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Vertebrate Evolution



Hagfish & Lampreys



Hagfish Eyes

ÅNo cornea

ÅNo lens

Å2-layered retina

ÅNo melanin

ÅWired to the brain like a pineal gland

Recommendation:  You-Tube:  Eddie and the Hagfish

Eye





Lamprey Eyes

ÅLarval form and adult form

ÅCornea largely continuous with the skin

ÅNo muscles of accommodation

ÅHas most of the structures of the vertebrate eye

ïLens

ï3-layered retina

ï4 Cone types

ïExtraocular muscles no intraocular muscles

ïWired to brain like a visual eye

ïMelanin in Choroid and RPE

Adult

Larva



Larva Adult

Cornea continuous with skin3-layered retina



Vertebrate Evolution



Shark & Ray Eyes
ÅCartilaginous sclera, but no bone

ÅNo muscle in the ciliary body

ÅSmooth muscle attached to the ventral lens

ÅDouble cornea (scleral and skin) 

ÅNo shading of outer segments by the retinal 
pigment epithelium (RPE)

Eye Sucking



Sharks and Rays

Double cornea

No shading of the 

photoreceptors

by the RPE



Evolution of the Fishes



Sturgeon Eyes

ÅCartilaginous sclera, no bone

ÅNo muscle in the ciliary body

ÅThe lens is supported on a papilla, but no 

accommodation and no muscle are known

ÅChoroidal guanine tapetum lucidum

ÅLimited shading of the outer segments by 

the RPE



Juvenile Sturgeon Eye

Papilla

Cartilaginous sclera



Sturgeon Eye Guanine Tapetum



Lungfish

ÅNo Choroidal Rete

ÅNo retractor lentis muscle

ÅLimited shading of outer segments



Higher Teleosts

ÅCartilage and sometimes bone in sclera

ÅRetractor lentis muscle (smooth muscle) 
accommodation

ÅVascular rete called choroidal gland

ÅRPE melanin has photomechanical movement

ÅSome fish have a retinal fovea

ÅTrichromatic vision

ÅDouble cornea (skin and scleral)

ÅPapillary process supplies blood to the retina



Higher Teleosts

Walls. The Vertebrate Eye

and its Adaptive Radiation.1942.

Double cornea

Choroidal gland

Round lens



Higher Teleosts

Annular 

ligament

Choroidal gland

Retractor lentis



Higher Teleosts
Falciform process & 

accommodation

Retractor lentis muscle

Walls. The Vertebrate 

Eye and its Adaptive 

Radiation.1942.



Higher Teleosts
Retinal Variations

Photomechanical 

Movement

Guanine in the Retinal Tapetum

of the Walleye



Amphibian Eyes

Walls



Features of Amphibian Eyes

ÅCartilaginous sclera, but no bone

ÅTrichromatic vision

ÅPhotomechanical motion in the RPE

ÅMinimal amount of accommodation with smooth 

muscle

ÅDouble cornea only in the tadpole

ÅNo annular pad in lens

ÅRetractor bulbi muscle and eyelids



Features of Amphibian Eyes
Frogs and Toads

Smooth Muscle

Cartilage

Cornea

Bull

Frog



Features of Amphibian Eyes
Frogs and Toads

Retina

Tadpole Eye

Cornea



Xenopus Tadpole 



Xenopus Tadpole 

Xenopus Tadpole 


