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THEORY NOTES
1. Biodiversity: variety of life

Biodiversity means the variety of living organisms in a region or on Earth. It includes diversity among species, genetic
differences within a species and the variety of ecosystems. Biodiversity ranges from microscopic bacteria and fungi to trees,
insects, fish, birds and mammals.

Organisms occupy different habitats and perform different roles. Producers such as plants make organic food using sunlight;
consumers obtain energy by eating other organisms; decomposers break down dead matter and return nutrients to the
environment. These roles connect organisms into food chains and food webs.

Biodiversity supports food production, pollination, soil formation, nutrient cycling, water purification, climate regulation and
sources of medicines. Ecosystems with varied organisms may be better able to withstand some disturbances, although the
degree of resilience depends on the ecosystem and the type of disturbance.

Biodiversity is threatened by habitat loss, pollution, overexploitation, invasive species and climate change. Conservation can
include protecting habitats, restoring degraded ecosystems, reducing pollution, using resources sustainably and protecting
endangered species.

2. Why classification is useful

Scientists cannot study every organism individually without a system for organising information. Classification groups
organisms according to shared characteristics and evolutionary relationships. It helps identify organisms, compare similarities
and differences, communicate accurately and predict features that may be shared by related groups.

Early classifications often relied on visible features. Modern classification can also use cell structure, development, physiology,
biochemical evidence and DNA comparisons. Similar appearance does not always mean close relationship: unrelated
organisms may evolve similar adaptations when they face similar environmental pressures.

The hierarchy commonly taught in biology is kingdom, phylum (division is often used for plants), class, order, family, genus
and species. Each level contains groups from the level below it. Species is the most specific standard rank in this hierarchy,
though the definition of species can be complicated for some organisms.

Scientific names follow binomial nomenclature: a two-part name consisting of genus and specific epithet, for example Homo
sapiens. The genus begins with a capital letter and the specific epithet with a lowercase letter; both are italicised when typed.
Scientific names reduce confusion caused by different common names in different languages.

3. Major groups of living organisms

A commonly used school-level system groups organisms into five kingdoms: Monera, Protista, Fungi, Plantae and Animalia.
Modern biology recognises additional complexity, especially among prokaryotes, but the five-kingdom system is useful for
introductory comparisons.

Monera includes prokaryotic organisms such as bacteria in the traditional system. Their cells lack a membrane-bound
nucleus. They may be beneficial, such as decomposers and nitrogen-fixing bacteria, or harmful, causing certain diseases.

Protista includes many mostly unicellular eukaryotes, such as Amoeba, Paramecium and some algae. Their cells have a
nucleus. Some make their own food, while others obtain it from other sources.

Fungi include yeasts, moulds and mushrooms. They are eukaryotic, do not photosynthesise, and absorb nutrients from
organic material. Many act as decomposers; some form useful partnerships, while others cause disease or spoil food. Their
cell walls contain chitin.

Plantae generally includes multicellular photosynthetic organisms with cellulose cell walls. Plants contain chlorophyll in
chloroplasts and make food through photosynthesis. Animalia includes multicellular organisms that obtain food by ingestion
and lack cell walls. Animals often have specialised tissues and organs.

4. Plant classification

Plants are often grouped according to the presence of vascular tissues, seeds, flowers and fruits. Vascular tissues—xylem
and phloem—transport water, minerals and sugars. Non-vascular plants are generally small and depend strongly on moist
conditions for water movement and reproduction.

Bryophytes, such as mosses, lack true vascular tissues and do not produce seeds. They commonly grow in damp habitats.
Pteridophytes, such as ferns, have vascular tissues but reproduce by spores rather than seeds.

Gymnosperms produce seeds that are not enclosed within fruits; many conifers bear seeds in cones. Angiosperms are
flowering plants whose seeds develop inside an ovary that commonly becomes a fruit. Angiosperms include monocots, often
with one cotyledon, and dicots/eudicots, often with two cotyledons in the school-level distinction.



RANK ENGINE ACADEMY CHAPTER 12 • Patterns in Life: Diversity a

Study Notes • Examples • Practice Page 3

These categories reflect reproductive structures and evolutionary history. A good classification does not rely on one superficial
trait alone; scientists compare several features and, where appropriate, molecular evidence.

5. Animal classification and adaptations

Animals can be compared by body symmetry, segmentation, body cavity, backbone, appendages, body covering and
reproductive patterns. Invertebrates lack a vertebral column; vertebrates possess a backbone. Invertebrate groups include
sponges, cnidarians, worms, molluscs, arthropods and echinoderms, each with distinctive features.

Vertebrates include fishes, amphibians, reptiles, birds and mammals. Fishes live in water and typically use gills. Amphibians
often have aquatic larval stages and moist skin. Reptiles have dry, scaly skin and reproduce using eggs or other methods
depending on the group. Birds have feathers and beaks. Mammals have hair at some life stage and females typically possess
mammary glands that produce milk.

An adaptation is an inherited feature that improves survival or reproduction in a particular environment. Thick fur can reduce
heat loss in cold habitats; streamlined bodies reduce drag in water; cactus spines reduce water loss and discourage
herbivores. Adaptations do not arise because an individual deliberately needs them; populations change across generations
through inherited variation and natural selection.

Organisms can show structural adaptations (body form), behavioural adaptations (actions) and physiological adaptations
(internal functions). An adaptation that is useful in one environment may be less useful in another, so no organism is
universally best adapted.

6. Fossils and evidence of change

Fossils are preserved remains, impressions or traces of ancient organisms. They may form when an organism or its traces are
buried by sediment and preserved over long periods. Fossils are more common in sedimentary rocks than in rocks formed
under intense heat or pressure, which can destroy evidence.

The fossil record provides evidence that life has changed over geological time. Some fossils show organisms that no longer
exist; others reveal similarities between ancient and modern groups. The record is incomplete because fossilisation is rare and
many fossils are later destroyed or remain undiscovered.

Comparative anatomy, embryology, biogeography and molecular evidence also help scientists study evolutionary
relationships. Similar structures inherited from a common ancestor can be homologous even if they now perform different
functions. Similar functions can also evolve independently, which is called convergent evolution.

7. Conservation and human responsibility

Conservation means protecting species, habitats and ecological processes. In-situ conservation protects organisms in their
natural habitats, for example national parks and wildlife sanctuaries. Ex-situ conservation protects organisms outside their
natural habitats, such as seed banks, botanical gardens, zoos and breeding programmes.

Individuals and communities can support biodiversity by reducing waste, avoiding illegal wildlife products, conserving water,
planting suitable native species, preventing the spread of invasive species and supporting habitat protection. Effective
conservation combines scientific evidence with the needs and knowledge of local communities.

Classification and biodiversity studies are linked: identifying organisms helps scientists monitor changes in populations, detect
invasive species, understand ecosystem roles and decide which species or habitats may need urgent protection.

8. Worked examples

Example 1: A plant has vascular tissue but produces spores rather than seeds. It is a pteridophyte, such as a fern.

Example 2: A seed is enclosed inside a fruit that develops from a flower’s ovary. The plant is an angiosperm.

Example 3: A scientific name is written as Panthera leo. Panthera is the genus; leo is the specific epithet.

QUICK REVISION SUMMARY

Key ideas to retain

Biodiversity is variation in life. Classification organises organisms and supports identification. Compare cell structure,
nutrition, reproduction and body features. Adaptations suit particular environments; conservation protects species and
ecosystems.



RANK ENGINE ACADEMY CHAPTER 12 • Patterns in Life: Diversity a

Study Notes • Examples • Practice Page 4

PRACTICE QUESTIONS
Attempt all questions before checking the answer key. Show working for numerical questions and write full sentences for explanation
questions.

1. Define biodiversity and state three ways it benefits ecosystems or people.

2. Why is classification necessary in biology?

3. List the main taxonomic ranks from broadest to most specific in the school-level hierarchy.

4. State the rules for writing a scientific binomial name.

5. Give two differences between prokaryotic and eukaryotic cells.

6. Compare fungi and plants in how they obtain food and in their cell walls.

7. Distinguish between bryophytes, pteridophytes, gymnosperms and angiosperms.

8. What is an adaptation? Give one structural and one behavioural example.

9. Name the five major vertebrate groups and give one characteristic of each.

10. What are fossils, and how do they provide evidence of past life?

11. Distinguish between in-situ and ex-situ conservation with examples.

12. Explain why an organism may be well adapted to one environment but not another.

13. What is the difference between homologous structures and convergent similarities?

14. Name three major threats to biodiversity.

15. A multicellular organism has cellulose cell walls and makes food by photosynthesis. Which kingdom is it generally placed in?

Before you submit

Check calculations, include units where appropriate, define important terms clearly and support explanations with
examples.
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ANSWER KEY
Use the answers to check your understanding. For explanation questions, equivalent scientifically correct wording is acceptable.

1. Variety of life at genetic, species and ecosystem levels; benefits include pollination, food, nutrient cycling, medicines, soil
formation and water purification.

2. It organises information, helps identify and compare organisms, supports communication and helps infer relationships.

3. Kingdom → phylum/division → class → order → family → genus → species.

4. Two words; genus capitalised, specific epithet lowercase; both italicised when typed (or underlined separately when
handwritten).

5. Prokaryotes lack a membrane-bound nucleus and typical membrane-bound organelles; eukaryotes have a nucleus and
membrane-bound organelles.

6. Plants usually photosynthesise and have cellulose cell walls; fungi absorb nutrients and have chitin-containing cell walls.

7. Bryophytes: non-vascular, spores; pteridophytes: vascular, spores; gymnosperms: naked seeds; angiosperms: flowers and
seeds enclosed in fruits.

8. Inherited feature aiding survival/reproduction; structural: thick fur or cactus spines; behavioural: migration or nocturnal activity.

9. Fish: gills; amphibians: moist skin/dual life stages; reptiles: scales; birds: feathers; mammals: mammary glands/hair.

10. Preserved remains or traces of ancient organisms; they document organisms and changes through geological time.

11. In-situ: protection in natural habitat, e.g. national park; ex-situ: outside habitat, e.g. seed bank or zoo.

12. Adaptations are suited to particular conditions; a trait useful in cold climates may be disadvantageous in hot climates.

13. Homologous structures share ancestry though functions may differ; convergent similarities evolve independently under similar
pressures.

14. Habitat loss, pollution, overexploitation, invasive species and climate change.

15. Plantae.

RANK ENGINE ACADEMY

Revise the theory, practise without looking at the answers, and revisit any question you could not explain in your own
words.
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