






Class 2 Chondrichthyes - Cartiiagenous  fish LktlX~NkIU

i%netlz

- i jaw 6.x%y.m?n anterior gill arches

- median fins, paired fin, girdle

- fiU6ll7n~3~~TTL%.&W~n  cranial bones $49JT:nClIJn”afJ  dentine, enamel

’ - heart ! 1 auricle bLRt  1 ventricle

- internal ear G semicircular cannal  3 $U

- cranial nerve 10 fj

- $ notochord

- 5 Vertebral column

- ibnCwh-my%
- 5 lateral line

- !.IJ!G  air bladder

dman~~  2 subclass “a&n’

Subclass 1 Elasmobranchii

Subclass 2 Holocephali

Subclass 1 Elasmobranchii : Shark, ray. skates

a”numz

-/ internal skeleton L%AW?n  cartilage

- placoid scale

- jaw ~~ULb”US~b159  pectoral &  pelvic girdle

- fl$U$acU  pectoral &  pelvic girdle

- spiracle 1 +J¶JUps’a

- digestive tract i spiral valve dau~Mn7a~~uawAo~lun7~~~~~

- MI?,L&UUU heterocercal tail









The Scalloped Hammerhead Shark

Also  known as ‘Man6 kihi-kihi (Hawaiian)

Sphyrna  lewini (Griffith and Smith), 1834

Jdd  4-6 Sphyrna lewini



&lalir~ The Dogfish Shark
d Y
TtTJYlUlFl’lRGl~  Squalus fernandinus Molina, 1782

The Dogfish Shark

Squalus fernandims  hlolina,  1782

Jl/$  4- 7 Squalus fernandinus

20 411



The Granular Shark

Centroscyllium granulosum Gunther, 1880

4’
YJ?l 4-8 Centroscyllium granulosum

Order 2 Rajiformes (shakte-rays)

iiiwMd=

- Tail FlhJkrr"  d poison spine

- Placoid  scales L¶./&JI&L~R4~~L”aLln  dentine

2 8 z o  4 1 1



Family Dasyatidae

Bonla?~ The Hawaiian Sting Kay

~O?YlU7KlRGl~  Dasyatis hawiiensis

us!/;’ 4-9 Dusyatis  hawiiensis

zo 411 29



3 0

Sdi’ 4-10  Manta birostris

zo 411



20  4 1 1 3 1



- ~Cl~¶J-laZJltX  25 species b%Lti

Family Chimaeridae

&l&n,-, The purple Chimeara

%l%ltJlKltWl~  Hydrolagus purpurescens (Gilbert), 1905

The Purple Chimaera

Ifsdrhagur  /qbure.wnr  (Gilbert), 1905

Sk 4 11 Hvdrolagus  purpurescens

3 2 zo 411



%li=fl&-lJ The 3-foot Pacific ratfish
d P
T6laYlfJlF7lRGl%  Hgdrolagus  colliei

sIpdlG1  @7afJ1aLhJ1m  3 vjrn

Habitat W¶JGll%JTllLl~.Y9lFl  Alaska $9  Baja California

Class 3 Osteichthyes - bony fish ~IJ!6~i-d7~fl?7L2?~U’lfl~~~

a”nWMZ  (Morphological features)

Internal skeleton L%-4Wfl bone

- +Nnlulh~tpJ~afJ  bony scale

p a i r e d ,  medianed  f in

- candal fin L%-UIlEl symmetrical

- gilt E]2f6%  4 4 gill &nngZJ!¶%Ju  dermal  bone

&p”

zo 411 3 3



Adaptative radiation of bony fish

- Feeding - habits of bony fish ’

1. Scale & other surface armour

2. Spine & poison gland

spine ki’JWJlnaf$  operculum, dorsal,fin  a&  1~ cat fish

3. electric organ - electric ell II.&  Amazon electric sting ray (n53uu~vMi)  electric
P

5. color ¶kpfK&6WJ  cell ?pa??U  dermis a) chromatophones, b) reflecting cells

d pigment 47, UWJ,  bVt%lJ,  iXl  - guanin&lIGJbbR9

Class  Osteichthyes Mk.WOfl!m”  2 subclass

Subclass 1 Sarcopterygii k.&klonk?  2 super order

Super order 1 Crossopterygii

Super order 2 Dipnoi

Subclass 2 Actinopterygii U¶k9OElftk?  3 super order

Super order 1 Chondrostei

Super order 2 Holostei

Super order 3 Teleostei

34 20  411



rd%lJ1fier¶./

- Dorsal fin

- Pair fm

- Scale

- Pineal on head

- internal nostril of Choanae

- jaw

Actinopterygii &  Sarcopterygii

8 2

i dermal ray &  internal element

am

mm-h

d

;

%.jtTt~~!I.j;  hyomandibular

Subclass 1 Sarcopterygii - lobe finned fish

Super order 1 Crossopterygii

Order Coelacanthiformes

- Caudal fin symmetrical (diphycercal)

- pelvic fin dElPa~Wl~PrS6tiai2

- Scale %~iqjm%&au  enamel

- Nostril %l,  kk?J  internal nostrils

- mbimuia 5% mJ.,  u.u.dxum  150 dou6

~~Qfh~LiU  Latimeria sp.

zo 411 3 5



?I/#  4-l  2 Latimeria, a living crossopterygian fish

Superorder 2 Dipnoi

-notochord ~~PXI?%J~X~TI&IUYIEI.S  vertebral arch ltd’b~~6R~~%h!ti~X vertebral

centra  na~b~~n.ih.ma~n~~

- external LbRt  internal nares +‘&U<UW?ft  amphibian x1ln

7 lung LP%&lJ19l?l  esophagous ~!,?%Ix%&J~~U  notochord ~KI~&&&v~~  Lepi-

dosiren UK protopterous

- Median fin fJlX%dJfk  paired fin tsrlg,!

- Internal skeleton &Pr!H$~PrtHJU  cartilage Ul&aUt%&  bone

- Internal nare (choanae)

- functional ventral lung present

- ah4andflil7+e,

- Scale - Cycloid

- Gill G 2, 3, 4 +j

- intestine 3 spiral valve

- internal nares, functional ventral lung bkA air bladder ~$!Unl5Mlu19

3 6 20  41'1



1. Family.Ceratodontidac  ! 1 sp. ;@I  Neoceratodus forsteri

The Australlarl

s h o w s how the
derrved  from the

extension IS the swim
bladder.

(Below) The fins of
modern fishes (fop)
developed from the
primitive limb-like forms
(below) of the early
fishes. This type of fin IS
still seen in coelacanths
and lungfishes.

gd+’  4- 13 Australian lung fish

3 7



2. Family Lepidosirenidae

z.?/i’  4 14 Lepidosira paradoxus

3 8 20  411



,5p/iY  4 15 Pr0tpptrru.r  annectens

zo 411 3 9



Subclass 2 Actinopterygii (Ray-Finned Fishes), Rayfins  Higher Bony Fishes
t

Jdw” 4-f 6 ray finned fish

Subclass Actinoptergii hNllX.hXllldl4  3 Superorder 6%

- Superorder Chondrostei

- Superorder 2 Holo&ei

- Superorder 3 Teieostei

4 0

*

20 411



I~~fJ7J~w”W.J  Chondrostei, Holostei bbA2 Teleostei

Chondrostei

- Primitive, Devonian - Permian

- internal skeleton

¶Jl&aU&4  Cartilage

- d spiracle

WllMqj

- Maxilla lJoJ1UB17~  cheek

- Hyomandibular NiJbr34

- Heterocercal tail

- Pelvic fin Flf.JYl1-S  Polsterior

lh  Paleoniscus Sturgeon,

Paddle fish

-

-

Holostei

intermediate

Internal skeleton

lJl9fhPalBpI  Cartilage

l3-G  spicacle

@llh~

Maxilla (6fl%¶)  jaw &4

WJldH~

heterocetcal  tail &?naJ

Pelvic fin OfJWl9  Posterior

Lung L?%&L%J  air bladde

Pholidophorous gar, bowfii

Teleostei

Advance  - Cretarceous-  ¶%lg¶%4

Internal skeleton

'h.Wlnlh  bone

- I& spiracle

- a1h~

- Maxilla free ¶J?raQ4  cheek

l&l  jaw &4

- wJlMtj

- homocercal tail

- Pelvic fin L~~Opd~~¶JB17apI

GhuM~9dl9 “)

- Air bladder ~~fl~&-4UJ¶J

hydrostatic

- Clupea ¶.%I@4



- Order 1 Polypteriformes

- Order 2 Acipenseriformes

Order 1 Polypteriformes

42. zo 411



Eichir

$~?TIVI+TIIXG~~  - Polypterus bichir

Common name - Bichir

211;’ 4- 17 Bichir (Po&pterus  bichir, Order YPTERIFORMES). Length to 36 inches. Normun,

Guide to Jish ga!lery,  British Museum

zo 411
4 3



Reedfish

Sciencetific name - Calamoiehthys calabaricus

common name - Reedfish

genus - Calamoichthys

species - Calabaricus

jl&/ 4-18 Week’s Polypterus;  Reedfish

Y
- .iivulwla  1.0  - 1 4  $a

- 1 tie Pelvic fins

- ~~f6WW  placoid

- ijlnasi79b3unar~ndou

- d Caudal fin b%U¶.l?~  Symrtietrical

- $ spiral val!je  IPaill~

- nTkl%-4~  External fertilization hJ?ll3~1~~~
Y

- WEI~PbbLBiilLLA6h  wlJ~~~~~n~oJ0l~inl~ln  Nigeria 89 Congo

Order 2 Acipenseriformes (Chondrostei)

- Snout tJl2

4 4 zo 411



O r d e r  Acipenseriformes  ,

- U&EtOflL%&  3 Family %I

- Family Chondrosteidae - ~~w’pa~~~bL&J

- Family Acipenseridae - Sturgeons

- Family Polyodontidae - Paddlefishes

Family Acipenseridae - Sturgeon

- -@hsb~uan~luaala.J  (Shark-like)

$i  4-19 Sturgeon

zo 411 4 5



- S.N. Acipenser sturio

C.N. Common Sturgeon

- S.N. Acipenser transmontanus

C.N. White sturgeon

- S.N. Acipenser fulvescens

C.N. Shovel-nosed sturgeon

- S.N. Huso buso

C.N. Hausen

- S.N. Acipenser rutbenus

C.N. Sterlet

- S.N. Acipenser sturio

C.N. Common Sturgeon

Acipenser sturio

4’
YI./W  4-20  Sturgeon (Acipenser sturio, Order Acipenseriformes).  Length to IOfeet.  (After Norman

Guide to fish gallery, British Murum.)

4 6. zo  411



-i
YdW  4-21 Acipenser transmontanus

zo 411



S.N. - Huso buso

C.N. - Hausen

JdG’ 4-22  (from above) Hansen; White Sturgeon; Common Sturgeon; Sterlet;  La/,-e  sturgeon

4 8
20 411



y!/$  4-23 Paddlefish

20 411 4 9



Superorder Holostei (bony ganoid)

- ~81-4  intermediate ray finned fishes

- llu1Gl  0.7-3 In.

- Caudal fin L~ULLIJIJ  heterocercal

- $ Scale L%UUXI  ganoid Lb&X  cycloid

- $ air bladder

/ Intestine $ spiral valve
I

Order 1 Amiiformes (Halecomorphi) : Family Amiidae

&wtMz

5 0 zo 411



/p/i  4-24  Amia calva

Mississippi

zo 411

Order 2 Iiemionotiformes, (Ginglymodi)

5 1



- s n o u t  Laacil~ama

- &?ibrL=ihaaas

- Dorsal fin O@l7+%;7u  posterior

- Scale b’??W¶JL!  Ganoid

- Tail fin &, L~U~LIJ¶J  heterocercal

- WSJGIjloUK%qfl~  Cretaceous $4 Kecent

&iaohJ!&iabd  Lepiosteus osseus  (long-nosed gar)

JT/$ 4-25 Long-nosed gar (Lepiosteus osseus,  Order Semionotrformes).  Length IO 5 feet. (After

Norman, Guide to fish gallery, British Museum.)

5 2 z o  4 1 1



L

Superorder 3 Teleostei

zo 4 1 1
5 3

-



5 4 20 411



zo 411 5 5



10  cn.

56



+i 4-30 66%/3

z o  4 1 1 5 7

-



‘Ghtssocles  hauntltonii  (G,.~,)

Suborder Notopteroidei

Family Notopteridae

miu,  ~iww

10 WI.

58



20 411 5 9



n

6 0
20 411




