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Chapter 11: Animal Diversification What is an animal?
Animals are one

. Three Key CharacteristicS branch of the
Learnlng Goals y tI‘;ukarr):atf‘Jg:na\in.

a Define an animal and the key distinctions
that divide the species.

o Define and describe the invertebrates,
including sponges, cnidarians, flatworms,
mollusks, arthropods, and echinoderms.

o Define and describe vertebrates and their e B Ak

EVO|Ut|0n . All animals acquire energy by All animals have the ability to Aulmalmmlsmimumple(ensmd

. . A consuming other organisms. move—at least at some stage of have body parts that are specialized
o Define and describe the terrestrial vertebrates, e thekr We ke for differentactivites.
including amphibians, birds, and mammals. P14 ot o By Scnd tn

Four key distinctions divide the animals.

DOES THE ANIMAL HAVE SPECIALIZED CELLS THAT FORM DEFINED TISSUES?

1. Does the animal have defined tissues, S

with specialized cells? m..,;“,.,mm””””

2. Does the animal develop with radial o mwwm,“m
symmetry or bilateral symmetry? T —————— |

3. During development, does the animal’ s N I o
gut develop from front to back or back to W (] ‘/‘gg,: ) ‘;:" 5 &%ﬂé %?jﬁ";g &g

front? ’SLngn \:nld.mm ‘Flnmmu\ [“Annelids | [~ Mollusks |

4. Does growth occur by molting or by
adding continuously to the skeletal
elements?

N7

.
Ancestral protist |

Figure 11:2
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Invertebrates are the largest and

most diverse group of animals. =
Sponges are

animals that
lack tissues
and organs.

Invertebrates
are animals
without a
backbone.

Brown tube sponge

COMMON CHARACTERISTICS

+ No tissues or organs

« Body consists of a hollow tube with pores in its wall

« Feed by pumping in water, along with bacteria, algae, and
small particles of organic material, through their pores

+ Free-swimming larvae

+Sessile as adults

MEMBERS INCLUDE

« About 5,000 species

Figure 115
Whot s Life? A Guide o Biology, Second Edition.
2012 ¥ Froeman and Compsny




A collar cell’s flagellum creates a current that carries water upward and out
through the opening at the top of the sponge. Food particles taken in too.

Amoebocyte cells, picks up some of the food particles from the collar cells
Epidermal cells, outer protective layer.

THE ANATOMY OF A SPONGE

+— Epidermal

b cells

A fist-size sponge can filter more than 1,000
gallons (5,000 liters) of water every day!

Jellyfish and other cnidarians are among
the most poisonous animals in the

world. R

THE CNIDARIANS

COMMON CHARACTERISTICS
« Radially symmetrical
« Tentacles armed with rows of stinging

cells, used to paralyze prey
MEMBERS INCLUDE

«Corals

Figure 117
Wt it A Gt o ks Socard Edbisn

CNIDOCYST IN ACTION

Cnidarians capture prey using stinging cells called
cnidocysts.

Each cnidocyst has
a coiled thread
with barbs inside
and a “trigger” on
the outside.

Coiled thread
Trigger

9 When something
comes in contact
with the trigger,
such as a prey
item, the coiled
thread is ejected
and can penetrate
the prey, often
injecting a toxin.

Figure 11-8
Whot s Life? A Guide To Bology, Second Edition
d Company

Sponge Reproduction

o How do they do it?

0 Hermaphrodites
» Male and female sexual reproductive organs
» Free-swimming larvae become sessile adults

0 Asexual reproduction
» Budding

Cnidarians
0 Two types of cnidarian bodies:

» A sessile polyp
o A free-floating medusa

0 Reproduce both sexually and asexually

a Carnivores that use cnidocysts
e Stinging cells

3 Major Groups of Cnidarians

o Corals
0 Sea anemones
a Jellyfishes

1/4/2016
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The Corals The Sea Anemones

o Small, soft-bodied polyps living in large

0o Resemble flowers
colonial groups

0 Free-swimming larval stage
a Secrete calcium carbonate

0 Adult stage settles

o Stinging tentacles surrounding a mouth * But may crawl slowly

0 Sexual and asexual reproduction

The Jellyfishes The Flatworms

0 Range tremendously in size

o Some species deadly

COMMON CHARACTERISTICS

+ Well-defined head and tail
regions

+ Hermaphroditic and can engage
in both sexual and asexual
reproduction

+Some have a single opening in
the body, which serves asa
mouth and an anus

MEMBERS INCLUDE

+ Tapeworms

+ Flukes

The Roundworms The Segment_ed Worms
s (Annelids)

THE ROUNDWORMS
COMMON CHARACTERISTICS

THE ANNELIDS
+Long, narrow unsegmented body
+ Bilaterally symmetrical
«Surrounded by a strong, lexible cuticle
(5| +Mustmoltin order to grow larger
MEMBERS INCLUDE
+More than 90,000 species (scientists estimate
there may be five times as many species that
have not yet been identified)

COMMON CHARACTERISTICS
+ Segmented body

MEMBERS INCLUDE

« Marine polychaetes (about
9,000 species)

« Earthworms (more than
4,000 species)

« Leeches (about 500 species)




Annelids: Polychaetes

o Marine worms
0 “Many bristles”
o Some are burrowing.

o Some are tube dwelling.

Annelids: Leeches

0 The saliva of blood-sucking leeches
contains an anticoagulant substance that
prevents blood from clotting.

a Not all leeches are blood suckers.

* More than half the species of leeches are
predators.

Mollusks

0 Mollusks are protostome invertebrates that
do not molt.

Q They are the second most diverse phylum
of animals and include snails and slugs,
clams and oysters, and squids and
octopuses.

Annelids: Earthworms

a “Few bristles”

0 Bulk feeders
¢ Consume particles of soil and organic material

o Castings are valued by gardeners.

Worm Summary

0 Flatworms include parasitic flukes and
tapeworms, many of which infect humans.

o Many roundworms are parasites of plants
or animals and are responsible for several
widespread human diseases.

0 Earthworms are annelids that play an
important role in recycling dead plant
material.

THE MOLLUSKS

ing)
all mollusks except bivalves
LUDE
+Gas bout 35,000 species)
+ Bivalves (about 8,000 species) y "
+ Cephalopods (about 600 species) i [

Guide o Riviogy, Second Edition
reeman and Company
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Gastropods

a Snails and slugs are called gastropod
mollusks.

a “stomach foot”

a Found in both aquatic and terrestrial
environments, snails and slugs account for
three-quarters of all mollusks.

Cephalopods

GROUPS OF CEPHALOPODS

SQUIDS OCTOPUSES

+8 short tentacles and 2 long +8short lled
sucker-bearing tentacles

+ Free-swimming

+ About 300 species

Figure 11-14

Whots Lif? A GuideToBoiogy Second Edition
2012 .M Froeman nd Company

NAUTILUSES
.c

+Bottom-dwellers, living in coral  + Free-swimming
reefs and rocky coasts + 6 species
+ About 300 species

An external skeleton and
metamorphosis produced the
greatest adaptive radiation ever.

1/4/2016

Bivalve Mollusks

a Clams, scallops, oysters, and mussels have
a pair of shells that clamp together.

o Roughly 8000 species of bivalves—most of
them live in the ocean.

a All are filter feeders.

Octopuses are smart
0 The predatory behavior of octopuses involves
exploration and manipulation.

0 These behaviors are considered as intelligent by
humans.

THE ARTHROPODS

COMMON CHARACTERISTICS

+ Segmented body with a distinct
head, thorax, and abdomen

+ Exoskeleton made of chitin

+ Jointed appendages

MEMBERS INCLUDE

«Insects (more than 800,000
species)

+ Arachnids (about 60,000 species)

« Crustaceans
(about 52,000

+ Millipedes and
centipedes
(about 10,000
species)

Spiny orb-weaver spider (arachnid)

' Arthropods make up about 75%
of the animal species on earth.
Figure 1116

What s Life? A Guide To Biology, Second Edition
20129 W Freeman and Company



Insects Rule

a The ability to fly and the development of a
body with a rugged exoskeleton have
contributed to the enormous ecological
diversity of insects.

o The life cycle of most insects includes a
larval stage that is devoted to feeding and
growth, a pupal stage during which
metamorphosis occurs, and an adult stage
in which the insect reproduces.

Other arthropods include arachnids,
crustaceans, millipedes, and centipedes.

GROUPS OF ARTHROPODS

Japanese slave-making ant Giant desert centipede A jumping spider

INSECTS MILLIPEDES AND ARACHNIDS
« Three pairs of walking CENTIPEDES

Sally Lightfoot crab

CRUSTACEANS
+ Usually four pairs of « Many pairs of legs

legs +Many pairs of legs (two  walking legs + Usually five pairs of
+Legsarelocatedonthe pairs per segment in +Legsarelocatedonthe  appendages that extend
thorax millipedes; one pairper  thorax from the head
- Life cycle consists of segmentin centipedes) - Specialized mouthparts  + Mostly aquatic
pa g -Long, body  «Predators
Figure 11-18

Whot s Life? A Guide T Biotogy. Second Edition.
2012 ¥ Froeman and Compan

Arachnids

o Land-dwelling arthropods
0 Include spiders, scorpions, mites, and ticks

0 Usually have four pairs of walking legs
¢ And a specialized feeding apparatus

0 Only have legs on the thorax

1/4/2016

Metamorphosis
o Complete

a Incomplete

METAMORPHOSIS

COMPLETE METAMORPHOSIS INCOMPLETE METAMORPHOSIS

foccurs in 17% of insect species].

AbuLT
 Theadult

pupa and no

onough to anter  tures

the pupal stage. _ assembled int
PP Etage: e adult form. 0 The separation of life stages has contributed to

the enormous ecological diversity of insects.

Figure 1117
e o atoy Second aten

Millipedes and Centipedes

+ “A thousand feet” and “a hundred feet”
+ Long, segmented bodies
* Millipedes feed on decaying plant material.

* Centipedes are predators; they use

venomous fangs to kill insects and even small
mammals.

Spider Venom

0 Arachnids are predators
o Black widow spider

u Brown recluse spider
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Echinoderms are vertebrates' closest
The Crustaceans invertebrate relatives

« Lobsters, crayfish, crabs, and shrimps ——
THE ECHINODERMS
«Enclosed by a hard skeleton under spiny skin
«Larvae are bilaterally symmetrical and share
‘some anatomical features with chordates
« Adults are radially symmetrical
«Undersides are covered with tube feet that
aid in locomotion and grasping

All have five pairs of appendages extending
from their heads.

MEMBERS INCLUDE
+Sea stars (about 1,600 species)
«Sea urchins and sand dollars (about 940

» Many pairs of legs modified for many
purposes

species)
«Sea cucumbers (about 1,100 species)

LT |

Most are aquatic.

Club sea urd L
Sea cucumber

Figure 1119
Whati ife? A Guide o istogy, Second Edton

Echinoderms Echinoderms and Chordates

0 Are deuterostomes (as are vertebrates),
echinoderms are the invertebrates that are
th?t clt())setst evochlltlc;Rary rr]ela(glvtes to the 0 The larvae have anatomical characteristics
vertebrates (and other chordates). in common with the larvae of primitive

chordates.

0 Bilateral symmetry in larvae

o Their aquatic larvae are bilaterally
symmetrical and share some anatomical
features with chordates, but adult
echinoderms are radially symmetrical.

: TR All vertebrates are members of the
Evolutionary Specialization phylum Chordata.
o Radial symmetry in adults , g

oy

—

THE CHORDATES
N C

0 An evolutionary specialization associated

with their locomotor mode and feeding e
specializations ey

2,000 species)

+Lancelets (about 20
species)

+ Vertebrates (about
56,000 species)

Figure 11.20




Four distinct features of
chordates

THE DISTINCT BODY STRUCTURES OF CHORDATES
it y r
D . ain the
not tlife
“in " es
n v sis
@ animal's dorsal side)
+In vertebrates, the nerve cord
‘eventually forms the spinal cord
and brain

Figure 11:21
[T ———
12 et nd oy

PHARY
slits through whic
in order to breathe
+Inmany chordates (including
humans), the slits disappear as
the animal develops

POST-ANAL TAIL
Tail that extends beyond the posterior
( {back) end of the digestive system
| + Some vertebrat 9
. humans) have a iefly,
G during embryonic development

A Dorsal Hollow Nerve Cord

a Extends from head to tail

o In vertebrates, forms the central nervous
system (spinal cord and brain)

aIn other animals, lies in lower portion of

ventral part of body (and is solid instead
of hollow)

The phylum Chordata contains three
sub-phyla:

GROUPS OF CHORDATES

TUNICATES VERTEBRATES

« Filter-feeding marine animalk il g mari + The most di chordat

+ Can often be found attached  + Live in coastal waters +Range in size from the tiny hummingbir
to docks to the enormous blue whale

- Can be found in most of the habitats on
earth

es
d
+ Larvae are free-swimming

Figure 11:22
Whot s Life? A Guide T Riviogy, Second Edition.
2012V Freeman and Company

The Notochord

0 A rod of tissue extending from the head to
the tail

o Stiffens the body when muscles contract
during locomotion

o In advanced chordates
¢ Present only in early embryos
* Replaced by the vertebral column (backbone)

Pharyngeal Slits
o Pharyngeal region

e The area between the back of the mouth and
the top of the throat

a Pharyngeal slits are present in the
embryos of all chordates.

0 Originally used for breathing and feeding

A Post-Anal Tail

0 Extends back beyond the end of the trunk

The Tunicates

GROUPS OF CHORDATES
TUNICATES
« Filter-feeding marine animals

« Can often be found attached
to docks

« Larvae are free-swimming

Figure 11-22 part 1
Whatife? A Guide T Biiogy, Secend Edition
201290 M Freeman and Company
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The Lancelets

LANCELETS

« Filter-feeding marine
animals

« Live in coastal waters

Figure 1122 part 2
LA Gl W Sl Vred s
201290 M freeman nd Com;

Vertebrates differ from the other
chordates in two important ways:

1. They have a backbone.

2. They have a head.

Fins get you to the organism you are
going to eat.

THE EVOLUTION OF JAWS AND FINS

FISHES WITHOUT JAWS OR FINS FISHES WITH JAWS AND FINS
« Tail propels organism through « Fins provide controlled movement through water
water « Jaws lined with sharp teeth allow for seizing and

- Feed by attaching oral disk to prey chewing prey

The development of fins and jaws set the stage for
the ionary ion of iversil

Jaws capture and kill it.

1/4/2016

The Vertebrates: The Most
Diverse Subphylum of Chordates

THE VERTEBRATES
JAW, PAIRED APPENDAGES
INTERNAL BONY SKELETON
LOBED APPENDAGES
AMNIOTIC EGG
m Nﬂl
< Y07 P a0 B
() [ @ ) L
N 4 . " 7 N
Lampreys | cnrlll.glnous“ myﬁnned ‘l.abe—ﬁm\ed \Ampmhum ] R«epuks Mlmmlh
fishe fishes ledi
— o

Figure 1123
Whot Life? A Guide ToBi
2012 Freeman and Campary

The evolution of fins paralleled the evolution of
jaws because the two structures work together.

THE EVOLUTION OF JAWS AND FINS

4

FISHES WITHOUT JAWS OR FINS Oraldisk |  FISHES WITH JAWS AND FINS

« Tail propels organism through + Fins provide controlled movement through water
water + Jaws lined with sharp teeth allow for seizing and

« Feed by attaching oral disk to prey chewing prey

The development of fins and jaws set the stage for
the evolutionary explosion of vertebrate diversity.

Figure 1124
It UREA Gl o Bl Scemd Wi
2012 Freeman and C

CARTILAGINOUS FISHES RAY-FINNED FISHES

E-FINNED FISHES
« Characterized by a skeleton made  + Characterized by rigid bonesand  « Characterized by two pairs of sturdy
completely from cartilage fins lined with hardened rays fins on the underside of their body
« About 880 species, including + Possess a swim bladder, which +6 species of lungfish and 2 species of

sharks and rays aids in flotation coelacanths

+ About 27,000 species, including
almost everything you think of
as “fish”

Figure 11-25
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The movement onto land required lungs, a
rigid backbone, four legs, and eggs that
resist drying.

aln the transition of vertebrates from life in
water to life on land:

*Fins were modified into limbs.

*Vertebrae were modified to transmit the body
weight through the limbs to the ground.

*The site of gas exchange was transferred from
gills and swim bladders to lungs.

FROM WATER TO LAN

PROBLEM: GRAVITY

The transition onto land required
structural support to resist the pull
of gravity.

SOLUTIONS: LIMBS and MODIFIED
VERTEBRAE

Limbs evolved from the jointed fins
found on the underside of lobe-
finned fishes.

Vertebrae were modified to transmit [Early terrestrial vertebrate
the body weight through the limbs
to the ground.

Lobe-finned fish

Figure 11-26 part 2
Whot s Life? A Guide T Biviogy, Second Edition.
2012 Freeman and Compsny

All terrestrial
vertebrates
are tetrapods.

Amniotes and non-amniotes

1/4/2016

FROM WATER TO LAND

The transition of vertebrates from life in water to life on land
required overcoming three main obstacles. Four major
luti yil i ! d for this transition.

Ray-finned fish

PROBLEM: RESPIRATION

Aquatic animals use gills to
acquire dissolved oxygen from
water. The transition onto land q
required the ability to breathe air.

SOLUTION: LUNGS

Gas exchange was transferred
from gills to lungs, which evolved
from the swim bladder found in
ray-finned fishes.

| Early terrestrial vertebrate I

Figure 11:26 part 1
i Life? A Guide To Biology, Second Edition
enpany

20129 Free

FROM WATER TO LAND

PROBLEM: EGG DESICCATION

The transition onto land required an
egg that resisted drying out when
exposed to air. ‘

SOLUTION: AMNIOTICEGG
Terrestrial animals developed a water-
proof eggshell, which prevents eggs
from drying out before they hatch.

Figure 11-26 part 3
Whot s Life? A Guide To Biviogy. Second Edition.
20129 Froeman and Compsny

Amphibians live a double life.

THE AMPHIBIAN LIFE CYCLE

such as frogs, toads, are terrestrial
Most species live on land as adults, but develop in wa

EGGS JUVENILES ADULTS
juvenile Only the adults are true land

h ot

ggs, which must be laid in water to ~ stage underwater and undergo animals; however, most of the

prevent desiccation. metamorphosis to develop legs species in this group stay close to
and lungs. water tolay their eggs.

Figure 11:27
What s Life? A Guide To Bioiogy: Second Edition
20120 H Freeman and Company
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Birds are reptiles in which
feathers evolved.

THE AMNIOTIC VERTEBRATES

REPTILES (INCLUDING BIRDS)

j:CrocodBes. |

| Dinosaurs |
L)
o
=

Figure 11-28

Whot s Life? A Guide To Biology. Second Edition.
20129 Freeman and C

Feathers

' Orlglnally, colorful Iearhers were used for

birds,
and aid in flight.

Figure 11-30
e

Are all mammals viviparous?

a Viviparity—giving birth to babies rather
than laying eggs

o Monotremes lay eggs, but also produce
milk.

Mammals are endothes

1/4/2016

REPTILES vs. BIRDS

REPTILES
«Skin is covered in scales

is covered in feathers, enabling flight and
+ Body temperature is controlled by external

g insulation

is maintained by h
« Include snakes and lizards (about 8,000 species), Hlul
turtles (about 300 species), crocodiles and +Include about 9,700 species
alllgnors (23 species), and tuatara (2 species)

Figure 11

s 0 a5 e Sasod i
© 20120 H Freeman

Mammals are animals that have hair
and produce milk.

EARLY MAMMALS
Early mammals, such as the mouse-sized
Morganucodon, underwent two major changes
in body structure that led to endothermy.

3pi

pera-

Endothermy evolved independently in
mammals and birds, and by different paths.

GROUPS OF MAMMA

vertebrates that have hair and produce

MONOTREMES Mnnsumes PLACENTAL MAMMALS
+Females lay eggs les give birth
«Females produce milk, but do not p«iod of development provides oxygen and nutrients to
have nipples—babies suck milk bryos in the
from the hairs on their mother's \g comple « About 4,500 speci
chest tlwl:dwaogmun
ly i iva—the platy includi
pus and 4 species of spiny animals

called echidnas

Figure 11:32

About
klnglrm koalas, wallabies, and
possums.

I LA Gl Sk i
92012 H Freeman and Comy
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Humans tried out different
life styles.

LIFE IN THE TREES

Many of the anatomical characteristics of humans
and the other primates can be traced to our
arboreal origins.

EYES
Forward-directed eyes
and binocular vision
allow for distances to be
judged accurately.

ARMS

Shoulder and elbow
joints allow our
arms to rotate.

FINGERS AND TOES
The retention of ten fingers
and ten toes allows us to
grasp objects.

Figure 11-33
Wkt o7 s o Bty Second disn

Chimpanzee and
Modern Human Lineages

o Separated only 5 or 6 million years ago

Humans differ from chimpanzees in three
major anatomical characteristics:

a Humans are bipedal.
a Humans are bigger than chimpanzees.

o Humans have a brain that is about three
times the size of the brain of a
chimpanzee.

How did we get here?
The past 100,000 years of human evolution

HUMAN MIGRATION OUT OF AFRICA

About 100,000 years ago, a small group of modern humans left Africa,
and they ultimately spread across the earth. Mitochondrial DNA shows

Figure 1136
Whes Lfe? 4 Gk o ity Secomd o
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THE EVOLUTIONARY HISTORY OF HUMANS
Th i istory did not follow a straight line. Since first
appearing around 4 million years ago, there have been many branches to the
human evolutionary tree, a sample of which is shown here.

— I\
\
----- Possible relationship ‘ — .

==={ Time
4 million 3 million 2 million 1 million 500,000 250,000 Today
years ago years ago years ago years ago years ago years ago
Humans’ success can be traced to an
increase in brain size combined with
an omnivorous diet.
Figure 11-35

What  Life? A Guide To Biology, Second Edition
2012W W Freeman and Compary

What are the advantages of walking
on two feet rather than four?

THE PRIMATES

PROSIMIANS : MONKEYS : APES

46

ibbons | [Orangutans || Gorillas | Chimpanzees| | Humans |

| B 1 |

New World | [ Old Wor
monke)
:

Figure 11:34
What s Life? A Guide To Biofogs, Second Edition
2012 W freeman nvd Company

Humans

Modern humans (Homo sapiens) evolved in

Africa between 200,000 and 100,000 years

ago, and all living humans are descended

from that evolutionary radiation

0 About 100,000 years ago, a small group of
modern humans moved out of Africa, and
the descendants of this group ultimately
populated Europe, Asia, and the Americas.

0 Three other species of humans were living
at this time.

12



Neandertals,
Homo neanderthalensis
0 About the same size as modern humans
a More robust and muscular
o Lived in organized groups

o Probably hunted large mammals

Became extinct between 30,000 and 12,000 years
ago, after modern humans had spread into the
areas where they were living.

The Indo-Australian Archipelago

Q Homo erectus
Q Homo floresiensis

Learning Objectives

« Describe why flowering plants are the
most diverse and successful plants.

« Describe the love-hate relationship
between plants and animals.

« Discuss the relationship between fungi
and plants.

Most Plants Make Their Own Food

a Nitrogen, phosphorus, and salts

o Roots and shoots
STATIOARY LIVING CREATES CHAENGES

i
i Diploid ferns Haploid fern PN
~—

OBTAINING FOOD FINDING A MATE RESISTING PREDATION

Because plants can‘t move toreach  Male and female plants can't meetto  Plants can't run from predators, so
sunlight, they d 50 they have d d
grow toward light. ways of getting o
the female gamete, including
alternating haploid and diploid life
stages, and using other organisms to
transport the male gametes.

suchas

Figure 123
What s Life? A Guide To Biodogs, Second Edition
2012 WL W freeman nd Company
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Chapter 12: Diversification of the
Eukaryotes: Plants and Fungi
Learning Objectives

 Explain what a plant is.

« Describe the characteristics of the first
plants.

+ Explain what a seed is as well as the
significance of its evolution.

What is a plant?

Plants a branch of
the eukarya.

PLANTS CREATE THEIROWN FOOD  PLANTS ARE SESSILE AND PLANTS ARE MULTICELLULAR
Plants carry out photosynthesis, TERRESTRIAL Plants consist of multiple cells and
using energy from sunlight to Plants are anchored in place at their have structures that are specialized
convert carbon dioxide and water  bases. for different functions.
into sugar.
Figure 12-1
Whotis e

00w

THE PLANTS

DOES THE PLANT HAVE VESSELS TO TRANSPORT WATER AND NUTRIENTS?
No Yes

DOES THE PLANT PRODUCE SEEDS?
No Yes

DOES THE PLANT PRODUCE FLOWERS AND FRUIT?
No ok : Yes

NON-VASCULAR P} | VASCULAR SEEI SS PLANTS GYMNOSPERMS
(about 20,000 speci ‘ (about 12, pecies) (about 1,000 species) (about 250,000 species)
2 —
7—1}5 million
" yearsago

First land plants 0 million;

appeared about o 360 million Y 29°

475 million years ago — / e

[Ancestrai protist ]

Figure 12-4
What s Life? A Guide To Biology, Second Edition
20120 H Freeman and Company
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What characteristics do Gymnosperms
(pine trees) have that are absent in
nonvascular plants (moss)?
. Vasculature and flowers
. Seeds and flowers
. One is multicellular while the other is not.
. Vasculature and seeds

A WN =

The First Land Plants Appeared About
475 Million Years Ago

MOVING ONTO LAND PRESENTS CHALLENGES

When plants emerged onto land, they faced the same t
faced 25 million years later.

o PROBLEM: GRAVITY o PROBLEM: DESICCATION
SOLUTION: The earliest plants grew very SOLUTION: Plants developed an outer waxy
close to the ground, as mosses do today, layer called a cuticle that covers their entire
in order to resist the pull of gravity. surface.

@ @ ® &
Mosses and other non- =
vascular plants lack vessels :

for transporting nutrients

and water.

Figure 12.7
Wht s Lite? A GuideTo Bilogy, Second Ediion
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Colonizing land brings new
opportunities and challenges for plants.

Coleochaetes, a type of green alga, are the
closest relative to plants. They can withstand
exposure to air when water levels fall.

Ancestors of plants began the
¥ transition from water to land with
the evolution of resistance to drying.

Figure 125
Wit ife? A Gude o Siology, Second Ediion

Non-vascular plants

a Non-vascular plants—mosses, liverworts,
and hornworts

o They lack roots and vessels to move water
and nutrients from the soil into the plant.

a They reproduce with spores that form
when a sperm from a male reproductive
structure “swims” through a drop of
rainwater to the egg in a female
reproductive structure.

Alternation of Generations
o A life cycle of alternating haploid and
diploid generations in which the diploid
embryo is protected by the haploid female
| mossuFecycte |

‘\li i' \ FERTILIZATION )
= \'ﬁ/ i

s ==
WAPLOID DIPLOID

© 1 apiad e torns ddovsoptims
P

© Tl mss dvsops s o which
b tashpdomes g

(€ e et ek
s e
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Non-vascular plants such as peat moss have
many important economic and ecological
uses, from flood control to gardening to the
production of Scotch whisky (shown here).

The evolution of vascular tissue
made large plants possible.

THE VASCULAR SEEDLESS PLANTS

rom e COMMON CHARACTERISTICS

Py : S - « Distribute water and nutrients
throughout the plant with a “circu-
latory system” of vascular tissue

+ Release haploid spores, dispersed
by the wind, which grow and pro-
duce gametes

« Life cycle (unlike in animals) with
multicellular haploid and diploid
phases

MEMBERS INCLUDE

+Ferns (about 12,000 species)

+ Horsetails (about 15 species)

Canary Island hare's foot ferm

Common horsetail

Differences between a moss and
a fern include...

1. Alternation of generations
2. Multicellular diploid stage in the life cycle
3. Multicellular haploid stage in the life

cycle
4. Presence of a vascular system

5. Use of chlorophyll for harvesting light
energy

1/4/2016

Bryophytes are characterized by

N W N~

S N T
Diploid fern Haploid fern \/ﬂ‘]' (£
ol () Js=dopem

D, [ Egg
Embryo | FERTILIZATION

all the following except...

. Multicellular diploid stage

. Multicellular haploid stage

. Alternation of generations

. Obtaining water and nutrients through

diffusion

. Diploid spores

FERN LIFE CYCL

-

@ Adult ferns release haploid spores, which
are carried by the wind to a new location.
A spore lands on moist soil and grows
into a haploid fer called a prothallus.
When there is sufficient water on the
leaves—such as after rainfall—sperm swim
from male reproductive structures to female
reproductive structures, where they fertilize
the egg.
Adiploid embryo forms and continues to
growinto an adult diploid fern.

Figure 12-12
What s Life? A Guide To Biotogy, Second Edition
2012 M. Freeman and Compsny

What chemical property of
water allows transpiration to
occur in a tree?

. Equal sharing of electrons between

oxygen and hydrogens

. Unequal sharing of electrons between

oxygen and hydrogens

. Water molecules sticking to each other
.land3
. 2and3
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Seeds
DNA, RNA, a few proteins

A multicellular embryo and a store of
nutrients

» Endosperm

* Gymnosperms and angiosperms

Seed Dispersal

a Only opportunity most plants have to send
their offspring away from home

0 Seeds and seed pods have many ways to
do this:

» Forceful send-off of exploding seed pods
¢ Seeds that hitch rides on passing animals
» Seeds that float in water or almost fly

COMMON CHARACTERISTICS

+ Distribute water and nutri-
ents throughout the plant
with a "circulatory system"
of vascular tissue

+ Reproductive structures
called cones produce the

+ Fertilization produces seeds

MEMBERS INCLUDE

+ Conifers (about 600
species)

+ Cycads (about 300
species)

+ Gnetophytes (about
65 species)

+Ginkgo (1 species)

Welwitschia

Figure 12-14
Whot s Life? A Guide To Biotogy, Second Edition
02012 WM warry
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Do plants have sex?
How are seeds formed?

o The gametophyte
« A life stage that produces haploid gametes

a Pollen grains and ovules

 Pollen produces a pollen tube that grows into the
ovule.

0 The external layer of the ovule forms the
seed coat.

When you eat corn, most of the
nutrients you are getting are
from the seed’s...

1. Endosperm

2. Embryo

3. Protective coating
4. Sporophyte

GROU YMNOSPERMS

CONIFERS CYCADS GNI YTES GINKGO

i . C d of 3 groups: iloba s the only
colder temperate and some-  sperms of tropical and Gnetum, Ephedra, and
times drier regions of the i -
world leaves.
-G facing are Ephedra, a shrub-like + The outer covering of the
inctic i d ds emits a foul odor
+Important source of timber herbal remedy for

+Include pines, spruces, firs, fespiratory slments
cadars, hamlocks, yews,
larches, cypresses

Figure 12-15

Whts Life? A GuideTo Biotogy, Second Edition
20129 Freemn and Comparny
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CONES

MALE CONE FEMALE CONE

The male cone releases The female cone has ovules

pollen grains that on the protruding scales.

require wind to reach a They produce seeds when

female cone. fertilized by pollen.
Although billions of pollen grains are wasted for each one
that fertilizes an egg, gy p have full)
used wind pollination for more than 200 million years.

Figure 12-16
Whot s Life? A Guide To Biotogy, Second Edition
2012 ¥ Froeman and Company

Which answer below is not true
for gymnosperms?

1. Their life cycle displays alternation of
generations.

2. Seed dispersal occurs via the wind.

3. The male and female gametophytes
(cones) look the same.

4. They can be extremely long lived.

How can trees grow large and live to
great ages?

0 Woody plants can be exceptionally strong
and resistant to attack by herbivores.

0 Heartwood
o Bark

o Exuding a sticky pine pitch

GYMNOSPERM LIFE CYCLE

MEIOSIS -

Diploid conifer

o Male cones release pollen grains that are
dispersed by the wind to ovules found beneath

the scales of female cones.
e Pollen grains release sperm that fertilize an = 2
egg within the ovule. The evolution of seeds
- o in gymnosperms elimi-
'F“e:::::lll:‘nn(amuusx diploid embryo that nated the free-living
— haploid life stage seen
o Eventually, the seed is released from the in mosses and ferns.
d p dult t

Figure 12-17
Whot s Life? A Guide To Biotogy, Second Edition
2012 ¥ Froeman and Compsy

TALLEST AND OLDEST .

Conifers include the tallest
and longest-living trees.

e
Conifers such as these
redwoods can reach
up to 380 feet tall.

Conifers such as these
bristlecone pines can live
for more than 4,800 years.

ey N

' Conifers have grown taller and reached
older ages than any other plants.

Figure 12-18
What s Life? A Guide To Biofogs, Second Edition
201290 W Freeman nd Comparny

Which answer below is not true
for gymnosperms?

1. Their life cycle displays alternation of
generations.

2. Seed dispersal occurs via the wind.

3. The male and female gametophytes
(cones) look the same.

4. They can be extremely long lived.

1/4/2016
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Angiosperms are the dominant plants FLOWER STRUCTURE
tOday' @ :n:‘}g‘rzr;roductlve structure @ ::;:leelreproduuive structure
ANTHER

Produces pollen Sticky tip

FILAMENT T " STYLE

Supporting stalk \ y X Elongated stalk
® Y (i OVARY

Contains the ovules

losed within an ovule
MEMBERS INCLUDE
lowering trees, bushes, herbs,
and grasses (about 250,000
species)

water lily

Figure 12-20
Whot s Life? A Guide To Biotogy, Second Edition
2012 ¥ Froeman and Company

What characteristics do A flower needs a pollinator
angiOSpermS Sha re W|th STRATEGIES FOR ATTRACTING POLLINATORS
gymnosperms? '

Angiosperms have developed a way to transfer
pollen efficiently from the anthers of one flower to
the stigma of another: get an animal to carry it!

. Both produce a seed.

. Both are sporophyte dominant. TRiCKERY : _
Some plants deceive animals into carrying pollen  Some plants offer something of value to an animal,

. Both have a vascular system. :’%-:L.ﬁz‘?ﬁyifv;:;u::“' anctherHare e omrsd mpaten. s o

. Both produce floWers. attempt to mate with the flower. Q

.1,2,and 3

. All of the above i stonen

AUl A WN =

Trickery a nd Bri bery COEVOLUTION: FLOWERS AD THEIR POLLINATORS

0 Plant deceit!

0 Orchid species
o Flowers that resemble female wasps

» Male wasps “riding a bucking bronco” WHITE:Nocturmal pollnstor,such s moths and bats
. BRIGHT COLORS: y i
0 Plants offer something of value for pollen such s i, butterfes, and ees
transport. i
Requires:

a) A sticky pollen

b) A flower that catches the attention of the k ! ;
pollinator opoRs

smell, such as
c) Something of value to the pollinator.

moths, butterflies, and bees bees, birds, and butterflies
i ch as fli

3 : g for a pl
lay eggs, such as flies lay eggs, or such as beetles, looking for petals, pollen,
'NO ODOR: Pollinators with a poor sense of smell, such ‘and other parts to eat
asbirds
Figure 12-22
Whot s Life? A Guide To Biotogy, Second Editon
2012 Freemn and Comporny
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Which answer below is an example of
coevolution between two species?

1. A flower gets pollinated through wind
dispersal.

2. Seeds get dispersed by sticking to passing
animals.

3. A flower develops into a fruit for animals
to eat.

4. Yucca moths can only enter yucca plant
flowers that provide a place for the moths
to lay their eggs.

Angiosperms improve seeds
with double fertilization.

Two Advantages of Double Fertilization

o Initiates formation of endosperm only
when an egg is fertilized

o Smaller gametes can be produced.
e Ensures that seeds are produced quickly

HAPLOID AND DIPLOID LIFE STAGES

NON-VASCULAR PLANTS
The majority of the life cycle is
spent in the haploid stage.

> VASCULAR SEEDLESS PLANTS
& 3% The haploid and diploid stages

= | are both multicellular and
physically independent from
one another.

GYMNOSPERMS

The evolution of seeds almost
completely eliminates the
prominent haploid stage seen
in mosses and ferns.

NGIOSPERMS

{ Haploid gametes are further

w reduced in size, enabling more

N ! ¥ rapid seed production.

i R l

O As plants have developed different reproductive
strategies, they have progressed from having a
prominent haploid stage of life to simply having
haploid gametes.

Figure 12:24
What s Life? A Guide To Biotogy, Second Edition
20129 W Freeman oy
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Which answer below is “Bribery”
by the plant?

1. A flower gets pollinated through wind dispersal.
2. Seeds get dispersed by sticking to passing

animals.

w

. A flower develops into a fruit for animals to eat.

4. Yucca moths can only enter yucca plant flowers
that provide a place for the moths to lay their

eggs.
5. 3and 4
6. All of the above

Figure 12-23
What s Life? A Guide To Bology, Second Edition

€ obirsini o i e st
P A i sl

of the
rm fuses with the egg to form a zygote. The other

e
O gt
e

Do flowers fertilize themselves?

Outbreeding versus Inbreeding

nAngiosperms have also developed methods to
reduce the occurrence of self-fertilization, thereby
ensuring greater genetic variation among offspring
than occurs through inbreeding.
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What is an advantage of double
fertilization in angiosperms?

1. Production of endosperm
2. Larger seeds

3. Increase in energy used to make
the seed

4, 1and 2
5. All of the above

How does this system work?

a Fruits are colorful.
Q Fruits taste good.

a Fruit is good for animals.

Unable to escape, plants must resist

predation ig QG E A S v —

HNE B

1/4/2016

Fleshy fruits are bribes that
flowering plants pay animals to
disperse seeds.

SEED DISPERSAL

HITCHING A RIDE FLYING AND FLOATING Pl D SOURCE
Some seed pods have spines or structure of the seed a s of bait that
thatattach themto i rried th I at the seed and
are r

What is an advantage to making
a fleshy fruit (for the plant)?

1. A large amount of energy is used to
make the fruit.

2. The seed is dispersed by the animal that
eats the fruit.

3. When defecated, the seed will be
inhibited from germinating.

4. The nutrients in the fruit help keep the
animal healthy.

Chemical Defenses as Medicines?

0 Medicinal plants
a Salicin, opium, digitalin, ipecac

0 Bioprospecting

20



Insect Attack!

a Volatile chemicals
0 Plants can also warn nearby plants!
o Methyl jasmonate (MJ)
¢ Chemical carried by air

¢ Insect prey might respond

*Example: caterpillars eating
cotton, MJ released, attracts
wasps that lay eggs in

caterpillars. Wasp larvae eat ‘ ?
caterpillars from inside out. -

Pl G, NN

' Some plants living in nitrogen-deficient
soil have turned the tables, becoming

predators on insects.

Fungi are closer to animals than
they are to plants.

THE FUNGI

I. X
f | protist 1 Fungi are more closely
related to animals than
they are to plants.
igure 1229
T ooy
Fungi

o Fungi are decomposers, and all they need
to thrive is organic material to consume
and a moist environment, so their hyphae
don't dry out.

a Fungi can grow almost anywhere that is
moist, and they can attain enormous sizes.

Fungi

0 Fungi are eukaryotes with the same
internal cellular elements as other
eukaryotes...

o ...and one distinctive feature: a cell wall
formed from the carbohydrate chitin.

o Some fungi, the yeasts, live as individual
cells; most other fungi are multicellular.

WHAT IS A FUNGUS?

FUNGI ARE DECOMPOSERS OR FUNGI HAVE CELL WALLS MADE

SYMBIONTS OF CHITIN

y feed. Fungi have cell walls made of
chitin, a chemical that is also
important in producing the
exoskeleton of insects.

Fungi acqui gy by

breaking down the tissues of
dead organisms or by absorbing
nutrients from living organisms.

FAMILIAR FUNGI

ogenur id ayeast (above).
(above). Black Baker's yeast
bread mold (inset). (inset).
-
e
Fungi

o Fungi have complex life cycles, with both
sexual and asexual phases; the parts of
fungi that are most often visible are their
temporary spore-producing bodies.

o Fungi can cause a variety of health
problems but also are responsible for
antibacterial medicines such as penicillin.

1/4/2016
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distinct
dikaryotic hyphae, in which single cells have two
distinct nuclei.

i hyphal tast for th
dikaryotic mycelium spreads throughout an area.

3 HAPLOID ~ ” o, 25
> pl
Dikaryotic hyphae | "“‘/@ﬁ (5 et in dikaryotic hypt bacoming diploid.
(]

6 The diploid cells within the mushroom then

NN producing
e Hoploid When the spores land in a hospitable place, they
Haploid hyphae | | Haploid spores | o start growing as haploid hyphae, and the cycle is

complete.

Figure 1231
What s Life? A Guide To Biotogs, Second Edition
2012W W Freeman and Comparny

Fungal Invasion!

Sick-building
Syndrome

Molds can contaminate
poorly ventilated buildings,
causing a variety of irritating
and potentially dangerous
health problems.

How are fungi and plants
similar?

1. Both are sessile.

2. Both use photosynthesis to produce
food.

3. Both use chitin for building cell walls.

4. Both have a dikaryotic state in their
life cycle.

5. Both have a prominent multicellular
haploid state in their life cycle.

1/4/2016

How can fungi grow in so many
habitats?

o Advantages of being a decomposer

aDon't need light

o Important ecological role!

Fungal Parasites

0 On humans?!
a Mycosis

Beneficial Fungi

Q Penicillium

a Penicillin
aWonder drug!

Most plants have fungal symbionts

MYCORRHIZAE .

Mycorrhizal fungi grow in association with the
roots of plants, receiving sugar from the plant
while transferring nitrogen and phosphorus

from the soll to the plant. fé Ji
ji| Hyphae AV |

Cell wall

Root hair

Some mycorrhizae have hyphae that press {
closely against the walls of root hair cells, while [
others send hyphae through the root cell walls |

and into the space between the cell wall and the | |
plasma membrane.

Figure 1234
Whot s Life? A Guide To Biotogy, Second Edition
20129 Freeman and Compsny
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What percentage of the offspring from parents

with mycorrhizal fungi were surviving after 47

days? What was the percentage surviving from
parents without mycorrhizal fungi?

Mycorrhizae: + -

1. 100% 100%
59% 25%
38% 18%
25% 59%
18% 38%

LA o
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