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Ichthyology (from Greek:
ix0u, ikhthu, "fish"; and Adyog, logos, "knowledge") is the branch of
devoted to the study of . This includes skeletal fish ( ),

cartilaginous fish ( ) , and jawless fish ( ).

An estimated 25,000 to 30,000 fish species exist, comprising a majority of

vertebrates. While a majority of species have probably been discovered and
described, approximately 250 new species are officially described by science

each year.



http://en.wikipedia.org/wiki/Zoology
http://en.wikipedia.org/wiki/Fish
http://en.wikipedia.org/wiki/Osteichthyes
http://en.wikipedia.org/wiki/Chondrichthyes
http://en.wikipedia.org/wiki/Agnatha
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fish shape




Fusiform-spindle shaped, e.g.
tuna

Compressiform-laterally
compressed, angelfish,
butterfly fish

Anqguilliform-eel-like

Filiform-even smaller
anguilliform, e.g. snipe eel




> Depressiform-flatfish,
rays, flounder

1 » Taeniform-gunnel

> Sagittiform-e.g. pike

> Globiform-e.g.
lumpsucker
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(i) Porcupine fish

(d) Freshwater eel



53-008 Brown Trout

-

53-009 Greyling

53-010 Cod

53-011 Walley

53-013 Pearch

|

53-014 Carp

=

53-016 Eel

~

53-017 Salmon

53-018 Rainbow Trout

53-019 Tench

53-020 Sailfish

)

53-021 Sea Trout

53-022 Roach

53-023 Wels

53-114 Carp (Length: 40 cm)
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biometry
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Common Measurements

In Freshwater Rules only Total Length is used. The measurement is taken flat, not along the curve of the fish.

Note: Mouth shoul ! sut an tail fin pinched closed.
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The distance around the fattest part of the fish
Fork Length

Standard Length Bets Wattende ! PV
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pre caudal length

pre second dorsal Iength

pre first dorsal length

-

head length

e orbital

length

~* pre pectoral length |
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pre pelvic leﬂ{\

pre anal length

fork length

total length




preoral length

interorbital
space
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(b) Long-billed,
six-spined
butterflyfish

(e) Herring
(d) Parrotfish










Pharyngeal teeth




>

skin

epidermis lacking dead
cornified cells The epidermis .
contains : single-celled mucus-
secreting glands which appear
as clear circles in the
epidermis.

Some schooling fishes have
alarm cells which secret a

chemical signal to alert other
fish.

dermis of connective tissue
In varying densities.

pigment cells in the dermis.
Scale pocket
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(goblet cell) Ko sl sld s
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melanophore
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First appear as dermal bone
Found in fossil of Cambrian period (570 mya)
Layered bone, solid armor-constrained movement
Evolved smaller and reduced into scales
5 types of scales (examples with images to follow)
Placoid
Cosmoid
Ganoid
Cycloid
Ctenoid



Found in elasmobranchs
(sharks & rays)

“teeth like”, same composition

As fish grows, do not increase
In Size, Instead new scales are
added




In the Sarcopterygii (fish with
fleshy lobe fins), primitive fish

Less evolved than
Elasmobranchs and Actinopterygii
(fish with rayed fins)

Scales found in fossil record but
not in any living fish,

Except in simplified version of
coelocanth and lungfish




- In primitive Actinopterygii

- Found in reedfish,
polypterus, gar, bowfin, and
sturgeons

- Were thick heavy scales
when first appeared

- Rhomboid-shaped

- Developed into teleost
scales



Two types:
Ctenoid-higher fish

Cycloid-soft-rayed, anchovies,
sardine

Mineralized surface layer & inner
collagenous layer

Scales surrounded by dermis, in dermal
pockets

Grow from top, bottom, and insides;
overlap lower part

Scales grow with fish

Characterized by concentric ridges
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Ctenoid scales
Note: spiny posterior margins
(Greek "cteno", comb-like ctenii on the margin of the scale.)
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) 4adaPlacoid




Spiracle Dorsal fins

Tail (caudal fin)
heterocercal:
upper lobe long

Mouth than lower lobe

ventrally
located

Gill slits

Placoid

Pectoral fin scales

(a) Cartilaginous fishes

Dorsal fins

Tail (caudal fin)
homocercal:
upper lobe about
equal in length to

Mouth usually lower lobe

terminal
Operculum

(gill cover) )
Pelvic fin
Pectoral Cycloid or
fin + ctenoid
scales
(b) Bony fishes




Melanophore Dermal Denticle

Melanophore
> Dermis




Cosmold scales

Common to Lungfishes (family
Ceratodidae) and some fossil
fishes.

Similar to placoid scales (Probably
evolved from the fusion of placoid
scales.)

Two basal layers of bone, a layer of
dentine-like cosmine, and an outer
layer of vitrodentine.

Scale becomes larger as fish grows
and new bone Is added to the basal
layers.

Anning electron micrograph of the cosmoid scales of a Queensland Lungfish (Krefft, 1870).
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Spines vs. Rays

dorsal fin
spine

anal fin
) spines

intemal support
elements

(ptenygiophores)

Spines

Hard, pointed tissue
Unsgemented
Unbranched

Solid

Soft Finned Rays

Rays
Soft, unpointed

Segmented
Branched
Bilateral (It. and rt
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Cod - Gadus morhua - 70-110 cm

<—First

Pelvic—>

Pacific Mackerel (Scomber japonicus)

Wavy black Two dorsal fins are
bars on a

_widely soparated
greenish blue —\
dorsal surface

Very short
pectoral fin




Caudal Fins

> Caudal fins are highly variable in shape but
essentially serve the same function; that being
forward motion, although some do It better than
others and some provide additional benefits.

rounded truncated emarginate semilunar forked pointed rhombic S shaped



uroslyle

hypural bones

Diphycerca




types of caudal fin :
(A) - Heterocercal, (B) - Protocercal,

(C) - Homocercal, (D) - Diphycercal




Notochord Vertebrae
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(a) Diphycercal (b) Heterocercal (c) Homocercal

Maior caudal fin [tail] modifications in fishes: [a] diphycercal (lungfishes and bichirs|; (o] heterocercal (sharks); {c) homocercal (most bony fishes).
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Protocercal—primative, extends arougd‘the posterior end (lancelets)
' J
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Heterocercal—unequal lobed, vertebrabColtinnRE iSRS
Into the upper portion (SharkSHSTURCORSNEE

(c) Kevin Markey



s
I |
e Homocercal—equal lobes (most bony fish)
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Homocercal Tail




heterocercal fin




Anal-(Gonopodium)

= = :
fin pointed
Scales at base y s
of soft rays SRpS
: 8 soft rays

male
Pacific Mackerel (Scomber japonicus)
Wavy black Two dorsal fins are
bars on a _widely soparated
greenish blue )
dorsal surface ‘

gonopodiim

\ Cod - Gadus morhua - 70-110 cm
Very short

pectoral fin







Pectoral Fin-1
Pelvic Fin or Ventral Fin -2
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pectoral fin

pelvic fin




Pectoral
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Pelvic(Ventral)

Goby, fused =

Pelvic fin
PELVIC FIN is Abdominal when
attached in this area
" Sculpin
e e ) separate

A

Y |
\PELVIC FIN is Thoracic when
attached in this area
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Fish have the same three basic types of muscles
as other vertebrates: skeletal, smooth, and
cardiac.

Skeletal: Voluntary, used for locomotion,
comprises the majority of the fish’'s muscle
mass.

Smooth: Involuntary such as intestine, many.
organs, and the circulatory system.

Cardiac: Heart




FISh muscle

Region ol highest
fat concentration

Dark muscle

Light muscle

Back bone



sEssentially three types of fish muscle: red,
white,
*Red muscle (oxidative): Highly vascularized,
myoglobin containing tissue used during
sustained swimming. Small diameter and high
blood volume = rich O, supply! Presence leads
to strong flavor in some fishes (tuna).
\White muscle (glycolytic): Little
vascularization. Used during “burst” swimming.
Large diameter fibers.

. This one Is sort of in between read
and white. Serves in sustained swimming, but
Not to the extent that red muscle IS used.




Red vs. White Muscle Fibers

Red White
Capilary beds Sparse
Muscle fiber density High
Myoglobin content Low
Glycogen content High

Muscle mass

High



Swim bladder

@ Myomeres -t o
Forward motion

Forces '\ S\
head 5 g _ % & : )

upward

Bony fishes

(a) cartilaginous fishes










Skeleton of a fish
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Shark Vertebrae
White Shark  Angel Shark

Fish Vertebrae

Sturgeon Cod Salmon

Longitudinal Ligament Neural Spine Cartilaginous Matrix

Neural Arch
Dorsal Cartilage

Meural Arch
Meural Canal

Evolution ;

Motochord
with its
Fibrous Sheath Transverse Process
Ventral Cartilage

Centrum

Hemal Arch Calcified Areas

Hemal Spine






Neural Spine —

Neural Arch
FinSpites: Soft Rays Vertebra :
Neural Spines - /Cemrum
Pterygiophores ‘
Pectoral Fin Girdle ‘ 7 ‘ Haemal Arch
Neurocranium o | [INN ,A// / | | IS

Premanxilla

Articular
Suspensorium
Opercular Series

Peivic Fin Girdle ESDES2003
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Canales
semicirculares

SAQITTE -

Asteriscus

Lapillus Cerebro

Figura 1. Localizacidn de 1os otolitos
en el aparato vestibular.
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brain

semi-circular
canals

Fish Inner Ear Structure

Inner ear

utnoulus

sagitta

lagena

g
-3
7
&
-4
3
=
&
2
2
g

lapillus

lagena

/ asteriscus

sagitta

sacculus

“maculae




Teleost Fish and Shark Inner Ear Structure

How Shark Hearing Works
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Inner Ear of Fishes
Lateral View.

SC= Semicircular
Canals, U=
Utriculus,
UO=Utricular Otolith
or Lapillus,
M=Macula,
SU=Sulcus,
S=Sacculus,
SO=Saccular Otolith
or Sagitta,
L=Lagena,
LO=Lagenar Otolith
or Asteriscus.
Modified from
Popper and Coombs
(1982).




Weberian Apparatus -
enhanced sensitivity of
hearing

Found only in 5
Ostariophysi (minnows,
catfishes, characins)

Apparatus Is made of
modified pleural ribs of
first four vertebrae

Sound waves impinge on \ sminy
swim bladder and make it St hladder
vibrate

swim bladder. vibrations

transmitted'mechanically.
by W.A. to pars inferior

Web.eﬁan
; ossicles

Endoly mphatic sac

Intemal ear



tructure & function

> Pars superior -
semicircular canals

o 3 canals arranged
In three
dimensions (X, Y,
Z axes)

filled with viscous In a semicircular canal

fluid

inner walls lined K
with naked hair

cells Stereocilia <= AR \ Flow of fluid
: . EY through
function to detect RagiiEsl &8 semicircular
canal

position and Support cell EEIIES )/
movement Nerve — I
(inertia)

: : Direction of

inpu tin teg rated body movement

with input from ® 2001 Sinauer Associates, Inc.
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FISH EYE STRUCTURE

lens

retractor muscle scleral layer
of cornea

K

retina

< optic nerve ' — spectacle
suspensory
ligament
iris true

cornea
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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.







Larval southern flounder
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head canal system \ .

trunk canal system

B ¢
lateral-line ‘water external
canal displacement opening epidermis

cupula—

f“'—‘_—\ i i i sense hair

i - - sensory
: cells

- aff

neryve
lateral-line nerve neuromast
©1994 Encyclopaedia Britannica, Inc.




Lateral line

\

Scale Lateral line canal Opening of

Epidermis |  Neuromast  lateral line canal

Sensory
hairs

Supponing—-; )\) jé—Halr cell
cell

Nerve fiber

mental muscles of body wall Lateral nerve




sensory hair cells
arranged in a cluster
(neuromast)
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Lateral Line Organs

Locations:
Lateral (side) canal

Supraorbital (above eye)
canal

Infraorbital (below eye)
canal

Hyomandibular (lower jaw)
canal

PP & T e
K Atj &,.n’ )..o;-__
Coclophrys.

cupula _—
B / \~.._

nly works in water! (Surprise!)

Senses movement of

Important for:
Detecting prey
Avoiding predators
Schooling

Interpret surroundings

kinociliom --.__ /7

'/ {/{,.7 stereociliz

(sensory) ¢ \ {inhibitory)

1

alferent ncucon < ellerent ncuron
# N



| ateral line

Opening of lateral Scale Sensory organ Canal Skin

line canal

Sensory organ
(with neuromast cells)




FIGURE 23-W Sensory canals and recep-
tors in a shark.

The lat-
eral line sensors, called neuromasts,
are sensitive to disturbances in the
water, enabling the shark to detect

nearby objects by reflected waves in
Lateral \NEurﬂm.]hq the water.

el s

Hickman et al. 1994




sensory cells)

G N et
fwwm&mxwxw U e
FiELy e nau»»»»»ku EEEEREERRAE
umvuﬁ>>><s,zszv wwmmmuwN CH
..s;,.ﬂ,.fu,mmwmvw »wwwmmwwgﬁww?
fpaafriiingg as:xxapexvppa.&.%x.?ogmsw: N

£
G R pragtfenfadie ki,

Tlidiieiwbiol

fr::,:f,:g;wmmmﬁmwhrw&ww&
AEEREEE WW%M&% W)W
RN

pore

>z<>>z<ﬁ>><5>4<~% g

R w?x:txa mzﬁ

s

Gk

ampullary

organ
neurons

FIGURE 21-5 Diagram of ampulla of Lorenzini.
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Surface
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Neuromast—qgroup Hair cell—cilia on

of hair cells

bundled together exposed surface of cell

#___..-acupula
Cupula— Kinocilium—Iong, serves
gelatinous as trigger
sheath over
cilia of hair y
cells in kinocilium Stereocilia—shorter
1~ graded,
neuromast

ocilia serve to condition
hair cells kinocilium for being
triggered

FIGURE 21-7 Lateral line organ {neuromast).






Fish tast buds are located on: head, mouth
Sometimes...all over body for catfish!
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Torpedinidae <Rajiidae : Rajliformes «..f, >
Malapteridae : Siluriformes ., »

«Electrophoridae : Gymnotiformes «.f, >
Rhamphichthidae <Apteronotidae <Gymnotidae
Uranoscopidae : Perciformes ., »

Petromyzontidae : Petromyzontiformes «..f, >

«Mormyridae : Osteoglossiformes ., »
Gymnarchidae



> Rajiforms: Rajidae, Torpedinidae

Torpedinidae




> Sitluriformes : Malapteridae
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> Gymnotiformes : Electrophoridae, Gymnotidae,
Apteronotidae, Rhamphichthidae




> Perciformes : Uranoscopidae

> Petromyzontiformes : Petromyzontidae




> Osteoglossiformes : Mormyridae, Gymnarchidae
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Electerical fish

> Electric Eel: note the short body and long
tail. In this fish the muscles of the long tall
generate the electrical shock.



http://www.whozoo.org/fish/teleosts/Knifefish/ElecEel12Mar2001FWZC34.JPG
http://www.whozoo.org/fish/teleosts/Knifefish/eleceel319e.jpg

> Electric Catfish: note the longer body. In
this fish the muscles of the anterior half of
the body generate the electrical shock .



http://www.whozoo.org/fish/teleosts/Catfish/ElecCat_Fwzc58.jpg

Types of Electric Field

Strong electric fields >
(EOD-Iinduced) R
10’s to 100’s of volts I
(stunning)
torpedo rays (20 - 50 volts)
electric catfish (300 volts)
electric eel* (500 volts!) ' oo

*Enough to knock a human



Electerical ray
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chromaffin tissue
corpuscles of
stannius

- "y urophysis
ultimobranchial body\ intestinal mucosa

pancreatic islets




Depends on environment
— Freshwater

« Cells are hypertonic to environment, must
defend against water uptake

— Excretion of dilute urine
— Mucous covering of epidermis

— Marine
Cells are hypotonlc to enwronment must
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Osmotic Balance—Freshwater Fish

Large
glomerulus

Active tubular
NaCl reabsorption
Nac| [of NaCl

| Excretion of

| dilute urine

Active absorption " Intestinal Urine
of NaCl, water wastes
enters osmotically T
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Osmotic Balance—Marine Fish

Glomerulus
reduced or
absent

Stomach:

Passive reabsorption

of NaCl and water

Active secretion of
NaCl, water loss

Intestinal wastes:
MgSO, voided
with feces

-

MgSO,

Kidney:
Excretion of MgS0O,,
urea, little water
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