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he Science of Ecology

Ecology is the scientific study of interactions among and between
organisms and their physical environment.

Interactions within the biosphere produce a web of interdependence
between organisms and the environments in which they live.
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SCSh8. The Nature of Science:
Students will understand Important
features of the process of scientific
Inquiry. Science Methods

Steps used to solve a problem .
Observation

Questioning and stating problems *
Hypothesizing

Theorizing

Experimenting — including a
control and experimental

group

Conclusion

— independent
variable (manipulated variable,
controlled by researcher)
DV - dependent variable
(responding variable)
CV - Controlled variables (should
be the same in all samples)

Control Experiment = experlment
without 1V
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graph

Ex) Effects of pH on Tadpole
Survival
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- ® ECO#1—>BIomes secia. Characterize the

. ® biotic and abiotic components that define various
: biomes and aquatic life Zones.

Some Land (Terrestrial) Biomes:
Biome Water Temperature Soil Plants | Animals

sparse - succulents (ltke | sparse - msects, arachmds. reptiles and
cactus), sage brush | birds (often nocturnal)

shrubs. some woodland (like|
scrub oak)

Desert Almost none hot or cold poor

dry summer.
rainy winter

Chaparal (scrub)

hot summer, cool winter poor drought and fire-adapted animals

permafrost

Tundra dry cold (frozen soil)

. . ) ]
Taiga (coniferous , , |many mammals, birds, mnsects, arachmds.
adequate cool year-round oo, rocky soil conifers ’

forest) , etc.

Temperate cool season and warm | many mammals. birds. reptiles. tnsects.
: adequate fertile soul decduous trees ’ e
Deciduous Forest season arachnuds, etc.

wet season, dry |warm to hot (often with a
season cold season)

lichens and mosses migrating animals

many mammals, birds, msects, arachnuds,

Grassland
e ete.

fertile soil | grasses (few or no trees)

Tropical rain

forest NED e always wam poor. thin soil many plants many animals

nutrient-rich
soil

Cave (tervestrial) |  variable cool (and dark) rocks almost no plants . few ammals
Biome Temperature Soil Plants Animals

Swam very wet warm many plants many animals

— polarice /{/ [ temperate evergreen

= tundra forest & temperate grassland
m taiga ms tropical deciduous - sav::na e
mountain zone forest = semidesert

= temperate deciduous = tropical monsoon forest desert

forest &= tropical rain forest
@ shrubland
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| , ECO#2->  Climate & BioGeography

| 3 SECIb. Explore how global climate patterns and
o Diogeography  affect  the  distribution  and
' » abundance of species on Earth.

(] takes

Rivers Intertidal zones [ ] oceanic pelagic
Abyssal

|:] Estuaries |:| Coral reefs - [ulang::i: pelagic)

fian, Ies _ prdsidieeg . By

High salinity
water Cools
WS & sinks In the
North Atlantic Deep water returns
to surface In
Indlsn & Pacific 77
 Oceans through
the process :
of upweing | e—] B Tropical

Average temperature (C°)




ECO#3-2>Bilodiversity

SECI1c. Investigate factors that lead to the
species richness of an ecosystem and
describe the Importance of biodiversity.

hreats to biodiversity
HIPPO Dilemma

—

P
O

The Human Drivers of World’s Biodiversity Crisis

A report released by the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) shows that many human-caused drivers are destroying plant and
animal species worldwide.

EXAMPLES OF DECLINES IN NATURE
9 ECOSYSTEM EXTENT AND CONDITION
47

DRIVERS

Natural ecosystems have declined by

INDIRECT DRIVERS 47% on average, relative to their

earliest estimated states.

DEMOGRAPHIC § SPECIES EXTINCTION RISK

AND e ‘ Aborond
‘ pproximately 25% of species are
SOCAOCULTURAL TEEETI, 25% already threatened with extinction in

most animal and plant groups studied.
ECONOMIC -

3 AND . o AN Ry, ECOLOGICAL COMMUNITIES
¥ TECHNOLOGICAL | 239 Biotic integrity—the abundance of naturally
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,; SHUALTER - present species—has declined by 23% on
£ — + s ety

- -. l INSTITUTIONS (7 == © average in terrestrial communities.

[ AND

}‘ GOVERNANCE ‘ BIOMASS AND SPECIES ABUNDANCE
) . (S L —_— J ' 82 > The global biomass of wild animals has

ues and ¢
\
\

Va

fallen by 82%." Indicators of vertebrate
COP:ZL;CTS abundance have declined rapidly since
- 1970.
. ‘. EPIDEMICS M Land/sea use change

I Direct exploitation NATURE FOR INDIGENOUS PEOPLES
M Climate change AND LOCAL COMMUNITIES
Pollution 72 72% of indicators developed by

M Invasive alien species indigenous peoples and local communities
I Others show ongoing deterioration of elements
—— of nature important to them.




ECO#4-> Natural Selection

R

?

# SECId. Relate the role of natural selection to
® organismal adaptations that are specific to
® their habitats and describe some examples of
: coevolution.

Natural Selection

o€

" &€&
. 1) Each species shows variation: '\ " B
F WL\ )“)‘m
i ) )

2) There is competition within each

o)

l

6_|
Get off species for food, living space, water,
4’(\ my land )!)))‘54 mates etc.

2 3) The “better adapted” members of
these species are more likely to survive
~ “Survival of the Fittest”

4) These survivors will pass on their better
genes to their offspring who will also show
this beneficial variation.

- . Overproduction organisms produce more offspring than can survive
= ® \ariation exists within a species
= ® Struggle for existence/ Competition

- : Survival of the fittest/ fit enough




s . ECO#5->Population Density

' SEC2a. Evaluate factors that regulate population
o growth to include intraspecific competition in
| ® population growth and population density.

Exponential Growth Logistic Grawth
Carmying capacity

Populagion siee
Fopulation size

- Density-dependent factors birh eate

increase their affect on a
population as population
density increases.

— This is a type of negative
feedback.

Density-independent
factors

are unrelated to population
density, and there is no
feedback to slow population
growth.

Density-
dependant
death rate

per capita —»

1

i
‘Eiqullibrlun\i
ensity i

Birth or death rate

Population density — »

Density-dependent
birth rate Density-
independent

/ death rate
1

1
Equilibrium |
density

per capita ——»

Birth or death rate

Population density —

Density-dependent
Density- death rate
independent
birth rate
N

per capita —»

Birth or death rate

Equilibrium i
density
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i * ECO#6-2>Population Growth

SEC2b. Analyze models that predict
population growth.

Three Patterns of Population Changce
Rapid Giowth Slox Groarth Negative Growth
Kenya Uantnd 5 teims Year of Birdh bnrininil

Before 1915 e
1215-1919%
1220-1924
1925-1929
1930-1934
1235-193%
1740-1934
1945-194¢
1950.1954
1955-195%
1960-1964
176S-196%
I970-197%
1975.197%
1980-1984

s-3 1985-198%
0-4 17590-1994
108 -6 -8 ¢ 0 & 46810 s
Percent of Populawon Percent of Populadon

Population  Number of People Geometic

Density = Land Area. g

—
> Arithmetic Growth

1= tme
B = barth rate
D = death rate

N'= population size
dN . . .
ar " e K = carrying capacity

¥ o = IAXIINEN peT capita growth
Logistic Growth rate of population
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=+ ECO#7->Phylogeny SEC2c.

=9 : : : :

P Describe the different life history and
" o reproductive strategies that have evolved in
X organismes.

_x LEVELS OF ORGANIZATION
hromists
a:fs

. Alveolates
Sl 71 thodophytes
~4 fdugl
- .

.

- 9
P [ ARCHAEA *

halophiles thermophiless
-~ @

- ® Domain Eu karya

Kingdom Major Characteristics

Animal [!ngestive hetero trophic, multicellular, lack
cell walls and chlorophyll.

Plant B Usually auto trophic, cell walls (cellulose),
usually multicellular

Protist B Autotrophic/heterotrophic, usually
unicellular, some form colonies, some have
cell walls (pectin and other compounds).

Absorptive heterotrophic, lack chlorophyili,
have cell walls (chitin).
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| » ECO#8—>Human Reproduction &

Population SEC2d. Relate the rapid growth

of human population to environmental
problems

Py World Population Growth Through History o Adults (2n)
8| i 8 /'; we 0 ﬂ
N | . - 3 N\ T
. 7L ! Modern 8 7 Juenile 2n) /i A\ :
) : Age ,"/ S / W
_. S ¢| Old I New New N I3 w4 Y
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] ! il |
I £ \
2L 3 2 \ ) \
- . : é r/ i
ik I 8 I
. ! 0 Fertilization /
2.5 million 7000 6000 5000 4000 3000 2000 1000 | 1000 2025 \
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= From "World Population: Toward the Next Century," copyright 1994 Egg (n) Sperm (n)
. by the Population Reference Bureau
i - . _ = - {]LI rwo rl:j
® The demographic transition in 5 stages in Data
- Birth rate
' Death rate
)
@
l® ©i-
_C o
® 3
gf.
28
2 58
. . l'_'% 0 Total Population
B Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
— '. Birth rate | High High Falling Lo Aising sgain
Death rate | High Falls rapidly Falls meone slowly Low Lo
— . Matural increase | Stable of slow increasa | Very rapid increase Incragne shows down Falling and then slabla | Stable or show incraase

A A

Man  Womaen Man  Women
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* ECO#9-2> SymDbIosIS SEc3a. Compar

K . : :
and contrast species interactions (e.g. predatio

Y
1 o parasitism, mutualism, commensalism, an

Type of
Relation
-ship

Description

Mutual-
ism

+/+

In this symbiosis both organisms benefit.

Commen-
salism

+/0

In this symbiosis, one organism benefits,
the other is neither helped nor harmed.

Parasite-
Host

In this symbiosis, one organism benefits
(parasite) and the other organism (host) is
harmed usually gradually but not killed.

Predator-
Prey

In this symbiosis, one organism benefits
(predator) and the other organism (prey) is
harmed usually dying immediately as it is
eaten.

Compe-
tition

While engaged in competition, both
organisms are being harmed.
eIntraspecific competition occurs within
the same species

eInterspecific competition occurs between
different species

“Sym” means together.

“B10” means life

“Symbiosis” means “living together”




| SECO#10

: . 9 When two or more similar

Y species coexist, such as a4 %
- these varieties of Cape My a4
F Y Ad aptatl OnS warbler, each species | ‘ .
() W Blackburnian
only uses part of the NV, BT _warbler
£ SECBb available resources. This . AR,
. is called resource o neasted gl S
partitioning. ; (Y

= . 7 ™y B £ Black-throated
EXp I Ore (species sharing = E 3 green warbler

E . Populations
- ec0|oglca| resources)

wzrbler s coexist
niches and Ecological Niche
»

@ Ecological Niche — the role a species serves in

-- @ resource its ecosystem

¢ including what it eats, what eats it, and how it behaves

= par'“'“ on | ng . » No 2 species have the same ecological niche

®
| JSEC3d.
o Analyze species

- s diversity as it T
. relates to the TheecologiEnggloglca' NlChe

describes the functional

. Stab i I ity Of position of an organism in its Adaptations

environment.

E 4
ooCOSYSIEMS AN ¢ wowereer (S

. .Communltles. organism lives.

the organism'’s activity
pattern: the periods of

time during which it is A
active.

>

Activity Presence of other| Physical
patterns organisms conditions

the resources it obtainl
from the habitat.




'+ ECO#11>> Keystone  Species

® SEC3c. Identify  dominant, keystone,
| o foundation, and endangered species and their
| & roles in ecosystems and communities, locally
globally.

KEYSTONE (SHARK) NO KEYSTONE

__ﬁ%

| Overfishing decimates
the shark population

Sharks are apex predators |
— . and feed on cownose rays | 5

Cownose rays feed on
bivalves and arthropods

4

Cownose rays increase in ]

numbers (overpopulate)

4

Bivalve and arthropod
populations collapse

&

Bivalve and arthropod B A o A
populations are stable Bea i & (this will then impact the
= | cownose ray population)

Keystone species — a species that is

critical to the functioning of the ecosystem
because it affects the survival and abundance of
many other species
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* —one species that mgny others depend on
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ECO#12->SuccessIion Secse. Evaluate

ecological succession in terms of changes In
communities over time and the impact of disturbance
on community composition.

Primary vs. Secondary

No soil - Soil already exists

Beginning 2> Pioneer * Seeds have suitable soil
species conditions.

End = Climax * Occurs much faster
community - End = Climax communit

l
Primary Succession secondary guccession

Primary succession Secondary succession

Weeds and Pine soadhng: Pine forest grows Pine- oakluckory
wildflowers and other forest is developing
grow plants take over

Pioneer species Glassy weeds Tree seedhngs
appear take root and shrubs appear
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=9
£, ECO#14-> Energy Flow seca.

# Apply the first and second laws of thermodynamics
® and the law of conservation of matter to the flow of

Y eneray and matter In ecosystems.
.Energy Flow Through

° an Ecosystem ¢ c

AER
A Fourth
Tertiary Carnivore Hawk n 3
. ' consumer A\

e s”
Secondary Carnivore
consumer

Primary Herbivore
consumer

-

e i

Snakes

Producer

3rd LEVEL
= nd LEVEL
CARNIVOROUS CONSUMERS
e.g. larger fish
1ST LEVEL CARNIVOROUS CONSUMERS
e.?. juvenile stages of fish and jellyfish
small fish, crustaceans and sea stars

N

- HERBﬁIOROUS CONSUMERS “«
e.g. zooplankton, cockles

PRIMARY PRODUCERS

e.g. phytoplankton, seaweed

i % i i i \
18 I|_ 3 1 1 1 18 I|_ 3 1 1




= ® ECO#15 >Energy Pyramid SEC4c. Predict the flow
~® of energy in the living world by constructing food

-® chains, webs and pyramids for various ecosystems.
#® SECA4d. Explore the importance of primary
| ® productivity In ecosystems.

* GrossPrimaryProduction—the
rate at which an ecosystem’s
producers (usually plants) convert
solar energy into chemical energy
as biomass found in their tissues

Net Primary Production— GPP \
minus the rate at which they use

. Glucose produced
some of this stored energy during photosynthesis

through cellular respiration. (Gross Primary Production)

nacc“ml"atio" Buzzle.com

Increase in concentration of
a pollutant in an organism.

’ I ‘ Some ghicose used 1o Remaining glucose available
supply energy to drive cellular SR cown s

Bmmagn iﬁcatinn processes new material - biomass

3 (Respiration) (Net Primary Production)
Increase in concentration of Wit i
0 pO“U'l'an in Q fOOd ChQIn. [ © PCBs are released from multiple sources into Puget Sound |

NPP=GPP-R

MO e 5 A @
1% of solar energy striking | '~ '° & 128
producers is captured by (3) ‘zoopmunou

photosynthesis (GPP). - FAT PHYTOPLANKTON Z0OPLARKTON
A J
S 5"/ \g? S@

60% of GPP

N is lost to
i respiration.

4

40% of GPP supports the
growth and reproduction
of producers (NPP).

hhoadhhoadhoaoaooa




O#18—>Resource Use secsh.

Compare and contrast the ecological impact of
sustainable and non-sustainable use of resources,
including soil, timber, fish and wild game, mineral
resources, and nonrenewable energy.

T _ .................... ..................... E._._._._.._._._._..__'_._._.._._._._.._._._:._

3000 .. ................... .....................

Non-renewable
resources

9
Y
®
- . pIaTa) = -c=czacaccozazacacs .. ................... ------------------ E--------------------;--------------------é--
X
s . 100
- ‘ Rene\;vable
rescuél rces
] '. | i : i i
° Resources
. /\
F Y Renewable Nonrenewable
Learn from effective and
ineffective policies | |
. nationally and abroad. -
- Y sstan Fossil Fuels Metallic
e Y i S Solar Energy 0l Minerals
= infrastructures and account for
. . % and husines_s USE resource Use A. w. d Naluml Gas CUPPET
4‘6’ greenmn'?:rilest: and flows. Ir’ in MUITIIHUITI
= . \& SE[;.gqmitdtn attaigmemmffall
E resource ss, 9. o materls, Water, Tides, Flowing Nonmetallic
- water, land and carbon. Mlnera|5
. B . Sal
Sﬂll, Plams Phuspha‘es
- . C. Ophardt ¢.1998




® ECO#19-> Habitat Loss SEC5d. Explain the
= ® consequences of habitat fragmentation and habitat
~® loss on biodiversity in relation to island
® Dbiogeography, and apply island biogeography theory
' ® to the design of parks and nature preserves.

Habitat Loss happens when human Reason ibltﬂt Loss

activities destroy the ecosystemsin |, |« To make more land available for
which organisms live. This is caused housing and urbanization

mostly because of human population
growth which leads to human
expansions.

To harvest timber to create
commercial items such as paper,

E T s : furniture and hom

Habitat fragmentation is when habitats Hre a_ dho ; 8 :

are divided into smaller or isolated ~ , |* 10 create ingredients that are highly
fragments. This is caused often by road_ | Pr ized consumer items, such as the
construction and affects plant pollinatic: | ©il from palm trees

seed dispersal, wildlife movement and # |+ To create room for cattle ranching
plant and animal reproduction Agriculture

- (13%)

Deforestation
(14%)

Burning fossil Industrial

fuels
processes
(497%) (24%)

Solutions For Habitat Loss and Destruction

« We can combat habitat loss by
preserving natural resources and
learning how to use them in a way :
that does not require such Of all species that

frequent destruction of habitats. ever existed on Earth,
Regulation is equally important. 99% are now extinct.

« We should also teach others the
importance of biodiversity.

« Along with education, awareness
should also be raised.

« As quickly as humans can destroy
natural habitats, we should be just
as willing to put forth the effort to
rebuild and attempt to replace Don‘t look now, but that
what is lost. trend may be gaining steam.




= ® ECO#20 GMOs=> SEC5e. Research the
ecological impact of agriculture (historical
and modern) in the environment and Its
implications for feeding the world’s

Nnnntilatinn

WHAT 15 A GMO?

GOOD QUESTION! LET'S PRETEND YOU ASKED IT.

91% 80% 23%

(OF AMERICANS SAID THEY
or AMERICANS wmr OF ALL PROCESSED FOODS WOULDN T BUY FO0DS
IN THE US CONTAIN GMOs CONTAINING GMOs

GMO = GENETICALLY MODIFIED ORGANISM
AGENETICALLY ENGINEERED LIFE FORM THAT CAN'T ACTUALLY
OCCUR IN NATURE. KIND OF LIKE THIS HORSE-DUCK

WHY DOTHEY EXIST?
HORSE-DUCKS? HORSE-DUCKS DONT ACTUALLY EXIST...YET. BUT GMO
CROPS EXIST BECAUSE THEY'RE ABLE TO RESIST THE PESTICIDES AND
HERBICIDES THAT FARMERS USE TO PROTECT THEIR CROPS. AS A
GENERAL RULE, | LIKE TO AVOID ANY WORDS ENDING WITH "CIDE"

ENVIRONMENTAL IMPAGT

60 COUNTRIES* HAVE EITHER BANNED THE USE OF GMOSs, OR MHUK THEM TO BE LABELED.
“GUESSWHICH COUNTRY ISN'T ON THAT LIST. HINT: T RHYMES WITH “SHUAMERS

AP ()5 PRODUCTS WATH A LABEL

PR 4 scipiiall . T0HELP FIGHT AGAINST GMOs, BUY PRODUCTS THAT
ool lenyostire T oD TRt BMO LABEL THE USE OF GMO0s. ORVISIT JUSTLABELITORG

OF A MUTANT SUPER VILLAIN TO LEARN MORE AND JOIN THE CAUSE.

Identify a desired trait, such as
insect resistance or resistance
to a particular herbicide.

Find another plant or microbe

“.sm m m * Some GM plants a¢e resistant 10 that has the desired trait.
. ad un certain herbicides, making weed
to help farmers with their crops and to control easier and more efficient

M’mhmﬂmwlﬁs ACDTAAG ' Extract the gene for the trait
sodl erosion.

GCTAGCTA or recreate it synthetically.

* Others create an intesnal defense in the plant that
repels only particular insects that would destroy the
crop. This means less insecticide application. Insert the gene into
the plant’s cells.

+ What doesthe uture hold? GMOs e being tested o -

% Breed the plant.
. \‘
Test the plant’s
AGRICULTURE performance and safety.
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Ecology GPS

ECO#1 - Biomes
SECl1a. Characterize the

biotic and abiotic components

that define various biomes
and aquatic life zones.

ECO#5 -> Symbiosis &

Population Density

SEC2a. Evaluate factors that
regulate population growth to

include intraspecific
competition in population
growth and population
density.

ECO#9 -> Symbiosis
SEC3a. Compare and
contrast species interactions
(e.g. predation, parasitism,
mutualism, commensalism,
and competition) and

adaptations that have evolved

in response to interspecific
selective pressures.

ECO#13 -> Cycles
SEC4a. Compare and
contrast the carbon, water,
oxygen, phosphorus,
nitrogen, and sulfur cycles,

describing their flow through

biotic and abiotic pools,
including human influences.

ECO#17 = Pollution

SEC5a. Describe the sources,

environmental impacts, and
mitigation measures for
major primary and
secondary pollutants.

ECO#2 - Climate &
BioGeography

SEC1b. Explore how global
climate patterns and
biogeography affect the
distribution and
abundance of species on
Earth.

ECO#6 -> Population
Growth

SEC2b. Analyze models that
predict population growth.

ECO#10 -

Adaptations

SEC3b. Explore ecological
niches and resource
partitioning.

SEC3 d. Analyze species
diversity as it relates to the
stability of ecosystems and
communities.

ECO#14 - Energy

Flow

SECA4b. Apply the first and
second laws of
thermodynamics and the law
of conservation of matter to
the flow of energy and matter
in ecosystems.

ECO#18 - Resource

Use

SEC5b. Compare and contrast
the ecological impact of
sustainable and non-
sustainable use of resources,
including soil, timber, fish
and wild game, mineral
resources,

and nonrenewable energy.

ECO#3 =

Biodiversity

SECl1c. Investigate factors
that lead to the species
richness of an ecosystem
and describe the importance
of biodiversity.

ECO#7 - Phylogeny
SEC2c. Describe the different
life history and reproductive
strategies that have evolved in
organisms.

ECO#11 - Keystone
Species

SEC3c. Identify dominant,
keystone, foundation, and
endangered species and their
roles in ecosystems and
communities, locally and
globally.

ECO#15 -> Energy
Pyramid

SECA4c. Predict the flow of
energy in the living world by
constructing food chains,
webs and pyramids for
various ecosystems.
SEC4d. Explore the
importance of primary
productivity in ecosystems.
ECO#19 - Habitat

Loss

SECS5d. Explain the
consequences of habitat
fragmentation and habitat loss
on biodiversity in relation to
island biogeography, and
apply island biogeography
theory to the design of parks
and nature preserves.

ECO#4 - Natural

Selection

SEC1d. Relate the role of
natural selection to
organismal adaptations
that are specific to

their habitats and describe
some examples of
coevolution.

ECO#8 - Human
Reproduction &
Population

SEC2d. Relate the rapid
growth of human population
to environmental problems.

ECO#12 >

Succession

SEC3e. Evaluate ecological
succession in terms of
changes in communities
over time and the impact of
disturbance on community
composition.

ECO#16 -> Climate
Change

SEC5c. Evaluate the causes
and impacts on ecosystems
of natural and anthropogenic
climate change.

ECO#20 - GMOs
SEC5e. Research the
ecological impact of
agriculture (historical and
modern) in the environment
and its implications for
feeding the world’s
population.




