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Ecology and Conservation 
 

Community ecology 

1. Distribution of Plants and Animals 

Outline the factors that affect the distribution of plant species, 
including temperature, water, light, soil pH, salinity and mineral nutrients. 

The distribution of a species is the range of places that it inhabits. It is closely linked to the levels of 
abiotic factors in the environment, the main ones are: 

 Too high temperatures denature enzymes and retard growth of plants; the rate of transpiration 
(loss of water) is also increased. Low temperatures decrease enzyme activity and freezing 
temperatures inactivate enzymes. Most plants live in moderate temperature zones. 

 Water is needed for enzyme activity, transport, photosynthesis, support, and many other 
processes. There is a low diversity of plants in deserts and polar regions. 

 Light is needed for photosynthesis where plants produce all the organic substances they need 
by converting light energy into chemical energy. 

 Soil pH is important as most plants cannot survive in soil more acidic than pH 4 or more alkali 
than pH 8. If the soil's pH is too high or too low, some nutrients become insoluble, limiting the 
availability of these nutrients to the plant root system. 
E.g. If the soil solution is too acidic, plants cannot utilize some nutrients they need. Here plants 
are more likely to take up toxic metals and some plants eventually die of toxicity (poisoning). 

 Mineral nutrients are needed for many vital functions. Nitrogen is needed to manufacture 
proteins, enzymes, nucleotides, vitamins, and other compounds. Phosphorous is used in the 
formation of phospholipids and other structures. 

 

Explain the factors that affect the distribution of animal species, including temperature, water, 
breeding sites, food supply and territory. 

The distribution of animal species is affected by both abiotic and biotic factors 

 Temperature: External temperatures affect all animals, especially those that don’t maintain 
constant internal body temperatures. Extremes of temperature require special adaptions, so 
only some species can survive them. 

 Water: Animals vary in the amount of water that they require. Some are aquatic and must have 
water to live in and others are adapted to survive in arid areas where they are unlikely ever to 
drink water (e.g. desert rats) 

 Breeding sites: All species of animals breed at some stage in their life cycle. Many need a 
special type of site and can only live in areas where these are available. E.g. mosquitoes need 
stagnant water for egg laying. 

 Food supply: Many animal species are adapted to feed on specific foods and can only live in 
areas where these are obtainable. E.g. blue whales feed mainly on krill and so congregate in 
areas of the ocean where krill is abundant. 

 Territory: Some species of animal establish and defend territories, either for feeding or 
breeding. This tends to give the species an even rather than a clumped distribution. 
E.g.: Great Tit (Parus major): Found in woodland, feeds on insects and bats, doesn’t migrate in 
winter, factors that determine density of its population: Territorial System: Size depends on the 
amount of food; the more food = the smaller its territory has to be; the bigger the territory, the 
harder to defend it... 
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 Random sampling using quadrats 

Describe one method of random sampling, based on quadrat methods, that is used to compare the 
population size of two plant or two animal species 

A sample is a part of a population, part of an area or some other whole thing, chosen to illustrate 
what the whole population, area or other thing is like. E.g., a sample of a population is some 
individuals in the population but not all of them. 

In a random sample, every individual in a population has an equal chance of being selected. 

Random sampling of plant populations involves counting number in small, randomly located parts 
of the total area. The sample areas are usually square and are marked out using frames called 
quadrats. 

 
Population size = mean nr. per quadrat * total area 
 area of each quadrat 

 

 Transects and Distributions 

Outline the use of a transect to correlate the distribution of plant or animal species with an abiotic variable 

Transect is a way of sampling populations. A transect line is used for measuring the changes 
between two+ areas, it can not measure the population, only the changes between two areas.  

Transects are particularly useful when there is a gradient in an abiotic variable. E.g., if the soil in a 
valley is much wetter in the bottom of the valley than up the sides, a transect across the valley can 
be used to investigate this and the distributions of plant and animal species that are correlated with 
the variation in soil moisture content. 

For a transect line, the two areas are connected with a line and then the population of the species 
you want to count is measured. For counting them, you distribute quadrats in regular intervals on 
the transect line, and you count the species in those quadrats. 
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2. Niches and Interactions 

 

The Niche Concept 
Explain what is meant by the niche concept, including an organism’s spatial habitat, its feeding 
activities and its interactions with other species 

For a species to maintain its population, its individuals must survive and reproduce. Certain 
combinations of environmental conditions are necessary for individuals of each species to tolerate 
the physical environment, obtain energy and nutrients, and avoid predators. The total requirements 
of a species for all resources and physical conditions determine where it can live and how 
abundant it can be at any one place within its range. These requirements are termed abstractly the 
ecological niche. 

Studies of the distributions of organism and of interactions between organisms show that there are 
many different ways of existing in an ecosystem. The mode of existence of a species in an 
ecosystem is its ecological niche, which includes: 

 Spatial Habitat – where the species lives in the ecosystem 

 Feeding Activities (Nutrition) – how the species obtains its food 

 Relationships – the interactions with other species in the ecosystem 

 

Fundamental and realized niches 
Distinguish between fundamental and realized niches 

The niche that a species could occupy is often smaller than the niche that the species actually 
occupies. These potential and actual niches are called the fundamental niche and the realised 
niche of the species. Differences between the fundamental and realized niches are due to 
competition; other species prevent a species from occupying parts of the fundamental niche by 
out-competing or by excluding it in some way. 

 The fundamental niche of a species is its potential mode of existence, given the adaptions of 
the species. 

 The realized niche of a species is its actual mode of existence which results from its adaptions 
and competition with other species. 

Explain the principle of competitive exclusion 

The principle that only one species can occupy a niche in an ecosystem: 

Competitive exclusion happens when a species is unable to occupy any part of its fundamental 
niche in an area, so it has no realized niche in that area. 

If two species have a similar niche, they will compete in the overlapping parts of the niche, for 
example for breeding sites or for food. Because they do not compete in other ways, they will 
usually be able to coexist. However, if two species in an ecosystem have exactly the same niche 
they will compete in all aspects of their life and one of the two species will inevitably prove to be 
the superior competitor. 

 

 
 
 
 
 
 
 
 
 
 
 

http://www.physicalgeography.net/physgeoglos/e.html#ecological_niche
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Outline the following interactions between species giving two examples of each: 

 
All organisms are affected by the activities of other living organisms. A situation in which 2 species 
affect each other is called an interaction. 
 

Interaction Terrestrial example Marine example 

Herbivory 

A primary consumer feeding 
on a plant or other producer. 
The producer’s growth 
affects food availability for 
the herbivore 

Beetle Epitrix atropae 
feed on leaves of Atropa 

belladonna, often 

causing severe damage 
to them (to most other 
organisms, the leaves 
are toxic) 

Algae growing on rocks in shallow 
seas are often heavily grazed. E.g., 
snail Lacuna pallid feed on the 
brown seaweed 
Fucus serratus on 
rocky shores in 
Europe 

Predation 

A consumer feeding on 
another consumer. The 
numbers and behaviour of 
the prey affect the predator 

The Canada lynx is a 
predator of the Arctic 
hare. Changes in the 

numbers of hares (up/down) 
are followed by similar changes 
in lynx numbers 

Bonitos feed on 
anchovetas in the Pacific 
Ocean west of Peru. When the 
anchoveta population crashed in the 
70s, starving bonitos were 
found with completely empty 
stomachs 

Parasitism 

A parasite is an organism 
that lives on or in a host and 
obtains food from it. The 
host is always harmed by 
the parasite 

The tick Ixodes scapularis is a 
parasite of deer and mice in the 
USA. It feeds by sucking blood 
from its hosts and therefore 
weakens them 

Organisms that cause infectious 
diseases are all parasites. E.g. 
Sphingomonas bacteria cause a 
disease in elliptical star corals on the 
Florida reef 

Competition 

2 species using the same 
resource compete if the 
amount of the resource 
used by each species 
reduces the amount 
available to the other one 

Douglas Fir and Western 
Hemlock grow together in 
mixed forests in the USA, 

competing 
with each 
other for 
light, water 

and minerals 

Species of coral compete with each 
other on coral reefs. Pocillopora 
damicornis competes with many 
other corals, including Pavona 
variants, which benefit when 
predators feed on Pocillopora 
damicornis 

Mutualism 

Mutualists are members of 
different species that live 
together in a close 
relationship, from which 
both benefit 

Usnea subfloridana and other 
lichens consist of a fungus and 
an alga growing mutualistically. 
The alga supplies foods made 
by photosynthesis 
and the fungus 
absorbs mineral ions 

The cleaner wrasse is a small fish of 
warm tropical seas that cleans 
parasites from the grills and bodies 
of larger fish such as reticulate 
damsel fishes. The cleaner benefits 
because the parasites it eats are its 
food 
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Ecosystems and biomes 
 

1. Biomass and Trophic Level 

Define gross production, net production and biomass 

Gross Production = total amount of organic matter produced by plants in an ecosystem 

Net Production = amount of GP of an ecosystem remaining after subtracting the amount used by 
plants in respiration 

Biomass = the total dry mass of organic matter in organisms or ecosystems 
 

Constructing Pyramids of Energy 
Construct a pyramid of energy, given appropriate information (units are kJm2yr) 

 Pyramids show the energy flow through each trophic level in an ecosystem.  To construct a 
pyramid of energy, energy flow through each species in the ecosystem must be measured. In 
each trophic level the energy flow through all species is added up. 

 The lowest bar of a pyramid of energy is the total amount of energy that flows through the 
producers in the ecosystem. This is also called gross production. 

 GP is the total amount of organic matter produced by plants in an ecosystem. 

 GP and all the other energy flows in a pyramid are measured in kilojoules of energy per square 
metre per year 

Calculate values for gross production and net production using the following equation 

 GP doesn’t have to be measured directly – calculate from net production and plant respiration. 
GP = Plant respiration + NP 

 Net Production is the amount of GP of an ecosystem remaining after subtracting the amount 
used by plants in respiration 

 

Measuring Biomass 
Describe one method for the measurement of biomass of different trophic levels in an ecosystem 

E.g. if an ecologist wanted to compare the amounts of organisms in each trophic level in an 
ecosystem, biomass might be used. Measuring it is a destructive technique, so the samples used 
are as small as possible. 
1. Representative samples of all living organisms in the ecosystem are collected, e.g. from 

randomly positioned quadrats 
2. The organisms are sorted into trophic levels 
3. The organisms are dried, by being placed in an oven at 60-80°C 
4. The mass of organisms in each trophic level is measured using an electronic balance 
5. Drying and measuring the mass may be repeated to check that samples were completely dry 
 

Discuss the difficulties of classifying organisms into trophic levels 

Sorting organisms into trophic levels can cause difficulties because many species exist partly in 
one trophic level and partly in another. A practical solution is to classify each species according to 
its main food source. 

 Chimpanzees mainly feed on fruit and other plant matter, but they also sometimes consume 
termites and even larger animals such as monkeys – so they are both first and second 
consumers. 

 Herring are second consumers when they feed on Calanus (a copepod) and other first 
consumers but they are third consumers when they feed on sand eels and other second 
consumers. 

 Oysters consume both ultraplanktonic producers and microplanktonic consumers, so they are 
first and second consumers. They also consume dead organic matter, so they are also 
detritivores. 
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Explain the small biomass and low numbers of organisms in higher trophic levels 

Pyramids of energy show that there are large losses of energy at each trophic level. Losses of 
energy in ecosystems are accompanied by losses of biomass: 

Respiration is an example of a process in which both energy and biomass are lost. When glucose 
or another respiratory substrate is oxidized in respiration, energy from the glucose is released for 
use in the cell and is then lost as heat. The mass of the glucose doesn’t disappear – it passes into 
the carbon dioxide and water that are produced in respiration. When these waste products are 
excreted, biomass is lost. As a result of respiration and other processes, both energy and biomass 
are lost at each stage in a food chain. 

The energy content per gram of food doesn’t decrease along a food chain. If anything, the food 
eaten by the higher trophic levels is richer in energy per gram than that eaten by lower trophic 
levels. However, the total biomass of food available to higher trophic level is very small. It cannot 
support large numbers of organisms, especially if these need to be large to overpower their prey. 
Higher trophic levels therefore usually contain small numbers of large organisms, with a low total 
biomass per unit area. 

 

2. Succession and Biomes 

Distinguish between primary and secondary succession, using an example of each 

An ecological succession is a series of changes to an ecosystem, caused by complex interactions 
between the community of living organisms and the abiotic environment. 
In an ecosystem, abiotic factors set limits to the distribution of biotic factors while biotic factors 
have an effect on abiotic factors. Biotic factors may actually change the abiotic factors in the 
environment to such an extent that the environment becomes limiting to them and other species 
become better suited. This is known as succession. 
 

 Primary succession starts in an environment where living organisms have not previously 
existed, e.g. a new island created by volcanic activity 

 Secondary succession occurs in areas where an ecosystem is present, but is replaced by other 
ecosystems because of a change in conditions. E.g. abandoned farmland developing into forest 

 
During an ecological succession, the community causes the abiotic environment to change. As a 
result, some species die out and other join the community. Although the community may continue 
to change in this way for hundreds of years, eventually a stable community develops, called the 
climax community. This is when ecological succession usually stops. 
 

Outline the changes in species diversity and production during primary succession 

Primary succession occurs when a major, catastrophic disturbance (glacial retreat, volcanic 
eruptions, etc.) destroys all the plants in an area, allowing other species to colonize. The initial 
colonists on a severely disturbed site vary depending on the nature of the substrate: smooth, bare 
rocks will attract lichens, gravel will lure perennial herbs, and sand will be colonized by grasses. 
These plants increase the nitrogen content of the soil, attracting legumes and other nitrogen-fixers, 
which further grow the nitrogen pools. 
It can take up to 100 years until the soil holds enough nitrogen for woody plants to grow. 
E.g. on a land mass created because of volcanic activity, primary succession is expected to occur; 
i.e. a pioneering group of plant species will arrive on the island and contribute to the development 
of an ecosystem that will likely ultimately stabilize with different dominant species. 
 
Secondary succession occurs when a disturbance (fire, windstorms, etc.) occurs but does not 
wipe out all the plants in an area, leaving behind a seed bank or a number of vegetative 
propagules. Short-lived, fast-growing plants achieve dominance first, followed by short-lived trees, 
and finally slow-growing, long-lived trees. 
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Explain the effects of living organisms on the abiotic environment, with reference to the changes 
occurring during primary succession (include soil development, accumulation of minerals and reduced erosion) 

The changes to the abiotic environment during ecological successions vary, but some often occur 

 Nitrogen-fixing bacteria in pioneer plants/lichens can introduce nitrate to soil 

 Acid secretion of lichens help break down rock 

 Humus resulting from pioneer plants/lichens adds organic matter to the soil (the amount of 

organic matter in the soil increases as organic matter released by plants and other organisms accumulates) 
 Increased soil structure enables soil to retain moisture (the soil structure improves as the organic 

matter content rises, increasing the amount of water that can be retained and the rate at which excess 

water drains through), this enables new species to grow 

 New species contribute more nitrogen to the soil 

 Fallen leaves can acidify alkaline soils; low acid and higher nitrate levels in the soil allow 
other species to grow 

 Eventually, the soil will hold enough nitrate to allow larger plants to grow that have deeper root 
system and can reduce soil erosion 

 Taller plants provide shelter from lower temperatures/frost 

 The amounts of mineral recycling increases, as the soil can hold larger amounts and more 
minerals are held in the increasing biomass of the community 

 

Biomes and Biosphere 
Distinguish between biome and biosphere 

Different types of ecosystem develop in different parts of the world. Biomes are ecological regions 
dominated by a certain type of ecosystem. 

The biomes of the world together make up the biosphere. Ecosystems and biomes of the world 
function as one overall ecological system, so the biosphere is the thin layer of interdependent and 
interrelated ecosystems and biomes that cover the Earth. 

Explain how rainfall and temperature affect the distribution of biomes (a climograph showing the biomes 
can be used to illustrate the interaction between these two factors) 

The natural vegetation of the world can be divided into 
different biomes and the distribution of biomes depends on a 
range of factors such as temperature, precipitation... 

Rainfall and temperature are the two main factors that 
determine what type of ecosystem develops in an area, and 
therefore what the distribution of biomes around the world is. 

The climograph shows the relationship between the levels of these 
two factors and the types of biome. 

Outline the characteristics of six major biomes (limit it to temperature, moisture, vegetation) 
 

Desert Rainfall very low; warm to very 
hot days and cold nights 

Very few plants, some storing water and some 
growing quickly after rain 

Grassland Rainfall low; warm or hot 
summers and cold winters 

Dominated by grasses and other herbs that can 
withstand grazing 

Shrubland Cool wet winters and hot dry 
summers, often with fires 

Drought-resistant shrubs dominate, often with 
evergreen foliage 

Temperate 
deciduous 
forest 

Moderate rainfall with warm 
summers and cool winters 

Trees that shed their leaves in the winter 
dominate with shrubs and herbs beneath 

Tropical 
rainforest 

Rainfall high to very high and 
hot or very hot in all seasons 

A huge diversity of plants: Tall evergreen trees, 
smaller trees, shrubs, herbs 

Tundra Very low temperatures; little 
precipitation mostly as snow 

Very small trees, a few herbs, mosses and 
lichens are present 
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Impacts of humans on ecosystems 
Biodiversity (biological diversity) – this word encompasses the diversity of ecosystems on Earth, 
the diversity of species within them and the genetic diversity of each species. One of the main 
tasks of ecologists is conservation of the world’s biodiversity. 

 The Simpson diversity index 

Calculate the Simpson diversity index for two local communities 

The Simpson diversity index: It is sometimes useful to have an overall measure of species richness 
in an ecosystem. The Simpson index is one of the most commonly used. 

1. Use a random sampling technique to search for organisms in the ecosystem. 
2. Identify each of the organisms found. 
3. Count the total number of individuals of each species. 
4. Calculate the index  (N=total nr. of organisms, n=nr. of individuals/species) 
 

Analyse the biodiversity of the two local communities using the Simpson index 

3. Biomagnification 

Define biomagnifications 

Biomagnifications is the process by which chemical substances become more concentrated at 
each trophic level. Some pollutants are absorbed into living organisms and accumulate because 
they are not efficiently excreted. When a predator consumes prey containing the pollutant and 
absorbs it, the level in the body of the predator rises and can reach levels much higher than those 
in the bodies of its prey. This increase is called biomagnification and it can happen at each stage in 
the food chain. 
 

Explain the cause and consequences of biomagnifications, using a named example (e.g. mercury in fish, 
oranophosphorus pesticides, DDT, TBT in ecosystems) 

POPs (Persistent Organic Pollutants), e.g. PCBs, TBT, DDT – persistent because they cannot be 
broken down by organisms, so they tend to accumulate in them. The pollutant becomes 
increasingly concentrated at each trophic level. 

 TBT (Tributyltin) 
Anti-fouling paint, painted on the underside of boats. However, it doesn’t stay on the boat and 
leaks into the sea water where it kills marine-life. It disrupts the endocrine system (hormones) 
which leads to death (or; e.g. molluscs become sterile). It accumulates towards the top of food 
chains. It was banned in 2007. 

 DDT (Pesticide Insecticide) 
Kills insects but then is not being broken down in the livers of organisms eating these dead insects. 
E.g. birds eat those insects, DDT from them accumulates in birds, DDT affects their calcium so laid 
eggs break and reproduction stops. It was banned in Europe in the 80s. 

4. Ozone and UV-radiation 

State that ozone in the stratosphere absorbs UV radiation 

The ozone layer is about 10-50 km above the earth with high concentrations of ozone (O3) 
O3 absorbs about 93% of UV radiation from the sun. 

Measurements of ozone concentrations in the stratosphere have shown that there has been 
depletion throughout the world. Since the 1980s an ozone “hole” has appeared over the Antarctic 
every year between September and October, which persists for several months. 

Outline the effects of UV radiation on living tissues and biological productivity 

Ultra-violet radiation has very damaging effects on living organisms and biological productivity. 

 It increases mutation rates by causing damage to DNA 

 It can cause cancers, especially of the skin 

 It causes severe sunburn and cataracts of the eye 

 It reduces photosynthesis rates in plants and algae and so affects food chains 
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Outline the effect of chlorofluorocarbons CFCs on the ozone layer 

CFCs are the main cause of ozone depletion. They are chemical compounds manufactured by 
humans and released into the atmosphere. Ultra-violet light causes CFCs to dissociate and release 
atoms of chlorine. These chlorine atoms are highly reactive and cause complex reactions in which 
ozone is converted to oxygen. The reactions form a cycle, with the chlorine atoms being released 
again, so that they can go on to cause the destruction of more ozone. One chlorine atom can 
potentially cause the destruction of hundreds of thousands of ozone molecules. 

5. Impacts of Alien Species 

An alien species is a type of organism that humans have introduced to an area where it does not 
naturally occur. Alien species are sometimes very invasive and cause considerable ecological 
damage. 
 

List three examples of the introduction of alien species that have had significant impacts on ecosystems 
 

Discuss the impacts of alien species on ecosystems (limit it to interspecific competition, predation, 
species extinction and biological control of pest species, with named examples of each) 
 

interspecific competition + biological control 
The floating fern Salvinia molesta (was deliberately transported around the world as an aquarium 
or pond plant), has damaged many lakes in the tropics and sub-tropics. It grows rapidly, doubling 
the number of leaves in about two weeks, spreading over the water surface and eliminating native 
plant species by interspecific competition. It has been controlled by introducing another alien 
species – salvinia weevil, which feeds on the floating ferns. 
 

(+ invasive) Grey squirrels wiping out most of the red squirrels in the UK:  They were deliberately 
introduced from the USA. As they are bigger than the reds they beat them in the competition for 
food. The grey squirrel is able to out-compete the red in almost every phase of their life history and 
it is also thought that the grey squirrel is more resistant to disease than the red. The inability for the 
two species to co-exist is clearly seen when their distribution maps are compared. The grey 
squirrel has now spread to occupy almost all of England with only the far north and a few more 
southerly areas as yet unoccupied. 
 

Species extinction + invasive + biological control + predation 
Euglandina rosea snail (rosy wolf snail, vicious alien snail) was deliberately introduced (brought) 
to islands (Tahiti, Hawaii...). People hoped they’d eat the African snails (had been introduced 
earlier, pest – problem for crops). Instead however, they ate the partula snails which are now 
almost extinct. 
 

Biological control of pest species + invasive 
In the 1920s, the prickly pear cactus which had been deliberately introduced to Australia (thus, it 
didn’t have any natural predators because they weren’t introduced with them) because it makes a 
good hedge  rapidly over spread (out of control!). So Coctoblastis (moth; catapillars manges cacti 
that it breaks off), native to South America, were introduced. They only eat this cactus and within 6 
months, most of the cacti had been destroyed. 
 

Outline one example of biological control of invasive species 

Invasive species = An organism introduced to an area where it didn’t previously occur through 
human activity; because of niche overlap with native species and the absence of predators and 
other limiting factors present in its own habitat, the introduced species can become so 
reproductively successful and aggressive that it dominates the ecosystem. This can threaten the 
diversity of the habitat, so the introduced species is considered to be invasive. 
 

Predation +Species extinction 
Brown rats were accidentally introduced to New Zealand in the 19th century by ships. They spread 
rapidly and caused many species of bird to disappear from the mainland. 
Until the 1950s, Big South Cape Island in the far south of New Zealand remained rat free and was 
a haven for many rare birds. In the mid 1950s, black rats reached the cape island. Their numbers 
rose exponentially and by 1964, there were huge numbers on the island. They attacked eggs, 
young birds in nests and even adult birds, which were not behaviourally adapted to resist them. 
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Conservation of biodiversity 

1. Extinction of Species 

Outline the factors that contributed to the extinction of one named animal species 

When the last members of a species die, the species becomes extinct. 

Golden Toad (Bufo periglenes) 

 small, shiny, bright toad, first described in 1966, found in tropical forests in Costa Rica 

 Since May 1989 not one has been seen around the world, so it’s classified as extinct species 

 Extinct because: Global warming (climate change) or increased UV penetration and pollution 
may be responsible for extinction, may have weakened the immune system leaving them 
vulnerable for infections 

2. In-Situ Conservation Methods 

Discuss the advantages of in situ conservation of endangered species (terrestrial and aquatic nature reserves) 

The best place to conserve a species is in its own habitat. This is called in-situ conservation. Many terrestrial and 
marine nature reserves have been established for this purpose, but other areas can also be important, including 

farmland and gardens. 

+ Species remain adapted to their habitats 
+ Greater genetic diversity can be conserved 
+ Animals maintain natural behaviour patterns 

+ Species interact with each other, helping 
to conserve the whole ecosystem 

 

Outline the biogeographic features of nature reserves that promote the conservation of diversity (limit it to edge effects, 
size and habitat corridors) 

The size and shape of nature reserves affects their conservation value. The distribution of ecosystems within a nature 
reserve is also important. These are the biogeographical features of a nature reserve. 

Large nature reserves usually promote conservation of biodiversity more effectively than small ones. The 
ecology of the edges of ecosystems is different from the central areas, due to edge effects: One obvious 
characteristic of urban forests is the sharp contrast between various land uses/vegetation on these sites. 
Many human-made, sharp edges or borders between vegetation types are found in this type of landscape. 
These sharp edges cause many problems for wildlife and their habitats. An example of an edge effect is the 
egg-laying habits of the cowbird of the western US. It feeds in open areas on insects, but it lays its eggs in 
the nests of songbirds, near the edges of forests. Fragmentation of forests has led to a considerable 
increase in cowbird populations and the nest parasitism due to them, because of the increase in forest edge. 

A habitat corridor is a strip of land that aids in the movement of species between disconnected areas of 
their natural habitat. An animal’s natural habitat would typically include a number of areas necessary to 
thrive, such as wetlands, burrowing sites, food, and breeding grounds. Urbanization can split up such areas, 
causing animals to lose both their natural habitat and the ability to move between regions to use all of the 
resources they need to survive. 
Habitat fragmentation (process of environmental change) due to human development is an ever-increasing 
threat to biodiversity, and habitat corridors are a possible solution. They may allow organisms to move 
between different areas, for example tunnels under busy roads. 

3. Ex-Situ Conservation Methods 

Outline the use of ex situ conservation measures, incl. captive breeding of animals, botanic gardens and seed banks 

Despite the advantages of in-situ conservation, it is not always enough to ensure the survival of a species. 

+ Some species become so rare that it is not safe to leave them unprotected in the wild 
+ Sometimes destruction of a natural habitat makes it essential to remove threatened species from it 

1. Captive breeding – some or all members of a species are caught and moved to a zoo, where 
they are encouraged to breed. When numbers are high enough, some are returned to the wild 
to re-establish a natural population. 

2. Botanic gardens – sites where many different species of plants are cultivated, either in 
greenhouses or in the open. One of the largest, the Royal Botanic Gardens of Kew, has more than 50 000 of 

the world’s 250 000 known species in its collection 

3. Seed banks – seeds are kept in cold storage at -10°C to -20°C. Seeds of most species remain 
viable for more than a hundred years in these conditions. Other species that are not as long 
lasting can be germinated and grown to produce replacement seed before viability is lost. 
The Kew Millennium Seed Bank will eventually hold seed of 25 000 endangered species. 

http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Habitat_%28ecology%29
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Wetland
http://en.wikipedia.org/wiki/Food
http://en.wikipedia.org/wiki/Breeding_ground
http://en.wikipedia.org/wiki/Urbanization
http://en.wikipedia.org/wiki/Habitat_fragmentation
http://en.wikipedia.org/wiki/Natural_environment
http://en.wikipedia.org/wiki/Biodiversity
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4. Active Management Techniques 

Discuss the role of active management techniques in conservation. 

Some pristine nature reserves can be left in their natural state, but often humans have caused 
changes and active management is therefore needed to ensure the survival of rare or 
endangered species. The Hinewai Reserve in the South Island of New Zealand is an example of 
limited, but effective management. Valleys that had been cleared of native forest to become 
farmland have been allowed to revert to native forest, by secondary succession. Active 
conservation measures have included the culling of goats. They are an alien species and damage 
native plants by grazing. Native plants are now re-establishing at Hinewai at an amazing rate. 
 

5. Rainforest conservation 

Discuss reasons for the conservation of biodiversity using rainforests as an example 

All the world’s biomes must be conserved, but tropical rainforests have been particularly 
threatened 

Economic effects (money) of conservation 

 New commodities, e.g. medicines or materials, may be found in rainforests 
(pharmaceuticals can be derived from tropical rainforest species) 

 New crop plants or farm animals could be developed from rainforest species or existing 
varieties could be improved using their genes 

 Ecotourism is a source of revenue for countries with tropical rainforests 

 They provide food/materials for local populations 

 Timber, Brazil Nuts... 

Ecological effects 

 Rainforests fix large amounts of carbon dioxide (they are a sink for CO2) and, without them, 
the greenhouse effect and global warming would probably be more severe (less rainforest 
= more cattle, more methane...) 

 Destroying tropical rainforest will cause climate change! 

 Damage to rainforests can have widespread effects including soil erosion, silting up of 
rivers, flooding and even changes to weather patterns 

 Some animals can ONLY live in rainforest (59% of all known species are found in tropical 
rainforests, they also contain species yet to be discovered) 

Ethical argument 

 Every species has a right to live, regardless of whether it is useful to humans or not 

 The wildlife of rainforests has cultural importance to the indigenous human populations and 
it is therefore wrong to destroy it 

 It would be wrong to deprive humans of the future the rich experiences that the Earth’s 
biodiversity provide to us 

Aesthetic reasons 

 Rainforests have species in them that are beautiful and give us great enjoyment 

 Painters, writer and composers have and continue to be inspired by rainforests 
 

Arguments against conservation: 
 Conservation measures may slow economic development of countries with tropical 

rainforests 

 Clearing tropical rainforests provides land for agriculture 

 Tropical rainforests species can be reservoirs for pest species (species which tranmit 
diseases) 

 Clearing rainforests opens up communication routes 
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6. Monitoring Environmental Change 

Explain the use of biotic indices and indicator species in monitoring environmental change 

 
Problems in natural ecosystems are detected quickly if there is frequent environmental monitoring. 
Abiotic factors can be measured directly, but another useful technique is the use of living 
organisms to detect changes. Indicator species are very useful, as they need particular 
environmental conditions and therefore show what the conditions in an ecosystem are. 

Lichens are valuable indicator species because their tolerance of sulphur dioxide varies 
considerably from the most tolerant to the least tolerant 
species. 

Indicator species are also often used to assess pollution 
levels in aquatic ecosystems. Stonefly, mayfly and 
caddisfly larvae require unpolluted, well-oxygenated water. 

Other aquatic species, including chironmid midge larvae, 
rat-tailed maggot larvae and tubiflex worms, indicate low 
oxygen levels and excessive levels of suspended organic 
matter, from untreated sewage for example. 

To obtain an overall environmental assessment of a river or other ecosystem, a biotic index can be 
calculated. There are various methods which usually involve multiplying the number of individuals 
of each indicator species by its pollution tolerance rating. An abundance of tolerant species gives a 
low overall score and an abundance of intolerant species gives a high score. 
 

Population ecology (HL) 

1. capture-mark-release-recapture method 

Describe one technique used to estimate the population size of an animal species based on a 
capture-mark-release-recapture method 

 so (100*4)/24  
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2. Estimating animal population sizes 

It is usually impossible to count every individual in an population, instead an accurate estimate is 
made. Ecologists often need to measure the size of a population. There are many methods for 
making estimates of population size. The capture-mark-release-recapture method is suitable for 
animals that move around and are difficult to find. 

3. r-Strategies and K-strategies 

Distinguish between r-strategies and K-strategies 
 

r-strategists (unstable environment) K-strategists (predictable environment) 

Short-lived (grow quickly, early maturity) Long-lived (invest more resources in development 

and long-term survival: grow slowly, late maturity) 
Invests more resources into producing many 
offspring; little parental care 

Parental care 

Large nr. of offspring (reproduce once) Small nr. of offspring (reproduce often) 

Small (at birth) Large (at birth) 

Opportunistic Consistent 

Variable population size Stable population size 

e.g.: rabbits, pathogens e.g.: elephants, parrots 

In an unstable environment, it is better to be r-
strategist as they are best able to cope with 
environmental changes (e.g. rats and mice=pests) -  
produce as many offspring as quickly as possible 

favour stable conditions (no shortages for next 
generation) – In a predictable environment, to 
maximize fitness, it prays to invest resources 
in long-term development and long life 

 

Discuss the environmental conditions that favour either r-strategies or K-strategies. 

Strategies for an unstable environment (r-strategists) 
Here, life expectancy is very short and few individuals survive long enough to reproduce even 
once. The population of a species in these environmental conditions is unlikely ever to become 
large enough for density-dependent factors such as competition to become important.  The most 
successful species use r-strategies: 

 Only growing to small body size, can be quickly reached 

 Maturing early, so reproduction happens while still young 

 Reproducing once only, devoting all energy and resources 

 Producing many offspring, with a 
relatively small body size 

 Giving offspring little or no paternal care 

If all or most offspring survived and reached reproductive maturity, there would be exponential 
population growth and probably over-population. With r-strategies this is very unlikely because the 
chance of survival of their offspring is so small 
 E.g.: Californian poppy (Eschscholtzia californica), lemming (Lemmus lemmus), herring (Clupea harengus) 

 
Strategies for a stable environment (K-strategists) 
In a stable environment, life expectancy is much longer and many individuals will survive long 
enough to reproduce repeatedly. The population of a species in these environmental conditions is 
likely to become large enough for density-dependent factors such as competition to become 
important. The most successful species use K-strategies: 

 Growing to a large body size, which is an 
advantage in intra-specific competition 

 Maturing late, with reproduction not 
beginning until an individual is relatively old 

 Reproducing more than once and sometimes many 
times during the extended life-span 

 Producing few offspring, with relatively large body size 

 Giving much parental care to offspring 

Large numbers of small offspring would make a higher rate of population growth possible. With K-
strategists, rapid population growth is unlikely ever to continue for long, because it will lead to 
intense competitions. Small offspring, or offspring that are not nurtured by their parents, are 
unlikely to compete effectively enough to reach adulthood. 
E.g.: Sessile oak tree (Quercus petraea), African elephant (Loxodonta Africana), leatherback turtle 
(Dermochelys coriancea) 
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4. Fish Conservation 

Estimating Sizes of Fish Stocks 

Describe the methods used to estimate the size of commercial fish stocks 

 difficult because fish can’t be seen from above the water surface; move around rapidly; 
unevenly distributed (so random sampling ineffective) 

 usual method of estimating stocks: collect data on fish catches. Nr. of fish of each age are 
counted and age distribution for the population is obtained. Survivorship curves and 
spawning rates can then be deduced, from which estimates of the total stock can be 
made.(BUT uncertainties, e.g. what proportion of the total population has been caught) 

 Capture-mark-release-recapture methods: fish marked using in/external tagging – may 
work well in lakes but less successful in open sea (proportion of marked fish that can be 
recaptured is too small for accurate estimates of stock-size) 

 Echo sounders to measure the size of shoals of fish (or even single fish) – but fish mustn’t 
swim too deeply 

 
Sustainable yields of fish 

Outline the concept of maximum sustainable yield in the conservation of fish stocks 

Wild populations of fish are an important food source for many human populations. They are a 
renewable resource - a resource that need never run out, if it is used in a sustainable way. A 
renewable resource is constantly replaced or replenished, in the case of fish by them reproducing 
and growing. 

Sustainable use of renewable resource means harvesting at a rate that avoids a decline in the 
resource. This is particularly important with fish populations. If they are over-exploited and the 
number of adult fish falls below a crucial level, spawning fails. The disastrous collapse in the 
Peruvian anchoveta fishery is an example of this. Industrial scale exploitation of the anchoveta 
began in 1940 and grew at a rapid rate until 1973, when the annual catch dropped from 12 million 
tonnes to zero. Over-fishing was also a major factor. 

With fisheries, sustainable use means not catching fish faster than the stocks can replenish 
themselves. The maximum sustainable yield is the largest amount that can be harvested 
without a decline in stocks. One of the aims of research into fisheries is to determine what the 
maximum sustainable yield of particular fisheries is. International co-operation is then usually 
needed to ensure that this yield is not exceeded. 
 
International conservation of fish 

Discuss international measures that would promote the conservation of fish 

International measures are needed to promote fish conservation because most fish live in 
international waters, where ships from any country can catch fish. Various measures would help: 

 Monitoring of stocks and of reproduction rates 

 Quotas for catches of species with low stocks 

 Closed seasons in which fishing is not allowed, especially during the breeding season 

 Exclusion zones in which fishing is banned 

 Moratoria on catching endangered species 

 Minimum net sizes, so that immature fish are not caught 

 Banning of drift nets which catch many different species of fish indiscriminately 
Some of these measures have been used already in parts of the world, with limited success. 
Enforcement is very difficult and relies on a level of international trust and co-operation that is not 
always seen. 


