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SYNOPSIS Although many sharks have a rather general vertebrate body plan, they display a
number of specializations for feeding that belie the notion that they are "primitive." These
specializations include a battery of highly developed exteroceptive systems such as vision,
olfaction, acoustico-lateralis sense and electroreception; and a cranial morphology that has
been molded into a number of functionally adaptive forms. These forms result in
grasping, sucking, crushing, gouging, cutting and filtering systems of feeding. With
relatively few exceptions elasmobranch feeding mechanisms share such features as
subterminal or inferior mouths, a dynamic tooth replacement system, hyostylic jaw
suspension and a kinetic, protractile upper jaw. The importance of each of these
components is discussed. The evolution of the high diversity of mechanical feeding
systems in such a small group of vertebrates has probably been facilitated by the
morphological simplicity of the basic feeding mechanism. This radiation was accomplished
by modifications in jaw length, the length and supporting angle of the hyomandibula, the
size of the gape, dentition and changes in the relative size of the cranial musculature. The
evolutionary pattern of shark feeding mechanisms is complex, there being several
examples of both parallelism and convergence. A long-jawed, grasping form (similar to,
but not identical with Chlamydoselachus) is here considered primitive. From a subsequent
benthic sucking and grasping ancestor, similar in many respects to some living batoids,
radiated crushing, ray-like forms; cutting, squaloid forms; and gouging, lamniform and
carcharhiniform types. From the latter developed sucking and grasping, or crushing forms
such as modern orectolobiforms, triakids and heterodontiform sharks. From several levels
(primary crushing, secondary crushing and gouging) there emerged filter-feeding forms
represented today by mobulids, rhiniodontids and cetorhinids.

INTRODUCTION

As a group of "lower" vertebrates, the
elasmobranch fishes have long suffered
typological comparisons with other verte-
brates. The tendency to consider them as a
general or "primitive" type probably stems
from a number of reasons, not the least of
which is their superficially simple visceral
and skeletal morphology. We are now only
beginning to appreciate that living elas-
mobranchs are not particularly "simple."
We know, for instance, that they possess
some elegant sensory systems including
special exteroceptors of which we have no
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intuitive understanding. They have a re-
productive system that has, in some cases,
maximally exploited the advantages of-
fered by internal fertilization. They have a
highly specialized osmoregulatory system
that has required considerable modifica-
tion down to the molecular level. They
have brains which are astounding in size
when compared to other poikilotherms,
and which are virtually unexplored in
terms of their complexity. And finally,
elasmobranchs have evolved a diversity of
feeding mechanisms which is probably
unparalleled by other groups containing
so few extant species.

Although elasmobranchs were consid-
ered important to an older school of
morphologists as a basis for their typologi-
cal ordering of vertebrates, and are today
considered important to a newer school of
biologists, surprisingly few general studies
on their feeding mechanisms exist in the
literature. Thus the early works on the
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cranial morphology of sharks tended to
involve only the smaller and more com-
mon forms such as Squalus (Marion, 1905;
El-Toubi, 1949), Scyliorhinus (Parker,
1879) and Mustelus (Tiesing, 1896); or the
more seldomly encountered ones such as
Chlamydoselochus (Garman, 1885; Goodey,
1910; Allis, 1923; Smith, 1937), Rhiniodon
(E. G. White, 1931; Denison, 1937) Hep-
tranchias (Marion, 1905) Centrophorus
(Woodland, 1906) and Somniosus (P. White,
1890). More comprehensive studies of
shark feeding mechanisms include the
comparative studies of Vetter (1874), Fur-
bringer (1903), Allis (1914), Holmgren
(1940, 1941, 1943) and Lightoller (1939).
A functional analysis of shark jaw muscles
was reported by Luther (1909). His ideas,
especially those concerning upper jaw
protraction, were criticized and modified
by Adams (1919), Haller (1926) and
2labek (1931-32). The impetus for much
of this research stemmed from the notion
that much could be learned about struc-
tural homologies among vertebrates. Al-
though this outlook stimulated careful
examination of skeletal, muscular and
nervous systems in the available sharks, it
did not result in an understanding of the
feeding mechanisms of these animals. To
know how a shark feeds requires
physiological and behavioral as well as
anatomical information. Such a functional
synthesis has only begun in the analysis of
shark feeding (Springer, 1961; Gilbert,
1962; Moss, 1972a).

DISCUSSION

Components of the feeding mechanism

The act of filling a belly with food is
often couched in mechanical terms, espe-
cially by morphologists studying the con-
tribution of skeletal and muscular ele-
ments to the feeding act. In a more general
way the feeding mechanism of any animal
involves additional components. These in-
clude sensory systems for the perception
of food, an integrative system to produce
the behavior appropriate to the task of
approaching the food, and finally, the
mechanical system necessary to ingest the
food.

In terms of sensory systems available to
be used in the perception of prey or-
ganisms, elasmobranchs may well be
among the most amply endowed of all
fishes. A number of studies (Parker, 1914;
Tester, 1963; Hodgson, Mathewson and
Gilbert, 1967) suggest that the olfactory
system in these animals is exceptionally
acute. Additionally, sharks have a good
visual system (Gilbert, 1963) which is
adaptable for both dim and bright-light
conditions (Gilbert, 1962; Kuchnow and
Gilbert, 1967; Gruber, 1967). Studies on
the responses of sharks to low frequency
sounds (Nelson and Gruber, 1963; Nelson,
1967; Myrberg et ai, 1972; Banner, 1972)
show that they respond to these signals
and use them in the perception of distant
prey. In addition to other exteroceptive
systems such as taste (Tester, 1963) and
mechanoreception useful in feeding
(Springer, 1967; Moss, 1972a) sharks pos-
sess an electroreceptive system which is
known to be useful in the location of living
prey at near distances (Kalmijn, 1966,
1971).

The abundance of complimentary sen-
sory systems possessed by sharks which
may be used in locating and homing in on
prey, must be accompanied by an adequate
integrating system if the potential of this
rich exteroceptive array is to be realized.
Although our understanding of the elas-
mobranch CNS is still in its infancy it may
be important that sharks have relatively
large brains (Young, 1962; Jerison, 1973)
with an apparent complexity unsuspected
until recently (Northcutt, 1977).

The behavior of sharks, which of course
is the result of the central nervous system's
integration, presents another dimension to
a total analysis of feeding mechanisms in
these animals. Our understanding of feed-
ing behavior is relatively deficient, owing
perhaps to a number of factors. First of all,
sharks tend to be difficult to maintain and
study in carefully controlled situations.
Secondly, these animals present a complex
mix of learned (Clark, 1959) and innate or
stereotyped behavior patterns (Johnson
and Nelson, 1973). Additionally, the con-
ditions under which feeding behavior is
released may be controlled by environ-
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mental factors such as temperature (Clark,
1963) which are not in a strict sense part of
the feeding stimulus. The central inhibi-
tory components of feeding are poorly
understood. Sharks are known to engage
in so-called "feeding frenzies" similar in
many respects to socially-facilitated feed-
ing in teleost fishes and other vertebrates
(Vorenberg, 1962; Essapian, 1962;
Springer, 1967). The releasers important
in this behavior are not known and are
probably complex.

The often cited "unpredictability" of
shark feeding behavior is testimony to the
complexity of elasmobranch sensory sys-
tems and the central integration of this
sensory information. Once a decision to
feed has been made, however, the shark
attacks its prey in a relatively straight-
forward manner with little variation within
a species (Springer, 1961; Gilbert, 1962;
Moss, 1972a). Differences in feeding be-
havior between species are often recogniz-
able and can frequently be correlated with
morphological specializations in one
species or another (Springer, 1961; Hob-
son, 1963; Moss, 1972a).

The final component important in shark
feeding mechanisms is the skeletal, muscu-
lar, dental and integumentary apparatus
which is responsible for the physical act of
eating. Particularly important in this re-
gard are the cranial skeletal elements (in-
cluding the chondrocranium, jaws, hyoid
arch and their associated musculature), the
teeth, the skin of the head and the con-
formation of the head and pectoral fins.
Specializations of these morphological
components have produced mechanical
systems for eating which are in many ways
unparalleled by other fishes and which
have placed many sharks at the top of
marine food webs.

The "chinless" shark

When William Beebe (1926) described
sharks as "chinless cowards" he dramati-
cally called attention to the inferior mouth,
one of the more peculiar and pervasive
features of the shark-like form. The ven-
tral and subterminal placement of the
mouth in all sturgeons and some teleosts is

usually associated with benthic feeding.
Among elasmobranchs the association of
an inferior mouth with benthic feeding
habits is true of most batoids and some
sharks. Many sharks, however, are pelagic
feeders, and the presence of an inferior
mouth in these seems at first glance to be
cumbersome and disadvantageous. In fact,
the inferior mouth position of most elas-
mobranchs provides them with a set of
modifications that can be interpreted as
advantageous from several points of view.

The ventral mouth allows the external
nares to sample an environment in front
of the mouth. In those sharks with
nasoral grooves (e.g., Orectolobiformes,
Heterodontiformes, some Scyliorhinids,
Rajiformes, Myliobatiformes) an addi-
tional advantage functionally equivalent to
one provided by internal nares is pro-
duced. That is, these sharks are able to
sample the olfactory environment through
nasal water currents generated by the
branchial ventilation mechanism while
resting motionless (Moss, 19726). The ven-
tral placement of the external nares in
most living sharks is quite different from
the dorsal location of these structures in
bony fishes. Even the sturgeons, which
have a feeding mechanism similar to that
of many sharks (Stengel, 1962), have dor-
sally located external nares.

The electroreceptive ampullary system
of elasmobranchs also favors the ventral
location of the mouth. In both Raja ocellata
and R. erinacea the geometric center of the
array of ventral ampullary openings lies on
the mouth (Wm. Raschi, personal com-
munication). Presumably this facilitates the
integration of electrosensory information
relative to feeding and would be impossi-
ble in a fish with a terminal mouth. The
geometric center of the dorsal ampullary
pores lies on the posterior edge of the
cranium in these skates.

A further sensory advantage provided
by the inferior mouth position is the free-
ing of the snout region to be used as a site
for mechanoreception. Large pelagic
sharks routinely bump potential but un-
familiar prey objects prior to a feeding
attack (Springer, 1967; Moss, 1972a) and
some benthic sharks (e.g., Orectolobi-
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formes, Pristiophoriformes) are equipped
with pre-oral barbels of presumed tactile
and gustatory function.

The ventral mouths of sharks allow
pre-oral planing surfaces which can be
important in allowing these animals to
maneuver for feeding and other purposes
(Springer, 1967; Thomson, 1976). This
surface is maximized in hammerhead
sharks.

As noted by Schaeffer (1967) the ventral
mouth position in sharks is related to
shortening of the jaws as well as to rostral
enlargement. In paleozoic sharks (Schaef-
fer, 1967; Zangerl, 1973) as well as living,
seemingly archaic ones such as Chlamydose-
lachus the jaw articulation is on a level with
the otic region of the skull or even behind
it. Musculature and connective tissue con-
nections between the mandibular arch and
the neurocranium tend to be concentrated
in the post-orbital region. This is also true
of modern sharks, but because the upper
and lower jaws have shortened, the mouth
assumes a more ventral position. The short-
ened jaw acts to reduce the lever arms,
providing the shark with a greater
mechanical advantage when it bites. The
effect is to provide a greater biting force at
the front of the jaws for a given quad-
ratomandibularis muscle mass. This par-
ticular advantage is gained at the expense
of reducing the maximum gape and in
placing stronger forces on what appears to
be a relatively fragile and poorly sup-
ported dentition.

The biting force of large galeomorph
sharks can be very considerable (Snodgrass
and Gilbert, 1967) and it is not unusual to
find specimens which have suffered dam-
age to the dentition (Moss, 1972c). A criti-
cal adaptation which may have allowed the
development of such large and destructive
biting forces is the mechanism for rapid
tooth replacement characteristic of all
elasmobranchs. Thus, damaged or out-
grown teeth may be replaced in very short
periods of time (Ifft and Zinn, 1948; Moss,
1967 and 1972c; Wass, 1973).

In sharks which utilize large food items
in their diet (many galeomorph sharks, for
instance) the reduction in vertical gape
which accompanies jaw shortening might

seem to be disadvantageous. Many of these
sharks, however, have long, backward pro-
jecting hyomandibulae which swing later-
ally when the mouth opens. The effect is to
increase the lateral dimension of the gape
as well as to maximize the vertical opening.

For those elasmobranchs which feed on
small, benthic organisms, the reduction of
the gape due to jaw shortening offers an
additional advantage; that of suction feed-
ing. Here the possession of a small mouth
coupled with an expansive orobranchial
chamber allows the creation of a relatively
high velocity water influx through the
mouth. Such has been shown to be the
case in Ginlymostoma cirratum (Tanaka,
1973) and probably operates as well in
most batoids, heterodontiform, pris-
tiophoriform and orectolobiform sharks.
In groups such as the Orectolobiformes
the gape is additionally reduced by large
quadratomandibularis and preorbitalis
muscles that encroach forward on the jaws
(Compagno, 1973), and by pronounced
labial folds strengthened by prominent la-
bial cartilages. With the mouth open these
sharks have an almost tubular oral open-
ing.

The suspensorium

The relationship of the hyoid suspen-
sorium to the feeding mechanism of
sharks is an interesting one which is in
need of further investigation. Some
sharks, notably the hexanchoids, possess a
postorbital articulation between the
palatoquadrate cartilage and the braincase
(Daniel, 1934). In the rest the upper jaw is
freely movable in the vertical plane with
respect to the neurocranium. The entire
jaw apparatus is buttressed against the otic
region of the neurocranium by means of
the epihyal (hyomandibula) element of the
hyoid arch. Some paleozoic sharks had a
non-suspensory hyoid (Zangerl and Wil-
liams, 1975), but in all modern ones the
hyomandibula is a conspicuous feature of
the feeding mechanism.

The hyoid suspensorium of living sharks
allows exploitation of the advantages of a
kinetic upper jaw. These advantages include
the protrusion of the upper jaw by benthic
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feeders, such as many batoids, to direct
suction currents directly up from the
benthos into the mouth; the better manip-
ulation of prey when grasped; the more
precise picking up of food from the bot-
tom by moving sharks (Moss, 1972a); and
the active penetration of the upper jaw
into the kerf produced by the cutting ac-
tion of its teeth (Moss, 1972a).

In elasmobranchs the form of the
hyomandibula varies greatly from a stout
laterally-directed cartilage in orectolobids
to a longer, ventrolaterally protruding
element in squaloids, to very long pos-
teriorly directed elements in lamniform
and carcharhiniform sharks. In many re-
spects the morphology of the hyoman-
dibulae, other jaw articulations with the
skull and patterns of dentition can be
correlated to provide a picture of the feed-
ing dynamics of various sharks.

Types of feeding mechanisms

From the standpoint of feeding
mechanisms, carcharhiniform sharks are
the best known (Springer, 1961; Gilbert,
1962; Hobson, 1963; Moss, 1972a). These
sharks have posteriorly-directed hyoman-
dibulae (Fig. 1), prominent preorbital pro-
cesses of the upper jaw which are loosely
connected to the ethmoidal region of the
braincase by stout ethmo-palatine liga-
ments, and a dentition which usually fea-
tures awl-shaped teeth on the lower jaw
and broader, blade-like teeth on the upper
jaw (Moss, 1972a). The biting act of these
sharks involves a considerable amount of
lateral head shaking as the cutting edges of
the teeth are brought into play. The
hyomandibulae are swung outward to
brace the jaw complex tightly against the
skin behind the mouth. In addition to
providing lateral support for the jaws this
action rotates the upper jaw out and down,
providing a deep, gouge-like bite. The
relatively long jaws of lamniform and car-
charhiniform sharks, the rotation of the
jaw apparatus and the efficient cutting
dentition produce a feeding mechanism
that is unusual in the predatory world; that
is, the ability to efficiently carve chunks out
of a prey that is too large to be entirely

me
FIG. 1. Dorsal view of the neurocranium, mandibu-
lar and hyoid arches of a generalized
carcharhiniform shark, (hy = hyomandibula; me =
Meckel's cartilage; nc = nasal capsule; oc = occiput; ob
= orbital process; pq = palatoquadrate cartilage).

surrounded by the open mouth. With the
evolution of this gouging feeding
mechanism the relative safety afforded a
prey organism by sheer size or bulk alone
became less important.

Although the feeding behaviors of other
groups of sharks are less well known, the
morphology of the feeding mechanism
and examination of stomach contents can
lead to some obvious inferences about
their feeding dynamics. Squaloid sharks,
for example, are distinctive in that the
hyomandibulae pass out at right angles
from the braincase to the mandibular arch
(Fig. 2), and that the preorbital processes
of the upper jaw are extremely long, pass-
ing up through the orbit. The jaws are
very short with relatively small functional
teeth arranged in series that pass almost
perpendicular to the main body axis. Al-
though the upper jaws are freely protrac-
tile the biting mechanism seems to lack the
anterior rotation offered by the forward-
swinging hyomandibulae of lamniform
and carcharhiniform sharks. Lateral forces
to the jaws, generated during feeding, are
resisted by the preorbital processes and the
static hyomandibulae, not by wedging the
jaws against the skin. In many genera {e.g.,
Isistius, Etmopterus, Centroscymnus, Dalatias,
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FIG. 2. Dorsal view of the neurocranium, mandibu-
lar and hyoid arches of the squalimorph shark,
Squalus acanthias (hy = hyomandibula; me = Meckel's
cartilage; nc = nasal capsule; oc = occiput; pq =
palatoquadrate cartilage).

Somniosus) the broader cutting teeth are
found in the lower jaw. Although some
squaloids such as Squalus, Echinorhinus and
Somniosus will attack prey too large to be
surrounded by the mouth, they are
primarily small fish and invertebrate feed-
ers (Bigelow and Schroeder, 1948) and are
able to neatly sever into pieces those prey
small enough to fit inside the mouth. As a
group then, squaloid sharks possess a feed-
ing mechanism seemingly better adapted
to a cutting rather than a gouging func-
tion. Their relatively small mouths with
kinetic upper jaws additionally may make
them better at sucking small benthic prey
into the mouth than the larger-mouthed
carcharhiniform and lamniform sharks.

A third, distinct type of shark feeding
mechanism is characteristic of most batoids
and many galeomorph sharks such as the
Orectolobiformes and Heterodontiformes.
A grasping and/or crushing mechanism, it
is characterized by small setiform holding
teeth or molariform crushing teeth, vertic-

ally and laterally directed hyomandibulae,
short jaws with extremely small mouth
openings and, in many cases, a very expan-
sive and powerful jaw musculature. As an
example of the type, the feeding
mechanism of the nurse shark, Ginglymos-
toma cirratum will be considered here.

The hyomandibula of Ginglymostoma is
short and heavy, and projects laterally
from the chondrocranium (Fig. 3). Its me-
dial end is tightly attached to the chon-
drocranium on the lateral wall of the otic
region, but more anteriorly than that seen
in carcharhiniform sharks. It is strongly
attached on its lateral end to the postar-
ticular process of the lower jaw. On its
broad dorsal surface the hyomandibula
has a deep, circular depression for the
insertion of its levator muscle.

The palatoquadrate cartilage lacks an
orbital process. Relatively weak ligament-
ous connections are made with the neuro-
cranium from the anterior region of the
ascending process of the upper jaw to the
base of the nasal capsule. The medial sur-
face of the upper jaw is padded with dense
connective tissue to cushion it against the
skull.

The cranial musculature of Ginglymos-
toma is dominated by large levator
hyoideus and levator palatoquadrati mus-
cles which act to raise the hyomandibula

FIG. 3. Dorsal view of the neurocranium, mandibu-
lar and hyoid arches of the orectoolobiform shark,
Ginglymostoma cirratum. (hy = hyomandibula; me =
Meckel's cartilage; nc = nasal capsule; oc = occiput; pq =
palatoquadrate cartilage).
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and palatoquadrate respectively (Fig. 4),
by a complex quadratomandibularis which
acts both to levate the lower jaw and de-
press the upper jaw; and by a strong

k preorbitalis muscle that acts to raise the
lower jaw, and by means of a small anterior
slip, to depress the upper jaw.

The strong labial cartilages of the nurse
shark have a relatively prominent intrinsic
muscle which passes from the posterior
face of the ventral cartilage to the poster-
ior face of the intermediate cartilage. It
acts to extend these cartilages, producing
an almost tubular mouth opening.

The ventral, depressor musculature of
Ginglymostoma includes small coracoman-
dibularis muscles to depress the lower jaw.
The coracohyoideus muscles run from the
coracoid bar to the basihyal and anterior
part of the ceratohyal cartilages. They are
extremely thick and deep muscles and act
to depress the lower elements of the hyoid
arch, enlarging the oral and pharyngeal
cavities. The coracobranchial muscles are
also hypertrophied and act to draw the
hypobranchial cartilages posteriad, in-
creasing the size of the pharyngeal cavity.

In its totality the nurse shark has a
feeding mechanism which is admirably
suited for sucking relatively small benthic
invertebrates into its mouth and then
crushing them, if necessary, prior to swal-
lowing. Many similar modifications for a
suction form of feeding can be found in

Ima
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FIG. 4. Lateral view of the cranial musculature of
Ginglymostoma nrralum. (1c = labial cartilage; lh = levalor
hyoideus; Ims = levator palatoquadratii; nc = nasal
capsule; preorb = preorbitalis anterior; qm, = quad-
ratomandibularis anterior; qm2 = quadratomandibularis
anlerointermediate; qm3 = quadratomandibularis ventroin-
termediate; qm4 = quadratomandibularis posterior).

other elasmobranchs, principally among
the batoids.

The final major feeding mechanism
found among sharks is the filter feeding
type seen in mobulid rays, the basking
shark (Cetorhinus) and the whale shark
(Rhiniodon). The fundamental adaptations
involve an enlarged, sometimes terminal
mouth with reduced dentition and a jaw
musculature which is relatively weak.
Elaborate gill rakers are available to filter
small organisms from the enormous vol-
umes of water passed through the mouth.

Feeding mechanism radiation

Although real evolutionary relationships
can seldom be determined from the
examination of a single character complex
such as the feeding mechanism, it can be
interesting to consider patterns of
evolutionary change within the complex
itself. Paleozoic elasmobranchs exhibited
feeding mechanisms which tended to fea-
ture terminal mouths, a grasping clado-
dont dentition and an amphistylic suspen-
sorium (Schaeffer, 1967; Moy-Thomas
and Miles, 1971; Zangerl, 1973). The
hyomandibula may not have buttressed
the jaws in some ancient sharks (Zangerl
and Williams, 1975). In most of these early
sharks upper jaw mobility appears to have
been minimal.

Subsequent evolution of the elasmo-
branch feeding mechanism (Fig. 5) in-
volved a shortening of the jaws (resulting
in an inferior mouth) and the switch from
a relatively immobile amphistylic jaw sus-
pension to a highly kinetic hyostylic suspen-
sorium. With these changes the external
nares moved to a ventral, preoral position.
The resulting feeding mechanism was a
small-mouthed, suction feeding type; simi-
lar, perhaps, to that seen in modern skates.
The primary importance of the hyostylic
jaw suspension may have been to allow
suction feeding from the benthos.

The subsequent radiation of feeding
mechanisms is impressive. A molariform
dentition, combined with strengthened
jaws and a more robust mandibular arch
musculature produced the crushing feed-
ing mechanism typical of many living rays.
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FILTER-FEEDING

CUTTING SUCTION-CRUSHING GOUGING

(SQUALIMORPH) (MYUOBATIFORM) (CARCHARHINIFORM)

(LAMNIFORM]

\

-SUCTION-GRASPING
(R&JID-LIKE)

t
GRASPING ANCESTOR

(TERMINAL MOUTH)

FIG. 5. Radiation of elasmobranch feeding
mechanisms.

The squaliform sharks have attained a
cutting dentition, but otherwise retain the
short jaws and unspecialized form of hyo-
styly. The galeomorph sharks are most
complex. Their adaptations feature
lengthened jaws and hyomandibulae, and
cutting teeth, producing a gouging feed-
ing mechanism capable of a wide selection
of food types. Some, such as the Orec-
tolobiformes and Heterodontiformes,
have reverted to shorter jaws and grasping
or crushing teeth to re-establish a suction
and crushing feeding mechanism. Other
galeomorphs such as some triakid sharks,
by adopting a molariform dentition, have
developed a modified crushing feeding
mechanism. From several levels, elasmo-
branchs have independently derived filter
feeding mechanisms. Thus the basic suc-
tion type produced filter feeding
mobulids; the gouging Iamniform type
gave rise to the filter feeding Cetorhinus;
and the orectolobiform suction type
evolved to filter feeding in Rhiniodon.

The radiation of so many distinct feed-
ing types in a group of vertebrates as small
as the elasmobranchs is noteworthy. A key
feature of the apparent plasticity in this
system may be its morphological simplicity.
Using relatively few muscular and skeletal
components, and with rather undramatic
changes in these, elasmobranch fishes have
responded to environmental changes in
such ways as to produce some of the most
effective feeding systems in the oceans.
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