Ihe NeedTor Gas excnange \ . v Ansuer Ke
=8 * ki
!

Living cells require energy for the activities of life. Energy The diagram below illustrates this for an animal. Plant cells also
is-released in cells by the breakdown of sugars and other  respire, but their gas exchange budget is different because they
bstances in the metabolic process called cellular respiration.  consume CO, and produce O, in photosynthesis. Effective gas
3 a consequence of this process, gases need 1o be exchanged exchange surfaces are thin so that the barrier they present to
(by diffusion) between the respiring cells and the environment.  diffusion is minimized. Diffusion gradients are maintained by
In most organisms these gases are carbon dioxide and oxygen. transport of gases away from the gas exchange surface.

Gas exchange surfaces provide a means for gases o

The Need for Gas EXChange enter and leave the body. Some organisms use the body
surface as the sole gas exchange surface, but many have
) specialized gas exchange structures (e.g. lungs, gills, or
Gas exchange is the process by which - Carbon - stomata). Amphibians use the body surface and simple
oxygen is acquired and carbon dioxide is TN lungs to provide for their gas exchange requirements.

e "dioxide gas
removed. Cellular respiration creates a loxiceg
constant demand for oxygen (Q,) and a

need to eliminate carbon dioxide gas (CO,). -

Oxygen ga-s'

Glucose
(CgH120¢)

Mitochondria are the main site where
glucose is broken down to release
energy. In the process, oxygen is used
10 make water and carbon dioxide is
released as a waste product.

1. Distinguish between cellular respiration and gas exchange: C‘L\\m\-\r (“2-.'5'?:!‘-\7\:‘ n C‘J\us o A
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2. (a) What gases are involved in cellular respiration? O\(\i qan 1§ n-__q‘u?rd . CO,;, ¥ & waske

(b) By which transport process do these gases move? D'\ S; Q WSy 2A

3. What is the main fuhction of a gas exchange surface? ? ConidLS o ACTE *\'\ aA
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4. Describe the three properties that all gas exchange surfaces have in common and state the significance of each:
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Gas Exchange in Animals

The way an animal exchanges gases with its environment  structures, but larger animals need more complex exchange
is influenced by the animal’s general body form and by the systems to support their metabolic activities. The complexity of
environment in which the animal lives. Small, aquatic organisms,  these is related to the efficiency of gas exchange required. This
such as sponges and flatworms, require no specialized respiratory is determined by the oxygen demands of the organism.

Air sacs

Gas exchange in insects _ \
Insects transport gases via a system of branching tubes called \

tracheae (or tracheal tubes). The gases move by diffusion across
the moist lining directly to and from the tissues. Larger insects can
increase the air moving in and out of these tubes by contracting
and expanding the abdomen.
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Bony fish, sharks, and rays

Fish obtain oxygen dissolved in water which they extract
by using gills. Gills can achieve 80% extraction rates,
more than three times the rate of human lungs from air.
The gills can be exposed directly to the environment
without fear of the gas exchange membrane drying out.
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Air breathing vertebrates
The gas. exchange surface in mammals and other "air
breathing vertebrates is located in internal lungs. This
keeps the membrane moist, so that gases can diffuse across
it. Marine mammals have lungs and need to come to the
surface to breathe. Many have modified their metabolism 1o

allow long duration dives.

1. Describe two reasons for the development of gas exchange structures and systems in animals:
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2. Describe two ways in which air breathers manage to keep their gas exchange surfaces moist:
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3. Explain why gills would not work in a terrestrial environment:
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4. Explain why mammals must ventilate their Jungs (breathe in and ou
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Open Circulatory Systems

Two basic types of circulatory systems have evolved in animals.

Many invertebrates have an open circulatory system, while
vertebrates have a closed circulatory system, consisting
of a heart and a network of tube-like vessels. The circulatory
systems of arthropods are open but varied in complexity. Insects,
unlike most other arthropods, do not use a circulatory system to

4
Spiders

Crustaceans

Open circulation systems

Arthropods  and mollusks (except cephalopods) have open
circulatory systems in which the blood is pumped by a tubular,
or sac-like, heart through short vessels into large spaces in the
body cavity. The blood bathes the cells before reentering the heart
through holes (ostia). Muscle action may assist the circulation of
the blood. ‘
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transport oxygen, which is delivered directly to the tissues Vvia
the system of tracheal tubes. In addition to its usual transport
functions, the circulatory system may also be important in
hydraulic movements of the whole body (as in many mollusks) or

its component parts (e.g. newly emerged butterflies expand thejr

wings through hydraulic pressure).
Open Circulatory System

Tubular heart on the dorsal
(top) surface of the animal.
Circulaling fluids are pumped
lowards the head.

One way valves ensure
the blood flows in the
forward direction.

Ostium (hole) for
the uptake of blood

Abdomen
TUBULAR HEART

The circulatory system of crabs is besi
described as incompletely closed. The thoracic
heart has three pairs of ostia a number of
arteries, which leave the heart and branch
extensively to supply various organs before

In spiders, arteries from the dorsal heart
empty the hemolymph inlo tissue spaces and
then into a large ventral sinus that bathes the
book lungs where gas exchange takes place.

The hemolymph occupies up to 40% of the
body mass of an insect and is usually under
low pressure due its lack of confinement in
vessels. The circulation of the hemolymph
is aided by body movements such as the

Venous channels conduct the hemolymph
back to the heart. -

draining into discrete channel-like sinuses. ventilating movements of the abdomen.

1. Explain how an open circulatory system moves fluid (hemolymph) about the body: e "\ o) s f My t}
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2. Explain why arthropods do not bleed in a similar way to vertebrates: ‘b los® Vs no \7 conXaiae) 1a blo D
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3. Compare insects and decapod crustaceans (e.g. crabs) in the degree to which the circulatory system is closed:
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4. (a) Explain why the crab's circulatory system is usually described as an open system:; N \°\°°§ 15 g"\l"’\fﬂ\
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(b} Exptain in what way this description is not entirely accurate: AV Meark dous P s\ bload ado “
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(losed Circulatory Systems

Closed circulatory syétems are used by vertebrates, annelids
{earthworms) and cephalopods {octopus and squid). The blood

is pumped by a heart through a series of arteries and veins.

Oxygen is transported around the body hy the blood and diffuses
through capillary walls into the body cells. Closed circulatory
systems are useful for large, active animals where oxygen can
not easily be transported to the interior of the body. They also

INVERTEBRATE CLOSED SYSTEMS

Polychaete worm

Wik Hans Hilewasrt Earthworm

The ctosed systems of many annelids {e.g. earthworms} circulate
hiood through a series of vessels before returning it to the heart. In
annelids, the dorsal and ventral blood vessels are connecled by laieral
vessels in every segment (right). The dorsal vessel receives blood
from the lateral vessals and carries it towards the head. The ventral
vessel carries biood posteriorly and distributes it fo the segmental
vessels. The dorsal vessel is contractile and is the rnain method
of propelling the blood, but there are also several contractile aortic
arches {'hearis’) which act as accessory organs for blood propulsion.

VEBTEBHATECLosEQsYSTEMS

Bony fish

Sharks

Closed, single circuit systems
In cloged circutation systems, the bload is contained within vessels
and is returned to the heart after every circulation of the body.
Exchanges between the blood and the fluids hathing the cells occurs
by diffusion across capillaries. In single circuit syslems, typical of
fish, the blood goes directly fram the gills to the body. The blood
loses pressure at the gills and fiows at jow pressure around the body.

Heptiles

Marnmals

Closed, double circuit systems

Double circulation systems occur in all verlebrates other than fish.
The blood is pumped through a pulmonary circuit to the lungs,
where it is oxygenated. The blood returns Lo the heart, which pumps
the oxygenated biood, through a systemic circuit, to the body. in
amphibians and most reptiles, the heart is not completely divided
and there is some mixing of oxygenated and deoxygenated blood. In
birds and mammmals, the heart is fully divided and there is no mixing.

Aortic
arches

allow the animal more control aver the distribution of blood flow
by contracting or dilating blood vessels. Closed systems are the
most developed in veriebrates where a chambered heart ptmps
the blood into blood vessels at high pressure. The system can
also be divided into two separate regions, ihe pulmonary region
taking up oxygen and the systematic region pumping oxygenated
blood to the rest of the body.

Contractle dorsal blood vessel

Oxygenated
blood

Oxygen moves
into the tissues

Oxygen moves
into the blocd

CHAMBERED HEART

Direction of
blood flow

Deoxygenated blood
Oxygenated bicod

Arteries

Other parts of body
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Cephalopod Mollusks:

High Performing Invertebrates

The circulatery system is. largely closed in all
cephalopod mollusks (nautilus, cuttlefish, squid,
‘and octopus). It has an extensive system of vessels
making it the most complex and efficient system of all
..the mollusks, and enables cephalopods to be active,
tielligent predators.

latory system consists of one systemic heart,

rbranchial hearls, and blood vessels. The branchial
hearts, which sit at the gill base, collect deoxygenated
blood from all the body parts and direct it through
the gills. The blood returns to the medial systemic
heart and is pumped to the body via an anterior and
posterior aorta, through smaller vessels and into
tissue capillaries.
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1. Describe the main difference between closed and open systems of circulation: An o« ‘*\“""\ Syshem
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2. Describe where the blood flows to immegiately after it has passed through the gills in a fish: &\\‘f e n hY
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3. Describe where the blood flows immediately after it has passed through the lungs in a mammal: e \°\\“\
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4, Explain the higher functional efficiency of a double circuit system, relative to a single circuit system: 1 A
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5. Hearts range from being simple contractile structures to complex chambered organs. Describe basic heart structure in:
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6. Explain how a closed circulatory system gives an animal finer control over the distribution of blood to fissues and organjs:

Tk oy Blewed e Q_)i\}u\s)( A\ Q\:\.} and  OMeuwalk o\ laa¥

Neine Xo  paAarXtan\ ar \oc-\\?ms /orjw\f.

7 Compare and contrast a vertebrate closed circulatory system with the‘circulatory system ef an annelid: i A \%\o?‘\\b
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8. "Comparisons of the circulatory systems of insects, decapods (e.g. crabs), annelids, and cephalopod mollusks indicates
that there Is a gradient between fully open and fully closed circulatory systems". Discuss this statement:
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