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Classification

» Class: Asteroidea (Sea stars)
» Class: Ophiuroidea (Brittle stars)
» Class: Echinoidea (Sea Urchins, Sand Dollars)

. Decp ambularal groove )
» Class: Holothuroidea (Sea Cucumbers) a E° Asteroidea
» Class: Crinoidea (Sea Lilies) Central disk o
fo— L =™ Ophiuroidea
+ Aristotie’s lantern
Radl ———— Echinoidea
il ‘Soft bodied
— L1 Holothuroidea
Crinodea
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Phylum: Echinodermata, Class: Crinoidea

» Sea lilies and feather stars

» Attached to substrate with many
branched arms

» Suspension feeder

» ambulacral grooves
» No Madreporite

» No
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Phylum: Echinodermata, Class: Echinoidea
» Sea urchins

» No arms but have five rows of
tube feet

» Spines
> ambulacral grooves Avistotle’s lantern
» Madreporite on the side

» Contain pedicellariae or papulae

» :calcareous
plates and muscles supporting
teeth of a sea urchin

>
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Phylum: Echinodermata, Class: Holothuroidea

» Sea cucumbers

» Soft bodied

» Lack spines

» Five rows of tube feet

» Closed ambulacral grove
> madreporite
» No
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Phylum: Echinodermata, Class: Ophiuroidea

» Brittle stars

» Five thin arms radiating from a

» No organs in arms
> ambulacral grooves
» Madreporite on the side

» No suckers on tube feet,
pedicellariae or papulae
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Phylum Echinodermata, Class: Asteroidea

Sea stars (not fish!!)

Five arms radiating from a
central disc
ambulacral groove

Madreporite on the
side
Contain pedicellariae or
papulae
Intertidal predators

Bivalves

Keystone species
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Phylum: Chordata

Deuterostome development

Bilateral Symmetry

Coelomates

Four distinct anatomical
features

» Notochord

» Dorsal, hollow nerve cord
» Pharyngeal gill slits

» Muscular, post-anal tail

Echnodermata
e
oeuTERGSTOME o
" el |
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\m
Conmon wcese e g
of chordates Petromyzontida
et chonancnyes ol
E——
Jrap——" H
' Aemetn 3 ¢ 8
Lings otung devtes ]
' oiprol &, i3
Lobed fins T 2
Amphiva
+
Ut ag| | oo B

+ H
it 9 e 8§

Soucisousus

2

i

H

i




image14.png
Chordata Characteristics

Notochord:longitudinal, flexible rod that
provides , becomes disks
between vertebrae in humans and other
vertebrates

Dorsal,Hollow Nerve Cord: develops
into central nervous system

Pharyngeal Slits: develop into in
some vertebrates and part of the ear and
neck in tetrapods

Post-anal tail Pharyngeal slits or clefts.

Muscular, Post-anal Tail: used for
locomotion in aquatic chordates,
during development in many species
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Phylum Chordata, Subphylum: Cephalochordata

» Lancelets

» Contains chordate
characters as an adult

4 :
reproduction of immature
or larval animals ]

» Metamorphosis Atium
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Phylum: Chordata, Subphylum: Urochordata

» Tunicates or sea squirts
>

» Closest relative to

vertebrates — e e
b
» Metamorphosis \ " Excurent

Sohon

» Retains only
as an adult

Reabsorbed tail and L
notocord

Arum

(@A tunicate arve )40 sdul nicste (€)Anadult tunicate
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Phylum: Chordata, Subphylum: Vertebrata

» Vertebrate column (backbone):flexible column stretching from
the neck to the tail, made up of series of bones (vertebrae)

» Diverged 500 mya (Cambrian)
> circulatory system
> skeleton

» Cartilage and/or bone

Bilateral symmetry

Well developed sensory organs and nervous system
Highly develop

Respiratory system located near pharynx or throat
» Gills or lungs





image18.png
Vertebrate Phylogeny

Vertebrate Classes

+ Agnatha — Hagfish and lampreys

Chondrichthyes - Cartilaginous fishes

» Osteichthyes - Bony fishes
» Sarcopterygii — Lobe finned fishes
» Actinopterygii — Ray finned fishes

Amphibia - Frogs, toads, salamanders

» Reptilia - Turtles, snakes, lizards,
crocodilians, birds

Mammalia - Mammals

i

+ N
Vertebrae. [ S

sowvigamion

g
. e s 1
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Key Adaptations in Vertebrate Evolution

Vertebrae: support for

Jaws and teeth: .

Two sets of paired appendages: efficient o

locomotion ——

Lungs: ability to breathe on land, Ling ortang drts
increased metabolic rate o
Legs: efficient movement on land f
Amniotic egg: Linbs vt

e
0L

Hair and feathers:

i
e
Potromyzontida
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Vertebrate Circulatory System
N . ) The pulmonary and systemic crculation networks
Cardiovascular system: organ system that circulates
blood through a network of vessels, transporting
nutrients, gases and hormones to cells throughout the

body T Rapees
i o

biod o ht ange e e oy,
Heart: hollow muscular organ that pumps blood
through circulatory system by rhythmic contraction
’ :chambers that receive blood entering heart

> chambers that pump blood out of the heart

circuit of blood flow between the

Pulmonary circui

Systemic circuit: circuit of blood flow between the
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Vertebrate Circulatory Systems

() Single circulation: (b) Double circulation:
fish amphibian e

Pulmocutaneous circuit

Lung
and skin

capillaries
Ar
ery Atrium
Heart: ®
Atrium (A)-
Ventrice V)

Vein

Systemic
capillaries.

capillaries Systemic circuit
Key mm Oxygen-rich blood
1= Oxygen-poor blood

(¢) Double circulation:
‘mammal

Pulmonary circuit

Systemic circut

&

Lung
capillaries.

Systemic
capillaries
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Comparative Anatomy of Vertebrate Hearts

Fish Frogs  Tutles,lzards  Crocodies  Birds  Mammals

et 20 26kt 2ckcuis 2t 20

Gills Lung Lung

Body

Three-chambered heart
Twocirculatory loops.
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Evolution of the Circulatory System
Fish

» Two chambers (one atria and one ventricle)
» One circuit

Gillcapilares

» Sinus venosus and bulbus arteriosus Artery

Atrium; Sinus venosus {mmd,
Heart

Atrium
Bulbus arteriosus

Vein

Systemic capillries

Ventricle
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Evolution of the Circulatory System

Amphibians

» Three chambers (two atria and one ventricle)

» Sinus venosus and conus arteriosus

Mixed blood
_ Tobody
Tolwngs
e Sinus
Conus
arteriosus Pulmonary vein
Lefeatriam,
Rightatrom
L Vencice

Pulmocutaneous circuit

Lung
5) and skin
capillaries
Atriun Atrium
(A) (A)

Systemic
capillaries

W Oxygen-rich blood
B Oxygen-poor blood  Systemic circuit
B Mixed blood
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Evolution of the Circulatory System

Reptiles (non-crocodilian)

» Three chambered heart (two atria and one ventricle)
» Ventricle separated into three chambers (“S-chambered heart”)

Fight sora Lottaoria

Pumonar vein
Pulmonary- "

ey Fight atiom

Letatium
Gawe.

. Gavm
. areiosom

pmone . Oxygen-rich blood
8 Oxygen-poor blood
Mixed blood
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Evolution of the Circulatory System

Crocodilians
To forsimb, head To orsimbs, head
» Four chambers Crocodiian Crocodinn
» Two atria and two ventricles (normal state) (diving)

» : opening e

between aortas that can alter To lngs To lungs

blood flow T T—

» Transfers blood to Formmen of Foramen of
stomach an intestines through left aorta Pz
when diving

» Transfers blood to stomach
and intestines through left aorta when
breathing air oui,

hindimbs

hindimbs
Sinus

s . Oxygenrich blood
Oxyger:poor blood
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Evolution of the Circulatory System

Mammals and Birds Pulmonary circuit

» Four chambers Lung
» Two atria and two ventricles capillaries

Superior

=

Systomic
¥ capillaries.
Systemic circuit
Key W Oxygen-rich blood
e vennie I Oxygen-poor blood




image28.png
Circulation of Blood Through the Heart

1. Blood returns to heart ‘Superior

from body, enters right vena cava Rumonary
atrum,

2.Blood enters. ®
right ventricle.

— Pumonary
from ight ventricle
tolungs. Right

—

Atrioventricular
4. Blood returns to left

Atrioventricular

atrium from lungs. V31V valve
‘Semilunar
5.Blood enters left Inferior valves.
ventricle. vena cava

6. Blood is pumped from
leftventricle to body.
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Heart Valves

» Semilunar valve: valve between ventricles and aorta or pulmonary artery
» Artioventricular valve: valve between

Pumonary  semilunar valve semilunar valve
arteries. OPEN cLosED

When ventricies contract, When ventricies relax,
blood flows up against  blood flows back from
‘semilunar valves, arteries, filing the cusps.
pushing them open. of the semilunar valves
and pushing them closed.
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Path of Blood Through The Heart

Anterior and Posterior Vena Cava

Right Atria

Atrioventricular (AV) Valve

Right Ventricle

Semilunar Valve

Pulmonary Arteries

Lungs (CO; out, O, in)

Pulmonary Veins

Left Atria

Atrioventricular (AV) Valve Left Ventricle

Semilunar Valve

Aorta Venticle  ventice
Body (O, out, CO; in)
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Cardiovascular System in Humans

_ Capilarios of
head and
forelimbs

Pulmonary

Superior

Right ventricle pumps blood through semi-lunar valve
vena cava

Pulmonary arteries carry blood to lungs
Oxygen is uploaded and carbon dioxide is unloaded in the
capillry beds within the lungs

Pulmonary veins carry blood into the lee atri.  of gt lomg
Blood moves through the atrioventricular vlve into the left
ventricle o

Oxygen rich blood is pumped through the semi-lunar valve into
the aorta, where it s carried through arteries and arterioles to

Pulmonary
artery.

Pulmonary —

the capillary beds in the body vein -
Onygen is unloaded and carbon dioxide is loaded in the capillary  Right atrium
beds in the body Right ventricle —

Inferior ~Aorta

Oxygen-poor blood is carried through the venules and veins into
the right atrium through the

Oxygen-poor blood moves to the right ventricle through the e organs
atrioventricular valve thy

vena cava

>
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Cardiac Cycle

Diastole: period of heart when the heart fills with blood
Systole: period of heart when blood is forced out of the heart

Diastole
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Cardiac Cycle

Heart rate: of cardiac cycle
» Usually expressed as beats per minute (BPM)

Diastole  Atrial  Ventricular
Systole  Systole
Contract [Neither Atiia Ventricle
Valves  AVopen AVopen AV closed| Aushen
milunar Semilunar Semilunar -
closed  closed  open
Time 04sec 0.1 0.3 sec e

Function Fill Heart Overfill  Pump
Ventricle Blood
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Cardiac Output

» Volume of blood per minute from the left ventricle

» Depends on two factors
» Heart rate (pulse)
» Stroke volume

» Average Human
» 70 ml/beat
» 72 beats/min
» 5 L/min (your blood volume)
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Cardiac Control

Myogenic contraction: cardiac muscles contract in response to signals
generated by specialized in the heart, of nervous
system

Neurogenic contraction: muscle contraction dependent on signals generated
by

Annelids and Mollusks

» Myogenic
Arthropods

» Neurogenic
Vertebrates

» Myogenic and neurogenic
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Control of Heart Rhythm

Sinoatrial node (pacemaker): controls at which cardiac muscles contract.
» Atrioventricular node: relay point that for filling of ventricles

Signals (yellow) Signals are Bundle branches ) Signals
o from SA node e delayed at AV ° pass signals to o!r‘uld

spread through  node. heart apox. throughout
atria. ventriclos.
e D) \e e
ay, .
/ v
SA nod Bundle’ Purkiné

(pacomaker) branches Heart ~fibers.

e A E TN
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“Opportunity is missed by most people because it is dressed in
overalls and looks like work”
-Thomas A. Edison

Deuterostomes and Circulation

Chapters 33, 34, and 42
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Blood Vessels

Vaive
Blood vessel tissues: endothelium,
smooth muscle, connective tissue E"ﬂotnelmm Endothelium
——Smooth 5"'°°|"'
. . muscle muscle
Veins (venules): vessels carrying )\ connectivd ‘Col\n-cuv-
blood back to the heart A { tissue cay issue )
» Valves Artery ' J Vein.
|
Capillaries: thinly walled vessels k
where gas, nutrient and waste . |

exchange occurs. Lack smooth muscle

Arteries (arterioles): vessels with
that carry blood away from
the heart
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Blood Pressure

» First lets interpret the figure to the right

Interpretation:

+ Blood pressure and velocity decreases in
the arterioles and capillaries

» Blood flow is slowest in capillaries where
exchange of gases, nutrients and waste
oceurs

+ Blood flow (velocity) increases in venules
and veins

Area (em?)

Prossure

Velocity
(emisec)

(mm Hg)

282238 28888
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Blood Pressure

Pressure from cuff
Pressure in cuff Pressure in cuff Pressure in
arter;
14 greater than drops below cuff below
120 mm Hg 120 mm Hg 70 mm Hg

@‘

70,

Cuff is deflated allowing
blood to pulse into arm.

pressure is
measured.

Cuff deflates to point that
pulse can no longer be heard  Artery
or felt. pressure is closed
measured.

stop




image40.png
Interchange of Fluid

» Blood pressure
» Drives movement of fluid out of capillaries
+ Greatest near

» Osmotic Pressure
» Dissolved proteins drive movement of fluid into capillaries
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Lymphatic System

Lymphatic system: system of vessels
and nodes that returns fluid, proteins,
and cells back to the blood.

Interstitial fluid

Blood
capillary.

» Separate from circulatory system

Lymphatic
vessel

Lymphatic
vessel

» :fluid of lymphatic system

» Lymph nodes: lymphatic organs
that filter lymph and contain
cells that fight disease

Lymiph” Masses of
node defensive cells
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What’s in the Blood?

Formed elements (45% of blood)

+ Red blood cells (erythrocytes): oxygen
transport

» Hemoglobin: oxygen binding protein
» Lack

+ White blood cells (leukocytes): immune
response to disease and invaders

» Platelets: cell fragments that aid in blood clotting

Plasma (55% of blood)

+ Liquid portion of blood that holds blood cells in
suspension

+ lons and proteins regulate osmotic and pH balance

>
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Production of Blood Cells

> :unspecialized cell that
can divide into a specialized cell
type and a daughter stem cell

» Producedin

» Two cell lineages
» Lymphoid
» Myeloid

Stem cells
(in bone marrow)

noid Wyelold
RS stem cells

12 12

30 900

Neutrophils
LympRocytes
7 Y <

womees 5 o
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Blood Clotting

» Injury triggers platelets to
the area

R bioodcal

» Conversion of
prothrombin to thrombin,
which then converts
fibrinogen to fibrin
> : coagulant or sealant
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Cardiovascular Disease

Kills more than 750,000 people in U.S annually

» Hypertension: high

» Heart attack: damage or death of cardiac muscle due to blockage of coronary artery

» Stroke: death of nervous tissue due to lack of O2

» : hardening of arteries by accumulation of fatty deposits (plaque)
» Low-density lipoproteins (LDL)
» High-density lipoproteins (HDL)
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Treatments for Cardiovascular Disease

» Angiogram
» Angioplasty

» Stents

Artery .

Astent and a balloon — — Plaque

O o
obstructed artery. \ pg
around
Pm—— @
oxpands tho stont,
widening the artery. \Q
© The balloon s removed, E — Increased
loming s stnt _g_, blood
place.
flow

balloon
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Deuterostomes

» Chordates and Echinoderms

@) Cleavage Eightcoll stage
Cleavage
+ Radial smuundamnm Radialand indeterminate
» Indeterminate Gigosion cm.,...
. Alnhenmmn
Coelom Formation .
7
» Mesoderm buds from Mesderm \Biastopore Buastopore” Mesoderm
Solid masses of mesoderm Folds of archenteron
archenteron ‘plitand form coelom. form coelom.
(€1 Fateof the P  Mouth
Dastopore
Fate of Blastopore
o Digestive tbe
» Becomes anus o astodom
Hesoderm “Mouth

anus
" Endoderm  Mouth develops from blastopore.  Anus develops from biastopore.
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Treatments for Cardiovascular Disease
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Cardiovascular Surgery

Bypass Surgery

» Uses artery from leg to bypass
blockage of coronary artery Coronary artery

» :artery
supplying blood to the heart

Before After

Decreased blood flow Normalized blood flow
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Carbon Dioxide Transport

Carbon dioxide transported from tissue by erythrocyte
» 7% transported as carbon dioxide in blood
» __% of carbon dioxide and most of the hydrogen ions are attached to hemoglobin
» __% transported as bicarbonate in plasma
CO, + H,0 2 H,CO; > H* + HCOy

(Carbonic acid) (Bicarbonate)

&0 Mo
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Breathing Control

» Regulation occurs in
- - N ¢
Blood CO eval falls: —

nd o rsos. ——
7 o o iing lovels of
oS Moduta detocts (i il Medulla oblongata monitors

decrease in pH of blood pH

corabrospinal fluid.
Cerebrospinal /-7 » Exercise = more O, needed
fruid paries and more CO, produced

arteies
o horta N Lower pH signals for increase in depth
medulia to b blood vessals and rate of breathing
muscies - detectdecresse

& inbiood

Medulla

oblongata  Medulla recaives
signals from major
blood vessels.

Ventilation.

>




image3.png
Phylum: Echinodermata

Sea stars, brittle stars, sea cucumbers

Secondary radial symmetry

» Larval form has symmetry
» symmetry

:network of
hydraulic canals branching into extensions
called that function in
locomotion and feeding
All marine
Regeneration

Calcareous endoskeleton
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General Echinoderm Anatomy

» :Sieve-like Digestive tract Pedicellaria
plate which filters water
entering the water
vascular system

Central disk

Digestive glands

» :tiny claw
or clamp structures on
the external surface of
some echinoderms

>

Radial canal

Ambulacral groove
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N v ox W =

Water Vascular System

Madreporite
Stone Canal
Ring Canal
Radial Canal
Lateral Canal
Ampulla
Tube Feet
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Respiratory System in Echinoderms

Dermal branchiae or papulae:
hollow projections within the skin that
extend to the coelom.

»

» Diffusion across gill surface

§\‘z:oeloi\n4;€
cnslZ, I &

WY W

Tube foot—. .





