Hydrogen Oxygen

Biosphere

_Ecosystem
 — Communlty

: Population

Organism

Cell

Molecule

Atom

Parts of the earth's air,water, and soil
where life is found

A community of different species
interacting with one another and with
their nonliving environment of matter
and energy

Populations of different species
living in a particular place, and
potentially interacting with each
other

A group of individuals of the same
species living in a particular place

An individual living being

The fundamental structural and
functional unit of life

Chemical combination of two or
more atoms of the same or different

elements

Smallest unit of a chemical element
that exhibits its chemical properties

Stepped Art
Fig. 3-5, p. 58



r- and K-Stratigies

Characteristics of contrasting reproductive strategies

r-adapted species

1.Short life

2.Rapid growth

3.Early maturity

4 Many small offspring

5.Little parental care or protection
6.Little investment in individual offspring
7.Adapted to unstable environment
8.Pioneers, colonizers

9.Niche generalists

10.Prey

11.Regulated mainly by extrinsic factors
12.Low trophic level

K-adapted species

1.Long life

2.Slower growth

3.Late maturity

4 .Fewer large offspring

5.High parental care and protection
6.High investment in individual offspring
7.Adapted to stable environment
8.Later stages of succession

9.Niche specialists

10.Predators

11.Regulated mainly by intrinsic factors
12.High trophic level




Reproductive Patterns and Survival

© 2002 Brooks/Cole - Thomson Learning

© 2002 Brooks/Cole - Thomson Learning

K-Selected Species

elephant saguaro

Fewer, larger offspring

High parental care and protection of offspring
Later reproductive age

Most offspring survive to reproductive age
Larger adults

Adapted to stable climate and environmental
conditions

Lower population growth rate (r)

Population size fairly stable and usually close
to carrying capacity (K)

Specialist niche

High ability to compete

Late successional species

i I g: r-Selected Species

cockroach dandelion

Many small offspring

Little or no parental care and protection of
offspring

Early reproductive age

Most offspring die before reaching
reproductive age

Small adults

Adapted to unstable climate and environmental
conditions

High population growth rate (r)

Population size fluctuates wildly above and below

carrying capacity (K)
Generalist niche

Low ability to compete
Early successional species

Fig. 9.10b,

p. 205



Survivorship Curves

Percentage surviving (log scale)

100

—
(@)

Early loss

Age

Fig. 9.11, p. 206



A species metapopulation is defined as a set of spatially separated
populations, which have some form of migration or mixing
behavior among them.

= Egg-laying sites in mountain streams = Egg-laying sites in mountain streams
- Regular, frequent dispersal and gene flow between ¢ Clear-cut (logged) areas
subpopulations =——Roads

| ular, in uent dispersal; minimal gene flow
— m!g“n sumpulatlonge ge = Irregular, infrequent dispersal; minimal gene flow
between subpopulations
(a) (b)

©1669 Addson Weslay Longman, Inc




A species metapopulation is defined as a set of spatially separated populations, which have
some form of migration or mixing behavior among them. Animal populations are often
thought of in the context of metapopulations, but plants are an equally worthy subject,
since seed dispersal is tantamount to animal migration in connecting disparate habitat
patches. The name metapopulation was first used in 1970 by Levins to describe a
population dynamics model for insect pests inhabiting crop growing areas; however, the
idea has since been most broadly applied to species in fragmented habitats.




J-Curves and S-Curves

* Exponential growth

— Starts slowly, then accelerates to carrying capacity
when meets environmental resistance

* Logistic growth

— Decreased population growth rate as population
size reaches carrying capacity



Logistic Growth of Sheep in Tasmania

Number of sheep (millions)

2.0 4 Population

carrying

capacity
1.5
10 - Population
' Exponential runs out of
rowth resources
= and crashes
5 -

overshoots — Carrying capacity

Population recovers
and stabilizes

T T T
1800 1825 1850 1875

Year

I T
1900 1925

Fig. 5-15, p. 115



Regulation of population size

= | imiting factors
¢ density dependent

* competition: food, mates,
nesting sites

* predators, parasites,
pathogens

¢ density indepenn' 2

marking territory
= competition

* abiotic factors
.+ sunlight (energy)
¢ temperature
* rainfall




Population size (thousands)

Population Cycles for the Snowshoe Hare and
Canada Lynx

160
140
120
100
80

60 \
40
- W I\
4 J 4 /

0 T T T T T T T T T T

1845 1855 1865 1875 1885 1895 1905 1915 1925 1935
Year

Fig. 5-18, p. 118



Each Species Plays a Unique Role
In Its Ecosystem

* Ecological niche, niche

— Pattern of living: everything that affects survival and
reproduction

— Water, space, sunlight, food, temperatures

* Generalist species
— Broad niche: wide range of tolerance

e Specialist species
— Narrow niche: narrow range of tolerance



Specialist Species and Generalist Species Niches

Number of individuals

Specialist species Generalist species
with a narrow niche with a broad niche

| Niche

separation

Niche

breadth >

Region of
niche overlap

Resource use

Fig. 4-13, p. 95



In ecology, the competitive exclusion
principle, sometimes referred to as Gause's
law of competitive exclusion or just Gause's
law, is a proposition that states that two
species competing for the same resource
cannot coexist at constant population values,
if other ecological factors remain constant.



e graph below shows
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two species of Paramecium were grown together
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The graph above best exemplifies
A) the demographic transition
(B) sustained logarithmic growth

(C) the k‘LE_‘.'L' effect

compeuuve exciusion

(E£) the normal distnbution




Some Species Feed off Other Species
by Living on or in Them

Parasitism
Parasite is usually much smaller than the host
Parasite rarely kills the host

Parasite-host interaction may lead to
coevolution



Parasitism: Trout with Blood-Sucking Sea Lamprey

Fig. 5-7, p. 110



In Some Interactions, Both Species
Benefit

Mutualism
Nutrition and protection relationship
Gut inhabitant mutualism

Not cooperation: it’ s mutual exploitation



Mutualism: Hummingbird and Flower

Fig. 5-8, p. 110



Mutualism: Oxpeckers Clean Rhinoceros; Anemones Protect
and Feed Clownfish

(a) Oxpeckers and black rhinoceros (b) Clownfish and sea anemone

Fig. 5-9, p. 111



(a) Oxpeckers and black rhinoceros _
Fig. 5-9a, p. 111



(b) Clownfish and sea anemone

Fig. 5-9b, p. 111



In Some Interactions, One Species Benefits
and the Other Is Not Harmed

e Commensalism
* Epiphytes

* Birds nesting in trees



Commensalism: Bromiliad Roots on Tree Trunk Without
Harming Tree

Fig. 5-10, p. 111



Keystone Species Play Critical Roles in
Their Ecosystems

* Keystone species: roles have a large effect on
the types and abundances of other species

 Pollinators

* Top predators



Case Study: Why Should We Care
about the American Alligator?

Largest reptile in North America
1930s: Hunters and poachers

Importance of gator holes and nesting mounds: a
keystone species

1967: endangered species

1977: comeback, threatened species



Fig. 4-18, p. 99
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Ecotone

...may exist along a broad belt or in a small
pocket, such as a forest clearing, where two
local communities blend together. The
influence of the two bordering communities
on each other is known as the edge effect. An
ecotonal area often has a higher density of
organisms of one species and a greater The edge effect is the change
number of species than are found in either ~  in diversity of organisms on the
flanking community. Some organisms needa ~ ovrdary :cl?im" ST
transitional... e
Community ecology: Ecotones
...specifically for living in these zones. In
many cases, the number of species and the
population density are greater within the
ecotone than in the surrounding
communities, a phenomenon known as the
edge effect.




Producers and Consumers Are the Living
Components of Ecosystems (3)

* Aerobic respiration

— Using oxygen to turn glucose back to carbon
dioxide and water

* Anaerobic respiration = fermentation

— End products are carbon compounds such as
methane or acetic acid



INPUTS & OUTPUTS

Sunlight
™ Oxygen

Carbon

Dioxide

Glucose
Water/ \
\
witley
: < PHOTOSYNTHESIS

In the process of photosynthesis, plants convert radiant energy from
the sun into chemical energy in the form of glucose - or sugar.

water  + carbon dioxide +  sunlight —e glucose + oxyg
6HO 6 CO, + _radlant energy—e CH O, + 60: l

photosvnthesis

Chlorophyll absorbs green wave
hnmmmﬂnm,maklmphns

Light
energy

CO, enters
through the

-

stomata, an
opening in the
leaf’s epidermis
and cuticle.
Water, CO, and
Sunlight combine in Oxygen and water vapor exit
the leaf to make the leaf through the stomata.
sugar. Water loss from leaves is
called mnsplm'lon.
. L . % % ~ B
Ve .- N
M Em sugar is stored
Water x% as starch (food) in the
\ roots

Waurlsabsorbedmm‘hthuootsmd (“

carried through the stem to the rest of the
plant. A plant’s roots replace water lost during

transpiration



AEROBIC RESPIRATION

« The formula for aerobic cellular respiration is
C6H1206 ek 602 — 6C02 =+ 6H20 + Energy (ATP)

* The “word” equation for this is:

A

0‘._"’5‘)‘&4‘

Oxygen Carbon Water Energy
Dsoxide




Ecosystems Have Living and
Nonliving Components

e Abiotic
— Water
— Air
— Nutrients
— Rocks
— Heat
— Solar energy

* Biotic
— Living and once living



Major Biotic and Abiotic Components of an Ecosystem

Oxygen (O,)

Precipitaton

Carbon dioxide (CO,)

‘-,..,(. ~ 3
. % N
' \ 7
2 % \, Producer “\
' 'f\\
“ v ; -‘ .

Secondary
consumer
(fox)
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Producers and Consumers Are the Living
Components of Ecosystems (1)

* Producers, autotrophs

— Photosynthesis:
* CO, + H,0 + sunlight - glucose + oxygen

— Chemosynthesis

 Consumers, heterotrophs
— Primary consumers = herbivores
— Secondary consumers
— Tertiary consumers
— Carnivores, Omnivores



Producers

Fig. 3-7a, p. 59



Consumers

Fig. 3-8a, p. 60



Producers and Consumers Are the Living
Components of Ecosystems (2)

* Decomposers
— Consumers that release nutrients
— Bacteria
— Fungi

* Detritivores
— Feed on dead bodies of other organisms
— Earthworms
— Vultures



Decomposer

Fig. 3-9a, p. 61



Detritivores and Decomposers

Detritus feeders Decomposers

A A
I . Nt A

Carpenter

Bark beetle \ ant galleries
engraving

Termite and
carpenter
ant work

Long-horned Dry rot

beetle holes

Wood
reduced
to powder

Time progression Powder broken down by
decomposers into plant
nutrients in soil



Producers and Consumers Are the Living
Components of Ecosystems (3)

* Aerobic respiration

— Using oxygen to turn glucose back to carbon
dioxide and water

* Anaerobic respiration = fermentation

— End products are carbon compounds such as
methane or acetic acid



Energy Flow and Nutrient Cycling

* One-way energy flow from sun

* Nutrient cycling of key materials



Ecosystem Components

Chemical nutrients
(carbon dioxide,
oxygen, nitrogen,
minerals)

Decomposers Producers
(bacteria, fungi) (plants)

ki Consumers N
R\ "4 (plant eaters, e, i
— Heat — meat eaters) ~ Heat =
%\ . N\

7TV UM



Science Focus: Many of the World’ s Most
Important Species Are Invisible to Us

Microorganisms
* Bacteria

* Protozoa

* Fungi



Energy Flows Through Ecosystems in
Food Chains and Food Webs

* Food chain

— Movement of energy and nutrients from one
trophic level to the next

— Photosynthesis - feeding - decomposition

* Food web

— Network of interconnected food chains



A Food Chain

First Trophic Second Trophic Third Trophic Fourth Trophic
Level Level Level Level
Producers Primary Secondary Tertiary
(plants) consumers consumers consumers
"3 4 "3 (herbivores) AL (carnivores)  \\d4, (top carnivores)

\)\hu
D
j Solar
y:

energy

)
Frrges

Decomposers and detritus feeders



A Food Web
« @Humans
Blue whale ) ‘\_‘ 3 Sperm whale

A \

Elephant

> K 4 \ seal
Crabeater \ e
seal 4 '
./,

Adelie
penguin

Carnlvorous
N AVY . ML
zooplankton

<) Herbivorous
B/ zooplankton



Usable Energy Decreases with Each
Link in @ Food Chain or Web

e Biomass

— Dry weight of all organic matter of a given trophic
level in a food chain or food web

— Decreases at each higher trophic level due to heat
loss

 Pyramid of energy flow
— 90% of energy lost with each transfer
— Less chemical energy for higher trophic levels



Pyramid of Energy Flow

Usable energy available N
at each trophic level “Heat-
(in kilocalories) m

Tertiary
consumers 10
(human)

Secondary
consumers

(perch) Decomposers

Primary
consumers
(zooplankton)

Producers
(phytoplankton)
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Some Ecosystems Produce Plant
Matter Faster Than Others Do

* Gross primary productivity (GPP)

— Rate at which an ecosystem’ s producers convert
solar energy to chemical energy and biomass

— Kcal/m?/year

* Net primary productivity (NPP)

— Rate at which an ecosystem’ s producers convert
solar energy to chemical energy, minus the rate at
which producers use energy for aerobic
respiration

— Ecosystems and life zones differ in their NPP



46. The net annual primary productivity of a
particular wetland ecosystem 1s found to be
8,000 kcal/m* per year. If respiration by the

aquatic producers 1s 12,000 kcal/m* per year,

what 1s the gross annual primary productivity

for this ecosystem, 1n kcal/m* per year”
(B) 8,000
‘(‘l l:"()“()

@) 20.000

() 96.000)




Terrestrial Ecosystems
Swamps and marshes
Tropical rain forest
Temperate forest
Northern coniferous forest (taig
Savanna

Agricultural land
Woodland and shrubland
Temperate grassland
Tundra (arctic and alpine)
Desert scrub

Extreme desert

Aquatic Ecosystems

Estuaries
Lakes and streams

Continental shelf
Open ocean

800 1,600 2,400 3,200 4,000 4,800 5,600 6,400 7,200 8,000 8,800 9,600
Average net primary productivity (kcal/m?2/yr)

Fig. 3-15, p. 66



The Earth’ s Major Biomes

Tropic of
Cancer

Equator

. High mountains

|:| Polar ice
. Arctic tundra (cold grassland) ' v 4
|:| Temperate grassland 5 ' -"-ﬁ»-()_F)_i&.-df-"
l:, Tropical grassland (savanna) Capricorn

- Chaparral ).
. Coniferous forest /

. Temperate deciduous forest
. Temperate rain forest
Tropical rain forest

D Tropical dry forest

D Desert

Fig. 7-7, p. 153
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Natural Capital: Major Components of
the Earth s Biodiversity

Species diversity

Genetic diversity
Ecosystem diversity

Functional diversity

Biodiversity is an important part of natural capital



Functional Diversity The biological and Ecological Diversity The

chemical processes such as energy flow variety of terrestrial and
and matter recycling needed for the survival aquatic ecosystems
of species, communities, and ecosystems. found
in an area or on the
°q oig;z;o gy 2 : earth.
° 956 %o = Solar?

Chemical .a E
nutrients (carbo ;e"el'g%_
dioxide, oxygen,

nitrogen,

Heat Heat '\

44AN

Producers ;
(plants) |

Consumers
(plant eaters,
meat eaters

Genetic Diversity The Species Diversity The number
variety and abundance of species
of genetic material within present in different communities.

2

Fig. 4-2, p. 82



Species Diversity: Variety, Abundance of
Species in a Particular Place (1)

* Species diversity

* Species richness:

— The number of different species in a given area

* Species evenness:

— Comparative number of individuals



Species Diversity: Variety, Abundance of
Species in a Particular Place (2)

* Diversity varies with geographical location

* The most species-rich communities
— Tropical rain forests
— Coral reefs
— Ocean bottom zone
— Large tropical lakes



Variations in Species Richness and Species Evenness

Fig. 4-12, p. 93
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Natural selection...

a difference, on average, in the survival or fecundity of
Individuals with certain phenotypes compared to
Individuals with alternative phenotypes

Geospiza fortis

L -

Four tenets of natural selection...

(1) Individuals within populations are variable
(2) Variation is heritable

)
(3) Organisms differ in their ability to survive and reproduce
(4) Survival & reproduction are non-random



Darwin's Theory of Evolution by Natural Selection

1. More individuals are produced each generation that can survive.

2. Phenotypic variation exists among individuals and the variation is
heritable.

3. Those individuals with heritable traits better suited to the environment
will survive.

4. When reproductive isolation occurs new species will form.

These are the basic tenets of evolution by natural selection as defined by
Darwin.

The following is a quote from Darwin.

"Variation is a feature of natural populations and every population produces
more progeny than its environment can manage. The consequences of this
overproduction is that those individuals with the best genetic fitness for the
environment will produce offspring that can more successfully compete in
that environment. Thus the subsequent generation will have a higher
representation of these offspring and the population will have evolved."



What about fithess?

Biologists use the word fitness to describe how good a particular
genotype is at leaving offspring in the next generation relative to how
good other genotypes are at it. So if brown beetles consistently leave

more offspring than green beetles because of their color, you'd say that
the brown beetles had a higher fitness.

35 % 33 %

Number that survive
compared to total

The brown beetles have a greater fitness relative to the green beetles.



Biological Evolution by Natural Selection
Explains How Life Changes over Time (2)

* Biological evolution: how earth’ s life changes over time
through changes in the genetic characteristics of populations

— Darwin: Origin of Species

 Natural selection: individuals with certain traits are more
likely to survive and reproduce under a certain set of
environmental conditions

 Huge body of evidence



Evolution by Natural Selection Works
through Mutations and Adaptations (1)

* Populations evolve by becoming genetically
different

* Genetic variations
— First step in biological evolution
— Occurs through mutations in reproductive cells
— Mutations: random changes in DNA molecules



Evolution by Natural Selection Works
through Mutations and Adaptations (2)

 Natural selection: acts on individuals
— Second step in biological evolution

— Adaptation may lead to differential reproduction

— Genetic resistance: ability of one or more
members of a population to resist a chemical
designed to kill it



Allopatric vs. Sympatric Speciation

Allopatric speciation-
Speciation occurs because a
given group has been separated
from the parent group, usually
because of a geographic
separation as time goes by.

Sympatric speciation-
speciation occurs even though
the two groups are still living in
the same area.

(a) Allopatric speciation




Genetic drift

Genetic drift — along with natural selection, mutation, and migration — is one of the basic
mechanisms of evolution.

In each generation, some individuals may, just by chance, leave behind a few more
descendents (and genes, of course!) than other individuals. The genes of the next
generation will be the genes of the "lucky" individuals, not necessarily the healthier or
"better" individuals. That, in a nutshell, is genetic drift. It happens to ALL populations —
there's no avoiding the vagaries of chance.

Earlier we used this hypothetical cartoon. Genetic drift affects the genetic makeup of the
population but, unlike natural selection, through an entirely random process. So although
genetic drift is a mechanism of evolution, it doesn't work to produce adaptations.

Yo




Bottlenecks and founder effects
Genetic drift can cause big losses of genetic variation for small populations.

Population bottlenecks occur when a population's size is reduced for at least one generation.
Because genetic drift acts more quickly to reduce genetic variation in small populations,
undergoing a bottleneck can reduce a population's genetic variation by a lot, even if the
bottleneck doesn't last for very many generations. This is illustrated by the bags of marbles
shown below, where, in generation 2, an unusually small draw creates a bottleneck.

Reduced genetic variation means that the population may not be able to adapt to new selection
pressures, such as climatic change or a shift in available resources, because the genetic variation
that selection would act on may have already drifted out of the population.

Elephant seal- An example of a bottleneck

Northern elephant seals have reduced genetic variation probably because of a population
bottleneck humans inflicted on them in the 1890s. Hunting reduced their population size to as
few as 20 individuals at the end of the 19th century. Their population has since rebounded to
over 30,000 — but their genes still carry the marks of this bottleneck: they have much less
genetic variation than a population of southern elephant seals that was not so intensely hunted.

"Generation 1" "Generation 2" "Generation 3" "Generation 4"

§ }d‘/ Bottleneck Rgeednuethetd}~
Restock :" J’, vanatlon v @
Q"Jir -+ BF = &

J
Draw Draw Draw
28 “H: 20 (2 0
409 509 8
32 30 4

9
30



Founder effects
A founder effect occurs when a new colony is started by a few members of the original
population. This small population size means that the colony may have:

reduced genetic variation from the original population.

a non-random sample of the genes in the original population.

For example, the Afrikaner population of Dutch settlers in South Africa is descended mainly from
a few colonists. Today, the Afrikaner population has an unusually high frequency of the gene
that causes Huntington's disease, because those original Dutch colonists just happened to carry
that gene with unusually high frequency. This effect is easy to recognize in genetic diseases, but
of course, the frequencies of all sorts of genes are affected by founder events.



10 A larege forested area 18 fragmented 1into small
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Communities and Ecosystems Change
over Time: Ecological Succession

* Natural ecological restoration
— Primary succession
— Secondary succession



Some Ecosystems Start from Scratch:
Primary Succession

No soil in a terrestrial system
No bottom sediment in an aquatic system
Takes hundreds to thousands of years

Need to build up soils/sediments to provide
necessary nutrients



Primary Ecological Succession




Some Ecosystems Do Not Have to Start from
Scratch: Secondary Succession (1)

 Some soil remains in a terrestrial system

 Some bottom sediment remains in an aquatic
system

e Ecosystem has been
— Disturbed
— Removed
— Destroyed



Secondary Succession- Natural Ecological Restoration of Disturbed Land

s

" Mature oak and hickory forest

Young pine forest
with developing

Shrubs and

i small pine understory of oak
Perennial ’ _
seedlings
Annual weeds and ling and hickory trees
weeds grasses

///Time
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Some Ecosystems Do Not Have to Start from
Scratch: Secondary Succession (2)

* Primary and secondary succession
— Tend to increase biodiversity
— Increase species richness and interactions among species

* Primary and secondary succession can be interrupted by
— Fires
— Hurricanes
— Clear-cutting of forests
— Plowing of grasslands
— Invasion by nonnative species



Science Focus: How Do Species Replace One
Another in Ecological Succession?

e Facilitation
 Inhibition

e Tolerance



Living Systems Are Sustained through
Constant Change

* |Inertia, persistence

— Ability of a living system to survive moderate
disturbances

* Resilience

— Ability of a living system to be restored through
secondary succession after a moderate disturbance

* Some systems have one property, but not the
other: tropical rainforests



Transpiration
from plants

Precipitatio

n to land Evaporation of

surface water

Evaporation
from ocean

N

reservoirs B P Precipitation

X . to ocean
g R , Increased runoff on land .
: s 5 covered with crops, _

Infiltration and | buildings and pavement g B TR
percolation into = { Increased runoff
aquifer : o : E -, = from cutting

% forests and filling
— wetlands

6verpumping A
¥ of aquifers A

D Natural process
D Natural reservoir
. Human impacts

P Natural pathway

D Pathway affected by human activities Fig. 3-16, p. 67



59. The process in the hydrologic cycle in which

walcr vapor is released from leaves mnto e

atmosphere 1s called

(A) inhltration
transpiration
sublimation
reflection

t) percolanon




14. The greatest amount of fresh water 1s found n

whic h of the fl‘”“‘-‘x'lf‘.‘l

A) The atmosphere

(B) Estuarnes
((C) Lakes
(D) Rivers and streams

@» Polar 1ce caps and glaciers
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Which of the following 1s true of carbon as 1t

cveles 1n nature’”’

(A) Carbon dioxide 1s released during
photosynthesis
Carbon compounds rarely exist in the
gascous stale
~arbon sinks include forests and oceans
The carbon dioxide concentration 1n the
atmosphere 1s reduced by cutting trees,

(E) Carbon i1s concentrated in 1gneous rocks.
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