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Class Chondrichthyes

(Cartilageous fishes)

subclass elasmobranchi (sharks, skates and rays)
subclass holocephali (chimaeras)

- What ensures them to be secure in aquatic community?
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The most important charactristics of Chondricthyes

1. Large (average about 2 m), body fusiform, or dorsoventrally depressed, with
a heterocercal caudal fin (diphycercal in chimaeras); paired pectoral and pelvic
fins, two dorsal median fins; pelvic fins in male modified for “claspers”

2. Mouth ventral; two olfactory sacs that do not open into the mouth cavity
in elasmobranchs; nostrils open into mouth cavity in chimaeras; jaws
modified from pharyngeal arch

3. Skin with placoid scales or naked in elasmobranchs; skin naked in chimaeras;
teeth of modified placoid scales and serially replaced in elasmobranchs; teeth
modified as grinding plates in chimaeras

4. Endoskeleton entirely cartilaginous; notochord persistent but
reduced; vertebrae complete and separate in elasmobranchs; vertebrae
present but centra absent in chimaeras; appendicular, girdle, and
visceral skeletons present; cranium Sutureless

5. Digestive system with J-shaped stomach (stomach absent in chimaeras);
intestine with spiral valve; often with large oil-filled
liver for buoyancy

6. Circulatory system of several pairs of aortic arches; dorsal and ventral aorta,
capillary and venous systems,hepatic portal and renal portal systems; four-
chambered heart with sinus venosus, atrium, ventricle, and conus arteriosus.

7. Respiration by means of five to seven pairs of gills leading to exposed gill slits
in elasmobranchs; four pairs of gills covered by an operculum in chimaeras

8. No swim bladder or lung 9. Opisthonephric kidney and rectal gland; blood
isosmotic or slightly hyperosmotic to sea water; high concentrations of urea
and trimethylamine oxide in blood

10. Brain of two olfactory lobes, two cerebral hemispheres, two optic lobes,
cerebellum, medulla oblongata; 10 pairs of cranial nerves; three pairs of
semicircular canals

11. Senses of smell, vibration reception (lateral line system), vision, and
electroreception well developed; inner ear opens to outside via endolymphatic
duct

12. Sexes separate; gonads paired; reproductive ducts open into cloaca
(separate urogenital and anal openings in chimaeras); oviparous, ovoviviparous,
or viviparous; direct development; fertilization
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Morphological character
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TERMINOLOGIE ANATOMIQUE GENERALE DU REQUIN.
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How does a shark catch the pray?
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Step three

* Vision
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FIGURE3.22  Anterior portion of the shark in ventral view. The right side visceral arches have been cut through
to reflect the floor of the oral cavity and pharynx. The esophagus and stomach have also been cut and reflected.
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Reproductive system

* Qviparous
— Mermiad’s purse

Reproductive system

* Oviparous
— Mesraid’s purse
* Viviparous
— Placenta or uterin milk

* Ovoviviparous
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FIGURE 3.34  Pleuroperitoneal cavity in ventral view, showing the urogenital system of the female shark. Much
of the viscera has been removed. The left ovary is reflected to the right.
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SKATE OR RAY?

RAYS
(Order Myliobatiformes)

SKATES
(Order Rajiformes)

* No thoms (or buckless) along the
midline of the back.

= Each pelvic fin has only one lobe.

* Most have enlarged thoms along the
midline of the back extending onto the

tail.
* Pelvic fins have two lobes (bilobate).

= Tail is very slender and whip-like with a
stinging spine midway along its length and

= Tail elatively stocky without a stinging
atb, and usually with two small dotsal

VS,

Rhynchobatus djeddensis (Forsskal, 1775)
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Evolutionary key factors

 Specialization of jaw musculature and skeletal elements
involved in feeding

* Swim bladder

Epaxial
muscles

« operculum

Swim
bladder

Bulbus
arteriosus Hon
Urogenital  small intestine - Ventricle

aperture

FIGURE 4.8 Cutaway view of the male perch in right lateral view, to reveal structures of the pharynx and pleu-
roperitoneal cavity.

Characteristics of Class Actinopterygia

1. Skeleton with bone of endochondral origin; caudal fin heterocercal in
ancestral forms, usually homocercal in advanced forms; skin with mucous glands
and embedded dermal scales; scales ganoid in ancestral forms, scales cycloid,
ctenoid or absent in advanced forms

Ganoid scales Cycloid scales Ctenoid scales
(nonteleost bony fishes) (teleost fishes) (teleost fishes)
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Figure 26-16
Types of caudal fins among fishes.
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Characteristics of Class Actinopterygia

2. Paired and median fins present, supported by long dermal rays (lepidotrichia);
muscles controlling fin movement within body
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3. Jaws present; teeth usually present with enamaloid covering; olfactory
sacs do not open into mouth; spiral valve present in ancestral forms,
absent in advanced forms

4. Respiration primarily by gills supported by arches and covered with an
Operculum (evolutionary key factor)

5. Swim bladder often present with or without a duct connecting to
esophagus, usually functioning in buoyancy (evolutionary key factor)

6. Circulation consisting of a heart with a sinus venosus, an undivided atrium,
and an undivided ventricle; single circulation; typically four aortic
arches;nucleated erythrocytes

7. Excretory system of paired opisthonephric kidneys; sexes usually
separate; fertilization usually external; larval forms may differ greatly from
adults

8. Nervous system of a brain with olfactory lobes, small cerebrum, optic lobes,
and cerebellum; 10 pairs of cranial nerves; three pairs of semicircular canals
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Neopterygians

* Holostei (early)
* Teleosei (modern)

A



VAR A
Alireza Keikhosravi, Hakim Sabzevari University

o 5 ela Gl gl i i b 0,8 G Olale HE 5 LS WL Olale Juls :Holostei

ESD©2003

Scales

Dentine
Epidermis

Basal plate  Pulp cavity

'

Ganoid scales Cycloid scales Ctenoid scales
(nonteleost bony fishes) (teleost fishes) (teleost fishes)

Placoid scales
(cartilaginous fishes)

Yy



YR ZA

Alireza Keikhosravi, Hakim Sabzevari University

Lateral line

16 sa) G A (ale e Jals Teleostei
(ol Ay sl pladi o a)la 55l s ) 5
W Slee 5 o § -J5S B

Anterior dorsal fin
Second
dorsal fin

Caudal fin
(homocercal)

Anal fin

Pectoral fin  Pelvic fin

(b) Largemouth bass

| gt
Common

[ chordats

wa&w

Coelacanth

Modem amphibians |/

Agnatha

. Lungfishss
t / ™.
|/ /
| .'f‘ ™ -

Vertebrata (cranista)

-

£ —
Sturgeons

Gars
N R
W ;
- b L 2-
S -
T =
Medem T
bony fishes
-
e ) i =
e Sharks, skatss,
rays
Holocephalans | @%—:’ s
- Chimasras

e
_ -
Lamprays

Hagfishes

Cambrian

Ordovician

Silurian
PALEQZOIC

Carboniferous  Permian

HESozaIE m

Y¥



YAYARAA
Alireza Keikhosravi, Hakim Sabzevari University

Morphological traits help to diversify

* Scale

* Homocercal tail
* Pharyngeal jaws
* Swim bladder

Figure 26-16
Types of caudal fins among fishes.

Heterocercal Diphycercal Homocercal
(shark) (lungfish) (perch)

skin

* Iridocyte
* chromatophore

Bony part Mucous
of scale glands Epidermis

Figure 26-17
Section through the skin of a bony fish, showing
the overlapping scales (red). The scales lie in the
dermis and are covered by epidermis.
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Lungfishes

Sturgeons

ancastor

| g,
Cambrian Ordovician Silurian Devonian Carbeniferous Permian
PALEOZOIC

External morphology

Anterior dorsal fin
(Spiny-rayed dorsal fin) o Lateral line

Posterior dorsal in
gpt;mular ?/ " /_ (Soft-rayed dorsal fin)
glon g 7,
Preopercular 3
reghon » caudal paduncle

Analtin
N Pactoral fin

Palvic fin

FIGURE 4.3 External features of the perch in left lateral view.
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FIGURE 4.1  Skeleton of the perch in left lateral view.
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Digestive system

Spleen
Stomach
= Gallbladder
Epaxial = - _— 2 z " Liver (cut)
muscles P~ A S At : Ll Head kidney
\ § Esophagus

Swim Transverse septum
bladder Pharynx
Kidney

Testes

Urinary
bladder
Archinephric -
duct

Atrium
— = Duod Bulbus
Anus ! -enum arteriosus Heant
i Pyloric ceca
Urogenital Small intestine Ventricle

aperture

FIGURE 4.8 Cutaway view of the male perch in right lateral view, to reveal structures of the pharynx and pleu-
roperitoneal cavity.

arteriosus

Atrium

Sinus
venosus (cut)
Ventricle

Stomach
Small intestine

FIGURE4.9  Curaway view of the female perch in left lateral view, to reveal structures of the pharynx and pleu-
roperitoneal cavity. Ovary has been removed.
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Swim bladder

* Physostomatus
* physoclistous

dorsal aorta

P—
to heart

— " Fic.9.17. Diagram of the circulation of the
to liver ’ = swim-bladder and the countercurrent mul-
gasgland  yisjier system. Blood may reach the swim-
bladder through the rete mirabile (supplying
the gas gland) or by a vessel to the oval
(where fine blood vessels can absorb gases).
As the gas gland produces lactic acid, the
oxygen tension increases in the venous capil-
lary and gas diffuses to the arterial capillary.
(After Schmidt-Nielsen 1979.)

Posterior

Pneumatic sac Tetrapod lung
Anterior

Pneumatic duct

(a)

(b)

Vein to Gas gland Swim bladder
heart

Swim bladder

S —

mirabile Sturgeon and many teleosts

Lung

Most teleosts ()

Lungfishes

FIGURE 18.17

Possible Seq in the Evolution of P ic Sacs.  (a) Pneumatic sacs may have originally developed from ventral outgrowths of the esophagus.
Many ancient fishes probably used pneumatic sacs as lungs. (b) Primitive lungs developed further during the evolution of vertebrates, Internal compart-
mentalization increases surface area for gas e: inge in land vertebrates. () In most bony fishes, pneumatic sacs are called swim bladders, and they are
modified for buoyancy regulation. Swim bladders are dorsal in position to prevent a tendency for the fish to “belly up” in the water. Pneumatic duct
connections to the esophagus are frequently lost, and gases transfer from the blood to the swim bladder through a countercurrent exchange mechanism
called a rete mirabile. The ovale, at the posterior end of the swim bladder, retumns gases to the bloodstream.
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FIGURE 4.5 Gills of the perch in left lateral view.
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Sense organ
* Vision
— Deep sea more than 1000 m depth
— Mesophagic
— Shallow water
* Lateral line

CHAPTER 8 M Fishes 167

Sense organ

* Hearing

— Webber

— Making sound (stridulation, phonation)
* Light organ o

. oINS
e Luminecent 0

; photogénes
J A__Ecran coloré (/p/,:ﬂ”"?

Reflecteur vy .-
[ 2

I710.£203, — Coupe sehématique d'un photophore de Goanosloma (Télkostden)
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Characteristics of subclass Sarcopterygia

1. Skeleton with bone of endochondral origin; caudal fin diphycercal in living representatives,
heterocercal in ancestral forms; skin with embedded dermal scales with a layer of dentine-like material,
cosmine, in ancestral forms

2. Paired and median fins present; paired fins with a single basal skeletal element and short dermal rays;
muscles that move paired fins located on limb

3. Jaws present; teeth are covered with true enamel and typically are crushing plates restricted to
palate; olfactory sacs paired, may or may not open into mouth; intestine

with spiral valve

4. Gills supported by bony arches and covered with an operculum

5. Swim bladder vascularized and used for respiration and buoyancy (fat-filled in the coelacanth)

6. Circulation consisting of heart with a sinus venosus, two atria, a partly divided ventricle, and a conus
arteriosus; double circulation with pulmonary and systemic circuits; characteristically five aortic arches

7. Nervous system with olfactory lobes, a cerebrum, a cerebellum, and optic lobes; 10 pairs of cranial
nerves; three pairs of semicircular canals

8. Sexes separate; fertilization external or internal
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