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Eggs hatch into larvae

" Larvae live in river mud for 5 to 6
years. They filter feed organic

detritus.

Adults return to rivers to spawn

and then die.
" Larvae metamorphosis into the
adult form and migrate to sea.

Adults live at sea.
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Larval southern flounder
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Teleost Fish and Shark Inner Ear Structure

Diagramatic Representation of a Teleost Ear
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Torpedinidae <Rajiidae : Rajiiformes «.f,
Malapteridae : Siluriformes «.f,
«Electrophoridae : Gymnotiformes .,

Rhamphichthidae <Apteronotidae «Gymnotidae
Uranoscopidae : Perciformes .,

Petromyzontidae : Petromyzontiformes .,

«Mormyridae : Osteoglossiformes «w.f,
Gymnarchidae



 Rajiforms: Rajidae, Torpedinidae




o Siluriformes : Malapteridae
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« Gymnotiformes : Electrophoridae, Gymnotidae,
Apteronotidae, Rhamphichthidae




 Perciformes : Uranoscopidae

» Petromyzontiformes : Petromyzontidae




» Osteoglossiformes : Mormyridae, Gymnarchidae
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S. Stethacanthus altonensis
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Falcatus falcatus

- Axials

W \
modern shark Radials \\ \

(cf. Squalus)

Modern chimaeroid
(Callorhinchus callorhinchus) Heteropetalus elegantulus Debeerius ellefseni

Traquainus spinosus

1ceratotrichia
2radial cartilage
3ishciopubic bar
6basal cartilages
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Falcatus falcatus
female (above)
and male (below)

|

Debeernus ellefseni, |
female (above) [
and male (below) ~ :
¢

Echinochimaera snyden

[ ] pelvic Girdle Bone [} Denticle




1ceratotrichia
2radial cartilage
3ishciopubic bar
4metapterygium
5clasper cartilages

Female Shark Pelvic Fin
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pleurostyle uroneural

hypurals 4-6

rudimentary
neural arch

neural spines
Urostyle

neural arch \

2

branched
vertebral fin rays
centrum
compound centrum hypurals 1-2

haemal spines

hypurapophysis

parhypural

Figure 7. The caudal skeleton of D. quangbinhensis (AMNH 227913), left lateral view. Scale bar = 0.5 mm.
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A Single Fish Muscle Myotome (Salmon)

Showing how the myotome is folded.

=

Myosepta
Myotome
Dark muscle

"White" muscle

I—DHE sarcomere g

11994 Encyclopaedia Britannica, Inc.
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Diagramatic Representation
of Two Forms of Fish Gills

e, Gill-filaments
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--'.:____
Red arrows indicate the

direction of blood flow
and blue arrows indicate

the direction of water flow.
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Basal blood 44 E
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AN\

channel

Filament Body
Cartilage

Venolymphatic
sinus



FUNCTIONS OF GILLS

1.Gas exchange

2. Excrete Nitrogen waste as
ammonia

3. OSMOREGULATION
regulate lon/water
balance
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Double Pump System: An elaborate system of passing water over the gills

while the fish stays stationary. There is no moment throughout the cycle when
the water stops flowing.

mouth cavity qill cavity

water ,i—> _L_’
(sucked in —h_" ! ;

[expathias] Xpands]

ﬁ
L;:.s-nf::“* $ -stays shut

Brachios memhbrane
- forms a seal, shut

seal
[expands]

@ 3
Lips stay O opens
@
[contracts] [con

closed - water flows out
t i racts]
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Mouth opens ventral

Mouth el
to plane of section

External pore
Gill pouch

Pericandial
cavily

Pouched gills Septal gills Opercular gills
(lamprey) (shark) (teleost)



A Diagram of a _
section through a @
Fish Gill Lamellae
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Direction of
water through
% the fish's gills.

Concentration
of oxygen in
both water and

the fish's blood

Difference Direction of
diffusion of

Blood “J/ \/ oxygen
Direction of { \/

hlood through
Low the fish's gills,

2°lamellae

Water Flow

gill raker ~ Water Flow

afferent artery

to dorsal aorta from ventral aorta



Lateral view Efferent branchial
arteries

oL —

Dorsal aorta

Gill arches

Ventral aorta

Afferent
branchial arteries Heart
Dorsal view Mouth open /\Mouth closed
Buccal chamber e Buccal chamber
expanding contracting
-~

Opercular
valve open

Opercular
valve closed
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GAS EXCHANGE IN GILLS

BLOOD INSIDE
Lowelr oXvyVdJen
higher carbon dioxide

2 CQ, 0 2
WATER OUTSIDE 2

Higher oxygen
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DIGESTIVE SYSTEM

PHARYHX
ESOPHAGUS

CARDIAC

STOMACH

e PYLORIC

PYLORIC CAECA
INTESTIHE

Diagram by Riedell/Vanderwal©2005



STOMACH

Cardiac & Pyloric

Image by Riedell/Vanderwal©2005




STOMACH

1.Add acid and digestive juices
2.Starts digestion

3.Grind and mash food



* LIVER (iImproved digestive gland)

Makes bile used by intestine
Stores glycogen

Stores vitamins
(especially oil soluble ones- A & D)

Processes TOXINS for removal
by excretory system

(including nitrogen waste made by
cells)

« GALL BLADDER
Stores bile made by liver



INTESTINE

1. First section receives bile from liver
(called DUODENUM)

2. Finishes digestion
3. Absorbs nutrients

4. Collect and remove digestive waste

Finger-like extensions inside (VILLI)
Increase surface area for greater absorption of nutrients



INTESTINE




VILLI

|
Ine Increase sur

de

face area for

1I0NS NS

ke extens

Tiny finger
test

1N

lents

f nutr

10N O

|

A as R e

i

Y

P ) et

http://neuromedia.neurobio.ucla.edu/campbell/epithelium/wp_images/107%20villi.jp



PYLORIC CAECA

Contain microorganisms (bacteria) to
break down plant material

Image by Riedell/Vanderwal©2005




DUODENUM

Recelves bile from

Image by Riedell/Vanderwal©2005




FANCREAS

(Digestive & Endocrine

1. MAKES TRYPSIN for mtes?t OnS)

(digests proteins)

2. MAKES 2 hormones
to regulate blood sugar

INSULIN
(cells take up & store glucose) GLUCAGON
(cells release stored glucose to blood)



WHEN INSULIN IS PRESENT

¢ (@11,0H
5
" 0. oH

1

OH H Cells store glucose

HO H

2 1o z as glycogen

H OH H OH

Glucose Glucose

Cells take up glucose from bloodstream

Diagram by Riedell



WHEN GLUCAGON IS PRESENT

Glycogen “
G
L i
¢ (@H,0H \Z

o i

¢ (@1, 08
]
P O\ oM v 0. oH
OH H, rd { PRI Breakdown
e 2 & glycogen
H  OH
Glucose Glurose

Cells release glucose into the bloodstream

Diagram by Riedell



olfactory
bulb

eye |

tooth
gills
heart

_
Al o FL
INTERNAL ANATOMY OF A BONY FISH

dorsal air spinal
brain esophagus aorta  stomach bladder cord kidney

liver gall pyloric intestine gonad anus genital urinary
bladder  cacum orifice  orifice WWW.InFavisual.info



Dissection

 Remove operculum with scissors

— Observe gill anatomy
« Rakers - white, comb-like arches
» Filaments - Red fingerlike projections

« With a scalpel, remove a section of the lateral line
— What function does this organ serve?
— Do you notice a concentration of nerve endings?

« Begin the main incision
— Open the abdomen (below the gill) carefully with a scalpel

— Cut with a scissors: remove a oval-shaped piece of skin (only skin)
running from underneath the gills, to the anus, up to the lateral line,
along the lateral line, to the gill, down to where you started the
Incision. Remove flap of skin (see diagram on next slide)



NMain Incicinn

Cut along the blue line...
* Only cut through scales, muscles, and skin
* Take special care not to cut too deep!
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Kidney
e Stomach

Dorsal aorta Spinal cord

Pvlaric cecum

......

{rinary bladder

Urinogenital - Anus Intestine Spleen
e Swim bladder Pancreas
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intestine mandible from T LATERAL
Jollie (1975)
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Kidney
Stomach

Darsal aorta Spinal cord

¥
......

{rinary bladder

Urinogenital ~ Anus Intestine Spleen
opening Swim bladder Pancreas
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Herbhivore
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c) Gall bladder e) Pyloric caeca g) Anus

a) Esophagus
f) Intestine h) Gizzard

b} Stomach d) Spleen

)‘Wﬁj}‘ﬁwﬁ L}.ALA}J‘)J u:")‘jf OK.L»J M’Lié



‘53;.\.«9 .15\?:3)‘ 039 ‘5&M

o 2 AU e pEi L Sl S




039, Jsb il

L el (bl SOk S arn s
o:j....fd\.hw?g-

Sogh S S Gl oty

N N N

Typhlosel u s b 4z 5o







{ 03 29




e w35 bl i Olabe gy 0y 8

Herbivores )l gald

Carnivores ,fges &

Detritivores ,lg o5,

OMNIVOIes g 5> aca



i S Olals







Stomach

Intestine



SPLEEN-
Produces new RBC’s
Processes & destroys old worn out RBC’s
Stores RBC'’s for release when needed

Image by Riedell/Vanderwal©2005
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top minnows . (Ictaluridae) stab 4 5
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PREMAXILLARY

VOMER

PALATINE

1st GILL. ARCH

a) Roof of Mouth showing
bones with Teeth

7 A

c) Canine Teeth
(caniniform’

/ > UPPER JAW
MAXILLARY

MANDIBLE or 3
LOWER JAW // 3

L
4

TONGUE

BASIBRANCHIAL or
“Hyoid” Teeth

b) Floor of Mouth showin
bones with Teeth and Tongue

FIGURE 8. Bones and teeth inside mouth or bucal cavity.
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Dentition-types of Shark and Rays

Chondrichtyan dentitions have been grouped into a number of general designs based
upon the function of the teeth. These dentitions may be simple (made up of similar
tooth-types) or more often, intermixed types (complex) within a given dentition,
inorder to provide the necessary functionality .

Grasping - These teeth are elongated (spike-like) and intended to pierce and restrain
active prey. An example might be the Sand Tiger's) Carcharias (anterior teeth. This
tooth design is useful for selachians feeding on fish (ichthyophagous) and squid
(teuthyophagous .(

Clutching - These teeth are similar to the grasping-type, but tend to be more robust
to allow for the restraint of a lightly armoured prey. They combine the piercing
attributes of a grasping tooth with the strength of a crushing tooth, which allows the
animal to feed on fish and invertebrates (crabs, echinoids, etc (.

Cutting - This tooth design is employed to 'cut' sections of flesh from the prey. They
would tend to have a thin 'cutting edge' which could include serrations. Flesh-eating
gsar_cophagous) sharks such as Galeocerdo) Tiger shark) employ this dentition

esign .

Vestigial - A term applied to small clutching-type teeth of planktonic-feeding
(planktivorous) pelagic sharks such as Megachasma & Rhinocodon .Can also be
applied to certain rays (i.e., the peg-like teeth of the manta rays .(

Crushing - These are the robust teeth with rounded crowns which are usually found
In more distal positions of the jaws. They are intended to crush armoured bodies, to
feed on animals such as shellfish (durophagous .(

Grinding - This term is usually applied to the pavement-tooth dentitions of the
myliobatoids which can 'grind’ prey between robust upper and lower tooth plates .



Dentition-types of Shark and Rays
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(B) Black Carp
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SWIM BLADDER
controls buoyancy

Image by Riedell/Vanderwal©2005



Swim Bladder

Dorsal aorta
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A Physostomous Swim Bladder

Pneumatic duct
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scaphium

tripus

nghtinner ear

claustrum intercalarium

Webet's bones Q .

=wvimbladder

" Lakyrinth Origan

A

General scheme of Weberian apparatus for transmitting
vibrations from air bladder to ear. Weherian ossicles
shown in yellow.




neural arches ne}Jral
spines

supraneurals
claustrum

scaphium

first
vertebral
centrum 2
lateral parapophysis
processes / pleural rib
intercalarium
interossicular
ligament tripus [
\.
transformer process
of tripus

08 suspensorium

Figure 1. The Weberian apparatus of D. rerio (CU 82546), left lateral view. Scale bar = 0.5 mm.
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» Anothophysi : Gonorynchiformes« S yv L
» (20thophysi )Euostariophysi : (

— Cypriniformes (minnows and allies), about
3,268 species (contains Cyprinidae, largest
family of freshwater fishes)

— Characiformes (characins and allies), at least
1,674 species

— Siluriformes (catfishes), about 1,727 species

« Gymnotiformes (electric eels, American
knifefishes), at least 173 species (sometimes
grouped under Siluriformes



http://en.wikipedia.org/wiki/Cypriniformes
http://en.wikipedia.org/wiki/Minnow
http://en.wikipedia.org/wiki/Cyprinidae
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http://en.wikipedia.org/wiki/Characin
http://en.wikipedia.org/wiki/Siluriformes
http://en.wikipedia.org/wiki/Catfish
http://en.wikipedia.org/wiki/Gymnotiformes
http://en.wikipedia.org/wiki/Electric_eel
http://en.wikipedia.org/wiki/American_knifefish
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The Vascular System of a Fish
A diagrammatic representation
Red = Veins - Blue = Arteries of the main veins and arteries.
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==Atrium
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Atrium receives blood from Sinus venosus
Ventricle — pumping chamber
Conus arteriosus-smoothes flow of blood out of heart



2 CHAMBER HEART
1 LOOP system

AlHum

3inus ¥enosus

&

Conus Arterosus

T0 GILLS



SINGLE loop
CLOSED circulation

A T\

Body Gills

http://faculty.clintoncc.suny.edu/faculty/Michael .Gregory/files/Bio%20102/Bi0%20102%20lectures/Animal%20Diversity/Deuterostomes/echinode.htm



The heart of
a teleost fish.

Arteriosu




9 ras Olale U3

sinoatrial valve cuverian ducts

closed (paired)
atrium ‘ : hepatic
veins
nus (paired)
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ventral

aorta ventricle
pericardium

sinus
Venosus

(a) Atrial contraction (b) Ventricular contraction (¢c) Conal contraction




The heart of a shark.

Arteriosus
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Conus —-
arteriosus
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Heart
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/. Head of the Fish

A diagrammatic
representation of
the veins that lead
into the sinus
venosus of the fish
heart.

“ Tail of the Fish
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Image modified fro
http://www.flushing.k12.mi.us/srhigh/tippettl/biology/perch/index.ht
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Basic Plan of Brain



BRAIN
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OPTIC TECTUM

Receives and processes info from
visual, auditory (hearing) , and lateral line
system




BRAIN
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CEREBRUM

controls higher thinking -
(memory, learning, reasoning, problem
solving)
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Smell




BRAIN
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OLFACTORY NERVES
Smell



BRAIN
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CEREBELLUM
Motor (muscle) coordination -
Balance -




BRAIN
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MEDULLA
OBLONGATA

Relay center for sensory info from body -
Controls “Autonomic” body organs -
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Image by Riedell/Vanderwal©2005

OVARY-makes eggs




Gymnovarian Cystovarian
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[ESTES-make sperm



Male Reproductive System in shark

Epididymis
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Epididymis
Ampulla




Female Reproductive System In
shark
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Mating Behavior in the Atlantic Cod
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Cod and haddock are closely related fish!



Mating Behavior on film

Manta Mating



http://video.google.com/videoplay?docid=-3650919776220138227&q=manta+ray%2Bmating&total=2&start=0&num=10&so=0&type=search&plindex=0
http://www.youtube.com/watch?v=W_rQAmPQBV8
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Lemon Shark




Oviparous Forms

®© 2003 Canadian Shark Research Lab @ 2003 Canadian Shark Research Lab

Cat shark
egg case
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Oviparity
Females store sperm, fertilization occurs in shell gland
Secrete egg case in shell gland
Paired eggs or multiple eggs, depending on species
Eggs in tough cases, attached to substrate, vegetation
Slit in egg case for water/O2 circulation
External yolk sac for gestation, becomes internal in late

David Doubilet




Swell shark, Cephaloscyllium
ventriosum: retained oviparity

Egg cases split open at 3 stages of development:
1.Immediately after egg-laying, 2. 3-4 months, yolk begins to be used,
. Immediately post-hatch
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Aplacental Viviparity

Also called ovoviviparous -
No placental connection -
Three types -

Depend soley on yolk reserves —
Oophagous -

Black dogfish embryos Porbeagle embryo (oophagous)



Placental Viviparity

 Most advanced form

Yolk-sac attach to uterine
wall

* Provides high growth
potential

 Found in about 30% of
sharks
Order Carchariniformes,

— Triakidae, Hemigalidae,
Carcharhinidae, Sphyrnidae
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Filtration

Blood pressure forces water, ureq,
salts, and other small solutes from
the blood in the glomerulus into
Bowman’s capsule

Podocytes in Bowman's capsule

nonselective for size: all molecules
small enough pass through, but not
blood cells or large proteins




_H,0, Na*, Gluc¥advVIan'’s
Amino Acids Cansule

Proximal
Convoluted Tubule

NH,, H* | Loop of
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Tubule

Collecting
Duct




KIDNEY

Collects and removes nitrogen waste
(ammonia)




KIDNEY

Collects and removes nitrogen waste (ammonia)
Osmoregulation —maintain water/ion balance




URINARY BLADDER
Stores urine made by kidneys

SWIM (Air) BLADDER
Recelves gases from
bloodstream
Controls buoyancy



UROGENITAL PORE

shared by excretory & reproductive
systems

<. KIDHEYS —

\

— BLADDER
! ssoimus STOMACH GONADS

PYLORIC CAECA
DUODENUM T,m,m

Diagram by Riedell

T—

ANUS - for digestive waste



Common cardial vein Swim bladder

Dorsal aorta Kidney

Efferent
branchial artery

Olfactory
bulb

Afferent
brancial artery

Urinary bladder

Bulbus
ateriosus Gonad
Ventricle 2 (ovary) Anus
Gastric
artery Intestine

Stomach



A‘I\'IUS "e;<i't 'for digesti\)e Waste-' |

. ) 25 "
UR@GENITAL OPENING (PORE)
QXI'[ for urine & eggs or sperm 3%




UROGENITAL PORE

shared by excretory & reproductive
systems

<. KIDKEYS —

\

— BLADDER
! ssoimus STOMACH GONADS

PYLORIC CAECA
DUODENUM leSTINl

Diagram by Riedell
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ANUS - for digestive waste
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Osmoregulators vs.
Osomoconformers

Osmoconformer — body is
Isotonic to surroundings (only
works for marine organisms in
a stable environment)

Osmoregulator — controls
internal osmolarity (can live in
environments osmoconfomers

can't)

Osmoregulation has an energy
cost
Expend energy to maintain  —

gradients that allow water to
move in or out




Most marine invertebrates and
hagfish are osmoconformers

Marine vertebrate
osmoregulators

In general marine vertebrates
are hypoosmotic to seawater,
and constantly loose water

Drink lots of water, and excrete
excess salts, little urine
produced

Gain of water and salt
ions from food

and by drinking
seawater

Osmotic water loss
through gills and other
parts of body surface

S : Excretion of salt ions
Excretion of and small amounts

salt ions of water in scanty
from gills urine from kidneys

(a) Osmoregulation in a saltwater fish

Copyright © Pearson Educatlon, Inc., publishing as Benjamin Cummings.



Marine bony fishes are hypoosmotic to sea -
water and lose water by osmosis and gain
salt by both diffusion and from food they eat

These fishes balance water loss by drinking
seawater and actively excrete salt through
their gills. They produce little urine.

Gel‘;r.‘ of V\;ater ?nd 4 Osmotic water loss
p:Sall 1ons 1rom 109 through gills and other parts

( and by drink?gg/* of body surface
seawater
\ .

P

s :
: \\) \;‘\
\. \1k . .

Excretion of~s. EXcretion of salt ions

and small amounts

of water in scanty
urine from kidneys

salt ions
from qills

Figure 44.3a (a) Osmoregulation in a saltwater fish



Water Balance in Fresh Water

In general freshwater
organisms are
hyperosmotic to
surroundings and
constantly gain water
and lose salts

Freshwater fish -
excrete a lot of dilute
urine to get rid of
excess water

N

~

) Osmotic water gain
. -""m through gills and other parts
- of body surface
Uptake of

water and some
ions in food

Uptake of Excretion of

salt ions large amounts of

by gills water in dilute
urine from
kidneys

(b) Osmoregulation in a freshwater fish




Freshwater animals maintain water e
balance by excreting large amounts of dilute
urine

Salts lost by diffusion are replaced by foods
and uptake across the gills

Osmotic water gain
through gills and other parts

Uptake of of body surface
water and some 7/
ioni in qué,.%%)
\ =
//f \
Uptake of .. Excretion of
salt ions large amounts of
by qills water in dilute

urine from kidneys

Figure 44.3b (b) Osmoregulation in a freshwater fish



Osmoregulators

Osmotic water gain
through gills and other parts

of body surface -
water anc jons fromfood
el a?d Zome and by drinking Osmotic water loss
ions in foo .
seawater through gills and other

parts of body surface

Uptake of Excretion of
salt ions large amounts of
i ater in dilute A :
by gills il e Excretion of salt ions
kidneys Excretion of and small amounts
salt ions of water in scanty
(b) Osmoregulation in a freshwater fish from gills urine from kidneys

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings

(a) Osmoregulation in a saltwater fish

Copyright @ Pearson E lon, Inc., publishing as Benjamin Cummings.




A FRESHWATER FISH LIVES IN A HYPOTONIC SOLUTION:
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£ 7 1ONS ARE CONSTANTLY

WATER IS CONSTANTLY LEAVING ITS BODY

ENTERING ITS BODY



To stay alive a freshwater fish must

. & 1CTIVELY PUMP 1ONS
URINATE CONSTANTLY TO IN THROUGH GILLS

REMOVE EXCESS WATER




A SALT WATER FISH LIVES IN A HYPERTONIC SOLUTION:

|ONS ARE CONTSTANTLY T \‘Fﬁ

ENTERING ITS BODY WATER IS CONSTANTLY LEAVING ITS BODY
THROUGH ITS SKIN



T0 STAY ALIVE A SALT WATER FISH MUST:

DRINK SEA

......

ACTIVELY TRANSPORT IONS _
OUT THROUGH THE GILLS URINATE LESS TO CONSERVE WATER



e Osmoconformer

Marine invertebrates —
Hagfish —
Shark** —

Isotonic by keeping high urea concentration -



~ [ISOTONIC to seawater

High UREA concentration in body fluid
Salts still removed — RECTAL GLAND



Nitrogen Waste from Protein
Metabolism

Ammonia- water soluble but
toxic. Aquatic animals often
secrete ammonia

Urea- combines ammonia with
CO,, low toxicity, less water
needed, but costs energy to

make

Uric Acid- insoluble in water,

secreted as a paste, requires

less water, costs more energy
to make

Type of waste produced
depends on habitat and
evolution

Proteins Nucleic acids
Amino acids Nitrogenous bases

—NH,
Amino groups

T

QALY w7l
Ui

Most aquatic animals, Mammals, most amphibians, Birds, insects, many
including many fishes sharks, some bony fishes reptiles, land snails
(0]
1o
o—c NH, H'lq/ \Cnﬁ/"\
NH = C=0
3 \NH2 o¢c\ /C\N/
H
Ammonia Urea H
Uric acid

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings. S h e I I ed E g g S
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chromaffin tissue

corpuscles of
stannius

} 4 urophysis
intestinal mucosa

ultimobranchial body\

pancreatic'islets



| --x-_AN,US exit for digestive waste
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HYPER, HYPO, ISOTONIC?




Image from: http://www.agriteach.com/lessonfiles/sample/perchdissect.ppt
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OVARY-makes eggs
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[ESTES-make sperm



