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-
Overview: Diverse Forms, Common

Challenges
0t . .
o 7Anatomy s the study of the biological form of an
organism PPN

“’;‘é’;@ﬁ“ Physiology is the study of the biological
functions an organism performs

» The comparative study of animals reveals that
form and function are closely correlated
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Figure 40.1




Concept 40.1: Animal form and function

are correlated at all levels of organization

qlwujs e Qo(w\b Caneon is fdo‘kc‘
- Size and shape affect the way an animal interacts

with its environment

- Many different animal body plans have evolved
and are determined by the genome
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Evolgion of Animal Size and Shapg

* PhysicaNgws constrain strength gfiffusion,
movement, &gd heat exchangg

« As animals incragse In sizgftheir skeletons must
be proportionately Id&gegfo support their mass

 Evolutionary converg€n®dg reflects different
species’ adaptatigfis to a sMlar environmental
challenge
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Figure 40.2

A Tuna
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Figure 40.2a
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Figure 40.2b
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Figure 40.2c

A Tuna
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it cowld muke g00d
GExchange with the Environment v, il is #e

pu(fed« si\—ual.(oy\.
» Materials such as nutrients, waste products, and
gases must be exchanged across the cell
membranes of animal cells

- Rate of exchange is proportional to a cell’s
surface area while amount of exchange material

Is proportional to a cell’'s volume
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* A single-celled protist living in water has a SArealt
sufficient surface area of plasma membrane too'fodce-
service its entire volume of cytoplasm W

» Multicellular organisms with a saclike body plan ‘”}k
emNIf0-

have body walls that are only two %eﬂf v:cohick, et
facilitating diffusion of materials " " g L “ANWLS ]

”>|'w\1)\(, i Hugi ow
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* |In flat animals such as tapeworms, the distance
between cells and the environment is minimized

« More complex organisms have highly folded
internal surfaces for exchanging materials
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Figure 40.4

\.).-@D \‘.\b ?Né\ External envi(;c:)nment
Ué@ e'; : \-‘&{\ OB Mouthi)od £.02

Systome.. OrgaNS, l
[ulkcelimdew ]

Digestive =

system
Interstitial
Circulatory fluid

system

Excretory
system

~

Lining of small
intestine (SEM)

Blood vessels in
kidney (SEM)

Anus/

Unabsorbed Metabolic waste products
matter (feces) (nitrogenous waste)

@ 2011 Pearson Education, Inc,



Figure 40.4a o\
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Figure 40.4b
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Figure 40.4c

Lung tlssue (SEM)
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Figure 40.4d

kidney (SEM)
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* In vertebrates, the space between cells is filled
with interstitial fluid, which allows for the
movement of material into and out of cells

« A complex body plan helps an animal living in a
variable environment to maintain a relatively
stable internal environment

o\l Uﬂ_lﬁcgm @A-‘
3= Uiy il J2s
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Hierarchical Organization of Body Plans

» Most animals are composed of specialized cells
organized into tissues that have different
functions

» Tissues make up organs, which together make
up organ systems

» Some organs, such as the pancreas, belong to
more than one organ system

«Our bodies and those of most other

_» produces enzymes critical to the|animals are composed of compact
] masses of cells, with an internal

anglp 51254 function of the d|geSt|Ve SyStem organization much more complex than

Jz‘ﬁ"%'&bbut also regulates the level of that of a hydra or a tapeworm. For such
a body plan, increasing the number of

sugar in the hlond as a vital part cells reveals the multilayered basis of

of theendocrine system SLse s specialization. Organ systems include
- GalsTamen SPECIAlIZEd Organs made up

© 2011 Pearson Education, Inc. "’ISldl'n of.specialized tissues and cells




Table 40.1

Y
ol

%ﬁdﬂ!\

Table 40.1 Organ Systems in Mammals

Organ

System Main Components

Digestive (d\gp],f Mouth, pharynx, esophagus, stomach, intestines,
‘ll) liver, pancreas, anus

Circulatory Heart, blood vessels, blood

Respiratory Lungs, trachea, other breathing tubes

Immune and
lymphatic

Bone marrow, lymph nodes, thymus, spleen, lymph
vessels, white blood cells

Excretoryz\j,@ s Kidneys, ureters, urinary bladder, urethra

Endocrine Pituitary, thyroid, pancreas, adrenal, and other

|hormone-secreting gland{

Reproductive Ovaries or testes and associated organs

Nervous Brain, spinal cord, nerves, sensory organs
- e ~A
V| Integumentary Skin and its derivatives (such as hair, claws, skin
glands)
. 2. 3. 'Y
Skeletal Léé_u.@)l Skeleton (bones, tendons, ligaments, cartilage)
Muscular Skeletal muscles

Main Functions

P B i 8. M.
Food processing (ingestion, digestion, absorption, elimination)

Internal distribution of materials
Gas exchangmptake of oxygen; disposal of carbon dioxide)

d .
Body defense (fighting infections and cancer) «+ PANCIPRY ?.J\@bf
L

Disposal of metabolic wastes;

tegulation of osmotic balance of
blood ErPHaM S 8dall A ohsh

Coordination of body activities (such as digestion and

metabolism) oy c;yl.{{‘;—*"-

Coordination of body activities; detection of stimuli and formu-
lation of responses to them

Reproduction

Protection aqainstrmechanical injury, infection, dehydration;
thermoregulation

Body support, protection of internal organs, movement

Locomotion and other movement
=l
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Exploring Structure and Function in
Animal Tissues

« Different tissues have different structures that are
suited to their functions

ANVMAL

- Tissues are classified into four main_categories:

e B S
Sepithelial, Ronnective, muscle, and hervous
2 o orLc

p

) (e
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Epithelial Tissue

- Epithelial tissue coversthe-outside-of-the-body
and lines the organs and cavities within the body

* |t contains cells that are closely joined

» The shape of epithelial cells may be cuboidal (like
dice), columnar (like bricks on end), or squamous
(like floor tiles)

© 2011 Pearson Education, Inc.



- The arrangement of epithelial cells may be simple
(single cell layer), stratified (multiple tiers of
cells), or pseudostratified (a single layer of cells
of varying length)

© 2011 Pearson Education, Inc.
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Figure 40.5aa
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Cuboidal epithelium

A cuboidal epithelium, with

dice-shaped cells specialized
cretion makes up the

lney tubules

and many glands including

the thyroid gland fnd salivary

eforsecretionyn
and chwfl"\"éplthehum of ki

lands. -
& Vuu¥ionqk
1S N

VOW\

Simple columnar
epithelium

The large, brick-shaped cells of
simple columnar epithelia are
often found where secretion or
active absorption is important.
For example, a simple columnar
epithelium lines the intestines,
secreting digestive juices and

absorbing nutrients.




Simple squamous Pseudostratified

epithelium columnar epithelium &t s
winadly
cillioded

p W T Y
The single layer of platelike
cells that form a simple squa-
mous epithelium functions in
the exchange of material by dif- 4
fusion. This type of epitheliumjﬁ
which is thin and leaky, linesje w3
blood vessels and the air sacs[ivesli] verfebiites, 4 pseudostEitaed

of the lungs, where diffusion of . :
nutrients and gases is critical. epithelium of ciliated cells f SRS
... amucous membrane that lines

m of W\H«l-iov:;:}lﬁé\‘g ‘\’E" portions of the respiratory tract_, | | ¢ochea
sinple sqwmh oubl ; dbm,'f """l ) G The beating cilia sweep the film] ~ e a

S st g, - s gongtne sty Jpart of i
s sl e L1 520 s Lo ooir puksger”
@\hgd\w IA":@WA-P locx Hhed 1 covered \0\5 ma%&
capillafies W M ) (50 Cogs lump
T LS simple squamows,  gpOEY £ylaa
e Meduimg  Hssue

[M blw alveoli & c«.{\illw‘faj
Botl. o Hawe cowzis|

simple S quemons
i theluing  bissue

pseudostratified epithelium ~ceMs W
onsists of a single layer of cells -aJ\'Waw}
varying in height and the posi- size

tion of their nuclei. In many




epithelium
’ ‘ Apical ==X 32z
surface o Y
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A stratified squamous epi-
thelium is multilayered and
—|regenerates rapidly| New cells
formed by division near the
basal surface (see micrograph
below) push outward, replacing
cells that are sloughed off. This
o epithelium is commonly found
P Z oD on surfaces subject to abrasion,
i e <3 such as the outer skin and the
fownd 1w «—( linings of the mouth, anus, and

Fhe op uninggh vagina.
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Polarity of epithelia
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Connective Tissue
« Connective tissue mainly binds and supports
other tissues > conmedds g

» |t contains sparsely packed cells scattered
throughout an extracellular matrix

« The matrix consists of fibers in a liquid, jellylike,

or solid foundation

el bonds L, %
uy&coxrl—(loxg,@
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» There are three types of connective tissue fiber,
its wmain

all made of protein” compone?

— Collagenous fibers provide strength and
flexibility

— Elastic fibers stretch and snap back to their
original length

— Reticular fibers join connective tissue to
adjacent tissues

© 2011 Pearson Education, Inc.



» Connective tissue containscells, including

— Fibroblasts that secrete the protein of
extracellular fibers

— Macrophages that are involved in the
Immune system

© 2011 Pearson Education, Inc.



* |n vertebrates, the fibers and foundation combine
to form six major types of connective tissue:

— Loose connective tissue binds epithelia to
underlying tissues and holds organs in place

— Cartilage is a strong and flexible support
material

— Fibrous connective tissue is found in
tendons, which attach muscles to bones,
and ligaments, which connect bones at joints

© 2011 Pearson Education, Inc.



— Adipose tissue stores fat for insulation
and fuel

— Blood is composed of blood cells and cell
fragments in blood plasma

— Bone is mineralized and forms the
skeleton

© 2011 Pearson Education, Inc.



Figure 40.5ba
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Figure 40.5bb
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The most widespread connec-
tive tissue in the vertebrate
body is loose connective tissue,
;jj,g xwhich binds epithelia to

“ underlying tissues and holds
organs in placexLoose con-
nective tissue gets its name
from the loose weave of its
fibers, which include all three
types. It is found in the skin
and throughout the body.
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Figure 40.5bc \)
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Figure 40.5bd
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maltrix: <olid a mineralized connective tissue. Bone-forming cells J'LS'[U?"E"
N 0 wimlcalled osteoblasts deposit a matrix of collagen. Calcium,
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Figure 40.5be
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Adipose tissue wﬁ”w| N\
Adipose tissue is a specialized
olSo B2 >+ 5© —3 Joose connective tissue that
em__;“_;\,,.p S )_J; stores fat in adipose cells dis-
- tributed throughout its matrix. LQ_NL% like a
Adipose tissue_padsand insu- *
A ()\ k¢ ¥\l < lates the body and stores fuel as
fat molecules. Each adipose cell — __
contains a large fat droplet$hat _j:
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swells when fat is stored and oM
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Figure 40.5bf
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Figure 40.5bg
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Blood has a liquid extracellular

matrix called plasma, which con-
apl. £Sists of water; salts, and dissolved
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ythrocytes (red blood cells), disc- s\mpul / biconcewe

re
bigger Hanw ‘—@eukocvtes (white blood cells),
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.-, Muscle Tissue
soise Muscle tissue consists of long cells called
muscle fibers,{v‘hich contract in response to
. ouss
nerve signals “a _ o+
_bod S s

All muscle cells consist of filaments containing the proteins
actin-and myesin, which together enable muscles to contract. There
are three types of muscle tissue in the vertebrate body: skeletal,
smooth, and cardiac.
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» |t is divided in the vertebrate body into three
types:

— Skeletal muscle, or striated muscle, is
responsible for voluntary movement

— Smooth muscle is responsible for involuntary
body activities

— Cardiac muscle is responsible for contraction
of the heart

© 2011 Pearson Education, Inc.



Figure 40.5ca
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Figure 40.5cb \ , °
’ . adse 0, oM cylindricol T
R~ Skeletal muscle~ ca#e./ swe
Attached to bones bytendons, skeletal -lv
muscle, or striated muscle, is responsible
25181 & 4 for yoluntary movements. Skeletal muscle dfp,‘,’}_l‘ Za.}\gb/dl
-t consists of bundles of long cells that are -

called muscle fibers. During development, (@) S]—f\'a\'qc’zw
skeletal muscle fibers form by the fusion of

many cells, resulting in multiple nuclelfi_n\b@‘ﬂr(\j,wml

vl -
vinchea ked

each muscle fiber. The arrangement of con-
tractile units, or sarcomeres, along the
fibers gives the cells a striped (striated)
appearance. In adult mammals, build-

ing muscle increases the size but not the
number of muscle fibers.
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Figure 40.5¢cb

;‘ﬁ;c,,\ .» Smooth muscle , not skriaked

Smooth muscle, which lacks striations,
is found in the walls of the digestive
tract, urinary bladder, arteries, and othes
internal organs. The cells are spindle- #&}s®
Smooth muscles are responsible (¥
Ldé%/l }\SQAH 5‘5{ | for involuntary body activities, such as

l,slo churning of the stomach and constric-
heewr| tion of arteries. AN
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éléo it s connect via intercalated disks, which relay Do com

ylindvieed>  ignals from cell to cell and help synchronize

IWlee i) heart contraction.

—
Nucleus Intercalated disk 50 pm

gwf,ﬁ“m&Nucleus tercalated disk. 25 Lm : LS\AMP\AON%
%&P Sw«\dr\'o\/\&"\r\urwxow_\j in heewd \ne in) ’



Qi%»fﬂwwgld-&i
kw4 Nervous Tissue

 Nervous tissue senses stimuli and transmits
signhals throughout the animal

Lo ® GL\Iervous tissue contains

fpee —~N .

s ONeurons, or nerve cells, that transmit nerve
- Lo
impulseg!zi

@ Glial celis, or glia, that help nourish,
Insulate, and replenish neurons
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Neurons

Neurons are the basic
units of the nervous sys-
tem. A neuron receives
nerve impulses from
other neurons via its
cell body and multiple
extensions called den-
drites. Neurons transmit
impulses to neurons,
muscles, or other cells
via extensions called
axons, which are often
bundled together into
nerves.

Glia

The various types of glia
help nourish, insulate, and
replenish neurons, and

in some cases, modulate
neuron function.



Figure 40.5da
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Figure 40.5db
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Figure 40.5dc

Arovns lhownd Hﬂwé]

5.0l WVen Ve

L-%\ )\&.,b 15l ?3—\70“-‘)—_,")
sl @ ol
Axons of

neurons
newve cdir

Blood
vessel

-. — ~ ':“

(Confocal LM)

© 2011 Pearson Education, Inc



