shallow water mud flats during 

spring tides in the ear ly morning hours before sunrise. Usually 

after sunrise, they move into the deeper channels of the Bay. 

Sharks captured during this time typically had a full stomach. In 

Luderitz Lagoon, Namibia, extensive shore fishing during daylight 

hours on calm days shows very little or no act ivity . Yet, after 

sunset, these sharks became qui te active and were observed to 

approach the shoreline. Sevengills were caught during daylight 

hours by fishing in the deeper channels from a boat \. here the 

sharks could be baited to the sur face. Shark fishermen in St. 

Helena Bay on the west coast of South Africa also noticed an 

increase in sevengill activity after sunset or on overcast days. 

Besides being nocturnal predators, sevengills seem to prefer 

water that is very discolored or turbid. Along t he South African 

coast - line fishermen tend to concentrate for these sharks in 

areas where "brown water" is produced by a strong Southeast wind. 

The "brown water" is caused either from an upwelling bloom of 

phytoplankton (predominantly Annulus birostratus) in southern 

Africa, or by sediment disturbance such as that caused by river 

94 



runoff, tidal flux or wave action. Where patches of brown water 

occur, sharks seem to concentrate in these areas, and feeding 

activity is high. On several occasions, when the writer was 

attending beach fishing competitions, a change in the wind 

direction brought discolored water In nearshore. When this 

discolored water was within casting distance anglers would 

concentrate in these spots and catch sevengills. 

On one occasion, at Cape Agulhas, an onshore wind blowing at 

ca. 20 knots, pushed a patch of "brown water", in this case from 

a plankton bloom, nearshore into the surf. Over a period of 90 

minutes, 37 adult male sevengills were caught along a 50 m 

stretch of beach. Sixty minutes after the first shark was caught, 

the wind changed to a N.W. direction and blew off shore. After a 

further 30 minutes the brown water had pushed offshore and the 

sharks stopped biting. 

Bays are typically areas in which river runoff and mixing of 

water masses during spring tides causes the water to become very 

turbid. During a spring tide, bays become extremely turbid and 

visibility is poor. In San Francisco and Humboldt bays, when the 

tide goes 'slack' during a spring tide series, sevengills becomes 

quite active. This 'slack' water, with suspended particulate 

matter in the water column, may decrease visibility such that an 

acute hunter would be at an advantage. Field observations on 

sevengills suggest that they are acute hunters in turbid 

conditions, which probably explains their increased hunting 

activity and success. 

Although this speCles may not necessarily aggregate every 

time brown water occurs, this observation suggests that they 

favor such conditions for hunting. 

Stealth (Figure 3.126). There lS no doubt that sevengills are 

able to take fairly swift sWlmmlng prey, but there is 

considerable speculation as to how these reputedly clumsy, slow 

sWlmmlng sharks manage to do 

scavenge fish that had been 

so. An obvious way would be to 

injured or lost to an angler. 

However, the frequency with which fast swimming prey species were 

encountered seems too high to be accounted for by scavenging 

alone. Observations in aquaria and in the field reveal that these 
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sharks may catch fast swimming prey by gliding almost 

motionlessly and undetected to investigate a potential food 

source. Observations of this behavior from vantage points both 

above and below the water in captivity and in the field reveal 

that these sharks can propel themselves by slight undulatory 

motions of the tail fin. By positioning their large pectoral fins 

slightly downwards, these sharks can navigate wit h very little 

obvious body movement. Such behavior would be advantageous for 

p r edators moving withi n striking distance of unsuspecting prey. 

Once within striking distance, the predator could make a quick 

dash and overtake the prey before i t had a chance to take flight. 

A young Cape fur seal, ~ pu sil lus, was attacked in Luderitz 

Lagoon by a large (ca. 2.4 m TL) sevengill which had glided up 

from beneath and seized it. The young seal did not appear to have 

sensed the shark ' s presence unti lit had been grabbed (D. van 

Zyl, fisherman, pers. comm.). The seal's inability to detect the 

shark's presence reflects an ef fec tive hunting strategy. 

Social Facilitation (Figure 3.127). Sevengill sharks are both 

solitary and social hunters. In soli tude, they may search for 

small to medium sized prey , or ~n a pack, hunt larger prey . Thus, 

they able exploit a wider spectrum of prey resources. The way ~n 

which this species groups to form a hunting pack and what, if 

any, stimuli initiate the behavior, are unknown. These sharks 

hunt socially , for example, when preying upon adult Cape fur 

seals which form part of their stomach contents along with 

juvenile seals. These seals are large animals which can weigh up 

to 300 kg. It is unlikely that an individual sevengill would 

attempt to or could succeed ~n subduing a large seal. Co­

operative feeding behavior however, is more likely to succeed, 

and has in fact, been observed (Pedro, fisherman, St. Helena Bay, 

South Africa, pers. comm.; D. van Zyl, pers. comm.). A typical 

attack pattern on a seal begins when a group of sharks form a 

loose circle around it. Attempts by the seal to escape are 

prevented by the pack which gradually tightens its circle around 

the prey. Eventually one or more sharks bite the seal, which 

stimulates the rest of the pack to converge on it. Once the 

attack has been initiated, the rest of the group quickly join in 
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to get their share of food. Unlike some predators, for example a 

whi te shark or a lion, which can subdue large prey items, such 

predation by sevengills may require a cooperative effort. Other 

large prey that may have been taken in this manner include large 

individua l s of the bat ray, ~ ~ifornica, larger spotted gully 

sharks, Triaki s meQalopterus, small cetaceans and conspecifics. 

These attacks usually take place at dusk or on overcast days when 

the water is dark. 
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Figure 3.1 Chlamydoselachus anguineus Garman 
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Figure 304 Chlamydosdachus anguineus teeth 

Figure 3.5 uleral trunk denticles of Chlamydoselachus angujneus 

Figure 3.6 Pectoral fm skeleton of Ch/amydose/achus anguineus 

Figure 3.7 Petvic ftn skeleton of female Ch/amydoseJachus anguineus 

FogureJ.9 Dorsal flO skeleton of ChJamydoseJachus arrguinnls 

Figure 3.8 Pelvic flO and clasper sk.eleton of ChlalTt}'doselachus anguincus 

Figure 3.10 Anal fm skeleton of Chlomydose/achus anguineus 
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Figure 3.11 Cranium of Chlamydoselachus anguineus 
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Figure 3.12 Color pattern of Chlamydoselachus anguineus 
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Figure 3.13 The Family Hexanchidae 
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Figure J.20 Lateral trunk den:icfes of HqJtronchitU pula 

Figure 3.11 Pectoral fm skeleton of HqJtranchia:s ~rlo 

Fogure3.22 Pelvic fin $kcletoo of female Heptranchias pula 

Fisure 3.23 Pelvic fiD and clasper skeletoa of HqJtronchlas perla 

Figure 3.24 Dorsal flD skeleton of HeprronchitU perla 

Figure 3.25 Anal fm skeleton of Heptronchias pma 
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Figure 3 . 26 The cranium of Hegtranchias Derlo . 
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Figure 3.31 Hexanchus grlseus teeth (upper and lower as shown). 
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Figure 3.32 - Hexanchus g r i s e u s : t o tal number of upper teeth in 

relation to TL . Y= 29 + 0.004x, r2= 0.5, n= 56 . 

116 



40 

0 

36 0 0 0 
0 

0 
0 0 0 

32 0 
CII !ll C 
::J 0 0 
U 0 0 0 
:; 28 0 0 
0 .s 00 00 0 .. o 0 0 011 
~ 00 
.2 24 o CDJ lID 0 
S an 00 
{!. D 0 

ceo 0 
20 0 0 

16 -

o 2 4 

. Total length (mm) 

Figure 3.33 Hexanchus griseus: total number of lower teeth in 

relation to TL. Y= 21 + 0.004x, r2= 0.5, n= 55. 

Figure 3.34 - Ontogenetic heteroc.onty in Hexanchus - griseus. A, 

681 rom TL. 
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Figure 3 . 34 - Ontogenetic heteroc.onty in Hexanchus griseus . B, 

1380 rnrn TL . 

Figure 3 . 34 - Ontogenetic heterodonty in Hexanchus griseus. C, 

2805 rnrn TL. 
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Figure 3.35 - Sexual dimorphism In Hexanchus grlseus. B, 4210 mm 
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Figure JJ6 Lateral lrunk denticles of Hexanchus griuus 

Figure 3.37 Pectoral fin skeleton of Haanchus griseus 

Figure 3.38 Pelvic rll'!: skeleton of female Hexanchus griseus 

Figure 3.39 Pelvic: fin and clasper skeleton of Hexanchus griseus 

F!&llle 3.40 Dorsal rm skeleton of Haanchus gristus 

Figure 3.41 Anal fin sk.eleton of Hexanchus griuus 
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Figure 3 .42 - The cranlum of Hexan~ gr i seus . 
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Figure 3.43 - Color pattern of newborn Hexanchus griseus. 
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Figure 3.46 - Teeth of Hexanchus nakamurai (upper and lower as 

shown) . 
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Figure 3.49 - Sexual heterodonty In Hexanchus nakamurai: lower 

anterolateral teeth of adult male (above) and lower anterolateral 

teeth of adult female (below). 
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Figure 3.50 Lateral [Cunk dcnticlcs of He:t:anchus nakamurai 

Figurc 3.51 Pectora! fin skeleton of Hexanchus IUZkamurai 

F'8ll'e 3.52 Pelvic fm skeleton of He:canchus nakamurai 

Figure 353 Dorsal fm skelcton of He:xanchus nakamurai 

AnaJ fin skeleton of Haanchus nakamuroi 

128 



Figure 3.55 - The cranium of Hexan~ nakamurai. 
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Figure 3 . 56 - Color pattern of newborn Hexanchus nakamurai . 
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Figure 3.59 - Teeth of Notorynchus cepedianus (upper and lower as 

shown). 
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Figure 3.62 Lateral trunk dentides of NViorynchus cepedianus 

Figure 3.63 Pectoral fin skeleton of N%rynchus cepedianus 

FJgUCe3.64 Pelvic rm skeleton of female NOlorynchus cepedianus 

Figure 3.65 Pelvic fin and clasper skeleton of NOlorynchus cepedianus 

Figute3.66 Dorsal rm skeleton of NOlorynchus cepedianus 

Figure 3.67 Anal fin skeleton of NOlorynchus cepedianus 
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Figure 3.68 - The cranium of Notorynchus ce~edianus . 
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Figure 3.69b - Proportion of liver weight t o body weight in 

female Notorynchus cepedianus. Y= 20 + 0.014x, r2= 0.8, n= 24. 
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Figure 3 . 70 Color pattern of newborn Notorynchus cepedianus. 
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Figure 3.76 - Movement patterns of Notorynchus cepedianus along 

the Cape coast of Southern Africa. 
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Figure 3.97 - Relationship of testes length to TL in Notorynchus 

ce~edianus. y= 70 + (O.l)x, r2 = 0.4, n= 58. 
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Figure 3.114 Scarring patterL of Hexa nchus griseus on an 

Atlantic torpedo ray (Torpedo nobil iana). 
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Figure 3.125 - Diagramatic illustration of Notorynchus cegedianus 

ambushing prey. 

Figure 3.126 - Diagramatic illustration of Notorynchus cegedianus 

stalking prey. 
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TABLE 3.1 

TotaJ tooth counts or Chlam}dosdachw onguilftus. 

REGION N R X .d. 01 SOURCE 

Angol> 24123 

Australia 26125 2 

Czlifomill 1$123 1 

lbcri. 26125 J 

Japan 13 194 28/21.27 24.7/24.4 22/1.9 9JJr1.8 '1.4.5.6.1.8 

Namibia 4 28·30/24·27 2&8/25.3 2.JII.9 9.4/1.8 I 

NcwZealand 4 24-21121-26 24.8123.3 UlL9 s.J/8.3 9 

Nonh Atfantic 4 22·1$124-29 23.D/26.0 1.0/2.0 4M.0 1 

Norway 23/21 10 

Spain 2Ji2J 11 

r ..... J 2J. 24I2J. 26 23.3124.7 o.5lI.2 2.J115.1 

Sourte:: t present study; 2. Bass 1979; 3. Lozano Rey 1928; 4. Gannan 1885: S. Gudger and Smith 1933: 6. Gunther 
1887; 7. H2wkes 1907; &'lordan and Fowler 1903; 9. Nakaya and &ss 1978: 10. Collett 1896; It Bertrand 1926. 

TABLE 3.2 

PectonJ radial fin counts or ChfamydosdQch~ onguintus. 

REGION N R X .d. 01 SOURCE 

Japan 4 1,2.3.4 

mesopterygiulll 5·6 1.1 0.4 8.2 

mcupterygjwn 9-12 11.0 I.J 11.5 

total radials 15· 17 16.3 0.9 5.2 

Ddial segments J-5 11 0.9 24.1 

Namibia 

mesopletygium 1 

m.etaptetys:ium 8 

total radials 15 

ndlaJ segments 6 

r ..... 1 

mesoptetygium 6 

mctapterygjum 10 

total radials 16 

nJdial segments 4 

Source:: 1. present study; 2. Braus 1902; 3. Garman 1885; 4. Goode}' 1910. 



TABLE3.J 

Anal. dorsal and pelvic radial fin counts of Chlamydose/achus anguincus. 

REGION N R K . &d CV SOURCE 

Japan 

pelvic fin 5 19-25 22.5 23 10.2 1.2.3.4.5 

dorsal fin 2 16-32 24.0 3.4 

anal fin 2 20 20.0 3,4 

Namibia 

pelvic fin 1 20 1 

dorsal fin 1 15 1 

anal fin 1 30 1 

Taiwan 

pelvic fin 1 23 1 

dorsal fin 1 9 1 

anal fin 1 28 1 

Source: I. present study; 2. Braus 1902; 3. Deinega 1909; 4. Garman 1885; 5. Goodey 1910. 
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TABLEJA 

Clthlmydost/achlil QIlgujn(us. Cranial measurements of a 916 mm TL specimen. expressed as a percentage of 

n~rcngth. 

NasobasaJlcnglh: 

Length or medial rostral cartilage: 

Width bc[Wo(en bases of lateral rostral cartilages: 

Width across nasal capsules.: 

Length of nasal capsule: 

WJdth of naY! capsule: 

Nasal aperture width: 

WIdth between nasa! apertures; 

Lt:ngth from rostral base to edge of anterior fontanelle: 

Anterior fontanelle width: 

Cnru.J heigh" 

Basal plate width at orbital nolc~s: 

Cranial roof width over orbital notches: 

Width aerO$! preorbital processes: 

fuorbitaJ process Jal&th: 

Width across suborbital sodvtt 

Otic apsule length: 

Width across oric capsule: 

Width across prcorbital processes: 

Width across pouorbital prDCel.SCs.: 

TABl£3.5 

Spiral valve counts of OtJo/FJ)'t.UJsdachus QlIguilltus. 

REGJON N R. 

Anlol. 27 

Austr.LIia 1 49 

1...., 9 35-46 

Namibia 3 26-28 

North Al1antic Z 4J-46 

Norwoy 1 47 

Taiwm Z 42-43 

X 

40.8 

27.0 

445 

425 

3.1 

0.8 

76mm 

S 

26 

61 

Z4 

30 

IS 

26 

26 

Z4 

Z4 

2J 

39 

31 

14 

46 

30 

34 

67 

68 

Souta:: L present study; 2 Gunther 1887; 3. Hawkes 1907: 4. Smith 19~7; 5. Collen 1896. 

HIS 

CV SOURCE 

1 

9.0 1,2.3.4 

3.0 

• S 



TABLEJ.6 

Tooth counts o( HtpffQflchitU pafo. 

REGION N R X <d. CV SOURCE 

GIll! of Mexico 26t2D 

Mozambique: 12 28-41J2O..J2 35..2/26.4 4.213.3 12.0112.6 

South Atrica 3 31-33.12(-25 32.0124.3 0.8105 2.611.9 

Tmnn 31 30-<3/09·33 36.or~ 2.9/4.1 S.UI5.5 

AmtnIi> 2 25·30120-23 27.5m.5 2 

New Zealand 34/26 2 

1_ 7 23-31/31·33 3 

Sourc:c: 1. present stUdy: 2. Garrick and P~1197I; 3. T~~ et aI. 1975 .. 

TABLE).7 

Pectoral ndiaI fin counts of HtplrDnchiDs p<rlo. 

REGION N R X ,<I. CV 

Mc:di~St .. 2 

mesopterygium 10 10.0 

meflplerygium 13 13.0 

tOUl radials 23 13.0 

ndial segments 5 5.0 

SoothAlria 

mcsopterygium 10 

metJptuygjum 14 

toaf radials 24 

radWsegments 5 

Toiwm 32 

mesopt.eTygium 9-11 10.1 0.6 5.5 

metaptc:rygium 11-15 13.5 D.8 6.1 

total ~ials 21·25 ll6 0.9 4.0 

DdiaI segments 4-5 4.5 o.s 11.2 
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TABLE 3.8 

Anal, dorsal and pelvic fin radial counts of Heplranchias perlo . 

REGION N R X s.d. CY SOURCE 

Mediterranean Sea 

pelvic fin 1 24 1 

dorsal fin 1 19 1 

anal fin 1 20 1 

South Africa 

pelvic fin 1 23 1 

dorsal fin 1 18 1 

anal 1 17 1 

Taiwan · 

pelvic fin 32 19-26 22.6 1.4 6.1 1 

dorsal fin 32 17-21 18.7 1.0 5.1 1 

anal fin 32 15-21 17.8 1.6 9.0 1 

Japan 

pelvic fin 1 21 2 

Source: 1. present study; 2. Tanaka et a!. 1975. 
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TABLE 3.9 

Vertebral counts of Heplranchias per/o. A. From columns preparc tJ by hot·water maceration. B. From published 

accounts. 

A 

REGION N R X S.D. CV 

Mediterranean Sea 1 

mp 51 
dp 24 · 

de 66 
total 141 

South Africa 1 
mp 55 

dp 36 
de 62 

total 153 

Taiwan 32 

mp 52-58 55.0 1.4 2.5 
dp 28-38 34.7 2.0 5.7 

de 60-67 63.9 2.0 3.1 

total 149-159 153.7 2.5 1.6 

B 

REGION PRECAUDAL TOTAL 
COUNTS COUNTS SOURCE 

N X R X R 

Australia 3 92 90-93 146 143-151 1 

Mediterranean Sea 1 ca 85 ca 130 2 

New Zealand 3 91 90-91 144 143-146 1 

North Atlantic 3 90 89-90 146 141-151 2 

Southern Afriea 11 76 72-78 128 125-134 3 

1\Jnisia 5 55 54-55 137-140 4 

Source: 1. Garrick & Paul 1971; 2. Springer & Garrick 1964; 3. Ba'lS ~ 1975; 4. Capape 1980. 
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TABLE 1.10 

H~pfra/fcJ'ias pula. Cranial measuremenls expressed as a percentage of nasobasallength. 

Sa M M M F F F 

1L 690 7Z7 780 592 8<2 1030 

mm mm mm mm mm mm 

Naso~ length; 74.9 77.6 81.0 6SS 90.0 106 

mm mm mm mm m .. mm 

l.c::n&th of medial rostral cartIlage: 11.1 IJ.2 10 lal III IO.! 
VlMfth bcfween base3 of I3teral rostral cartilages: 9.7 IO.! 8.J IO.! laD J.l.5 

Width aaoss nasal capsules: .3.1 43.8 .as .... 'U '2JJ 
Width of nasal capsule: 16.7 23.2 18.1 20.9 2U 2U 

Ungdt of nasal capsule: 29A 26.4 29.3 JQ2 28.3 Z1.1 

Nasal aperture width; 18.7 ZO.6 18.' 22.0 22A 20.9 

"Width between nasal apertures: >J 3.7 • 3.7 3.' 4.6 3.8 

R.os.traI base length to edge of anterior fontanelle: 23.6 28.0 26.0 24.3 253 26.1 
ADtttior fontanelle width: 7.6 9.0 8.0 lOS 72 7.8 

CzaniaI he;ghO 39.4 39.2 40.4 '1.2 38.0 38.1 
Basal plate width at orbital notches: "I 3.2 U • .9 <Jl 4.8 

0artiaJ roorVridth over orbital notches; 23.1 22.8 22.2 23.7 2U 2L7 

Ortritall_ HO 42.0 432 '2.7 43.5 38.9 

Ptalrbital process length: 10.5 17.1 14.9 IJ.8 14.4 16.4 

PostorbiUL process length: 9.9 9.0 9.8 IO.! laD 12.0 

Width across suborbital shdves: 29.0 JO.5 28.8 3L1 29S 29S 

Ocic capsule IengUt: 30.6 28.9 30.9 30.1 29.' 28..3 

"Width across oric capsule! 28.7 36.7 30.. 32.5 29.0 3<.1 

Width across preorbital processes: 37S 36.2 3<.6 J8.9 3<.1 3<.9 

Width:ac:ross postorbilal prOGesscs; W 46.5 46.8 50.! 46.2 '3.2 

TAB!E3.J1 

Regional spiral valVe counts or H~ptranchias palo. 

REGION N R X 

Gulf of Maico 21 

MODmbique 4 18-22 200 IS 1.3 

South Africa 5 20-22 21.0 O.! 3.5 

Tan..n 36 19-22 21.0 O.! '.0 
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TABLE 3.12 

Total toolh counts of Hexonchus gn'seus. 

REGION N R X s.d. ev 

Australia 1 38/30 

California 29 26-46120-36 34.1/26.2 5.114.1 14.9/15.6 

Chile 2 32-33/23-25 32.5124.0 

Cuba 1 40/34 

Gulf of Mexico 2 40-44133-34 42.0/33.5 

Hawaii 1 39129 

Mediterranean Sea 2 28-30/19-21 29.0120.0 

Southern Africa 27 28-46120-38 33.9126.7 4.4/5.0 12.8/18.6 

TaIwan 2 33-41/23-29 37.0126.0 

Washington 1 35/23 

TABLE 3.13 

Pectoral fin radial counts of Hexanchus griseus. 

REGION N R X s.d CV 

California 1 

mesopterygium 10 

metapterygium 13 

total radials 23 

radial segments 6 

Southern Africa 19 

mesopterygium 10-11 ID.4 0.5 23.4 

metapterygium 12-14 12.9 0.7 5.8 

total radials 22-25 23.2 0.9 3.8 

radial segments 5-7 6.1 0.5 8.4 
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TABLE 3.14 

Anal, dorsal and pelvic fin radial counts of Hexanchus gn"seu!. 

REGION N R X s.d. ey 

California 

pelvic fin 2 21-22 21.5 

do,,", fin 1 17 

anal fin 1 14 

Mediterranean Sea 

pelvic fin 1 22 

Southern Africa 

pelvic fin 19 21-26 23.7 1.2 5.1 

dorsal fin 16 14-20 17.7 1.7 93 

anal fin 15 14-20 15.9 1.8 13 

TABLE 3.15 

Total vertebral counts of Haanchus gnseus. 

REGION N R X s.d. CV 

California 3 

mp 42-52 463 4.2 9.0 

dp 23-30 26.0 2.9 113 

dc 60-73 613 9.0 14.7 

total 128-145 133.6 8.0 6.0 

Southern Africa 19 

mp 41-50 45.4 2.2 4.9 

dp 18-27 24.7 1.9 7.9 

dc 50-77 60.8 6.6 10.7 

total 118-148 131.0 7.6 5.8 
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TABLE).16 

HaJlJfchus grUtuS. Cranial measurcmenlS a:pres.sed as a sxrccnlage 01 nasobasal kngll'\. 

SEX F M M M 

TL 681 1100 1920 33JO 

mm mm mm mm 

NasobasaJ it:nglh: 73.0 I08S 157.0 256$ 

mm mm mm mm 

l...rnIth of medial rOSIn! cartilage: M 5.1 1.6 5_1 

Width bctwetn basc:s of lateral rostral cartiJagc.s: 21.2 21.0 26.8 16.8 

Width acrcm nasal capsules:: 59.1 12.8 16.0 6SS 

Wldth of nasal c.apsule: 2&.8 36.' 33.8 32.8 

I..ength of nasal capsule: 3'.2 3'_1 24.2 41.6 

Nasal aperture width: IS.I no 22.3 20.1 

W)dtb between nasal apertures: 2\.9 21.6 22.J 218 

Rosrralbasc length to edge of anterior fontanelle: 22.3 2&.8 24.2 28.J 

Anterior fon~le width: 1.8 15.2 lOA 13_9 

Ct>niaI hcigh" 43.8 38.2 10.8 .oS 

Basal plaJ:e width at oroiral notches: 16.2 13.' 1S3 9.0 

Crmial roofwidlh over orbital notches: 40.1 44.2 45.9 48.9 

o.bit>I ienglit 36.4 )5.4 40.1 43.4 

Preorbit3l process length: 3L5 22.1 2~8 242 

Postorbital process length: 253 25.8 25.9 26S 

Otic:. capsule length: 44.4 4Ll 46S 46.8 

Wldth across suborbital shelves: 50.1 47S 54.4 56.S 

Width across alit capsule: 37.9 J8.9 45.2 46.6 

Wldth across preorbital processes: 61.6 6Q.1 61.1 5&.1 

Width ac:r0S.1 postorbital processes: 90.4 14.9 aLO no 

TABLE).17 

Spinl valve counts of Haanchus griscUJ. 

REGION N R X .d. CY 

Califo~ 1 35-39 31 1.4 3.8 

Olie 31 

Meditenanean Sea 35 

Namibia 14 35-31 36 0.6 1.1 

North Atl.antic I 38 

SoothAfria 8 35-38 36 1.0 2.1 

T ...... 36 
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TABl...E3.18 

Tob.! tooth counts of HCXlJnchw nakamuroi. 

REGION N R X .d. 

C>ba 32130 

Aorida 29f25 

PhilippineTs. 2 25·26/15-1' 25.5/17.0 

SouIhAhica 3</21 

Toiwan 5 UI-33i9-12 30.8/21.8 1.7/1.2 5.6/5.' 

VbP>"- Ul/32 

TABlEJ.19 

HaJUfchw nakam/UtJi. Cranial measu(~ments from a ..J8Z·mm TL specimen. apTe~d as a percentage of nasobasaJ 

Nasobasal length: 

Length of medial rosl:r.U cartilag~: 

W'xUh between bases or lateral ~ostraJ cartilage: 

W'Jdlh across rw.al capsules: 

l.aIcth. of nasal capsule: 

'Width of nasal capsule; 

Nasa ;pertur~ width: 

59.5 mm 

H 

10 

55.5 

~1 

~9 

20.2 

W'ldth between nasal apertures: 126 

LerJgth from rostral base to ~dge or anterior fontandle: 3O.J 

.Anterior fontanelle width: 

Cnnial be;ghC 

Basal pbte width at orbital notches: 

<nniaI roofwidth over orbital notches: 

Orbital length: 

Width x:ros.s preorbitaJ processes: 

Preorbital process length: 

Postorbital process length: 

W'Jdth across suborbital shelves: 

Otic capsule length: 

\V)dth acrcu otic capsule: 

Width across preorbita.l processes.: 

WKith across postorbital proces.se:s: 

TABLE 3.20 

Spiral valve counts of HCXlJnchw nakAmufai. 

REGION N R 

lC<ny2 6 25·27 

Philippines 2 24·25 

T""", 2 22 

Vuginb. 1 24 

10.1 

31.9 

6.7 

28.6 

4Q.J 

47.9 

21.8 

15.1 

35J 

27.7 

~9 

47.9 

63.9 

X 

26.0 

24.5 
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TABlE.'t21 

Toolh counts of Notol}Tlchw u/Hdianw. 

REGION N R X <d. CV 

A<gcnrUu ') 21·33/18·28 25.7/23.0 5.2/4.1 20.5/17.7 

Australia 2 35·39/28-32 37.0130.0 

Bnza 1 3= 

California 55 21 ... .2/21}-31 28.4125.8 4.6/.1.6 16..l114.1 

Pwaonial = 
1'= 1 24m. 

Soulbem Africa 51 28-42/24·37 34.81'-8.0 3312-7 9.519.7 

1 Hoiotype of N. p«Ioroms 

TABl£322 

Pttlonl fin radial counts of NOlorynchw c~·Qnus. 

REGION N R X CII 

Calit'ornia 3· 

.sopterygjum 11·12 11.1 o.s '.0 

JlCUptef)'lium 9-10 9.3 o.s 5.1 

toc:al ~i.als 25-21 25.7 09 3.7 

Jadial segm~ts 7 7.0 no no 

Pmtgonia1 

mc:sopoterygjum IJ 
__ m 

9 

_radWs 22 

radial sqrnents 7 

Saothcrn Africa 18 

mcsopterygium 11-12 11.2 n. 3.6 

meUptc:t)'iium 12-15 13.1 M 6.1 

total radials 23-26 24.3 n9 3.7 

Ddia1 segments 6-8 7.0 nJ 4.3 

1 Holotype of N. p«torosus 
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Table3.23 

Pelvic, dorsal and anal fin radial counts of Nolorynchus cepedianus. 

REGION N R X s.d. CV 

California 

pelvic fin 2 22-26 23.5 

dorul fin 3 17-19 18.0 0.8 4.5 

anal fin 3 17 17.0 0.0 0.0 

Southern Africa 

pelvic fin 26 21-25 22.6 12 5.4 

dorsal fin 13 15-19 17.5 L2 6.6 

an.al fin 13 14-17 15.5 1.0 6.4 

TABLE 324 

Vertebral counts ofNotorync!ws cepedianus. 

REGION N R X s.d. CV 

California 

mp 10 50-57 52.7 2.0 3.7 

dp 10 13-23 18.4 3.2 172 

de 8 50-56 532 1.9 3.5 

total 8 123-130 125.5 2.3 L9 

Southern Africa 

mp 29 48-57 52.7 2.3 43 

dp 29 16-28 21.7 2.8 13.0 

de 29 54-82 70.0 8.7 12.4 

total 29 127-157 144.4 9.4 6.5 
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TABLE 3.25 

NOlorynchus c(f)(diQJIus. Cranial measurements e~"pressed as a percentage of nasobas.::lllength. 

SEX F M M F F 

TL 854 932 1375 1740 2420 

mm mm mm mm 

Nasobasallength: 8308 81.4 IJl.O 159.5 195.3 

mm mm mm mm mm 

l.aI&th ot medial rostral cartilage: 7.4 13.0 10.5 11.5 10 

W')Cfth bel\'lr'rXn base:s ot lateral rostral cartilages; lS.8 20.9 16.5 22.8 i<.6 
Width across nasal capsules.: 50.1 65.9 5808 65.0 65.' 

Wxlth ot nasal capsule:: 30.5 31.0 29.4 33.8 3U 

l.algth ot nasal capsule: 2Il.6 2L4 24.1 2308 J6.5 

Nasal aperture width: 226 24.0 24.7 25.3 28.0 

W"Jdth between nasal apertures: 11.B 13.3 1S.4 10 11.7 

Rosaal base length to edge of anterior fontanelle: 27.0 25.2 24.0 25.2 27.7 

Anterior fontanelle width: 19.9 199 17.7 23.0 22.1 

Cranial height: 37.4 l<iS 37.4 38.2 38.5 

Bzsz.[ plate width at orbital notches: 11.7 18.4 17.6 17.9 17.2 . 

Cranial roof width over orbital notches: 46.4 49.4 46.6 51.5 58.< 

OrbitaIlen!l1h: 3508 35.5 31.1 30.5 31.5 

Pn:arbital process length: 18.5 16..8 23.7 16.9 17.9 

Postorbital process length: 17-+ 18.5 11.0 21.1 19.2 

Otic capsule length: 4Q9 41.9 40.0 46.0 49.7 

WJClth acrOS;! ruborbiU! shelves: 50.7 51.7 50.2 55.4 57.0 

Wxlth across otic capsule: '2.. 48.2 45.5 48.7 54.2 

Width across preoroita! processes: 7U 72.0 54.3 7LS 72.. 

W"with aeros.s postorbital processes: 80.9 81.0 82.7 86.7 89.1 

TABLE 3.26 

Regional spiral valve counts of Nororynchw ((:JUdionw. 

REGION N R X .d. CV 

Argentina 16 

California 23 l4-17 15.s 0.75 4.9 

aun. 15 

PaUgonial 15 

PeN 15 

Southern Afric.a 71 1·H7 16.3 0.75 •. 6 

1 Holotype of N. p«10I'0SW. 
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TABLE 3.27 

Distribution of Chlamydoselachus anguineus. 

WCATION 

Paclnc Ocean 
Pt. Arguello, Calif. 
S.E. Honshu, Japan from 
to 
Okinawa Island 
Taiwan from 
to 
Milwaukee Seamount, Northwestern Range 
Colahan Seamount. Hawaiian Range 
Australia, New South Wales 
New Zealand 
Chile 

IndlanOcun 
Oceanic 
Port Alfred, S.A. l 
Transkei 

Atlantic Ocean 
South Atlantic..._ 
Angola from 
to Namibia 
North Atlantic. __ 
North West Africa 
Maderia from 
to Shetlands 
to Varanger Fjord, Norway 
Western Atlantic._ .. 
Suriname 
Central Eastern Atlantic. .... 
Cape Blanc 

1 nus record is unconfirmed. 

LATITUDE LONGITUDE SOURCE 

34°2]'N I 21°03'W 1,2 
3S030'N 140000'E 
34000'N 138°00'E 1,3,4 
26°30'N I 28"OO'E S 
25°10'N 121°43'E 
22°26'N 120030'E 1 
31°S0'N 172°4S'E 6 
31°02'N 17SoS4'E 6 
3S03S'S 150044'E 1,7 
42007'S 170017'E 8' 
37003'S 73031'E 9 

32°49'S 35°07'E 10 
33°36'S 26°54'E 11 

12 

12°36'S 13°12'E 1,13,14 
26°38'S ISolO'E 15,16.17 

22009'N 18 
32000'N 17"OO'E 
59050'N Q6°30'W 
69045'N 30000'E 1,19,20 

07"OO'N 55030'W 21 

20000'N 18°00'W 14 

Source: 1. specimen, 2. Noble 1948,3, Tanaka, 4. Taniuchi 1987,5. Nakaya 1985.6. Borets 1986. 7. Bass 1979.8. 
Nakaya & Bass 1978, 9. Armada 1977, 10. Timokhin 1980, 11. Smith 19S1. 12. R. White. pers. comm., 13. R. Melville· 
Smith, pers. comm., 14, Domanevskiy 1975. 15. Smith 1967. 16. Uoris 1986, 17. Trunov 1968, 18. Golovan & 
Pakhorukov 1986, 19. Wheeler 1962. 20, Collett 1896,21. Uyeno & Saski 1983. 
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TABLE3,Z8 

Distribution of Hcptranchias per/a. 

LOCATION LATITUDE LONGITUDE SOURCE 

Pacine Ocean 
Japan ... _ 
from Hokkaido 42°00'N 142"00'E l.Z,3 
to Kyushu 32°00'N 129"00'E 4.5 
Ogasawara Island 27"00'N 142"00'E 3 
Okinawa Island 26°30'N 128°00'E 6 
Yellow Sea 36°00'N 123°oo'E 7 
East China Sea 30000'N 125°oo'E 8 
Taiwan from 25°IO'N 121°43'E 
to 22°36'N 12oo17'E 1,9 
New Caledonia 21°00'S 164"OO'E 'I' 
Australia.. ... 
New South Wales 330 55'S 151°IO'E 10 
Victoria 380Z3'S 142"I7'E 10 
South Australia 35"OO'S 13SOoo'E 11 
Tasmania 42°54'S 147"18'E 12 
New Zealand 41°17'$ 174°47'E 10 
Peru 12°06'S TJ'>2ow 13 
Ollie 23°40'5 7rP23'W 14 

Indian Ocean 
Bali, Indonesia OSOOO'S 115ooo'E 14 
India 1oo00'N 76"OO'E 15 
Gulf of Aden 13°11'N 50"22'E 1 
Aldabra 09°00'5 46°oo'E 16 
Western Australia 35"00'5 12oooo'E I,ll 
Mozambique 24°00'5 36"OO'E 1,17 
Natal, South Africa 30000'5 3Z"OO'E 1,17 
Mascarene Ridge 10000'5 60"00'E 18 
Sri Lanka 06°00'N 81000'E 19 
Comores Is. 12°00'5 44°30'E 1 
Madagascar 13°00'5 48"OO'E 20 

Atlantic Ocean 
South Ireland 52°Z0'N BOOOOW 21 
Bishop Rock, England 06°30'N 4go55'W 21 
Bay of Biscay 44°00'N 04°3O'E 21 
Strait of Gilbratar 36°00'N O6"OO'E 14 
West African coast. .... 
to Fernando POQ 03048'N 08"24'E 1 
to Ivory Coast 03°43'N 06°53'W 1 
to Nigeria 04°00'N 06°(X),E 1 
t6 Liberia 06°20'N 1oo46'W 1 
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TABLE 3.28 (continued) 

LOCATION LATITUDE LONGITUDE SOURCE 

to Angola 17"30'S 11°40'E 1,22 
to Namibia 26°38'S 15°10'E 22,23 
Argentina 36°00'S 54°00W 14 
Brazil 23°30'S 45°00'W 24 
Suriname 07"OO'N 55°30W 25 
North Carolina from 34°19'N 7S053'W 
to Florida 25°00'N 80000W 1 
Bahamas 27"30'N 78°53W 1 
Azores 3S000'N 28000W 26 
Maderia 33000'N 17000W 26 

Mediterranean Sea from 36000'N OSoOOW 1,27, 
to 33000'N 35°00'E 28,29 

CarlbbelUl Sea 
Cuba 23000'N 80000W 1,30 
Gulf of Mexico from 25°00'N 95°00W 
to 29COO'N 830 00W 1,30 
Mc:xican coast 
to Yucatan Peninsula 20000'N 95000W 31 

Source: 1. specimens, 2. Nakaya 1984, 3. Taniuchi, 4. Tanaka, 5. Mizue i984, 6. Uchida 1984, 7. Chu ~ 1960. 8, 
Hongxi ~ 1987. 9. Teng 1962. 10. Garrick & Paul 1971. 11. May & Maxwell 1986. 12. Last fi.al..1983. 13. 
Chirichigno 1980. 14. Compagno 1984. 15. Compagno & Talwar 1985. 16. Forster tl.aI.1970. 17. Bass.ct.aJ..197S. 18. 
Shcherbachev 1987. 19. De Silva 1989, pers. comm .• 20. Fourmanoir 1961. 21. Cappetta rtJ!!..198S. 22. Pissarro & 
Sanches 1973.23. Uoris 1986. 24. O. Gadig. pers. comm .• 25. Uyeno & Saski 1983.26. Boeseman. 27. Del Cerro. 
per<. camm, 28. J. Abela. pers. comm, 29. Capape 1980.30. Bigelow & Schroeder 1948.31. SP. Applegate. pers. 
camm. 
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TABLE 3.29 

Distnoution of Hexanchus gdseus. 

WCATION LATITUDE LONGITUDE SOURCE 

PadncOccan 
Baja California from 27"40'N 1I4°62W 
to Aleutian Islands 52°oo'N 173°50W 1,2 
Hawaii 21°30'N 158°00W I 
Kimmey Seamount, Northwestern Range 34°54'N 17oo43'E 3 
Japan from 36°oo'N 149°oo'E 
to 32°oo'N 129°oo'E 4,5,6 
Okinawa 26°30'N 128°oo'E 7 
Taiwan from 25°10'N 121°43'E 
to 22°36'N 121°43'E 1,8 
East China Sea 3OOOO'N 125°oo'E 9 
Philip inc Is. 15OOO'N 120000'E 10 
South China Sea 16ooo'N 1I2°oo'E 11 
Australia. __ 
New South Wales 33°55'S 151010'E 12 
Victoria 3S023'S 142°17'E 13 
Tasmania 42°54'S , 147°18'E 14 
NewZeaJand 41°17'S 174047'E 15 
Nasaka Ridge 21OZS'S 81°38W 16 
Clule 42°08'S 73OZ9W 1 
Peru 12°06'S 770Z0W 17 
Enewetak, Marshall Is. 11°30'N 162°15'E 18 
Palau 07"30'N 134°30'E 19 

Indian Ocean 
Sumatra 00000' 1ooooo'E 12 
Malaysia 03°oo'N looooo'E 12 
Assumption Is. O9°OO'S 46°oo'E 20 
Geyser Reef 12°OO'S 46ooo'E 20 
Cosmoledo Is. O9°OO'S 47"OO'E 20 
Aldabra O9°OO'S 46°oo'E 20 
Madagascar 13°OO'S 48°oo'E 21 
Comores Is. 12°OO'S 44°30'E I 
Mozambique 24°OO'S 36°oo'E 1,22 
South Africa from 3OOoo'S 32°oo'E 
to 35°00'$ 2oooo'E 1,22 
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TABLE 3.29 (continued) 

WCATION 

Atlantic Ocean 
South Africa from 
to Namibia 
Angola from 
to 
Ivory Coast 
Nigeria 
Senegal from 
to Straits of Gilbratar 
to Bay of Biscay 
to the Irish Sea 
to Ireland 
to Faeroe Bank 
to Norway 
to Iceland 
Azores 
Mid-Atlantic Ridge 
N.W. Atlantic from 
to florida 
Bermuda 
Venezuela 
Brazil 
Argentina 
Isla de Noroha 
Gough Island 
Tristan de Cunha 
Canary Islands 
Madena 

Mediterranean Sea 
Entire range from 
to 

Caribbean Sea 
Cuba 
Caymans 
Gulf of Mexico from 
to 
Mexican coast 
to Yucatan 
Centra] America from 
to 

LATITUDE 

34°00'S 
17"30'S 
17"30'S 
06°oo's 
03043'N 
04°oo'N 
15ooo'N 
36°oo'N 
44ooo'N 
53030'N 
54°oo'N 
61°oo'N 
5Sooo'N 
63°30'N 
3So00'N 
4O"00'N 
41°55'N 
25°oo'N 
33Ooo'N 
nooo'N 
23°30'S 
36°oo'S 
03°50'S 
4O"20'S 
37"00'S 
28°30'N 
33°00'N 

36°oo'N 
33°00'N 

23°oo'N 
19°oo'N 
25°oo'N 
290 00'N 

20"00'N 
15ooo'N 
lOOoo'N 

LONGITUDIO SOURCE 

18°00'E 
n040'E 1,22,23 

· n040'E 
12°oo'E 24 
06°53'W 25 
060 oo'E 25 
17"00'W 25 
06°oo'E 25 
04°30'W 1 
05030'W 1,26 
10"30'W 25,26 
09"00'W 25,26 
06°oo'E 25 
20"00'W 25 
28°oo'W I 
30"00'W 27 
68005'W 
SO"OO'W 25.28 
65°00'W 29 
65000'W 30 
45°oo'W 25 

. 54°oo'W 31 
32OZS'W 32 
10"00'W 1,33 
12°30'W 1,33 
14°00'W 34 
17"OO'W 34 

05°oo'W 1,35,36,37, 
35°oo'E 38,39 

80"00'W 1,40 
SOOOO'W 41 
95000'W 
83°oo'W 42 

950 00'W 43 
80000'W 
83°30'W 42 

Source: 1. specimens; 2. Ebert 1986b; 3. Borets; 4. Tanaka 1984; 5. Taniuchi 1984; 6. Mizue 1984; 7. Uchida 1984; 8. 
Teng 1962; 9. Hongxi.tlJ!l,.1987; 10. Otake 1984; 11. Chu et al. 1962; 12. Stead 1963; 13. Lynch 1964; 14. Last et al. 
1983; IS. Phillipps 1946; 16. Golovan & Pakhorukov 1986; 17. Chirichigno 1980; 18. Randall 1986; 19. W .V. 
Campagna, pers. comm.; 20. Forster er al. 1970; 21. Fourmanoir .>U1.1961; 22. Basstl.i!L.1975; 23. Uoris 1986; 24. 
Pissarro & Sanches 1973; 25. Campagna 1984; 26. Wheeler & Blacker 1969; 27. K. Hartel, pers. comm.; 28. Backus 
1957; 29. Oark 1986; 30. Cervigon 1966: 31. Menni 1986; 32. Amorim. pees. camm.; 33. Roscoe 1979; 34. Boeseman 
1973; 35. Del Cerro, pers. comm.; 36.1. Abela, pers. comm.; 37. Golani, pers. comm.; 38. Golani 1986; 39. Gilar & 
Gelman 1987; 40. Bigelow & Schroeder 1948; 41. Oark 1988; 42. Springer & Waller 1969; 43. S.P. Applegate, pers. 
comm. 
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TABLE 3.30 

Dis.tribution of Hf!Xi1nchus nakamurai. 

LOCATION 

Pacific Ocean 
Ogasawara Island 
Okinawa Island 
Taiwan from 
to 
Dumaguete. Philippines 
New Caledonia 
New South Wales. Australia 

Indian Ocean 
Bunbury, Western Australia 
Geyser Banks 
Zelec Bank 
E. of Diego Suarez 
Castor Bank 
Cordeliere Bank 
Kenya 
Mozambique 
Natal, South Africa 
Madagascar 
Mauritius 

At/antle Ocean 
Strait of Gilbratar 
Bay of Biscay 
Bimini, Bahamas 
Venezuela 

Mediterranean Sea 
Strait of Gilbratar from 
to Italy 

Caribbean Sea 
Cuba 
Caymans 
Virgin Islands 
Gulf of Mexico from 
to 
Yucatan Peninsula 
Bluefields. Nicargua 
Point Limon, Costa Rica 

LATITUDE 

27"OO'N 
26°30'N 
25°10'N 
22°36'N 
09°20'N 
210oo'N 
28°34'S 

33°20'S 
09°OO'S 
09°OO'S 
12°OO'S 
12°OO'S 
12°OO'S 
O5°OO'S 
2OOOO'S' 
25°OO'S 
UOl9'S 
ZOOIO'S 

3S000'N 
44°oo'N 
25°46'N 
l1°oo'N 

3So00'N 
44°00'N 

23°oo'N 
19°oo'N 
66°00'N 
25°oo'N 
290 00'N 
20000'N 
12°00'N 
100OO'N 

LONGITUDE SOURCE 

142"OO'E 
128°00'E 
121°43'E 
IZOOI7'E 
123°18'E 
164"OO'E 
IS3OS0'E 

IIS034'E 
46°oo'E 
46°oo'E 
49"oo'E 
48°oo'E 
48°oo'E 
400oo'E 
30000'E 
30000'E 
49OI7'E 
S7"30'E 

IOOOO'W 
Q4°30'W 
79"14'W 
65Ooo'W 

l00oo'W 
09°oo'E 

80ooo'W 
80000'W 
18°30'W 
9Sooo'W 
83°oo'W 
9Sooo'W 
83°49'W 
83°01'W 

1 
2 

3,4 
3.5 
3 
3 

3 
6 
6 
6 
6 
6 
3,7 
7 
3
j
7 

8 
3 

9 
102 
3.5 
113 

. 12 

3,5,134 

14 
3,15 

3 
16 
5 
5 

1 Specimens were incorrecf2' identified as H. gnseus; 2 Based on a drawing in rhe text; 3 Photograph of specimen 
misidentified as H. gn'seus; Misidentified as H. griSf!us. 

Source: 1. Taniuchi 1984, 2. Uchida 1984,3. specimens, 4. Teng 1962, S. Springer & Waller 1969, 6. Forster ~ 
1970, 7. Bass~ 1975, 8. Fourmanoir 1961,9. Campagna 1984, 10. Desbrosses 1938, 11. Cervigon 1966, 12 . 

. Tortonese 1985, 13. Bigelow & Schroeder 1948, 14. Clark 1988, 15. r. Sang, pers. comm., 16. S.P. Applegate, pers. 
comm. 
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TABlE 3.31 

Distribution of NOlorynchus uptdianus. 

LOCATION LATI11JDE LONGI11JDE SOURCE 

PacUI.c. Ocean 
Baja California from 
III s.E. Alaska 
Gulf of California 
Nagasa.Jti. Japan 
Sagami Bay, Japan 
YeUowSea 
Orinesc: Mainland coast 
III )(jamen (Amoy) 
Taiwan 
Hew South Wales 
VJCtoria 
Tasmania 
South Australia 
New Zealand 
Paufrom 
to OtiIe 

IDdJ.u Ocean 
South Africa from 
III 
Sri Lanka 
Madras. India 

AIW!Iic Ouan 
C1pc Point, SA from 
to Olnene River, Nanu'bia 
Gough Island 
Tristan Island 
Sontos, Brazil from 
to Argentina 

27"40'N 
56"OO'N 
31"OO'N 
32"OO'N 
3S'30'N 
J6"OO'N 

24"28'N 
ZSOIO'N 
33"55'S 

-38"23'S 
42"S4'S 
34"S6'S _ 
41"17'S 
I2"06'S 
54"OO'S 

34"OO'S 
33"00'S 
Il6"OO'N 
13"OS'N 

34"OO'S 
17"3O'S 
40"20'S 
37"00's 
23"56'S 
54"OO'S 

I14°62'W 
I34"OO'W 
114"OO'W 
13O"OO'E 
14O"OO'E 
I23"OO'E 

1IB"1l5'E 
121°43'E 
151°IO'E 
142"ITE 
147"18'E 
l38"36'E 
174°47'E 
Tf'1JJ'W 
7ff'3iJ'W 

IB"OO'E 
28"00'E 
81"OO'E 
8O"18'E 

18"OO'E 
U°4O'E 
10"00'W 
l2"3O'W 
46"22'W 
7O"OO'W 

1.2 
3.4 
5 
I 
6 

1,7 
1.8 
9 
9. 
1.9. 
9 
10 

1.11.12 

1 
13 
14 

1 
1.15 
1,15 

1,16.17 

Sowte: t present study; Z. Ebert 1986b; 3. Applegate 1979; 4. Galvan-Magana, Nienhuis & Klimley 1989; 5. Mizue 
1984; 6. OIU er aI. 1960; 7. Chu 1963; 8. Teng 1962; 9. Last er aL 1983; 10. Paul 1987; II. Chiricl1gno 1980; 12. 
Pequeoo 1979; 13. R. De Silva, petS- conun.; 14. Day 1878, 15. Y. Peddemors, T. Andrews, pets. comm.; 16. O. 
G3dig, pets. comm.; 17. Menni & Garcia 1985. -
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TABLE 3.32 

Chlomydoselachus anguinrus. Hydrographic data for a specimen rrom Namibia. 

Location: 27"23.9'S 14°21.1'E; Dale 19 February 1989. 

Depth SO/oo °2 N Si P Chi A 
(m) 

2 35.40 4.66 5.5 4.0 0.37 0.5 

12 35.27 5.59 1.0 4.1 0.45 0.8 

23 35.33 5.60 12 4.0 0.47 l.l 

35 35.43 5.18 4.0 4.9 0.47 0.7 

51 35.28 4.94 11.6 8.1 0.98 0.3 

lOS 3524 4.62 162 11.1 1.25 0.0 

157 35.21 424 14.5 12.1 LI8 0.0 

207 35.23 2.53 18.2 22.S 2.04 0.0 

306 35.09 2.74 182 16.4 1.81 0.0 

434 35.06 1.85 182 23.3 2.39 0.0 

Key: SO/oo • salinity; 02 • dissolved oxygen; N • nitrogen; Si • silicate.; p. phosphates; ChI A· 
chlorophyll A. 

TABLE 3.33 

Htptranchias perla. Hydrographic data for a specimen from Natal. 

Depth SO/oo °2 °C 

(m) 

I 35.30 22.45 

5 3529 .3.37 22.44 

20 35.34 3.37 22.29 

40 35.36 322 21.28 

100 35.46 2.52 16.61 

150 35.44 2.77 14.81 

210 35.39 2.79 14.30 

260 
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TABLE 3.34 

Hexanchus griseus. Hydrographic data for specimens from the west coast of southern Africa. 

Location: 32°11.3'S, 17°39.4'E; Date: 12 February 1988 

Depth 
(m) 

SO/oo °2 N Si P Chi A 

3 35.10 6.69 5.7 2.8 0.43 7.5 

14 35.12 6.60 3.9 2.3 0.41 72 

25 35.25 5.07 10.0 6.9 0.87 4.1 

36 35.23 4.76 12.1 8.8 1.09 1.2 

54 35.22 4.60 14.0 9.2 1.10 1.0 

106 35.05 4.32 17.8 12.0 1.33 

161 34.95 2.86 18.4 29.5 2.09 

Location: 23°155'S, 13°16.8'E; Date: 15 January 1989 

Depth(m) °c So/aD °2 N . Sf P Chi A 

3 18.7 35.27 5.30 5.5 3.8 0.07 0.2 

13 18.7 35.27 5.89 5.3 1.7 0.05 0.3 

33 17.0 35.31 5.97 5.7 3.4 0.06 0.4 

51 14.5 35.39 4.65 11.1 3.5 0.09 0.5 

94 13.2 35.43 3.72 16.3 6.3 0.12 

133 12.7 35.48 1.94 25.3 11.3 0.17 

173 12.1 35.41 1.86 25.3 11.0 0.18 

242 11.7 35.33 1.09 25.8 13.5 0.20 

315 9.9 35.21 0.85 25.8 12.2 0.24 
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TABLE 3.34 (continued) 

Location: 23°36.6'S, 13°5.1 'E; Date: 15 January 1989. 

Depth (m) °c SO/oo °2 N Si P Chi A 

3 20.1 3532 5.78 4.9 1.0 0.04 0.4 

13 19.6 35.32 5.74 1.7 1.0 0.03 0.4 

32 16.4 35.33 5.66 6.2 2.6 0.06 0.5 

53 15.4 35.45 4.8 1 103 3.0 0.09 1.3 

104 13.5 35.49 3.34 17.8 8.3 0.15 

205 11.8 35.40 1.44 25.6 11.9 0.20 

307 9.7 35.17 1.30 25.6 1.6.4 0.22 

406 8.0 35.01 1.90 25.6 183 0.23 

554 6.2 34.87 2,27 25.6 23.2 0.24 

Location: 24"253'S, 13°353'E; Date: 16 January 1989. 

Depth(m) °c SO/oo °2 N Si P Chi A 

3 18.2 35.26 5.95 4.7 2.4 0.05 0.3 

12 17.1 3535 5.89 3.2 2.1 0.05 0.4 

33 16.2 35.41 5.73 4.1 2.2 0.05 1.0 

52 15,0 ·35.52 5.22 6.0 3.9 0.06 1.1 

105 12.9 35.42 4.25 13.9 6.7 0.10 

206 11.0 35.28 2.55 24.9 11.4 0.17 

342 9.4 35.14 1.34 26.0 18.9 0.25 
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TABLE 3.35 

Tag and recapture dal3 for NOlOrynchus cepcdianus. 

Location Days Dist. & dic. kmlday 

Tagged RecaptlJred liberty travelled 
(km) 

California 

Humboldt Bay Humboldt Bay ca 730 0 0 

Namibia 

Bird Rock Bird Rock 34 0 0 

Mile 4 Walvis Bay 538 41 S 0.1 

South Africa 

Bosldoof Laaiplek 484 291 N 0.6 

Grotto Laaiplek 359 110 N 0.3 

Struibaai Rooiels 162 211 NW L3 

Struibaai Agulhas 49 7 W 0.1 

Bontkop Dwarskcrbos 136 160 N L2 

Mpekweni Boknesstrand 484 69 W 0.1 

Grotto DwafSkerbos 137 120 N 0.9 

Agulhas Kleinbaai 122 76 W 0.6 

West Coast UMileBank 193 379 SE 2.0 

TABLE 3.36 

Combined seasonal abundance and maturity sratus of sc:vcngill sharks 

in Humboldt Bay and San Francisco Bay. 

MONTHS 

Maturity M A M J J A S 0 N D J F 

Juveniles 2 9 29 36 4 4 21 4 4 4 o o 

Adolescents I o I o I 3 o o o ' 0 

Adults 3 7 16 4 I 1 3 2 o o o o 
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TABLE 3.37 

Prey species recorded for Heplranchias perlo from Taiwan. 

Teleosts 

Conger cinereus 

Nemichlhys sc%paceus 

Pn"acanthus macracanthus 

Saurida elongate 

Trachurus japonicus 

Trichiurus /epturus 

Diaphus sp. 

Myctophidae 

Crustacea 

Brachyura 

Charybdis bimacu/ata 

Macrura 

/lymenopenaeus aequa/is 

Metapenaeopsis andamanensis 

Systel/aspis pel/ucida 

Pasiphaea sp. 

Sergia sp. 

Unidentified Penaeidae 

Cephalopoda 

Unidentified cephalopoda 
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Table 3.38 

Prey species recorded for Hexanchus griseus from southern Africa. 

Cephalopoda 

Lo/igo vulgaris reynaudii 

Todarodes angolensis 

Unidentified cephalopoda 

Gastropoda 

Unidentifed gastropoda 

Crustacea 

Unidentified crustacea 

Cartilaginous fish 

Callorhinchus capensis 

Mustelus mustelus 

Teleost 

Coelorhinchus sp. 

Diaphus sp. 

Myctophidae 

Engraulis capensis 

Sardinops ocella/us 

Etrumeus whiteheadi 

Scomber japonicus 

Helicolenus dactylop/erus 

Meriuccius paradaxus 

Merluccius capensis 

Unidentified teleost 

Cetacea 

Unidentified cetacean 

Pinnipeda 

Arc/ocephalus pusil/us 

209 



Table 3.39 

Prey species recorded for Hexanchus griseus from California. 

Aganatha 

Lampelra lridenlala 

Eplalre/us s/oulii 

Teleost 

Anoplopoma fimbria 

Merluccius productus 

Unidentified teleost 

Cartilaginous fish 

Squalus aean/hias 

Mus/elus henlei 

Hydrolagus eolliei 

Eehinorhinus cookei 

Unidentified cartilaginous fish 

Cet.acun 

Eschrichtius rabus/us 

Pinnipeda 

unidentified seal 
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TABLE 3.40 

Index of relative importance of prey species eaten by Nolorynchus cepedianlls from California. 

PREY SPECIES N %N Wt %Wt FO %FO IRI 
(gm) 

Crustacea 

Cancer magisler 2 3.5 170 3.6 2 3.6 25.7 

Cephalopoda 

Octopus dofleini 2 3.5 65 1.4 1 1.8 8.8 

Agnatha 

Lampelra In'denlala 4 6.9 40 0.9 2 3.6. 28.2 

ChondIichthyian 

Nolorynchus cepedianus 1 1.7 20 0.4 1 1.8 3.9 

Squalus acanlhias 2 3.5 200 4.3 2 3.6 28.0 

Muslelus henlei 8 13.8 705 15.0 8 14.6 418.8 

Triakis semlfasciala 2 3.5 200 4.3 ,2 3.6 28.0 

Myliobatis califomica 8 13.8 775 16.5 8 14.6 440.5 

Unidentified shark 2 3.5 200 4.3 2 3.6 28.0 

Teleost 

Clupea harengztS 1 1.7 50 1.1 1 1.8 5.1 

Engralis mordLIx 1 1.7 50 1.1 1 1.8 5.1 

Phaneradon Jurcatus 1 1.7 75 1.6 1 1.8 6.0 

Porichlhys nola IUS 1 1.7 100 2.1 1 1.8 7.0 

Roccus saxalilus 1 1.7 100 2.1 1 1.8 7.0 

Acipenser sp. 1 1.7 100 2.1 1 1.8 7.0 

Oncorhynchus sp. 1 1.7 100 2.1 1 1.8 7.0 

Sebasles sp. 2 3.5 200 4.3 2 3.6 28.0 

Cottidae 1 1.7 20 0.4 1 1.8 3.9 

Unidentified teleost 13 22.4 1130 24.0 13 23.6 1098.1 

Pinnipedia 

Phoca vitulina 4 6.9 400 8.5 4 7.3 112.1 

TOTAL 58 4700 55 2296.1 
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TABLE 3.41 

Index of relative importance of prey species eaten by NO(OIynchus cepedianus from South Africa. 

PREY SPECIES N 

Algae 

Unidentified algae 2 

Cephalopoda 

Lo/igo vulgaris reynaudii 2 

Octopus vulgaris 1 

Crustacea 

Crab 1 

Unidentified Crustacea 2 

Chondrichthyian 

Squalus megalops 8 

Haploblepharus sp. 3 

Mustelus mustelus 8 

Poroderma africanum 6 

P. africanum egg Cases 2 

P. pantherinum 5 

Poroderma sp. 2 

Carcharhinus brachyufUS 1 

C. obscurus 1 

Rhinobatis annulatus 1 

Raja sp. 3 

Narke capensis 1 

Torpedo fuscomaculata 1 

Dasyatis marmoratus 2 

Dasyatis sp. 2 

Myliobatis aquila 1 

Unidentified shark 4 

Unidentified chondrichthyian 

%N Wt %Wt FO 
(gm) 

1.9 92.6 0.3 2 

1.9 162.0 0.5 2 

0.9 60.0 0.2 1 

0.9 8.2 0.2 1 

1.9 8.2 0.2 2 

7.4 1803.1 5.1 7 

2.8 267.7 0.8 3 

7.4 3626.9 10.3 7 

5.63791.0 10.8 5 

1.9 9.0 0.0 1 

4.61622.6 4.6 5 

1.9 70.2 0.2 2 

0.9 398.0 1.1 1 

0.9 300.0 0.9 1 

0.9 350.0 1.0 1 

2.8 390.0 1.1 3 

0.9 225.0 0.6 1 

0.9 78.8 0.2 1 

1.9 718.2 2.0 2 

1.92454.0 7.0 2 

0.91176.3 3.4 1 

3.7 357.0 1.0 4 

2 1.9 314.4 0.9 
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%FO IRI 

2.0 4.3 

2.0 4.7 

1.0 1.1 

1.0 0.9 

2.0 3.8 

7.1 89.6 

3.1 10.8 

7.1 126.8 

5.1 83.5 

1.0 1.9 

5.1 47.2 

2.0 4.2 

1.0 2.1 

1.0 1.8 

1.0 2.0 

3.1 11.9 

1.0 1.6 

1.0 1.2 

2.0 8.0 

2.0 18.1 

1.0 4.4 

4.1 19.3 

2 2.05.6 



TABLE 3.41 (continued) 

PREY SPECIES N 

Teleost 

Pomadasys sp. 1 

Merluccius paradoxus 1 

Conger wilsoni 1 

Galeichthys sp. 1 

Argyrosomus hololepidotus2 

Mugil cephalus 1 

Lithognathus aureti 1 

Trachurus trachurus 5 

Atractoscion aequidens 2 

Chrysoblephus cristiceps 1 

Merluccius sp. 2 

Trichiurus leprurus 1 

Sardinops ocellatus 4 

Unidentified teleost 11 

Cetacea 

Lagenorhynchus obscurus 1 

Unidentified Delphinidae 6 

Pinnipedia 

Arctocephalus pusillus 7 

TOTAL 109 
• 

%N Wt %Wt FO 
(gm) 

0.9 314.0 0.9 1 

0.9 207.6 0.6 1 

0.9 120.0 0.3 1 

0.9 78.0 0.2 1 

1.91100.0 3.1 2 

0.9 27.0 0.1 1 

0.9 30.0 0.1 1 

4.6 657.0 1.9 3 

1.9 250.0 0.7 1 

0.9 58.0 0..1 1 

1.9 955.0 2.7 ·2 

0.9 81.2 0.2 1 

3.7 88.8 0.3 1 

10.21526.1 4.4 '11 

0.9 89.7 0.0 1 

5.64440.1 12.7 6 

6.5 6861.0 19.6 7 

35019.0 99 
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%FO IRI 

1.0 1.9 

1.0 1.5 

1.0 1.3 

1.0 1.2 

2.0 10.2 

1.0 1.0 

1.0 1.0 

3.1 19.9 

1.0 2.6 

1.0 1.1 

2.0 93 

1.0 1.2 

1.0 4.0 

11.2 163.2 

1.0 0.9 

6.1 111.5 

7.1 186.0 
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TABLE 3.42 

Index of relative importance of prey species eaten by Notorynchlls cepedinnus from Namibia. 

PREY SPECIES N %N WT %WT FO %FO IRI 
(gm) 

Algae 

Unidentified algae 1 0.9 5.0 0.0 1 1.1 1.1 

Bivalvia 

Mytilus sp. 1 0.9 5.0 0.0 1 1.1 1.1 

Cephalopoda 

Octopus vulgaris 2 1.8 25.0 0.1 2 2.3 4.4 

Unidentified cephalopoda 1 0.9 0.6 0.6 1 0.0 1.0 

Gastropoda 

BuIlia laevissima 7 6.4 64.8 0.2 3 3.4 22.7 

Agnatha 

Eptatretus hexatrema 1 0.9 18.6 0.1 1 1.1 1.1 

Chondrichthyian 

Notorynchus cepedianus 4 3.71105.6 4.2 4 4.5 35.8 

Mustelus mustelus 6 5.53065.0 11.6 6 6.8 116.9 

Triakis megalopterus 1 0.9 350.0 1.3 1 1.1 2.6 

Haploblepharus pictus egg case 4 3.7 17.2 0.1 2 2.38.5 

Rhinobatis annulatus 3 2.83550.0 13.5 2 2.3 36.9 

Raja straeleni 1 0.9 78.4 0.2 1 1.1 1.4 

Myliobatis aquila 2 1.8 1200.0 4.6 2 2.3 14.5 

Dasyatis mannorata 1 0.9 325.0 1.2 1 1.1 2.4 

Callorhinchus capensis 3 2.8 57.5 0.2 3 3.4 10.1 

Unidentified batoid 1 0.9 200.0 0.7 1 1.1 1.9 
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TABLE 3.42 (continued) 

PREY SPECIES N %N WT %WT FO %FO IRI 
(gm) 

Teleost 

Argyrosomus hololepidolus 1 0.92700.0 10.2 1 1.1 12.7 

Galeichlhys sp. 4 3.71070.0 4.1 4 4.5 35.1 

Genyplerus capensfs 1 0.9 220.0 0.8 1 1.1 2.0 

Lilhognalhus aureli 1 0.9 700.0 2.7 1 1.1 4.1 

Trachurus Irachurus 5 4.6 665.6 2.5 5 5.7 40.4 

Sardinops ocelialus 2 1.8 89.3 0.3 2 2.3 4.9 

Scomber japonicus 1 0.9 256.0 0.9 1 1.1 2.1 

Unidentified teleost 23 21.21123.1 4.3 . 9 10.2 259.4 

Cetacea 

Unidentified Delphnidae 2 1.8 270.7 1.0 2 2.3 6.5 

Pinnipeda 

Arclocephalus pusillus 30 27.5 9180.1 34.8 :30 34.1 2126.3 

TOTALS 109 26342.5 88 2756.0 
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Taxonomy 

CHAPTER 4 

DISCUSSION 

The Order Hexanch iformes forms a distinctive group of sharks 

characterised by six or seven paired g ill openings, a single 

dorsal fin and an anal fin. Adult males of this group lack a 

siphon sac, but have in its place, a clasper sac. This 

structure, which develops along the claspers, is unique to the 

Hexanch iformes. The Chlamydoselachidae are distinguished from the 

Hexanchidae by having the first gill opening extending across the 

throat, an eel-like body, similar dentition in both jaws, and 

absence of a clasper scroll. The members of the family 

Hexanchidae comprise three genera and four valid species; the 

perlon shark, Heptranchias perlo, sixgill shark, Hexanchus 

griseus , bigeyed sixgill shark, ~ nakamurai, and the sevengill 

shark, Noto rynchus cepedianus. Intraspecific tooth counts showed 

a broad overlap ranging from 19-46 /09 -3 8 (Figure 4.1). Unlike the 

frilled sharks all the cow shark species show a remarkable 

increase in the total number of teeth with growth. Ontogenic and 

sexual het erodonty is especially pronounced in the genus 

Hexanchus but less noticeable to non - existent in the two 

sevengil l shark species. Tooth development and morphology may be 

useful characters for determining the age and stage of maturity 

of the two sixgill species. In traspeci fic merist ics between the 

five hexanchoid species showed a slight gradation for pectoral 

(Figure 4.2), pelvic (Figure 4.3), dorsal (Figure 4.4) and anal 

(Figure 4.5) fin radials. 

Ivhile the Chlamydoselachidae were var iabl e the Hexanchidae 

could be separated on the bas is of ~lP vertebral counts due to 

high intraspecific variation between the different cow shark 

specles (Figure 4.6). Spiral valve turn counts appear to be a 

good taxonomic indicator. The low intraspecific variation of 

spiral valve turns was consistent within the Hexanchidae, but was 

highly variable for the Chlamydoselachidae (Figure 4.7). Studies 

on other elasmobranch groups such as carcharhinoids (Compagno 

1988) rajoids (Ishiyama 1958, Stehmann 1970)- and squaloids, have 
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shown these groups to have low intraspec ific variation. The 

extreme variation In frilled sharks may indicate that 

subpopulations, subspecies or even additional, new species exist 

within this group. 

The taxonomic arrangement used in this thesis follows that 

of Compagno (1977) in placing the cow and frilled sharks within 

separate families, the Hexanchidae and Chlamydoselachidae , 

respectively. Suggestions that the sevengilled perlon shark and 

the bigeyed sixgill "Jere more closely aligned than the bigeyed 

sixgill and sixgill sharks (Springer & Waller 1969; Bass et. al 

1975), appear to be unfounded. The cranial morphologies of the 

bigeyed sixgill and sixgill sharks are similar, while that of 

the sevengill shark is sufficiently different to warrant 

inclusion in its own genus (Compagno 1977). Furthermore, 

ontogenetic heterodonty is pronounced in the genus Hexanchus, but 

is virtually non-existent in the two sevengill species . 

Results of this study indicate that the family 

Chlamydoselachidae contains at least two distinct species . 

Based on morphological and meristic differences (i. e . cranial 

differences, MP and total vertebral counts, spiral valve counts) 

between Namibian and western North Pacific forms, it is proposed 

tha t the Namib ian frilled shark, designated here as 

Chlamydoselachus "sp. A", lS a new and presently undescribed 

species. Results on the biology of frilled sharks will, however, 

be referred to L angulneus in this dissertation. The proposed 

new species will be descr ibed elsewhere. 

Biogeography 

Hexanchoid sharks are widely distributed in area and depth. 

This group ranges from coastal bays and harbors along the open 

coast out across the continental shelf and down along the slopes 

to considerable depths. They occur from the equatorial zone to 

sub-polar reg ions . 

The distribution, and particularly that of the deep-water 

specles, may be more extensive than current knowledge indicates. 

An important aspect of elasmobranch distribution, and one that 

has usually been overlooked, is thei r micro - distribution in 

limited subhabitats within a broad range. It is well known that 
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elasmobranchs tend to segregate by size and sex in part of their 

range. Any adverse effect on one segment of the population may, 

therefore jeopardize an entire population. One such effect 

results from the use of shark nets. The dusky shark, Carcharhinus 

obscurus, pups in nearshore waters off Natal, S.A. where the 

newborn remain until the onset of maturity. The principal natural 

predator on these small dusky sharks is the Zambezi shark, h 

leu cas , a predominantly coastal species. Zambezi sharks are 

removed by the shark nets which have too large a mesh size to 

capture the small dusky sharks (Van der Elst 1979). The seaward 

movement of juvenile dusky sharks as they mature tends to reduce 

their chance of capture by shark nets. Thus, the population of 

small dusky sharks has increased tremendously over the past few 

decades since the breeding population remains offshore beyond the 

shark nets . The situation is further complicated by reduction of 

other macropredatory sharks that eat juvenile dusky sharks and 

other small shark species. Species such as the houndshark 

(Mustelus mosis) that prey heavily on invertebrates tend to 

increase predation pressure on these lower trophi c level 

organisms since their chief predators have been removed. 

Furthermore, as fisheries for elasmobranchs increase, the 

targeting of breeding areas will have a devastating effect on the 

entire population. This is the case In San Francisco Bay where 

the population structure and dynamics of several elasmobranch 

species have been adversely affected by the development of a 

shark fishery. 

Environmental and physical factors play an important role in 

the distribution of many elasmobranch species. For bay-dependent 

species, manmade changes may affect localized breeding or other 

aspects of the life cycle. For example, heavy fishing pressure on 

the soupfin shark (Galeorhinus galeus) In San Francisco Bay 

between the 1930's and 1980's (Byers 1940; Ripley 1946; Herald & 

Ripley 1951; Ebert 1986c) reduced their numbers from a high of 16 

percent of the total bay elasmobranch population (Smith & Kato 

1979) to less than 1 percent by 1984 (Ebert 1986c). The effect of 

natural occurrences, for example EI Nino and manmade pollutants 

that are discarded into the Bay, on elasmobranch populations are 
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at present unknown and sho u ld be further i nvestigated. A better 

understanding of the conditions preferred by elasmobranch species 

is important to maintaining healthy populations of these fishes. 

Habitat 

The hexanchoids occupy a broad spectrum of habitats ranging 

from temperate nearshore zones extending across the continental 

shelf to the continental slopes and perhaps on to the abysal 

plains. These sharks also inhabit both demersal and midwater 

habitats as part of their life history strategy. For example, 

catch records indicate that the frilled shark, usually considered 

a deepwater demersal species, is frequently caught in midwater 

trawls. Shiobara et al. (1987) reported that 40 percent of the 

frilled sharks captured in Suruga Bay were taken by midwater 

trawl between depths of 60 and 140 m. The capture of a California 

specimen was made at night within 20 m of the surface in water 

over 1500 m deep (Noble 1948). 

Perlon sharks appear to be an outer shelf to upper slope 

species that is most commonly caught between 100 and 400 m. The i r 

abundance between these depths may reflect local fishing efforts, 

as in Taiwan where perlon sharks are commonly taken between 100 

and 300 m depth. However, Tanaka and Mizue (1977) reported that 

despite making long line sets between 100 and 600 m deep, most 

sharks were taken between 200 and 300 m, with no sharks being 

caught in water less than 100 m deep nor below 500 m. 

The sixgill shark is a deep water inhabitant of the outer 

continenta l shelves and slopes, including seamounts and submarine 

canyons, ranglng in depth to over 2400 m (Hongxi, Siming, & 

Guogiang 1987). They seem to occur over bottoms of muddy 

substrate, but also in rocky areas. In addition to its epibenthic 

habitat, sixgills occur in the midwater column 

hundred meters off the bottom in the mesopelagic 

zones. 

up to several 

and epipelagic 

The close proximity of a s ubmarine canyon to a bay or the 

coastline acts as a corridor through which deep-sea species 

venture into the nearshore zone. Sixgill sharks for example , have 

been well documented as entering San Francisco Bay (Herald & 

Ripley 1951; Ebert 1986b; present study) which is at the apex of 
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a large submarine canyon. The high productivity, from upwelling, 

typically associated with submarine canyons also provides a 

nutrient rich zone for the juveniles . 

The bigeyed sixgill shark typically occurs near the bottom 

between depths of 90 and 600 m (Bass tl SiL 1975), making 

occasional excursions into the nearshore and mesopelagic zones. 

One specimen taken off Natal, S.A. was caught in a shark net in 

water less than 10 m deep (Bass ~ ~ 1975). 

The sevengill shark is a distinctly coastal species, ra rely 

occurr ing below a depth of 100 m. The deepest recorded specimen 

for this study was from 226 m off New Zealand. However, this 

appears to be an anomalous individual since overVlhelming data 

col lected from Australia, California, Sou th Africa, Namibia and 

New Zealand indicate that it is a nearshore spe cies. Off the 

Ca lifornia coast, a comparison of gill net catches between 10 and 

100 m depth ind icate that sevengills were captured at an average 

water depth of 33 m and that sixgills were caught at an average 

depth of 77 m (Ebert 1986b). Additional data from a gill net 

study conducted by the California Department of Fish and Game 

(Wild 1988) further support the conclusion that the sevengill 

shark is a nearshore species. Intensive sampling for both species 

in southern Africa from the surf line down to several hundred 

meters, revealed that sevengills were common in water less than 

70 m, whi le sixgills were more abundant below this same depth. If 

the sevengill shark was a deeper occurring species , it should 

have shown up more frequently than the data indicate. 

Movement Patterns 

The recapture of an adult female sevengill ~n Humboldt Bay, 

~n approximately the same location in which i t was tagged, 

indicates that individual sharks may return to the same breeding 

grounds. The sevengill shark is a seasonally abundant species in 

Hum boldt and San Francisco bays during the spring and summer 

months (Ebert 1986c, 1989). Th·is increase in numbers coincides 

with their reproductive cycle (see reproductive biology). The 

fact that individual elasmobranchs migrate to the same breeding 

grounds is not surp rising , given that extensive studies on 

teleosts have demonstrated this phenomenon. Elasmobranchs have 

220 



highly sophisticated olfactory senses which they probably use to 

locate these breeding grounds. At least two other common northern 

California shark species appear to return to the same bay on a 

seasonal basis - the soupfin shark, Galeorhinus galeus, and the 

leopard shark, Triakis semifasciata. 

Knowledge of elasmobranch movement patterns is poor. Long 

term tagging programs could reveal some useful information, but 

the day to day or even seasonal habits of sharks need to be 

investigated. Several studies have attempted to tag sharks with 

telemetric equipment (Nelson 1978, 1987), in order to follow 

their movements, but unfortunately the time spent actua l ly 

following the shark has so far been limited by technological and 

monetary constraints. Longer term movement data could reveal 

socially complex and behaviorally dynamic organlsms acutely 

attuned to the environment. 

Growth 

Juvenile sevengills appear to have a very rapid growth rate 

during the first few years of life. Evidence to support this 

hypothesis can be inferred from life history data. Newborn 

sevengills, pupped between April and May in Humboldt and San 

Francisco bays, range between 350 mm and 450 mm TL. Length ­

frequency data from several fishing competitions held in 

September revealed large numbers of juveniles between 540 mm and 

700 mm TL. Close examinat i on of these speclmens revealed that 

they had recently healed umbilica l scars. It appears that these 

juveniles taken in September were born earlier in the same year, 

probably during April-May. Additionally, growth studies conducted 

at the Monterey Bay Aquarium (MBA) indicate that juvenile 

specimens show tremendous growth over the first couple of years 

(G. van Dykhuzien, aquarist, MBA, Monterey, California, pers. 

comm.). Juveniles (measuring ( 1000 mm TL) held in the aquarium 

were observed to eat continuously and voraciously, while 

adolescents and adults tended to feed less frequently. Similarly, 

a newborn sixgill held in captivity at the MBA showed a rapid 

growth rate from 700 mm TL (1.4 kg) to 1050 mm TL (5.7 kg) in 300 

days. 

Energetically, it would be advantageous to place newborns in 
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an area of high productivity, i.e. a bay or upwelling zone, where 

they would be provided with an abundant food supply. The rapid 

growth rate of juveniles would enhance their survivorship since a 

sevengill of over 700 mm TL, or a sixgill of over 1000 mm TL, has 

fewer predators than a newborn and they themselves are high­

ranking predators equivalent to much heavier marine mammals. 

Reproduction 

Frilled Shark 

An intensive study of the biology of the frilled shark is 

needed. This intriguing species has fascinated anatomists since 

Garman first described it in 1884. The anatomical literature on 

frilled sharks is extensive (Garman 1885; Hawkes 1906, 1907, 

Deinega 1909, 1923, 1925; Goodey 1910; Allis 1923; Smith 1937), 

but data concerning its basic biology are lacking. Works by 

Gudger and Smith (1933) and Gudger (1940) provided some insight, 

but virtually no new data have come to light since then. 

Recently, however, a group of Japanese scientists published a 

bulletin providing new information on this species (Tanaka 1987; 

Shiobara et al. 1987; Hara 1987; Taniuchi 1987). Additional data 

on the life history of this species are currently being prepared 

by Dr. Sho Tanaka (Faculty of Marine Science, Tokai University, 

Japan, pers. comm.) and it is hoped that this will shed some 

light on this fascinating deep sea shark. 

The 916 mm TL specimen reported here is believed to be the 

smallest adult male frilled shark on record. All specimens 

described by Gudger (1940) were larger, and no suggestions were 

made as to the maturity of male frilled sharks. 

Maturity in female frilled sharks has been estimated at ca. 

1500 mm TL based on the presence of six maturing ova (Gudger 

1940). A 1398 mm TL specimen illustrated by Gudger (1940) was 

immature while a 1550 mm TL specimen was mature. Maturity was 

based on the presence of large ovarian eggs measuring up to 83mm 

in diameter. Gudger (1940~ reported that more eggs ripen in the 

right ovary than in the left and that the left ovary was non­

functional in some specimens. This differs from the other 

hexanchoids, all of which have both ovaries functional. Fecundity 

has been reported as between 2 and 12 (Gudger 1940). One 
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additional record of embryos for this spec l es came from a 

specimen caught by a trawler off the Cunene River which gave 

birth to three embryos on the ship's deck (Dr. A. Payne, SFRI, 

Cape Town, South Africa, pers. comm.). 

The reproductive cycle of frilled sharks has been estimated 

at two years (Gudger & Smith 1933; Gudger 1940). This was based 

on the fact that after parturition the ovaries are so reduced 

that the female needs approximately one year for the large 

ovarian eggs to develop. The eggs must grow to a size in excess 

of ca. 70 mm ln diameter before they are ready for fertilization. 

Once the eggs have been fer t ili z ed, the gestation period is an 

additional 12 months. This pa t tern is similar to that of the 

sevengill shark which also has large (ca. 75 mm in diameter) 

ovarian eggs prior to fert il ization (Ebert 1986b, 1989), Breeding 

in Japanese waters is thought to occur between late March and 

June (Nishikawa 1898). Gudger's (1940) observations on the 

developmental sequence of embryos through Apri l tend to support 

this hypothesis, but insufficient data are available to confirm 

this hypothesis. 

Reports of frilled sharks outside Japan are comparatively 

1000 mm TL. 

the l iterature. 

rare, but of those specimens captured, most are 

Very few juvenile specimens have been reported in 

This may be a sampling artifact if juvenile frilled sharks 

aggregate in areas not usually fished. 

Perlon Shark 

Based on the indicators used in this study, maturity ln 

males occurs between 700 and 800 mm TL. Males were found to be 

mature at a minimum size of 746 mm TL, but adolescents measuring 

up to 783 mm TL were examined. All males over 800 mm TL in this 

study were, however, mature. Late adolescent males were found to 

have enlarged testes, highly convoluted epididymi, and viable 

sperm which could be expelled from the genital papilla. The 

terminal cartilage elements were, however, uncalcified. 

Calcification of terminal cartilage elements was the last 

criterion to be met before male perlon sharks were considered 

mature. Tanaka et ~ (1975) make no mention of the terminal 

cartilage elements as indicators of maturity, but their estimates 
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of male maturity correspond with those of this study. Bigelow and 

Schroeder (1948) estimated that Atlantic specimens matured at a 

slightly smaller size, between 600 mm and 750 mm TL, although no 

criteria for maturity are cited (the~r approxima tion was based on 

a single adult male measuring 698 mm TL). Much of their 

information was derived from the literature and personal 

communications from Luis Howell - Rivero. As discussed above, the 

terminal cartilage elements were crucial In establishing maturity 

for the males. It may be that Atlantic specimens of this species 

do mature at a smaller size, but more information is required to 

confirm this hypothesis. Other studies have variously reported 

male maturity at 950 mm TL from the eastern tropical Atlantic 

(Poll 1951), 930 mm to 1010 mm TL from the Mozambique Channel 

(Forster et al. 1970), and> 850 mm TL for Mozambique and South 

Africa (Bass ~ ~ 1975). 

Male reproductive success did not appear to be seasonal. 

Males collected during this study were found to contain viable 

sperm all year round. This finding supports those of Tanaka et 

~ (1975). In addition, the mucous substance secreted by adult 

males appears to be present throughout the year. The presence of 

this mucous is unique among hexanchoids and elasmobranchs In 

general. The mucous is quite sticky and appears to act as an 

adhesive. What role it plays during courtship and copulation lS 

uncertain, but two possibi lities are that it assists in the 

transfer of sperm into the female , or that it acts as a 

pheromone. 

Female perlon sharks begin maturing between 950 mm and 1100 

mm TL. No specimens with embryos or intrauterine eggs were 

collected , so it was difficult to determine with any accuracy the 

size at which maturity first occurs. The two largest specimens, 

1130 mm and 1185 mm TL, contained eggs only 18 mm and 10 mm in 

diameter, respectively, yet had the greatest oviduct widths of 

any specimen examined. The shel l glands of these specimens were 

moderately expanded. The remainder of the specimens (> 965 mm TL) 

with large eggs had very narrow oviduct widths, but moderate to 

widely expanded shell glands. A direct correlation could be drawn 

between egg diameter and shell gland width. Tho se with larger 
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eggs tended to have a wider shell gland, indicating that the 

female is approaching ovulation. Tanaka and 11izue (1977) reported 

a similar f inding In comparisons of uterine width a nd egg 

diameter. When the eggs reached diameters of between 35 and 45 mm 

the uterus expanded rapidly . Based on uterine width of the two 

largest females from this study it appeared that they had 

r ecently glven birth. The uterine widths of these two females 

were 37 mm and 44 mm, sligh tly larger t ha n Tanaka and Mizue's 

(1977) approximate Slze of 35 mm . The remaining females appear to 

have been either inactive or entering their first breeding 

season. Given the extremely narrow width and constr icted 

condition of the uteri prior to the onset of maturity, the uterus 

of most adult female elasmobranchs examined were found to be 

pendulous after at least one reproductive cycle and apparen t ly do 

not ret u rn to thei r pre - reprodu ct i ve cond i t io n betw een 

reproducti ve cycles. Tanaka and Hizue (1977) est i mated maturity 

to occur between 950 mm and 1050 mm TL for Japanese specimens and 

Bigelow a nd Schroeder (1948) estimated about 900 mm for Cuban 

females. Poll (1951) reported an immatu re 920 mm TL s pecimen, and 

Bass ~ ~ ( 1975) noted an adolescent perlon shark of 890 mm TL. 

Assuming a minimum size of 932 mm TL for maturity , this would be 

68 % o f the maximum TL reported for this species. This value fits 

within Holden's (1974) generalization that females mature between 

0.6 and 0.9 of their asymptotic TL. 

According to Tanaka and Mi zue (1977) , per lon sharks I n 

J a panese waters had no definitive breeding season. This 

assumption was based on the observation that no dir ect 

relationship could be established between the diameter of 

matu r ing ova and the months of the year. Capape (1980) estimated 

that gestation lasted for about 10 months in Mediterranean 

specimens and that females gave birth in November or December. 

Gravid femal es of this species have rarely been described in the 

literat ure. Tanaka and Mizue (1977) suggested that females may 

not feed during gestation and would therefore escape capture 

since their specimens were taken on long-line gear. However, 

perlon sharks in Taiwan were mainly caught by trawl nets which 

are not as selective as long - line gear and do not depend on 
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feeding behavior to capture sharks and other organisms. All of 

the specimens observed from Taiwan fell within the approximate 

size range as those collected by Tanaka and Mizue (1977) - 500 mm 

to 1200 mm TL. No gravid females or small juveniles < 500 mm TL 

were observed. Small per J on sharks measuring between 250 mm and 

500 mm TL, if present, should have been taken by these trawlers 

since lantern sharks (Etmopterus sp.) and cats harks (Apristurus 

sp.) measuring 200 mm TL were caught in large numbers. Data 

from this study and Tanaka and Mizue (1977) reveal that no large 

perlon sharks (> 1200 mm TL) nor small specimens « 500 mm TL) 

were captured from Taiwanese or Japanese waters. Bass et al. 

(1975) reported several specimens from Mozambique measuring 

between 270 mm and 420 mm TL, but did not acquire any gravid 

females . Due to the absence of these two size groups, it is 

suspected that most gravid females and juveniles aggregate in 

different locations to those of adult males and non-breeding 

females that could include becoming pelagic as well. 

Fecundity in perlon sharks has variously been reported as 

between 9 and 20 young by Bigelow and Schroeder (1948), 6 by 

Cadenat and Blache (1981), and 11 by Tanaka and Mizue (1977). No 

additional information can be supplied other than that perlon 

sharks appear to have a larger number of ovarian eggs than their 

reported fecundity would s uggest, one specimen having 42 ovarian 

eggs. The diameter of these eggs (22 mm to 45 mm was quite 

large, suggesting that more than 20 eggs may ovulate at one time. 

However, it seems unlikely that these sharks would approach the 

reported litter sizes of the sixgill (maximum 108) or sevengill 

(at least 82) sharks (Ebert 1986b). From present knowledge it is 

clear that considerable data are needed to elucidate the perlon 

shark's reproductive cycle. 

Sixgill Shark 

Records of adult male sixgills are confined to a single 

speclmen reported by Branstetter and McEachran (1986). The 

specimen measured 3250 mm TL and was taken in the Gulf of Mexico. 

Three adult males were obtained for this study. Springer and 

Waller (1969) reported that a male 3480 mm TL was immature, but 

did not specify what criteria were used to determine this. The 
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claspers of a 3080 mm TL speclmen (USN M 220178) lacked 

calcification of the terminal cartilage elements and was 

therefore considered to be adolescent. However , the terminal 

cartilage elements of a 3140 mm TL specimen ere calc i fied. Since 

only the claspers of the 3080 mm TL specimen were available fo r 

examination additional indicators of maturity could not be 

assessed. Blue sharks do not show an abrupt increase in clasper 

length at the onset of maturity (Pratt 1979). This criterion, 

however, should not yet be invalidated for sixgills since the 

sample size was small and adult males probably reach a larger 

maximum TL . Data concernlng the maximum TL attained by males and 

whether they are capable of reproducing year-round wil l have to 

await the collection of additional material . 

Adult females are known at 4210 mm TL (Ebert 1986a) and are 

immature at 3500 mm TL (Desbrosses 1938). However, a mo re 

accurate estimate of the size at maturity is wanting. A 4050 mm 

TL specimen contained developing ova, but its weight was 116 kg 

less than a 4220 mm TL specimen and 205 kg less than a gravid 

female measuring 4210 mm TL. Another specimen reported by Bass 

(1979) measured 4250 mm TL, but only weighed 348 kg. 

Unfortunately no maturity data were given either for Bass's 

(1979) speclmen or a 4330 mm TL specimen reported by Springer and 

Waller (1969). Size at maturity has previously been reported as 

4500 mm TL (Springer & Waller 1969) and based primarily on gravid 

females measuring between 4520 mm and 4820 mm TL. Except for 

females containing embryos, maturation data on large (> 4000 mm 

TL) specimens are obscure. The large variability in weight may be 

related to the female's stage of development. The weight of adult 

female sevengill sharks can be highly variable; a 2640 mm TL 

specimen weighed 106 kg, a 2800 mm TL specimen, 132 kg, and a 

2910 mm TL specimen, 182 kg. Similarly large white sharks > 4000 

mm TL can be extremely variable with some individuals appearing 

as slender "snakes" and others as massive "pots". The extreme 

variability exhibited in the weight of these female sharks may 

reflect the animal's reproductive condition. Until more specimens 

between 3500 mm and 4210 mm TL are carefully examined as to their 

maturation status, maturity is assumed to occur at a size in 
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excess of 4000 mm TL. 

The sixgill shark has one of the largest litter sizes 

reported among elasmobranchs. The fecundity has variously been 

reported as between 22 and 108 (Ebert 1986a). The number of 

embryos reported in the literature are 108 (Vaillant 1901), 47, 

ca. 70, 22 (Desbrosses 1938) and 51 (Ebert 1986a). The 22 embryos 

reported by Desbrosses (1938) came from a speclmen of unknown 

size and was not examined by Desbrosses himself. The information 

on this particular specimen was given to Desbrosses by Dr. 

Lopee'. Si nce very little information was given there is some 

doubt as to the identity of the specimen which could have been a 

bigeyed sixgill shark. Several authors (Nakamura 1936; Desbrosses 

1938; Bigelow & Schroeder 1948; Fourmanoir 1961; Cervigon 1966) 

confused these two species. Since both species are known to occur 

in this area the specimen with 22 embryos was probably a bigeyed 

sixgill since a litter size of 22 falls within the range reported 

for this species. One problem in estimating fecundity In sixgills 

is that they are known to spontaneously abort their young when 

captured (Ebert 1986a). This was observed In a 4210 mm TL 

specimen which 

board a ship. 

aborted her 51 term embryos while being brought on 

The 108 embryos reported by Vaillant (1901) carne 

from a specimen caught in water less than 15 m deep. 

Newborn sixgills were caught off southern Namibia during 

mid- to late summer over three successive seasons. The depth 

ranged between 300 m and 400 m deep . The newborn sixgills from 

Namibia were similar in size to term embryos from the 4210 mm TL 

female. The occurrence of gravid females carrying term embryos 

during spring months and newborns during the summer months 

suggests a late spring or summer pupping period. Desbrosses 

(1938) reported an inshore movement of sixgills during the spring 

and autumn in the Bay of Biscay. Large females and newborns were 

commonly caught between depths of 50 and 100 m. From his data, 

Desbrosses (1938) concluded that sixgills produced two litters of 

young per year. Similarly, there was an increase in juvenile 

sixgills along the California coast during the summer and early 

autumn months. Trawl fishermen have also observed that large 

sixgills were taken during the summer months, but rarely at any 
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other time. Based on approximate litter Slze, and size at birth, 

it is suspected that the gestation period for this species is at 

least 12 months. Furthermore, there is evidence to suggest that a 

recently pupped female requires at least one year before she is 

in condition to mate. Studies on t wo other species, the frilled 

shark (Gudger & Smith 1933) and the sevengill shark (Ebert 1989), 

indi cate that both have two year reproductive cycles, and it 

appears that sixgills have a similar cycle. 

The maximum reported size for a female is 4820 mm TL 

(Bolivar 1907) . Assuming that females mature at approximately 

4000 mrn TL, this represents 83 % of their maximum TL and fits 

Holden's (1974) generalization that female elasmobranchs reach 

maturity between 0.6 and 0.9 of their asymptotic length. 

Circumstantial evidence suggests that females may attain a 

maximum length of 6000 mrn TL, but no specimens of this size have 

been accurately measured. Literature reports of an 8000 mrn TL 

specimen have now long been considered to be erroneous (Backus 

1969). However, specimens in excess of 5000 mm TL would not be 

unexpected in this species , thus mak ing it one of the larger 

elasmobranchs. 

Bigeyed Sixgill Shark 

Information on the reproductive biology of this speCles lS 

scarce. This has largely been due to confusion of this species 

with the sixgill shark. Forster ~ ~ (1970) recorded a mature 

male measuring 1230 mrn TL which is the smallest reported TL for 

an adult, and is probably close to the minimum size for matur ity. 

Female maturity has been estimated at 1420 mrn TL (Bass ~ 

.a.L. 1975). A litter of 13 was reported from a single specimen 

(Fors ter ~ ~ 1970). Reports of ovarian egg counts range from 7 

to 26 (Springer & Waller 1969, Forster et ~ 1970). A female 

sixgill of undetermined TL was reported by Desbrosses (1938) to 

contain 22 embryos. However, the specimen may have been 

misidentified, since Desbrosses' (1938) illustration is that o f a 

bigeyed sixgill, and not of its congener, the sixgill shark. 

Furthermore, a litter size of 22 would fit the range observed for 

the bigeyed sixgill. 
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Sevengill Shark 

Males 

Maturation in male sevengills begins at about 1323 mm TL, 

and lS indicated by coiling of the epididymis. ~Iost males appear 

mature at approximately 1500 mm TL , as evidenced by their highly 

coiled epididymis and viable sperm (Ebert 198 6b). According to 

Pratt (1979) production of viable sperm is an indication of adult 

status. Several other authors (Kauffman 1950; Matthews 1950; 

Olsen 1954) have also used this criterion to determine maturity. 

However, results of this study on the internal and external 

organs of male sevengills have shown that viable sperm can be 

produced prior to maturation. Thus , other criteria were needed to 

assess stage of development . The most important and simplest 

measure of maturity was the extent of calcification of terminal 

cartilage elements. A 1323 mm TL specimen previously reported as 

being mature (Ebert 1986b) on the basis of viable sperm and 

several other cri ter ia for maturity, was subsequently found to 

have uncalcified terminal cartilage elements. This was also the 

case in several other late adolescent males , some measuring up to 

1710 mm TL. Internally these males were mature, but the 

intromittent organs (i. e. claspers) necessary to transmit sperm 

into the female were not yet fully developed. Calcification of 

the terminal cartilage elements appears to be the final criterion 

met in distinguishing adult from adolescent males. Calcification 

of these elements coincided with a rapid increase in clasper 

length and an increase in testes weight. The increase in testes 

length to TL relationship occurred at a slightly higher TL (1650 

mm TL) than the other indicators. The preclse implications of 

this, if any, are unknown. 

Male sevengills have viable sperm throughout the year and 

appear to be capable of reproducing year-round. Sperm was 

observed to flow freely by applying pressure to the sperm sac on 

specimens examined year - round. Lyle (1978) found that in 

Carcharhinus species, sperm were either not present (as in £...... 

cautus and £...... melanopterus) or present in small quantities (£...... 

fitzroyensis) for three - quarters of the year. The Atlantic 
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stingray, Dasyatis sabina, shows a seasonal fluctuation in testes 

weight, but viable sperm are present year-round (Snelson et ~ 

1988). Taniuchi (1988) did not observe any seasonal change in 

testes weight for the Japanese s wellshark, Cephaloscyllium 

umbratile. The monthly change In sevengill shark testes weight 

may simply reflect low monthly samples. Additional samples should 

be collected to verify this possible increase in testes weight. 

If so, the production of viable sperm would coincide with the 

predicted ovulation of eggs by females and the occurrence of 

fresh mating scars on females. 

Females 

Females have a complex and pro lo nged maturation period. 

Small egg follicles (0.5 to 12 mm in diameter) first appear in 

the ovaries of adolescent speClmens measuring between 1860 mm and 

2080 mm TL. This observation was consistent for all females 

except one individual measuring only 1640 mm TL which had small 

follicles ( 12 mm in diameter). These small follicles develop 

into maturing ova with yolk in females between 2010 mm and 2140 

mm TL. Maturation takes place between 2180 mm and 2438 mm TL. 

Approximately 45 % or nearly one half of the female population 

within this size range had enlarged ovarian eggs (> 40 mm in 

diameter) and an expanded shell gland (> 25 mm wide). Females 

between 2180 mm and 2438 mm TL are suspected of entering their 

first breeding season since the oviducts of these speclmens were 

narrow and constricted. The oviducts of all females over 2500 mm 

TL and which had probably given b i rth at least once, were 

pendulous. Those females with enlarged ova and shell glands were 

deemed most likely to copulate successfully during the 

forthcoming breeding season. This percentage of females (45%) 

represented 

population. 

the following season's 

The remaining females 

recruitment into the breeding 

without enlarged eggs or an 

expanded shell gland would therefore enter into the breeding 

population the following year. Regulation of the number of 

females entering the breeding population would ensure that some 

proportion of the population is reproductively active at anyone 

time. 

The "staggering" of females which enter into the breeding 
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population in any given year indicates a two year reproductive 

cycle. A two year reproductive cycle was previously proposed for 

female sevengills based on several factors including reduction of 

the ovaries following parturition (Ebert 1986b, 1989). The female 

requires approximately one year before she is ready to mate. 

During the year of reproductive inactivity the ovarian eggs 

develop and enlarge to a diameter in excess of 40 mm. During the 

following breeding season, those females with enlarged eggs wil l 

mate, while those which had mated the preceding year, give birth. 

Females with large ovarian eggs (> 60 mm in diameter) were 

observed to bear fresh mating wounds, while other specimens with 

reduced ovaries had wide pendulous oviducts and healed scars. 

Females in both reproductive stages were observed in Humboldt and 

San Francisco bays during April and May of the same year 

suggesting that both mating and pupping occur in the same 

location. In addition, it appears that the location where 

breeding occurs is site specific, and perhaps critical to the 

sevengill's reproductive biology. 

Adult females give birth during the sprlng in Humboldt and 

San Francisco bays (Ebert 198 6b, 1989). Juveniles and newborns 

appear to remain in these bays throughout the spring and summer. 

They probably move out of these bays after the first severe 

autumn or winter ralns when the bay's salinity decreases. 

Sevengil ls and other bay elasmobranchs do not appear to be as 

tolerant of salinity changes as the bull shark (Bass ~ ~ 1975; 

Compagno 1984) and leave these bays during the winter months 

(Ebert 1986c). The precise timing of this emigration from the bay 

is variable, and dependent on the severity of the first heavy 

seasonal rains. However, the follOlol ing season , after the rains 

have subsided, these year-old juveniles appear to return to the 

bay ecosystem and remain for at least a second season. A similar 

situation appears to occur in the Rio Plata estuary where 

juvenile sevengills are abundant during the spring and summer 

months (Menni and Garcia 1985). The majority of adults appear to 

leave these bays after June, although some do remain. Snelson et 

i.l..L- (1984) found a similar pattern of occurrence for the bull 

shark. Juveniles measuring up to 1800 mm TL occurred throughout 
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the year in several Florida lagoon systems, while adults 2400 

mm TL were seasonally abundant. Once the juvenile bull sharks 

begin to mature they leave the lagoon , and upon reaching 

adulthood, they return. 

Sevengills have one of the highest average litter sizes for 

all elasmobranchs. One female containing 82 term embryos has been 

reported (Ebert 1986b), but no additional gravid females were 

captured during this study. Fecundity estimates for 19 specimens 

with a largest egg diameter of at least 40 mm indicates a range 

of 67 to 104. The reduction in total egg numbers, in relation to 

largest egg diameter, indicates that some eggs are reabsorbed. 

However, it is unlikely that eggs are reabsorbed after they reach 

a diameter of 40 mm or more. 

Reproductive Success 

An aspect of reproductive viability which has been 

overlooked in elasmobranch studies is the success with which a 

male or female contributes to the gene pool. Factors such as 

environmental, physical, physiological, and perhaps even 

sociological may influence an elasmobranchs ability to 

successfully reproduce. For example, a rapid increase takes place 

In the clasper length of male sevengills between 1500 mm and 1800 

mm TL, followed by a decrease above 1800 mm TL. Smaller males 

also, though biolog ically equipped, may have to compete with 

larger males for an opportunity to copulate with females. In many 

specie s of animals the males must wait until they can 

successfully compete against other males in order to copu late. 

For example, a recently matured male sevengill measuring ca. 1600 

mm TL may be at a disadvantage, in that it could not compete 

agains t a l arger male of ) 2200 mm TL. The smaller male could be 

excluded from the breeding population, until such time as it is 

able to compete. Another consideration is the size of an adult 

female sevengill in re lation to a small adult male. Small males 

may unable to successfully copulate with a female of nearly twice 

the size. Additionally, certain pheromones may be needed to 

initiate courtship behavior. The behavior of chain catsharks, 

Scyliorhinus retifer, during courtship and copulation described 

by Castro et ~ (1988) suggests that pheromones play an 
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important role. 

Unfortunately, unlike many of the large terrestrial game 

animals, elasmobranchs live in an environment which is difficult 

to study. Much of an elasmobranch's life cycle is unknown. It is 

well known that many elasmobranch species segregate by size and 

sex. Whether these segregations represent different components of 

a larger group whereby the adult males, adult females, non­

breeding adults, adolescents and juveniles each represent a 

component, which combines to form a social unit wi thin a given 

territory remains to be seen. Within this territory, specific 

breeding grounds may be used by one or several different 

components of the popu lation. Based on the ground color of 

sevengills in Humboldt, as opposed to San Francisco bays (Ebert 

1985) it is likely that each has its own distinct population. 

Furthermore, there is evidence that some individuals return to 

the same breeding ground year after year, as do some large land 

predators. Alligators are known to return repeatedly to hunt or 

build a nest at the same spot time and again if they were 

previously successful (Neill 1972). However, knowledge of the 

reproductive cycle, and its associated behavior, of elasmobranchs 

is limited. 

Food Habits and Feeding Behavior 

Frilled Shark 

The frilled shark, though commonl y regarded as archaic and 

primitive, is actually a very specialized predator by virtue of 

its specialized feeding apparatus. On the basis of the limited 

available data, it would appear that frilled sharks prey 

primarily on scy liorhinid sharks though they probably feed on 

other items of the appropriate size. Taniuchi (1987) reported 

the remains of an Apristurus 

Unfortunately, littl e else is 

frilled sharks to confirm its 

predation on scyliorhinids 

j aponicus in a Japanese specimen. 

known about the feeding habits of 

suspected prey preference. However, 

and possibly squaloids and other 

deepwater sharks, would coincide with suspected movement patterns 

of both predator and potential prey. Recent evidence has shown 

that frilled sharks are 

(Shioba ra et ~ 1987). 

commonly caught in midwater trawls 

Similarly, members of the genera 
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Apristurus and Parmaturus are known to migrate vertically into 

the water column (Lee 1969; Cross 1988; Ebert, unpubl. data). The 

elongated abdomen, anguiform tooth arrangement, terminal mouth 

and distensible very long, narrow Jaws, give this species a 

specialized body arrangement rer.1 i niscent of gUlper eels (Family 

Saccopharyngidae) or viperfish (Fami l y Chauliodontidae). No other 

shark has this body shape. Fri l led sharks may be capable of 

swallowing prey items ranging from 1/3 to 1/2 of their own body 

l e ngth, in much the same way as snakes are able engulf large prey 

items. The Apristurus sp. found In the 916 mm TL Namibian 

specimen measured 29% of the predator's TL. However, this was 

only a partial measurement since most of the head and half the 

tail region had been digested. Forensic examination of the prey 

item indicated that it had been ingested whole . In life, it would 

probably have measured closer to 35 or 40 % of the frilled 

shark's TL . The unique body shape of the frilled shark, 

apparently optimized for grasplng and engulfing prey, and its 

ability to forage in both demersal and midwater habitats indicate 

a highly evolved life style that is not remotely primitive. Thus 

rather than representing a "missing link" in chondrichthyian 

evolution, frilled sharks are in fac t highly spec i alized 

predators. 

Perlon Shark 

The diet of the perlon shark consists mainly of epibenthic 

and pelagic teleosts which indicates that i t forages both near 

and well off the bottom. Food items such as Trichiurus lepturus, 

Trachurus japonicus, Diaphus sp., and Nemi c hthys scolopaceus are 

generally associated with an epibenthic to mesopelagic habitat, 

as are the crustacean species Metapenaeopsis andamanensis, Sergia 

sp., and Systellaspis pellucida. The presence of these species 

indicates that perlon sharks also forage into the mesopelagic 

zone in search of prey. Mediterranean perlon sharks were reported 

by Capape (1980) to feed primarily on teleosts, with Gadiculus 

argenteus, Hoplostethus mediterraneus and Trachyrhynchus 

trachyrhnchus (all epibenthic inhabitants) constituting the main 

species. Secondary prey species in c luded several crustaceans , the 

cephalopod Sepietta oweniana, and t he lantern shark Etmopterus 
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sginax. Bigelow and Schroeder (1948) reported that the perlon 

shark was a voracious predator on hake, Merluccius sp., from 

Span ish waters. Interestingly, Trichiurus le];lturus, whose 

distribution extends throughout the Mediterranean Sea was not 

reported in the diet of perlon sharks from this region. 

Inferences from stomach conten t s of epibenthic and mesopelagic 

prey species indicate that the foraging strategies of perlon 

sharks involve more complexity than previously thought, and 

includes catching small mesopelagic fishes and crustaceans as 

well as larger bottom prey. 

Sixgill Shark 

The sixgill shark is a large, versatile three dimensional 

apex predator which can exploit a broad spectrum of prey species 

and habitats. It is the dominant predator along the outer 

continental shelves, slopes and possibly the abyssal plains. The 

individual prey species consumed by this shark reveal a predator 

whose foraging habitat appears to change with its life stage. 

Newborn pups tend to forage heavily on demersal teleosts and 

cephalopods along the outer shelf and upper slopes between 200 

and 400 m deep. They also appear to be especially abundant in 

areas of extreme upwelling, such as those occurring off Luderitz, 

Namibia. Highly productive areas would ensure an adequate food 

supply for newborn sixgills which appear to have an extremely 

rapid growth rate over the first year of life (see section 4.5). 

Larger juveniles (> 1000 mm TL) move along the slope and onto the 

shelf, often coming close inshore and occasionally into bays and 

estuaries (Ebert 1986b, 1988). Juveniles over 1000 mm TL have a 

fair ly catholic diet which includes cephalopods, elasmobranchs, 

marine mammals and teleosts. Such a broad diet probably enables 

and encourages juveniles to range over a wider area in search of 

potential prey. Feeding data for adolescent and adult animals are 

sketchy sinc e these groups tend to stay on the slopes and 

possibly in the abysses. Adult females are occasionally captured 

along the upper slopes and on the shelf, while adult males are 

noticeably absent. Additional information would be useful in 

confirming these suspected distributional feeding patterns. 

Observations on the occurrence of epibenthic, mesopelagic 
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and epipelagic prey species revea l a predator c apable o f f oraging 

over a broad range of habitats. On the bas is o f identified prey 

species, it appears that sixgills spend considerable time 

foraging off the bottom. Mid~Jater prey species like swordfish 

and cetaceans recorded in this study and elsewhere (Bigelow & 

Schroeder 1948; Backus 1957; Springer & Waller 1969; Ebert 1986 

a,b) indicate that sixgills are active hunters in this habitat. 

Swordfish long- line sets made at several hundred meters often 

caught large sixgills (Branste t ter & McEachran 1986; G. Gilmore, 

Harbor Branch Foundation, Flor i da, pers. comm.). Forster tl al. 

(1970) r e ported that 82 % of the sixgill specimens they captured 

were taken between 2 . 5 and 10 m off the bottom. Bigelow and 

Schroeder (1948) reported that this species comes to the surface 

at night to feed. 

Energetically it makes more sense for a large () 4 m TL) 

sixgill to capture one large prey item as opposed to numerous 

small items such as cephalopods. The energy expended by a large 

shark to catch smaller cephalopods might not be cost effective. 

In addition, the large broad mouth and huge cutting teeth of a 

big sixgill are not suggestive of a predator that surVlves 

exclusively on soft bodied cepha lopods. However, by using stealth 

to approach a swordfis.h or cet a c ean, a sixgill could position 

itself within range to make a short dash and overtake its prey. 

This has yet to be confirmed, but the possibility exists that 

sixgills can change their ground color over a short period of 

time. This would be advantageous for a wide-ranging predator to 

camouflage itself according to the habitat in which it was 

hunting. Sixgills range from a dark brown to a dark silvery gray 

color (see chapter 3, taxonomy). A silvery gray countershaded 

body would be advantageous for a mesopelagi c predator, while 

darker hues would benefit a deme r sal hunter. A change in the 

amount of light penetration may synchronously lighten or darken 

the ground color of these sharks as they move from one habitat to 

another. Other elasmobranch species, e. g. Poroderma pantherinum 

and Notorynchus cepedianus, have been observed to alter their 

ground color over short time periods. 

A possible scenarlO for large sixgills preying on large, 
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active prey runs as follows: a sixgill cruising slowly in the 

water column detects an object (e.g. a swordfish) basking at the 

surface. Stealthily, the predator glides ln for a closer 

examination and with only a faint flexure of the tail f or , 
propulsion and its large pectoral fins positioned at a 45 ' angle 

for navigation , the predator quietly approaches undetected. The 

deceptive gray ground color helps to camouflage the predator. The 

shark's keen sensors detect the stimulus of a swordfish. Then 

with a quick rush, 

clamping its huge 

the sixgill overtakes its victim and, by 

jaws around the tail stock, disables the 

swordfish and inflicts massive damage. The sixgill, in quick 

repeated turns, takes several large chunks of flesh. The prey 

quickly explres from injuries and loss of flesh and blood. 

Conspecifics and other predators in the area alerted to the 

activity, move in to investigate and possibly scavenge a meal. 

Bigeyed Sixgill Shark 

Bass (1980) suggested that bigeyed sixgills and newborn 

sixgills were allopatric in the tropics, but that adul t sixgills 

were sympatric with juvenile bigeyed sixgills. His hypothesis was 

based on the presumed resource partitioning between similar sized 

sixgills and bigeyed sixgills. With such little feeding data 

available on bigeyed sixgills, it is difficult to confirm or 

refute this hypothesis. However, based on records of juvenile 

sixgills from the Mediterranean Sea and Taiwan it appears that 

the habitat occupied by these two species is not mutually 

exclusive. A newborn sixgill measures between 610 mm and 730 mm 

TL while a newborn bigeyed sixgill is ca. 450 mm TL. If resource 

partitioning occurs between these two specles, it probably takes 

place on a micro-habitat scale. It is of interest that the 

teleost prey species of the bigeyed sixgill identified from this 

study and elsewhere (Forster ~ ~ 1970) are known to occupy an 

epibenthic or mesopelagic habitat, which in turn suggests that 

this species forages off the bottom. 
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Sevengill Shark 

Prey Preference 

The sevengill shark lS a versatile predator feeding on a 

wide spectrum of prey species including pinnipeds, other sharks 

(including conspecifics), batoids, cephalopods, cetaceans , 

gastropods and teleos ts. Reported prey species include the 

Cal ifornia sea lion, Zalophus californianus, soupfin shark, 

Galeorhinus galeus, angel sharks, Squatina sp., big skate, llil.ll 
binoculata, rats, Rattus sp., and even human remains as carrion 

(Olsen 1984; Praderi 1985; Ebert 1986b). A large Octopus sp. was 

found in the stomach of a 246 cm TL individual from Gough Island 

(v. Peddemors, Natal Sha r ks Board, pers comm.). Praderi (1985) 

identified 14 prey species from Uruguay , which included the 

Franciscana dolphin, Pontoporia blainyilli, the southern sea 

lion, Otaria flavescens and marine birds . Most published accounts 

of sevengill feeding habits are limited to anecdotal or 

generalized accounts. Menni and Garcia (1985) reported the 

teleost species Pinguipes sp. and Trachurus sp. as prey from 

Argentine sevengills, while other authors report that they prey 

on chondrichthyians and teleosts (Clemens & Wilby 1961 ; Hart 

1973; Bass gt ~ 1975). 

It is not surprising that chondrichthyians and teleosts are 

the predominant prey groups of Californian sevengills since 

Humboldt and San Francisco bays are an important link in the life 

cycle of many fish species. In addition to sevengills, many other 

of chondrichthyian and teleost species spend part of their life 

cycle in t hese bays (Green 1975; Smith & Kato 1979; Gotshall, 

Allen & Barnhart 1980). This congregation of chondrichthyian and 

teleostean prey offers an abundant food resource that is readily 

exploited. Prey elasmobranchs including the bat ray, Myliobati s 

californica, brown smoothhound shark, Mustelus henlei, leopard 

shark, soupfin shark, and spiny dogfish, Squalus acanthias, are 

all known to pup in one or both these bays (Bane & Bane 1971; 

Castro 1983; Ripley 1946; Smith & Kato 1979; Ebert, unpubl. 

data). Teleost prey species including herring, Clupea harengus, 

jack smelt, Atherinopsis californiensis, top smelt, Atherinops 

affinis, rockfish, Sebastes sp., striped bass, Morone saxat ilus , 
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white sturgeon, Acipenser transmontanus, white perch, Phanerodon 

furcatus, shiner perch, Cymatogaster aggregata and sole, 

Bothidae use these bays as breeding grounds (Green 1975; Allen et 

~ 1980; Rielly & Moore 1982). In addition to sevengills, 

leopard, spiny dogfish , and soupfin sharks feed heavily on 

teleosts In these bays (Hera l d & Ri p l ey 1951; Russo 1975; Talent 

1976, 1982; Castro 1983; Compagno 1984a; Ebert unpubl. data). 

Close examination of food habits on a regional basis 

reveals how opportunistic the sevengill can be in exploiting a 

plentiful food resource. For example, there is a breeding colony 

of harbor seals in Humboldt Bay, and predation on these seals was 

high (Knudtson 1977). Observations on harbor seals in Humboldt 

Bay reveal that these seals stay out of the water before sunrise 

when sevengills are present (also K. Bates, fisherman, Eureka, 

California, pers. comm .) . Similarly, the highest concentration of 

Cape fur seal breeding colonies, 65% of the total for southern 

Africa (David 1987), occurs in the Luderitz area of Namibia where 

seal predation by sevengills was high. North of Walvis Bay, where 

seal colonies are scarce, predation on them was correspondingly 

low. 

Though invertebrates are not important in the diet of 

sevengills, they are heavily preyed on by the brown smoothhound , 

which feeds on crabs and shrimp (Russo 1975; Talent 1976, 1982; 

Ebert unpubl. data) , and which also pups in several California 

bays between late May and June (Bane & Bane 1971; Castro 1983; 

Ebert unpubl. data). The abundance of crustacean prey provides an 

ample food supply for juvenile brown smoothhounds, which in turn 

may be preyed upon by juvenile sevengills. The population 

dynamics and abundance of crustaceans, mollusks, and other 

invertebrate species in bays are clearly integral components of 

these ecosystems. 

Feeding data for juvenile sevengills < 999 mm TL are scarce. 

Reasons for this are uncertain, but two possible explanations are 

proposed. Virtually all small sharks were caught on rod and reel 

which would tend to select for those individuals which are 

foraging and may not have eaten for some time. Also these sharks 

will evert their stomachs quite easily, especially when gut 
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hooked. Juveniles and newborns are voracious feeders in aquarla 

(G. van Dykhuizen , pers. comm.) and will eat almost daily while 

larger adolescent and adult animals may feed only once a week. 

The high consumption rate of juvenile sharks may indicate that 

digestion is rapid. Prior to this study , Herald and Ripley (1951) 

hdd examined several hundred stomachs of predominantly small 

sevengill sharks, and found them to be either empty or to contain 

on ly bait. 

The sevengill shark will on occaSlon evert its stomach when 

caught on hook and line. The trauma from a hook is readily 

apparent, but the possibility exists that they routinely evert 

their stomach to regurgita te 

with skeletal parts that 

undigested prey remains. Prey 

do not digest properly ( e.g . fin species 

spines) and which may not pass through the intestinal tract 

easily, may be regurgitated. This specles lS often found with 

spines and other indigestible material in its stomach. Although 

this material may eventually be digested, another means of 

evacuating any unwanted remains would be by regurgitation. 

Feeding Behavior 

Studies on the food habits and feeding behavior of large 

predatory sharks are inherently problematic due to the size of 

the animals , the difficulty in observing and handling them, and 

the risks to the investigator. However, available information on 

the food habits of elasmobranchs is extensive and has typically 

involved the accumulation of stomach content data. These data are 

usually analyzed by a number of ind ices that indicate the 

important prey items. Only a few studies (Hobson 1963; Tricas & 

McCosker 1984; MCCosker 1985) have attempted to examine the 

relationship between the predator, its prey, and its associated 

habitat. General life history information concerning the prey is 

generally lacking. Such information, however, is important in 

assessing ways in which predators partition and exploit the 

available resources . 

Observations on feeding behavior of large sharks are few a nd 

largely restricted to artificial situations, - l.e. sharks feeding 

on bait (Tricas & McCosker 1984; McCosker 1985; Tricas 1985). 

Several authors have reported sharks scavenging fish offal and 
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mammalian carrion (Scofield 1920; Limbaugh 1963; Stead 1963; 

Squire 1967; McCosker 1985; Pratt et al. 1982), but observations 

of actual preda tion bouts are fe t" (Bolin 1952; Hobson 1963; 

Springer 1967; Arnold 1972). It has, however, been reported that 

the sevengill shark is able to put on exceptional bursts of speed 

that enable it to overtake and capture the leopard shark, Triakis 

semifasciata (Ebert 1986b). Such observations provide insight 

into the behavioral ecology of sharks and suggest how a 

supposedly slow moving and clumsy shark can catch fast swimming 

fish or marine mammals . The most obvious way to obtain such prey 

would be to scavenge on it as carr lon or offal. However, an 

alternative means would be to actively forage on live animals, 

yet virtually nothing is known about hunting behavior in sharks. 

Hobson (1963), in a series of experiments, noted that different 

shark species employed various behavior patterns to subdue their 

prey. 

The popular phrase "feeding frenzy", typically associated 

with shark feeding behavior, lS a misnomer. A frenzy by 

definition is "delirious excitement" (Morehead & Morehead 1981) a 

phrase which hardly describes the precision accuracy with which a 

shark feeds. Sharks feeding on a school of fish for example will 

purposefully attack selected individuals. The pattern of attack 

var ies according to 

Traditionally, sharks 

shark species and their preferred prey. 

were 

catch very active prey for 

considered scavengers and unlikely to 

themselves. Springer (1963) felt that 

large sharks were unable to capture healthy prey and had to rely 

on scavenging injured or diseased individuals for food. Although 

sharks are certainly known to scavenge (Springer 1963), they are 

also extremely efficient hunters. Subsequent observations have 

revea led that many apparently slow and clumsy species are 

actually very swift and ln some cases explosive predators. 

Myrberg (1987) commented on the ability of oceanic whitetip 

sharks, Carcharhinus longimanus, to generate extremely rapid 

bursts of speed over a distance of 30 m in order to subdue prey. 

The plankton- feeding whale shark, typically seen swimming slowly, 

was observed by Stafford-Dietsch (1987) to take flight quite 

rapidly when startled, and slow-cruising basking sharks are 
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reported as Jumping out of the water . White sharks, also labeled 

as slow and clumsy predators (Tricas & McCosker 1984), are 

frequently caught by kite fishing in South Africa. In kite 

fishing, a large bait is dangled abo"e the water, several hundred 

meters from shore. \>lhite sha rks and mako sharks attacking the 

bait leap straight out of the water to take the bait. Whit e 

sharks have been observed to jump at least three meters out of 

the water to strike a bait (Compagno 1984; T. Hecht, Department 

of Ichthyology & Fisher ies Sciences, Rhodes University, 

Grahamstown, South Africa, pers . comm.). A photograph of a shark 

jumping out of the water in a 1968 lssue of National Geographic 

(Kenney; p. 255) is in fact a white shark, while in a more recent 

issue of this same journal, a white shark was photographed comlng 

out of the water t o take a bait (Clark 1981 ). Fishermen In 

California and South Africa have described predation bouts in 

which a white shark attacked and consumed an apparently healthy 

adult seal. In both instances, the attack came from below and was 

swift. In the South African attack, the Cape fur seal was alerted 

to the white shark's presence only seconds before it struck. The 

estimated size of the shark was 5 . 5 to 6 m TL (Anon., fishermen , 

Cape St. Francis, S.A.). The California attack occurred with such 

speed and precision that the sea l ion, Zalophus ca li fornianus, 

apparently never detected the shark 's presence . This shark was 

estimated to be 5 m TL (G. Verhagen, fishermen, Half Moon Bay, 

CA.). In both predation bouts the initial bite removed 

approximately the posterior one - third of the seal's body. In each 

instance, the shark ret urn ed immediately and consumed the 

remaining portion of each seal. Burst speed behavior in white 

sharks differs from that described in recent accounts of its 

feeding behavior (Tricas & McCosker 1984; Tricas 1985; McCosker 

1985) and illustrates the problems involved with attracting 

sharks by bait. Based on observations around Dangerous Reef, 

Australia, Tricas and McCosker (1984) concluded that white sharks 

were slow, clumsy predators that could be "outswum by a world 

class swimmer." However, these observations should be treated 

with caution, since substa ntial quantities of bait we re 

introduced to attract and maintain sharks around a ship. This is 
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somewhat analogous to driving onto the Serengeti Plains of 

Africa, tossing beef steaks out the window of a land rover, and 

waiting for any large predators in the vicinity to take advantage 

of it. Sharks likewise will take advantage of such a situation, 

and obtain a meal with minimal energy expenditure. 

As with any predators, sharks tend to exp l oit advantages 

over their prey. The increased activity of sevengills during 

times of poor visibility probably puts i t at a hunting advantage, 

especially over any active swimming prey no t adapted to these 

conditions. Springer (1967) commented that in his experience, as 

a general rule sharks tend to be most active on moon l ess nights. 

This is especia l ly true of the tiger shark, Galeocerdo cuvier, 

which remains in deep water during the day, but moves inshore at 

night (Springer 1963). Similarly, large land predators, for 

example hyenas, are known to be particularly active on moonless 

nights when they would be at an advan t age over most prey species 

(Kruuk 1972). 

The stealthy manner in wh i ch a sevengill approaches a 

potential prey item may determine whether or not the hunt will 

end in success. The greater ' the distance between predator and 

prey, the less likely the hunt is to be successful. Schaller 

(1972) observed that lions, unlike certain other large land 

predators (e. g. the Cape hunting dog or spotted hyena), cannot 

sustain a prolonged pursuit and must overtake their prey quickly 

and in a short distance. Observations on oceanic whitetip sharks 

which hunt In a clear water environment, have shown them to 

approach to within a distance of ca. 50 m of a prey species. They 

are able to get within this distance by s l ow swimming and by the 

use of disruptive coloration. Once within striking distance, they 

can put on an explosive burst of speed to overtake the prey 

before it has a chance to escape (Myrberg 1987). The white shark 

with its scombroid-like body form, i s an example of a shark which 

could probably sustain a long distance chase or at least a longer 

sprint than an oceanic whi t et i p shark or sevengill. Water 

resistance and reduced visibil i ty tend to limit high - speed 

chases by sharks, unlike those of l arge terrestrial predators 

such as Cape hunting dogs or spotted hyenas, which can pursue 
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prey for over a kilometer (Kruuk 1972). Stealth would also be 

advantageous when a shark is confronted by a situation it was 

uncertain of. A careful silent approach would allow the shark to 

get within sufficient distance to determine whether it should 

proceed with an attack. In such approaches, the shark would not 

alert potential prey to a possible attack. If the object being 

investigated proved to be a non-prey item, the shark will not 

have expended unnecessary energy nor placed itself in a 

potentially disadvantageous situation. Wh i le boat or shore 

fishing, sevengill sharks we r e often observed to "glide-in" 

almost motionlessly, to investigate. The stimulus given off by 

the bait presumably attracted the shark, which prudently 

investigated the source. Similarly, when bait was deliberately 

presented to these sharks, they approached cautiously, making 

very little motion in the water , and initially 'mouthing' the 

bait as if testing it. They would often glide almost motionlessly 

to within a few centimeters of an observer before changing the 

swimming pattern to a slow sinuous pace. A curious behavior 

pattern exhibited by feeding sevengills is increased activity 

with increased numbers of sharks. As the numbers of sharks 

present lncreases, individua l swimming pace quickens and they 

approach the bait less cautiously. Hobson (1963) noted a similar 

change in the swimming patterns of grey reef (Carcharhinus 

amblyrhyncos), blacktip (h melanopterus) and whitetip reef (h 

obesus) sharks with increasing numbers of sharks present. 

Intraspecific competition between oceanic whitetip sharks and 

silky sharks (h calciformis) revealed that when two or more of 

the same species were competing for the same food item, both 

would close in without reluctance (Springer 1967). 

Sevengill sharks often approach observers, to within a 

distance of several centimetres, without attacking. The 

motivation behind such an approach was either investigative or to 

serve warning to a potential intruder or aggressor. Hobson 

(1963) described the same behavior in whitetip reef sharks which 

often passed close by a diver but did not attack. He concluded 

that this was a warning to potential competitors and not a 

prelude to an outright attack. 
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There are several advantages to social hunting which either 

directly or indirectly affect the ecological success of this 

species. Feeding by social facilitation allows smaller 

individuals to feast on prey that they would otherwise not have 

access to. This strategy also increases the chances of success 

during a hunt. An adult Cape fur seal, ~ pusillus, may weigh up 

to 350 kg (King 1983), while the largest recorded sevengill 

weighed a mere 182 kg by comparison (Ebert 1986b). Even a large 

shark would have trouble subduing an adult seal if hunting alone. 

A pack of sharks, however, would have little difficulty in 

disposing of an adult seal. This is clearly advantageous if seals 

represented an enormous food potential in an otherwise 

depauperate area. The coastal fish fauna off southern Namibian is 

fairly depauperate, yet the largest breeding colonies of fur 

seals occur in this area representing an abundant and 

underutilized food resource. Species such as the copper shark, 

Carcharhinus brachyurus, occur further off-shore in oceanic water 

where teleost prey is more abundant . These sharks, although 

attaining a greater size than the sevengill, are equipped for 

feeding on smaller prey items and are not capable of utilizing 

the seals to any extent. Copper sharks are in fact more trophic 

equivalents of seals. The sevengill, a coastal species, simply 

utilizes the most convenient and available food resource that 

fits within its capabilities as a high-level predator. Springer 

(1967) suggested that lantern sharks, Etmopterus virens, may hunt 

in packs since the size of its main prey, cephalopods, would seem 

much too large for an individual to subdue. Group hunting thus 

allows smaller individuals to feed on an otherwise unobtainable 

food source. 

Social hunting allows predators to forage over a wider range 

than possible as an individual. Several sharks may spread out 

over an area to forage for food. Should one shark encounter a 

school of fish or carrion for example, its behavior may alert 

other members in the vicinity. In Humboldt Bay it is quite common 

to see large concentrations of leopard and brown smoothhound 

sharks feeding on shallow mud flats. Initially one, and then 

several, sevengills would appear in the area. It is during this 
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time that predation bouts by sevengills on these smaller sharks 

were observed. As a solitary hunter, a sevengill will focus on 

sma l l to medium sized prey, but where possible , will readily 

adapt to a co-operative feeding situation should large prey 

become avai l able. The presence of both harbor sea l and tr iakid 

shark gut content remains In sevengi ll s in Humboldt Bay and 

elsewhere suggest that they do indeed feed socially as well as 

solitarily. How the sharks are able to move in a coordinated 

fashion, and whether prey wi ll be taken by an individual or the 

group is unknown. Lions stalking large prey watch each other and, 

by their behavior and body l anguage, will make the appropriate 

moves in a coordinated fashion to subdue the prey (Schaller 

1972). A group of sharks simi l arly becomes excited if the 

behavior of one changes from a non-aggressive to aggressive 

posture, suggesting that some form of communication exists 

between them. 

Prey Selection 

The sevengill 

opportunistic feeder, 

well as scavenge for 

abundant or readi l y 

shark is a very indiscriminate and 

and will readily forage on living prey as 

food. It appears to take whatever is most 

available within it s broad spectrum of 

suitable prey species. Factors which influence 

include: 

prey selection 

Prey size . The sevengill shark is a moderate sized species known 

to reach a maximum total length of 296 cm TL and a weight of up 

to 182 kg (Ebert 1986b). Although lacking the size and power of 

the white shark, which is probably the most formidable of modern 

fish-like vertebrates, the sevengill is, for its size, 

surprisingly active and able to take prey of considerable size. 

When hunting alone, this shark will attack and consume small to 

medium-sized prey. Larger prey species (e. g. pinnipeds) are 

attacked by the pack rather than individuals. The sheer size of 

very large species like elephant seals, whales, baski ng and white 

sharks, probably protects them from predation by these sharks. On 

the other end of the prey spectrum, however, sevengills will take 

quite small prey such as chondrichthyian egg cases, small 

gastropods and very small teleosts. 
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Based on examination of stomach conten t s a consistent 

pattern emerges for sma l l to medium sized prey items. In 

instances where the entire remains of a shark or teleost were 

present, the prey had been cut i n t o halves or thirds, except when 

the prey was very small i n relat i on to the si z e of the predator, 

in vlh i ch case it was consumed whole . Prey were not always cut 

cleanly in half, but the ini t ial b i te usua l ly severed the 

abdomina l cavity and vertebral column and probably resulted in a 

quick death. In cases where the prey had been cleanly cut in 

half, t he shark evidently cons um ed the remaining portion 

immediately. It appears that if the attacking shark did not do 

so, any near-by conspecific would scavenge the kill. Such 

behavior lS common in large land predators like lion and hyena, 

where other ne.ar-by predators often chase off the one making the 

kill, and scavenge its victim (Kruuk 1972; Schaller 1972). 

In contrast to attacks on sharks and teleosts, those on 

awkwardly shaped batoids seem designed to disable and dismember, 

rather than kill with the initia l bite . Evidence to suggest this 

is that remains of even small to medium sized bato i ds typically 

include a section of the wlng and the rema i ning portion of the 

ray . Even smaller bato i ds were usual l y found in two sections with 

the en t ire remains present. 

Pinnipeds occur throughout the range of sevengi ll s in most 

areas, though predation is only common where large concentrations 

of these animals occur, for examp l e breeding colonies . Seals 

occur in San Francisco Bay, and fishermen have reported finding 

their remains in sevengill stomachs. However, the majority of 

breeding 

the open 

colonies are to the north and south of this bay along 

coastline. Predat i on on pinn i peds was high in Humboldt 

Bay, which has a breeding colony of harbor seals (Knudtson 1977), 

even though elasmobranchs and teleost were readily available . 

Similarly, predation on Cape fur seals was high around Luderitz 

which has the highest concentration of seal breeding colonies in 

southern Africa. In other regions where pinniped concentrations 

occurred, such as around the Cape Peninsula of South Africa, seal 

remains were found in the stomach of sevengills. The percentage 

of chondrichthyian remalns, however, was much higher. This 
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suggests that Slze may not be as important a regulating factor in 

prey selection. Rather it appears that the predator's social 

behavior has a greater influence In determining prey selection 

than prey size. 

Availability. Prey availability has a profound influence on the 

food habits and feeding behavior of all predators, and a 

versatile predator like the sevengill is no exception. The 

ability to feed on both small and l arge size prey means that 

these sharks can exploit several food resources tha t are 

unavailable to other large predators. Comparison of the three 

major prey categories - chondrichthyian, teleost and pinniped -

in Humboldt Bay shows that t hese shark s wer e fairly non­

discriminate in their preference for all three groups, which they 

preyed upon fairly equally. This indicates that sevengill sharks 

will readily take any of the three primary prey groups in a 

localized area, regardless of availability or size. 

Along the coast of South Africa, which has one of the 

richest chondrichthyian faunas in the world, this group was found 

to be heavily exp loi ted by these sharks. No less than 13 

different species of chondrichthyians are preyed upon by 

sevengills. The three most abundant prey species in this area, 

the striped catshark, Poroderma africanum, leopard catshark, ~ 

pantherinum and hound shark, Mustelus mustelus, are small to 

medium-sized sharks. The two cats harks are endemi c to the Cape 

Province of South Africa. Seal colonies in this area have a 

scattered distribution and were inaccessible for direct sampling. 

Only in St. Helena Bay were seal remalns found in significant 

numbers. 

The predominant prey species in southern Namibia, and in 

pa r tic u 1 a r a r 0 u n d L u d e r i t Z, l S fur sea l . A de p a u per ate 

elasmobranch and teleost fauna occurs along this stretch of coast 

from the Orange River to Walvis Bay. For a predator to survive in 

this environment it must be very mobile and able to travel long 

distances, or alternately be capable of exploiting whatever food 

source is available. The Cape fur seal, ~ pusillus, is such a 

food source. 

Seasonal changes in prey availability may lmpose changes in 
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dietary preference in a localized area. At present there is no 

evidence to suggest that the sevengill varles its diet 

seasonally. However, other species of elasmobranchs are known to 

do this, and there is evidence t o suggest that these seasonal 

changes are part of a regular cyclic occurrence. 

leopard sharks in Humboldt Bay change their diet 

For example, 

according to 

availability during the spr ing and summer months (Ebert, unpubl. 

data). During April and early May their diet consists mainly of 

jack smelt eggs, Atherinops i s californi ensis, which are laid on 

eel grass, Zostera mariannus. From approximately mid-May to June, 

after most of the fish eggs have hatched, this shark changes diet 

and feeds predominantly on crab specles, Cancer magister and ~ 

antennarius which are readily available. Talent (1982) noticed a 

similar seasonal change in the diet of leopard sharks based on 

prey availability in Elkhor n Slough, Monterey Bay. 

Density. In any given area the more abundant a preferred speCles 

is, the more likely it is to fall prey. The concentration of 

numerous elasmobranch and teleost species in Humboldt and San 

Francisco bays during the sprlng and summer months provides an 

abundant food resource fo r larger predators. Sevengills use this 

food rich environment as a means of providing for their newborn 

and juveniles. As the concentration of primary prey species 

decl ines through the fall and winter months, sevengills leave 

these bays. The only elasmobranch species which are common In 

these bays during the winter months are the splny dogfish (~ 

acanthias) , which feeds heavily on dense schools of spawning 

herring. 

Scavenging. The sevengill is able to take both small and large 

sized prey by hunting and killing, but in addition will scavenge 

for f ood . This shark will readily attack other s harks , including 

conspecifics, rays or teleosts that have been caught on long-line 

gear or rod and reel. Sevengills have been observed to follow and 

harass hooked sharks up to the surface (K. Bates; P. Cowley; R. 

Russo, East Bay Regional Parks, Oakland, California, pers. comm.; 

Ebert pers. observation). On one occasion a large (ca . 2.7 m TL) 

sevengill caught on rod and reel had been brought along side the 

boat and subdued. While preparing to hoist the shark into the 
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boat, a larger conspecific rose up from below and eviscerated it 

(T. Roelofs, Humboldt State Univsersity, pers. comm.). Several 

times while long-lining in San Francisco Bay, the sets had to be 

left over night due to poor weather and sea conditions. Upon 

retrieving t he gear the following day, the catch usually 

cons i sted of shark and ray heads, the rest of the body having 

been eaten (B. van Gorp, fisher man, San Francisco Bay, pers. 

comm.) by sevengills. Sharks that have become entangled in gill 

nets are readily preyed upon, although on one occasion the 

scavenging shark itself had become entangled in t he net (K. Bates 

and D.A. Ebert pers. observation). Praderi (1985) and Brownell 

(1975) reported sevengills scavenging on the Franciscana dolphin, 

Pontoporia bla invillei, that had been caught i n shark nets. 

However, neither could confirm whether these do lphins were taken 

naturally without the aid of nets. The single reported incidence 

of human remains being found in the stomach of a sevengill were 

those of a suicide victim who had jumped off the Golden Gate 

Bridge (Ebert 1986b). Ainley ftt al. (1985) noted that sevengills 

fed on harbor seals as carrion, but made no reference to their 

feeding on healthy animals . Dolphin remalns were recorded from 

southern African and Californian waters, but it could not be 

conclusively determined as to how these sharks came by them as 

prey. Two records of cetacean predation by sevengills occurred on 

newborns; a dusky dolphin, Lagenorhynchus obscurus, ca. 800 mm 

TL, and a southern right wha l e calf, Eubalaena glacia lis. Both 

were in areas where these cetacean species are known to breed, 

and occurred at the time of year that t hese species calve (P. 

Best, marine mammalogist, S.A.M., Cape Town, South Africa, pers. 

comm.) . 

Predators will also take advantage of distressed prey . 

Injured or sick and dying animals give off distress signals that 

are detected by the acute senses possessed by most predators. 

This is especially true of sharks. Another means by which a 

predator may scavenge, and one that has often been over-looked, 

is research related. Tag and release methods are often used to 

study an animal's movement patterns. Fish are marked with an 

identifying tag to distinguish them from the rest of the 
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population. However, such a mark may render it vulnerable to 

selective predation. 

During a national fishing competition outside Swakopmund, 

Namibia, a 1500 mm TL spotted gully shark , Triakis megalo~terus, 

was caught, measured, tagged and released. When released, the 

shark was in generally good condition. Several hours later, some 

of the competition anglers brought the remains of this same shark 

to the central weigh station. The remains consisted of the head, 

pectoral fins, and part of the first dorsal fin with the tag 

intact (Figure 4.8). The bite pattern was identified as that of a 

sevengill. A possible change in the behavior of the spotted gully 

shark, due to tagging trauma, could have been detected by these 

predators, who attacked it. Another example of predation in this 

manner was observed for a 2900 mm TL mako shark, Isurus 

oxyrinchus, that had been captured in the shark nets off Natal in 

August 1989. Upon dissection of the stomach, a small (ca. 900 mm 

TL) dusky shark, Carcharhinus obscurus, with a yellow tag was 

found. The ~ obscurus had been tagged 11 days before the mako 

shark was captured. Based on the state of digestion the dusky 

shark had probably been caught shortly after being tagged. Both 

incidents indicate that disoriented prey may readily fall victim 

to any opportunistic predator in the area . For example, a salmon 

or striped bass lost to an angler, may not be in a fit condition 

to escape a hungry predator immediately after escaping an 

angler's dinner plate. Kruuk (1972) noted that wildebeest whi ch 

had their horn tips painted during a study to follow their 

movements, were systematically culled from the rest of the herd 

by hyenas. Apparently the wildebeest with the painted horns were 

not only eas i ly visible to the observer , but also to the hyenas. 

The best method of escape from hyena attack, is for a wildebeest 

to run into a herd of its own kind, where the predators often 

lose sight of it. However, the horn markings enable the hyenas to 

keep track of their intended prey. Observations on the escape 

response of prey species from sharks are few, but it is well 

known that many fish species school for protection and safety. 

However, if an individual is marked and stands out from the 

others, it could make selection easier for the predator. 
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One final way in which sharks may scavenge, and one that 

has lead to much misconception concerning shark predation In 

general, lS the discard of human refuse. Most early reports on 

shark predation mistook scavenging as the primary source of 

nutrition, Slnce human wastage thrown into the sea tended to 

attract sharks and other predators. Lack of first hand 

observations on predation bouts and a blindness and stubbornness 

born out of traditional prejudice against sharks, has perpetuated 

this view. 

Prey Detection 

Research on the sensory biology of elasmobranchs has largely 

been oriented at isolating one particular sense and extrapolating 

the entire behavior of a species based on these findings. How the 

various sense organs integrate into a shark's behavior pattern 

greatly 

species. 

predators 

influences how it may for example, perceive a prey 

The majority of researchers fail to look at these 

as an integrated biological unit composed of several 

senses all working in co - ordination, thus making the shark a 

behaviorally complex and effective predator, well attuned to its 

environment. As with most living organisms, sharks do not simply 

re ly on a particular sense to locate a prey they instead 

integrate all their senses to locate a specific prey species, a 

mate, or alert them to a potential danger. Much of this 

narrowness on the part of researchers to isolate and concentrate 

on a particular sense organ stem from the preoccupation many had 

with shark attack. 

Field observations on sevengill sharks indicate that their 

behavior towards a food stimulus differed depending on the 

environmental conditions and prey behavior. The various foraging 

strategies used by sevengills reflect an animal that can quickly 

analyze sensory information as it is received to coordinate its 

behavior toward the prey. In this way the sevengill can enhance 

its chances of success during a hunt. 

Olfactory. Observations show that once a food stimulus has been 

introduced these sharks will follow the scent to its source. In 

Luderitz Lagoon oily fish bait was placed in the water to attract 

sharks. Usually within 5 to 20 minutes after the bait had been 
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introduced the first sevengill sharks would appear. The 

sevengills were always observed to approach the bait source from 

opposite the tidal flow. The distance at which these sharks were 

able to detect the odor was uncertain due to poor water 

visibility. The number of sharks increased as long as the food 

scent could be maintained. In San Francisco Bay the best time to 

fish for sharks is during spring tides when there is a tremendous 

change in the water level with the current flowing up to seven 

knots. It is at the start of a spring tide series that sevengill 

sharks as well as several other chondrichthyian species seem to 

feed heaviest. Usually during slack tide most sharks, of all 

species, were caught. With the rapid movement of water varlOUS 

scents and odors can be qu ickly dispersed throughout the Bay. It 

seems likely that movement of these odors in the water column 

stimulates a period of active feeding for many of the 

chondrichthyian species , including the sevengil l shark. 

Most chondrichthyians move into San Francisco Bay during the 

spring at various t imes in a sequential migratory pattern (Ebert 

1986b). It is impossible to say with present knowledge which 

biological and physical cues chondrichthyians use to determine 

when to enter these Bays, but salinity is one probable parameter. 

During the "El Nino" of 1983 large amounts of fresh water runoff 

lowered the salinity in these Bays for a longer than normal 

period. Few sharks were seen ln these Bays during April, but by 

May when the rains had subsided and the river flow decreased 

substantially, large numbers of chondrichthyians appeared. 

Hodgs on and Mathewson (1978) showed that some shark species can 

detect odors as small as one part/million and can clearly 

distinguish salinity differences of the water. 

Sharks are well known to have an acute olfactory system 

(Tester 1963; Parker 1910; Parker & Sheldon 1913; Sheldon 1911). 

Studies by Parker (1914) showed that dogfish sharks tr ied to 

balance the amounts of chemical stimulation they detected on both 

sides of the snout. These dogfish sharks exhibited directional 

response to odorous food substances. Tester (1963) demonstrated 

that blinded blacktip sharks, Carcharhinus melanopterus, were 

able to spiral down on a piece of bait that had formed an 
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olfactory trail sinking to the bottom. Hodgson (1987) showed the 

path that sharks take when they have located an odor varies 

according to species. This suggests that the way In which 

species perceive scents differs, and that depending on their 

preferred dietary habits, they will approach the bait in a given 

manner. The two species cited by Hodgson (1987) provide evidence 

In support of this hypothesis. The nurse shark, Ginglymostoma 

cirratum, homes in on a stimulus by criss-crossing through the 

scent trail toward the greatest concentration. Lemon sharks, 

Negaprion brevirostris, on the other hand, react to the stimulus 

by swimming into the strongest water current which they use as 

their main guide to focus in on the source. These two species 

have very different life history modes. The nurse shark is 

primarily a bottom feeder on crustaceans, cephalopods, other 

molluscs and small reef dwelling fish. The lemon shark by 

comparison is a more active predator feeding heavily on fishes 

and only occasionally taking invertebrates, but also sea birds. 

Hobson (1963) also observed that different species react to baits 

differently . The white tip reef shark, Tr iaenodon obesus while 

very adept at getting prey out of small caves and crevices, had 

difficul t y capturing prey out in the open. The grey reef sharks, 

Carcharhinus albimarginatus and ~ limbatus, on the other hand, 

had difficulty in prising prey out of crevices but few problems 

in obtaining prey that was in the open. One point that should be 

emphasized concerning chondrichthyian feeding behavior is that 

each species has to be viewed as an integrated biological unit, 

with special sensory structures that enable them to secure prey 

from a variety of habitats. Life history strategies of sharks 

vary, and ways in which food stimuli are perceived will diffe r 

accordingly. 

Electroreception. Based on observations of sevengill sharks 

electroreception appears to be an important component in their 

feeding behavior. Since these sharks t ypically inhabit water of 

poor visibility they must have additional senses that enable them 

to locate prey. When sharks appeared around our boat or along the 

shore- l ine to investigate the food source (bait) they would often 

bump their snouts against the boat or poke their head into cracks 
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and crevices. It appeared that once they had reached the source 

of the stimulus they had become confused and were trying to 

identify the source. Observations recorded by divers from Scripps 

Institute of Oceanography (SIO) note that a sevengill shark was 

poking its head into cracks and crevices around a reef possibly 

looking for food (unpubl. data, SIO). This behavior suggests that 

they may be foraging, especially since electroreception falls off 

rapidly over distance. Foraging would be especially useful when 

hunting Poroderma catsharks which inhabit cracks and crevices in 

reefs. The means by which electroreception functions in the open 

water is uncertain, but it probably differs from the way it is 

employed around reefs. Studies have shown that sharks have a 

threshold gradient of 0.005 V/cm (Kalmijm 1981), which no doubt 

plays a significant role 

experiments on the dogfish, 

in their hunting strategy. 

Mustelus canlS (Kalmijn 1978), 

Fie ld 

blue 

shark, Prionace glauca (Heyer ~ al. 1981), and the swell shark, 

CeJ;>halopscyllium ventriosum (Tricas 1982) have all demonstrated 

that these animals can indeed detect and take prey by use of 

electroreception. 

Field observations of leopard sharks in Humboldt Bay show 

that these animals, when hunting for prey, swim very close to the 

bottom substrate. When they apparently detect a food source such 

as an echurid worm, clam or other mud dwelling organism, they run 

their snouts into the mud and seize it. By contorting their 

bodies, they are able to Jrench the prey free from the mud and 

consume it. Since these prey species are for the most part hidden 

in the mud, the only means by which they could be detected is 

electroreception. Leopard sharks probably move very close to the 

substrate since the magnitude of the electric field falls off 

very rapidly over distance. Other species observed to navigate by 

electroreception include the brown smoothhound shark. 

Observations in the field have shown that when this species 

approaches a gill net, it comes right up to it and at the last 

moment, jumps the net. Laboratory observations show that they 

approach the sides of an aquarium and at the last moment preform 

a 90 degree turn and move up the side of the tank wall (Compagno 

1984bi Ebert pers. obs.). Based on the preferred prey of most 
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hound shark species (predominantly crustacean) these sharks must 

rely on electroreception to detect burrowing sand crabs . 

Vision . From a human perspective, the noctura l behavior and 

turbid water habitat that sevengill sharks prefer is so poor in 

visibi l ity, it would appear that vision plays a small role in the 

location of prey. However, observations of sevengill sharks 

suggest that they have some degree of visual acuity. Sevengills 

are also capable of "spy - hopping" (F i gure 4.9), a form of 

behavior that is well documented i n marine mammals, whereby the 

head is elevated above the water line (K. Bates and G. van 

Dykhuzien, pers. comm.; Ebert, pers. obs. ; Watson 1981). Other 

sharks that have been observed spy- hopping are the white shark 

(Readers Digest 1987; Stafford-Deitsch 1987; Taylor 1987), spiny 

dogfish, ragged-tooth and brown smoothhound sharks. The functions 

of this behavior in sharks are unknown, but poss i bi lities include 

predator avoidance and prey detection. Given that the white and 

sevengill sharks have few natural predators, it seems likely that 

prey detection is the main objective of spy-hopping in these 

species. Small species such as the sp i ny dogfish or brown 

smoothhound sharks, however, are vulnerable to bird or marine 

mammal predation, especially when feeding on shallow water mud 

flats. Spy- hopping would enable these sharks to spot potential 

predators lurking along the shore-line or circ ling above them. 

A third possibility, and one that has been reported for 

other apical predators, lS that these sharks are familiarizing 

themselves with a "home range". The cQncept of a home territory 

has been well documented In mammals, birds and reptiles 

(Craighead and Craighead 1956; Jewell 1966; Neill 1972; Hutton 

1989), but has never been proposed for sharks. An apical predator 

familiar with all aspects of it s home range is at a decided 

advantage over its prey and is better suited to defending its 

territory. 

Acollstolateralis, taste and hearing are other senses that are 

undoubtedly integrated into a shark's hunting behavior. Further 

studies are needed however, to examine the integration of all 

sensory systems. 

Prey Behavior 
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The activity of the prey species affects the foraging and 

hunting behavior of the predator. The substrate in which a prey 

species lives, 

whether it is 

whether i t inhabits turbid or clear water, and 

nocturnally or diurnally active, all influence 

which predators it is most vulnerable to. Sevengill sharks use 

San Francisco and Humboldt Bays as nursery and pupping grounds 

(Ebert 1986a). During the spring time large females move into 

these bays to pup and possibly mate. The movement of sevengill 

sharks into these bays coincides with the occurrence of their 

major prey species. 

The appearance of the various specles into the bays is 

dependent on several biological and physical cues including water 

temperature and salinity. However, the sequence of appearance is 

apparently consistent, at least for the elasmobranchs. Gravid bat 

rays usually appear in the bay about late March, followed by 

gravid female leopard sharks in April. There appears to be a 

short period of acclimatization (about two weeks) before the 

females actually give birth. Groups of these two species are 

sexually segregated with adult females and adult males remaining 

in distinctly separate groups. Except for the occasional 

individual the majority of them appear in these bays 

approximately three weeks after these other species first appear. 

This coincides with the birthing of leopard sharks whose pups 

measure about 18 cm tl at birth. The pupping of leopard sharks 

takes place on the mud flats usually in eel grass, Zostera 

marianus. The eel grass lS typically high in productivity with 

fish eggs, small teleosts, crustaceans and numerous other small 

prey species. This food rich environment is ideal for a new born 

leopard shark. A group of female leopard sharks will pup 

simultaneously over a period of no more than two weeks. They pup 

in late April to early May on average, since it is about mid-May 

when large numbers of small sevengill sharks begin to appear in 

the catch. The brown smoothhound sharks also pup between mid-May 

and early June. This abundance of food is advantageous to both 

juvenile and adult sevengill sharks. Examination of sevengil l 

sharks as small as 70 cm TL showed young of the year brown 

smoothhound sharks in their stomachs. 
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An interesting point to speculate on is whether or not 

sevengill sharks follow these other prey specles groups 

througho u t the year, since both the leopard shark and brown 

smoothhound occur in discrete populations that move about locally 

as a group. It would be advantageous for a predator to follow 

these groups so that a constant food supply would be readily 

available . Another example of a predominant prey species with a 

local movement pattern are the catsharks, Poroderma species. 

These catsharks , which figure prominantly in the sevengill 

shark's diet in South Africa, are nocturnal animals which are 

usually in caves and crevices during the day, but which move 

about quite actively at night. This pattern coincides with that 

of the sevengill, and may explain their predominance in their 

diet. 

Sevengill sharks as a group, may move about in a localized 

territory in much the same way as hyena clans or lion prides have 

a horne territory. In this manner, those prey species with a 

localized movement pattern would be subject to predation by 

seveng ills, whereas more migratory species would only be 

sus ceptible to predation by sevengill sharks while passing 

through a group's territory. Individuals movlng independently 

may be at a disadvantage since they can not prey on larger 

species, nor do they have the advantages of numerous individuals 

foraging over a wide area. 

Prey Condition 

Observations on sevengills attacking unrestrained prey 

failed to elucidate why any given individual was attacked i n 

preference to another. The predator always appeared to target one 

particular individual. That aspect of the victim's behavior 

pattern that may have set it apart from the others was not clear. 

On many occasions, sevengills were observed to SWlm In the same 

area as leopard sharks, paying little attention to them, and with 

no apparent postural changes prior to an attack. Land predators 

appear to select potential prey items by observing their 

behavior . A hyena, for example, will dash into a group of 

wildebeest and scatter them, while alertly l ooking around at the 

fleeing herd, and selecting one to chase. Kruuk (1972) was unable 
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to determine why any given animal was selected In preference to 

others, when all seemed perfectly healthy. Hyenas, however, are 

apparently very adept at detecting any deficiencies or unusual 

behavior in the prey. At other times though, hyenas would walk 

among wildebeest, zebra and other potential prey items and not 

attack. From Kruuk' s (1972) observations, it appeared that the 

manner in which the predator approached the prey had considerable 

influence on the prey's reaction. 

Injuries to Sevengill Sharks 

Many of the prey items that sevengills feed on appear to 

inflict injuries that are, in some cases, quite severe. On 

occaslon, thes e sharks may be seriously, if not mortally, 

wounded. Examples of injuries include those from highly toxic 

spines of the sea barbel, Galeichthyes sp. The spines are often 

found embedded in various body parts. Some spines penetrated into 

organs such as the liver and gonads, and into the wall of the 

body cavity. In several instances the spine had been stopped by 

the outer skin. One individual had a spine that penetrated 

through the roof of the mouth and into the cranium. The spine did 

not appear to have impaired the shark's behavior and it was quite 

healthy when captured. Toxic stinging spines from the blue ray, 

Dasyatis marmorata and the bull ray, Myliobatis aquila were also 

found in various regions of the body cavity. 

At least two instances of sevengill predation on torpedo 

rays, Narke capensis and Torpedo fuscomaculata, were observed. 

Members of the order Torpedin ifo rmes are well know for the 

electrical shock they are capable of discharging when defending 

Predator size in relation to prey themselves or stunning prey. 

size favored the sevengill in the two instances, as both rays 

previously discussed, at least two were consumed in full. As 

attacks by sixgills and one by a bigeyed sixgill on torpedo rays 

were thwarted by use of the ray's natural defense mechanism. This 

demonstrates that a distinct size relationship can exist between 

predators and certain prey. The prey can utilize its anti­

predator mechanisms, but beyond a certain predator size, the 

defense may not be effective. 

Relationship Between Conspecifics 
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Sevengill sharks occasionally form loosely organized groups 

which move about as a unit. These aggregations appear to 

represent non-polarized schooling groups. Reasons for large 

predators to school seem to be unrelated to protection, since 

they have very few predators. When foraging for food a large 

group of organisms would be able to cover a much wider area. If a 

large amount of food lS found, for example a seal or school of 

fish, then the whole group benefits. Furthermore, a group would 

be more successful at subduing a pinniped or cetacean than an 

individual. 

Another aspect of sevengill shark behavior, and one 

previously described in other species of elasmobranchs, is 

schooling in groups of similar size and sex. Grouping behavior 

has been noted by Templeman (1944), Ripley (1946), Olsen (1954), 

Springer (1960), Bullis (1967), Ketchen (1986) and Francis 

(1988). Sevengill sharks have been observed to school or group: 

(1) during a two day fishing competition at Cape Agulhas, when 37 

adult male sevengill sharks were caught. All sharks were taken on 

a 50 m stretch of beach within a 60 minute period. The fol l owing 

day another 10 were taken in the same spot over a similar time 

period. On both days the sharks were caught at approximately the 

same time of day. (2) Over a three day period, 30 female 

sevengills (all either juvenile or adolescent) were caught over a 

40 km stretch of coastline. The stage of maturity of these sharks 

ranged from immature to maturing individuals which were probably 

entering their first breeding season. (3) Adult males (> 2.2 m 

TL) and females (>2.6 m TL) were observed to aggregate in known 

nursery grounds during the spring months. This occurred over a 

four week period with an observed increase in the numbers of 

sharks during spring tide. (4) Young of the year sevengill sharks 

tend to form groups. For example, on one occasion in San 

Francisco Bay between 35 and 40 small newborn sevengi l ls 

measuring between 40 and 50 cm TI were caught off Coyote Point 

during a six hour period. 

When sevengill sharks appeared In an area where bait has 

been introduced smaller individuals between 1.4 and 1.7 m TL 

appeared first. Initially they cautiously approached the bait, 
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but as more sharks appeared the activity of each individual 

increased. A soli tary individual cautiously inspected a bait, 

whereas the presence of two or more sharks caused increased 

activity levels between conspecifics. 

During social feeding sevengill sharks seem to exhibit 

extreme tolerance towards one another. Individuals seem more 

preoccupied with getting a share of the meal, than in the 

activities of other sharks. This is logical since an individual 

could lose out on a meal In chasing off another. However, In a 

group feeding situation, behaviour of one size class has been 

observed to influence that of others. Fo r example, In one 

instance where bait was used, small sevengills moved in to feed. 

Approximately 30 minutes after the arrival of these sharks, 

larger individuals (over 2 m Tl) appeared. The presence of the 

larger sharks drove the smaller individuals out to a peripheral 

area, approximately 10 m from the focal point where the bait was 

being introduced. Bait cast out near the periphery would induce 

smaller individuals to dash in and grab it. The sevengill sharks 

which moved closest to the bait were all approximately the same 

size, and fed side by side without much segregation by social 

dominance. 

Sevengill sharks will readily feed on thei r own kind. For 

example, when one sevengill shark is hooked, other conspecifics 

in the area immediately turn their attention from the bait to 

the distressed individual and begin to attack it. Even during 

group feeding, if one individual becomes distressed or injured, 

other sharks will attack it. A 2.4 m TL female, for example, had 

become entangled In an anchor line , and as it fought to free 

itself, at least four other large sevengills swam around 

excitedly. The distressed behavior of the injured shark had 

excited others in the area which then proceeded to attack it. 

Similar behavior has been reported in sixgill sharks (Fourmanior 

1961). 

Cannibalism among sevengills was, however, generally .low and 

only observed among the adolescent age group. Adults and 

juveniles were never observed to have consumed a conspecific, 

though on at least 4 occasions adolescent individuals were found 
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to contain sevengill remains. The only instance of cannibalism 

recorded from within the Humboldt and San Francisco bay breeding 

grounds was by an adolescent. This may explain why adolescent 

individuals are usually excluded from the pupping grounds. 

In a recent study on the Nile crocodile, Hutton (1989) 

reported that cannibalism was most predominant among adolescent 

aged animals. This group is generally excluded from the breeding 

grounds by larger adult crocodiles, which reduces predation on 

juveniles. Whether adolescent sevengills are excluded from 

breeding grounds in the same manner by large adults is not known. 

Sevengill sharks inflict scratches and bites on each other 

that may not be associated with courtship and mating. 

Longitudinal scratches along the dorsum were common on sevengill 

sharks in areas where numerous individuals were concentrated. 

These scars may be the result of social hunting. When attacking 

large prey, feeding individuals may inadvertently inflict 

injuries on each other. This hypothesis is based on observations 

of feeding hyenas which occasionally remove part of an ear or 

inflict a wound on another clan member unintentionally (Kruuk 

1972, Goodall & Goodall 1973). These scars may also be the result 

of larger individuals attacking smaller ones during predation 

bouts. White sharks will inflict scars on each other during 

feeding. 

Leopard sharks typically feed in aggregations inside Bays 

along the California coast. When feeding in these aggregations 

all individuals are typically of similar size and sex. Extended 

periods of observations on feeding did not reveal social hiearchy 

among leopard sharks, though this does not imply that this does 

not occur, but rather that it did not occur in the group studied. 

In comparison the white shark has a strict social structure based 

primarily on size. Larger white sharks will chase off smaller 

individuals even if the prey carcass is a large whale (Tricas 

1985; Pratt et al. 1982; McCosker 1985). Tricas (1985) noted that 

smaller white sharks remained out at a periphery for up to two 

hours after a larger individual had left the baited area. 

How these groups form and whether they constitute a social 

unit consisting of similar members is unknown. Tagging studies on 
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leopard sharks In Humboldt Bay suggest that these sharks form 

discreet social groups composed of the same members that rema i n 

together over a period of at least several months. Continued 

studies on this aspect of chondrichthyian behavior may reveal a 

far more complex social structure that previous l y thought. 

Sevengill Predators 

Sevengill sharks have very few natural predators. Smalle r 

juvenile individuals are probably vulnerable to larger teleosts, 

larger sevengill sharks, seals, birds and other sharks. However, 

once they reach adulthood they probably have few predators. The 

white shark and killer whale (Orcinus orca) are probably the only 

major predators on sevengill sharks. Four sevengills from 

Southern African waters bore scars inflicted by a white shark. 

One attack had obvious l y occurred recently since although the 

liver and other internal organs were visible, the individual was 

still alive when caught (Figure 4. IO). The only other specles 

known to have bitten a sevengill shark was a ragged tooth shark 

ca. 2.4 m tl which apparently grabbed, but subsequently released 

a 1.7 m tl sevengill shark. Killer whales are sympatric wit h 

sevengill sharks throughout most of their range, and although 

there are no reports of attacks by these whales on sevengills, 

they are known to eat sharks. 

General Rema rks 

Sharks of the order Hexanchiformes, although lacking the 

diversity of the major shark orders , nonetheless play an integral 

role in the marine environment . The group ' s success can be 

attributed to their apical trophic position. In most habitats in 

which they occur, hexanchoids have no comparable competitors 

since equivalent sized sympatric squaloids and carcharhinoids 

feed at a lower trophic level. The two larger cow shark species, 

the sixgill and sevengill, are eurytrophic predators that 

optimize the available resources. The sixgill shark for example, 

readily forages in the deep dermersal and mid - water zones, but 

also in the nearshore environment. Sixgills reduce predation on 

juveniles by having them remaln on the continental shelves and 

upper slopes. Juvenile sixgills in this habitat have few 

predators and no similar sized competitors with similar prey 
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preferences. Once the sixgill starts to mature, it moves down 

onto the slopes where it has no real predators and few 

competitors. Potential competitors are large squaloids such as 

the sleeper sharks (Somniosus spp.) wh ich have a relatively small 

mouth i n comparison to the sixgill. Th e Pacific sleeper shark (~ 

pacificus) with its dagger shaped upper teeth and low, short 

oblique lower teeth, large buccal cavity and moderate sized 

pectoral fins is probably a less active hunter than the sixgill. 

The sleeper shark probably catches fast swimming prey species by 

lying in wait and ambushing it . The sleeper shark's large buccal 

cavity appears to act as a vacuum that inhales prey. Of the 

deepwater lamno ids (Cetorhinidae, Megachasmidae, Mitsukurinidae 

and Odontaspididae) none combine the large body size with the 

large mouth and powerful jaws. The sixgill is also an active 

predator on other chondrichthyians, whereas the other specles 

tend to feed exclusively on teleosts and invertebrates . The 

sevengill shark, in the nearshore environment, is very s imilar to 

its deepwater congener, the sixgill. The large powerful jaws, 

broad mouth and social predatory behavior enables it to capture 

fair ly large active prey. In those temperate water areas where it 

occurs, the sevengill shark is displaced only by the white shark 

as the dominant elasmobranch predator. Carcharhinoids which are 

sympatric with it are stenotrophic feeding hound sharks 

(Triakidae) or cat sharks (Scyliorhinidae) t hat prey mostly on 

crustaceans and small te leost. Sympatri c requeim sharks 

(Carc harhinus) also tend to be stenotrophic in their dietary 

habits feeding mainly on teleosts . The bigeyed sixgill shark is 

comparable In size to many of the larger gulper sharks 

(Centrophorus sp.) with the notable exception that it has a much 

broader mouth and stronger jaws than any of these species. 

Although its predatory behavior is poor ly known, it seems likely 

that the bigeyed sixgill shark occupies a eurytrophic role among 

the more diverse and stenotrophic squaloids of similar size. 

The fri ll ed shark and perlon shark appear to be more prey­

selective predators, capable of foraging over epibenthic and 

mesopelagic habitats in search of prey. The frilled shark is a 

specialized hunter unlike any other species. The long abdomen, 
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distensible stomach, anguilifc :n teeth and distensible Jaws 

enable it to capture fairly large prey such as deepwater 

squaloids and scyliorhinids. The perlon shark lS comparable in 

size to many of the spiny dogfish sharks (8qualus sp.) and 

smaller gulper sharks. Its tooth morphology, however, suggests 

this is a predator capable of grasping and engulfing fairly large 

prey rather than biting and cutting as do most squaloids. 
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Figure 4.1 Intraspecific (a) upper tooth and (b) lower tooth 

counts for hexanchoids. 

Notorynchus cepedlanus 0>--------....,0 

Hexanchus nakamuraJ o 

Hexanchus grlseus 0-----------<0 

. Heplranchl8s perlo O~-------------o 

Chlamydose/achus angulneus 0 __ --0 

16 20 24 28 

Total pectoral nn radials 

Figure 4.2 - Intraspecifc pectoral fin radial counts. 
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Notorynchus cepedianus o~---------------o 

Hexanchus nakamura! o 

Hexanchus grfseus 0-----------------0 

Heptranc.'1las perla o~-----------------------o 

Chlamydoselachus angu;neus oo-----------------------o 

16 20 24 

Total pelvic fin radials 

Figure 4.3 - Intraspecifc pelvic fin radial counts. 

Nolorync/1us cepedlBllus 0>--------0 

Hexanchus nakamuraJ o 

Hexanchus grfseus 0>----------<0 

Hep/1anchlas perlo 0-------0 

Chlamydose/achus snguineus o~--------------------------------------------~o 

8 16 24 

Total dorsal fin radials 

Figure 4.4 ~ Intraspecifc dorsal fin radial counts. 
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Notoryncflus caped/anus 0>----0 

Hexanchus nakamuraJ a 

Hexanchus gr/seus 01-------_0 

Heptranchfas perle 0>---------<0 

Chfamydose/achus anguineus 0-------------00 

12 18 24 

Total anal fin radials 

Figure 4 . 5 - Intraspecific anal fin radial counts. 
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Hexanchus griSBUS 01----0 
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Chlamydose/achus angulneus o o 

o 20 40 80 

MP vertebral counts 

Figure 4.6 - Intraspecific monospondylous vertebral counts. 
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Notorynchus cepedlanus 

Hexanchus nakamural O!---o 

Hexanchus grlseus 

Heptrancf1las perlo 

Chlamydoselachus angulneus Or--------------------------___ o 
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SpIral valve counts 

Figure 4.7 - Intraspecifc spiral valve counts. 

Figure 4.8 Remains of a spotted gulley shark attacked by 

sevengill shark. 
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Figure 4.9 - Spy-hopping sevengi ll . 

Figure 4.10 - White shark bite on 1.7 m TL sevengill shark. 

271 



REFERENCES 

AGASSIZ, L. 1833-1843. Recherches sur les Poissons Fossiles. 

Vol. 3. Contenant l'Histoire de l'Ordre des Placoides. 390 

+ 32 p. Neuch8tel, Switz. 

AINLEY, D.G., R. P. HENDERSON, H.R. HUBER, R.J. BOEKELHEIDE, S.G. 

ALLEN & T.L. McELROY. 1985. Dynamics of white shark/pinniped 

interactions in the Gulf of the Faralones. Mem. S. Calif. 

Acad. Sci. 9:109-122. 

ALLIS, E.P. 1911. The pseudobranchial and carotid arteries in 

Chlamydoselachus anguineus . Anat. ANZ., 39, 511-519. 

ALLIS, E. P. 1912. The branchial, pseudobranchial and carotid 

arteries in Heptanchus INotidanus) cinereus. Anat. Anz. 

41(17): 478-492. 

ALLIS, E.P. 1923. The cranial anatomy of Chlamydoselachus 

anguineus. Act. Zool. 4: 123-22l. 

ARMADA, J. M. 1977. Primer registro de Chlamydoselachus anguineus 

Garman frente a la costa de Chile. Not . Men. Mus. Nac. Hist. 

Nat., Santiago, Chile, 21(250): 9-10. 

ARNOLD, P. W. 1972. Predation on the harbor porpolse, Phocoena 

phocoena by a white shark , Carcharodon carcharias. J. Fish. 

Res. Board Canada 29: 1213 - 1214. 

AYRES, W.O. 1855. [ Des cription of Notorynchus maculatus.] Proc. 

Calif. Acad. Sci., 1 (Pt. 1): 72 - 73. 

AYRES, W.O . 1989. The morphology of the carotids, based on a 

study of the vessels of Chlamydoselachus anguineus. Bull. 

Mus. Compo Zool., 17, 191-223. 

BACKUS, R.H. 1957. Notes on western north Atlantic sharks. 

Copeia. (3): 246-248. 

BAHAMONDE, N. & G. PEQUENO. 19 75. Peces de Chile, lista 

sistematica. Mus. Nac. Hist. Nat. (Chile), Publ. Oc. 21: 1-

20. 

BANE, G.W. & A.W. BANE . 1971. Bay fishes of northern California. 

Mariscos Publications, New York, 143 p. 

BARNARD, K. H. 1925. A monograph of the marine fishes of South 

Africa. Part I (Amphioxus, Cyclostomata, Elasmobranchii, and 

Teleostei - Isospondyli to Heterosomata). Ann. S. African 

Mus. 21(1): 1-418. 

272 



BARNHART, P.S. 1936. Marine fishes of southern California. univ. 

Calif. Press, 209 pp. 

BASS, A. J. 1979. Records of little-known sharks from Australian 

waters. Proc. Linn. Soc. New S. Wales, 103: 247-254. 

BASS, A.J. 1980. Ecology of the Agulhas Current region: an 

assessment of the biological responses to environmental 

pargmeters In the south-west Indian Ocean. Trans. roy. Soc. 

S. Afr., 43, Part 2, 176-177. 

BASS, A.J., J. D. D'AUBREY, & N. KISTNASAMY. 1973. Sharks of the 

east coast of southern Africa. I. The genus Carcharhinus 

(Carcharhinidae). S. Afr. Ass. Mar . Bioi. Res., Oceanogr. 

Res. Inst., Invest. Rep. (33), 168 p. 

BASS, A. J., J. D. D'AUBREY, & N. KISTNASAMY. 1975. Sharks of the 

east coast of southern Africa. V. The families Hexanchidae, 

Chlamydoselachidae, Heterodontidae, Pristiophoridae, and 

Squatinidae. S. Afr. Ass. Mar. Bioi. Res., Oceanogr. Res. 

Inst., Invest. Rep. (38),50 p. 

BEAN, T.H. 1881. A preliminary cata l ogue of the fishes of Alaska 

and adjacent waters. u.S. Nat. Mus. Proc., 4, 239-272. 

BELLOC, G. 1934. Catalogue des poissons comestibles du marco et 

de la cote occidentale d'Afrique. Rev. Trav. Peches Marit. 

Paris, 7: 117-194. 

BELLOTTI, C. 1877. Note ittiologiche. Osservazioni fatte sulla 

collezione Ittiologica del civico museo di Storia Naturale 

in Milano . Milano, Soc. Ital. Atti., 20: 53-60. 

BIGELOW, H.B. & W.C. SCHROEDER. 1945. Commercial shark fisheries. 

Anglo. Amer. Carib. Comm., \~ash ., 92 pp. 

BIGELOW, H.B. & W.C. SCHROEDER. 1948. Chapter three, Sharks . In 

Fishes of the Western North Atlantic. Mem. Sears Fnd. Mar. 

Res. (1) 1: 56-576, figs. 6-106. 

BLAINVILLE, H. M. D. DE. 18 16. Prodrome d'une distribution 

systematique du regne animal. Bull. Sci. Soc. Philom. Paris, 

8: 105-124. 

273 



BLAINVILLE, H. M. D. DE. 1825. Vertebres. Classe V. 

Poissons. Poissons cartilagineux. In P. vieillot, A.-G. 

Desmarest , H. M. D. de Blainville , A.-Serville , L. de 

Saint- Fargeau, and C. - A. Walckenaer, Faune Fran~aise , livr. 

13-14, 96 p. 

BLEEKER, P. 1860. Over eenige vischsoorten van de Kaap de Goede 

HOop. Natuurk. Tijdschr. Ned. -Indie, 21: 49-80. 

BLOCH, M. E., & I. G. SCHNEIDER. 1801. Systema ichthyologiae 

iconibus ex illustratum. 2 vol. 584 p, Berlin. 

BOCAGE, J.V.B. & F. DE BRITO CAPELLO. 1866. The sharks of 

Portugal. A pontamentos para a ichthyologia de Portugal. 

Pe i xes Plagiostomos. Lisboa, 40 pp. 

BOESEMAN , M. 1973. Hexanchidae. CLOFNAM, In: Check list of the 

fishes of the North- eastern Atlantic and of the 

Mediterranean. vol. 1, pp. 8 - 9 , eds, J.C. Hureau & T.L. 

Monod, UNESCO, Paris. 

BOESEMAN, M. 1973 . Chlamydoselachidae. CLOFNAM, ~: Check list of 

the fishes of the North - eastern Atlantic and of the 

Mediterranean. vol. 1, pp. 10, eds, J . C. Hureau & T.L. 

Monod, UNESCO, Paris. 

BOESEMAN, M. 1984. Hexanchidae. Fishes of the North-eastern 

Atlantic and the Mediterranean , vol. 1, pp. 72-75. eds. 

P.J.P. Whitehead, M. -L. Bauchot, J . -C. Hureau, J. Nie lsen, 

E. Tortonese. UNESCO. 

BOESEMAN, M. 1984. Chlamydoselachidae. Fishes of the North­

eastern Atlantic and the Mediterranean, vol. 1, pp. 76 - 77. 

eds. P.J . P. Whitehead, M.-L. Bauchot, J.-C. Hureau, J. 

Nielsen, E. Tortonese. UNESCO. 

BOLIN, R. L. 1954. Notes: Report on a fatal attack by a shark. 

Pacific Sci. 8(1): 105-108. 

BOLIVAR , I. 1907g . Hallazgo del "Ch l amidoselachu s anguienus 

Garner" en Galicia. Bal. R. Soc. Espan. Hist. Nat., Madrid, 

7, 18 7. 

BOLIVAR, I. 1907b. Indicacion de algunas peces notable de la 

Corufia. Bol. R. Soc. Esp. Hist. Nat., p. 207. 

274 



BONAPARTE, C. L. 1832-41. Iconografia della Fauna Italica. Tomo 

III, Pesci. 75 puntate, 30 fasc. (without pagination). 

Roma. Galeus canis, fasc. 8, 1835. 

BONAPARTE, C.L. 1825. Vertebres. Classe V. Poissons. Poissons 

cartilagineux. In P. Vieillot, A.-G. Desmarest, H. M. D. de 

Blainville, A. - Serville, L. de Saint-Fargeau, and C.-A. 

Walckenaer, Faune Fran~aise, livr. 13-14, 96 p. 

BONAPARTE, C.L. 1846. Catalogo metodico dei pesci Europei. Atti. 

Scienz. Ital. Suppl. 

BONNATERRE, J. P. 1788. 

des trois regnes de 

Paris. 

Tableau encyclopedique et methodique 

la nature. Ichthyologie. lvi + 215 p. 

BORETS, L . A. 1986. Ichthyofauna of the northwestern and Hawaiian 

submarine ridges. J. Ichthyol. (trans. vopr. Ickh.), 26(3): 

1- 13. 

BORRI, C. 1934. Catalogo delle collezioni di vertebati del R. 

museo zoologico di pisa. II. Squali. Mem . Soc. Tosc. Sci. 

Nat. 44: 88-103. 

BORY DE SAINT VINCENT, J.B.G.M. 1829. Dictionaire Classique 

d'Histoire Naturelle, par messieurs J.V. Audouin, I. Bourdon 

et Bory de Saint Vincent. Ouvrage dirige par ce dernier 

collaborateur. 

BOSC, L.A.G. 1803. Nouveau Dictionnaire d'Histoire Naturelle, 24 

vol. 

BRAGANCA, C. 1904. Resultados das investigacoes scientificas 

fei tas a bordo do yacht "Amelia". Ichthyologia II. Esqualos 

optidos nas costas de Portugal durante as campanhas de 1896 

a 1903. [text in Portuguese and Spanish] Lisboa. pp. 26-29. 

BRANSTETTER, S. & J.E. MCEACHRAN. 1986. A first record of 

Odontaspis noronhai (Lamniformes: Odontaspididae) for the 

Western North Atlantic, with notes on two uncommon sharks 

from the Gulf of Mexico. NEast Gulf Sci. 8(2): 153-160. 

BRAUS, H. 1902. Ueber neuere Funde versteinerte Gliedmassen, 

Knorpel und Muskeln von Selachiern. Verh. Phys. Med. Ges. 

Wurzburg, n.s. 34, 177-192. 

BREDER, C. M. & D. E. ROSEN. 1966. Modes of reproduction in 

fishes. 941 p. Amer. Mus. Nat. Hist., N. Y. 

275 



BRITO CAPELLO, F. 1870. Cata10go dos pelxes de Portugal que 

existem no museu de Lisboa. Lisboa, Journ. Sci. Math. , 2: 

131-153. 

BRITO CAPELLO, F. DE. 1881. Catalogo dos peixes de Portugal. 

Academia Real das Sciencias. Memorias, Nova Serie, Torno., 6, 

Pt. 1. 

BROHMER, P. 1908. Das Exkretionssytem elnes Embryos von 

Chlamydoselachus anguineus Garman. Anat. Anz., 33, 621-627. 

BROHMER, P. 1909. Der kopf eines embryos von Ch lamydoselachus 

und die segmentierung des selachierkopfes. Inaug. Diss. 

Univ. Jena. pp. 1 - 49. figs. 1 - 15. 

BULLIS, H.R., JR. 1967. Depth segregation and distribution of 

sex-maturity groups in the marbled catshark, Galeus arae . In 

P. W. Gilbert, R. F. Mathewson , and D. P. Rail, eds. Sharks, 

skates and rays, Johns Hopkins Press: 141-148. 

BUSCH, W. D selachiorum et ganoideorum encephalo. Dissertatio 

inauguralis, 38 pp. 

BYERS, R.D. 1940. The California shark fishery. Calif. Fish & 

Game, 26 ( 1 ): 23 - 3 8. 

CADENAT, J. & J. BLACHE. 1981. Requins de Mediterranee et d' 

Atlantique (plus particulierement de la C6te Occidentale 

d' Afrique). Ed. OSTROM, Faune Tropicale (21): 330 pp. 

CAILLIET, G.M., R. L. RADTKE, & B.A. WELDEN. 1986. Elasmobranch 

age determination and verification: a reVlew. Proc. 2nd. 

Int. Conf. Indo-Pacific Fishes, 1986: 345-360. 

CANESTRINI, G. 1 861. Catalogo dei pesci del Golfo di Cenova. 

Canestrini Archivio, 1: 262 -267 . 

CAPAPE, C. 1980. Nouvelle description de Heptranchias perlo 

(Bonaterre, 1788) (Pisces, Pleurotremata, Hexanchidae). 

Donnees sur la biologie de la reproduction et le regime 

alimentaire des specimens des totes tunisiennes. Bull. 

Off. Nat. Peches de Tunisie. 4(2): 231-264. 

CAPPETTA, H., M. H. DU BUIT, & J. C. QcrERO. 1985. Notes 

Ichtyologiques: Capture de cinq especes de poissons en 

dehors de leur aires de distribution connue. Cybium 9(4): 

401-403. 

276 



CARUCCIO, A . 1896. Note anatomo-zoologiche gU Il e mascelle 

dentifere di un Hexanchus griseus aducto preso a Porto 

d'An z io. Boll. Soc. Rom. Zool . , 5: 165-176. 

CARUS, J.V. 1885-93. Prodr omus faunae Uediterraneae sive 

descriptio animalium maris mediterranei incolarum. 2 vol. 

CASEY, J.G., H.L. PRATT, & C. STILLWELL. 1985. Age and growth of 

the sandbar shark (Carcharhinus plumbeus) from the western 

North Atlantic. Canadian J. Fish. Aquat. Sci. 42(5): 963 -

975. 

CASTELNAU, F. 1872. Contribution to the ichthyology of Australia. 

Proc. Zool. Acclim. Soc. Vict. 1 : 29-248. 

CASTRO; J.I. 1983. The sharks of North American waters. Texas A&M 

U. Press, 180 pp. 

CASTRO, J.I., P.M. BUBUCIS, & N.A. OVERSTROM. 1988. The 

reproductive biology of the chain dogfish, Scyliorhinus 

retifer. Copeia, 1988(3): 740-746. 

CHEN, J. T. F. 1963. A review of the sharks of Taiwan. Dept. 

BioI., ColI. Sci., Tunghai Univ . , BioI . Bull. (19), 

Ichthyol. ser. 1, 102 pp. 

CHEN, C.T. 1984. The sharks of the east coast of Taiwan. Japanese 

Group for El asmobranch Studies Special publication, no.1, 

50-53. 

CERVIGON, M.F. 1966. Los peces marlnos de Venezuela. Soc. Cienc. 

Nat. La Sal l e, Caracas, Venezuela, 2 vol . , 951 pp. 

CHIRICHIGNO, F. 1980. Cl ave para identi f icar los peces marinos 

del Peru. Inst. Mar. Peru, I nfme . (44), 387 pp. 

CHU, Y. T. 1960. Elasmobranchs of China. Science Press. 225 pp. 

CHU, Y.T. 1962 . Ed. Fishes of the South China Sea. People's 

Republic of China, 1184 p. 

CHU, Y.T. 1963. Ed. Fishes of the East China Sea . People's 

Republic of China, 642 pp. 

CLARK, E. 1981. Sharks - magnificent and misunderstood. Nat. 

Geogr. 160 ( 2 ): 13 8 -18 6 . 

CLARK, E. 1987. Fisheries and use of deep-sea sharks . In: 

Sharks-an Inquiry int o Bio l ogy, Behavior, Fisheries, and 

Use. Sid Cook ed. Proceedings of the Conference, Oregon 

State Univ., Sea Grant, 221-225. 

277 



CLARK, E. 1988. DO\.n the Cayman wall. Nat. Geogr. 174(5): 712-

73l. 

CLARK, E., E. KRISTOF, & D. LEE. 1986. Sharks at 2,000 feet. Nat . 

Geogr. 170 (5): 680-69l. 

CLEMENS, W.A. & G.V. WILBY. 1946 . Fishes of the Pacific Coast of 

Canada. Bull. Fish. Res. Bd . Can. 68: 1 - 368. 

CLEMENS, W. A., & G. V. WILBY. 1961. Fishes of the Pacific coast 

of Canada. Fish. Res. Bd. Canada, Bull. (68), 368 pp. 

CLOQUET, H. 1817. Dictionnaire des sciences naturelles. Vol. 7. 

Paris and Strasbourg. 

COLLETT, R. 1890. Sur quelques poissons rapportes de Madere par 

le prince de Monaco. Bull. Soc. Zool. France, 15, 219-221. 

COLLETT, R. 1896. A remarkable shark found in Norway 1896. K. 

Fredriks Univers. 11 . pp. 1-17. 

COMPAGNO, L.J.V . 1973. Interrelationships of living 

elasmobranchs. In P. H. Greenwood, R. S. Hiles and C. 

Patterson (editors), Interrelationships of fishes. Zool. 

J. Linn. Soc., Supp. 1,53: 15-6l. 

COMPAGNO, L.J.C . 1977. Phyletic relationships of living sharks 

and rays. Amer. Zool. 17 (2): 303-322. 

COMPAGNO, L.J.V. 1984a. FAO Species Catalogue. Vol. 4, Sharks of 

the World. An annotated and illustrated catalogue of shark 

species known to date. FAO Fisheries Synopsis No. 125. vol. 

4, pt. 1 (noncarcharhinoids), pp. 1-250. 

COMPAGNO, L.J.V. 1984b. FAO Species Catalogue. Vol. 4, Sharks of 

the World. An annotated and illustrated catalogue of shark 

species known to date. FAO Fisheries Synopsi s No. 125. vol. 

4, pt. 2 (Carcharhiniformes), pp. 251-655. 

COMPAGNO, L.J.V. 1988. Sharks of .the Order Carcharhiniformes. 

Princeton University Press, Princeton, New Jersey, 572 pp. 

COMPAGNO, L. J. V. & P. K. TALWAR. 1985. On the occurrence of the 

narrowheaded sevengill shark Heptranchias perlo (Bonnaterre, 

1788) (Chondrichthyes: Hexanchidae) in Indian waters. Bull. 

Zool. Survey India 7(2-3): 169-17l. 

COMPAGNO, L.J.V., D.A. EBERT & M.J. SHALE. 1989. Guide to the 

sharks and rays of southern Africa. Struik Publishers, Cape 

Town, 160 pp. 

278 



COPE, E.D. 1884g . A carboniferous genus of sharks still living. 

Science, 3: 275-276. 

COPE, E.D. 1884b. The skull of a still living shark of the Coal 

Measures. American Naturalist, 18:412-413. 

COPE, E.D. 1884£. Pleuracanthus and Didymodus. Science, 3: 645-

646. 

COPE, E.D. 1884. On the structure of the skull in the 

elasmobranch genus Didymodus. Proc. American Phil. Soc. 21: 

572-589. 

COPE, E.D. 1885. Garman on Didymodus. American Naturalist, 19: 

878-879. 

COUCH, R.Q. 1846 . Notes on the fishes of the district of the 

Land's End. Newman, Zoologist, 4: 1337-1419. 

CRAIGHEAD , J.J. & F.C. CRAIGHEAD. 1969. Hawks , owls and wildlife. 

Dover Publ., New York. 

CROSS, J.N. 1988. Aspects of the biology of two scyliorhinid 

sharks, Apristurus brunneus and Parmaturus xaniurus, from 

the upper continental slope off southern California. Fish . 

Bull. 86(4): 691-702 . 

CUVIER. G. L. C. F. D. 1816. La regne animal distribue d'apres 

son organisation. Tome II. Les Reptiles, les Poissons, les 

Mollusques et les Annelides. 532 p. Deterville, Paris. 

CUVIER. G. L. C. F. D. 1829. Le regne animal. Nouv. ed . Tome II. 

xv + 406 p. Deterville, Paris. 

CUVIER, G.L.C.F.D . 1831-1843. Das thierreich ... Nach der 

zweiten ... Ausgabe ubersetzt und durch Zusatze erweitert von 

F.S. Voight. 

CUVIER, G. L. C. F. D., E. GRIFFITH & C.H. SMITH. 1834. The 

animal kingdom. vol. 1, 680 pp, 62 pIs. 

DANIEL, J.F. 1916. The ana tomy of Heptanchus maculatus. The 

endoskeleton. Univ. California Pub. Zool. 16(18): 349-370. 

DANIEL, J.F. 1928. The elasmobranch fishes. univ. Calif. Press, 

Berkeley, 332 pp. 

DANIEL, J.F. 1934. The elasmobranch fishes. 3rd ed. revised . 

univ. Calif., Berkeley, 332 pp. 

279 



DAVID, J.H.M. 1987. Diet of the South African fur seal (1974-

1985) and an assessment of competition with fisheries in 

southern Africa. So. Afr. J. Mar . Sci. , 5: 693-713. 

DAVIS, J.W . 1885. Note on Chlamydoselachus anguineus Garman. 

Proc. Yorkshire Geol. and Poly tech. Soc . , n.s. 9, 98-113. 

DAY, F. 1865. Fishes of Malabar. (Chondrichthyes). i-xxxii, 

1-293. Bernard Quarters , London. 

DAY, F. 1878. Th e fishes of India. 816 p. London. 

DAY, F. 1880-1884. The fishes of Great Britain and Ireland. 

London & Edinburgh, 200 pp. 

DAY, F. 1888. Supplement to the fishes of India. williams & 

Norgate, London, Edinburgh, 779-815. 

DAY, F. 1889 . The fauna of British India. Fishes. Vol. I. London, 

548 pp . 

DEAN, B. 1903. A preliminary account of the studies of the 

Japanese frilled shark, Chlamydoselachus. Science, n.s. 17, 

487. 

DE BUEN, F. 1930. Ict iologia espanola. II. catalogo de l os 

se laceos ibericos. Bol. Oceanogr. Pesc. Madrid , 16: 8-23. 

DE BUEN, F . 1960. Tiburones, rayas y quimeras en la estacion de 

biologia marina de Montemar, Chile. Revta. BioI. Mar. 10: 

1-50. 

DEINEGA, W.A. 1909. Contributions to the knowledge of the anatomy 

of ChlamydoseJachus anguineus Garman. I. Skeleton [Russian 

text). Trudy Sravnit. Anat. Instit. Imp. Univ. Moskva, no. 

7, 66 pp. 

DEINEGA, W. A. 1923. Zur Kenntniss der Anatomie des 

Chlamydoselachus anguineus Garman. I . Skelett. Bull. Soc. 

Nat. Moscou (Sect . Biol.) for 1918-1922, n.s. 31, 1-58. 

DEINEGA, W.A. 1925. On the abdominal viscera of Chlamydoselachus 

angulneus Garman. [Russian text, English summary). Bull. 

Soc. Nat. Moscou., Sect. Biol. n.s. 34, 194-2-6. 

DELFORTRIE, E. 1878. Etude sur Ie genre Notidanus; N. thevenardi, 

nov. spec. Bordeaux, Soc. Linn. Actes, 2: 253-256. 

DESBROSSES, P . 1938. Croissances emigration du requin griset, 

Hexanchus griseus (Bonnaterre, 1788) Rafinesque 1810. Rev. 

Trav. Inst. Pech. Marit. 11: 53-57. 

280 



DE SILVA, R.I. 1987. The sharks of Sri Lan ka. A key to the 

different species and a preliminary checklist. Ceylon J . 

Sci . (Bio . Sci.), 17-18(1984-1985): 56-66. 

DESVAUX, A.N. 1851. Essai d'Ichthyologie des cotes oceaniques et 

de l'interieur de la France, ou diagnose des Poissons 

observes . Mem . Soc. Agric. Sci. & Arts Angers. Ser. 2, 2, 

175 pp. 

DEVINCENZI, G.J . 1920. Peces del Uruguay. An. Mus. Nac. 

Montevideo, I, ser. II (4) : 97-134. 

DODERLEIN, P. 1878 - 1879. Prodromo della fauna Ittiologica della 

Sicilia. Atti., Nuova Serie, 6, 63 pp. 

DODERLEIN, P. 1881. Manuale ittiologico del Mediterraneo. 

Palermo: 1881, 8 vo. 

DOFLEIN, F. 1906. Ostasienfahrt: Erlebnisse und Beobachtungen 

eines Naturforschers in China, Japan und Ceylon. Leipzig. 

DOMANEVSKIY, L.N. 1975. Th e frill shark Chlamydoselachus 

anguineus Garman, 1884, from the Cape Blanco area (Central 

Eastern Atlantic). J. Ichthyol. (Vopr. Ikhtiol.) 15(6): 

1117 - 1119. 

DUMERIL, A. 1865. Histoire naturelle des poissons ou 

ichthyologie g~n~rale. Tome Premier. Elasmobranches. 

Plagiostomes et Holocepha les ou Chim~res. 720 p. Librarie 

Encyclopedique de Roret, Paris. 

EBERT, D.A. 1984. Aspects of the life history of California's two 

cowshark species: Notorynchus cepedianus and Hexanchus 

griseus. MS thesis, San Jose State D., Calif., 57 pp. 

EBERT, D.A. 1985 . Color variation i n the sevengill shark, 

Notorynchus maculatus Ayres, along the California coast. 

Calif. Fish Game, 71(1): 58-59. 

EBERT, D.A. 1986a. Bio l ogical aspects of the sixgill shark, 

Hexanchus griseus. Copeia, 1986(1): 131-135. 

EBERT, D.A. 1986b. Aspects on the biology of hexanchid sharks 

along the California coast. Proc. 2nd. Int. Conf. Indo­

Pacific Fishes, 1986: 437-449. 

EBERT, D.A. 1986c . Observations on the elasmobranch assemblage of 

San Francisco Bay. California Fish. Game 72(4): 244 - 249 

281 



EBERT, D.A. 1986d. Wanted: cow and frilled sharks. Ski Scene , 

10(6): 26. 

EBERT, D.A. 1987. The cow and frilled sharks (order 

Hexanchiformes) of South Africa. Ichthos 13: 10. 

EBERT, D.A. 1988a. Cows hark study begins second year. Tagging 

News, ORI, summer 87/88, 4: 7. 

EBERT, D.A. 1988b. In search of the sixgill shark. Count th e 

gills! Underwater , spring 1988, 8 : 16-17. 

EBERT, D.A. 1989. Life history of the sevengill shark, 

Notorynchus cepedianus Peron, in two northern California 

bays. Calif. Fish Game, 75(2): 102-112. 

EHRENBAUM , E. 1927. Elasmobranchii. In: Grimpe and Wagler 

Tierwelt Nord - u . Ostsee, 7 (12): 1-66. 

EHRENBAUM, E. 1930. Scylliorhinus canicula, ~ stellaris, 

Etmopterus spinax, Acanthorhinus carcharias, Pristiurus 

melanostomus, Notidanu s griseus. Faune Ichthyol. Atlant. 

Nord. 4. 

ESCHMEYER, W.N . , E.S. HERALD, H. HA~10ND . 1983. A field guide to 

Pacific coast fishes of North America . Houghton Mifflin Co ., 

Field Guide (28): 1-336. 

FORSTER, G. R., J. R. BADCOCK, M. R. LONGBOTTOM, N. R. MERRETT , 

& K. S. THOMPSON. 1970. Res ul ts of the Royal Society Indian 

Ocean Deep Slope Fishing Expedition. Proc. R. Soc London , 

ser. B, 175 : 367-404. 

FOURMANOIR, P. 1961. Requins de la cote ouest de Madagascar. 

Mem. Inst. Sci. Madagascar, ser. F, 4: 1-81. 

FOWLER, H.W. 1941. The fishe s of the gro ups Elasmobranchii , 

Holocephali, Isospondyli, and Ostariophysi obtained by 

United States Bureau of Fisheries Steamer Albatross in 1907 

to 1910, chiefly in the Philippine Islands and adjacent 

seas. Bull. U. S . Natn. Mus. (100) 13, 879 p, 30. 

FOWLER, H.W. 1908. Notes on sharks. Proc. Acad. Sci. 

Phi l adelphia, 60: 52-70. 

FOWLER, H. W. 1925. Fishes from Natal, Zululand and Portuguese 

East Africa. Proc. Acad. Nat. Sci. Philadelphia, 77: 187 -

268. 

282 



FOWLER, H.W. 1936. The marlne fishes of West Africa. Bull. 

Amer. Mus. Nat. 

FOWLER, H.W. 1941. Notes on Florida fishes with descriptions of 

seven new species. Proc. Acad. Nat. Sci. Philadelphia. 93: 

81-106. 

FOWLER, H.W. 1941. The fishes of the groups Elasmobranchii, 

Holocephali, Isospondy l i, and Ostariophysi obtained by 

United States Bureau of Fisheries Steamer Albatross in 1907 

to 1910, chiefly in the Philippine Islands and adjacent 

seas. Bull. U. S. Natn. Mus.(100) 13 , 879 p. 

FOWLER, H.W. 1944. Fishes of Chile. Systematic Catalogue. Pts 1 

and 2. Rev. Chile Hist. Nat. 45-47: 15-116. 

FRANCIS, M.P. 1981. Von Bertalanffy growth rates in species of 

Mustelus (Elasmobranchii: Triakidae). Copeia, 1981(1):189-

192. 

FRANCIS, M.P. 1988. Movement patterns of rig (Mustelus 

lenticulatus) tagged in southern New Zealand. New Zealand J. 

Mar. Freshw. Res. 22: 259-272. 

FRANCIS, M.P. 1989. Exploitation rates of rlg (Mustelus 

lenticulatus) around the South Island of New Zealand. New 

Zea land J. Mar. Freshw. Res. 23 : 239 - 245. 

FRANCIS, M.P., & J. T. MACE. 1980. Reproductive biology of 

Mustelus lenticulatus from Kaikoura and Nelson. New Zealand 

J. Mar. Freshw. Res. 14(3): 303-311. 

FRASER-BRUNNER, A. 1935. New or rare fishes from the Irish 

At lant ic slope. Proc. R. Irish Acad. 42B: 319-326. 

GALVAN-MAGANA, F., H.J. NIENHUIS & A.P. KLIMLEY. 1989. Seasonal 

abundance and feeding habits of sharks of the lower Gulf of 

Mexico. Calif. Fish Game 75(2): 74-84. 

GARMAN, S. 1884a. An extraordinary shark. Bull. Essex Inst. 16: 

47-55. 

GARMAN, S. 1884b. A species of Heptranchias supposed to be new. 

Bull. Essex Inst. 16: 56-57. 

GARMAN, S. 1884c. 1884. A peculiar selachian (Chlamydoselachus 

angu ineusj. Science, 3: 116-117. 

GARMAN, S. 1884d. 'The oldest living type of Vertebrata' 

Chlamydoselachus. Science, 3: 345. 

283 



GARMAN, S. 1884e. The oldest living type of vertebrates. Science , 

4: 484. 

GARMAN, S. l885a. On the fril led shark. Proc. American Ass. Adv. 

Sci.: 537-538. 

GARMAN, S. 1885b. Chlamydoselachus anguineus, Garm.--A living 

species of cladodont shark. Bull. Mus. Compo Zool. Harvard, 

12: 1-36. 

GARMAN, S. 1887. The tail of Chlamydoselachus anguineus. Science, 

9, 267. 

GARMAN, S. 1888. On the lateral canal system of the Selachia and 

Holocephala. Bull. Mus. Compo Zool., 17, 82-83. 

GARMAN, S. 1899 . The fishes. Mem . Mus. Compo Zool., 36: 13-15. 

GARMAN, S. 1913. The Plagiostomia. Mem. Mus. Compo Zool. Harvard 

36, 515 pp. 

GARRICK, J. A. F. & L. J. PAUL. 1971. Heptranchias dakini 

Whitney , 1931, a synonym of ~ perlo (Bonnaterre, 1788), the 

sharpnosed sevengill or perlon shark, with notes on sexual 

dimorphism in this species. Zool . Publ. Victoria U. 

Wellington (54), 14 p. 

GEGENBAUR, C. 1865. Untersuchungen zur Vergleichenden Anatomie 

der Wirbelthiere . Zweites Heft . 1. Shultergfirtel der 

Wirbeltheire. 2. Brustflosse der Fische. 176 p. Wilhelm 

Engelmann, Leipzig. 

GEGENBAUR, C. 1872. Untersuchungen zur vergleichenden Anatomie 

der Wirbelthiere. Drittes Heft. Das Kopfskelet der 

Selachier, ein Beitrag zur Erkenntniss der Genese des 

Kopfskeletes der Wirberlthiere. 316 p. Wilhelm Engelmann, 

Leipzig . 

GEMMELLARO, C. 1864. Saggio'd ittiologia del Golfo di Catania. 

Catania, Atti. Accad. Gioen., 19, 109-158. 

GERVAIS, H. & R. BOULART. 187 7. Les poissons. Le·s Poissons de 

mer. Paris: 1877, 8 vo. 

GIGLIOLI, E.H. 1880. Elenco dei mammiferi , degli uccelli e dei 

rettili ittiofagi appartenenti alia fauna italica e 

catalogue degli anfibi e dei pesci italiani. Firenze, 8 vo.: 

18-55. 

284 



GILAT, E. & A. GELMAN. 1984. On the sharks and fishes observed 

using underwater photography during a deep-water cruise in 

the Eastern Mediterranean. Fish. Res. 2: 257-271. 

GILCHRIST, J.D.F. 1902. Catalogue of the fishes recorded from 

South Africa. Mar. Invest. S. Afr., (1): 97-179. 

GILL, T. 1861. Analytical synopsis of the order of Squali; and a 

revision of the nomenclature of the genera. Squalorum 

generum novorum descriptions diagnosticae. Ann. Lyc. Nat. 

Hist. N.Y., 7: 367-413. 

GILL, T. 1864. Second contribution to the Selachology of 

California. Proc. Acad. nat. Sci. Philad. 16: 147-151. 

GILL, T. 1884g. The relat ions of Didymodus, or Diplodus. 

Science, April 11, 1884. p.429. 

GILL, T. 1884b. The oldest living type of vertebrates. Science, 

Dec. 12, 1884. 4(97): 524. 

GMEL I N, J. F. 1789(88). Amphibia. Pisces. Caroli a Linne. 

Systema Naturae per regna tria naturae. ed. 13, 1(3): 1033 -

1516. Lipsiae. 

GOLANI, D. 1988. On deep-water sharks caught off the 

Mediterranean coast of Israel. Israel J. Zool. 34(1986-87): 

23-31. 

GOLOVAN, A. A. & N. P. PAKHORUKOV. 1987. Distribution and 

behavior of fishes on the Naska and Sala y Gomez submarine 

ranges. J. IChthyol. 1987(4): 71-78. 

GOODEY, T. 1910. A contribut i on to the skeletal anatomy of the 

frilled shark. Proc. Zool. Soc. London , Jan.-March, 1910: 

540-571. 

GOTO, M. 1987. Chlamydoselachus anguineus - a living cladodont 

shark. Report of the Japanese Group for Elasmobranch 

Studies, no. 23, 11. 

GOTSHALL, D.W., G.H. ALLEN & R.A. BARNHART. 1980. An annotated 

checklist of fishes from Humboldt Bay, California . Calif. 

Fish Game, 66(4): 220-232. 

GRAFFE, E. 1888. Uebersicht der seethierfauna des golfes von 

Triest, nebst Notizen uber vorkornrnen, lebensweise, 

erscheinungs-und for tpflanzungszeit der einzelnen arten, 7: 

445 - 470. 

285 



GRAHAM, D.H. 1953. A treasury of New Zealand fishes. Wellington: 

1-404. 

GRAY, J. E. 1851. List of the specimens of fish in the 

collection of the British Museum. Part I. Chondropterygii. 

160 p. British Museum (Natural History), London. 

GREEN, R. E. 1975. A preliminary list of fishes collected from 

Richardson Bay, California 1972-1973. Calif. Fish Game 61: 

104 - 106. 

GRUBER, S.H., & R. G. STOUT. 1983. Biological materials for the 

study of age and growth in a tropica l marine elasmobranch, 

the lemon shark, Negaprion brevirostris(Poey). Proc. Int. 

Workshop Age Det. Ocean. & Pel. Fishes. NOAA Tech. Rep. NMFS 

8: 193 -2 06. 

GUDGER, E.W. 1940. The breeding habits, reproductive organs and 

externa l embryonic development of Chlamydoselachus, based on 

notes and drawings by Bashford Dean. Bashford Dean Mem. 

Vol., Archaic Fishes, American Mus. Nat. Hist., N.Y., 

5:243-319. 

GUDGER, E. W. & B. G. SMITH. 1933. The natural history of the 

frilled shark, Chlamydoselachu s anguineus. Bashford Dean 

Memorial Volume: Archaic Fishes , Art. 6: 245-319, American 

Mus. Nat. Hist. 

GUICHENOT, A. 1862. Notes sur i'lle de la Reunion. Atlas, Pt. 2. 

GUNTHER, A. 1870. Catalogue of the fishes in the British Museum. 

Vol . 8, 549 p. British Museum (Na tural History), London. 

GUNTHER, A. 1887. Report on the deep sea fishes collected by 

H.M.S. Challenger during the years 1873 -7 6. In report on 

Scientif i c Results of Voyage of H. M.S. Challenger during the 

years 1873-76. London, vol. 22, pt. 57. 

GUZMAN, L. & I. CAMPODONICO. 1976. Notorynchus cepedianus (Peron 

1807) en la entrada oriental del Estrecho de Magallanes. 

Ans. Inst. Pat., Chile, 7: 207 -210. 

HALKETT, A. 1913. Check list of the fishes of the Domonion of 

Canada and Newfoundland. Ottawa (King's Printer) 138 pp. 

HARA, M. 1987. Fine structure of the follicle in the testes of 

frill shark. Report of the Japanese Group for Elasmobranch 

Studies, no. 23, 14-18. 

286 



HART, J. L. 1973. Pacific fishes of Canada. Fish. Res. Board 

Canada Bull. 180, 740 pp. 

HASWELL, W.A. 1880. Notes on Galeocerdo rayneri with a list of 

other sharks taken in Port J ackson. Proc. Linn. Soc. N.S.W. 

5: 95-97. 

HASWELL, W.A. 1884£. Studies on the elasmobranch skeleton. Proc. 

Linn. Soc. N.S.W. 9(1): 71-119. 

HASWELL, W.A. 1884b. Note on the claspers of Heptranchus. Proc. 

Linn. Soc. N. S . W. 9 ( 2 ): 381 - 3 8 2 . 

HAWKES, O. A. M. 1906. The crania l and spinal nerves of 

Ch l amydoselachus anguineus (Gar.). Proc. Zool. Soc . London. 

1907, 959-991 pp. 

HAWKES, O.A.M. 1907. On the abdomina l Vlscera and a vestigial 

sevength branchial arch in Chlamydoselachus. Proc. Zool. 

Soc. London, pt. 2, 471-478. 

HELDREICH, T. 1878. La faune de Grece. Rapport ... par T. de 

Heldreich. Exposition universelle. 

HERALD, E. S. 1953. The 1952 shark derbies at Elkhorn Slough, 

Monterey Bay, and at Coyote Point, San Francisco Bay. 

Calif. Fish Game 39: 237 - 243 . 

HERALD, E.S. 1961. Living fishes of the world. Doubleday & Co., 

Garden City, N.Y., 1-304. 

HERALD, E.S. 1968. Size and aggressiveness of the sevengill shark 

(Notorynchus maculatus). Copeia, 1968 (2): 412 - 414. 

HERALD, E. S. & W. E. RIPLEY. 1951. The relative abundance of 

sharks and bat stingrays in San Francisco Bay. Calif. Fish 

Game 37: 315-329. 

HERTWIG, O. 1874. Ueber Bau und Entwicklung der Placoidschuppen 

und der Zahne der Selachier. lena. Zeitschr. Naturwiss., 8, 

331-404. 

HEYER, G.W., M.C. FIELDS, R.D. FIELDS & A.J.KALMIJN . 1981. Field 

experiments on electrically evoked feeding responses in the 

pelagic blue shark, Prionace glauca. Biological Bulletin 

161: 344-345. 

HICKLING, C.F. 1928. The exploratory voyages of the "Florence 

Brierley". Notes on the fish recorded. Ann. Mag. Nat. Hist., 

2: 196-209. 

287 



HOBSON, E.S. 1963. Feeding behavior ln three species of sharks. 

Pacific Sci. 17(2): 171-194. 

HODGSON, E.S. 1987. The shark's senses, pp. 76 - 83, In J. D. 

Stevens (Consulting Ed . ). Sharks. Golden Press pty. Ltd., 

Australia . 

HODGSON, E.S., & R.F. MATHEWSON, EDS. 1978. Sensory biology of 

skates and rays. Office Nav. Res. Arlington, Virginia, 666 

pp. 

HOLDEN, M.J. 1974. Problems in the rational exploitation of 

elasmobranch populations and some suggested solutions . In 

F.R. Harden-Jones, ed. , Sea Fisheries Research. John Wiley & 

Sons: 117-137. 

HOLMGREN, N. 1940. Studies on the head in fishes. Embryological, 

morphological , and phylogenetical researches. Part I: 

Development of the skull in sharks and rays . Act. Zool. 21: 

51 - 267 (1-217). 

HOLMGREN, N. 1941. Studies on the head in fishes. Embryological, 

morphological, and phylogenetical researches. Part II. 

Comparative anatomy of the adult selachian skull, with 

remarks on the dorsal fins in sharks. Act. Zool. 22: 1-100. 

HOLMGREN, N. 1942. Studies on the head in fishes. An 

embryological, morphological, and phylogenetical study. 

Part III. The phylogeny of elasmobranch fishes. Act. Zool. 

23: 129-261 (1-133). 

HONGXI, Z., D. SIMING & X. GUOGIANG. 1987. Report on the 

elasmobranchiate fishes occurring in the region of the 

continental shelf and continental slope in the East China 

Sea. Japanese Group for Elasmobranch Studies, no. 24, 16-19. 

HOWELL-RIVERO, L. 1936. Some new, rare and l i ttle-known fishes 

from Cuba. Proc. Boston Soc. Nat. Hist., 41(4): 41-76. 

HOWELL-RIVERO, L. 1941. Uno nuevo tiburon para la fauna Cubana de 

la familia Heptranchidae. Torreia Univ. Habana, Cuba, no. 9: 

1-9. 

HUBER, O. 1901a. Mitteilungen zur Kenntnis der 

Copulationsglieder bei den Selachiern. Anat. Anz. 19: 299-

307. 

288 



HUBER, O. 1901b. Die kopulationsglieder der Selachier. Z. wiss. 

Zool. 70 : 592-674. 

HUREAU, J.C. 1969. Remarques sur les poissons des iles Saint-Paul 

et Amsterdam. Bull. du Museum National D'Histoire Naturellf, 

2e Serie, Tome 40, no . 6, 1968 (1969), pp. 1150-1161-

HUREAU, J. C. & T. MONOD, EDS. 1973. CLOFNAM. Check - list of 

the fishes of the north - eastern Atlantic and of the 

Mediterranean. vol. 1, 683 p., UNESCO, Paris. 

HUSSAKOF, L. 1919. Measurements of a male and female specimen of 

the sevengilled shark, Heptranchias per10. Copeia, 

1919 (67): 9. 

HUTTON, F.W. 1873. Contributions to the ichthyology of New 

Zealand. Trans. N.Z. Inst. 5 : 259-272. 

HUTTON, J. 1989. Movements, horne range, dispersal and the 

separation of size classes in Nile crocodiles. Amer. Zool., 

29: 1003-1049. 

IMMS, A.D. 1905. On the oral and pharyngeal denticles of 

elasmobranch fishes. P.Z.S., 1: 41-49. 

ISAACS , J.D . & R.A. SCHWARTZLOSE. 1975 . Active animals of the 

deep-sea floor. Sci. American, 233(4): 84-91. 

ISHIYAMA, R. 1958. Observations on the egg capsules of skates of 

the family Rajidae, found in Japan and its adjacent waters. 

Bull. Mus. Compo Zool. Harvard Coll. 118(1): 3-24. 

JENSEN, A. C. 1966. Life history of the spiny dogfish. Fish. 

Bull. U.S. Fish wildl. Servo 65(3): 527-554. 

JEWELL, P.A. 1966. The concept o f horne range in mammals. Syrnp. 

Zool. Soc. London 18: 85 -10 9. 

JOHNSTON, R.M. 1882. General and critical observations on the 

fishes of Tasmania, with a classified catalogue of all the 

known species. Tasmania, Roy. Soc. Proc., 51-144. 

JOHNSTON, R.M. 1890. Further observations upon the fishes and 

fishing industries of Tasmania, together with a revised list 

of indigenous species. Tasmania, Roy. Soc. Proc., 22-46. 

JONES, B.C. & G. H. GEEN. 1977a. Reproduction and embryonic 

development of Spiny Dogfish Squalus acanthias in the Strait 

of Georgia, British Columbia. J. Fish. Res. Board.Can. 

34:12 86- 1292. 

289 



JONES, B.C. & G.H. GEEN. 1977b. Age determinat i on of an 

elasmobranch (Sgualus acanthias) by x -ray spectrometry. J. 

Fish. Res. Board Can., 34: 44-48. 

JORDAN, D.S. 1887. A catalogue of the fishes known to inhabit the 

waters of North America, north of the tropic of Cancer, with 

notes on the species discovered in 1883 & 1884. U.S. Fish 

Comm. Rep., 13: 789-973. 

JORDAN, D. S. & C. H. GILBERT. 1880. Description of a new species 

of notidanoid shark (Hexanchus corinus), from the Pacific 

coast of the United States. Proc. U. S. Natn. Mus . 3: 352-

355. 

JORDAN, D.S. & G.H. GILBERT. 1881. Notes on the fishes of the 

Pacific coast of the United States. U.S. Nat. Mus. Proc., 4: 

29-70. 

JORDAN, D.S. & C.H. GILBERT. 1883. Synopsis of the fishes of 

North America. Bull. u.S. Nat. Mus., (16): 1018 pp. 

JORDAN, D. S. & E.C. STARKS. 1895. The fishes of the Puget 

Sound. Cont. to Biol. from Hopkins Seaside Lab. 3. 2nd 

Ser., 5(51): 785-855. 

JORDAN, D.S. & B. W. EVERMANN. 1896. The fishes of North and 

Middle America. Bull. U. S. Nat. Mus. 47, part 1, p . 1-

1240. 

JORDAN, D.S. & B.W. EVERMANN. 1900. The fishes of North and 

Middle America. Bull. u.s. Nat. Mus. 47(4): 3137 - 3313. 

JORDAN, D. S. & J. o. SNYDER. 1901. A preliminary check list of 

the fishes of Japan. Annot. Zool. Japan. 3: 31-159. 

JORDAN, D. S. & E.C. STARKS. 1901. Description of three new 

species of fishes from Japan. Proc. California Acad. Sci., 

ser. 3, 2(8): 381-386. 

JORDAN, D. S. & H. W. FOWLER. 1903. A reVlew of the 

elasmobranchiate fishes of Japan . Proc. U. S. Natn. Mus. 26: 

593-674. 

JORDAN, D. S., B. W. EVERMANN & H. W. CLARK. 1930. Check list 

of the fishes and fishli ke vertebrates of north and middle 

America north of the northern boundary of Venezuela and 

Colombia. Rep. U. S. Commnr. Fish. 1928, 670 pp. 

KAUFFMAN, D. E. 1950. Notes on the biology of the tiger shark 

29 0 



(Galeocerdo ar¢ticus) from Ph ilippine waters. U. S. Dept. 

Int., Fish wildl. Serv., Bur. Comm. Fish. Res. Rep. 16,10 p. 

KEMP, N.R. 1978. Detailed comparisons of the dentit i ons of extant 

hexanchid sharks and tertiary hexanchid teeth from South 

Austra l ia and Victoria, Australia (Selachii, Hexanchidae). 

Mem . Nat. Mus. Victoria, 39: 61 - 83. 

KENNY, N.T. 1968. Sharks: wolves of the sea. Nat. Geograp ., 

133(2 ): 222-257. 

KETCHEN, K. S. 1975. Age and growth of dogfish, Squalus 

acanthias, in British Co l umbia waters. J. Fish. Res. Bd. 

Canada, 32(1): 43-59, 9. 

KETCHEN, K.S. 1986. The spiny dogfish (Squalus acanthias ln the 

Northeast Pacific and a history of its utilization: Canadian 

Spec. Pub. Fish. & Aquatic Sci. (88) : 68 pp. 

KING, J.E. 1983 . Seals of the world. 2nd ed . British Museum 

(Natural History) & Cornell U. Press, 240 pp. 

KING, K.J. 1984. Changes in condition of mature female rlg 

(Mustelus lenticulatus) from Golden Bay in relation to 

seasonal inshore migrations. New Zealand Journal of Marine & 

Freshwater Research. 18: 21-27. 

KING, K.J. & M.R. CLARK. 1984. The food of rig (Mustelus 

lenticulatus) and the relat i onship of feeding to 

reproduction and condition in Golden Bay. New Zealand 

Journa l of Marine & Freshwater Research 18: 29-42. 

KNAGGS, E.H., W.J. HAUSER & R .N . LEA. 1975. Notes on some fis hes 

collected off the outer coast of Baja California. Calif . 

Fish & Game. 61(1): 56 - 59. 

KNUDTSON, P.M. 1977. Observations on the breeding behavior of the 

harbor seal, in Humboldt Bay, California . Calif. Fish & 

Game, 63(1): 66 - 70. 

KOYBASHI, K., S. TOMONAGA & S. TANAKA. 1987. Immunoglobulins of 

frill shark, Chlamydose lachus anguineus. Report of Japanese 

Group for Elasmobranch Studies, no. 23, 1-3. 

KRUUK, H. 1972. The spotted hyena. University of Chicago Press, 

Chicago, 480 pp. 

LAHILLE, F. 1913. Nota sobre los generos Heptranchias y 

Hexanchus. An. Mus. naco B. Aires. 18: 25-32. 

291 



LAHILLE, F. 1921. Enumeracion de los peces cartilaginosos 

encontrados en las aguas Argentinas. Buenos Aires, Direccion 

de Laboratorios e Investigaciones Agricologanaderas, pp. 3-

26. 

LAHILLE, F. 1928. Notas sobre unos peces elasmobranquios. Ann. 

Mus. Nac. Hist. Nat. "Bernardino Rivadavia" (Buenos Aires) 

34: 299-339. 

LAST, P. R., E.O.G. SCOTT, & F. H. TALBOT. 1983. Fishes of 

Tasmania. Tasmanian Fisheries Development Authority, Hobart, 

563 pp. 

LATREILLE, P.A. 1804. Nouveau Dictionnaire d'Historie Natureele. 

24 vol. 

LAWLEY, R. 1875. Monografia dei resti fossili del genere 

Notidanus rinvenuti nel pliocene subappennino Toscano. Pisa, 

Soc. Tosc. Atti., 3, 1877: 57-76. 

LEVITON, A.E., R.H. GIBBS, JR., E.HEAL & C. E. DAWSON. 1985. 

Standards in herpeto logy and ichthyology: Part I. Standard 

symbolic codes for institutional resource collections in 

herpetology and ichthyology. Copeia 1985(3): 802-832. 

LIMBAUGH, C. 1963. Field notes on sharks. In Perry W. Gilbert, 

ed., Sharks and Survival, Heath & Company, Bo ston, pp. 63-

94. 

LINDBERG, G. U. & M. I. LEGEZA. 1959. Ryby Yaponskogo morya i 

sopredel'nykh chastei Okhotskogo i Zheltogo morei (Fishes of 

the Sea of Japan and the adjacent areas of the Sea of 

Okhotsk and the Yellow Sea). Part 1. Amphioxi. 

Petromyzontes. Myxini. Elasmobranchii. Holocephal i. Keys to 

the Fauna of the USSR, (68): 1-208. Izd. Zool. Inst . Akad. 

Nauk SSSR (also 1967, trans. Israel Progr. Sci. Trans.). 

LINEAWEAVER, T.H. & R.H. BACKUS. 1969. The natural history of 

sharks. J. B. Lippencott Co., Philadelphia, N.Y., 256 pp. 

LLORIS, D. 1986. Ictiofauna demersal y aspectos biogeograficos de 

la costa sudoccidental de Africa (SWA/Namibia). Monogr. 

Zool. Mar., Barcelona, 1: 9-432. 

LO BIANCO, S. 1899. Notizie biologiche riguardanti specialmante 

il periodo di maturita sessua1e degli animali del Golfo di 

Napoli. Mitth. Zool. Stat. Neapel 13: 448-573. 

292 



LOWE, R.T. 1837. A synops i s of t he fis he s of Madeira; with the 

principal synonyms, Portugue s e names, and charact ers of the 

new genera and species. Zool. Soc. Trans., 2: 173 - 200. 

LOZANO Y REY, L. 1928. Fauna Iberica. Peces . vol . 1, 692 pp., 

Mus. Nac. Cienc. Nat. Madrid . 

LYNCH, D. D. 1964. First Austral i an record Hexanchus griseus 

(Bonnaterre) 1780. The six- gi l led shark. Mem. Nat. Mus. 

Victoria, Melbourne, (26): 259-261. 

MCCOSKER, J.E. 1985. White shark attack behavio r: obs ervations of 

and speculations abou t predat or and prey strategies. Mem. 

So. Cali f . Acad. Sci. 9: 123-135. 

MCCOY, F. 1880. Prodromus Zool. Vict .. , Melbourne 5: 1-58. 

MCCULLOCH, A. R. 1911. Report on the fishes obtained by the 

F. I . S. "Endeavour" on the coasts of New South Wales, 

Victoria, South Australia and Tasmania. Part I. Zool. Resul. 

Fish. Exper. F.I.S. "Endeavour", 1: 1-87. 

MCCULLOCH, A.R. 1919. Check-list of the fish and fish-like 

animals of New South Wales. Part 1. Austr. Zool. 1(7): 217-

229. 

MCCULLOCH, A.R. 1929. A check-list of the fishes recorded from 

Australia. Aust. Mus. Mem. 5(1): 1- 144. 

MACDONALD, J.D. 1873. A communica t ion contai ning descriptions of 

two sharks taken off Flinders Island, Bass's Straits, during 

the voyage of H.M. S. 'Herald' i n the South Seas. Proc. Zool. 

Soc. (Lond.): 312. 

MACDONALD, J.D. & C. BARRON. 1868. Notes on Heptranchus indicus, 

chiefly as regards sexual c haract ers. Proc. Zool . Soc. 

(Lond.): 371-373. 

MACHADO, A. 1857. Catalogo de los pesces que habitan 0 frecuentan 

las costas de Cadiz y Huelva, con inclusion de los del Rio 

Guadalquivir. 29 pp. 

MAISEY, J.G. 1984. Chondrichthyian phylogeny: a look at the 

evidence. J. Vert. Paleont. 4(3): 359 - 371. 

MAISEY, J.G., & K.E. WOLFRAM. 1984. "Notidanus" . In N. Eldredge 

& S. Stanley, eds. Living foss il s, 170-180. 

293 



MARELLI, C.A. 1924. Elenco sistematico de la fauna de la 

Provencia de Buenos Aires (procordados y vertebrados). Mem. 

Minist. Obras Publ. Buenos Aires, 1922-2 3: 536-682. 

MARTENS , G.M. 1824. Re ise nach venedig. 

MASAI, H. 1963a. On the brain pattern of Heptranchias perlo. 

Japanese J. Ichthyol. 10(2/6): 17-19. 

MASAI, H. 1963b. On the central nervous system of Notorhynchus 

p latycephalus. Japanese J . Ichthyol. 10(1/2): 27-30. 

MASAI, H., K. TAKATSUJI & M. AOKI. 1981. Brain organization in 

embryos of the frilled shark, Chlamydoselachus anguineus 

Garman. Zool. Anz., Jena, 206(5/6): 257-262. 

MASSEY , B.R. & M.P. FRANCIS. 1989. Commercial catch composition 

and reproductive biology of rig (Mustelus lenticulatus) from 

Pegasus Bay, Canterbury, New Zealand. New Zealand J . Mar. 

Freshw. Res. 23: 113-120. 

MASUDA, H., K. AMAOKA , C. ARAGA, T. UYENO & T. YOSHINO, eds. 

1984. The fishes of the Japanese Archipelago. Tokai U. 

Press, Japan. 2 vols., 1-435. 

MATTHEWS , L. H. 1950. Reproduction In the basking shark , 

Cetorhinus maximus. Phil. Trans. Zool. Soc. London, (B), 

234:247-316. 

MAURER, F. 1912. Die ventrale Rumpfmuskulatur der Fishe 

(Selachier, etc.). Jena. Zeitschr. Naturwiss., 49. 

MAY, J. L., J. GARREY & H. MAXWELL. 1986. Field guide to trawl 

fish from temperate waters of Australia. Revised Edition. 

CSIRO Division of Fisheries Research, Hobart, Tasmania, 492 

pp. 

MENNI, R.C. 197 5. Notorynchus ocel l atus Devincenzi, 1920 sinonimo 

de ~ pectorosus (Garman, 1884). (Chondrichthyes, 

Hexanchidae). Neotropica, 21 (65): 84-86. 

MENNI, R.C. & M.L. GARCIA. 1985. Juveniles de Notorynchus 

pectorosus (Hexanchidae) y d Sphyrna zygaena (Sphyrnidae) 

frente a la boca del Rio de la Plata (Chondrichthyes). Hist. 

Nat. 5(1): 1-10. 

MENNI, R.C. 1986. Shark biology in Argentina: A review. Proc. 

2nd . Int. Conf. Indo - Pacific Fishes, 1986: 425-436. 

294 



MERTENS, R. 1921. Der Krausenhai (Chlamydoselachus anguineus 

Garman). Ber.Senckenb. Naturfor. Gesellsch. Frankfurt-am­

Main. 51(5): 173-177. 

MIKLUCHO - MACLAY, N. 1870. Beitrage zur verg1eichenden Neurologie 

der Wirbelthiere. I. Das Gehirn der Selachier. II. Das 

Mittelhirn der Ganoiden und Teleostier. Leipzig, 74 pp. 

MILLER, B. & D.W. GREENFIELD. 1965. A juvenile six-gil led shark 

(Hexanchus corinus) from the San Juan Islands, Washington. 

J. Fish. Res. Bd. Canada. 22(3): 857-859. 

MILLER, D.J. & R.N. LEA. 1972. Guide to the coastal marlne 

fishes of California. Calif. Dept. Fish Game, Fish Bull. 

157, 235 p. 

MIZUE, K. 1984a. A list of elasmobranchs in Nagasaki. Japanese 

Group for Elasmobranch Studies Special pub1., no. 1, 42-45. 

MIZUE, K. 1984b. A list of elasmobranchs in Okinawa. Japanese 

group for Elasmobranch Studies Special Publ., no. 1, 46-49. 

MOMOSE, F. 1938. A newly arrived specimen of the "frill shark" 

[text in Japanese]. Natural Science and Museum, Tokyo, 9, 

(no. 8), 2 - 5. 

MOREAU, E. 1881. Histoire naturelle des poissons de la France. 

Vol. 1, 478 p. Masson, Paris. 

MOREHEAD, A. & L. MOREHEAD. 1981. The new American Webster 

college dictionary. New American Library, N.Y., 640 pp. 

MULLER, J. & F.G.J. HENLE. 1841. Systematische Beschreibung der 

Plagiostomen. Berlin, Veit, pp. 103-200. 

MUNRO, I.S.R. 1956. Handbook of Australian fishes. Fisheries 

Newsletter, Australia, 1: 1-8. 

MYRBERG, A.A., JR. 1987a. Understanding shark behavior. In Sid 

Cook, ed. Sharks. An Inquiry into Biology, Behavior, 

Fisheries, and Use. Oregon State U., Pp. 41-83. 

MYRBERG, A.A., JR. 1987b. Shark behaviour, pp. 84 - 93, In J. D. 

Stevens (Consulting Ed.). Sharks. Golden Press pty. Ltd., 

Australia. 

NACCARI, F.L. 1822. Ittiologia Adriatica, ossia catalogo de' 

pesci del Golfo e Lagune di venezia. Brugnatelli, Giornale, 

5, pp. 325-340. 

295 



NAKAMURA, H. 1936. (Report of the investigation of the sharks of 

Taiwan). Rep. Taiwan Fish. Exp. Sta., 7(1): 1-54. 

NAKAYA, K. 1984. Fishes of the Okinawa Trough and the adjacent 

waters. Japanese Fisheries Resource Conservations 

Association, vol. 1, 417 pp. 

NAKAYA, K. 1985. Sharks , skates, rays and chimaeras taken from 

continental slopes around Japan. Rep. Japanese Group Elas . 

Stud. (19): 1 - 8. 

NAKAYA, K. & A. J. BASS. 1978. The frill shark, Chlamydoselachus 

anguineus in New Zealand seas . New Zealand J. Mar. Freshw. 

Res. 12(4): 397 - 398. 

NARDO, G.D. 1824. Osservazioni ed aggiunte all' Adriatica 

Ittiologia publicata dal sign. cav. F.L. Naccari . 

Brugnatelli, Giornale, 7, p. 249-263 . 

NARDO, G.D. 1827. Prodromus observationum et disquistionum 

Adriaticae Ichthyo logiae . 23 pp. 

NARDO, G.D. 1847. Sinonimia moderna delle specie registrate nell ' 

opera intitolata: descrizone de' crostacei de' testacei e 

de' pesci che abitano Ie Lagune e Golfo Veneto, 

rappresentati in figure ... da ll abate S. Chiereghini Ven. 

Clodiense, applicata per commissione governative, 128 pp. 

NARDO, G.D. 1859-60. Prospetti sistematici degli animali delle 

provincie Venete e del mara Adriatic e distinzione delle 

specie in gruppi relativi alIa loro geografia fisca ed all' 

interesse economico statistico che presentano, pp. 785-819. 

NINNI, A.P. 1870. Enumera zione dei pesci del l e lagune e golfo di 

Venezia, con note. Modena, Ann. Soc. Nat . , 5: 63 - 88. 

NORMAN, J.R. 1922. Three new fishes from zululand and Natal, 

collected by Mr. H.W. Bell Marley; with additions to the 

fish fauna of Natal. Ann. Mag. Nat. Hist. London Ser. 9 (9): 

318 - 322. 

NELSON, D.R. 1974. Ultrasonic telemetry of shark behaviour. 

Naval Res. Rev. Dec. 1974. pp. 1-21. 

NELSON, D.R. 1978. Telemetering techniques for the study of 

free-rang i ng sharks. In E. S. Hodgson & R. F. Mathewson, 

eds. Sensory biology of sharks, skates and rays . US . Dept. 

Navy, Off. Naval Res. Arlington: 419 - 482. 

296 



NELSON, D.R. 1987. Telemetering techniques for determining 

movement patterns in sharks. Ln Sid Cook, ed. Sharks. An 

Inquiry into Biology, Behavior, Fisheries, and Use. Oregon 

State U., 29 pp. 

NEILL, W.T. 1971 . The last of the ruling reptiles - alligators, 

crocodiles, and their kin. Columbia University Press, N.Y. 

p. 486. 

NISHIKAWA, T. 1898. Notes on some embryos of Chlamydoselachus 

anguineus Garm. Annot. Zool. Japon., 2, 95 -1 02. 

NOBLE, E.R. 1948. On the recent frilled shark catch. Science, 

108: 130 . 

NOBRE, A. 1935. Fauna marinha de Portugal. 1. Vertebrados 

(Mamiferos), 1-5 (Reptis), 1- 574 (Peixes). 

NORMAN, J . R. & F. C. FRASER. 1938. Giant fishes, whales and 

dolphins. Putnam, London, xxii, 376 pp. 

NORRIS, H. W. 1941. The plagiostome hypophysis , general morphology 

and types of structure. Lancaster, Pa., The Science Printing 

Co., 91 pp. 

o 'DONOGHUE, C.H. 1926. Oservations on the anatomy of Hexanchus 

corinus. J . Anat. London, 61: 40-60. 

OGILBY, J.D. 1889. List of the Australian Palaeichthyes, with 

notes on their synonymy and distribution. Proc. Linn. Soc. 

N.S.W. 4(1): 178-186. 

OGILBY, J.D. 1897 . New genera and species of Australian fishes. 

Proc. Linn. Soc. N.S.W. 22(1): 62-95. 

OLSEN, A. M. 195 4. The biology, migration, and growth rate of 

the school shark, Galeorhinus australis (Macleay) 

(Carcharhinidae) in south-eastern Australian waters. Aust. 

J. Mar. Freshw. Res. 5: 353 - 410. 

OLSEN, A.M. 1984. Synopsis of biological data on the school 

shark, Galeorhinus australis (Macleay, 1881). FAO Fish. 

Synop. (139), 42 pp. 

OSORIO, B. 1909. Contribuicao para 0 conhecimento da fauna 

bathypelagica visnha das costas de Portugal. Mem. Mus. 

Bocage, Lisboa, 1. 

297 



OTAKE, T. 1984. List of elasmobranch In Philippine waters. 

Japanese Group 

1, 64-67. 

for Elasmobranch Studies Special publ., no. 

OWEN, R. 1853. Descriptive catalogue of 

in the collection of the 

the osteological 

Royal College of 

series 

contained 

Surgeons. 914 p. London. 

PALMEN, J . A. 1898. Om en intressant hajart, Chlamydoselachus 

anguineus Garman. Meddel. Soc. Fauna Flora Fenn., 24, 25-26 . 

PARKER, G.H. 1910. Olfactory reactions in fishes. J. Exper. Zool. 

8:535-542. 

PARKER, G.H. 1914. The directive influence in the movements of 

fishes. Bull. U.S. Bur. Fish . 33:61 - 68. 

PARKER, G. H., & R. E. SHELDON. 1913. The sense of smell in 

fishes. Bull. Bureau Fish. 32(7 75): 35-45. 

PAUL, L.J. 1987. Shark attack in New Zealand, pp. 149- 155, In 

J.D. Stevens (Consu lting Ed.). Sharks. Golden Press pty. 

Ltd., Australia. 

PAUST, B.C. & R. SMITH. 1986. Salmon shark manual. The 

development of a commercial salmon shark, Lamna ditropis, 

fishery in the North Pacific. U. Alaska, Alaska Sea Grant 

Rept. 86-01, May 1986: 1-430. 

PELLEGRIN, J. & E. LOPPE'. 1914. Sur la capture dans le Golfe de 

Gascogne d'un squale nouveau pour la fauna francaise, l e 

Chlamydoselachus anguineus Garm. Bull. Soc. Zool. France, 

39, 234 -2 35. Bull. Soc. Cent. Aquic., 26, 140-141 . 

PENRITH, M.J. 1978. An annotated check-list of the inshore fishes 

of southern Ango la. Cimbebasia (A) 4:179-190. 

PEQUENO R.G. 1979. El genero Notorhynchus en Chile 

(Elasmobranchii: Hexanchidae). Rev. Biol. Mar. Dep. 

Oceanol. Univ. Chile 16(3): 254-257. 

PEREZ CANTO, C. 1886 . Estudio sobre algungos escualos de la costa 

de Chile. 12 pp. Imp. El Pequeno Mercurio, Valparaiso. 

P~RON, A. 1807. Voyage aux terres Australies, i, pp. 337 

(SQualus cepedianus). 

PHILIPPI, R. A. 1886. Sobre los tiburones y algunos otros peces 

de Chile . An. Univ. Chile 71: 3-31. 

298 



PHILIPPI, R. 1901. Descripcion de Clnco nuevas especies chilenas 

del Orden Plagiostomos. An. Univ. Chile, 109: 303-315. 

PHILLIPS, W.J. 1924. A review of the elasmobranch fishes of New 

Zealand. N.Z. J. Sci. Tech. 6 (5 - 6): 257-269. 

PHILLIPS, W.J. 1935. Sharks of New Zealand; no. 4. N.Z . J. Sci. 

Tech. 16: 236 - 241. 

PHILLIPPS, W.J. 1946. Sharks of New Zealand. Dominion Mus. Rec. 

Zool. 1: 5-20. 

PIETSCHMANN, V. 1908. Japanische Plagiostomen. Sitzungsber. k. 

Akad. wiss. Wien, 117(1): 1 - 74 . 

PINKAS, L., M.S. OLIPHANT & I.L.K. IVERSON. 197 1. Food habits of 

the albacore, bluefin tuna and bonito in California waters. 

Calif. Fish Game, Fish Bull. 152: 1-105. 

PISSARRO, C., & J. G. SANCHES. 1973. Especies da familia 

Hexanchidae (Pisces, Selachii) de Angola. Notas Cent . Biol. 

Aquat. Trop., Lisboa (32): 1-23. 

POEY, F. 1856-1861. Memorias sobre la historia natural de la isla 

de Cuba. 2: 1-4 42, pis. 1-19, Vi uda de Barcina, Havana, 

Cuba. Dates, vol. 2: Title p. , 1856-1858, 1860; 1-11, 1856, 

repro 1857; 12-23, Feb. 1856; 24 - 39, July 1857; 40 - 73, Oct. 

1857; 74 - 86, May, 1858; 87-94, Sept. 1858; 95-404, May , 

1861; 427. 

POEY, F. 1865-1868. Repertorio fisico-natural de la isla de 

Cuba. Vol. 1, 383 p., 1865 , vol. 2, 484 p. Havana. 

POEY, F. 1876. Enumeratio piscium cubensium. An. Soc. ESp. 

Hist. Nat. 5: 177-218. 

POLL, M. 1951. Poissons. I. - Generalities. II.-Selaciens et 

Chimeres. Exped. Oceanog. Belge E. Cotier. Afr. Atlant. Sud 

(1948-1949). Res. Sci. 4: 1-154. 

POZZI, A.J. & L.F. BORDALE. 1935. Cuadro sistematico de los peces 

marinos de la Republica Argentina. An. Soc. Cient. argent. 

Buenos Aires, 120: 145-189. 

PRADERI, R. 1985. Relacions entre pontoporia blainvillei 

(Mammalia: Cetacea) y tiburones (Selachii) de aguas 

Uruguayas. Comm. Zool. Mus. Hist. Nat. Montevideo, 11(151): 

1-19. 

299 



PRATT, H.L., JR. 1979. Reproduction in the blue shark , Pr ionace 

glauca. Fish. Bull. 77(2) : 445-470. 

PRATT, H.L., JR., J.G. CASEY & R.B. CONKLIN. 1982. Observations 

on large white sharks, Carcharodon carcharias, off Long 

Island, New York. Fishery Bulletin, 80(1): 153-157. 

QUIJADA, B. 1913. Catalogo ilustrado y descriptivo de la 

coleccion de peces chilenos y extranjeros. Mus. Nac. Hist. 

Nat. (Chile), Bolo, 5(1): 1-139. 

RAFINESQUE, C.S. 1809-1810. Caratteri di alcuni nuovi generi e 

nueVl spece di animali e piante della Sicilia. Part 1, p. 

1-69, 1809, part 2, p. 71-105, 1810 . Palermo. 

RAFINESQUE, C.S. 1810. Indice d'ittiologia Siciliana. 70 pp. 

Giovanni del Nobolo, Messina . 

RAFINESQUE, C.S. 1815. Analyse de la nature ou tableau de 

l'univers et des corps organises. 224 p. Jean 

Barravecchia, Palermo. 

RANDALL, B. M., R. M. RANDALL, & L.J.V. COMPAGNO. 1988. Injuries 

to jackass penguins (Spheniscus demersus): evidence for 

s hark involvement. J. Zool., London (1988) 214: 589-599. 

RANDALL, J.E. 19 86. 106 new records of fishes from the Marshall 

Islands. Bull. Mar. Sci. 38(1): 170-252. 

RANZI, S. 1934. Le basi fisiomorfologiche dello sviluppo 

embrionale dei selaci- Parti 2 & 3. Pubb. Staz. Zool. Napo li 

13: 331 - 437. 

READER'S DIGEST. 1986. Sharks. Silent hunters of the deep. 

Reader's Digest, Sydney, London, N.Y., Montereal, Cape Town. 

208 pp. 

REED, E. 1887. Catalogo de los peces chilenos, 24 pp., Imp 

Cervantes, Santigo . 

REGAN, C.T. 1905. Note on Hexanchus griseus. Annals & Magazine of 

Natural History, 16(7): 571-572. 

REILLY, P.N. & T.O. MOORE. 1982. Pacific herring, Clupea harengus 

pallasii , studies in San Francisco Bay, December 1981 to 

March 1982. Marine Resources Administrative Report no. 82-8: 

43. 

300 



RIDE, W.D.L., C.W. SABROSKY, G. BERNARDI, & R.V. MELVILLE, eds. 

1985. International code of zoological nomenclature. Intern. 

Trust. Zool. Nomen., London, 338 pp. 

RIPLEY, W. E. 1946. The biology of the soupfin Galeorhinus 

zyopterus and biochemical studies of the liver. Calif. 

Dept. Fish Game, Fish Bull. (64), 93 pp. 

RISSO, A. 1810. Ichthyologie de Nice., 388 pp., F. Schoell, 

Paris. 

RISSO, A. 1826. Histoire naturelle des principales productions 

de l'Europe Meredionale. Vol. 3, 480 p. F. G. Levrault, 

Paris. 

ROBINS, C.R., R.M. BAILEY, C.E. BOND, J.E. BROOKER, E.A. 

LACHNER, R.N. LEA, & W. B. SCOTT. 1980. A list of common and 

scientific names of fishes from the United States and Canada 

(4th edit ion). American Fish. Soc., Spec. Pub. 12, 174 p. 

ROBINS, C.R., G.C. RAY, J. DOUGLASS, & R. FREUND. 1986. A field 

guide to Atlantic Coast fishes of North America. Houghton 

Mifflin Co., Boston., 354 pp. 

ROCHEBRUNE, A.T., de. 1882. Faune de la Senegambie. Poissons. 

Act. Soc. L. Bord. 6: 37-180. 

ROEDEL, P.M. 1953. Common marine fishes of California. Fish 

Bull. (68): 3-150. 

ROEDEL, P.M. & W.E. RIPLEY. 1950. California sharks and rays. 

Calif. Dept. Fish Game, Fish Bull. (75), 88 p. 

ROSCOE, M.J. 1979. Biology and exploitation of the rock lobster 

Jasus tristani at the Tristan da Cunha Islands, South 

Atlantic, 1949-1976. Investigational Report, 118: 1-44. 

ROSE, C. 1895. Ueber die zahnentwicklung von Chlamydoselachus 

anguineus. Garm. Morphol. Arb. 4: 193-206. 

ROULE, L. 1912. Notice sur les selaciens conserves dans les 

collections du Musee' Oceanographique. Bull. Instit. 

Oceanogr. Monaco, no. 243. 

RUSSO, R.A., & E.S. HERALD. 1968. The 1967 shark kill in San 

Francisco Bay. Calif. Fish & Game, 54(3): 215-216. 

RUSSO, R.A. 1975. Observations on the food habits of leopard 

shark (Triakis semifasciata) and brown smoothhounds 

(Mustelus henlei). Calif. Fish & Game, 61(2): 95-103. 

301 



SADOWSKY, V. 1970. First record of broad-snouted seven-gil led 

shark from Cananeia, coast of Brazil. Bolm. Inst. Oceanogr. 

Sao Paulo, 18(1): 33 - 35. 

SASSI, A. 1846. Saggio sopra i pesci, rettili e mammiferi della 

Liguria. Descrizione di Genova del Genovesato, vol. I, Pt. 

2. 

SATO, Y. 1987. The brain of archaic shark , Chlamydoselachus 

anguineus. Report of Japanese Group for Elasmobranch 

Studies, no. 23, 20. 

SCHAEFFER , B. 1967. Comments on elasmobranch evolution. In P.W. 

Gilbert, R.F. Mathewson, and D.P. RaIl (editors), Sharks, 

Skates, and Rays, p. 3 - 35. Johns Hopkins Press, Baltimore. 

SCHALLER, G.B. 1972. The Serengeti lion - a study of predator ­

prey relations. University of Ch icago Press, Chicago, 480 p. 

SCOFIELD, N. B. 1920. Sleeper shark captured . California Fish. 

Game , 6 ( 2 ): 80. 

SCOTT, T.D. 1962. The marine and fresh water fishes of South 

Australia. Adelaide: 1-392. 

SCOTT, T.D., C.J .M . GLOVER & R.V. SOUTHCOTT. 1974. The marlne and 

fresh water fishes of South Australia. Adelaide: 1-392. 

SEABRA, A.F. 1913. Sur que lques especes remarquables de poissons 

des cotes du Maroc et du Portugal. Bull. Soc. Potugaise Sci. 

Nat., Lisboa, 6, p. 118. 

SHCHERBACHEV, Y. N. 1987. Preliminary list of thalassobathyal 

fishes of the tropical and subtropical waters of the Indian 

Ocean. J. Ichthyol. 27(2): 37-46. 

SHELDON, R.E. 1911. The sense of smell in selach i ans. J. Exper. 

Zool. 10: 51-62. 

SHIOBARA, Y, H. ABE & K. HIOKI. 1987. Some biological information 

on the frill shark in Suruga Bay. Report of Japanese group 

for elasmobranch studies, 23: 7-10. 

SCIHER, E. 1898. I pesci e la pesca nel compartimento di Catania, 

con du note sui generi Laemargus e maena. Atti. Acc. Gioen. 

( 4) 11, no. 5: 69 pp. 

302 



SMITH, B. G. 1937. The anatomy of the frilled shark 

Chlamydoselachus anguineus Ga r man. Bashford Dean Mem. Vol.: 

Archaic Fishes, Art. 6: 333-S06. Amer. Mus. Nat. Hist., 

N.Y. 

SMITH, J. L. B. 19S1. A new galeorhinid shark from South Africa, 

with notes on other species. Ann. Mag. Nat. Hist. ser. 12, 

4: 86 - 93. 

SMITH, J.L.B. 1965. The sea fishes of Southern Africa. Fifth 

Edition. S80 pp. Central News Agency Ltd., S. Africa. 

SMITH, J.L.B. 1967. The lizard shark Chlamydose l achus anguineus 

Garman in South Africa. Occ. Pap. Dept. Ichthyol. , Rhodes 

U., Grahamstown, 10: 10S-11S. 

SMITH, M.M. 1975. Common and scientific names of the fishes of 

southern Africa. Part 1. Marine fishes. J.L.B. Smith Inst. 

Ichthyology Spec. Pub. (14), 178 pp. 

SMITH, S.E. & S. KATO. 1979. The fisheries of San Francisco Bay: 

past, present and future. California Academy of Sciences, 

Pacific Division, AAAS, 44S - 468. 

SNELSON, F .F. , JR. , T.J. MULLIGAN & S.E. WILLIAMS. 1984. Food 

habits, occurrence, and popu lation structure of the bull 

shark, Carcharhinus leucas, in Florida coastal lagoons. 

Bull. Mar. Sci. 34(1): 71 - 80. 

SNELSON, F.F., S.E. WILLIAMS-HOOPER & T.H. SCHMID. 1988. 

Reproduction and ecology of the Atlantic stingray, Dasyatis 

sabina, in Florida coastal lagoons. Copeia, 1988(3): 729 -

739. 

SQUIRE, J.L.,JR. 1967. Observations of basking sharks and great 

white sharks in Monterey Bay. Copeia, 1967(1): 247-2S0. 

SPRINGER, S. 1960. Natural history of the sandbar shark , Eulamia 

milberti . Fish. Bull. Fish wild l . Servo 61, 38 p. 

SPRINGER, S. 1963. Field observat i ons on large sharks of the 

Florida-Caribbean Region. In Perry W. Gilbert, (ed.), Sharks 

and Survival, D. C. Heath & Co., Boston, pp. 9S - 113. 

SPRINGER, S. 1967 . Social organization of shark populations. In 

P.W. Gilbert, R. F. Mathewson, and D. P. RaIl (eds.), 

Sharks, Skates, and Rays, p. 149 - 174 . Johns Hopkins Press, 

Baltimore. 

303 



SPRINGER, S. & R.A. WALLER. 1969. Hexanchus yitulus, a new 

sixgill s hark from the Bahamas. Bull. Mar. Sci. 19(1): 159-

174. 

SPRINGER, V. G. & J. A. F. GARRICK. 1964. A survey of vertebral 

numbers in sharks. Proc. U. S. Natn. Mus. 116: 73-96. 

STAFFORD-DEITSCH, J. 1987. Shark . A photographer's story. 

Headline Book Publ. Co., London. 200 pp. 

STARKS, E.C. 1911. Results of an ichthyological survey about the 

San Juan Islands, Washington. Pittsburg , Pa. Ann. Carnegie 

Mus., 7: 162-213. 

STARKS, E. C. 1917. The sharks of California. Calif. Fish Game 

3: 1-8. 

STEAD, D.G. 1907. (Chlamydoselachus in New South Wales. 1 Zool. 

Anz. , Leipzig, 32: 303-304. 

STEAD, D. G. 1963. Sharks and rays of Australian seas. 211 p. 

Angus and Robertson, Sydney. 

STEHMANN, M. 1970. Vergleichend morphologische und anatomische 

Untersuchungen zur Neuordnung der Systematik der 

Nordostatlantischen Rajidae . Arch. Fisch-wiss. Hamburg 21: 

73-164. 

STEINHARD, O. 1903. Ueber placoidshuppen in der Mund - und Rachen­

Hohle der plagiostomen. Arch. Naturg. 69: 1-43. 

STOSSICH, M. 1880. Prospetto della fauna del mare Adriatico. 

Trieste, Bollettino, 5: 18 -71 . 

SWAINSON, W. 1838-1839. The natural history of fishes, 

amphibians and reptiles, or monocardian animals. Vol. I, 

vi, 368 p., figs 1-100, 1838. Vol. 2, vi, 448 p., figs. 1-

135 , 1 839. The Cabinet Cyclopedia, London. 

TALENT, L. G. 1976. Food habits of the leopard shark, Triakis 

semifasciata, in Elkhorn Slough, Monterey Bay, California. 

Ca l ifornia Fish Game 62(4): 286-298. 

TALENT, L.G. 1982. Food habits of the gray smoothhound, Mustelus 

californicus, the brown smoothhound, Mustelus henlei, the 

shovelnose guitarfish, Rhinobatos productus, and the bat 

ray , Myliobatis californica, in Elkhorn Slough, California. 

California Fish Game 68(4): 224-234. 

304 



TANAKA, S. 1984. A list of the chondrichthyes in Suruga Bay and 

adjacent waters. Japanese Group for Elasmobranch Studies 

Special Publ., no. 1, 30-31. 

TANAKA, S. 1987. Reproduction of the frilled shark, 

Chlamydoselachus anguineus in Suruga Bay. Report of Japanese 

Group for Elasmobranch Studies, no. 23, 4-6. 

TANAKA, S., K. TESHIMA & K. MIZUE. 19 75. Studies on sharks--X. 

Morphological and ecological study on the reproductive 

organs in male Heptranchias perlo. Bull. Fac. Fish. Nagasaki 

U. (40), 15-2 2. 

TANAKA, S. & K. MIZUE. 1977. Studies on sharks--XI. Reproduction 

in female Heptranchias perlo. Bull. Fac. Fish. Nagasaki U. 

(42), 1-9. 

TANIUCHI, T. 1984a . List of elasmobranchs in Hokkaido. Japanese 

Group for Elasmobranch Studies Special Publ., no. 1, 7-8. 

TANIUCHI, T. 1984b. List of elasmobranchs in Sanriku. Japanese 

Group for Elasmobranch Studies Special Publ., no. 1, 11-13. 

TANIUCHI, T. 1984c.List of elasmobranchs in Choshi, Izu Islands 

and Ogasawara Islands. Japanese Group for Elasmobranch 

Studies Special Publ. , no. 1 , 18-24 . 

TANIUCHI, T. 1987. Frill shark from Choshi. Report of Japanese 

Group for Elasmobranch Studies, no. 23, 19 -20. 

TAYLOR, V. 1987. Sharks at close quarters, pp. 196-205, In J. D. 

Stevens (Consulting Ed.). Sharks. Golden Press pty. Ltd., 

Australia. 

TEMPLEMAN, W. 1944 . The life-history of the spiny dogfish 

(Squalus acanthias) and the vitamin A values of dogfish 

liver oil. Newfoundland Dept. Nat. Resour. Res. Bull. (15), 

Fisher.: 1-102. 

TENG H.T. 1962. Classification and distribution of the 

Chondrichthys of Taiwan. ph.D. thesis, Kyoto university (in 

Japanese), printed by Ogawa Press, Maizuru, Kyoto Pref., 

Japan, 304 pp. 

TENORE, M. 1810. Sopra una nuova specie di Squadro pescato nelle 

acque della riviera di Chia ja del littorale di Napoli. Mem. 

Acad. Pont. Naples, 1: 241 - 265. 

305 



TESTER, A.L. 1963. The role of olfaction in shark predation. 

Pacific Sci. 17: 145-170. 

THOMPSON, W.W. 1914. Catalogue of fishes of the Cape Province. 

Mar. BioI. Rep., Cape Town, (11): 131-153. 

TIMOKHIN, I. G. 1980. Discovery of the frill shark, 

Chlamydoselachus anguineus, in the south-west Indian Ocean. 

J. Ichthyol. 20(1): 125-126. 

TOMONAGA, S., K. KOBAYASHI & S. TANAKA. 1987. Lymphod tissues of 

the frill shark, Chlamydoselachus anguineus. Report of 

Japanese Group for Elasmobranch Studies, no. 23, 3. 

TORTONESE, E. 1937-1938. Note di ittiologia. Boll. Mus. Zool. 

Anat. Compo Univ. Torino, 46: 3-32. 

TORTONESE, E. 1938. Uno squalo nouvo per il Mediterraneo. Riv. 

Sci. Nat. "Natura". 29: 157-160. 

TORTONESE , E. 1938. Revisione degli squali del Museo civico di 

Milano. Atti Della Soc. Italiana Sci. Nat. 77: 283-318. 

TORTONESE, E. 1938. Pesci di Tripoli. Ann. Mus. Libico Stor. 

Nat. 1(18): 359-364. 

TORTONESE, E. 1985. Gli squali Mediterranei del genere Hexanchus. 

Atti. Soc. Ital. Sci. nat. Museo. civ. Stor. nat. Milano, 

126(3-4) : 137-140. 

TRAPANI, G. 1838. A catalogue of the different kinds of fish of 

Malta and Gozo, with their Maltese, Latin, Ital ian, English 

and French names, as well as their season. 25 pp. 

TRAQUAIR, R.H. 1896. Notes on the occurrence of some rare fishes 

In Scottish waters . Ann. Scott. Nat. Hist., 158-160. 

TRICAS, T.C. 1982. Bioelectric - mediated predation by swell 

sharks, Cephaloscyllium ventriosum. Copeia, 1982(4): 948-

952. 

TRICAS, T.C. 1985. Feeding ethology of the white shark 

Carcharodon carcharias. Mem . S. Calif. Acad. Sci. 9:81-91. 

TRICAS, T.C., & J.E. MCCOSKER. 1984. Predatory behavior of the 

white shark (Carcharodon carcharias), with notes on its 

biology. Proc. California Acad. Sci., 43(14), 221-238. 

TRUNOV, I. A. 1968. The whalefish (Barbourisia ~, Fam. 

Barbourisiidae) and the frilled shark (Chlamydoselachus 

anguineus, Fam. Chlamydoselachidae) from South West African 

306 



coastal wa t ers. Prob. Ichthyol. 8(1): 135 - 138. 

UCHIDA, S. 1982. Elasmobranch fishes around Ryukyu Islands and 

the i r cultural statu s In t he big wa t er tank aquarium. Report 

of Japanese Group for Elasmobranch Studies, no. 14, 1 - 8. 

UYENO, T., K. MATSUURA & E. FUJII, eds. 1983. Fishes trawled off 

Suriname and French Guiana. Japan Marine Fi shery Resource 

Research Center, TOkyo. 1-519. 

VAILLANT, L . L. 1901. Sur un griset (Hexanchus griseus) du Golfe 

de Gascogne. Bull. Mus. Hist. Nat. Paris 7: 202 - 204. 

VAN DER ELST, R. 1979. A proliferat ion of small sharks in the 

shore-based Natal sports fishery. Env. Biol. Fish., (4): 

349-362. 

VAN DER ELST, R. 1988. A guide to the common sea fishes of 

Sout.hern Africa. C. Struik, Cape Tmvn 398 pp. 

VAN DER HOEVEN, J. 1855. Handboek der Dierkunde. Vol. 2, 

fishes, p. 188-419. 

VAN LAWICK-GOODALL, H. & J.VAN LAWICK - GOODALL. 1970. Innocent 

killers. Ballantine Books, New York, 285 pp. 

VIEIRA, L. 1897. Catalogo dos peixes de Portugal en collecao no 

museu de zoologia da universidade de Comibra. Ann. Sci. Nat. 

Porto, 4: 62-68. 

WAITE, E.R. 1907. A basic list of the fishes of New Zealand. Rec. 

Cantab. Mus., Chris t church, 1: 3- 39. 

WAITE, E.R. 1921. Catalogue of t he fishes of South Australia. 

Rec. S. Aust. Mus., Christchurch, 1: 3-39. 

WAITE, E.R. 1923. The fishes of South Aus t ralia. Adelaide: 1-243. 

WALFORD, L.A. 1935. The sharks and rays of California. Fish Bull. 

Calif. Fish Game, (45): 66. 

WANG, K.F. 1933. Preliminary notes on the fishes of Chekiang 

(Elasmobranchs). Cont. Biol. Lab. Sci. Soc. China. 4, Zool. 

Ser. (3) 87 -11 7. 

WASS, R. C. 1973. Size, growth and reproduction of the sandbar 

shark, Carcharhinus milbert i , in Hawaii. Pacific Sci. 27: 

305-318. 

WERNER, F. 1904. Die fische der zoologisch-vergleichend­

anatomischen sammlung der Wiener Universitat, I. Teil. Zool. 

Jahrb. Syst., 21: 263-302. 

307 



WHEELER, A. 1962. New records for distribution of the frilled 

shark. Nature, 196(4855): 689-690. 

WHEELER, A. & R.W. BLACKER. 1969. Rare and littl e known fishes 

in the British Seas in 1966 and 1967. J. Fish BioI. 4: 

311-317. 

WHITE, A. 1851. Fish. List of the animals in the British Museum. 

Pt. 8 

WHITE, E. G. 1937. Interrelationships of the elasmobranchs with 

a key to the Order Galea. Bull. Amer. Mus. Nat. His t . 74: 

25-138, 66. 

WHITLEY, G.P. 1931g . Studies in Ichthyology. No.4. Rec. 

Australin Mus. 18(3): 96-133. 

WHITLEY, G. P. 1931b. Studies in ichthyology, no. 5 - Notorynchus 

macdonaldi, sp. nov. Records of the Australian Museum, 

18(4): 138-160. 

WHITLEY, G.P. 1931£. New names for Australian fishes. Aust. 

Zoo1. 6: 310 - 334. 

WHITLEY, G.P. 1934. Notes on some Australian sharks. Mem. Qd. 

Mus., Brisbane, 10(4): 180-200 . 

WHITLEY, G.P. 1940 . The fishes of Australia. Part 1. The sharks, 

rays, devil fish and other primitive fishes of Austral ia and 

New Zealand. Sydney (Royal Zoological Society): 1-280. 

WHITLEY, G.P. 1968g . A check- list of the fishes recorded from 

the New Zealand Region. Aust. Zool. 15: 1-102. 

WHITLEY, G.P. 1968£. Some fishes from New South Wales. Proc. 

Roy. Zool. Soc. N.S.W. 1966-67. pp.32-40. 

WILD, P.W. 1987. Central California gill and trammel net 

investigations (northern area) 1986. Progress Report, Calif. 

Dept. Fish & Game, September 1987, 37 pp. 

WOURMS, J. P. 1977. Reproduction and development in 

chondrichthyian fishes. Amer. Zool. 17 (2): 379-410. 

Yu, M.J. 1988. A preliminary name list of fishes of Taiwan. Biol. 

Bull. 68, Tunghai, Uni. , Tawian, 1-11. 

ZIEGLER, H.E. 1908. Ein embryo von Chlamydoselachus angulneus 

Garm . Anat. Anz., 33, 561-574. 

ZEITZ, A. 1908. A synopsis of the fish of South Australia. Part 

1. Trans. R. Soc. S. Aust. 32: 288 - 293. 

308 



APPENDIX 1 

Acronyms for institutional resource collections referred to in the text. 



AMS Australian Museum (Sydney) 

BPBM Bernice P. Bishop Museum, Honolulu, Hawaii 

BMNM British Museum (Natural History), London 

CAS California Academy of Sciences, San Francisco 

CSIRO CA Commonwealth Scientific and Industrial Research Organization, 

Australia 

DAE 

LACM 

UVC 

MCZ 

MJS 

MLML 

MLP 

D.A. Ebert field number 

Los Angeles County Museum of Natural of Natural History 

L.J.V. Compagno catalogued collection 

Museum of Comparative Zoology, Harvard 

MJ. Smale field number 

Moss Landing Marine Laboratories, Moss Landing, California 

Museo de La Plata, Argentina 

MNHN Museum National d'Histoire Naturelle, Paris 

NMF National Marine Fisheries College, Kee-Lung, Taiwan 

NMNZ National Museum of New Zealand, Wellington 

ORI Oceanographic Research Institute, Durban 

RUSI Rhodes University, J.L.B. Smith Institute of Ichthyology, Grahamstown 

SAM South African Museum, Cape Town 

TFRI Taiwan Fisheries Research Institute 

UF University of Florida, Florida State Museum 

USNM United States National Museum of Natural History, Washington D.C. 

WAM Western Australian Museum, Perth 



APPENDIX 2 

List of hexanchoid material examined. 



TABLE 2.1 

Ch/amydose/achus anguineus: material examined. 

Australia: CA 4546; 1226 mm TL adult male, N.S.W.; CA 4488, 1310+ mm TL 

adult male, N.S.W.; CA 4540, 1435 mm TL female, N.S.W.; AMS 17698, 1346 

mm TL adult male, N.S.W.; AMS 124101-09, 1360 mm TL female, N.S.W. 

Japan: M 158 (0329), 178 mm TL embryonic male; SU 12923, 1468 mm TL 

female, Misaki, Japan; CAS 12922, 984 mm TL juvenile female, Misaki; BM 

1887.3.19.4, 1220 mm TL adult male, Sigamya Bay; MCZ 34247, Yokohama; 

USNM 161522,542 mm TL juvenile male, Shimizu; MCZ uncal. (holotype), 

ca. 1500 mm TL, female, S.E. Honshu, Japan, only four pieces remaining of 

specimen. 

Northeastern Atlantic: BM 1961.5.11:1, 1508 mm TL adult male, 59°50'N 

06°30'W; BM 1962.7.17:1, 1750 mm TL adult female, 40-45 miles N.W. of Butt 

of Lewis; BM 1931.5.27:1, 1700 mm TL adult female, 59°1O'N 07004'W, Brierly 

Bank, Wyville-Thomson Ridge; MCZ 63259, 1300 mm TL, adolescent female. 

Northeastern Pacific: CAS 20265, 1630 mm TL female, 34°23'N 121003'W, 

22 miles west of PI. Arguello, California, U.S.A. 

Southeastern Atlantic: RUSI 2423, 915 mm TL adult male, Walvis Bay, 

Namibia; RUSI 2424, 1010 mm TL female, Walvis Bay, Namibia; SAM 31028, 

1170 mm TL female, 19°59'S 11°48'E, off Cunene River, Namibia; DAE 

881902, 916 mm TL adult male, 26°38'S 15°10'E, West of Luderitz, Namibia; 

USNM 203466, 990 mm TL male, 12°36'S 13°12'E, Bahia Farta, Angola. 

Taiwan: DAE 881204, 1252 mm TL adult male, 24°50'N 121°22'E, Ta-Chi, 

Taiwan; DAE 882104, 1571 mm TL adult female, 23°06'N 121°22'E, Cheng­

Kung, Taiwan; DAE 882304, 1410 mm TL adult male, 22°26'N 1200 30'E, 

Tung-Kang, Taiwan. 



Appendix 2 (cont.) 2 

TABLE 2.2 

Heptranchias perla: material examined. 

Australia: WAM P. 29037-001, 700 mm TL, juvenile female, 38°40'S 149°15'E, 

96 km south of Cape Everhard, Victoria; WAM P. 25782-001, 870 mm TL, 

adolescent female, 33°29'S 128°27'E, Great Australian Bight. 

GulfofMexico: GM-1(0328), 478+ mm TL, adolescent female, 27°45'N 

95°13.9'W, SSW of Galveston, Texas, U.S.A.; UF 40301-2,637.mm TL, 

juvenile female, 26°11'N 96°18.4'W, off the Texas coast, U.S.A. 

Japan: Heptranchias deani, SU 12620 (holotype), 954 mm TL, adolescent 

female, Misaki. 

Mediterranean Sea: USNM 204252, 645 mm TL, adolescent female, Ligurian 

Sea, Italy; BM 1906.11.12.3, female. 

Southern Africa (including Mozambique, Namibia, and South Africa): RUSI 

6246,961 mm TL, adult male, 29°53'S 31°00'E, Natal, SA; RUSI 6909, 689 

mm TL, adolescent male, 21°40'S 35°30'E, Bazaruto, Mozambique; RUSI 

12831, 950 mm Tl.., adolescent female, Natal, SA; RUSI 6065, 420 mm Tl.., 

juvenile female, southern Mozambique; RUSI 6255, 255 mm TL, juvenile 

female, Natal, SA; RUSI 6064, 355 mm TL, juvenile female, 25°35'S 33°30'E, 

Natal, S.A.; RUSI 6067, 345 mm TL, juvenile female, Red Cliffs, 

Mozambique; RUSI 6066, 279 mm Tl.., juvenile female, 25°15'S 35°1O'E, 

Natal, S.A.; RUSI 6068, 303 mm TL, juvenile female, Natal, SA; DAE 

881008, 1069 mm Tl.., adult male, northern Natal, S.A. 

Taiwan: TFRI 101020104, adult male, Kee-Lung; TFRI 101020102, juvenile 

female, Kee-Lung; TFRI 101020101, adolescent male, Kee-Lung; TFRI 

101020103, adolescent male, Kee-Lung; DAE 880904-01,746 mm Tl.., adult 

male, 24°50'N 121°22'E, Ta-Chi; DAE 881104-01, 780 mm TL, adult male, 

24°50'N 121°22'E, Ta-Chi; DAE 881104-02,795 mm TL, adult male, 24°50'N 

121°22'E, Ta-Chi; DAE 881204-01,681 mm TL, juvenile female, 24°50'N 
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121°22'E, Ta-Chi; DAE 881204-02,965 mm TL, adult female, 24°50'N 

121°22'E, Ta-Chi; DAE 881204-03,842 mm TL, juvenile female, 24°50'N 

121°22'E, Ta-Chi; DAE 881204-04,727 mm TL, adolescent male, 24°50'N 

121°22'E, Ta-Chi; DAE 881204-05,674 mm TL, adolescent male, 24°50'N 

121°22'E, Ta-Chi; DAE 881204-06, 1130 mm TL, adult female, 24°50'N 

121°22'E, Ta-Chi; DAE 881604-01, 1030 mm TL, adult female, 24°50'N 

121°22'E, Ta-Chi; DAE 880605-01,955 mm TL, adult male, 24°50'N 121°22'E, 

Ta-Chi; DAE 889705-01, 865 mm TL, adult male, 24°50'N 121°22'E, Ta-Chi; 

DAE 880905-01, 891mm TL, adolescent female, 24°50'N 121°22'E, Ta-Chi; 

DAE 880905-02, 980 mm TL, adolescent female, 24°50'N 121°22'E, Ta-Chi; 

DAE 880905-03, 955 mm TL, adult male, 24°50'N 121°22'E, Ta-Chi; DAE 

881005-01, 1025 mm TL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE; 

881205-01, 841'mm TL, juvenile female, 24°50'N 121°22'E, Ta-Chi; DAE 

881305-01, 1073 mm TL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE 

881405-01, 87l rvm TL, juvenile female, 24°50'N 121°22'E, Ta-Chi; DAE 

882005-01,725 mm TL, juvenile female, 24°50'N 121°22'E, Ta-Chi; DAE 

882005-02,765 mm TL, adolescent male, 24°50'N 121°22'E, Ta-Chi; DAE 

882005-03,635 mm TL, juvenile female, 24°50'N 121°22'E, Til-Chi; DAE 

882005-04,750 mm TL, adolescent male, 24°50'N 121°22'E, Ta-Chi; DAE 

882005-05,690 mm TL, juvenile male, 24°50'N 121°22'E, Ta-Chi; DAE 

882205-01,592 mm TL, juvenile female, 24°50'N 121°22'E, Ta-Chi; DAE 

882505-01, 1100 mmTL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE . 

882605-01, 1005 mm TL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE 

882705-01, 1003" mm TL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE 

882705-02, 1073 mm TL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE 

882705-03, 1040 mm TL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE 

882705-01, 1185 mrri TL, adult female, 24°50'N 121°22'E, Ta-Chi; DAE 

882805-02,885 mm TL, adolescent female, 24°50'N 121°22'E, Ta-Chi. 

West Central Africa: USNM 220194, 290 mm TL, juvenile male, Nigeria; 

USNM 220193, 345 mm TL, juvenile male, Ivory Coast; USNM 220193, 

juvenile female, Ivory Coast. 
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TABLE 2.3 

Hexanchus griseus: material examined. 

California: DAE 821405-02, 1070 mm TL, juvenile male, 36°50'N 121°55'W, 

Monterey Bay; CAS 1962-XII:9, 2420 mm TL, juvenile male, 37°40'N 

122°21'W, Hunter's Point, San Francisco Bay; CAS 1950-IX:19, 1151 mm TL, 

juvenile female, 37°36'N 122°19'W, San Francisco Bay; CAS 52981,955 mm 

TL, juvenile male, 32°50'N 117°25'W, Bird Rock, San Diego.; DAE 872212-04, 

775 mm TL, juvenile female, 36°50'N 121°55'W, Monterey Bay; CAS 11615, 

688 mm TL, juvenile male, 37°36'N 122°21'W, San Francisco Bay;DAE 

872212-02,674 mm TL, juvenile female, Davenport; CAS uncat., 1310 mm 

vertebral column and pelvic fins only, central California. 

Chile: USNM 164433, 695 mm TL, Chiloe Is., Quemchi; USNM 164432, 930 

mm TL, 41°54'S 73°06' W, Bahia Lin. 

Cuba: MCZ 36217, 3330 mm TL, Havana. 

Gulf of Mexico: USNM 188048, 4330 mm TL, female, 29°4".5'N 88°29.5'W, off 

the Louisiana coast. 

Hawaii: BPBM 9649, 2805 mm TL, adolescent male, Ala Moana, Oahu Is.; 

USNM 220178, 3080 mm TL, adolescent male, Oahu; USNM 179770, 2808 

mm TL, adolescent male, 21°16'N 73°48'W, Ala Moana, Oahu. 

Mediterranean Sea: BM 1866.5.28.5, 675 mm TL, juvenile male, Nice France; 

USNM 204251, 610 mmTL, juvenile female, Bay of Genoa,ltil.ly. 

North Atlantic: BM 1928.9.18.1, 675 mm TL, S.W. Ireland. 

Southern Africa: UVC 861010-01,681 mm TL, juvenile female, 26°44'S 

14°30'E, Luderitz, Namibia; RUSI 6244, 960 mm TL, juvenile male, Walvis 

Bay, Namibia; RUSI 6245, 853 mm TL, juvenile female, 21°40'S 35°30'E, 

Bazaruto, Mozambique; RUSI 6180, 680 mm TL, juvenile male, 29°53'S 
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31"00'E, Durban, South Africa; DAE 872105-01, 1920 mm TL, juvenile male, 

26°44', 14°30'E, Luderitz, Namibia; DAE 872710-01, 1005 mm TL, juvenile 

male, 32°31'S 1~020'E, St. Helena Bay, South Africa; DAE 870209-01,1588 

mm TL, juvenile male, 26°44'S 14°30'E, Luderitz, Namibia; DAE 870209-02, 

1660 mm TL, juvenile male, 26°44'S 14°30'E, Luderitz, Namibia; DAE870409-

01, 1095 mm TL, juvenile female, 26°44'S 14"30'E, Luderitz, Namibia; DAE 

870409-02,730 mm TL, juvenile female, 26°51'S 14°31'E, Luderitz, Namibia; 

DAE 870409-0~, 1010 mm TL, juvenile male, 26°58'S 14°29'E, Luderitz, 

Namibia; DAE 870409-04, 783 mm TL, juvenile male, 26°51'S 14°31'E, 

Luderitz, Namibia; DAE 870409-05, 910 mm TL, juvenile male, 27°04"S 

14°28'E, Luderitz, Namibia; DAE 870409-06, 807 mm TL, juvenile female, 

26°51'S 14°31'E, Luderitz, Namibia; DAE 870409-07, 794 mm TL, juvenile 

female, 26°58'S 14°29'E, Luderitz, Namibia; DAE 870309-03, 730 mm TL, 

juvenile male, 27°04'S 14°28'E, Luderitz, Namibia; DAE 870309-04, 788 mm 

TL, juvenile male, 26°58'S 14°29'E, Luderitz, Namibia; DAE 870509-01, 1005 

mm TL, juvenile male, 26°44'S 14°30'E, Luderitz, Namibia; DAE 870509-02, 

835 mm TL, 26°44'S 14°30'E, Luderitz, Namibia; DAE 870509-03, 776 mm TL, 

juvenile male, 26°58'S 14°29'E, Luderitz, Nal,llibia; DAE 881202-01, 2000 mm 

TL, juvenile male, 33°06'S 18"03'E, Langebaan, South Africa; DAE 882202-01, 

1380 mm TL, juvenile female, 32°12.6 'S 17°38.4'E, West of Cape Columbine, 

South Africa; DAE 882506-01, 2210 mm TL, juvenile female, 33°58'S 25°36'E, 

Eastern Cape, South Africa; DAE 882611-01, 3330 mm TL, adult male, 

27°28'S 32°47'E, White Sands, Natal, South Africa; SAM 31027, 4000 mm TL, 

jaws only, female, 29°53'S 31°00'E, Durban, South Africa. 

Taiwan: TFRI 103280,938 mm TL, juvenile female, 24°50'N 121°22'E, Kee­

Lung; Fisheries College of Kee-Lung uncat., jaws only, 2 m TL, 24°50'N 

121°22'E, Kee-Lul)g. 

Washington: USNM 110926, 4600 mm TL, Port Ludlow; H. corinus, USNM 

27369 (holotype), 1030 mm TL, 48°22'N 124°36'W, Neah Bay. 
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TABLE 2.4 

Hexanchus nakamurai: material examined . 

Australia: WAM P.29521-001, 1440 mm TL, adult male, 32°18'S 115°44'E, 

continental slope off Bunbury, Western Australia; CSIRO 506/85/23, 474 mm 

TL, juvenile female, New South Wales; CA 3366,837 mm TL, juvenile female, 

New South Wales. 

Bahamas: Hexanchus vituius, USNM 200674 (holotype), 1500 mm TL, adult 

male, Bimini; H. vituius, USNM 200675 (paratype), female, Bimini. 

Florida: USNM 220182, 690 mm TL, juvenile female, 29°32'N 96°30'W, N.W. 

of Florida. 

Kenya: RUSI 4343-01, 259 mm TL, embryonic female, 4°37'S 39°22'E, 

Shimoni; RUSI 4343-02, 268 mm TL, embryonic male, 4°37'S 39"22'E, 

Shimoni; RUSI 4343-03, 264 mm TL, embryonic female, 4°37'S 39°22'E, 

Shimoni; RUSI 4343-04, 250 mm TL, embryonic male, 4°37'S 39°22'E, 

Shimoni; RUSI 4343-05, 220 mm TL, embryonic female, 4°37'S 39°22'E, 

Shimoni; RUSI 4343-06, 234 mm TL, embryonic male, 4°37'S 39°22'E, 

Shimoni. 

Philippine Islands: CAS 30642-01, 433 mm TL, embryonic male, 9°20'N 

123°18'E, Dumaguete; CAS 30642-02, 417 mm TL, embryonic female, 9°20'N 

123°18'E, Dumaguete. 

South Africa: ORI 2922, 1553 mm TL, adult male, 29°53'S 31°00'E, Durban, 

Natal. 

Taiwan: NMF 0295,845 mm TL, juvenile male, 25000'N 121°50'E, Kee-Iung; 

DAE 881504, 482 mm TL, juvenile male, 24°33'N 121°48'E, So-Au; TFRI 

uncat., 860 mm TL, juvenile female, 22°26'N 1200 30'E, Tung-Kang; TFRI 



Appendix 2 (cant.) 7 

uncat., 1155 mm TL, female, 22°36'N 1200 17'E, Liuchiu Island; TFRI uncat., 

1526 mm TL, adult male, 22°36'N 120017'E, Liuchiu Island; TFRI uncat., 1230 

mm TL, female, 22°36'N 120017'E, Liuchiu Island. 

U.S. Virgin Island: uncal. 871408, 675 mm TL, juvenile male, 18°38'N 

65°03'W, off north coast of island. 
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TABLE 2.5 

Notorynchus cepedianus: material examined. 

Argentina: MLP 23-v-84-1, 337 mm TL juvenile female, Mar del Plata; MLP 

23-v-84-1, 391 mm TL juvenile female , Mar del Plata. 

Australia: CSIRO uncat., 795 mm TL juvenile male, Tasmania; CSIRO uncat., 

1415 mm TL juvenile female, Tasmania. 

California: CAS 1954-IX:19-01, 585 mm TL juvenile male, 37°36'N 122°21'W, 

Coyote Point, San Francisco Bay; CAS 1954-IX:19-02, 600 mm TLjuvenile 

male, 37°36'N 122°21'W, Coyote Point, San Francisco Bay; CAS 1954-IX:19-

03,612 mm TLjuvenile male, 37°36'N 122°21'W, Coyote Point, San Francisco 

Bay; CAS 1954-IX:19-04, 603 mm TL juvenile male, 37°36'N 122°21'W, 

Coyote Point, San Francisco Bay; CAS 1954-IX:19-05, 610 mm TL juvenile 

female, 37°36'N 122°21'W, Coyote Point, San Francisco Bay; CAS 1954-IX:19-

06,586 mm TL juvenile male, 37°36'N 122°21'W, Coyote Point, San Francisco 

Bay; CAS 1954-IX:19-07, 546 mm TL, 37°36'N 122°21'W, Coyote Point, San 

Francisco Bay; DAE 823004, 854 mm TL juvenile female, 37°36'N 122°21 'W, 

San Francisco Bay; DAE 820605, 454 mm TL embryonic male, 37°40'N 

122°21'W, Candlestick Pt., San Francisco Bay; DAE 821806, 932 mm TL 

juvenile male, 37°36'N 122°21'W, San Francisco Bay; CAS 1950-IX:19-01, 655 

mm TL juvenile female, 37°36'N 122°21'W, Coyote Pt., San Francisco Bay; 

CAS uncat., 440 mm TLjuvenile male, 37°36'N 122°21'W, San Francisco Bay; 

CAS 39612, 555 mm TL juvenile female, 37°36'N 122°21'W, San Francisco 

Bay; DAE 830805, adult male, 400 52'N Humboldt Bay; DAE 830805, adult 

male, 40052'N Humboldt Bay; CAS 40577, 600 mm TL juvenile female, 

37°36'N 122°21'W, San Francisco Bay; CAS IX:30:1951, 625 mm TLjuvenile 

female, 37°36'N 122°21'W, San Francisco Bay; CAS 1948:XII:J,640 mm TL 

juvenile female, 37°36'N 122°21'W, San Francisco Bay; cAs SB:168 (0302), 

592 mm TL juvenile male, 37°36'N 122°21'W, San Francisco Bay; CAS 12653, 

615 mm TL juvenile male, 37°36'N 122°21'W, San Francisco Bay; CAS 36578, 

940 mm TLjuvenile male, 37°36'N 122°21 'W, San Francisco Bay; CAS 1951-
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IX:30-01, 945 mm 1L juvenile male, 37°36'N 122°21'W, San Francisco Bay; 

CAS 1949-IV:18, 965 mm TL juvenile male, 37°36'N 122°21'W, San Francisco 

Bay; CAS 1950-IX:19-03, 714 mm TL juvenile male, 37°36'N 122°21'W, San 

Francisco Bay; CAS 1950:IX:19-04, 577 mm'TLjuvenile male, 37°36'N 

122°21'W, San Francisco Bay; CAS 1951-IV:6, 1265 mm 1L juvenile male, 

37°36'N 122°21'W, San Francisco Bay; CAS 1951-IV:6-02, 809 mm 1L juvenile 

male, 37°36'N 122°21'W, San Francisco Bay; CAS 1950-IX:19-02, 628 mm TL 

juvenile male, 37°36'N 122°21'W, San Francisco Bay; CAS 1951-IV:6, 756 mm 

TL juvenile female, 37°36'N 122°21'W, San Francisco Bay; USNM 27191, 451 

mm TL, juvenile female, 400 52'N 124°15'W, Humboldt Bay; USNM 27191, 417 

mm TL, juvenile male, 40052'N 124°15'W, Humboldt Bay. 

China: BM 1895.5.31.29, ll08 mm TL, juvenile male, Shanghai. 

Japan: BM 1939.7.20.2, 1098 mm TL, juvenile male, Sagami. 

Namibia: DAE 871204, 1720 mm TL adult male, 14 mi. N. of Swakopmund; 

DAE 871604, 2420 mm TL adult· female, 26°38'S 15°10'E, Luderitz Lagoon; 

DAE 871604, 1592 mm TL, juvenile female, 26°38'S 15°1O'E, Luderitz 

Lagoon; DAE 871604, 2072 mm TL adolescent f~male, 26°38'S 15°1O'E, 

Luderitz Lagoon; DAE 871604, 2250 mm TL adolescent female, 26°38'S 

15°1O'E, Luderitz Lagoon; DAE 872105,1745 mm TLjuvenildemale, 22°59'S 

14°31'E, Walvis Bay; DAE 880203, 2305 mm TL adult female, 26°38'S 

15°1O'E, Luderitz Lagoon; DAE 880403, 1344 mm TL juvenile female, 26°38'S 

15°1O'E, Luderitz Lagoon. 

Patagonia: Heptranchias pectorosus, MCZ 801 (holotype), 391 mm TL, juvenile 

male. 

Peru: USNM 38301, 445 mm TL, juvenile male, Paita. 

South Africa: DAE 860910, 1650 mm TL adult male, 33°49'S 26°39'E, Cannon 

Rocks, Eastern Cape Province; RUSI 76653, 1323 mm 1L adolescent male; 

RUSI 19378, 1777 mm TL adult male, 33°31~S 27°08'E, Fish River,E. Cape 

Province; RUSI 4679, 1791 mm TL adult male, 33°44'S 25°57'E, Alexandria 

Coast, E. Cape Province; RUSI 10691, 1754 mm TL adolescent female, 

33°23'S 27°20'E, Peddie Coast, E. Cape Province; DAE 860712, 1538 mm TL 

adolescent male, 33°42'S 26°40'E, Kenton, E. Cape Province; DAE 863112, 
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1950 mm TL adult male, 33°42'S 26°40'E, Kenton, E. Cape Province; DAE 

863112, 1720 mm TL adult male, 33°36'S 26°54'E, Port Alfred, E. Cape 

Province; DAE 872402, 1375 mm TL adolescent male, 33°36'S 26°54'E, Port 

Alfred, E. Cape Province; DAE 872402, 1530 mm TL adolescent male, 33°36'S 

26°54'E, Port Alfred, E. Cape Province; DAE 870603, 1821 mm TL adult 

male, 33°42'S 26°40'E, Kenton, E. Cape Province; DAE 872904, 1761 mm TL 

adult male, Kasougha, E. Cape Province; DAE 871705,2030 mm TL 

adolescent female, false Bay, Western Cape Province; DAE 871705, 1530 mm 

TL juvenile female, False Bay, W. Cape Province; DAE 8'71705, 1645 mm TL 

juvenile female, False Bay, W. Cape Province; DAE 871705;1640 mm TL 

juvenile female, False Bay, W. Cape Province; DAB 872307, 1362 mm TL 

juvenile female, 34°12'S 22oo8'E, Mossel'Bay; DAE 872308, 1610 mm TL 

juvenile female, Betty's Bay; DAE 872308, 1601 mm TL juvenile female, 

Betty's Bay; DAE 870830, 1780 mm TL adult male, 43°25'S 19°14'E, 

Hermanus; DAE 871109,1701 mm TL adult male, 33°42'S 26°40'E, Kenton; 

DAE 871010, 1556 mm TL adult male, Cape Agulhas; DAE 871010, 1690 mm 

TL adult male, Cape Agulhas; DAE 871010, 1970 mm TL adult male, Cape 

Agulhas; DAE 872510, 1556 mm TL adolescent male, 33°06'S 18oo3'E, 

Langebaan; DAE 872510, 1680 mm TL adolescent male, 33OO6'S 18oo3'E, 

Langebaan; DAE 872510, 1600 mm TL juvenile f!,!male, 33OO6'S 18°03'E, 

. Langebaan; DAE 872510, 1650 mm TL adult male, 33OO6'S 18°03'E, . 

Langebaan; DAE:872510, 1630 mm TLjuvenile female, 33°06'S 18°03'E, 

Langebaan; DAE 8'72012, 1691 mm TL adult male, 33°42'S 26°40'E, Kenton; 

DAE 872012, 1672 mm TL adult male, 33°42'S 26°40'E, Kenton; DAE 880702, 

1700 mm TL adult male, 33°36'S 26°54'E, Port Alfred; DAE 880702, 1705 mm 

TL juvenile female, 33°36'S 26°54'E, Port Alfred; DAE 882405, 1740 mm TL 

juvenile female, Algoa Bay. 

Uruguay: USNM·87681, 890 mm TL, juvenile male. 

Washington: Notorynchus borealis, USNM 110920 (holotype), dried jaws only, 

NisquiUy. 



APPENDIX 3 

List of proportional measurements taken of frilled and cow sharks. 



TABLE 3.1 Proportional measurements of Chlamydose/achus anguineus, 

expressed as a percentage of total length. 
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TABLE 3.2 Proportional measurements of Heptranchias perla, expressed 

as a percentage of total length. 
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~'R'@ 65.9 66.3 67.2 66.2 6K5 6H.6 69.4 69.6 68.9 
PRN 1.9 1.7 2.0 2.1 1.4 2.0 2.0 2.0 
POR 4.3 4.9 4.9 5.5 4.7 6.0 5.0 4.8 
POB 4.5 4.3 4.9 5.5 5.4 5.2 5.1 
PSP 13.0 13.7 13.9 14.1 13.5 13.2 13.2 
PGI 16.7 16.9 17.1 17.6 16.6 18.2 14.2 
HDL 20.2 203 22.3 21.4 19.3 19.6 20.9 19.1 20.6 
PPI 20.2 20.3 22.3 21.4 19.3 19.6 20.9 19.1 20.6 
PP2 38.0 38.0 39.1 39.7 40.2 38.6 40.0 38.4 40.0 
SVL 40.3 40.9 41.2 43.1 43.4 42.4 45.5 
PAL 49.9 50.9 51.3 52.8 53.2 53 .7 54.8 52.2 54.7 
PD2 44.2 46.6 46.1 47.6 48.6 56.0 49.0 48.3 48.3 
DCS 14.9 11.7 12.5 14.5 14.4 15.5 
PPS 14.4 12.3 12.8 15.2 14.6 13.3 14.1 
PAS 5.4 6.3 7.0 9.0 6. 1 8.2 
ACS 10.2 10.3 8.1 10.0 9.0 10.8 
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EYH 1.4 1.4 2.0 2.1 1.4 1.7 1.5 
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NOW 1.2 1.4 1.2 1.4 1.1 1.4 1.0 
INW 2.8 3.4 2.9 2.8 2.5 2.8 2.6 2.1 2.7 
ANF 0.3 0.3 0.6 0.3 0.5 0.5 
SPL 0.3 0.3 0.6 0.3 0.2 0.3 0.3 
ESL 4.5 4.3 4.3 4.1 4.0 3.8 4.3 
MOL 7.3 6.9 6.1 7.2 6.7 5.5 6.4 7.1 
MOW 7.4 7.1 7.2 7.6 6.1 5.7 8.0 7.0 
ULA 1.4 2.3 2.0 2.1 2.5 2.8 2.7 
LLA 2.0 1.7 1.2 2.1 1.8 1.4 
GSI 5.9 6.6 6.1 6.9 6.5 7.7 5.7 7.2 7.2 
GS2 5.9 6.3 6.1 6.9 5.9 7.5 6.7 
GS3 5.3 5.7 6.1 6.2 5.6 6.9 5.7 
GS4 4.8 5.1 5.8 5.9 4.7 6.3 4.2 5.3 5.1 
GSS 4.3 4.3 4.6 4.8 4.3 5.3 4.5 
GS6 4.2 3.7 4.1 4.1 3.4 4.1 3.6 
GS7 3.1 2.9 3.2 3.4 2.7 3.0 2.6 3.1 2.7 
HDH 7.9 8.9 9.6 9.0 8.3 11.6 9.6 10.7 
HDW 9.5 8.9 7.8 9.3 9.4 8.8 8.4 9.1 
TRH 8.3 10.1 9.3 9.5 12.7 
TRW 8.0 7.8 7.9 7.2 8.0 
CPH 4.5 4.0 4.1 3.8 3.8 4.1 
CPW 2.9 2.9 3.2 2.8 2.7 3.1 
PIL 11.2 11.1 11.0 11.0 11.2 11.0 10.8 
PIA 12.9 10.6 12.2 12.1 11.5 12.2 11.4 11.4 11.7 
PIB 6.0 6.0 6.4 5.9 6.3 5.7 6.0 
PIH 9.5 9.7 10.1 8.6 10.8 9.9 8.1 
PlI 5.9 5.1 5.8 5.9 4.9 5.7 4.8 
PIP 8.2 7.4 7.2 7.2 8.8 9.4 9.6 8.5 8.1 
P2L 9.6 8.6 10.4 10.0 8.8 8.6 10.5 
P2A 4.3 4.0 4.1 3.8 4.7 4.4 4.5 
P2B 8.5 7.4 5.8 6.2 7.6 7.5 6.7 
P2H 2.9 2.0 2.3 2.1 2.2 2.8 2.4 
P2I 2.2 1.7 4.3 3.8 1.1 1.1 3.8 
P2P 5.7 5.7 6.7 5.9 5.2 6.0 7.2 
CLO 1.4 
CLI 3.8 3.8 
CLB 0.3 0.3 
D2L 9.5 8.3 9.3 8.3 7.9 8.5 7.0 
D2A 9.0 8.3 9.3 8.3 7.6 7.7 7.9 
D2B 7.6 6.0 7.2 5.5 5.8 6.1 6.2 6.6 5.7 
D2H 4.3 43 4.3 3.8 4.5 4.6 4.3 4.5 3.9 
D2I 1.9 2.0 2.0 2.1 2.0 2.0 1.4 
D2P 4.5 3.4 3.2 2.8 4.5 4.6 3.9 
ANL 7.4 7.4 7.8 7.2 7.0 7.7 6.9 
ANA 4.7 4.0 4.3 4.1 3.6 3.6 4.1 
ANB 5.9 5.4 5.5 5.5 5.4 6.3 5.9 5.9 5.7 
ANH 3.1 2.6 2.3 1.7 2.3 2.5 2.2 2.7 2.2 
ANI 1.6 2.0 2.0 1.7 1.4 1.6 1.2 
ANP 4.3 4.6 4.1 4.5 4.3 5.2 4.6 
CDM 33.2 32.6 31.9 31.7 3 1.2 30.8 30.6 30.4 30.9 
CPV 9.1 8.6 10.1 9.0 7.7 8.2 9.0 8.6 8.6 
CPL 2.6 3.7 2.6 2.4 2.9 2.7 
CPU 17.5 16.9 17.1 16.6 17.3 18.2 
CST 5.3 4.9 5.5 5.2 4.6 3.9 
CTR 5.3 4.0 4.3 4.5 5.2 4.8 
CTL 7.6 6.9 7.2 7.2 7.7 
CFL 9.6 10.3 9.6 9.0 7.6 8.3 
DAO 5.6 3.1 6.1 4.1 5.4 6.3 
DAI 5.6 3.4 5.2 4.5 5.2 5.3 

MED. = Mediterranean, I.e. = Ivory Coast, NIG. = Nigeria, G.M. :: Gulf of Mexico, BRZ. = Brazil. 
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69.1 69.R 67.7 "'., 70.5 69.7 70.6 70.2 RC " 2 6Q.:: 61UI (,n /'<),0 70.6 />9.7 71.2 69,5 69.2 69.1> 'ilA PR:-< I.' 2 ' 1.,'1 " ~. I 2.1) 2.0 2.2 1.7 >2 1.8 2.0 I.' 2. 1 2.1 I.' 1.7 2.3 2.0 21 
POR 51 511 ,., n 5. 1 ~.? •. , .. , ., •. 7 ' .5 ••• 3.9 4.<) 4.S ... .., 

' .K ' .5 '7 POB .'i . I 5.':: 4.8 3.2 4.' .' .J " 5.4 4.4 ' .6 ' .2 4.' 4.5 '.7 4.1 ' .2 •. , ..• 3.' ' .9 
PSP I:: J 12.9 I!.J 12.5 12.0 12.1 11 .9 12.6 11 .3 I t.] 10.9 11.0 I U 11 .4 11 .7 11.0 1\. \ 10.9 \0.8 129 
PGI 1:'i .1 \6.0 1~7 16.0 15.2 ti .6 14.9 15.7 \4.7 14.7 \J.O 14.2 \4 .6 liO 15.7 14.5 14.0 14.3 13.9 '" IIOL 19.i 2\.1 "" 1'1 195 19.4 I S.I 19.7 17. 17 .. '\ 17.8 17.9 HI.9 17.R 20.5 m \7.1 IR.:: HI.I \9.1 
PPI 19.7 21.1 20 4 19.7 I<l j 19 . .1 IX.I 19.7 17.6 17.8 17.8 17.9 1M 17.R 20.5 17.R 17.1 IR.2 IR.\ 1',1.1 
PP2 39.S m., 42. 1 "'., 41 , I .10.1 40.7 39.0 41.0 42.4 42.1 40.9 40.7 40.6 4\.0 4 U 40.0 JR.? 42.0 J9.3 
SVl J35 J3l, J.'i 0 '41 ." H .<I .1.5. 1 423 H .O "'.3 44.8 45.7 43.9 44.6 44.0 45.9 44.0 42.7 45 .5 44.0 
PAL 5J ~ 5 ... . , 54 0 5) 5 .i .H 5).6 5.~. 1 50.7 .is.4 55 .6 54.1 55.2 55.6 55 .. ) .'i5.4 56.2 5).7 .HO 55.2 '" pm J9 .'\ 50.S J9.1 JR.J :N ." 50.0 51).5 49.3 51.0 51.J 49.8 50.7 51.7 50.9 50.3 51.6 50.1 SII.J 50.0 49.5 
Des 1'3 IV " 2 12.') lJ.l 1J.3 11 .8 123 1J.2 1.1.2 1) .R 13.7 121 12.':1 13.6 13.H IJJ U 8 13.4 13.7 
PPS 16.1 1S.7 16.0 16.2 16.4 14' 17.1 ,,~ I .. 16.0 17.8 17.0 16.0 16.8 16.J 17.7 1"'..1 16.0 IN.O '" PAS ••• 61 ' .6 6 . .1 5.6 ' .1 6.3 b.' 6.' '.7 6.5 7. \ 8.0 8.] 6.7 7J 5,5 7.0 , .. '.' 6CS 10.0 ' .0 9.' ' .7 93 ' .7 '.0 10.9 10.2 •. ] 10.3 '.6 9.5 9.' 10.3 ' .3 ' .5 ' .5 10,0 10.4 
EYI. 3.7 3.6 3j 3.6 3.1 3.0 3.4 3.' 3.0 ].0 29 2.' 2.7 2.' ].3 3.1 2.8 21 ].1 3., 
EYH 20 2.1 1.2 I.' z.n I.' 1.6 I.J 1.7 1.8 1.7 1.7 U 2.1 1.0 1.8 1.4 1.7 2. 1 1.7 
INO 5.' ' 8 5.3 5.7 5.7 5.1 5.6 5.' 5.2 ' .1 '.' 3.1 5.1 5.R 5.0 3.1 3.1 ' .7 ' .2 •. , 
NOW I.> I.' Ll IS 1.2 1.1 I.l U 1.1 1.\ 1.2 1.2 1.1 1.0 1.2 1.1 1.0 1.0 0.9 0.' INW 25 27 2.8 23 2" 2.5 ,-' 26 24 22 22 22 22 23 2J 23 21 22 2.1 23 
AN' 0.3 0.3 0.) 0.' 0.2 0.2 0.3 03 0.3 0.3 0 .. 1 0.' 0.2 0.2 0.2 n.3 05 0.' 03 0.' 
SPl 05 tl.5 01 0 .. 1 0.1 0.2 0.2 0.2 0.2 01 0.5 0.3 0.2 0.2 0.3 05 0.' n.2 0. ' 0.2 
ESl 4.4 Jj J.R 1) 3.' ] ., 3.' 3.7 3.4 3.7 3.' 3.3 3.' 3.5 3.' 3.3 3b 3.6 3' 3.' 
MOl. " ~ . 1 :1 .9 5. 1 S.O 6.7 ' .8 5.2 ••• ' .7 .., ' .1 ' .0 3.' ' .K ' .3 3.0 6.6 '6 6.8 
MOW 6.8 " 6.' ' .9 6.1 8.1 5.9._ H M 5.9 7.0 7. ' 5.9 7.1 5.7 6.' 6.2 ' .1 7.2 ' .7 
ULA 1.7 2.0 " I.. 1.8 2.4 I.' 21 1.1 1.7 \ .8 1.6 v 1.7 1.9 1.7 '-2 I.' 2J 
I.~ I., O.d " 1.1 J..! 1.9 2.1 0' 1.1 1.0 0.' 1.1 1.4 1.0 I.' 1.0 Ll 0' 1.7 
Ci51 ;.6 " h'ji 6.' 1.6 (>.5 ' .0 7.0 6.2 i .1 7.0 6.7 6.' 7.1 ".1 7.9 '.8 6.5 '.3 .~ .6 
GS:: 13 S.N (~.~ ti . ~ fl.') 6 .. 1 5.7 6.' 6.1 .. , 7.3 • .3 ' .3 6.7 6.4 7.7 6.7 ••• 7.' 5.5 
GSJ 6.8 .57 ~ , 9 3.' ,., (. ~ 5.£1 , .• 5.7 " 7.1 ' .0 ' .0 6.3 5.8 7.3 6.3 6.0 7.2 3.1 
Gs.! 5.9 :U 5.3 3.2 51 .tl> .~ . 2 3.2 5.2 5.' 6.3 :i.J 5.6 5.' 5.3 • .3 3.' 5.S 6.4 5.0 
GS5 5.1 " ' .1 41 .. , 4.<) , .. ' .7 ' .5 5.0 6.' ' .8 •. , 5.0 .. , 5.6 5.0 5.4 5.7 ••• GS6 ' .1 1.' ' .1 3.1 42 4 0 3.K 4.0 3.' .. ] ••• 3.6 ' .0 4. ~ ] .. ' .5 ' .1 .. ] ' .7 4.;; 
G57 3.' .1.1 " 2. ~ '::.9 3.2 3.0 3.' 29 3.\ 3.2 3.0 3.1 ]5 3.0 3.' ].0 3.6 3.5 3.' 
HOH 8.1 lU 10.2 7.7 11. ~ 10 . .t " 126 10.2 10.4 121 10.3 10.1 10.9 1\.7 1O.1'l 10.1 10.6 11 .8 7.' 
HOW 1.1 " .'I.S 9.0 ' .6 :I.fI ' .2 l).9 ' .6 ' .0 '.5 " 1,5 • .3 ' .0 '.3 9.5 1.3 10.0 10.01 
TRH ,., " 11.4 10.0 13.7 1 ~.1 12.5 16.6 13.7 12.8 15.1 13 .2 12.1 13.3 15.8 13.2 13.8 1:;:.0 14.1 
"RW 3.2 8; 10 . .1 , .. lUi 9.' 10.) \J .4 11.1 10.3 1\.7 11.4 7.S !J.g 1J.9 11.2 12.4 7.6 lJ..'i 
CPH 3.' H l8 3.7 U 40 ' .0 ' .0 ] ., 3.7 3.6 3.' ] .1 3.9 3.9 ] .9 3.7 ' .0 3.7 ' .0 
(PW !.; .HI .1 .1 3. 3.6 3.2 3JJ " 3.3 31 3.1 2.' 12 3.1 1.3 3.2 ] .2 3.1 3.3 " Pl l 10.J J!l7 101 100 ., '" 95 9.~ , .. ' .0 ' .3 ' .2 ' .0 ' . 1 9.7 '.7 .. , 9.i 9j ' .7 
PIA 10.8 I~ . ! 11.) 1M 1U2 lI . .t 10.2 10.2 10.6 10.8 10. 1 10.1 10.4 ' .7 11..! W.O 10.3 IOJ 9,5 11 .0 
Pia ,. on 6.2 6 .. \ 6.1 5.7 6.1 'J 5.1 ' .0 6.3 3.9 5.9 ' .0 '" 6.2 6.1 .~.2 6.0 '0 PlH 10.1 10j ,.4 95 9.' 9.7 ' .1 9.J 9.' 8.8 '.8 8.> 9.' .'U IIl.U 9.' 8.9 8.6 8.4 9.1 
PII ' .4 " ' .3 ' 0 40 4.0 ' .2 ' .2 ' .2 ] .. 3.3 3.5 J.4 3.6 3.8 4.0 3.' V 3.' ' .1 
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P2L ' .1 8.5 8.' ' .1 8.1 8.1 • .3 .2 8.8 7.3 7.' n 8 .• ' .3 ' .3 ' .0 8.5 ' .6 7.' '.6 
P2A 3.1 ' .3 U 3.7 " 4.0 3.' 3.'1 '.1 3.' 3.6 3.6 4.' 3.' 4 .. 1 3.9 3.' ' .2 3' ] .9 
Pla 7.1 6.' ' .6 liS 6,g 7.0 7.3 7.0 7.' 6.4 6.' 6.3 7.2 7.3 83 7.7 6. ' 81 7.2 '.5 nil 2.' " 2.1 1.' 3.0 1.' 2.5 3.7 3.1 2' 2.' 2.8 VI 2'> ] .3 3.0 2.6 2.8 30 28 
P2I 1.0 IJ 1.6 I.' U 1.1 1.1 1.7 1.1 1.] 1.1 1.1 U 1.1 1.1 1.0 1.1 1.5 1.4 LJ 
I':!P 5. 1 h.tl ' .0 6.9 1.1 6.2 6.1 7.2 7.0 ••• ' .6 '.3 '.3 '.3 1.4 7.1 7.3 7.3 7.2 7.' ClO 
eLI 
Cla 

7.5 1.6 7.' 7.7 Oll 7.1 7.' 7.8 8.0 8.3 7.' 7.7 7.3 7.4 7.7 7.' 7.5 1.' 8.' 7.' 8.5 
OlA •• 6.5 7.3 7. ~ U 7.8 7.' 1.2 7.0 7.0 7.2 ' .3 ' .3 7.1 7.2 7.1 7.' 7.8 7.3 7.3 
O::B 5.1 3.7 '0 b.2 6.7 ' .3 ' .0 5.8 ' .0 ' .0 60 5.5 35 ••• 5.' '.2 ' .6 ••• 6.3 6.\ 
02H " " ' .1 ' .3 45 ••• ' .2 ' .8 , .5 '.3 ] .8 ' .1 4.2 3.' ' .6 ' .2 '.1 ' .5 '.3 ' .4 Oll 1.7 1.1 I.. 1.1 1.3 1.54 l.5 1.3 13 1.3 \.2 I.l U I.. 1.1 1.3 15 1.8 1.5 2.' D1P 3' ' .1 J.R .., 4.S ' .0 3.1 4l ... .. \ 3.8 ' .0 3.' ' .2 .., 4.2 ' .2 4.' ' .8 5.3 
ANl , .• b.' 1.' H 7..'i " 7.0 7.1 1.0 7.0 ' .7 6.5 6.9 7J 7.1 7.1 7.2 7.6 6.' 8.0 
ANA H l5 " 3.' 3.7 3.9 J.:i )j 3.3 3.' 3.2 3.0 ].1 3.' S.6 3' 3.5 3.9 35 3.6 
ANB " ~ 1\ ' .2 3.9 5.1 5.7 5.7 5.7 5.' 5.S 5.5 5.' b.O "'.~ J.8 5.Q 5.9 5.' 3.l ' .3 ANH 2.0 2.0 2.1 !J 2.3 2.1 2.0 2' 1.9 2.1 2.\ 1.8 2.0 20 2.6 2.' 2.0 2.4 2.' 2.2 
ANI 17 1 . .1 I.S I.' 1. 1 U LJ U 1.5 1.1 \.2 1.1 1.1 1.2 1.1 1.2 U 1.7 I.' I., 
ANP 4.2 4_'1 " 5.1 3.0 4.' .l.S H ••• 4.5 . . \ 4.9 ' .1 ' .1 ••• 4.' ' .7 5.6 5.1 5.8 
COM 30.0 31.1 .11) l )U .'10 . .1 JO .. ~ 30.' 12l 3M 29.S 30.2 29.6 29.5 29.4 :::9.2 2lI.' 1Il.3 30.' 29.5 31.7 
CPV " 7.9 19 1.9 7.4 8.3 1.5 8.1 7.2 8.0 7~ 6.' 7.1 7.2 8.' 1.5 7.5 7.' 7.1 7' CP I. 25 30 ) . .! 3.2 3.0 3.] 3.1 29 19 3.' 3.0 3.5 3.. 3.') ., 2.9 2.5 J.1 3.' 5.1 
CPU 16.5 16,8 160 I S . .1 16.2 ' 6.~ 17.2 n.s 16.9 16.4 16.4 16.5 16.0 15.7 15.0 15.6 1M 16.9 Ill . .:! 16.4 
CSf 4.6 4..l ' .b ' .0 ' .b .., 3.1 ' .3 '.4 3.b 3.' 3.8 3.,~ 3.7 4 . .1 3.' ' .2 3.7 ' .1 ' .6 
CTR 5 ~ H 5.4 :I.U 5.:1 B ' .8 .'i.h •. , 3.] 5.0 5.3 " 5.0 5.' ' .7 5.2 3.' 3.7 3J 
CI'L 13 " U i .O 7.' 7.1 ,.I 1.4 7.0 6 .~ ••• 7.1 7.3 6.' 7.b ., 1.3 7.2 7.] 7.2 
e Ft. 11 7.7 " 7.' '.' 7. 71 7.7 ., 7.1 .. ] 6.' • •• M 7.0 1.1) 7.0 7.0 63 6.' DAO 3.7 J$ 3.' , .. ' .K 3.l ' .0 3.0 ' .6 ' .1 ' .1 4.5 ' .0 • •• H '.2 ' .0 6.' ' .0 2.6 
OAi 3.9 38 3.1 J.4 4.3 3.' 3.6 2.8 '.5 3.' ' .3 4.\ ' .0 ' .3 U 4.2 ' .0 5.0 ••• 2.8 
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3.5 
5.1 
1.9 
1.4 
4.3 

31.0 
7.2 
2.9 

17.3 
4.2 
4.8 
6.7 
6.7 
4.9 
4.2 

727 

68.5 
1.9 
4.5 
4.4 

12.1 
15.2 
19.8 
19.8 
39.0 
43.0 
54.3 
48.9 
14.0 
15.1 
8.3 
8.9 
3J 
1.7 
6.1 
1.2 
2.6 
0.3 
0.3 
3.9 
5.2 
6.6 
2.2 
1.4 
6.1 
5.8 
5.6 
5.1 
4.5 
4.0 
2.9 
9.5 
9.9 

11.4 
10.3 
4.1 
2.9 

10.1 
11.2 
5.9 
9.8 
4.3 
7.2 

12.2 
4.0 
6.7 
2.1 
5.4 
9.4 
5.6 
8.0 
1.0 
7.6 
7.4 
5.9 
4.3 
1.8 
3.9 
7.2 
3.9 
5.8 
1.8 
1.4 
4.1 

31.9 
7.4 
3.0 

18.2 
4.1 
.1.5 
7.0 
6.9 
4.8 
4.8 

~i 
C5i:l 

M 

746 

69.0 
1.9 
4.8 
4.7 

11.9 
15.8 
19.8 
19.8 
40.2 
43.8 
54.5 
49.3 
13.0 
15.2 
7.9 

10.0 
3.5 
2.0 
5.9 
1.5 
2.7 
0.3 
OJ 
4.0 
4.7 
6.7 
2.1 
1.6 
7.2 
7.0 
6.6 
5.9 
5.0 
4.2 
3.1 

10.0 
9.7 

13.2 
11.3 
3.9 
3.5 
9.9 

10.7 
6.3 
9.0 
4.2 
8.2 

13.4 
4.3 
6.6 
2.3 
7.4 

11.3 
8.2 
9.5 
1.1 
7.4 
6.6 
5.8 
3.8 
1.6 
4.3 
7.4 
4.2 
6.0 
2.3 
1.5 
4.6 

31.3 
8.2 
3.1 

17.5 
4.0 
5.8 
7.2 
7.6 
4.6 
4.6 

;;; 
UJ8 
C5~ 

M 

750 

68.4 
2.0 
4.7 
5.1 

12.4 
15.3 
19.2 
19.2 
39.6 
43.6 
53.7 
48.9 
13.2 
15.0 
8.0 
8.5 
3.2 
1.7 
5.2 
1.1 
2.4 
0.3 
0.3 
3.3 
4.7 
6.3 
2.0 
1.3 
6.4 
6.3 
5.9 
5.5 
4.7 
4.0 
3.3 
8.8 
8.4 
9.2 
8.4 
4.0 
3.3 
9.6 

10.9 
6.0 
9.1 
3.9 
7.5 
13.4 
3.9 
6.0 
2.4 
7.5 

10.8 
6.4 
8.7 
1.1 
7.5 
6.8 
6.0 
3.9 
1.5 
4.1 
6.5 
3.6 
5.2 
2.1 
1.3 
4.5 

43.7 
8.3 
3.3 

17.6 
4.1 
5.2 
6.9 
7.2 
4.0 
3.2 

TAIWAN 

"' 9 
UJ8 
.0:( N 

oi:l 
M 

765 

69.9 
1.8 
4.8 
5.1 

12.2 
15.9 
19.7 
19.7 
41.0 
44.4 
55.2 
51.2 
12.1 
15.9 
8.8 
9.2 
3.1 
2.1 
5.5 
1.2 
2.6 
0.4 
0.5 
3.4 
5.4 
6.3 
2.5 
1.3 
6.9 
6.1 
5.9 
5.4 
4.7 
4.2 
3.1 
9.8 
9.8 

11.3 
9.7 
3.8 
3.1 
9.5 

10.3 
5.9 
9.4 
4.1 
8.4 
12.2 
3.7 
7.5 
2.7 
5.6 

10.0 
5.8 
8.2 
1.0 
7.7 
7.1 
6.3 
4.2 
1.4 
3.9 
6.7 
2.9 
5.5 
2.0 
1.3 
4.7 

31.2 
8.0 
3.0 

17.5 
4.3 
5.2 
6.5 
7.5 
4.8 
4.1 

9 
UJ~ 
« -oi:l 

M 

780 

67.9 
1.9 
4.9 
5.1 
12.4 
16.0 
18.8 
18.8 
39.7 
45.5 
52.6 
47.4 
13.5 
15.1 
7.2 

10.2 
3.5 
1.8 
5.9 
1.2 
2.6 
0.3 
0.3 
4.0 
55 
7.3 
3.2 
1.3 
6.5 
6.3 
5.5 
5.0 
4.5 
3.7 
2.8 
9.4 
9.7 

11.7 
10.1 
3.8 
3.2 
9.6 

10.6 
6.3 
8.8 
3.8 
8.6 
13.7 
3.8 
6.0 
2.7 
7.6 

11.1 
7.4 
9.2 
1.4 
7.7 
7.6 
6.2 
3.7 
1.3 
4.0 
7.3 
3.5 
5.8 
2.2 
1.3 
4.7 

31.7 
8.1 
3.3 
17.3 
4.6 
5.4 
7.4 
7.2 
4.4 
4.0 

N 

9 
UJ3 

2i~ 
tv! 

795 

68.1 
2.0 
4.3 
5.2 
12.4 
15.4 
18,S 
18.8 
39.4 
43.7 
54.7 
50.1 
12.8 
15.3 
7.4 
9.9 
3.4 
1.4 
5.8 
1.3 
2.8 
0.3 
OJ 
4.0 
5.2 
6.8 
2.8 
1.6 
7J 
7.0 
6.7 
5.8 
5J 
45 
3.4 

10.1 
9.3 
12.9 
11.1 
4.4 
3.5 
9.6 

10.1 
6.0 
8.6 
4.5 
7.9 
13.5 
3.9 
7.2 
2.4 
6.9 

10.8 
7.9 
8.9 
1.1 
7.4 
6.8 
5.3 
4.0 
1.5 
4.5 
6.9 
3.4 
5.4 
2.0 
1.5 
4.5 

31.1 
7.7 
3.3 

17.2 
4.4 
5.7 
7.4 
6.9 
4.4 
4.4 

or. 

~~ 
M 

865 

69.3 
2.2 
5.0 
5.1 
12.3 
15.7 
18.9 
18.9 
38.9 
43.1 
53.1 
50.5 
13.4 
15.0 
8.2 
9.5 
3.5 
1.8 
5.1 
1.3 
2.4 
OJ 
0.2 
3.8 
5.8 
6.9 
1.2 
0.8 
6.2 
6.0 
5.7 
5.2 
4.4 
3.8 
2.9 
8.6 
7.4 

10.1 
7J 
3.6 
2.9 
9.5 
10.8 
5.3 
9.2 
4.5 
7.3 
13.7 
4.3 
6.2 
2.7 
7.6 

11.2 
6.9 
9.0 
1.0 
7.7 
7.3 
6.4 
4.4 
1.7 
3.9 
6.0 
3.8 
5.8 
2.2 
0.3 
3.9 
31.2 
8.2 
3.5 
17.2 
4.2 
5.3 
6.9 
7.3 
5.2 
4.6 

or. 

~~ 
000 

M 

955 

69.0 
2.1 
5.0 
5.0 
12.2 
16.1 
19.8 
19.8 
38.6 
41.8 
53.1 
49.9 
13.9 
13.1 
8.0 
9.9 
3.2 
1.8 
5.2 
1.3 
2.4 
0.3 
0.2 
3.9 
6.0 
6.1 
1.8 
1.6 
6.7 
6.3 
5.7 
5.1 
4.7 
4.0 
3. 1 

10.0 
8.5 
11.8 
9.2 
3.9 
3.1 
9.2 
9.9 

5.8 
9.1 
3.8 
8.6 
14.1 
4.4 
6.8 
2.7 
8.0 

12.3 
6.9 
8.7 
1.4 
7.0 
6.4 
5.5 
4.2 
1.4 
4.5 
7.0 
3.6 
5.9 
2.4 
1.5 
5.1 
31.4 
7.9 
3.4 
17.0 
4.3 
5.2 
7.5 
7.3 
4.8 
4.7 

9 

~i 
M 

95.1 

69. 1 
1.7 
4.3 
4 .6 

10.9 
14.4 
I X.~ 
18.R 
39.0 
42.9 
53.9 
49.4 
12.9 
15 .0 
8.9 
9.6 
3.0 
1.7 
5.0 
D.? 
2.2 
0.4 
0.2 
3.5 
5.0 
5.8 
1.7 
1.4 
6.8 
6.4 
6.2 
5.5 
4.8 
3.9 
2.7 

10.2 
8.9 

11.7 
9.2 
3.4 
3.0 
8.7 

10.1 
5.2 
8.8 
3.6 
7.5 

13.8 
4.2 
6.1 
2.7 
8.5 

12.4 
6.0 
8.2 
0.8 
7.9 
7.5 
6.3 
3.9 
1.4 
4.6 
7.0 
3.7 
5.3 
2.3 
1..\ 
4.8 

31.4 
8.1 
3.4 

17.1 
4.3 
5.2 
7.4 
7.2 
6.0 
4.8 
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TOT 695 700 822 870 ~45 80.\ 1100 I roo 1365 856 

~Tt'@ 68.6 69.0 69.1 69..\ 69.7 68.3 70.1 69.5 71.2 68.7 
PRN 2.2 2.6 2.2 2.8 1.7 2.0 1.8 1.8 2.0 1.8 
paR 4.9 4.9 4.6 .~.2 4.5 4.0 4.0 3.7 4.0 4.2 
POB 5.3 5.6 5.4 .'i.4 5.1 4.7 4.7 4.8 4.4 4.2 
PSP 13.1 13.1 
PGI 15.5 17.0 13.7 16.3 13.1 15.5 15.3 15.7 14.7 15.5 
HOL 21.0 20.4 19.3 20.0 18.2 19.6 18.3 18.6 18.1 19.5 
PPI 21.0 20.4 19.3 20.1 18.2 19.6 18.3 18.6 18.1 19.5 
PPZ 40.3 40.0 42.5 41.8 40.6 40.7 42.3 40.8 40.0 
SVL 44.3 44.5 
PAL 54.0 53.6 55.4 54.0 56.2 54.0 55.5 55.5 55.1 55.8 
POl 50.5 50.3 51.2 48.9 50.3 50.7 50.5 50.5 50.7 49.9 
DCS 13.6 14.6 
PPS 15.3 16.9 
PAS 6.4 7.5 
ACS 9.0 10.2 
EYL 3.9 4.0 4.0 3.9 4.0 3.7 3.5 3.4 3.7 
EYH 2.0 20 
INa 6.0 4.3 
NOW 1.0 1.3 
INW 3.0 2.9 2.9 2.9 3.0 2.5 2.7 2.8 2.4 2.7 
ANF 0.3 0.3 
SPL 0.1 0.1 
ESL 4.1 3.9 
MOL 6.0 6.1 6.0 5.4 6.0 6.3 5.9 6.2 
MOW 6.5 6.1 6.8 4.9 6.7 5.8 6.2 5.8 
ULA 3.3 2.4 
LLA 
GSI 7.3 6.3 6.7 7.8 7.5 7.2 6.8 7.7 7.1 8.2 
GS2 5.7 6.3 
GS3 5.3 5.7 
GS4 5.9 5.0 5.1 5.2 6.4 5.2 5.5 5.8 
GS5 4.6 4.5 
GS6 3.7 3.7 
GS7 3.5 2.9 2.7 2.9 3.2 2.9 3.0 3.0 2.6 2.9 
HOH 9.9 8.7 8.8 10.0 9.1 9.9 11.2 10.9 8.8 9.3 
HDW 10.1 9.0 9.1 7.0 9.1 8.2 8.2 9.0 7.3 8.8 
TRH 9.4 10.0 
TRW 9.9 7.6 
CPH 4.3 3.4 
CPW 2.7 2.0 
PIL 10.4 10.1 
PIA 11.4 11.1 11.1 10.6 11.4 10.3 10.3 10.0 8.8 10.2 
PIB 6.2 6.4 6.2 6.3 6.0 5.7 5,9 5.8 
PIH 5.1 8.5 
PH 4.4 6.3 
PIP 8.6 8.6 8.3 8.9 8.8 9.3 9.1 8.6 9.3 
PZL 9.3 9.5 
P2A 4.5 3.7 4.1 4.3 4.5 4.3 3.9 4.2 4.8 3.7 
PZB 7.9 8.1 7.5 8.7 7.0 7.5 7.5 7.0 
PZH 2.9 2.8 
PZI 1.0 0.8 
P2P 6.0 7.3 6.8 6.4 9.0 6.8 6.6 6.5 6.8 10.2 
CLO 
CLl 
CLB 
D2L 7.3 8.0 
D2A 7.0 7.1 
D2B 6.2 5.7 6.4 6.6 6.3 5.8 7.3 7.1 7.3 5.8 
D2H 4.6 4.3 4.0 4.3 4.1 4.0 3.6 4.3 3.5 4.0 
D2I 1.7 1.6 1.7 1.6 1.7 1.5 1.7 1.5 
D2P 4.3 4.5 
ANL 6.9 7.1 
ANA 3.1 3.7 
ANB 5.7 5.7 6.0 5.9 5.6 5.6 6.0 6.3 6.2 5.5 
ANH 2.9 1.9 2.6 2.2 2.6 2.2 2.3 2.4 2.5 2.0 
ANI 1.4 1.1 1.3 1.4 1.4 1.2 1.4 1.2 
ANP 5.1 4.5 
COM 31.7 30.1 31.0 28.5 30.3 31.7 29.7 30.3 28.6 31.0 
CPV 7.9 7.6 7.9 8.0 7.9 8.1 7.5 7.9 7.7 8.0 
CPL 2.6 4.3 
CPU 17.1 17.0 
CST 4.7 4.6 
CTR 6.0 5.6 
CTL 7.9 7.6 
CFL 7.9 7.6 
DAO 4.3 5.2 
DAI 3.7 3.4 



TABLE 3.3 Proportional measurements of Hexallchus griseus, expressed 

as a percentage of total length. 
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Source 

$<X 

TOT 

r..~ 
PRN 
POR 
POB 
psp 
PGl 
HOL 
PPI 
PP2 
SVL 
PAL 
P02 
OCS 
pps 
PAS 
ACS 
EYL 
EYH 
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NOW 
INW 
ANF 
SPL 
ESL 
MOL 
MOW 
ULA 
UA 
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GS2 
GS3 
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PIL 
PIA 
PIB 
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PIP 
P2L 
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CLO 
CLl 
CLB 
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021 
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CPV 
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~ 
CFL 
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DAI 
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M 

mo 
72.0 

45 
4.3 

20.0 
49.2 

6'" 
60.3 
7.2 

182 
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4.6 

7.2 
65 
5.' 
5.4 
4.9 
4.0 

12.8 
123 
89 

3.' 

55 

'" 
.5 
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7.7 
4.6 
2.6 

'.0 ,. 
4.2 
2.2 

28.6 
7.5 

~ 
'" "':§ '" -M 

675 

65.2 
1.5 .. 
4.1 

10.7 
15.4 
19.7 
\9.7 
42.7 
46.2 
55.J 
51.1 
7.7 

172 
5.5 
3.9 ,. 
" 8.3 
1.2 

" Oh 
03 
4.6 
53 
8.7 
15 
1.9 
4.9 
4.7 
4.6 
4.1 
3.9 
3.7 
7.6 

11.1 

" 99 
3.4 
2.4 

13' \5 .6 
8.1 
87 
5.' 
7.9 

10.7 
62 
7.1 
3.4 
3.4 
6.4 
1.3 
3.9 

'H 
7.9 ., 
3.6 
2..5 

" 7.1 
7.0 
4.9 
3.4 
1.9 
3.9 

342 
9.0 
3.0 

20.1 
5.6 
6.4 
8.6 
9.0 
3.7 
2.7 

'" -Z ;q 
"'<I ;ON 

M 

610 

66.4 
1~ 
4.4 
4.3 

12. 1 
15.4 
\8.5 
HI.S 
405 
45.4 
54.6 
50.0 
• .5 

16.4 
'.4 
4.9 
3.4 
1.1 
7.2 
1.3 
4.8 
05 
0.2 
43 
4.9 

10.5 
1.6 
2.5 
6.6 
6.1 
59 
5.4 
4.8 
••• 10.0 
9.5 

12.0 
7.7 
3.6 
2.8 
11~ 
13.4 
7.0 
9.8 
5.2 
8.2 
9.3 
5.' 
7.5 
3.6 
2.0 
6.1 

9.0 
7.7 
69 
3.4 
2.6 
3.6 
7.5 
5.1 
5.6 
3J 
1.8 
4.1 

32.0 
8.' 
3.4 

\7.5 
4.6 
6.2 
7.9 
9.0 
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;; 
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M 
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3.' 
3.7 
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16.1 
21 .9 
21.9 
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43.7 
51.4 
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7.4 

12.7 
7.4 
3.9 
2.' 
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1.3 
4.6 
0.6 
0.6 
4.6 
5.' 

11.4 
2.1 
2.7 
7.0 
6.1 
5.3 
4.9 
4.7 
4.1 

10.7 
13.2 
12.7 
11 .7 
4.1 
2.' 

14.1 
153 
7.' 
9.2 
6.1 
9.6 

1\.7 
5.6 
7 .• 
3.7 
4.4 
9.0 
1.9 
3.9 
0.4 
9.2 
7.0 
5.9 
3.9 
3.0 
5.0 
7.4 
5.2 
5.3 
3.1 
2.1 
4.4 

35.7 
'.0 
4.3 

18.7 
5.2 
6.4 
' .3 

IDA 
4.9 
3.6 

§~ 
"'~ 

M 

680 

65.11 
3.2 
5.6 
6.2 

12.0 
155 
18.6 
18.6 
42.(· 
46.7 
54.4 
51.9 
7.6 

17.6 
6.2 
6.0 
3.4 
1.9 

10.2 
1.0 
5.0 
0.7 
0.1 
5.0 
6.2 

13.5 
1.8 
2.6 
7.1 
6.6 
63 
5.' 
5.0 
4.1 
9.6 

13.3 
11.9 
10.1 
3.7 
2.8 

113 
13.0 
6.' 

10.2 
4.9 

10.0 
9.9 
M 
7. 1 
3.1 
2.6 
6.2 
0.' 
2.4 
0.3 
8.7 
7.4 
6.3 
4.0 
2.5 
4.' 
6.9 
5.0 
53 
2.8 
1.5 
4.4 

3JJ 
2.2 

19.2 
4.6 
5.4 ,. 
82 

Oil!< 
o;q 

M 

707 

65.3 
2.5 
6.1 
4.1 

15.8 
18.2 
18.2 
42.4 

51.0 
7.' 

3.4 

1.4 

0.4 

103 

7.5 
7.2 
65 
5.7 
5.1 
4.4 

Jj 
2. 

12.4 
12.8 
7.1 

5.4 

'.2 
5.' 

3.7 

10.0 
7.5 
6.2 
3.8 
2.5 

7.5 
5.4 
5.5 
3.1 
2.0 

34.6 
.3 

7.8 

l? 
"'~ <0 
0:0 
M 

730 

66.3 
1.0 
4.7 
5. 

12.8 
167 
19.1 
19.7 
43.6 
46.' 
55. 
52.1 
6.8 

11.2 
5.5 
4.7 
3.0 
23 
' .3 
1.2 
4.5 
0.7 
0.4 
4.1 
6.4 
12.0 
2.' 
2.6 
7.1 
6.3 
5.' 
5.1 
4.7 
4.2 
7.3 

13.4 
6.2 

13.8 
3.3 
2.1 

I1.S 
13.2 
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3.1 
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20.0 
42.8 
45.6 
55.0 
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8.6 
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3.0 
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4.7 
4.3 
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3.6 
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13.8 
6.2 
13.8 
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13.6 
6.' 
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5.0 
7.1 
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6.' 
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4.1 
0 .• 
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6.7 
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4.0 
33.7 
••• 3.0 
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Sa F F F F F F F F F F F F 

TOT 681 730 794 807 846 BS3 104<) "'" 1380 1705 2210 3195 

~~ 67.4 67.1 68.6 66.' 67.9 67.9 65.0 67.7 68.1 69.2 69.6 70.4 

PRN 1.2 I.. 1.4 1.5 2.' 3.5 1.6 1.0 12 1.2 1.6 1.2 

POR • . 8 ••• 4.' 5.0 5.' 5.3 •. 8 4.4 5.8 ' 5 ' .1 3.8 

POB 65 5.1 35 4.3 3.' 6.' .5 4.7 5.2 3.6 '.0 3.7 

PSP 13.2 13.0 10.8 12.3 12.3 11.5 12.2 11.5 10.5 

PGI 16.1 17.1 14.4 16.2 15.6 15.8 14.6 \6.0 17.4 15.5 15.8 153 

HDL 2>6 20.0 19.2 21.0 21.0 20.2 \9.7 19.1 17.2 20.3 180 19.6 

PPI 226 20.0 19.2 2\.0 21 .0 20.2 19.7 19.1 17.2 20.3 18.0 19.6 

PP2 455 43.8 43.4 44.1 44.6 43.9 43.3 .2..5 442 45.3 47.9 47.7 

SVL 49.9 486 46.8 47.8 48.0 47.3 41.6 53.0 51.5 

PAL 57.2 55.2 54.9 55.3 55.6 53.3 55.3 56.3 59.5 581 

PD2 553 52.1 51.0 52.6 53.7 52.1 51.4 m 55.2 55.1 55.9 55.7 

DCS 8.8 8.' 7.' 7.8 7.4 7.' 8.1 7.1 6.7 7.6 8.7 

PPS 16.8 17.1 18.3 17.8 16.9 17.5 16.8 18.1 18. 1 226 53.1 

PAS ' .6 ' .2 3.8 ' .3 6.1 '.0 3.8 ' .7 3.8 5.2 

ACS 3.5 5.2 6.0 5.0 ' .1 6.0 5.' 5.7 '.3 '9 5.6 

EYL 35 3.' 3.1 JJ 3.1 " 2' 26 '-5 3.' I.. I.' 

EVH 22 1.8 15 I.' ~2 U 1.3 1.2 1.3 

INO 10.1 9.5 8.3 8.2 10.5 9.1 103 85 ' .2 
NOW 0.7 I.' Ll Ll U 1.2 1.2 Ll 1.7 1.2 1.0 

INW ' .6 ' .5 3.8 '.6 ' .7 55 5.8 '.4 5.1 '.6 ' .2 ' .2 
ANF 0.7 0.7 0.5 0.6 0.7 05 0.' 0.5 0.3 

SPL 0.4 0.' 05 0.6 0.6 0.1 05 0.5 0.6 0.' 
ESL 5.' 38 3.5 ' .3 5.2 ' .5 u ' .0 45 5.' 
MOL 6.6 5.' 5B 6B 4.' 5.7 52 5.5 4.7 3.' 6.' 
MOW 12.0 10.6 10.9 10.9 12.4 145 8B 10. 11.7 11.7 11.0 lJ.1 

ULA 3.2 2' U 25 '-0 2B 2 3 20 0.3 

UA 3.8 3.0 3.1 3.6 2..5 J.l 28 3.1 2' 
GS! 5.4 5.8 5.5 6.6 7.' 6.7 87 7.0 8.3 7.0 8.6 '.7 

GSl 5.6 ••• 5.2 6.1 7.7 6.7 8.0 6.5 8.1 6.' 85 8.' 

GSJ 53 ' .7 5.0 5.8 7.1 6.6 7.4 6.0 7.' 6B 8.7 8J 

GS4 5.1 '.4 ' .3 5J 6.4 6.2 65 5.7 7.2 6.5 7.' 7.' 

G" ' .1 ' .2 3.8 5.1 5.' 5.' 5. 5.2 6. ' ' .0 '.7 6.6 

GS6 ' .0 ' .0 3.1 ' .7 5.1 •• 5.2 ••• 5.5 53 ,. 6.1 

HDH 6.3 8.S ' .8 6.2 11.0 ,. 13.4 11.0 14.1 

HOW 10.8 13.2 13.6 13.2 15.7 14.7 13.4 14.9 125 

TRH 12.7 ' .8 6.2 11.7 7.6 t4.4 11.6 16.9 

TRW 13.1 14.9 13.6 10.7 143 14.1 17.1 7.8 

CPH 3.' 33 3.3 3~ '.4 '.1 35 ' .2 '.7 .5 ' .7 

CPW 2.' 21 2.0 2.1 3.' 3.5 23 3.6 '.1 3.1 3.3 

PlL 11.3 11.5 11.9 11-; 13.8 12. 1 11.8 11.9 13.2 128 1'-5 

PIA 12.0 12.6 11.9 12..5 13.U 11.6 13.1 13.0 '" 14.0 128 127 

PI" ~5 75 7.1 .. 7.' 7.7 82 7.1 '.8 7.7 75 75 

PlH ' .5 8.' '.2 10.2 10.t 10. 1 11.1 10.0 10.0 8l 

PH 5.6 5.1 ' .8 SJ 5.' 5.' 55 '.0 55 5D 5.5 

PIP 8.1 7.' 7.6 8.1 '.0 • 8 '.8 ••• ' .3 8.1 

P2L 5.3 ' .2 'J ••• 10.4 105 105 10.7 10.7 11.4 

P2A 4J 5.2 4.5 5.6 5.6 5.8 5.' 5.' 6.0 5 .• ••• 
nB 6.6 7.0 7.7 7.2 8.' ••• 8.' 8.' 7.7 75 

PlH '5 3.2 20 3.3 2.' 1.6 3.7 3.' ••• 
Pli ,. I.. 24 1.7 21 I.' 24 3.2 S.' 

P2P 7.8 ' .3 ~. 7. 1 7.3 85 7' 
,. 7.8 • .1 

CLO 
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DlL , .S 8.6 8.6 8.' 10.2 '.S 8.0 8.7 .. '.3 8.' ' .1 

D2A 6.' 7.' '.7 7J 8.2 8.0 7.' ,.S 7.8 ,. 7.7 

D2B S.I 6.2 '.0 6.2 7.4 7.3 S.8 59 , .1 7.2 '.7 7.0 

D2H '.1 '.4 3.7 ' .2 ' .5 •. , J> 42 ' .2 'J ' .2 ••• 
021 ' .1 27 2' 2' " 2.' 20 3.0 " 21 2J U 

DlP ' .1 3.7 '.2 4J SJ .2 S.3 '.0 S.3 

ANL 6.S 7.3 7.' ,. 
" 7» 8.0 80 8.1 8.' 7.1 8J 

ANA S.1 ••• 5.2 5.0 5.' 5.3 ••• ••• S.7 .5 S.8 

AN" SJ S.3 6.2 5.' ,.5 ., 5. 5B S .• 6.' S .• '.3 

ANH '.7 " 2.' 2.0 3.4 2.8 ,. 33 3.1 3.7 J.2 3.8 

ANI 2.2 1.8 1.' 1.7 24 1.8 20 I.' 21 L8 20 21 

ANP S. 1 ••• '.7 •. , •. 8 ' .7 S .• ' .3 S.2 

COM 30. 34.2 33.1 33.4 JJ~ 32.8 35.1 3D 32.6 30.7 30.' 29.3 

CPV '.1 " 8.' 8.7 .5 7.4 10.3 8.' 8.0 8.6 , .• , .. 
CPL 3.1 2' 28 27 25 2. 3.2 • 2.9 " 
CPU 20.7 21.0 2t.5 20.0 21.5 19.9 18.4 105 180 188 
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TABLE 3.4 Proportional measurements of Hexanchus nakamurai, expressed 

as a percentage of total length. 
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7.J to.O 8.8 tI.5 8.1 8.7 8.6 

10.8 11.8 10.6 9.2 10.0 10.4 9.4 
U 11.8 ~ U ~ I U U 
8.3 12.4 10.1 8.7 9.1 9.8 9.0 
U U D 41 U U U 
U 11 3.1 U U U 11 
9.7 103 9.6 9.0 10.4 10.4 9.\ 

10.6 11.4 10.5 lOA 12.0 126 10.4 
U M M U U U U 
8.3 9.5 8.8 fI.5 B.9 10.1 8.3 
4.6 4.6 3.9 2..9 4.1 4.0 3.5 
U U U U U U 71 
U U U D ~ U ~ 
U D D U U 41 U 
U U U M '1 U U 
I. U U 1.4 U D U 
3.0 2..5 3.1 0.8 1.5 1.3 6.6 
U U U V U U ~ 
U 12 I S U 
U 3.1 U U 
U U R I 1-
M M U U U U U 
M U U U M U ~I 
U U U D U U 52 
U U U U U U U 
U I_ 12 M I. 12 lA 
U D U U 41 U U 
~I U U U U U U 
U " U U U U U 
U D U V U U 41 
1.6 U I. I' I. U U 
12 U 1.5 l' U U I' 
U U U U U D D 

36.9 36.5 34.3 31).2 32.5 31.8 30.0 
U D U 01 U V 81 
25 U 3.1 U U 41 U 

193 213 1B.2 17.0 18.8 17.8 17.0 
~I U U DuD U 
6.0 S.B 5.9 43 4.9 5.7 4.9 
U U U U U D U 
U u u u u u u 
u u u u u u U 
3.2 3.1 3.B Z.8 3.B 2.8 4.0 

F 

474 

62.' 
1.3 
7.2 
' .2 

14.1 
17.5 
19.6 
19.4 
40.7 
43.8 
SO.4 
45.7 
10.1 
16.2 
'.6 , .. 
5.7 
23 

10.5 
15 
'.9 
D.' 
D.' 
3.4 
'.0 
'.3 
D.' 
2.J 
5.' 
B 

••• ' .2 
3.' 
3.' 
8.' m 

105 
'.1 
3.2 
3.' 
3" 
\0.1 

12.0 
6.1 
' .3 
'.6 
8.2 
7.6 
3.' 
5.' 
2.5 
2.3 

••• 
7.' 
7.0 
6.1 
3.6 
1.5 
25 
'.1 
3.' 
il 
1.7 
1.5 
3.0 

39.2 
' .3 
3.2 
20.' 
' .2 
5.7 
' .6 ••• ' .0 
3A 

< :g 
u::l 

F 

837 

63.7 
1.6 
6.0 
' .8 
123 
15.2 
18.8 
19.1 
39.1 
42.1 
51.3 
463 
11.1 
14.9 
.J 
.S 
' .1 I.' 
9.0 
1.2 
'.1 
05 
0.4 

••• 3.9 
7.' 
05 
20 , .. 
'.8 
'.7 
'.3 
3.' 
3.2 
'.8 
1\.2 
9.' 
93 
33 
3.3 

30.1 
10.7 
11.9 
'.5 

to.O 
4.' 
9.1 

••• ' .1 
'.3 
2.9 
3.2 
65 

7.0 
OJ 
55 
3.7 
1.6 
3.' 
'.1 
3.7 
' .7 
2.3 
1.7 
3.2 

~~~ 
3.5 
21.9 
4.2 
'.7 
7.4 
7.' ••• J.' 

z -
'311 

F 

690 

66.6 
1.7 
5. •. , II. 

15.7 
193 
193 
'13 
44.' 
53.1 
50.1 
10.7 
13.7 
'.1 , .• 
3.2 

i~ 
13 
4.2 
D.' 
03 
4.5 
'.5 
9.1 
I.' 
20 
53 
5.1 
'.6 
'.2 
3.' 
12 
'.3 

11.8 
102 
IDA 
' .1 
33 

11.1 
121 , .• 
••• . 9 
••• SA 
' .5 
72 
22 I.' ,. 
7.7 
'S 
S.7 
3.' 
20 
'.1 
52 
28 
J .9 
1.2 
1.3 
3.2 

32.6 
9.0 2' 

18' 
3.6 
5.' 
7A 
83 
4.2 
20 

~~ 
M 

,,00 
70.6 

1.7 
5.2 
4.9 
IU 
16.6 
20.0 
20.0 
43.3 
47.3 
5U 
53.6 
102 
20.0 
'.1 
7.5 
33 
I.. 
'.7 
1.1 
39 
03 
D.' 
' .2 
'.5 ••• I.' 
27 
6J 
5.9 
53 •. , 
4.' 
3.5 

103 
8.' 

11.6 
aD 
33 
2.5 
••• 11.8 
5.7 
8.8 
J.9 
87 

13.6 
5.1 
7. 1 
28 , .. 
9.7 
' .7 as 
1.2 
8.1 
7.0 
.3 
'.0 
2.' 
'.7 
5.' 
3.1 
' .0 
21 
1.5 
J.' 

29.3 
'3 
3.7 

"S 
29 •. , 
' .7 
'.9 
5.5 
3.' 

8 ~ 
F 

1710 

73.0 
2.' ss 

17.5 
45.0 

60.2 
56.6 
11.6 

2. ' 

'.2 

, .. 
110 

82 
63 
5.7 

'.5 
3.1 

93 
18.9 

11.7 

4.6 
7.6 

5.' 
'A 

' .3 
2.1 

29.5 
8.2 

w ~ 
~ ., 
o~ 

M 

.95 
67.3 

1.2 
5.6 ,., 

13.2 
16.8 
IB.4 
18.4 
JI .lJ 
46.0 
55.3 
51.1 
It.1 
16.7 
6.2 
7.2 
'.0 
2.0 
8.5 
1.2 
4.2 
D.' 
0.3 
' .3 
4.' 
9.' 
3.7 
V 
6.3 
' .0 
5.2 
' .9 
3.9 
3.3 
' .2 

\0.8 
11 .7 8' 3.2 
2.7 

10.8 
13. 1 
5.9 

11 .5 
••• 10.8 
&Z 
3.' 
5.6 
2.7 
2.2 
'.3 
1.2 
3.2 
0.3 
'.1 
6.2 
5.' 
3.7 
1.7 

••• 5.J 
3.0 
n I., 
1.3 
3.3 

31.4 
7.8 
.-' 

17.7 
3.7 
' .5 
8.2 
7.5 
5.5 
3.7 

GM · Gulf of Me:xico; BAH '" Bahamas; 

YEN. a Venezuela; USVI = Virgin Islantls. 



TABLE 3.5 

Proportional measurements of Notorynchus cepedianus, expressed 

as a percentage of total length. 



SOUTH AMERICA 

~ 

~ ~ 
~ 

Z 
~~ 

- l!. 5 ~ ~ ~ u ,,- " - ~ 0 
E ·E ·E ·E 

Source .....: ~ [j ~ ~ Zi< Z ~ 
o ~ o~ o ~ o ~ ~&1 ~ ? ~~ ~~ . ~ o ~ . ~ 

,,;:l :;;'1 ~~ ~~ 
Jl~ ~ ~ :::~ :::IE ~ "xx ,,- " ~ ~-

s," F F M M M F M F F M F 

TOT JJ7 391 391 445 890 753 793 710 790 740 2070 

~'R~ 62.9 62.1 65.0 62.9 65.7 65.7 64.3 64.6 66.2 67.1 69.0 
PRN 15 1.3 1.8 0.9 1.3 IJ 1.0 1.4 0.8 LI 1.0 
POR 5' 4.9 4.6 4.0 4.8 5.2 4.1 4.3 4.5 4.0 3.0 
POB 5' 4.3 6.1 45 6.3 4.4 10.0 
PSP 13.1 12.0 13.6 11.9 12.0 11.7 12.0 
PGI 17.5 15.1 16.6 13.9 18.2 15.3 16.0 
HDL 21.1 17.6 19.7 19.8 20.1 19.6 18.0 19.2 19.7 19.4 16.0 
PPI 21.1 17.6 19.7 19.8 2').1 19.5 18.0 19.2 19.i 19.4 
PP2 38.9 38.1 311.4 38.2 38.3 40.8 "'1.8 42.0 
SVL 41.8 39.9 43.7 40.0 42.1S 47.9 
PAL 50.7 50.9 535 49.9 51.7 52.4 53.2 53.9 43.0 
POO 46.9 46.8 47.1 44.7 50.0 47.2 4'I.! 49.1 50.6 54.0 
DCS 10.4 10.2 10.2 9.9 '"' 10.0 
PPS 13.1 13.0 14.1 14.2 11.8 14.4 19.0 
PAS 5.9 6.1 7.4 7.2 7.1 8.0 
ACS 6.8 64 72 '.8 5.6 6.5 6.0 
EYL 33 3.1 3.1 3.6 25 2.5 2.5 2B 2.6 2.8 
EYH 2.4 1.8 2.0 1.8 LI 1.0 
INO 11.6 10.0 9.2 9.2 10.7 7.7 
NOW 15 L3 1.8 1.3 1.1 
INW 5.0 4h 43 4.0 4.5 4.2 4.2 45 4.8 4.6 
ANF 0.9 ,. 0.8 0.4 0.4 
SPL 03 03 0.3 a.:! 0.3 0.4 
ESL 4.7 4.6 4.6 5.2 5.5 
MOL 7.4 6.1 5.6 5' 5.1 3.7 6.4 6.7 
MOW 11.9 12.0 10.7 9.7 11.6 9.1 n.o '2.0 11.3 lUI 
ULA 30 3.6 2.6 1.8 1.6 2.0 
LLA 3.6 3.6 4.' 1.8 29 3.9 2.9 
GSl 6.2 6.4 6.1 3.6 6.0 .5,5 5.8 6.1 5.6 5.6 
GSZ 5.9 5.9 5.4 3.6 5.5 5.0 
GSJ 5.0 5.4 4.9 3.4 4.7 4.7 5.4 5.2 50 4.8 
GS4 4.7 5.1 4.' 3.1 4.8 4.3 
GSS 45 4.6 4.1 2.9 43 3.9 45 45 4.1 4.0 
GS6 4.2- 3.8 3.8 2.7 3.5 3.5 
GS7 3.3 3.1 3.3 25 2.7 3.0 3.3 3.' 3.2 38 
HDH 7.4 7.9 9.5 5.' 8.8 10.4 9.0 9.3 
HOW 13.1 12.3 11.3 !l.7 12.6 10.6 8.9 13.3 12.9 13.5 
TRH 7.7 9.0 10.5 10.7 11.2 
TRW 7.1 10.0 9.5 11.0 
CPH 3.9 3.8 4.1 3.6 4.3 4.1 4.0 
CPW 3.0 3.1 2.8 2.2 2.K 3.2 
PIL 12.5 II.3 12.3 12.1 13.4 1.2.0 
PIA 12.8 11.8 12.5 11.7 16.2 12.5 12.6 \2h 
PI" 68 1A 6.6 6.7 6.1 7.' 8.0 
PIH 10.4 8.2 12.3 10.6 13.1 9.5 
PH 5.6 5.9 5.6 5.6 7.9 5.2 5.9 60 4.0 
PIP 10.7 9.7 10.0 10.3 \35 93 9.4 10.7 10.0 
PZL '.9 9.0 9.0 85 11).8 10.0 
P2A 5.0 5.1 4. ' 4.7 5.8 
P2B 6.8 5.9 61 5.2 5.4 7.0 
P2H 3.0 2.8 3.1 2.7 3.3 
PZI 2.4 26 3.3 3.4 49 3.0 
PZP 5.0 5h 6.6 4.9 75 
CLD 1.5 1.8 
CLl 3.1 3.1 " .. CLB 05 0.3 
D2L 8.0 84 9.0 7.6 9.3 90 
D2.A 7.1 7.4 7.7 6.5 7.9 7.9 
DZS 53 6.1 7.4 5.4 7.0 6.9 6.6 7.4 OJ 7.0 5.0 
DZH 3.6 3.3 4.3 4.7 4.0 3.8 3.7 3.9 3.7 35 
D21 2.7 2.3 2.0 2.7 25 52 4.0 
D2.P 3J 3.8 3.6 4.5 4.2 3.7 
ANL 1A 6.9 7.7 6.7 7.5 
ANA 4.7 4.3 4.3 4.0 4.7 6.0 
AN" 5.6 4.9 5.6 4.3 5.6 6.6 5.3 5.0 5.3 5.2 5.0 
ANH 2.7 2.6 2.0 2.0 28 2.5 2.9 2.3 
ANI 2.1 1.5 1.5 2.2 1.8 Ih 
ANP 36 \J 4.1 LI 4.0 3.3 
COM 36.5 37.1 35.8 35.7 3·t) 34.3 35.9 34.3 33.2 32.9 31.0 
CPV &6 8.7 9.7 8.1 8.1 8J " 8.1 7.1 8.1 
CPL 33 2' 2.6 2.7 35 
CPU 111.4 205 2.20 17.8 IB.3 
CST 5.6 5.6 4.6 6.1 45 
CTR 5.3 5.6 5.1 4.9 4.7 
CTL 9.2 9.0 7.9 8.3 6.9 
CFL 9.2- 9.2 9.7 85 '.4 
DAD 4.7 4.6 5.6 4.7 4.0 
DAl 3.9 4.1 4.9 3.9 4.0 



SOUTHERN AFRICA 

~ 9 0 
9 ~ 

"'~ 
N 

"'~ 
N 

"'~ ;;;~ "'~ "'§ Source o;M ~~ '" ~ ~i '" ~ '"~ '" ~ ,,- < N il§ < - < M ~~ ":> ilto 
,,~ 

~&; <M 
"<,, cl; C I; cl; c:8 " - o:-S c;j 

So>< M M M M M M M M M M M M M 

TOT 1323 1375 1530 1538 1650 1120 1120 1761 I1n 11110 1791 1821 1950 

~'ll.~ 695 695 68.6 73-1 67.3 66.6 611.3 67.6 71.1 68.5 69.8 615 69.1 
PRN 3.2 05 0.8 1.2 1.1 1.2 0.6 2.1 1.1 3.2 0.5 0.' 
PDR ' .1 '.1 '.3 '.7 41 <2 ' .3 ••• 3.' '.5 ' .1 3.' 
PDB • 3 3.8 ••• ••• ' .5 ' .0 <2 55 5A .A 5.1 3.' 3.' 
PSP 120 10.9 113 11.4 11.4 103 \0.8 11.1 11 .8 10.9 11.5 ,., 10.9 

PCI is.2 14.1 14.4 15.5 lU 13.4 14.0 14.6 14.9 14.1 13.7 13.6 14.2 

HOL 16~ 16.7 !H 18.5 11'1.3 11.4 18.4 14.6 20.0 16.9 17.3 IB1 185 

PPI 16.8 16.7 17.8 18.5 IS.3 17.4 lB. 183 20.0 18.6 17.3 lS.7 185 

PP2 40.' 43.6 '25 46.2 40.0 '21 43.' 41.7 45.0 44.1 44.1 .2. 45.1 

SVL 46.1 47.4 46.1 50.4 46.1 46.2 48.2 46.8 485 48.2 47.5 46.' 50.5 

PAL 568 57.7 55.8 60.9 57.6 57.6 54.1 54' 58.5 58.4 575 555 608 
PD2 51.4 52' 51~ 54.0 50.3 50.5 51.7 50.2 52' 522 51.8 50.8 53.6 

DCS 11~ 10.8 93 10.7 10.7 102 ,., 10.9 It .O , .• 11.0 10.9 105 
PPS 14.4 19.6 183 20.7 lit? 11.4 18j 18.4 11.4 20.5 I'~ IBO 20.1 

PAS &2 8.' 1.1 9.1 8.1 1.8 61 1.3 8.1 8.' 6.6 8.0 82 

ACS 6.' ., 63 1.3 6.1 6.1 .. 69 6.1 6.1 6.1 6.2 1.2 

EYL 20 I~ 1.' 20 1.6 1.6 1.1 1.6 I.' 1.8 1.1 1.8 1.6 

fJ6' Q' 15 t5 13 1.1 1.2 t5 1.1 1.2 1.1 1.0 1.3 1.1 

M 8.' 8' ' .4 9.1 8A M 8.6 8.3 84 1.8 8.' '.0 
NOW 0.' 1.2 1.2 1.4 1.0 0.' ID 12 1.1 1.1 0.' LI 0.' 
INW ' .7 '5 4.6 4.8 4.6 4.2 ... '.5 43 <2 ' .6 ' .1 ' .3 
ANF 05 .. 0.5 0.' 1.0 0.' Q' 0.5 0.5 0.6 0.6 0.' 0.5 

SPL 0.2 Q2 0.2 03 0.2 02 03 0.2 0.2 03 0.2 0.2 03 

ESL 5.1 5.2 5.' 5.2 5.5 45 4.7 '.7 4.9 '.6 '.1 5.0 '.5 
MOL 66 .. 5.1 .3 55 4.1 6.8 5.' 6.7 5.6 6.' 52 4.4 
MDW 10.6 113 It.4 11.4 121 102 128 1O~ 12. Il.l 10.S 11.1 \U 

UIA 20 3.2 28 23 3.3 28 33 28 2.1 3.1 25 3.2 3.0 

LlA 33 29 29 4.0 3.1 35 23 3.3 " 3.1 3.2 27 3.h 

GS! 5.4 5.6 " 65 5.7 '.1 63 6.2 '.0 6.1 5.8 6.2 '.6 
GSZ 5.2 5.4 5.4 6.' 5.7 ' .5 5.' 5.8 5.7 5.8 5.2 60 '.3 
GSJ 45 .. 5.2 6.1 5.6 '.1 5.7 5.5 5.2 5.2 5.1 5.B 4.1 
GS< 45 ' .4 •. , 5.5 5.2 4< 5.1 4.7 4.8 53 4.' 5.2 3.' 
GSS 43 4.1 4~ 5.0 4.8 3~ 43 ' .4 ' .3 5.1 4.8 4.8 3.7 
GS6 36 19 4.4 ' .6 4.2 3.' 4< 4.1 3.8 4A '.1 43 33 

GS7 29 3~ 3.' ' .0 3.' 29 ,. 3.' 3.3 3.' 3.5 3.6 28 
HOH 1.3 1.3 82 85 11.0 7.' 7.' 7.6 ' .0 10.4 8.3 '.1 .. 
HOW 11.0 135 14.4 15.6 13.5 135 13.5 125 13.J 15.2 126 14.0 128 
TRH 1.2 8.0 8.5 15.2 13 B' 8.0 11 .5 10.4 87 8.8 

TRW 127 13.1 16.9 17.0 142 14< 126 11.3 \4.6 15.1 14.6 

CPH 3.8 3.1 '.1 3.' ' .2 3.8 4.4 3.1 4.3 3.8 4.1 4.1 4.1 

CPW 25 11 35 3.1 3.2 29 3~ 3.1 35 3.3 10 35 12 

PlL 11 9 12.4 129 13.1 10.3 125 IV 11.9 13.4 12.3 12. ll .S 11.3 

PIA 13.1 124 ·14.2 14.6 12.5 14.0 1<0 12.5 153 14.2 129 13.5 12.4 

PlB 1.' 7.' 1.6 8.2 1.9 7.8 '.0 7.' 8.8 7.' 7.9 7.0 1.5 

PIH 10.4 10.6 11.8 11.4 \U 105 124 11,2 11.5 11.4 '.9 11.6 10.3 

P11 4.5 4.7 5.5 '.0 5.1 5.1 SA 5.5 5.2 53 4.8 5.2 3.8 

PlP 10.3 109 11.4 IU 12.2 1115 U.7 11 .2 to.2 10.1 10.3 11.1 10.4 

P2L 123 10.9 13.7 JJ.7 7~ 12.6 15.1 14.2 14.9 143 13.7 14.7 14.4 

P2A 6.5 5.1 6.7 6.3 S.B 6.1 7.3 '.1 '.1 M ,.I 5.8 '.7 
P2B 15 6.' 7.' 7.8 7j 7.1 '.7 7.8 1.5 7.' 81 7.' ,., 
P2H 3.4 J.2 4.' 3.4 '.1 3.' 45 3.5 3.7 4.' 35 4.1 4.1 

P21 5.2 4.7 '.0 1.2 &2 6.' 85 8.0 1.5 7.' 1.' 8.3 1.8 

P2P 1.' 85 '.7 11.0 124 '.0 115 10.8 8.7 11 .6 95 11.8 11.0 

CLD 3.1 33 4.1 6.1 61 ••• 7.8 1.2 5.0 7.' 5.0 1.' 7.3 

CLI '.0 5.2 61 7.' '.7 8.3 ,~ ' .2 '.4 10.1 83 10.0 '.3 
CLB 0.8 Q1 1.0 LI 0.5 L1 \.7 U 15 1.2 12 1.3 0.' 
02L 82 8.1 ,.3 10.2 8.7 '.1 '.7 '.0 10.4 ' .0 '.1 8.1 1.8 
02A 7.' 7J 82 '.0 1.1 8.3 8.7 7.7 '.2 83 ., 8.0 7.S 
02B .. ,j 1.1 8.3 1.0 '.7 7.4 1.0 8.0 7.0 1.1 6.' 65 
02H 3.' 3.1 5.0 4.2 4.7 4.1 '5 43 4.' 4.0 4.1 4.3 4.2 
021 1.1 l.h 20 21 24 20 2 1 I ~ 25 22 1.7 20 21 
D2P 3.7 3.' 4.' ,., 4.9 ' .4 4.7 , .. 5.0 ' .0 4.4 4.1 4.2 

ANL 7J 63 1.1 1.' 7.3 6.1 7.4 7.0 8.3 1.0 1.' '.7 '.1 
ANA 5.0 3.' 4.' 4.7 4.2 4.7 52 4.' 5.1 4.' 5.4 '.1 4.' 
ANB '.2 •. , S. 6.4 6.1 5.1 '.2 5.' 5.' 5.' '.2 5.1 5.4 
ANH 25 29 3.1 26 3.0 2.0 " 3.2 3.7 2.4 23 29 2.8 

ANI 1.5 L2 20 1.8 1.8 15 1.7 1.5 20 1.7 I~ 1.4 1.5 
ANP l' 4.0 '.4 • .6 S.1 ,. 4.4 <4 ,. <4 42 '2 4.1 

COM 30j 32.1 JI.O 323 31.S 30.' 315 32.6 29.8 30.' 3\5 321 30.4 

CPV 7.2 1.0 85 8.1 7.4 8.3 85 7.8 '.1 80 8.2 8.1 8.1 

CPL 20 1.6 I.. I.' I.' 22 2.2 3.0 1.7 20 I., 25 

CPU \93 20.4 193 21.1 W .9 20.1 18.9 ZO.4 17.7 IS.8 17.6 19.5 18.6 

CST 3.1 3.1 3.6 4.2 3.' 3.3 18 3.6 3.' 3.' 3.2 3.1 J5 
CTR 3.8 45 4.4 '.2 45 4.1 42 4.0 3.5 4.0 3.' 4.3 4.5 

CIL 62 6\ 65 1.0 6.' 5.' 65 6.h 5.' 6.2 62 '.0 '.1 

CFl ,. .. 7.' '.0 3.' 8.1 1.3 1.8 1.7 15 1.4 3.' 
DAD 6.9 5.2 4.' ' .5 5.' 1.0 '.3 
OAI 4.8 5.' 43 4.1 4.6 5.0 '.7 



Source 

'" TOT 

~'ll.'1:' 
PRN 
paR 
POB 
PSP 
PGI 
HaL 
PPI 
PP2 
,VL 
PAL 
PD2 
DCS 
PPS 
PAS 
ACS 
EYL 
EYH 
INa 
NOW 
INW 
ANF 
SPL 
ESL 
MOL 
MOW 
ULA 
LU 
GS! 
GS2 
GSl 
GS4 
GSS 
GS6 
GS7 
HDH 
HOW 
TRH 
TRw 
CPH 
CPW 
PIL 
PIA 
PIB 
PIH 
PlI 
PIP 
P2L 
P2A 
P2B 
P2H 
P21 
P2P 
CLO 
CLI 
CLB 
D2L 
D2A 
D2B 
D2H 
D21 
D2P 
ANL 
ANA 
ANB 
ANH 
ANI 
ANP 
CDM 
CPV 
CPL 
CPU 
CST 
CTR 
CTL 
CFL 
OAO 
DAI 

~i 
F 

1344 

67.0 
0.7 
'.5 
45 

11 .2 
14.7 
18.8 
18.8 
43.9 
47.0 
5&0 
51.0 
10.0 
19.0 
7.7 
' .7 
22 
13 

10.0 
1.2 
' .5 
0.4 
0.2 
' .8 
5.' 

11.2 I.. 
3.0 
M 
' .0 
5.' 
5.0 
• .5 
'.2 
3.7 
8.' 

123 
1l.2 
to.2 
45 
3.' 

126 
1304 
7.8 

11.9 
5.' 

10.8 
' .2 
' .2 
'.7 
3~ 
3.0 
• .7 

8.' 
8.7 
.~ 
' .3 
22 
••• '.7 
••• 5.' 
28 
I.' ' .5 

320 
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PPI 18.6 16.9 16.0 17.1 16..\ 17.1 
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SVL 40.3 44.4 44.8 41.4 
PAL 49.9 52.0 54.9 54.3 52.8 51.5 
PD2 45.9 47.3 49.2 48.3 47.8 48.9 
DCS 9.9 10.2 10.3 10.6 9.1 9.5 
PPS 13.5 18.4 14.4 15.3 19.2 15.0 
PAS 6.5 5.2 7.9 7.8 
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D2P 4.3 4.9 4.2 4.3 
ANL 7.4 8.6 6.2 6.6 
ANA 5.8 5.7 4.5 4.1 
ANB 6.0 6.5 4.5 6.0 4.9 4.8 
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CPY 10.6 9.2 8.7 9.4 S.J 7.6 
CPL 1.3 2.0 3.9 4.6 
CPU 21.3 19.9 17.6 18.0 
CST 4.7 4.1 3.3 3.3 
CTR 4.8 4.1 4.6 4.2 
CTL 7.7 6.9 7.5 6.8 6.9 6.3 
CFL 9.4 9.6 9.2 8.8 
DAO 4.5 5.2 6.2 4.7 
DAI 3.3 6.7 3.2 4.1 
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P2L ,.I 8.' 88 83 .. , 8.7 9.3 M 9.1 10. 1 '.6 9$ 9.' 
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P21 22 20 1.5 I.' 1.7 L7 2.5 21 2.1 3.1 L6 

P2P ' .7 5.6 5.7 5.' 5.9 6.6 6.2 62 6.7 6.0 6.' 
CLO 
CLI 
CLB 
02L U 8$ 9.3 10.2 Q.5 9.2 9.8 . '.1 
OLA U 85 '.0 '.6 7.3 7.3 8.3 -. .5 9.7 ••• 87 

02B 5.1 7.2 7.0 '0 7.0 6.' 7.' ·7.3 7.2 6.' 8.1 6.7 7.7 

D2H ' .2 7.2 ' .0 43 4.1 4.0 ' .2 ... ' .9 5.1 ' .7 53 5.5 

D21 24 22 22 21 U 21 L4 20 20 2.3 19 

DlP 35 4.1 4.2 4.2 5.3 4.7 4.2 .3 ' .6 4.1 ' .4 

ANL 6.0 6.7 67 6.9 7.2 6.9 6' 7.7 
ANA ' .2 4.7 43 ' .0 ' .4 4.7 42 . 52 'A 3.' ••• 
ANB ••• '.9 n 5.' ~.5 5.0 5.2 6.0 7~ 5.3 6.4 5.0 6.3 

ANH 20 2.7 2.5 26 2.5 2.' 2., 29 28 3.1 3.2 '.1 3.5 

ANI H 1.6 1.7 I.. 1.9 I .' I.' 1$ I.. I., I.' 

ANP 3.' 3.2 3.4 4.1 3.7 4.0 '.1 3.' ).5 4.0 

COM 37.7 38.' 36.2 36.6 35.9 360.0 35.4 37.0 34.1 33.7 32.3 33.S 31.6 

CPV ••• 7.7 ' .0 75 73 9.0 73 '.1 .5 

( PL 3.1 22 2S ]A 3.6 3.6 3.0 
CPU 21.1 20.2 21.2 20' 20.2 23.4 20.0 19.9 
CST ••• 4.7 45 ' 5 4.1 3.7 3.' <0 
CTR 55 5.0 .$ 5.' 4$ 5.2 5.2 'D 
CTL ' .6 .3 ' .0 7.8 73 6.7 7.' 75 
CFL 10.2 8.6 9.2 '.0 8.9 8.' .5 7.' 
DAD 5.1 5.0 5.7 64 (,.9 4.7 5.' SD 
DAI J5 3.' '.2 ' .0 45 J5 3.4 3~ 
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