Big Idea 2: Biological systems
utilize free energy and
molecular building blocks to
orow, to reproduce and to
maintain dynamic homeostasis.
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Enduring understanding 2.D: Growth and
dynamic homeostasis of a biological

system are influenced by changes 1n the
system’s environment.
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Essential knowledge 2.D.2: Homeostatic mechanisms reflect
both common ancestry and divergence due to adaptation in
different environments.

a. Continuity of homeostatic mechanisms reflects
common ancestry, while changes may occur in
response to different environmental conditions.
[See also 1.B.1]
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Essential knowledge 2.D.2: Homeostatic mechanisms reflect
both common ancestry and divergence due to adaptation in

different environments.

b. Organisms have various mechanisms for obtaining
nutrients and eliminating wastes.

To foster student understanding of this concept, instructors can choose
an illustrative example such as:
-Gas exchange in aquatic and terrestrial plants

-Digestive mechanisms in animals such as food vacuoles,
gastrovascular cavities, one-way digestive systems

-Respiratory systems of aquatic and terrestrial animals

-Nitrogenous waste production and elimination in aquatic and
terrestrial animals
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Digestion
DIGESTION- breaking food into particles small
enough to be absorbed into cells (increases SA:V)

0 MECHANICAL DIGESTION-physical breakdown of

food, into smaller pleces...inereasing surface area

O -breakdowwn of molecules

Lnto thelr subunits
O this allows passage across membranes

O awnd each organism wneeds to build itts own
speai:ﬁc molecules
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O ABSORPTION- the act of taking up smalli
molecules such as simple sugars and amino
acids

Elimination

ELIMINATION- the act of passing undigested
material out of the digestive system
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How are animals able to digest molecules
that they themselves are made of?

O The evolutionary adaptation found across a wide
range of organisms s the processing of food within
spectalized compartiments.

O These compartments can be untracellular
(vacuoles) or extracellular (digestive organs)
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Intracellular Compartments
O Foob VAcuoLEs- cellular organelles tn which

enzywes break down food (stmplest digestive
compartiments).

O cell engulfs food by PHAGOCYTOSIS

O Food vacuole fuses with LysosomE (digestive
sac)

O Digestion oceurs safely tnside compartment

O Few animals digest food exclusively this way, the
sponge however Ls one organism that does.
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Phagocytosis

Now nutrients for cell
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Digestive
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4
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Azure vase sponge (Callyspongia
plicifera)

Spongocoel

Epidermis

Mesohyl
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Extracellular Compartments

O Most animal species, muolecular breakdowwn occurs bg
extracellular digestion, tn compartments that
continuous with outside of the animal’s bodg.

O Sowme animals with stmple body plans have digestive
compartments with a single opening

O ex. Hgdm

O Most antmals have a digestive tube extending
between two openings: mouth and anus.

0O This tube ts called ALIMENTARY CANAL
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(a) Earthworm
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Stomach(mechanical digestion)
K Gizzard (mechanical digestion)

-~ .
v Intestine
? f (chemical digestion)

Esophagus

Crop
stores food ¥

The advantage of alimentary
(c) Bird canals is specialization and
Copyright © 2008 Pearson Education, Inc., publishing as Pearso Food can be d'geSfed Wh|le an

earlier meal is being absorbed
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HumanDigestive
System
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Salivary starts chemical
glancs digestion

mechanical digestion Mouth—@:@

Esophagus —

food storage
Stomach mechanical digestion

stores bile

makes bile _ | .
detoxifies ——Small chemical digestion

Liver intestine gbsorption

digestive enzymes Pancreas

Large _
intestine absorption

Rectum waste storage
Anus

A schematic diagram of the
human digestive system
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Essential knowledge 2.D.2: Homeostatic mechanisms reflect
both common ancestry and divergence due to adaptation in
different environments.

c. Homeostatic control systems in species of microbes,
plants and animals support common ancestry. [See also
1.B.1]

To foster student understanding of this concept, instructors can choose
an illustrative example such as:

Excretory systems in flatworms, earthworms and vertebrates
Osmoregulation in bacteria, fish and protists
Osmoregulation in aquatic and terrestrial plants

Circulatory systems in fish, amphibians and mammals

Thermoregulation in aquatic and terrestrial animals (countercurrent exchange mechanisms)
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Thermoregulation
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Circulatory Adaptations

® Another circulatory adaptation relies on a
Countercurrent Exchange, the transfer of heat (or solutes)
between fluids that are flowing in opposite directions

< Let’s take a closer look...

Monday, September 5, 16



Blood
Blood from returning to Blood from
body core body core body core
in artery in vein in artery

' Blood
returning
to body core
invein

| 30°
20°

100

Monday, September 5, 16



Excretory Systems
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O ALL water balance relies on the regulation of
solute movement between tnternal flutds and
external environments.

O Most of this movement in multicellular
organisms s handled by excretory systems.

O These systems not balance water and solute
concentrations but also excrete harmful wastes.

Monday, September 5, 16



O Awnimals produce a fluid waste called wrine
through 4 baste steps:

O Filtration
0 Reabsorptiow
0O Secretlon

0 Excretlon
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I water and solutes are
iltration =—————y
l forcea out of the blood

Excretory
tubule

rReclatms valuable
substances from filtrate

»—— Reabsorption =

| Secretion—— ©Excessive solutes and toxins
are removeo from the blood

The altered filtrate leaves
body as urine

? < QUL <=
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} water, salts, sugars, amino
actds, nitrogenous waste, ete

Excretory

water, certain salts,
—— Reabsorption =———=> gliucose, amino aclds,
vitamins, hormones

-~ Secretion ———3 goditlonal solutes and waste

water and nitrogenous
waste, ete

? < QUL <=
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O Althowgh structures vary among animals the
functions remain the same-control solute
concentration and balance water uptake and
output.

0 Protowephriolia—ﬁatworms
O Meta wephridia—earthworms

O Malphigian Tubules-itnsects (grasshoppers)

0O Kidw&gs—\/ertebmtes (humweans)
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O SERVE TO REGULATE WATER!

O waste removal occurs across the body surface or

waste Ls moved into the gastrovascular cavity
where Leaves through the wmouth

O Freshwater flatworms proouce dilute wrine to
counteract the constant influx of water
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Hypoos motLe

(outstide) Hyperosmotic

(Linstole)

g Flame
bulb

Interstitial
fluid flow

Tubule g

Tubules of
protonephridia

This system is used for
oswmoregulation, not waste removal
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O SERVE TO REGULATE WATER AND
ELIMINATE WASTE!

O waste moves Lnto and remeatns Lin the

collecting tubule and Ls eventua LLy excreted to
the outstole

O earthworms tnhabit molst sotls and thus
produce dilute urine to counteract the constant
influx of water
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Y @ Hyperosmotic
- (tnstde)

Coelom

\ Capillary , Reabsorbs most

network solutes (“good ones”)
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Collects ﬂu'wl

Internal opening ——
from coelom

Collecting tubule
— Bladder

— External opening

Low SOLUTE URINE &
NITROGENOUS WASTE
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O SERVE TO REGULATE WATER AND
ELIMINATE WASTE!

O Nitrogenous waste is actually wmoved tnto the

(gastrovascular cavitg) rectuume where Lt Ls
eliminated along with the feces

O (nsects live L hyperosmotic environments and
must therefore conserve water, producing nown-
soluble nitrogenous waste saves water
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Mammalian Excretory System

O SERVE TO REGULATE WATER AND
ELIMINATE WASTE!

O Nitrogenous waste is soluble and Leaves in the

urlwe

0O Mamwmalian leiolwegs have the abLLLtg, to
produce dilute or concentrated urine depending
the envirommental clrcumstances
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Mammalian I@'wlwegs
filter blood
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Afferent arteriole Glomerulus
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O Vertebrate animals occupy a wide range of habitats
O Rain Forests to Deserts

0 saLtg Lakes to Pure Mountain Streams

O Vvariation tn Ridney structure allows Lt to function
according to the demawnds of the specific habitat
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O Lowng ”Loops of Hewnle” g uxta meduLLarg
nephrons )allow tervestrial mammals to produce
concentrated wrine

O Hyperosmotic urine Ls key adaptation for land
mammals, Lt conserves much water

O Agquatic mammals have much shorter nephrons,
because the selective pressure for long nephrons
was wnot as great
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O These organisms Live tn very dehydrating
ENVLrONMENLS

O They do not have lLong nephrons Llike mammals

O nstead they excrete their nitrogenous waste as
uric actd which requires Little to wo water
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§
freshwafer Flsh & Amphlblans

O These organisms Live tn a hgpoosmotw
environment

O They have many nephrons to produce Large
volumees of dilute urine

O They have to conserve sal,ts!...log reabsorbing
them L the distal tubules and Leave water
behind
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O These organisms Live tn a hyperosmotie
environment

O They gain salts and lose water to their
surroundings

O They produce Little urine, as a result that have
few nephrons that are generally smaller
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Learning Objectives:

LO 2.25 The student can construct explanations based on
scientific evidence that homeostatic mechanisms reflect
continuity due to common ancestry and/or divergence due to
adaptation in different environments. [See SP 6.2]

LO 2.26 The student is able to analyze data to identify
phylogenetic patterns or relationships, showing that
homeostatic mechanisms reflect both continuity due to
common ancestry and change due to evolution in different
environments. [See SP 5.1]

LO 2.27 The student is able to connect differences in the

environment with the evolution of homeostatic mechanisms.
[See SP 7.1]
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