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Page (14).

ﬁ}uestion 1: Principles of Ecology — Organisms and Their

organisms across multiple ecosystems.

[ Multiple Choice Questions - MCQ J

NOLOGIA Data Viz: Range of Tolerance

Tolerance is an organism’s ability to survive when subjected to specific abiotic or biotic factors.
Limiting factors restrict numbers, reproduction, or distribution.

Tolerance Range

| r— Optimum Range — |

Zone of
Physiological Zone of
Stress Intolerance
(0 organisms)

Zone of
Zone of Physiological
Intolerance Stress
(0 organisms)

Greatest — .
number of

sa fish thrive ™

| |

hﬁ‘ :_Hli_ -". .(a-t

(> o e o @ m

Number of Organisms

T —

I T
9°C 13°C 21°C 25°C

NOLOGIA Diagnostic: Habitat vs. Niche

HABITAT
(The “Where")

NICHE
(The “How")

An area where an organism lives.

The role or position that an organism
has in its environment.

Assingle tree for an insect, or a
sprawling grove of trees for a
moving flock of birds.

How an organism meets its strict
needs for food, shelter, and
’ reproduction (living space,
temperature, moisture, mating
conditions).

(vs

One bird species eats insects on
leaves while another uses bark for
nesting materials in the exact same
habitat.
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NOLOGIA Synthesis: Symbiotic Relationships

Symbiosis is a close relationship when two or more species live together.
MUTUALISM :
Mechanism: Both organisms benefit.
+ + Examples: Algae & Sloth (algae gets moisture, sloth
gets camouflage); Lichens (fungi provide habitat,
algae provide food).

COMMENSALISM

(+ / 0) Mechanism: One organism benefits, the ofher is neither helped nor harmed.

Examples: Clownfish & Sea Anemone (clownfish gets protection,
anemone unaffected); Lichens on a tree.

PARASITISM

Mechanism: One organism benefits at the expense of ano@”
+ m {host is harmed but usually not killed immediately). o

Fynmnlae: Fytarmnanl (ticke) Intarnal (trnewnrmel Rrand

Question 1: Identify how temperature is a limiting factor for polar
bears.

Answer : Temperature restricts the distribution and survival of polar
bears to cold Arctic environments that fall within their range of

tolerance; they cannot survive in hot climates.

Question 2: Differentiate between the habitat and niche of an
organism that is found in your community.

Answer : A habitat is the physical area where an organism lives (e.g., a
tree or desert), whereas a niche is the role or position the organism
has in its environment (how it meets its needs for food, shelter, and
reproduction).
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Question 3 : Identify how temperature is a limiting factor for polar
bears.

A Polar bears require warm tropical temperatures to digest food.

B Polar bears hibernate underwater when winter temperatures drop.

Temperature restricts polar bears to cold habitats within their range of
tolerance.

D High desert temperatures increase reproduction in polar bears.

Question 4 : Differentiate between the habitat and niche of an
organism that is found in your community.

A | A habitat is the role an organism plays, while a niche is the area where it lives.

A habitat is the area where an organism lives, while a niche is its role in its
environment.

C A habitat includes only biotic factors, while a niche includes only abiotic factors.

A habitat refers to a single individual, while a niche refers to the entire
biosphere.
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NOLOGIA

Question 5 : What is the term for any abiotic or biotic factor that

restricts the numbers, reproduction, or distribution of organisms?

A Limiting factor

B Optimum range

C Mutualism

D Biosphere

Question 6: According to the range of tolerance graph for steelhead
trout (Figure 6), what is the optimum water temperature range in
which the greatest number of trout thrive?

A Below 9°C

B Between 9°C and 13°C

C Between 13°C and 21°C

D Above 25°C

Question 7 : What is the ability of any organism to survive when
subjected to specific abiotic or biotic factors called?

A Predation

B Tolerance

C Commensalism

Competition
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rQuestion 2 : Principles of Ecology — Flow of Energy in an
Ecosystem

Describe the complementary process of cellular

respiration and photosynthesis with respect to the
flow of energy and the cycling of matter within

v

ecosystems.

Page (18).

E Multiple Choice Questions - MCQ J

Autotrophs (Primary Producers) e

Organisms that collect energy from sunlight or inorganic substances to produce their
own food. They are the foundation of all ecosystems.

Photosynthesis Chemosynthesis
o
« Organisms containing chlorophyll absorb « Occurs in places where sunlight is
light energy. unavailable.
« Converts inorganic carbon dioxide (CO2) + Uses inorganic substances like hydrogen
and water into organic molecules. sulfide and CO2 to make organic molecules.
+ Examples: Green plants. alaae. + Examples: Certain specialized bacteria.

NOLOGIA

The Pyramid of Energy Education

The 10% Rule

Only 10% of all energy is transferred to the
level above it. (100% -> 10% -> 1% -> 0.1%).

Energy lost
as heat

Where does the 90% go?

1. Consumed hy the organism’s cellular
processes (living, growing, moving).
2. Released into the environment as heat.

This massive energy loss is why
ecosystems rarely support huge
.y ) populations of top predators.
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Question 1: Explain how photosynthesis and cellular respiration
provide energy in each step of a food chain.

Answer : Autotrophs (producers) use photosynthesis to capture solar
energy and store it in carbohydrates (food); organisms at each step
of the food chain then use cellular respiration to break down those
carbohydrates and release energy for cellular functions.

Question 2 : Explain how photosynthesis and cellular respiration
provide energy in each step of a food chain.

2 Autotrophs use photosynthesis to store solar energy in food, and organisms use
cellular respiration to release that energy.

8 Heterotrophs use photosynthesis to absorb heat, while autotrophs use cellular
respiration to produce sunlight.

c Photosynthesis breaks down food in carnivores, while cellular respiration stores
sunlight in green plants.

b Cellular respiration occurs only in producers, whereas photosynthesis occurs
only in decomposers.

Question 3 : Identify the process by which autotrophs at the bottom
of the ecological pyramid convert energy from the Sun.

A Cellular respiration

B Denitrification

C Photosynthesis

Bioremediation
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Question 4 : According to the Pyramid of Energy (10% Rule), what
percentage of energy at any trophic level is transferred to the
trophic level directly above it?

A |100%
B 90%
C 50%
D [10%

Question 5: What happens to the 90% of energy that is NOT
transferred to the next trophic level in an energy pyramid?

A It is consumed by cellular processes or released into the environment as heat.

B It is converted into new rocks and minerals at the top of the pyramid.

C It flows backward from tertiary consumers to primary producers.

D It is stored permanently in the atmosphere as nitrogen gas.
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NOLOGIA

rQuestion 3 : Principles of Ecology — Cycling of Matter

Explain that photosynthesis and cellular respiration
are important components of the carbon cycle.

Page ( 24 ).
L Multiple Choice Questions - MCQ J

Matter is neither created nor destroyed,
but continuously recycled

The Biosphere

Law of Conservation of Mass: Earth Mutrients: Chemical substances
is a closed system. New life forms an organism must obtain from its
are built from pre-existing atoms. environment to sustain life.

N

[ Biogeochemical Cycle: The exchange of matter ]
thraunh the hinsnhers invalvinn livina thind

The Water Cycle: How solar energy
drives the biosphere
(3) Condensation: Water -

vapor cools and gathers \\/\ b ¢
around dust particles to M?’_ %{:\\ 1) Solar Energy:
form clouds. r\\?_ o >\ M{' "?‘;; - = The primary driver of
"™ the eycle.
(,r

C-Dndensatlun f \
(4) Preci dr J 4 Solar
energy
Water faIIs to Earth as s Precipitation
rain or snow.
{ i Evapnmtlonﬁﬁ i) Evaporation &

| Transpiration: Liguid

<;_—_ 5 waleﬁums o vagor
Emughl’yw% evaporates

. ram plant surfaces).

Percola'[lnn
in soil

5 | Runoff & Percolation:
Water flows over the'
surface or seeps

Groundwater

underground into
LOATGE, S (aquifer)
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The Biological Engine: The continuous
interplay of Carbon and Oxygen cycles

___ Oxygen + Carbohydrates §

N £
.. i = X
Photosynthesis Cellular Respiration
Plants and algae convert CO2 and Living organisms consume oxygen fo
water into carbohydrates and release release energy from carbohydrates,
oxygen back into the air. releasing CO2 in the process.

Question 1: Name four important biogeochemical processes that
cycle matter.

Answer : Four important processes that cycle matter are
photosynthesis, cellular respiration, decomposition, and nitrogen
fixation (or evaporation, transpiration, condensation, and
precipitation in the water cycle).

respiration in the carbon cycle.

Answer : During photosynthesis, plants and algae convert carbon

dioxide (CO2) and water into carbohydrates and release oxygen into
the air; during cellular respiration, living organisms consume oxygen
to break down carbohydrates for energy and release CO2 back into
the environment.

‘ Question 2: Analyze the role of photosynthesis and cellular

[ 0566410429 :p2 ) bl Jual sill I 1t aa 53 99 - MalS ¢ 4l e Juaal ]
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Question 3 : Name four important biogeochemical processes that
cycle matter.

A Predation, parasitism, commensalism, and mutualism

Photosynthesis, cellular respiration, decomposition, and nitrogen fixation

B
C Habitat fragmentation, overexploitation, and edge effects
D

Peer review, blind experiments, and unit conversion

Question 4 : Analyze the role of photosynthesis and cellular
respiration in the carbon cycle.

A Both processes remove oxygen from the air and lock carbon permanently in
igneous rocks.

5 Photosynthesis releases CO2 at night, while cellular respiration turns CO2 into
fossil fuels.

c Photosynthesis converts CO2 and water into carbohydrates and oxygen, while
cellular respiration consumes oxygen and releases CO2.

D Both processes convert atmospheric nitrogen gas into calcium carbonate shells.

Question 5 : What is the exchange of matter through the biosphere
involving living organisms, geological processes, and chemical
processes called?

A | Abiogeochemical cycle

B A pyramid of numbers

C Biological magnification

Habitat fragmentation
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Question 6: What is a chemical substance that an organism must
obtain from its environment to sustain life and undergo life
processes?

A | Apollutant

B A nutrient

C A fossil

D [ A parasite

Question 7 : In the water cycle, approximately 10% of all water
evaporating into the atmosphere evaporates from the surfaces of
plants through which process?

A Percolation

B Condensation

C Transpiration

D Precipitation

Question 8 : How is carbon released back into the atmosphere from
long-term storage in buried fossil fuels (coal, oil, and natural gas)?

A When fossil fuels are burned (combustion)

B When plants absorb sunlight during photosynthesis

C When water vapor condenses into clouds

D | When nitrogen-fixing bacteria live-on plant roots

0566410429 :p8 A bia) Jua) il I Ldd aa )3 99 o Mals 7 i) e Juaal



https://wa.me/971566991363
https://wa.me/971566410429
https://wa.me/971566410429
https://wa.me/971566991363
https://wa.me/971566991363
https://wa.me/971566991363
https://wa.me/971566991363
https://t.me/addlist/Nmx78nHNoJo5YTY0
https://wa.me/971566991363

A e Jantl sl o Jaiial
NOLOGIA :al li 6 clilal)

NOLOGIA

0566410429 :a2 11 il Jua) gill

(Question 4 : Principles of Ecology — Cycling of Matter

Develop a model to illustrate the role of

E Multiple Choice Questions - MCQ J

The Phosphorus Cycle: Short biological path and long geological path

Short-Term Cycle

Decomposers

Short-Term: Phosphorus (essential for growth) moves from soil to producers, ' j
then to consumers. Decomposers return it to the soil upon death.

Long-Term Cycle

B, 2

Lo =

Ocean Sediments Rock Uplift

r I anA-Tarm* Phnenharnie esttlas in anuatic anvirnnmante farminn rack -‘!

Human Intervention and Ecological Imbalance:
Algal Blooms

The Cause The Effect The Result

Human activities (fertilizer use, Eutrophication: A severe Massive algae overgrowth

sewage treatment, phosphate nutrient overload in [blooms) upsets the ecosystem
mining] introduce massive, freshwater and marine balance. Additionally, nitrogen
unnatural amounts of Nitrogen ecosystems. compounds from factories

and Phosphorus into runoff. cause acid rain. ‘

photosynthesis in the cycling of carbon among the
biosphere, atmosphere, hydrosphere, and geosphere.

Page ( 24). J
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NOLOGIA Comparison Matrix:
Biogeochemical Cycles at a Glance

Cycle Driver / Energy Source Biological Role Long-Term Reservoir
——_ : Sustaining life and Oceans and
o Sia anl Gravity transporting materials Groundwater
Carbon & Photosynthesis and  Essential molecules and Fossil Fuels and
Oxygen Cellular Respiration energy release Limestone Rocks
Bacterial activity and T .
Lightning Building proteins Atmosphere (78%)
Geological Weathering Cellular growth and Mineral Rocks and
Phosphogys and Erosion development Ocean Sediments

Question 1: Describe how phosphorus moves through the biotic and
abiotic parts of an ecosystem.

Answer : In the short-term cycle, phosphates in soil and water
(abiotic) are absorbed by producers and passed to consumers
(biotic), then returned to the soil by decomposers. In the long-term
cycle, phosphates precipitate and settle to form rock, and geological
uplift and weathering of rocks slowly release phosphorus back into
soil and water.

Question 2: Describe the flow of energy and matter through a food
web that begins with algae at the lowest level.

Answer : Algae (primary producers) capture solar energy via
photosynthesis and absorb nutrients from water. Energy flows one
way through consumers and is lost as heat at each trophic level,

whereas matter is conserved and continuously recycled back to the
environment by decomposers.
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Question 3 : Describe how phosphorus moves through the biotic and
abiotic parts of an ecosystem.

A Phosphorus cycles mainly as an atmospheric gas absorbed through plant leaves.

B Phosphorus is created by cellular respiration and released into the air.

C Lightning converts phosphorus gas in the sky into nitrates in rain.

Phosphates move from soil to producers and consumers, decomposers return

them to soil, and weathering of rocks slowly adds phosphorus back.

Question 4 : Describe the flow of energy and matter through a food
web that begins with algae at the lowest level.

o Algae capture solar energy and nutrients; energy flows one way and is lost as
heat, while matter is recycled by decomposers.

B Both energy and matter are destroyed as soon as primary consumers eat the
algae.

c Energy cycles in a closed loop without loss, while matter flows one way and is
lost as heat.

b Decomposers capture sunlight at the top of the food web and send energy
downward to algae.
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Question 5 : How does phosphorus move from the short-term
biological cycle into the long-term geological cycle?

A Through precipitation and sedimentation of phosphates to form rocks on ocean
floors

B Through transpiration of water vapor from tree leaves into clouds

C Through cellular respiration by land mammals

D Through denitrification by soil bacteria into atmospheric gas

Question 6 : Which biogeochemical cycle relies on geological
weathering and erosion of mineral rocks rather than having a major
atmospheric gas phase?

A | The water cycle

B The carbon and oxygen cycle

C The nitrogen cycle

D The phosphorus cycle

Question 7 : According to the Biogeochemical Cycles Comparison
Matrix (Slide 41), what is the primary biological role of nitrogen in
plants and animals?

A Building proteins

B Forming clouds in the sky

C Melting glacier ice

D Reflecting solar light
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Biodiversity?

Page ( 31).

/\ Question 5 : Biodiversity and Conservation — What is

Conclude that biodiversity is the diversity of life on

and animal species.

[ Multiple Choice Questions - MCQ J

Variety of inheritable
characteristics or genes
within a population.

The Three Scales
of Biodiversity

1Geﬁéﬁcbi\rerslty & 2.Species Diversity %

Number of different species
and their relative abundance
in a community.

3. Ecosystem Diversity 3

Variety of ecosystems
present in the biosphere.

@ Key Benefit:
Resistance to disease,
adaptability to changing
environments.

® Key Benefit: '
Creates rich, complex foo
webs and habitats.

® Key Benefit: R
Provides diverse abiotic
factors that support
entirely different types
of life.

oy

Distribution of Bird Species

Number of
SPQCIES
0-50
50-100
100 - 150
200 - 250
o 250-250
¥ 300-300
B8 350- 400
B s00-450
B 450- 500
B s500-550
B s50-600
B coo-s50
B 650-700

Diversity
Increases

Scale 2: Species Diversity & The Equator Effect

Species diversity is not evenly
distributed. As you move
geographically from polar regions
toward the tropics (equator), the
number of species dramatically
increases.

Example: A habitat rich
in species diversity.

-

Earth, including diversity within each type of plant

W
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I Question 1: Compare and contrast genetic and species diversity.

Answer : * Similarity: Both are essential levels of biodiversity that increase
ecosystem stability and biosphere health.

* Difference: Genetic diversity is the variety of genes or inheritable
characteristics within a single population, whereas species diversity is the
number of different species and the relative abundance of each speciesin a
biological community.

I Question 2 : Compare and contrast genetic and species diversity. I
A Genetic diversity measures abiotic factors, while species diversity measures
climate zones.
g Genetic diversity is the variety of genes in a population, while species diversity. is
the number and abundance of species in a community.
¢ Genetic diversity occurs only in plants, while species diversity occurs only in
polar animals.
b Both terms refer to the exact same level and measure only the physical weight
of an organism.

Question 3 : What is the variety of life in an area, determined by the
number of different species in that area, called?

A Biodiversity

B Extinction

C Bioremediation

D Eutrophication
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Question 4 : What is the permanent disappearance of a species when

the last of its members dies?

A Succession

B Extinction

C Mutualism

D Tolerance

Question 5 : How does species diversity change as you move
geographically from the polar regions toward the equator (tropics)?

A Species diversity decreases steadily toward the equator.

Species diversity stays identical at all latitudes.

B
C Species diversity increases dramatically toward the equator.
D

Species diversity exists only at the poles.
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. |
ﬁ)uestlon 6 : Biodiversity and Conservation — Biodiversity

Describe ways in which biodiversity within species is
important for maintaining the resilience of those

v

species.

Page (36).
L Multiple Choice Questions - MCQ J

Phase 2: The Value of the Biosphere

Sustaining biodiversity is essential to supporting human life on Earth. Nature
provides an incalculable return on investment through three primary value streams:

2 N1 3¢ N . ﬁ
#* @ 4

Direct Economic Value Indirect Economic Value Aesthetic & Scientific Value
Resources humans Services healthy ecosystems Recreational, inspirational,
extract directly. perform for free. and research benefits.

Direct Value; The Agricultural Gene Bank

Genetic Engineering /
Cross-Breeding

| wild Relative (Teosinte) Commercial Crop

| Contains genes resistant Vulnerable to disease,
| to viral diseases. lacks genetic diversity.

Wild species serve as reservoirs of desirable genetic traits. If teosinte went
extinct. the abilitv to develob disease-resistant corn would be lost forever.
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NOLOGIA

The Economics of Nature:
NYC Watershed Case Study

Preserve ™ F
Natural .
_atershed -4

In the 1990s, NYC proved that preserving a healthy ecosystem is significantly

Question 1: Explain why sustaining biodiversity is essential to
supporting and enhancing life on Earth.

Answer : Sustaining biodiversity is essential because it provides direct
economic value (food, clothing, energy, medicine, shelter, and a
reservoir of desirable genetic traits), indirect economic value (free
ecosystem services such as oxygen production, clean drinking water,
flood/drought protection, and fertile soil), and aesthetic and
scientific value.
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supporting and enhancing life on Earth.

Question 2 : Explain why sustaining biodiversity is essential to

A It maintains biosphere health, preserves a gene reservoir for food and medicine,
and provides direct and indirect economic value.

B It replaces all natural forests with concrete water filtration plants.

C It eliminates wild relatives of crops so only a single plant species survives.

D It increases fossil fuel combustion and habitat fragmentation.

Question 3: Humans depend on plants and animals to provide food,
clothing, energy, medicine, and shelter. Which type of value does this

represent?
A Direct economic value
B Indirect economic value
C | Aesthetic value
D Background extinction

Question 4 : Green plants provide oxygen, remove carbon dioxide, and
natural processes provide clean drinking water and flood protection.
Which value of biodiversity is this?

A Direct economic value
B Indirect economic value
C Overexploitation value
D Biological magnification
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Page ( 32, 36).

ﬁ)uestion / : Biodiversity and Conservation — Biodiversity

Describe ways in which biodiversity within and among
communities is important for maintaining the
resilience of these communities.

- 1
)

ARCTICT

Multiple Choice Questions - MCQ J

Scale 3: Ecosystem Diversity

UNDRA

How Abiotic Factors Shape Life

TROPICAL RAINFOREST

T

s Location

: Alaska

s Abiotic Factors: Cold temperatures, ice,
specific daylight patterns.
¢ Supports highly specialized organisms.

¢ Location: South America

+ Abiotic Factors: High humidity, dense
canopy, year-round warmth.

s Supports massive webs of interacting

populations.

-

Indirect Value: Nature’s Free Services
A healthy biosphere provides processes that sustain all life.

- Green plants _ = Natural ﬁ.(_-.: Substances are
IZ | provide oxygen | ~=  processes 2\ cycled to provide
/" and remove _ - plr ovide safe, % 4> nutrients for all

carbon dioxide. | aﬁgﬂing water <& living things.
ngjﬁems Q ¢ Nature =~  Detoxifies
rotection [~/ generates and = . wastesand
T ggainst floods preserves .~ regulates local
A ” ile soi . i
and droughts. - fertile soils. . climates.

[} PLUISU ST alde .

S O NLITAE
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Question 1: Explain why the health of a species is closely tied to the
health of the habitat.

Answer : An ecosystem consists of interacting populations and the
abiotic factors that support them; therefore, if a habitat is degraded
or destroyed, the species living there lose the food, shelter, and
abiotic conditions required for their survival.

Question 2: Design a course of action for the development of a
building project in your community, such as a housing development,
city park, or highway, that provides for the maintenance of
biodiversity in the plan.

Answer : Preserve large unfragmented patches of native vegetation,
include protected green buffer zones and wildlife corridors

(underpasses/bridges across highways), plant native species, and
control pollution and water runoff.
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Question 3: Explain why the health of a species is closely tied to the
health of the habitat.

A | A species survives independently of the abiotic and biotic factors in its habitat.

5 An ecosystem consists of interacting populations and supporting abiotic factors,
so habitat damage removes what species need to survive.

c Habitat health depends only on artificial chemicals rather than on living
communities.

b A species immediately turns into a new species whenever its habitat is
destroyed.

Question 4: Design a course of action for the development of a
building project in your community, such as a housing development,
city park, or highway, that provides for the maintenance of
biodiversity in the plan.

A Clear all native trees, drain wetlands, and pave the entire area.

B Introduce fast-growing invasive plants to replace native trees.

C Divide the forest into tiny isolated patches surrounded by highways.

Preserve native habitats, include protected buffer zones and wildlife corridors,
and control runoff and pollution.
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Question 5: What is the variety of ecosystems present in the

biosphere called?

A Ecosystem diversity

B Genetic diversity

C Overexploitation

D Biological augmentation

Question 6 : According to Figure 4 (Page 32) and Slide 50, which
abiotic factors in Alaska support Dall sheep and arctic birds?

A Hot desert sand dunes and zero annual rainfall

Year-round tropical warmth and dense rainforest canopy

B
C Cold temperatures, ice, and specific daylight patterns (Arctic tundra)
D

Deep ocean hydrothermal vents with hydrogen sulfide

Question 7: Which free service is provided by intact, healthy
ecosystems according to Page 34 and Slide 54?

A Fragmenting native forests into smaller edge habitats

B Production of nonrenewable fossil fuels within a single day

C Increasing biological magnification of DDT in fish-eating birds

Protection against floods and droughts, fertile soil generation, and waste

detoxification

0566410429 :p8 A bia) Jua) il I Ldd aa )3 99 o Mals 7 i) e Juaal



https://wa.me/971566991363
https://wa.me/971566410429
https://wa.me/971566410429
https://wa.me/971566991363
https://wa.me/971566991363
https://wa.me/971566991363
https://wa.me/971566991363
https://t.me/addlist/Nmx78nHNoJo5YTY0
https://wa.me/971566991363

A e Jantl sl o Jaiial
NOLOGIA :al li 6 clilal)

0566410429 :a2 11 il Jua) gill

NOLOGIA

VT - s
Question 8 : Biodiversity and Conservation — Biodiversity

Construct an explanation based on evidence to

describe how the genetic variation of the traits
among populations increases the survival probability

of some individuals in a specific environment.

Page (36). J

L Multiple Choice Questions - MCQ J

What is
Biodiversity?

The variety of life in an area,
determined by the number of
different species.

HIGH BIODIVERSITY =
HIGH ECOSYSTEM STABILITY

The permanent
disappearance
of a species

When the last member of a species dies,
the health and stability of the entire
biosphere decreases.

Some
individuals

Outbreak of S as
disease High

s esistant

OR — Genetic traits =

environmental Diversity Population

change

survives and
reproduces
‘.—._./’

Variety isn't just about color. Invisible genetic traits
dictate the ability to resist diseases or find new food
sources.
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I Question 1: Explain how extinction affects biodiversity.

Answer : When the last member of a species dies (extinction), that
species and its unique genetic traits are lost forever, which directly
reduces biodiversity and decreases the stability of the ecosystem and
the health of the biosphere.

maintaining genetic diversity in domesticated animals, such as dogs,
cats, pigs, cattle, and chickens. Include the advantages and
disadvantages in your report.

Answer : * Advantage of high genetic diversity: It increases the
chance that some individuals possess traits that resist diseases or
tolerate changing environmental conditions, allowing the population
to survive and reproduce.

- Disadvantage of low genetic diversity: Uniform breeds share the
same vulnerabilities, so a single disease outbreak can wipe out the

‘ Question 2: Write an argument that describes the importance of ‘

entire population.
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I Question 3 : Explain how extinction affects biodiversity.

When the last member of a species dies, the species is lost forever, decreasing
biodiversity and biosphere health.

B Extinction increases genetic diversity by creating clones of the same organism.

Extinction affects only nonliving rocks and never changes biological
communities.

D Extinct species automatically reappear the next year in larger numbers.

Question 4 : Write an argument that describes the importance of
maintaining genetic diversity in domesticated animals, such as dogs,
cats, pigs, cattle, and chickens.

A Low genetic diversity guarantees that all livestock survive every viral disease.

High genetic diversity increases disease resistance and survival during
environmental change, whereas low diversity leaves uniform breeds vulnerable.

C Genetic diversity prevents domesticated animals from reproducing.

Breeding identical animals ensures that climate change has no effect on farms.
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Question 5: How does high biodiversity affect the stability of an
ecosystem?

A High biodiversity increases the stability of an ecosystem and contributes to
biosphere health.

B High biodiversity causes immediate collapse of all food webs.

C High biodiversity eliminates all primary producers from the ecosystem.

D High biodiversity prevents nutrients from cycling through soil.

Question 6 : Besides visible traits like body color, what invisible
genetic traits are mentioned on Page 31 and Slide 48 as critical for
survival?

A | The ability to survive without water or oxygen for centuries

Resistance to a particular disease or the ability to digest a new food source

B
C The ability to convert sunlight into rocks
D

The ability to cause acid precipitation

Question 7 : What would have happened if the wild corn relative
teosinte had gone extinct before scientists discovered its resistance
to viral diseases?

A Viral diseases in plants would have disappeared on their own.

B Commercial corn would have become resistant to all viruses automatically.

C The genetic variation needed to develop disease-resistant corn would have been lost forever.

D Corn plants would have turned into carnivores.
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fQuestion 9 . Biodiversity and Conservation — Threats to

Biodiversity

Construct an argument supported by empirical
evidence that changes to physical or biological
components of an ecosystem affect its populations.

Page (42, 44).

Multiple Choice Questions - MCQ

Habitat Fragmentation & The Edge Effect

Interior
habitat

Patch of Habitat
Edge

Interior
habitat
Interior Interior
habitat habitat

The Problem: Smaller parcels support fewer species and reduce genetic diversity (making it harder to
resist disease or respond to change).

Edge Effects: Different abiotic factors (temperature, wind, humidity) exist at boundaries. Predators and

Interior
LELTIER

1000 m

Edge

Synthesis: The Speed of Anthropogenic Change

:mm..mm;j
5 EVOLUTIONARY

Why is today's high rate of extinction different from past mass extinctions?

humans are changing environmental conditions faster than new traits can evolve to cope with them.

The problem isinet just what is changing, but the unprecedented speed at which the baseline of survival is
being altered. r . o

AP [ S — . —

NJNOLOGIA

AACADEMIC FIELD GUIDE | DATA SYNTHESIS

_._ parasites thrive here, making native interior speqiii#jiihly vulnerable to attack. NOLOGIA Framework, |

After historical extinctions, biodiversity recovered slowly over millions of years as new species evolved. Today,

Threat #3: Climate Change

Core'Mechanism:

Species have evolved to live
within specific temperature
ranges. When temperatures
increase, organisms that
cannot adapt physically or
migrate will die.

Systemic Impact: This
threatens not only the directly
affected species but all other
organisms that depend on
them for survival.

S e e TA ] Temperature

NOLOGIA Academic Field Guide

Pollution Mechanisms:

Acidification & Eutrophication

e
Vit B Acid Precipitation

% _'{,.‘.-‘;Z
iy

Source: Burning fossil fuels releases sulfur dioxide
and nitrogen oxides.

Reaction: Combines with water in the air to form
sulfuric and nitric acids.

Impact: Falls to Earth and removes vital nutrients
(calcium, potassium) from the soil. Damages plant
tissues, slows growth, and suffocates fish.

S

N} NOLOGIA

ACADEMIC FIELD GUIDE | DATA SYNTHESIS

Climate change is expected to
overtake habitat destruction as the
greatest threat to biodiversity.
Scientists predict it will threaten
approximately 25 percent of all
land species by 2050.

\_._'

=
!

A Eutrophication

Source: Fertilizers, animal waste, and sewage rich
in nitrogen and phosphorus flow into
waterways.

Reaction: Causes rapid, extensive algae growth.

Impact: Algae use up the oxygen supply during
growth and decay. Other aquatic organisms
suffocate. Some algae also.release lethal toxins.
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NOLOGIA

NOLOGIA Academic Field Guide @ NOLOGIA
Biological Magnification: '
The Toxic Multiplier

Biological
Magnification
Pyramid

Real-World Impact: DDT

Focus on DDT: Once used to
control crop-eating insects, it
concentrated in top predators like
the Bald Eagle. The high toxicity
caused fragile, thin eggshells,
leading to the death of
developing birds and near
extinction before DDT was
globally banned.

(NOLOGIA Case File)

" Water: 0.000003 ppm

Concentration Increases Up Trophic Levels ——

Question 1: Explain how an increase in global temperatures threatens
biodiversity.

Answer : Species have evolved to live within specific temperature
ranges. When global temperatures increase, individuals that cannot
adapt physically or migrate die, threatening both that species and
other organisms that depend on it for survival.

Question 2: Choose one of the factors that threatens biodiversity and
suggest one way in which biodiversity can be preserved in a real-life
scenario.

Answer : * Threat: Habitat fragmentation (dividing forests with
roads).

- Solution: Build wildlife habitat corridors (such as bridges or
underpasses over highways) and establish protected nature reserves
so animals can move safely between patches and maintain genetic
diversity.
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Question 3 : Explain how an increase in global temperatures
threatens biodiversity.

A Higher temperatures allow all species to expand their habitats without
competition.

8 Rising temperatures eliminate edge effects and remove pollutants from food
webs.

c Species live within specific temperature ranges; when temperatures rise,
members that cannot adapt die, threatening them and dependent species.

b Rising temperatures affect only nonliving rocks and never affect living
populations.

Question 4 : Choose one of the factors that threatens biodiversity
and suggest one way in which biodiversity can be preserved in a real-
life scenario.

A | Threat: Sustainable use; Solution: Increase hunting of endangered species.

B Threat: Genetic diversity; Solution: Introduce invasive fire ants into forests.

C | Threat: Bioremediation; Solution: Spray more DDT into rivers.

Threat: Habitat fragmentation; Solution: Establish protected reserves and

connect patches with wildlife corridors.
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Question 5 : What is the increasing concentration of toxic substances
(such as DDT or PCBs) in organisms as trophic levels increase in a
food chain or food web called?

A Biological magnification

B Nitrogen fixation

C Primary succession

D Sustainable use

Question 6 : In the biological magnification pyramid (Slide 70), which
group of organisms accumulates the highest concentration of the
pesticide DDT (25 ppm), causing fragile eggshelis?

A Producers (algae and plants)

B Zooplankton

C Small fish

D Top predators / fish-eating birds (such as the bald eagle)

I Question 7 : How is acid precipitation formed in the atmosphere? I

A Burning fossil fuels releases sulfur dioxide and nitrogen oxides that react with
water in the air to form sulfuric and nitric acids.

B Green plants release oxygen during photosynthesis that freezes in clouds.

C Ocean waves evaporate salt crystals into the stratosphere.

D Decomposers release enzymes into underground aquifers.
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. )|
/E)uestlon 10 . Biodiversity and Conservation — Threats to

Biodiversity

Conclude that disruptions to any physical or
biological component of an ecosystem can lead to
shifts in some or all of its populations.

Page (39, 44).

L Multiple Choice Questions - MCQ

The Extinction Spectrum:
Natural Process vs. Global Crisis

D) () Meatrix 1: The Extinction §pestum - NOLOGIA
oo = e e e e e =)
Background Extinction Mass Extinction

B Definition P Definition

The gradual process of species becoming extinct. An event where a large percentage of all living
species go extinct in a relatively short period.

} Causes J Causes
Stable ecosystem changes, climate shifts, natural Drastic, rapid environmental changes.
disasters.

J Characteristics  Characteristics
Gives species opportunity to adjust or evolve; part Species cannot adjust to changes that occur too fast;
of the natural biological cycle. prevents the evolution of new coping traits.

— YT Y CIIIRIT — = — — = T WY IIICIE — =

Fundamental Rule: Species become extinct because they can no longer
survive and reprodi@asiia their environment.

The Modern Crisis: Accelerated
Anthropogenic Change

Anthropogenic Changes
Changes to the environment induced by human
activity.

Natural Resources

Materials and organisms found in the biosphere
(minerals, fossil fuels, plants, animals, soil, clean
water, clean air, solar energy).

Geographic Note: Most modern
Scientists estimate the current rate of extinction is about extinctions will occut/near the

; 2 , affecting high!
1000 times the normal background extinction rate. vulﬁg:j:;f)ert?o;::::r sgpe'cgiesy.
Predictions suggest 1/3 to 2/3 of all plant and animal (NOLOGIA Dossier)

species will go extinct in the second half of this ({1 TA—
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Threat #1: Overexploitation CantShites

Overexploitation is the excessive use of species that have economic value (hunted for meat,
hides, sport, fur, horns, or timber). Historically, this was the primary cause of extinction.

Mahogany Trees North American Bison
Valued for beauty and durability. Takes ~100 Hunted for meat, hides, and sport. Dropped
years to mature. lllegal logging pushes from 50 million to <1,000 by 1889.

varieties to extinction.

Passenger Pigeons Ocelot & White Rhino

Once darkened skies with massive flocks; Hunted today for commercial .

overhunted to extinction by the early 1900s. fur value and medicinal horn '}
purposes.

Question 1: Explain the term overexploitation as it relates to species
extinction.

logging) of species that have economic value, which drastically
reduces their populations and increases the current rate of species
extinction.

Question 2: Describe what happens when species cannot adapt to
ecosystem changes that are too fast.

Answer : When environmental changes occur faster than new coping
traits can evolve, the species can no longer survive and reproduce in
its environment, causing its members to die and the species to

Answer : Overexploitation is the excessive use (hunting, harvesting, or ‘
become extinct. ‘
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Question 3 : Explain the term overexploitation as it relates to species

extinction.

Overexploitation is the excessive use of species that have economic value, which
increases the current rate of extinction.

B Overexploitation is the gradual evolution of new species over millions of years.

Overexploitation is the legal protection of endangered species inside
megareserves.

D Overexploitation is the use of bacteria to clean up oil spills.

Question 4 : Describe what happens when species cannot adapt to
ecosystem changes that are too fast.

£ The species immediately develops new organs within a single
day.

When changes occur faster than new traits can evolve,
members cannot survive and reproduce, leading to extinction.

C |The population size doubles because predators disappear.

The species converts from a heterotroph into an autotroph.
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Question 5 : What is an event in which alarge percentage of all living
species become extinct in a relatively short period of time?

A Background extinction

Mass extinction

B
C Commensalism
D

Nitrification

Question 6 : Scientists estimate that the current rate of species
extinction is approximately how many times higher than the normal
background extinction rate?

A | About 2 times higher

About 10 times higher

B
C | About 1,000 times higher
D

Equal to the normal background rate

Question 7 : What are all materials and organisms found in the
biosphere, including minerals, fossil fuels, plants, animals, soil, clean
water, clean air, and solar energy, called?

A Natural resources

B Synthetic pollutants

C Invasive species

D Edge effects
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I — | =5
Question 11 : Biodiversity and Conservation — Conserving

Biodiversity

Explain that the completeness or integrity of an
ecosystem’s biodiversity is often used as a measure
of its health.

Page (48, 52).

L Multiple Choice Questions - MCQ

Protection Strategy 1:
Nature Reserves

Traditional Protected Areas (|
N

The US established the world's first Large managed areas that integrate human
national park (Yellowstone) in 1872 to populations rather than banish them.
ﬂS protect geological features and

Buffer Zones: Sustainable

biodiversity.
Y uge by local populations permitted

i Currently, 10-15% of the world's land is
* set aside as reserves.

135’ The Problem: Historically, these have
A& been small “islands” of habitat entirely
surrounded by damaging human
activity.

Protection Strategy 3:
Habitat Corridors

Passageways between
fragmented habitats
allowing organisms to
move safely.

o Advantages 0 Disadvantages

= Provides safe travel for animals across human-made » Does NOT completely solve the core problem of
barriers. habitat destruction.

« Effectively creates a larger contiguous piece of land « Allows diseases to pass easily from one infected area
supporting a wider variety of species. to the next.

* Increases genetic variation by mixing separated * Increases edge effect (asingle, intact large habitat is
populations. mathematically superior to connected small fragments).
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The Leglslatlve Shleld

Dunng the 1970s, global attention pivoted toward environmental destruction. Governments responded with |
powerful legal frameworks designed to act as structural shields for ecosystems. |

1973 (United States) 1973 (International)

_O_O_

Endangered Species Act (ESA) CITES Treaty

Designe d t I g Ily protect species becoming Convention on International Trade in Endangered
extinct o r of extinction wth the US. Species of Wild Fauna and Flora, Qutlawed the
global trade of endangered species and animal

parts (e.g., ivory elephant tusks, rhinoceras homns).

Takeaway: Legislation ensures the preservation of biodiversity for future
generations by severely penalizing destructive behavior.

Question 1: Explain how protected areas preserve biodiversity.

Answer : Protected areas (such as national parks and international
megareserves) preserve biodiversity by shielding core habitats from
destructive human activities and surrounding them with buffer zones

where sustainable use of natural resources is permitted.

Question 2: Describe three approaches used to slow down the rate of
extinction or to preserve biodiversity.

Answer : 1) Sustainable use of natural resources (using resources at a
rate at which they can be replaced or recycled).
2) Establishing protected areas (national parks, megareserves,
biodiversity hotspots) and connecting fragments with habitat
corridors.

3) Passing protective environmental laws/treaties (such as the
Endangered Species Act and CITES) and restoring damaged

ecosystems (bioremediation and biological augmentation).
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I Question 3 : Explain how protected areas preserve biodiversity.

Protected areas allow unrestricted logging so invasive species replace native
species.

B Protected areas relocate all wild animals into industrial factories.

Protected areas and megareserves shield core habitats from human destruction
and use buffer zones for sustainable resource use.

D Protected areas divide forests into tiny patches to maximize edge effects.

Question 4 : Describe three approaches used to slow down the rate of
extinction or to preserve biodiversity.

Increasing overexploitation, fragmenting forests, and introducing invasive
predators

B Burning fossil fuels, increasing fertilizer runoff, and removing buffer zones

C Replacing endemic plants with a single crop and repealing environmental laws

Practicing sustainable resource use, establishing protected areas and corridors,
and restoring ecosystems (or passing laws)
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Question 5 : What was the world’s first national park, established in
the United States in 1872 to protect geological features and
biodiversity?

A Yellowstone National Park

B Lake Tahoe Park

C Catskill Watershed Park

D Mobile Alabama Reserve

Question 6 : What is a major advantage of building habitat corridors
(passageways) between fragmented habitats?

A | They block sunlight from reaching native plants.

B They completely eliminate all edge effects and diseases in the forest.

C They prevent animals from breeding with members in other patches.

They allow animals to move safely between fragments and increase genetic

variation by mixing populations.

Question 7 : Which law was enacted in the United States in 1973 to
legally protect species that were becoming extinct or in danger of
extinction?

A The Metric Conversion Act

B The Montreal Protocol

C The Endangered Species Act (ESA)

D | The Clean Energy Act
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. 5|
(E}uestlon 12 : Biodiversity and Conservation — Conserving

Biodiversity

Explain that ecosystems are dynamic in nature and
that their characteristics can vary over time.

Page (52). J

Multiple Choice Questions - MCQ

Restoring Ecosystems: The Recovery Curve

Sometimes biodiversity is destroyed so completely (mining, oil spills, toxic chemicals)
that native species simply cannot survive.

Flawlessly recreated 'Recovery Time for Disasters'

1000 5
Metaor strike @
Muelear bomb @
® Tsunami Kay Insight: Size Determines Time
3 100 Industna]golluhon recovery is directly tied
2 Forest fire @ Acid rain 0 OT whether
= Flood@ @ ®Safination (mateor
= Modern agriculure @ Urbanization st dustrial pallution).
H Landsiide @ @ Groundwaler exploitation the affected are, the longer it takes
§ 10 @ Flood 0 recover.
T Trea fall @ '@ Slash and bum
. . Ny @ Qil spill @ Matural disasters
Lightning strike @ @ Human caused disasters
@ Human-caused or natural disastars
1 7 T T T T T T T
105 1074 103 107! 10° 10! 107 10% 108

Size of affected area (km?)

NOLOGIA Figld Guide

Restoration Tech 1: Bioremediation

(T he use of living organisms (prokaryotes, fungi, plants) to detoxify a polluted area. ]
Flowchart A: Microorganisms (The Kerosene Spill)
1975, South Carolina: 80,000 Scientists add targeted : Naturally occurring Toxins are successfully
gallons of jet fuel leak inta nutrients to the a%ecled soil. | microorganisms accelerate the converted into harmless
sandy seil and groundwater. | breakdown of carbon-based carbon dioxide,
=D =" P @
i, @ { @. . T +
' | ol W1
% X o P
Jet fuel leak, contaminated graundwater Nutrients added far microarganisms _;I Micrabes breakdawn fuels Towing converted to harmless COZ
Flowchart B: Plants (Heavy Metals) ,
Plants (e.g., reed beds) are Plants actively absorb and Plants are safely harvested, \\ W {
planted in soils heavily store the toxic metals in their completely removing the heavy (
contaminated with zinc, lead, plant tissues as they grow. metal toxins from the ecosystem
nickel, or organics. @® ® 1
O T K
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Restoration Tech 2: Biological Control

Definition
Introducing a natural predator or competitor to safely control an invasive species population

1 5 ™y
The Threat The Solution
Cause & Effect
) __ o S | Ecologists introduced the Asian grass carp in the

Hydrilla (an invagive plant in Florida) grows rapidly, early 1970s. The carp eat massive amounts of
forms dense surface mats, and completely blocks Hydrilla, effectively contrelling the population and
light from reaching battom-dwelling native plants. restoring water light penetration

L \,

The Catch / Risk
If 100 many carp are prasent, they will destroy natural vegstation and nuin the overall water quality,
Ecalogists must carefully monitor the exact number of carp intreduced into each body of water.

Recovery Time for Disasters

@ Human.caused or natural disastors |
Metoor
Natural disasters stnko

2

Human.caused disasters ,nmmﬂﬁ‘f]m'ﬂ::&f
t : 4 pollution ;- ok

|Urbanization | Ssknation

=]
=3
=)

Recovery time {y)
3

10 [ i Londside |
fall =\
1@ LA |
10* 102 0! 1 10 100 1000 10
Size of affected area (km?)
{log scale)

Figure 21 The recovefy.time for disasters is dependent
upon the size of the'area affected and on the type of
disturbance.

Question 1: Choose a human-caused disaster from Figure 21. Discuss
the methods that could be used to restore biodiversity.

Answer : * Human-caused disaster: An oil/fuel spill or industrial
pollution (soil contaminated with heavy metals).

* Restoration methods: Use bioremediation—adding nutrients to
stimulate soil microorganisms to break down carbon-based fuels into
harmless carbon dioxide, or planting specialized plants (such as reed
beds) to absorb toxic heavy metals (zinc, lead, nickel) from
contaminated soil-along with biological augmentation to restore
ecosystem balance.
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Question 2 : Choose a human-caused disaster from Figure 21. Discuss
the methods that could be used to restore biodiversity.

N For an oil spill or industrial pollution, use bioremediation (microorganisms or plants to
detoxify pollutants) and biological augmentation.

B Leave industrial pollution untreated and introduce invasive fire ants into the site.

C Clear-cut the surrounding healthy forest and build highways to increase edge effects.

D Dump excess phosphorus fertilizer into the polluted water to cause an algae bloom.

Question 3 : What is the use of living organisms—such as prokaryotes,
fungi, or plants—to detoxify a polluted area called?

A Bioremediation

Biological magnification

B
C Overexploitation
D

Eutrophication

Question 4 : In the 1975 South Carolina kerosene jet-fuel leak case
study ,how did scientists accelerate the breakdown of carbon-based
fuels in the soil into harmless carbon dioxide?

By adding targeted nutrients to the soil to stimulate naturally occurring
microorganisms

B By burning the entire sandy aquifer with explosives

C By introducing imported fire ants from South America

By spraying DDT pesticide over the water table
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(E}uestion 13 : Biodiversity and Conservation — Conserving

Biodiversity
Evaluate competing design solutions for maintaining
biodiversity and ecosystem services.

Page (52).

=

E Multiple Choice Questions - MCQ J

The Resource Matrix: Renewable vs. Nonrenewable

Renewable Resources

Replaced by natural processes faster than they are
consumed. Supply appears endless but is not
unlimited.

» Examples: Solar energy, agricultural plants, animals,
clean water, clean air.

r Nonrenewable Res.qyrgéé Sy 0 G

Found in limited amounts or replaced over extremely
long periods of time.

«» Examples: Fossil fuels (coal, oil, gas), mineral

deposits (uranium), extinct species (lost forever).

Context Changes Everything!

The Goal: Sustainable Use

Sustainable use means using resources at a rate at which
they can be replaced or recycled while preserving the
long-term environmental health of the biosphere.

: organisms die, and local extinction occurs.

A single tree is renewable because it grows back from
seeds. A completely cleared forest is nonrenewable
because the entire habitat is destroyed, resident

Replacement &
Recycling Rate

-

+ 1. Reduce the amount of resources consumed.
« 2. Recycle resources that can be reused.

~ 3. Preserve ecosystems and use them responsibly.
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Protection Strategy 2:
Biodiversity Hotspots

The Hotspot Fermula

To be designated as one of the 36
globally recognized hotspots, a
region MUST meet two criteria:

at least 70% of its original
habitat.

Impact: They originally covered

Save the Hotspots h

Concentrating funds here

Focusing only on hotspats
ignores vital ecosystem
services alsewhere (e.g.,
wetlands filter water and
regulate flocds globally,

14
f saves the absolute greatest

%) Excepfional Endemism: At -1D9° 3 N &_, A nuvrnbes of species 3om

least 1,500 species uf_\mscular o “i_"‘m n = immediate extinction.

plants tnatarla endemic ] & N i X J

(found ONLY in that specific i ) L

geographic anea). -‘.'j'? " t an ]
() Critical Threat: Must have lost T L“J i

b4

17% of Earth, now only 1/10th despite having fewer total
remains, yet they hold ~half of all species).

plantfanimal species.

.,

I Question 1: Define the two classes of natural resources. I

Answer : * Renewable resources: Resources that are replaced by
natural processes faster than they are consumed (such as solar
energy, agricultural plants, animals, clean water, and clean air).

- Nonrenewable resources: Resources found on Earth in limited
amounts or replaced by natural processes over extremely long
periods of time (such as fossil fuels, mineral deposits, and extinct
species).
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Question 2: Create a script of dialogue that could occur between a
conservationist and a person who lives in a biodiversity hotspot. The
local person wants to use the natural resources to provide a living for
his or her family. The dialogue should include a compromise in which
both sides are satisfied with the use of resources. Consider the social,
cultural, and environmental impacts of the compromise.

Answer : Compromise solution: Establish a megareserve with
protected core zones to safeguard endemic species in the hotspot,
surrounded by buffer zones where local families are permitted to
harvest resources sustainably (at a rate where resources are
replaced or recycled) and earn income from ecotourism.

I Question 3: Define the two classes of natural resources. I

A Renewable resources include fossil fuels and uranium, whereas nonrenewable
resources include solar energy.

Renewable resources are synthetic laboratory chemicals, whereas nonrenewable
resources are living plants.

Renewable resources are replaced by natural processes faster than consumed,
C whereas nonrenewable resources exist in limited amounts or take extremely
long times to replace.

Both classes of natural resources exist in unlimited quantities and can never be
depleted.
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Question 4 : Which compromise best satisfies both a conservationist
and a local resident who needs to earn a living in a biodiversity

hotspot?
A Clear-cut the entire hotspot forest for timber until all endemic species go extinct.
B Ban all human residents from the country and deny families access to food or income.
C Replace all endemic vascular plants with open-pit mines and factories.
b Establish a megareserve with protected core zones and surrounding buffer zones where local
residents practice sustainable resource use.

Question 5 : Which of the following is an example of a nonrenewable
resource?

A Solar energy

B Fossil fuels and mineral deposits (such as radioactive uranium)

C Agricultural crop plants

D Clean air and wind

Question 6 : Why can a single tree be considered a renewable
resource while an entire cleared forest is considered nonrenewable?

A A single tree can be regrown from seeds, but clearing an entire forest destroys
the habitat so resident organisms die or go extinct locally.

B A single tree takes millions of years to grow, whereas an entire forest grows in
one hour.

C Individual trees are made of mineral rock, whereas forests are made of coal.
Cleared forests have higher species diversity than intact forests.
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Question 7 : What is using natural resources at a rate at which they
can be replaced or recycled while preserving the long-term
environmental health of the biosphere called?

A Overexploitation

B Sustainable use

C Habitat fragmentation

D Biological magnification

Question 8 : What are species that are found only in one specific
geographic area and nowhere else in the world called?

A Invasive species

B Endemic species

C Cosmopolitan species

D Decomposer species

Question 9 : What two criteria must a region meet to be classified as
a biodiversity hotspot?

It must have at least 1,500 species of endemic vascular plants and must have lost

A
at least 70% of its original habitat.
B It must have zero plant species and be covered entirely by polar ice.
c It must contain only nonnative invasive species and have 100% of its original

habitat intact.

D It must be located in the deep ocean where sunlight never reaches.
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rQuestion 14 . The Nature of Science— The Methods of

Science

Analyze data obtained from experiments.

Page (60).

E Multiple Choice Questions - MCQ J

Defining the Realm of Science

-

What is Science?

Science comes from the
Latin word scientia,
meaning "knowledge." It is
a process based on inquiry
that helps develop
explanations about events
in nature.

~\

The Scientific Method Engine

4 h

Earth Science |
Investigates Earth %
and space. 5

Life Science
Deals with
living things.

OVERLAP: Developing
artificial imbs requires
studying both how muscles
aperate (Life) and

Physical Science

Studies matter
and energy.

matterfenergy (Fhysical).

OLOGIA

State the problem
“Why' or "how” does an event occur?

¥

Gather information }

Research reliable sources to fine-tune.

¥

Form a hypothesis
Propose a possible answer/solution,

L 2

Test the hypothesis
Perfarm an experiment with controls.

¥

Analyze data
Review the results of the test.

‘0}

L 2

-gauh

Di
Datermi

is is supported.

=

_
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NOLOGIA

Question 1: Identify What is the first step in a scientific investigation,
and what form does it usually take?

Answer : The first step in a scientific investigation is to state the
problem, and it usually takes the form of a question of "why” or "how”
an observed event in nature occurs.

Question 2 : Identify What is the first step in a scientific investigation,
and what form does it usually take?

The first step is to state the problem, and it usually takes the form of a question of "why" or

A

"how" an event occurs.
B The first step is to draw conclusions, andit usually takes the form of a scientific law.
C The first step is to analyze data, and it usually takes the form of a circle graph.

D The first step is to modify the hypothesis, and it usually takes the form of a simulation.

Question 3: what step should a scientist take when the drawn
conclusions show that the hypothesis is NOT supported?

A Change the experimental numbers so they match the hypothesis.

B Modify the hypothesis and repeat the investigation to test it.

C Declare the unsupported hypothesis to be a scientific law.

D Destroy all laboratory records and never test again.
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Question 4 : Which main branch of science studies matter and energy
(including chemistry and physics)?

A Physical science

B Life science

C Earth science

D Botany

Question 5 : Why do scientists research and gather information from
reliable sources before forming a hypothesis?

A To learn what is already known about the problem and fine-tune their question

To avoid performing any experiments or observations

B
C To copy personal opinions about art and music
D

To replace Sl units with subjective hand measurements
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rQuestion 15 : The Nature

Science
Using proper research data, formulate testable
hypotheses.

Page (65).

of Science— The Methods of

Multiple Choice Questions - MCQ

Structural Distinctions:
Scientific Law vs. Theory

Scientific Theory (The “Why”)

NOLOGIA

Scientific Law (The “What”)

Definition | Anexplanation based on knowledge
gained from many observations and
investigations. It is NOT a guess. |

Definition | Astatement about what happens in
nature that seems to be true all the
time. Describes a pattern.

Flexibility | Can be modified as new information |
becomes available. ,

Limitation | It does not explain why or how
something happens.

Example Theories explain how the law of gravity
works.
a7

_ Lg®

Crucial Rule: A theoru can be used to explain a law. but theories do NOT become laws.

The Limitations of Science (el

L |Bredndnesionn]

Example The Law of Gravity dictates that any
ane mass will attract another mass.

3

W

Science can help explain many things, but
it cannot explain or solve every question.

It is a scientist's job to develop hypotheses
that can be tested and verified.

Questions about opinions and values
cannot be tested scientifically. They are
not scientific questions.

You might survey people about
whether this painting is beautiful, but
science cannot prove that opinion to
be true or false.
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NOLOGIA

Question 1: Explain what a law is, what a theory is, and why a theory

cannot become a law.

Answer : * Scientific law: A statement about what happens in nature
that seems to be true all the time (it describes a relationship or
pattern but does not explain why).

* Scientific theory: An explanation of why or how things happen based
on knowledge gained from many observations and investigations.

- Why a theory cannot become a law: They serve different purposes—
a theory is used to explain a law, so theories never become laws.

Question 2 : Explain what a law is, what a theory is, and why a theory
cannot become a law.

A A scientific law is an unproved guess, and when enough evidence is collected, it
becomes a theory.

Both theories and laws are personal opinions about art that cannot be tested by
experiments.

A law states what happens in nature, while a theory is an explanation based on
C many observations and investigations; theories explain laws and do not become
laws.

A theory describes a pattern without explaining why, and it becomes a law after

one experiment.
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NOLOGIA

Question 3 : What is an explanation of things or events based on
knowledge gained from many observations and investigations ?

A A constant

B A scientific law

C | Ascientific theory

D A conversion factor

Question 4 : What is a statement about what happens in nature that
seems to be true all the time, without explaining why or how it
happens?

A A bias

B A hypothesis

C A subjective opinion

D A scientific law

Question 5 : What can happen to a scientific theory if new
information or evidence becomes available that does not support it?

A | The scientific theory can be modified.

B New scientific evidence must always be ignored.

C The theory automatically turns into-a law.

D Scientists stop using the scientific method.
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Science

fQuestion 16 : The Nature of Science— The Methods of

Follow the common steps of scientific methods in

them and evaluate the results of tests.

Page (65).

E Multiple Choice Questions - MCQ

The Hypothesis
Reality-Check

v

7 P
The Problem

Space shuttietiles
need protection from

A possible answer to a
question or a possible
solution to a problem based

on what you know and intense heat.
observe,

Step 3

The Hypothesis

A procedure that tests the A ceramic material
effect of one thing on

another using a control.

might also work to
protect the space

The Real-World Application

The Observation

Ceramic coatings solved
a similar problem on
guided missiles.

Step &
The Reality Check

If testing shows it fails,
the hypothesis is rejected |
and a new material must |

NOLOGIA Ultimate Cheat Sheet: NOLOGIA
Methods of Science

_ Veriabl Quick-Check

Problem
Information
Hypothesis
Madify

Tes

Analyze Repeat

e

Conclude

Independent:
| change it.

Dependent:
It changes in response,

Contral:

Standard for comparison.

| Constant:
‘ Stays exactly the same,

Theory: Explains why based on evidence. Can change.

Law: Describes what happens always, Doesn't explain why.

Model: Visualizes the extreme (too big, small, fast, dangerous).
vy

S

proposing solutions to problems, systematically test

4
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NOLOGIA

Question 1: Define Summarize the steps you might use to carry out an
investigation using scientific methods.

Answer : The six common steps of scientific methods are:

1) State the problem (ask how or why an event occurs).

2) Gather information (research reliable sources).

3) Form a hypothesis (propose a testable answer or solution).

4) Test the hypothesis (perform a controlled experiment or make
observations).

5) Analyze data (record and organize measurements in
tables/graphs).

6) Draw conclusions (determine whether the data support the
hypothesis and repeat or modify as needed).

Question 2 : Define Summarize the steps you might use to carry out
an investigation using scientific methods.

2 State the problem, gather information, form a hypothesis, test the hypothesis,
analyze data, and draw conclusions.

B Draw conclusions first, publish a theory, ignore research, and avoid testing the
hypothesis.

c Form a scientific law, select only favorable results, skip data measurement, and
state the problem last.

5 Build a circle graph, change all variables at once without a control, and-accept
the hypothesis without data.
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Question 3 : What is a possible explanation for a problem using what

you know and what you observe?

A | A hypothesis

B A constant

C A base unit

D A bias

Question 4 : In an experiment, what is the variable that is deliberately
changed by the scientist to see how it affects other variables?

A The constant

The dependent variable

B
C The independent variable
D

The control group
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Use adapted arithmetic to
logical interpretations about

((Suestion 17 : The Nature of Science— Communicating with
Graphs

Page (74).

the given data to build
the natural phenomena.

E Multiple Choice Questions - MCQ

-
NOLOGIA NOLOGIA
Bar Graphs: Comparing Categories

i “\i izi Classroom Temperature
Line Graphs: Visualizing """7 _
Continuous Change . . ElRgaToem o=

24{=—¢C
g Primary Use Structure
Used to show relationships £z Compating information X-axis = Independent

where the dependent variable 3 99 .

changes due toa change in the 819 f C
independent variable. Most ‘7
commonly used to track &

or displaying data that is
collected by counting
and does not change
continuously.

Variable (Distinct
Categories].

Y-axis = Dependent
Variable (Count/Quantity).

Number of Classreoms

changes-over time.

o} 5 10 15

Time {min)

20
A control line provides a

baseline (e.g., the thermostat
setting) to measure efficiency,.

NOLOGIA

Circle Graphs: Parts of a Whole

Core Concept Box

Used to show how a fixed,
total quantity is broken down.

represents the absolute total

displayed as percentages.

Coal (10%)

!
The entire circular pie fm

{100%]_ 4 Gas (50%)
? '\\k

Thesicst IBmIn e :

individual parts, typically Staam{zs%)- .

~ y

0O a4 B W = @O o

23 24 25
Number of Students

26 27

Sources of Heat
Other (5%)
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NOLOGIA

The Math Connection: Calculating Circle Graph Angles

| Step 1: Part + Total = Decimal ‘ ‘ Step 2: Decimal x 360° = Angle

18 . 72 o
buildings = total =0.25 0.25 x 360° = g?he
using steam  buildings circle graph.

Circle Graph %

NOLOGIA

The Ultimate NOLOGIA Master Matrix

‘ Best Used For

Line Graph /\/ |
Bar Graph llll |

Graph Type

Relationship between
variables / continuous
change over time.

Comparing counted
information / non-
continuous discrete data.

Breaking down a fixed
total into parts
(percentages).

X-Axis Represents

Independent Variable
(e.g., Time).

Independent Variable
(Distinct Categories)

N/A (Represents the
100% Total)

Y-Axis Represents

Dependent Variable

| (e.g., Temperature).

Dependent Variable
(Count / Amount)

N/A (Slices represent
percentage parts)

Classroom Temperature Figure 14 The builder's graph compares the
27 time the furnace has been minning with the
26 | temperatura in sach of three reoms, A4, B, and C.
25 8.7 | The black line at y = 20°C shows the thermostat
24 setting.
g 7
@ 22
[The break in the vertical 2
axis between 0 and 15 2 20
means that numbers In £ 19 : L,, —
this range are laft out 2 18 7 =T
This leaves room to 17 =
spread the scale where 16 i
the data points e, making 5 |- T
the graph easier to read. EETER AT
Tlme {min}

Question 1: Identify the thermostat that reached 20°C first

(Figure 14).

Answer : Thermostat B reached 20°C first (its line crosses the 20°C

horizontal control line before 15 minutes, reaching 21°C at 15 minutes,

whereas Thermostat A reaches 20°C at 15 minutes).

0566410429 :p8 1 Lia) Jua) il I Lsd an 3 99 o SalS 7 i) e sl



https://wa.me/971566410429
https://wa.me/971566410429
https://t.me/addlist/Nmx78nHNoJo5YTY0
https://wa.me/971566991363
https://wa.me/971566991363

:ad ) Juia) Jua gl
0566410429

NOLOGIA :pl 5 o clila

NOLOGIA

Question 2: Identify the kind of graph that would best show the

results of a survey of 144 people, of which 75 ride a bus, 45 drive cars,
15 carpool, and 9 walk to work.

Answer : A circle graph (pie chart) or a bar graph: a circle graph
shows how the fixed total quantity of 144 people is broken into parts,
and a bar graph compares the counted numbers in each category.

Question 3 : Identify the thermostat that reached 20°C first
(Figure 14).

A Thermostat A

B Thermostat B

C Thermostat C

D All three thermostats reached 20°C at the exact same time.

Question 4 : Identify the kind of graph that would best show the
results of a survey of 144 people, of which 75 ride a bus, 45 drive cars,
15 carpool, and 9 walk to work.

A | Aline graph, because the survey measures continuous temperature over time

B | An ecological pyramid, because the survey measures heat loss

A circle graph (or bar graph), because a fixed total of 144 people is broken into
parts or counted categories

D - | Aflight simulator, because the survey tests a hazardous process
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Question 5 : What is a visual display of information or data used by
scientists to detect patterns?

A A graph

B A hypothesis

C | Aprefix

D A constant

Question 6 : On a standard graph, which variable is plotted on the
horizontal axis (x-axis) and which is plotted on the vertical axis (y-
axis)?

A Independent variable on the x-axis; dependent variable on the y-axis

Dependent variable on the x-axis; independent variable on the y-axis

B
C Constants on both the x-axis and y-axis
D

Control group on the x-axis; bias on the y-axis

Question 7 : When constructing a line graph from experimental data
points, how should the line be drawn?

Draw a smooth line or curve that fits best among the points (never play
connect-the-dots).

B Draw a sharp zigzag line connecting every single dot directly.

C Draw vertical bars around each point.

Connect only the first and last point and erase the rest.
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NOLOGIA

r Question 18 : The Nature of Science— Standards of

Measurement

Explain the scientific tools and techniques used to
conduct accurate measurements.

Page (68, 72).

E Multiple Choice Questions - MCQ

NOLOGIA Blueprint

The Measurement Problem:

Subjective vs. Objective
The Problem | The Solution

8 hands wide

s - T

bjective: A standard is an exact
quantity that people agree to use. J

T
_/ Subjective: Without a standard, you
cannot compare results.

|
—
v

r Standard: An exact quantity that people agree W

b timm b s tmm G s 8 ae s  am e

The Core System: S| Base Units

Table 3 Common Sl Prefixes

| Profix | Symbol | Multiplying Factor | ¢ Length meter ()
Kilo- | k | 1.000 3 Mass kilogram (kg)
Deci- d 01 =,
. ©) Time second (s)
Centi- c 0.01 I"_’ |
Milli- m 0.001 , Electric current ampere (A)
Micro- u 0.000 001 || Temperature kelvin (K)
Nano- _ i 0.000.000.001 f; Amount of substance mole (mol)
r L1 Intensity of light candela (cd)
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) . s |
Dimensions 4 & 5: NOLOGIA |
Time and Temperatu re I
Time Temperature
Kelvin, K Celsius, °C Fahrenheit, °F
7N 7R P
i/-—\\ (—\
| 37315K | “L_ 100.00 °C M || 212.00 °F
-3 P s e g = e m e S i — o r-*HgEd == -
| | JE E
/3 ol A | | 1E
3 " ) | g B
\ [00:0000) v A4 |emsw | [AEloooe | NIEH 2T
: 2 [ THE
gl I ES
| 1k
Time is the interval between two events. | [HIE [ [HIE
Sl Unit: secondi{s)} S AME
¥ 0K v A3E || 27208 Vo -459.67 °F
R B || B e —|— e -=HAIFH--- -
m | Critical Note B \\ 7 O O )
Kelvir is the S1unit. Zero on the Kelvin seale (0 K) is t § k i |
Absolute Zero, the coldest possible temperature,
i Nnhn-‘l"l\ﬂnrﬂﬂ curnhale are IE‘I'J]T.Imnd umE| Kelvin L u / —/
v 'f-v']l X P -
[ EXAMPLE Problem 1 I

CONVERT UNITS How long, in centimeters, is a 3075-mm rope?

Identify the Unknown: rope length in cm

List the Knowns: rope length in mm = 3075 mm
1m = 100 cm = 1000 mm

2 A ) A 100 cm
Set Up the Problem: length in cm = length in mm X 7000 mm
v . - 100ecm
Solve the Problem: length in cm = 3075 mm X 7000 mm = 3075 cm
Check the Answer: Millimeters are smaller than centimeters, so make sure your

answer in mm is greater than the measurement In cm. Because Si
is based on tens, the answer In mm should differ from the length In
<m by a factor of ten.

Question 1: Explain why it is important to have exact standards of
measurement.

Answer : Exact standards of measurement (such as the International
System of Units, SI) provide agreed-upon quantities that allow people
and scientists everywhere to compare measurements accurately,
share data, and avoid confusion.
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NOLOGIA

I Question 2 : If your pencil is 11 cm long, how long is it in millimeters?

Answer : Since 1cm =10 mm, multiply 1T cm x (10 mm /1cm) =110
mm.

Question 3 : Explain why it is important to have exact standards of
measurement.

A Exact standards allow each scientist to invent private units so no one can verify
their results.

B Exact standards make conversion factors equal to 100 instead of 1.

C Exact standards eliminate the need for metersticks, balances, or thermometers.

Exact standards (like Sl) provide agreed-upon quantities needed to compare
measurements accurately and reduce confusion.

I Question 4 : If your pencil is 11 cm long, how long is it in millimeters? I

A 110 mm

B 1.1Tmm

C 1T mm

D 1,700 mm
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NOLOGIA

Question 5 : According to Table 2 (Page 66) and Slide 103, what are
the Sl base units for length, mass, time, and temperature?

Length: meter (m); Mass: kilogram (kg); Time: second (s); Temperature: kelvin

(K)

B Length: foot; Mass: pound; Time: hour; Temperature: Fahrenheit (°F)

C Length: liter; Mass: candela; Time: mole; Temperature: ampere

D Length: hand; Mass: gram; Time: day; Temperature: Celsius (°C)

Question 6 : In the Sl system, which prefix represents a factor of
1,000 and which prefix represents 0.001 (one-thousandth)?

A | kilo- (k) =1,000; milli- (m) = 0.001

B centi- (c) = 1,000; deci- (d) = 0.001

C nano- (n) = 1,000; kilo- (k) = 0.001

D milli- (m) = 1,000; micro- (in) =100

Question 7 : What is a ratio that is equal to one and is used to change
one unit to another without changing the value of the measurement
(such as 1,000 mL/11L)?

A A conversion factor

A dependent variable

B
C A scale break
D

A control group
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f Question 19 : BIODIVERSITY AND CONSERVATION-

-

BIODIVERSITY

Construct an explanation based on evidence to
describe how the genetic variation of the traits
among populations increases the reproduction
probability of some individuals in a specific
environment.

Page (36).

Multiple Choice Questions - MCQ

i Ny

Direct Value; The Pharmaceutical Pharmacy

S

After extract

Madagascar Periwinkle
(Catharanthus roseus) L)

e e

. Many rrent medicines are derived fro ture (e.g., Penicillin from mold, Aspirin from willow tree).

* The M car periwin (Catharanthus roseus) yields an extract crucial for treating certain
Ieukemlas

Warning: Countless unknown, highly useful extracts remain undiscovered in

remote reaions—unles: species qo extinct first...

AL AATAT™

NOLOGIA Master Synthesis:
Biodiversity at a Glance

o |

Definition

Example

. ‘\!_Y
anaryVaIu‘e ; ;|

Genetlc Genes within a Ladybird Beetle Direct Value
population colors / Teosinte (Disease resistance, medicine)
Species Variety of species | High diversity near Indirect/Ecosystem
P in an area the equator stability
Variety of habitats Rainforests vs. Indirect Value
SRR imviosphera (O] @ctcregions ] ofauiacion

Biodiversity is the ultimate reservoir of life. Extlnctlon isa

permanent loss of biological, economic, and scientific potential.
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Question 1: Evaluate and discuss the importance of maintaining

biodiversity for future medical needs.

Answer : Many vital medicines are derived from wild organisms (such
as penicillin from bread mold, aspirin from willow bark, and leukemia
treatments from Madagascar periwinkle). Because many species have
not yet been identified or studied, maintaining biodiversity preserves
unknown extracts and useful genes needed to cure future human
diseases.

Question 2 : Evaluate and discuss the importance of maintaining
biodiversity for future medical needs.

A | Wild plants and fungi have never been used to make medicines.

Many medicines come from organisms (like penicillin and Madagascar
B periwinkle), so preserving biodiversity protects unstudied species that may
provide future cures.

Reducing species diversity makes it easier to discover new medicines in extinct
plants.

Maintaining biodiversity is useful only for tourism and has no connection to
medicine.
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Question 3 : From which living organism was the potent antibiotic

‘ penicillin discovered?

A Imported fire ants

B Wild Mexican corn (teosinte)

C | Asian grass carp

D Bread mold (fungi)

Question 4 : The painkiller salicin (now synthesized in laboratories as
aspirin) was originally derived from which plant?

A Giant kelp

B Prickly pear cactus

C The willow tree

D Hydrilla

Question 5 : According to the Biodiversity Master Synthesis table
,extracting medicines and disease-resistant genes from wild species
is classified under which primary value?

A Direct economic value (from genetic diversity)

B Indirect water filtration value

C Aesthetic landscape value

D Habitat fragmentation
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i )|
fQuestlon 20 : The Nature of Science— The Methods of

Science

Show that some scientific investigations lead to the

development of technology that can improve our
lives and the world around us.

Page (63, 64).

L Multiple Choice Questions - MCQ J

Being objective

Scientists also have a responsibility to minimize bias in their investigations. Bias ocours
when a scientist’s expectations change how the results are analyzed or conclusions are
formed. Bias might cause a scientist to select a result from one trial over those from other
trials. An example of bias would be presenting positive test results to promote a product
and withholding unfavorable results.

Scientists can reduce bias by running as many trials as possible and by keeping accurate
notes of each observation made. Figure 6 shows a scientist who is researching a
medication’s effectiveness, One way toteduce bias in this case would be to conduct the
experiment so that the researchers didn’t know which group was the study group and
which group was the control. This is called a blind experiment.

Valid experiments must also have data that are measurable. For example, a scientist
performing a global warming study must base his or her data on accurate measures of
global temperature. This allows others to compare the results to data they obtain from
similar experiments. Most importantly, the experiment must be repeatable. Findings are
supportable when other scientists around the world perform the same experiment and
get the same results.

Science Changes: The Evolution of Knowledge Visualizing with Models: Past & Future NOLOGIA
Scientific explanations must sometimes be modified. As more is learned, earlier explanations might be found Why use models? To visualize things that are too large, too small;
incomplete, or new technology provides more accurate answers. take toe much time, or are too hazardous to observe directly.

| ( 1 [ e il s i ™
1904 | 1911 Pregant-Day ! Physical Analogies Computer Simulations
Thomsoen Model | Rutherford Model | Electron Cloud Model | ysioa 9 o _ﬁ_,__i:ﬂ_:__,_‘ gyt -

Solid ball of evenly Based on new research, Nucleus of protons/neutrons " o o
distributed positive charge features a positively charged surrounded by a cloud In the 1800s, Lord KEII',"mh placed balls into 2 bowl of jelly Flight simulatars mimic real-world processes safely.
with electrons embedded | nueleus with electrons orbiting | representing the space containing To modgl hoggaptigioves throligh space.

inside.

like planets around the Sun | rapidly moving electrons.
Use: Visualizing abstract or invisible concepts through Use: Pilots practice harsh weather conditions or in-flight
} tangible objects. challenges without ever leaving the ground or risking lives.
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I Question 1: Define What is bias in science?

Answer : Bias occurs when what a scientist expects changes how the
results of an experiment are viewed/analyzed or how conclusions are

formed.

Figure 7 This is a computer simulation of an aircraft landing on a runway. The image on the screen in front of the
pilots mimics what they would see if they were landing a real plane.

I Question 2: Identify models in your classroom. I

Answer : Classroom models include a globe or world map, a 3D model
of an atom or molecule, a model of the solar system, a human
skeleton/organ model, and computer simulations.
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I Question 3 : Define What is bias in.science?

A Having independent scientists review an experiment before publication

B Running multiple trials and blind experiments to keep data objective

When a scientist’'s expectations change how the results are analyzed or
conclusions are formed

D Converting measurements from millimeters to centimeters using Sl units

I Question 4 : Identify models in your classroom. I

A Models are personal opinions and artistic values that cannot be tested.

B Models are Sl base units of measurement such as the meter and kilogram.

C Models are natural laws that never change when new information is found.

Models represent an idea, event, or object to help people understand it (such as

a globe, atomic model, skeleton model, or computer simulation).

Question 5 : How can scientists lessen bias when conducting an
investigation?

By running as many trials as possible, keeping accurate notes, and using blind
experiments and peer review

B By selecting only the results that support their favorite hypothesis

C By hiding their experimental data from other scientists

By performing only a single trial without a control
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I Question 6 : Why do scientists use models in scientific investigations? I

5 To visualize things that are too large, too small, take too much time, or are too
hazardous to observe directly

B To avoid collecting any measurements or experimental data

C To prove personal opinions about paintings and music

D To replace the International System of Units (SI)

Question 7 : In the 1800s, why did Lord Kelvin place balls into a bowl of
jelly ?

A | To create a physical model of how light moves through space

B To measure the boiling point of water:in kelvins

C To test ceramic tiles for the space shuttle

D | To calculate the density of gold
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Relationships ,Cycling of Matter

Page (8, 21, 24).

/(3uestion 21 : Principles of Ecology— Organisms and Their

- Compare and contrast biotic and abiotic
characteristics of sustainable and unsustainable
terrestrial and aquatic ecosystems.

- Explain how matter is recycled within the
environment and how it promotes sustainability.\J

L

Free Response Questions - FRQ

| BIOTIC FACTORS
| The living factors in an
| organism'’s environment.

Fish & Frogs (in water) —_ :

Microscopic
Organisms & Algae

| KEY RULE:
| Interactions are necessary for health and
| reproduction. Deer depend on others for food
| and are a food source for other organisms.

NOLOGIA Matrix: Environmental Factors

The Deer —___ 458

Organisms are adapted

ABIOTIC FACTORS

The nonliving factors in an
organism’s environment.

Water & Air Currents

——— Sunlight & Temperature

Soil Type, Rocks & Minerals

KEY RULE:
to specific

abiotic factors. Transplanting a swamp
plant to a dry desert will cause it to die.
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The Biological Engine: The continuous
interplay of Carbon and Oxuygen cycles

Oxygen + Carbohydrates

Photosynthesis

Plants and algae convert CO2 and
water into carbohydrates and release
oxygen back into the air.

Living organisms consume oxygen to
release energy from carbohydrates,
releasing COZ in the process.

Cellular Respiration w

The Nitrogen Cycle: Converting unusable gas into vital proteins

1I|e Problem: Hitragen gas (NZ) makes uu

TB% of the atmosphere, but plants and
W | animals cannot use it directly. x

o
# \ /
o ?W
i =
\ Step 4; Denitrification: Soil \ J

\ bacteria convert nitrogen

8 LB compaunds bock into N2 gas, . :

. returning it to the otmosphere.

- = E = Step 3: Decomposition: Nitragen Step 1: Nitrogen Fixotian:
- 13 in onimal waste and dead Specialized bocteria (in soil ond root
= organisms Is broken down back nodules) or lightning convert N2
. into ammania in the soil. gas into ammonium and usable
compounds.
Figure 5 The deer standing on this rock is a biotic factor % %

in this stream community. Other organisms in the water, Step 2: Nitrification & Consumption:
such as frogs and algae, also are biotic factors. Compounds are converted inta nitrates,

Question 1: Explain how organisms are dependent on other organisms
(Figure 5).

Answer : Organisms depend on other organisms for survival and
reproduction. For example, deer need other members of their own
species to reproduce, depend on plants for food, and serve as a food
source for predators.
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NOLOGIA

Question 2: Compare and contrast abiotic and biotic factors shown in

the photo at the beginning of this module.

Answer : * Similarity: Both are environmental factors in an ecosystem
that interact and are essential for the survival of organisms.

- Difference: Biotic factors are the living components (such as deer,
fish, frogs, plants, algae, and microorganisms), whereas abiotic
factors are the nonliving components (such as sunlight, water, air
currents, temperature, rocks, and soil nutrients).

‘ﬂLcombusﬂon

log . CO, in Atmosphere
photosynthesis
destruction of vegetation

Land plants

= .0cean
bicarbonate (HCO, )

- "sedlmematlo =

Figure 19 The diagram shows how carbon
and oxygen cycle through the environment,

Question 3: Describe how carbon moves from the abiotic to the biotic
parts of the ecosystem (Figure 19)..

Answer : During photosynthesis, green plants and algae absorb
carbon dioxide (CO2) from the atmosphere or water (abiotic) and use
sunlight to convert it and water into carbohydrates inside living
tissues (biotic).
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Question 4: Identify the living and nonliving parts of the nitrogen
cycle:.

Answer : * Living (biotic) parts: Nitrogen-fixing bacteria, nitrifying and
denitrifying bacteria, plants (producers), animals (consumers), and
decomposers.

* Nonliving (abiotic) parts: Atmospheric nitrogen gas (N2),
ammonium (NH4+), nitrites (NO2-), and nitrates (NO3-) in soil and

water, and lightning.

Question 5: Compare and contrast the role of plants in the carbon
and nitrogen cycles.

molecules (carbohydrates and proteins) for consumers.

- Difference: In the carbon cycle, plants absorb CO2 gas directly from
the air through their leaves during photosynthesis; in the nitrogen
cycle, plants cannot use N2 gas directly and must absorb fixed
nitrogen compounds (nitrates/ammonium) from the soil or water
through their roots.

Question 6 : What happens if a plant that normally grows in a lush,
swampy area is transplanted to a dry desert? Explain why.

Answer : The plant will likely die because organisms are adapted to
the specific abiotic factors (such as moisture, soil, and temperature)
of their natural environment and cannot adjust quickly to the dry

Answer : « Similarity: In both cycles, plants take in inorganic
compounds from the abiotic environment and build essential organic
‘ desert conditions. ‘
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ﬁ)uestion 22 : Principles of Ecology— Flow of Energy in an

Ecosystem

Explain that as energy flows through different

and energy is transferred from one system to

another.
Page (18).
L Free Response Questions - FRQ
The Consumer Matrix IER‘E:?%Q

| | |
Classification | Definition | Examples | Ecosystem Role

Cow, rabbit, .
- Eats only plants grasshopper Primary Consumer
R _' Preys on other : ,Secondary/Tertiary
Camivore heterotrophs Wolf, fion, 'Y""g ﬁ Consumer
Eats both plants and Bears, humans, .
animals mockingbirds Varizble ComsLamer

Eats fragments of  Worms, aquatic insects -
dead matter on stream bottoms il
Breaks down dead

B o onisms via enzymes Fungi, bacteria Chemical Recycler

organizational levels of living systems, chemical
elements are recombined to form different products,

v
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NOLOGIA Education

Analytical Comparison: Chains vs. Webs

VAR

Food Chain Food Web
+ Structure: Linear, single pathway. « Structure: Interconnected, multiple
« Complexity: Low (Highly simplified). branching pathways.
+ Ecological Reality: Rarely exists in + Complexity: High (More realistic
isolation in nature. representation).
+ Primary Use: Best for teaching and tracing + Ecological Reality: Accurately reflects how
basic trophic levels and energy loss. animals feed on multiple species.

= Primary Use: Best for mapping actual
ecosystem dynamics, dependencies, and
community stability.

NOLOGIA Education

Synthesis: The Three Pyramids Compared

Energy Pyramid Biomass Pyramid Numbers Pyramid

Measures: Joules or Measures: Total physical Measures: Population count

Percentages. weight (g/m2). (Individuals).

Visualizes: The strict 10% Visualizes: Physical mass Visualizes: Fewer total

transfer rule and heat loss. shrinking at higher trophic individuals at the top due to
levels. energy constraints.

Question 1: Distinguish producers, consumers, and decomposers from
one another.

Answer : * Producers (autotrophs): Organisms that capture energy
from sunlight or inorganic chemicals to produce their own food (e.g.,
green plants and algae).

* Consumers (heterotrophs): Organisms that get energy by
consuming other organisms (herbivores, carnivores, omnivores,
detritivores).

- Decomposers: Organisms (fungi and bacteria) that break down dead
organisms using digestive enzymes and return nutrients to soil, air,
and water.
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Question 2: Classify a pet dog as an autotroph or heterotroph and as
an herbivore, carnivore, or omnivore. Explain.

organisms for energy. It is classified as an omnivore (or carnivore)

Answer : A pet dog is a heterotroph because it must consume other
because although dogs are naturally adapted to eat meat, domestic

pet food contains both animal meat and plant ingredients.

Question 3: Create and use a simple food web to identify producers,
consumers, and decomposers in your community.

Answer :* Community Food Web: Grass & Shrubs — Grasshoppers &
Rabbits — Lizards — Falcons & Foxes — Decomposed by Bacteria &
Fungi.

* Producers: Grass and shrubs.

* Consumers: Grasshoppers and rabbits (primary consumers), lizards
(secondary consumers), falcons and foxes (tertiary consumers).

- Decomposers: Soil bacteria and fungi.
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Question 4: MATH Connection Draw an energy pyramid for a food
chain made up of grass, a caterpillar, tiger beetle, lizard, snake, and a
roadrunner. Assume that 100 percent of the energy is available for
the grass. At each stage, calculate and show how much energy is lost
and how much is available to the next trophic level.

Answer : By the 10% Rule (90% of energy is lost as heat at each step,
and 10% is transferred):

1) Grass (Producer): 100% available (90% lost; 10% transferred).

2) Caterpillar (1st consumer): 10% available (9% lost; 1% transferred).

3) Tiger beetle (2nd consumer): 1% available (0.9% lost; 0.1%
transferred).

4) Lizard (3rd consumer): 0.1% available (0.09% lost; 0.01%
transferred).

5) Snake (4th consumer): 0.01% available (0.009% lost; 0.001%
transferred).

6) Roadrunner (5th consumer): 0.001% available.
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NOLOGIA

Third level 1.5 g/m* Third-level
consumers Third-level . consumers ‘?3,@
\/]/.\ ‘ i% / \ t 9‘@
Energy iosl\/!/_ // % 7, ¢ o &
asheat RSN o o { !
- o v 3

Figure 16 Ecolagical pyramids are models used to represent trophic levels in ecosystems,

Question 5: WRITING Connection Write a paragraph that explains the
pathway of energy transfer through the pyramid of energy shown in
Figure 16.

the base capture solar energy via photosynthesis and hold 100% of
the available energy. At each transfer to primary consumers (10%),
secondary consumers (1%), and third-level consumers (0.1%), 90% of

Answer : In the pyramid of energy (Figure 16), primary producers at
the energy is used for cellular processes or lost to the environment

as heat, while only 10% passes to the next trophic level.

Question 6 : Define a trophic level and state which group of
organisms always makes up the first trophic level in all ecosystems.

Answer : Each step in a food chain or food web is called a trophic
level. Autotrophs (primary producers) always make up the first
trophic level in all ecosystems, and heterotrophs make up all
remaining levels.
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Question 23 : Biodiversity and Conservation — Threats to
Biodiversity
- Explain the importance of biodiversity in
maintaining the ecosystem continuity.

- Identify various factors related to human activity

that have an impact on ecosystems, and explain how

these factors affect the equilibrium and survival of
ecosystems.

- Explain the ways in which human activities and
technologies alter balances and interactions in the
environment.

Page (42, 44).

[ Free Response Questions - FRQ J

. . ROLOGIA
Threat #2: Habitat Loss (The Leading Cause) s e
Matrix 2: Habitat Degradation - Destruction of Disruption of Fragmentation
Profiles | NOLOGIA . . <
el Habitat Habitat of Habitat
Completely clearing a natural area, forcing native species The habitat remains Separating a large
to relocate or die. physically intact, but the continuous ecosystem
delicate, interconnected into smaill,
Example: Clearing tropical rainforests (which contain more food web is broken from disconnected pieces of
than half of all species on Earth) for agricultural crops or within. land via roads or fences.
grazin
Often caused by (See detailed mechanism

remeving a crucial in next section).

species.

(See detailed mechanism
in next section).

0566410429 :p8 A bia) Jua) il I Ldd aa )3 99 o Mals 7 i) e Juaal ]



https://wa.me/971566991363
https://wa.me/971566410429
https://wa.me/971566410429
https://wa.me/971566991363
https://wa.me/971566991363
https://wa.me/971566991363
https://wa.me/971566991363
https://t.me/addlist/Nmx78nHNoJo5YTY0
https://wa.me/971566991363

O dja e Juantl an) o Jaia) i *
NOLOGIA :p) ali 3 cililal) NOLOGIA 0566410429 :p2 ) il Jual sill

Habitat Disruption: @ NOLOGIA
The Keystone DOmino Effect ACADEMIC FIELD GLIDE | DATA SYNTHESIS

Domino-Effect Flowchart

.\ 2. shift: Killer whales 3. Collapse: Sea otter ’
.'I- begin eating more populations decline.

_ sea otters. - P *
d' . o

1. Trigger: Overfishing causes decline £ " !
in harber seals and sea lions. il . * *

Keystone Species*: When one species plays such a 5. Explosion: Sea urchin 4. Explosion: Sea urchins
large role in an ecosystem that its removal disrupts populations explode overgraze and destoy
the entire food web (e.g., the sea otter). (lack of otter predation). (lack of otter predation).

RIALAPIA Anfiniiine

Habitat Fragmentation & The Edge Effect (NJNOLOGIA

AGADEMIC FIELD GUIDE | DATA SYNTHESIS

Patch of Habitat

b Edge
Interior Interior
habitat habitat
E )
o Interior
= habitat
b=
Interior Interior
hahitat habitat
' Edge

I The Problem: Smaller parcels support fewer species and reduce genetic diversity (making it harder to
resist disease or respond to change).

Edge Effects: Different abiotic factors (temperature, wind, humidity) exist at boundaries. Predators and

Threat #5: Invasive Species i
Definition Case Study

Nonnative species intentionally or
unintentionally transported to a new
habitat. Because they are relocated
without their natural controlling factors
(predators, parasites, and native
competition), they reproduce in massive
numbers and disrupt the ecosystem.

o k S VAN
The Imported Fire Ant: Accidentally introduced to
o Mabile, Alabama in the 1920s via cargo ships from

South America, Lacking natural predators, they

Invasive species-afre responsible for an estimated spread rapidly, attacking native wildlife like newborn
40% of all extinetions since 1750, costing billions geer E'rﬂ'j ground-nesting birds. {NOLOGIA Biological
“woo. B B : . {=ealy
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NOLOGIA

Question 1: Explain three ways that anthropogenic changes threaten
biodiversity.

Answer : 1) Habitat loss (clearing tropical rainforests or fragmenting
habitats with roads).

2) Pollution (toxic chemicals like DDT/PCBs causing biological
magnification, acid rain, and eutrophication).

3) Overexploitation (excessive hunting/harvesting of economically
valuable species) and introducing invasive species.

Figure 12 A declining population of one species can affect an entire ecosystem. When the number of harbor
seals and sea lions declined, killer whales ate more sea otters. The decline in sea otter population led to an
increase in sea urchins, which eat kelp. This led to the ultimate decline in kelp forests.

Question 2: Summarize how the overharvesting of a single species,
such as the fish eaten by sea lions, can affect an entire ecosystem.

Answer : Overharvesting fish reduces food for sea lions and harbor

seals, causing their populations to decline. Killer whales then shift to
eating sea otters. As sea otters decline, sea urchins multiply rapidly
and overgraze kelp, destroying the kelp forest ecosystem.
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Question 3: Design a planned community that preserves biodiversity

and accommodates the human population. Work in small groups to
accomplish this task.

Answer : A planned community should preserve large, unfragmented
patches of native habitat to minimize edge effects, connect habitat
fragments with wildlife corridors, surround protected core zones
with sustainable-use buffer zones, plant native vegetation, and
prevent sewage and fertilizer runoff.

Figure 15 Invasive specics, such as the fire ant,
can negatively affect biodiversity.

Question 4: Explain how invasive species, such as the imported fire
ant shown in Figure 15, negatively affect biodiversity when introduced
into a new habitat.

Answer : In a new habitat, invasive species lack their natural
predators, parasites, and competitors. As a result, they reproduce in
huge numbers, outcompete native species for resources, and prey on
native wildlife (such as fire ants attacking newborn deer and ground-
nesting birds).
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NOLOGIA

More edges In the habltat
Increases the percentage of
Patch of Habltat the patch that Is edge habltat.

1000 m
1000 m

"] Edge
[ Interior habitat

B Roads

Figure 13 The smaller the habitat size, the greater percentage of the habitat that is subject to edge effects.

Question 5: Explain how dividing a patch of habitat with roads
(habitat fragmentation) affects the percentage of edge habitat and
the species living there. (Figure 13)

Answer : Dividing a habitat with roads creates smaller parcels with
more edges, increasing the percentage of habitat exposed to edge
effects (higher temperature and wind, lower humidity, and more

predators and parasites along boundaries), which causes interior-
adapted species to perish.
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Question 6: Besides edge effects, list two other problems caused
when a large ecosystem is separated into small parcels by habitat
fragmentation.

populations.
2) Fragmentation prevents animals from moving between patches to
breed, which reduces genetic diversity and makes populations less

Answer : 1) Smaller parcels of land support fewer species and smaller
resistant to disease or environmental changes.

Question 7: Approximately what percentage of all animal extinctions
since 1750 have been caused by invasive species?

Answer : Invasive species are responsible for an estimated 40 percent
(40%) of all animal extinctions that have occurred since 1750.

Question 8: Define a keystone species and identify the keystone
species in the kelp forest food web (Figure 12).

Answer : A keystone species is a species that plays such a large role in
an ecosystem that its removal disrupts the entire food web. In the
kelp forest ecosystem (Figure 12), the sea otter is the keystone
species because it keeps sea urchin populations from destroying the
kelp forest.
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Question 24 : The Nature of Science — The Methods of A

Science , Communicating with Graphs

NOLOGIA :pl 5 o clila

NOLOGIA

* Design and perform a controlled experiment to
accept or reject a given hypothesis.

* Use models and computer simulations to represent
systems and clarify concepts.

« Use tables, graphs and visual forms to present and

analyze scientific data.

Page (62,65,75,76).
L Free Response Questions - FRQ ‘

The Variable Diagnostic Matrix

An experiment tests the effect of one thing on another. 24
Example: Studying the effects of microgravity on plant growth aboard the ISS. P

= i
Independent Variable Dependent Variable
The variable that is changed to test the Changes according to the changes of the
effect on the dependent variable. independent variable.

{158 Example: Microgravity | ——————— {185 Example: Plant Growth
Constant Control
A factor that does not change when other The standard by which the test results can
variables change. be compared.

\ .IR”R. Fvam;n_ln-. R;'\_il-_li;lhf w:.;ic-r 1.:.-mnpr::1'=|rn..- 4 A IS8 Fyamnle: Farth-aravitu nlant arnnn 1—
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NOLOGIA

Bar Graphs: Comparing Categories

Classroom Size

[=:]

. w5
Primary Use g Structure
Comparing information a A X-axis = Independent
of displaying data that is Ga Variable (Distinct
collected by counting L Categories).
and does not change i Y-axis = Dependent
continuously. £ Variable (Count/Quantity).
Z
0

20 21 22 23 24 25 26 27
Number of Students

NOLOGIA

The Ultimate NOLOGIA Master Matrix

Graph Type ‘ Best Used For . X-Axis Represents ‘ Y-Axis Represents
- Relationship between l
Line Graph /k/ variables / continuous Indee:nde%tn‘:f;rla e . Eeper}i?t;fiﬁgf
| L— change over time. G- . | G P )
i :
Bar Graph I ?2;22:::2:?‘;2;? Independent Variable I Dependent Variable
i | cortiiinis.dlstiste dats, (Distinct Categories) i (Count / Amount) ,
_ . i
Circle Graph h [ Bre?l;ggl:]ig?ow ;I;a?tg ned N/A (Represents the | N/A (Slices represent
G (percentages). 100% Total) . percentage parts)

experiment?

experiment can be compared.

Question 1: Identify What is the purpose of a control in an

Answer : A control is the standard by which test results in an
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NOLOGIA

Question 2: Analyze What is the dependent variable in an experiment
that shows how the volume of a gas changes with changes in
temperature?

gas volume changes in response to changes in temperature, which is
the independent variable).

Answer : The dependent variable is the volume of the gas (because |
Question 3: MATH Connection An experiment to determine how many
breaths a squirrel takes per minute yields this data: minute 1: 65
breaths; minute 2: 73 breaths; minute 3: 67 breaths; minute 4: 71
breaths; minute 5: 62 breaths. Calculate the average number of

breaths per minute.

Answer : Average = (65+73+67+71+62) + 5=338+5=67.6 breaths per minute. I

APPLY SCIENCE

Make and Use Graphs [ e | empore |
Line graphs are useful tools for showing the relation- 8:00 AM. 27°C

ship between an independent and a dependent t 3

variable. In an experiment, you checked the air [ 12:00 pm 32°C
temperature at certain hours of the day and recorded 4-:00 PM 30°C

itin the data table shown here.

Identify the Problem
time = independent variable
temperature = dependent variable

Temperature is the dependent variable because

it varies with time. Graph time on the x-axis and
temperature on the y-axis. Mark equal increments

on the graph and include all measurements. Plot
each point on the graph by finding the time on the
x-axis and moving up until you find the recorded
temperature on the y-axis. Continue placing points on
the graph. Then, connect the points from left to right.

Question 4: Why is a line graph a useful tool for viewing this data?

Answer : A line graph is useful because it shows the relationship
between an independent variable (time on the x-axis) and a
dependent variable (temperature on the y-axis) and clearly displays
how continuous data change over time.
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Tabte 7 Classroom Size Classroom Size

Number of Number of
Students

20
21
22
23

|
!
}__ 24
|

]
i

I

23
28
s

Mumber of Classrooms
L3

Wl ot |k -
[T,

20 2 32 23 02 2% M N
MNumber of Students

Figure 16 The height of each bar corresponds to the
numbar of classrooms having a particular number of
students,

Question 5: Describe possible data for which using a bar graph would
be better than using a line graph.

Answer : A bar graph is better for comparing information collected
by counting or displaying separate categories that do not change
continuously—such as the number of students in different classrooms
(Table 7), comparing crop or oil production across regions, or
comparing product costs.

that were recorded in different units (such as some temperatures in
Fahrenheit and others in Celsius) on the same graph?

Question 6: What must a scientist do before plotting measurements |
Answer : All measurements must be converted into the same ‘

consistent unit before plotting them on the graph.
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Question 7: In the International Space Station (ISS) plant growth
experiment ,identify the independent variable, dependent variable,
constants, and control.

Answer : * Independent variable: Microgravity (weightlessness vs.
normal Earth gravity).

- Dependent variable: Plant growth.

- Constants: Soil type, light, water, and temperature.

« Control: The group of plants grown on Earth under normal gravity.

Question 8: Why is a zigzag scale break sometimes used on the axis of
a line or bar graph ?

Answer : A scale break is used to skip empty space on the axis where
no data points exist (such as between 0°C and 15°C), allowing the data
points to be spread out so the graph is easier to read.

Question 9: According to the Classroom Size bar graph, which variable
is plotted on the x-axis and which is plotted on the y-axis?

Answer : » Horizontal x-axis (independent variable): Number of
students in each classroom (distinct categories: 20 to 27 students).

* Vertical y-axis (dependent variable): Number of classrooms having
that student count.
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