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Placodermi

(extinct jawed fishes) =
Chondrichthyes (sharks and rays)
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Osteichthyes (bony fishes)

(frogs and s)

Reptilia (reptiles)

Aves (birds) ﬂ

Mammalia (mammals) )
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Adapting to the Environment

What are organisms adapting to?

*Energy sources & acquisition (diet, feeding habits, niches)
eClimate (temperature, humidity, precipitation, aridity, seasonality)

eWater (salinity, temperature, pressure)

SIMPLIFIED PHYLOGENY OF THE BONY VERTEBRATES

eSunlight (water depth, cloud cover) e Tewapods 1|
ay-finned fishes S22 T\
eLocomotion (aquatic, terrestrial, aerial) o AT costacanth AT

Lungfish
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What ie Adaptation?
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The process which enables organisms to adjust to é‘
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their environment in order to ensure survival.
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- Devonian fossil forms




Cambrian - Ordovician - Silurian - Devonian

* Warm climate * Warm climate * Warm climate  Age of the Fishes:

* Oxygenated & ended with ice age . grogenies: * Cooling climate
chemical-rich seas @ * Great Ordovician Appalachian, * First forests

. B Biodiversity Event Caledonian * Increased
First chordates & (GOBE) i oxygenation

* First land plants cartilaginous ) First tetrapods
fish & st
osteichthys fish mphiblans

vertebrates

* Increasing oxygen
levels

* First jawed fishes
486.9Ma 443.1Ma 359.3Ma
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Chondrichthyes— /3 Fish to Period | Fishes ‘ Tetrapods OMa
: Paleogene
to present
. el Tetrapods ’
% \/_\ Cretaceous
g 145
3 141 Jurassic
- Calcified bones
£
L=
5 252
3 JaWS Permian
§ = 298
Kl Carbon-
— £ Paddlefish _ _ Lun gs oo
= & sturgeon ;:‘% 350
<
e H H Devonian Age of fishes
5 Paired fins
—y R
g Silurian 443
% L- b .......
IMDS 485
. ' i i , Cambrian mmmm 50 families
300 200 100

Gnasthostomata (jawed vertebrates)

Agnatha ' Osteichthyes
(jJawless vertebrates) Chondrichthyes Adtinopterygii Sarcopterygii
* * *
Myxini Cephalaspidomorphi  Elasmobranchii Holocephali Chondrostei Polypterformes Actinistia Dipnomorpha @

(hagfishes) (lampreys) (sharks,skates,rays) (chimaeras) (sturgeons) Teleostei (bichirs) (coelacanths) (lungfish) Tetrapoda




=, Fish with Jaws
[G}f%&%&z%p Jaws evolved from gill arches
N - Gnathostomata = jaw + mouth = jawed vertebrates
— * 1st jaws during GOBE —> fish diversification

J VYYVAN - ~436Ma Xiushanosteus mirabilis 1st known jawed fish

Jawless fishes

Early jawed fishes
(placoderms, now extinct)

| * ¥~382Ma armored placoderm Dunkleosteus had
skeletons Wlth some tetrapod-like bone & cartilage

Myxine glutinosa i ) “ F‘ . l
~ S &

Hydrolagus collei Squalus acanthias
Petromyzon marinus

Modern jawed fishes
(cartilaginous and ray-finned fishes)

Additional gill arches help support
heavier, more efficient jaws, which
in turn, support teeth.

”ﬂl"

Leucoraja erinacea

Cheek

Holocephali Elasmobranchii

I_'_I

Chondrichthyes Osteichthyes

| I
Cyclostomata Gnathostomata
L |

Vertebrata
I




Lateral view Frontal view

coronal suture
parietal bone

sphenoid bone
greater wing

Evolution of Jaws
e Gnathostomata

sphenoid
bone

ethmoid bone nasal bone

orbital plate ettimoid
bone
nasal bone orbital plate
middle nasal
lacrimal concha

lacrimal
bone

perpendicular — bone

e Skull & jaw evolution

zygomatic zygomatic
bone bone

Living ray-finned fish Living lobe-finned fish Living tetrapod A [ \ﬂaxma ~

. . occipital bone \ anterlor ‘ ‘*’Y‘\"\f maxilla
¢ f nasal spine vomer: N (7 { A infraorbital

temporal bone il L A foramen

\ infraorbital = ( T i
4 / foramen mandible X nasal spine

mandible ramus S
:z‘:u’;‘:’c s ’ mental foramen —<—" 4

meatus coronoid < \

process
mental foramen

Early tetrapod

© Encyclopadia Britannica, Inc.

Dermal jaw bones from fish to human living mammal

early tetrapod

Acanthostega

§e0

\o‘oe—’(\\"“ed

| Entelognathus
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PLACODERMS

Bony skull retained
and refined

- {

e ¥
(A gdih’nyu

“Conventional” placoderm

BONE TERMINOLOGY

Placoderms Living Bony Vertebrates <€— crown-gnathostomes

suborbital jugal (zygomatic in mammals)

- not applicable lacrimal

posterior supragnathal maxilla

jugal (zygomatic in mammals)

B acrimal

maxilla
anterior supragnathal  premaxilla Mcnamaraspis premaxilla dermal jaW bones
“conventional” dentary

(mandible in mammals)

infragnathal dentary (mandible in mammals)

placoderm
jawed-skull made

<—jawed vertebrates
of bony plates.




Class Chondrichthyes

Sharks, skates, rays, ratfishes

e 1t ~439Ma Silurian Period = Carboniferous

golden age of sharks

» Skeleton = hard mineralized cartilage

e Cartilage = chondrocyte cells within collagen

Tail (caudal fin) is heterocercal
- upper lobe is longer than lower

Supporting
rods inside first

dorsal fin ,‘
£

spiracle \ IS

Dorsal fins

Gillslits /\Tf—
Jaw /
Gill arch \
Pectoral fin y
I
Pectoral fin

Placoid scales
or denticles

Backbone

or spine

/

_,\

\

Supporting

rods inside tail

Second

dorsal fin
|
|
R

<

Anal fin

Pelvic fin

\

p— 255 MyXini
HAGFISHES

e (|55 Cephalaspidomorphi

LAMPREYS

Class Chondrichthyes "::'3;.__11-"' T RN
CARTILAGINOUS FISHES \4

s (|55 Sarcopterygii

LOBE-FINNED FISHES

e Cl255 Actinopterygii &~ At
RAY-FINNED FISHES o LA </

Chondrichthyes Osteichthyes
Cartilaginous fishes Bony fishes




Bony Fish
Osteichthys (bony fish)

e 425Ma Late Silurian Guiyu oneiros
» Ossified bony endoskeleton (calcium

Craniata = Vertebrata
phosphate & collagen) s
Teleostomi
. . Agnatha — Chondrichthyes | — Osteichthyes |
* Have vertebrae, skulls, jaws + ribs i 0 e
Myxini Cephalaspidomorphi ' k‘ “/ (Els::mm ::gf:;‘ ;olocw;:ll b /’ Afruarym:::\reydg. ?lm:;y;
(hagfishas) (lampreys) Placoderms! rays) (chimaeras) acanthodii®  fishes) fishes) Tetrapods

Limbs used for
terrestrial
locomotion

* Placoderms (Placodermi) = Actinopterygii & L = \ .

e
appendages,
no dermal bone, ments in skeleton of
- long larval stage girdle and limbs
fA 2 Lung or swim bladder
Coelocanths 5 > derived from gut, presence of
s Yt lepidotrichia (fin rays)
U Placoid scales,
claspers, Gills not attached to interbranchial
G __ =02 cartilaginous septum (as they are in sharks), bony
Tail (caudal fin) is homocercal —— S~
= ipperand lowerlobes equal - Lungﬁsh i skeleton o opercular covers
Sarcopterygii
Dorsal fins R & Part of second visceral arch modified as
L Naked skin with supporting element for jaws, teeth with dentine
Tetrapods A siimo glands,
™K degenerale eyes,

Jaws from mandibutar arch, 3 pairs semicircular canals, paired
appendages with intemal skeletal supporting muscles, vertebrae
with septum

Pectoral fin s ELIRAY accessory hearts

Osteichthyes Bichirs O N
Te|e05ts 2 or more pairs semicircular canals
Operculum : i
(gill cover) S ACtanpte ryg" P ddl ﬁ h Distinct head, tripartite brain, specialized sense organs,
Pelvic fin a ens 1 or more pairs semicircular canals, cranium, well-developed visceral skeleton
Analfin Cycloid or 5 — 7 tExtinct groups
ctenoid scales turgeons L& - e
N L2~
Gars S E—

Bowfins s



Anterior dorsal fin Trunk vertebrae

Ray-Finned Fish

‘ Ifm splneﬂ\ . Fin rays
Radial pterygiophores ’7
. oo . i I\ % Posterior dorsal fin
— ntermneural
Actinopterygii = having rays 7 )
Cleithrum ] 8/ W4
/ 1 Neural spine
o) . Operculum 7 Uroneural
50% of all vertebrate species ﬂ
\ SEEE - y:
Calcified Skeleton (lacks cartilage) *
g f NS
= AN
o n Hemal Hypural
ostly Teleosts (= “complete bone ,
\ Dorsal rib
R Ventral ribs vgi:gra;e
. . \ \\‘ Anal fin
Elongated flexible fin rays potic i ——
N
Osteoglossomorpha (elephant fishes and relatives) Period Actinopterygii Neopterygii Teleostei Euteleostei Neoteleostei Acanthomorpha Ma
Teleostei g " W _ ) = Percomorpha 4NV
. ° 2 = ] " )
Elopomorpha (true eels, tarpons and bonefishes) Cenozoic = § _g g _g g % g-;
3 ®s H 5 ol ) 5| £ §
Clupeomorpha (herrings, anchovies and relatives) 2 S £3 ugJ E @ El 50 = E s 65
£ ol 280 ==} S8 = S)° e S| 5| &) &! £
£ EI B Y B g, 2|l elzl e =
Euteleostei (pike, carp, salmon, tuna, seahorses and relatives) Cretaceous ;:' § _§ § % g é @ £ <
R N E RN 3
§ £ af & T = “ Acanthomorpha
Super Scapula £ 8 o Neoteleostei 145
| 3 g ] Euteleostei
H a 9 @
\ Jurassic § E §
e > S @
Scapula—L5 % . = § 201
&
-
1|
2
; s 252
Permian Iq <
Teleostei 208
Carbon- =
ifereous Neopterygii
359
Devonian Evolution of ray-finned fishes
(Age of fishes)
Actinopterygii 419




Humerus

Entepicondyle

fJ/\.L

Lobe-Finned Fish Fustenopteron Wan
Sarcopterygii = flesh fin s 7\5{\%/ =

Lobes = limb buds = articulated appendicular skeletons ' \
Pectoral & pelvic fins with rod shaped bones + muscles

hn -rays

410 400 390 380 370 360 Millions of years agol

Habitat range = ocean, rivers, swamps, land I

Ray-finned flsh

Living = coelacanths, lungfish, tetrapods

Euteleostei Neoteleostei

Acanthomorpha

Period Actinopterygii Neopterygii Teleostei

Lungfish
@ :a - %
© " 1 = oW = Percomorpha
] 2 = @ ") @ [=3
— w © o > ] 1=
Cenozoic £ 8 ‘S_I 4 B g £ 5
8 2 B ol €1 g £ ¢
- S > E @ ] - EQ = < £
s b e =1 B g El s 5] ¢ @
2 ol = _ s 2 =1 K sl =1 ¢ ® £
< ol © = o op 8 o E = gy © © <
£ 2| 2 g 2l & Sy E|l 21 21 & L I
> 1 5 g 2 S S0 2! < Sindle large limb bone
Cretaceous S = s el & g n articulates to two smaller
3 n E S § 3 E' bones, nostril connected
E £ af & T ) . Acanthomorpha to mouth
§ g o Neoteleostei 145
K E S Euteleostei
Jurassic st £ ¢
2 & g
g e 4 201 Weight-bearing elbows, bending wrist, neck
o & 9
(]
o
i @ Forelimbs and hindimbs with digis, pevis
s i attached to rest of skeleton, boss of thick
o 252 bory scales cvering the back and flarks
Permian <
Teleostei Gilks lost, tail fin reduced
Carbon- Neopteryall Wrists make contact along the entire span of hand,
ifereous ankle makes contact across the entire span of foct, each
hind limb has two thin shin bones (tibia and fibula)
Devonian . - - Five digits, wrist and ankles tumed
; o Evolution of ray-finned fishes forwiard for walking cn kand, loss of
(Age of fishes) external fin rays
Actinopterygii 419

o \/\kmmcrc




Lungfish & Coelacanth
Sarcopterygii (lobe-finned fish)

Lungfish Coelacanth

African, or West Indian Ocean, coelacanth =
(Latimeria chalumnae) =4
——

© Encyclopaedia Britannica, Inc.

Australian lungfish
(Neoceratodus forsteri)

Ray-finned
fishes
(Actinopterygii)

* African lungfish
(Protopterus annectens)

South American lungfish
(Lepidosiren paradoxa)

Megalocoelacanthus dobiei
Devonian lungfish ) / Reconstruction on display at Tellus Science Museum
(Dipterus) Lobe-finned Kb ¥ Cartersville, GA. Image used by permission.
fishes A5 — Thank you, Ryan Roney
(Sarcopterygii)

© 2012 Encyclopaedia Britannica, Inc.
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Sign up for the
Appreciating Earth
newsletter!

https://www.youtube.com/
watch?v=J7rN3 tSb7g&ab
channel=MothLightMedia
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385-359Ma land-water transition

* Breathe air (lungs & nasal
passages)

Resist gravity (weight bearing)

Prevent desiccation (water proof !/ @ ,_
& thicker skin/scale protection) -~ s "WW

Improved vision

Hearing adaptation for air
Vi 5 J— i
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T
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https://www.youtube.com/watch?v=q6PS5ucGDZk&ab_channel=WildDestinations

Tetrapodomorpha: —m—

—-——

Fins to Limbs S
e ~397Ma tetrapod tracks

e ~375Ma Tiktaalik

» ~368Ma Elginerpeton (oldest
amphibian?)

e ~365Ma Acanthostega
* ~363Ma Ichthyostega

Eusthenopteron Panderichthys Tiktaalik Elpistostege Acanthostega
foordi rhombolepis roseae watsoni gunnari

[JHumerus [ Carpals (wrist)
B Radius M Distal radials /
[JUIna Digits (hand)




Tiktaalik

~375Ma transitional fossil = fishpod
e 4.1-9ft long with ~30 vertebrae

* Gills & primitive lungs + first ribs + otic notches
* Oldest known neck: restricted lateral head motion

* Weight bearing pectoral shoulder girdle separate
from neck + bones in forelimb

Late Devonian lobe-finhed fish andiamphibious:tetrapods

land Tiktaialik W

rivers,

swamps and < - 2“ N

shallows Panderichthys S
=

https://www.
youtube.com

/watch?v=y9
BEwUVtCL4&
t=26s&ab_ch
annel=PennS

tateEberlyCol B
legeofScienc ek miillions of years ago

e 385 380 375




Glagial _ Alluvial Lacustrine

Tiktaalik Habitat

Mostly Aquatic: shallows &
mudflats of freshwater
floodplains, ponds & swamps

—= ) coss =t
. Beach Deltaic oastal

~Swamp

ST
W
=

* Large ferns, giant horsetails = Shallow ¢
L S ,Mamne (Lol :

_
Deep Sea

* Equatorial: subtropical to
tropical similar to modern
Amazon basin

MISSING LINK

Tiktaalik is the first complete transitional specimen between fish and land-dwelling tetrapods.
Its fins show the beginnings of elbow and wrist-like features

fnnlmw

the site of the 5 %

Tiktaalik =g’
=R UL

discovery

Lobe-finned fish Tiktaalik Land-living vertebrate
380 million years ago J—} 365 million years ago

SOURCE: NATURE




Spiracles

External respiration openings in some
fish, sharks, whales, early tetrapods

Teleosts " Polypterus Amphibians

Reptiles Mammals

Necturus Iguana

e Spiracles evolved into the otic notch
used for respiration

e Some tetrapodomorpha had otic
notches that may have held spiracles

Acanthostega

iy hy / Eusthenopteron

* Later evolved into ear bone (stapes) ==

of modern tetrapods e e

[ 1. loss of the spiracular gill pouch

Qilinyu

[ 2,3 loss of anterior pseudobranchs

[ 4 loss of spiracle *

@ D. fossil evidence for the spiracle
A = with anterior and posterior pseudobranchs

@ C. assumed spiracle with anterior and posterior pseudobranchs

AN
4 Bothriolepis /'
’0 74 (P

Ao

@ B. fossil evidence for the spiracular gill pouch
with anterior and posterior hemibranchs

@ A. theoretical origin of the spiracular gill pouch




Acanthostega

AN\ “;Q g

~365Ma stem tetrapod
~2ft long, 5-10lbs e

8 digits on each hand/forelimb but no rotation =
more of a paddle

enlarged pelvis,

Gills & primitive lungs + first ribs e g

Weight-bearing pelvis

™

Late Devonian lobe-finhed fish andiamphibious:tetrapods

Ichthyé)stega

alik

land

rivers,
swamps an
shallows Panderic

sea miillions of years ago

385 380 375 365 360




Ichthyostega
~365-360Ma stem tetrapod, oldest amphibian?

* 4.9t long

* Pelvic girdle & 7 digits on each foot/hindlimb

Acanthostega

* Gills & primitive lungs + first ribs + otic notch

enlarged pelvis,
sacrum, digits,
flexed elbow

e Could drag itself forward

Ichthyostega:
whole body reconstruction

Late Devonian lobe-fin

amphibiousitetrapods

Ichthyé)stega *

alik

land

rivers,
swamps and

shallows Panderic

« Eusthenopteron Coela¢anth

https://www.youtube.
com/watch?v=If16z5z
Dm3A&ab_channel=F . y
rancisVillatoro ek miillions of years ago

385 380 375 365 360




