
Part III. Conserving biodiversity

I. How populations work
II. How communities & ecosystems work
III. Origins of biodiversity

• How do species arise?

• How are phylogenies used to organize diversity?

• Surveys of biodiversity and evolutionary trends
Unit 8. Prokaryotes and protists (single-celled organisms)

� Unit 9. Green plants and fungi
Unit 10. Animals
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Plants were domesticated independently at many locations

(b) Artificial selection changes the traits of
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Taxus brevifolia
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Bioactive compounds

Q: Why have 
plants evolved
so many useful 
compounds?

Paclitaxel
(Taxol)

Salicylic acid

Plants provide products and services



Plants provide products and services

http://www.nationalgeographic.com/eye/
deforestation/deforestationintro.html

deforested

forested• prevent erosion, soil loss
• moderate local climate

Ecosystem services

• reduce flooding
• purify water

• recycle CO2, water, nutrients
• produce O2
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• evolutionary transition from water to land
• shift toward dominance of the sporophyte
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“Green algae” – paraphyletic, basal to land plants
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Spores (n)

Sporophyte
(multicellular,

diploid)
(2n)

Zygote
(2n)

Gametes
(n)
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(multicellular,

haploid)
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“Generalized” 
life cycle

“Green algae” – paraphyletic, basal to land plants
– gametophyte dominated life cycle
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Loss�of�
marine�distribution

Loss�of�marine�distribution

“Green algae” – paraphyletic, basal to land plants
– gametophyte dominated life cycle

Simple�gametangia &�thin�walled�spores�(sporpollenin)
Retention�of�zygote�on�parent

Q: How do sperm reach the egg?

“Nonvascular�plants”�do�not�have�reinforced�vascular
tissue�to�conduct�water�and�provide�support.��

“Nonvascular plants” – paraphyletic, basal land plants

Q: What is the sister group to 
land plants?

A) Green algae
B) Liverworts
C) Stoneworts
D) Protists
E) Non-vascular plants

stomata

STRUCTURAL INNOVATIONS:
• cuticle
• stomata

“Nonvascular plants” – innovations for life on land

Pores
Stomata

Cuticle



2) reproductive features REPRODUCTIVE INNOVATIONS:
• complex gametangia
• nourished embryos

= “Embryophyta”

“Nonvascular plants” – paraphyletic, basal land plants

sperm egg

Simple�gametangia��thin�walled�spores
Retention�of�zygote�on�parent

Complex�gametangia—thick�walled�
spores

Retention�of�nourished�embryo

S G

Moss
(non-vascular)

“Nonvascular plants” – gametophyte dominated

“Seedless 
vascular 

plants”

Vascular plants – less dependent on availability 
of water 

Q: What is the sister group to 
Hornworts?
A) Mosses
B) Seedless vascular plants
C) Stoneworts
D) Vascular plants
E) Land plants

VASCULAR PLANTS

Vascular plants – less dependent on availability of water 

lignin

STRUCTURAL INNOVATIONS:
• vascular tissue
• tracheids
• roots
• true leaves

Pores
Stomata

Cuticle

Vascular�
tissue

Roots
Tracheids

tracheid

Leaves

VASCULAR PLANTS



Vascular plants – shift toward sporophyte-dominated life cycle

S G

Fern
(seedless vascular plants)

Moss
(non-vascular)

G

S

VASCULAR PLANTS

SEED PLANTS

Evolutionary transition from water to land

chlorophyll a&b, �-carotene

ability to resist 
water loss

ability to conduct 
water through tissues

ability to protect/ 
disperse offspring

• “naked seeds”
• 4 extant phyla, monophyletic �

�
Ph. Cycadophyta

Ph. Coniferophyta

Ph. Ginkgophyta

Ph. Gnetophyta

1 extant species!

Ephedra sp.

��

Seed plants – largely independent of water
Gymnosperms

Welwitschia mirabilis

• 235,000+ species!

• flowers and fruits: complex interactions 
with animal dispersers

�

�

Seed plants – largely independent of water
Angiosperms (Phylum Anthophyta)

cactus! saprophyte!orchid! stinking arum!

maple



STRUCTURAL INNOVATIONS:
• wood
• vessel elements

Pores
Stomata

Cuticle

Vascular�
tissue

Roots
Tracheids

Leaves Vessel�
elements

Wood

VASCULAR PLANTS

SEED PLANTS

tracheids

vessel
elements

Seed plants – largely independent of water Seed plants – further shift to dominance of sporophyte

S G

Fern
(seedless vascular plants)

Moss
(non-vascular)

G

S

Flowering plant
(vascular seed plants)

G

REPRODUCTIVE INNOVATIONS:
• pollen • seeds
• flowers • fruits

Leaves

Simple�gametangia��thin�walled�spores
Retention�of�zygote�on�parent

Complex�gametangia—thick�walled�
spores

Retention�of�nourished�embryo

Sporophyte
dominated�life�cycle

Seeds
Pollen

Fruits
Flowers

Gametophyte:
further�reduced,�heterosporous

VASCULAR PLANTS

SEED PLANTS

pollen

Seed plants – largely independent of water

Cotyledons Vascular tissue Veins

Cotyledon

One cotyledon Vascular tissue scattered
throughout stem

Parallel veins in leaves
(bundles of vascular tissue)

Petals in multiples of 3

Flowers

Petals in multiples of 4 or 5Branching veins in leavesVascular tissue in circular
arrangement in stem

Cotyledons
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Two cotyledons

Angiosperms (Phylum Anthophyta)

Seed plants – largely independent of water
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Lineages in red were traditionally 
called dicots, but this tree shows that
dicots are not a natural grouping

Green algae

Fungi

Animals

Opisthokonts

Land plants 

Amoebozoa

Choanoflagellates

Glaucophyte algae

Red algae

Other 
protists

Fungi and 
animals 
share a 
common 
ancestor at 
this point

Opisthokonts
• Choanoflagellates, Animals, Fungi
• flagella (locomotion)
• chitin (structure)
• glycogen (energy storage)

Fungi – “master recyclers and traders”
chitin cell wall
unicellular or multicellular

morphologically simple

Saccharomyces
cerevisiae

Armillaria ostoyae

hyphae

mycelium
cells can be multinucleate

septum

humongous fungus! 8.9 km2

2400 years old
605 tons!

Fungi – absorption, unusual reproduction
chitin cell wall

unicellular or multicellular

morphologically simple



Fungi – absorption, unusual reproduction
chitin cell wall

unicellular or multicellular

morphologically simple

adapted for extracellular 
digestion and absorption

reproductive diversity

asexual and sexual

variation in spore morphology

variation in spore-forming structures

hyphae provide
high SA:volume

1) decomposers

saprophytes: digest dead plant material

enzymes: lignin peroxidase and cellulase
� one of few organisms that can digest wood

critical part of carbon cycle

Ecological roles of fungi

2) Mutualists—plant root mycorrhizae
Ectomycorrhizae (temperate and boreal forests) � nitrogen limiting

form sheaths around roots and penetrate between root cells

Arbuscular mycorrhizae (grasslands and tropical forests) � phosphorus limiting
contact plasma membranes of root cells

Ecological roles of fungi

Ph.Glomeromycota

Ph. Basidomycota
Ph. Ascomycota

Ecological roles of fungi

Q: Is the relationship mutualistic?

Treatment:
add *C with or 
without 
mycorrhizae

Treatment:
add *N or *P 
with or without 
mycorrhizae

See fig. 31-10

2) Mutualists—plant root mycorrhizae



Ecological roles of fungi
2) Mutualists—lichens

Asexual reproduction 
occurs when “mini-
lichens” are produced

Fungal layer

Fungal layer

Algal layer

Substrate

Cross section of a lichen

3) Parasites

Candida albicans

ringwormEcological roles of fungi

corn smutDutch elm disease Chestnut blight

Penicillium chrysogenum

4) Human food and medicine
Uses of fungi

disc. 1928

SEXUAL 
REPRODUCTIONASEXUAL 

REPRODUCTION

Mycelium
(n)

Spores
(n)

Spores
(n)

Spore-producing 
structure

(n)

Spore-producing 
structure

(n)

Haploid (n)

Zygote
(2n)

Nuclei

Diploid (2n)

Heterokaryotic (n � n)

Heterokaryotic
mycelium
(n � n)

Generalized fungal life cycle
• Fungal sex! “plasmogamy” (fusion of hyphae) � heterokaryotic mycelium

“karyogamy” (fusion of nuclei) � zygote

• Fungal sexes!  compatability of “mating types”



and a few variations…

Ascomycota

Generalized fungal life cycle

Basidomycota
Basidium

Spores (n)

Zygomycota
Hyphae

Zygosporangium: 
thick coated “zygote” 
formed directly; 
produces spores

Spores
(n)

Ascus

Gametes form in 
gametangia

Gametophytic 
mycelium 

(n)

Gametes 
(n)

Zygote 
(2n)

(plasmogamy and 
karyogamy occur 
simultaneously)

Sporophytic 
mycelium

(2n)

Diploid (2n)

Haploid (n)
Heterokaryotic (n � n)

Spores form 
in sporangia

Spore
(n)

1 mm
2n

n

and a few variations…Generalized fungal life cycle
Chytridiomycota

many parasitic motile gametes & spores

Chytrids include the only fungi with alternation of generations 

Do reproductive/ecological diversity have a phylogenetic pattern?

mutualists
saprophytes
parasites

em, lichensemam


