Global Climate Change and Biodiversity

The importance of genetic diversity:
It makes it possible for a species to evolve, as without it they would find it hard to adapt to changes in the environment.  Threats to species with low genetic diversity include:

· Changes in climate

· Increasing levels of pollution

· Emergence of new diseases

· Arrival of new pests

We reduce the gene pool by decreasing the number of habitats and decreasing populations reduces the ability of a species to evolve.

Modern agriculture (monoculture) decreases variation and can lead to extinction of some varieties (genetic erosion).

Climate Change:

Climate change occurs naturally, but recently there is consensus that climate change is a result of the impact of human activity on the environment – e.g. global warming due to the increased emissions of greenhouse gases (such as carbon dioxide ,methane, NO, H2O vapour, CFC’s, deforestation)

Climate change leads to:
· Increase/decrease in the temperature of the earth

· The melting of polar ice caps and flooding
· Emergence and spread of disease
· Change in agricultural patterns
· Effects on habitats
· Global dimming (air pollution – soot)
Changes in the climate – e.g. changes in temperature,  rainfall, wind  patterns – may cause:

· The migration of species to more suitable areas, or, may cause the extinction of some

· changes in the patterns by which diseases are spread
· changes in agricultural patterns
Migration:

If species cannot adapt to changes in temperature and rainfall, due to the decrease in genetic diversity of a species, then the only option is to move.  There is migration to more suitable areas, this changes the species distribution – usually decreases biodiversity in areas the species migrate from, and increases biodiversity in areas they migrate to.  This may increase or decrease the range of some species e.g. range limit of Sooty Copper Butterfly has moved 60 miles north in recent decades.
However, migration may not be possible and there are obstructions to migration including: major human developments, agricultural land, large bodies of water and humans.  If no suitable habitat is available for a species to migrate to, or the species is a plant – which cannot migrate, or if the climate change is too fast, the species may become extinct. This decreases biodiversity – e.g. Corals die if water temperature changes by just 1 or 2 degrees

Protected areas like National Parks face climate change, making them no longer suitable for plants and protected animals, so the species will migrate and this means they will be at risk from humans again.

Agriculture:

Some effects of climate change may be beneficial to agriculture, but not all.

· Higher carbon dioxide levels will change photosynthesis

· Higher temperatures will increase growth rates

· Longer growing seasons

· Greater evaporation of water and therefore greater precipitation

· Change in the distribution of precipitation - frequency of flood and drought may change
· Loss of land due to the rise in sea level and increasing salinity of the soil

· Previously unsuitable land becomes suitable for agriculture (and vice versa) – increase or decrease in biodiversity

· Crops suitable for growing in new climate will become established – unsuitable crops will not grow – increase or decrease in biodiversity

· Extreme weather events (e.g. flood, drought, change in timing of seasons) may cause crop failure – disrupt food chains – reduce biodiversity

Domesticated plants and animals will be particularly at risk as they have been specifically bred and will be unable to evolve and adapt to a changing environment.  Farmers may need to change crops they grow and the animals they keep.
Diseases:

Crops grown in new areas may encounter new diseases and pests and they will not have the resistance.  

Higher temperatures may provide a longer growing season for crops but the pest will also have more time to increase in numbers and there may be infestations earlier in the year, resulting in lower yields and less food for humans.

Human disease might migrate and the geographical range of some insects might become greater.  If the area becomes warmer and wetter, mosquitoes may spread into the area and spread malaria.  It is likely that we will see mosquitoes and the tsetse fly in Europe in the future.  The spread of mosquitoes increase biodiversity, but the spread of disease could reduce biodiversity.  Warmer and wetter conditions encourage spread of fungal disease – could increase or decrease biodiversity.

In Britain we are noticing climate change already, as there are warmer winters with fewer frosts, earlier springs and summers and more ‘extreme’ weather e.g. droughts.  Many species are found further North e.g. Hornets were only found in Southern Britain before and now they are found in the Midlands.  Roesel’s Bush Cricket is also spreading Northward due to the warmer climate.

By careful selection and breeding from wild species, we may be able to breed new crop varieties that can cope with the new conditions created by climate change.  Genetic engineering to produce transgenic species could also be used.

It is important to maintain the genetic diversity of wild plants and animals because of the potential that exists in the wide range of species currently alive.
Conservation in situ:
Conserving a species in its normal environment and attempting to minimise human impact on the natural environment and therefore protecting the natural environment.  There are a number of ways that conservation in situ can be achieved:

· Protected areas – national parks; nature reserves - areas that are protected from developments (industrial or urban) and farming
· Control or prevention of species that threaten biodiversity - e.g. grey squirrels (not native) compete with the native red squirrel, causing a decline in red squirrel population.

· Protection of habitats e.g.  conserving wetlands, by controlling water levels; coppicing (trimming trees) to conserve woodlands – this allows organisms to live continuously in their natural habitat
· Restoration of damaged areas e.g. a coastline polluted by an oil spill.
· Promoting particular species – by protecting food sources or nesting sites
· Legislations can be passed on some activities e.g. against hunting, logging, clearing land for development and agriculture.  This would be specific for a country and it is often difficult to persuade countries to do this and then difficult to enforce the legislation if the government is not in favour of it.

· Minimise human impact on the natural environment

General Advantages: 
· All required conditions already present; no special provisions required 
· Both species and habitat are conserved, this is less disruptive and the chance of population recovery is greater

General Disadvantages: 
· It is difficult to control – poaching, predators, climate change

· Sometimes species not accepted by other members of the species already present


Conservation Parks: (or land management agreements on private land and farm sites)
Principles for choosing a reserve/park:

· Comprehensiveness – how many species are represented in the area and what are the prevailing environmental conditions?

· Adequacy – is the area large enough to provide for the long-term survival of all the species, populations and communities represented?

· Representativeness – is there a full range of diversity within each species and set of environmental conditions?

· Plants and animals are conserved in their natural environment

· Permanently protects biodiversity and representative examples of ecosystems

· Permanently protects significant areas to ensure that the ecological integrity is maintained

· Allows management of these areas to ensure that ecological integrity is maintained

· Provides opportunities for ecologically sustainable land uses, including traditional outdoor heritage activities and the associated economic benefits

· Facilitates scientific research

· May be possible to restore the ecological integrity of the area

A reserve should not mean excluding human activity, it should meet the needs of the local indigenous people e.g. hunting.  There have been conflicts in the past:

· Protected animals coming out of their reserve to raid crops – primates often raid farms for maize, mangroves etc.

· People continuing to hunt protected animals for food

· Illegal harvesting of timber and other plant products
· Tourists feeding protected animals or leaving litter

In the UK:

There are a number of things that are conserved including: landscape, biodiversity, geology, soils, cultural heritage etc.  At a national level, responsibility by the government bodies: Natural England, Scottish Natural Heritage, Countryside Council for Wales and the Environment and Heritage Service in Northern Ireland.  

Much of England is protected by designated status:

· National Parks – there are 14 in the UK covering many of the most beautiful and valued landscapes

· National Nature Reserves (NNR) – at the end of 2004 there were 215 NNRs in England, covering nearly every type of vegetation here.

· Sites of Special Scientific Interest (SSSIs) – there are over 6000 SSSIs in the UK.  These are the country’s very best wildlife and geological sites.  They include some of our most spectacular and beautiful habitats - large wetlands teeming with waders and waterfowl, winding chalk rivers, gorse and heather-clad heathlands, flower rich meadows, windswept shingle beaches and remote upland moorlands and peat bogs.

· Local Nature Reserves – often run by County Wildlife Trusts.

Repopulation:

Where biodiversity has been lost, it is possible to rebuild it.  There are many examples of sites where recreated wildlife habitats have been made to work.  In the UK, the numbers of bitterns and otters are now increasing in new reed beds.  Conifer crops are being cleared and large areas of grazing land are being helped to revert traditional meadow grassland.

In the Phinda Reserve of South Africa, livestock have been cleared away since 1990 to reintroduce natural fauna.  More than 1000 wildebeest, zebras, giraffes and other ungulates were released between 1990 and 1992.  Nearly 30 white rhinos and 56 elephants followed.  Later in 1992, 13 lions and 17 cheetahs were released.  This was a start towards recreating the rich mammal community that existed in the region before European colonisation.

Conservation ex situ:

Conserving an endangered species by activities that take place outside its normal environment.  It involves removing part of the population from a threatened habitat, and placing it in a new location.  Used as a last resort.  There are a number of different methods:



· Relocation of species to safer areas

· Breeding species in captivity and reintroducing them into the wild – this is carried out in animal sanctuaries and zoos.

· Botanic gardens – controlled environments to conserve rare plants and reintroduce them into the wild.

· Seed (sperm) banks – frozen (or dried) seeds are stored in seed banks for long periods of time, without losing their fertility.  This provides a useful source of seeds if natural reserves are destroyed – in famine conditions.

Animals:

Zoos were originally collections by an owner but now they play an important role in breeding endangered species to increase their numbers and potentially enable repopulation into the wild. The breeding programmes are in captive surroundings.
Advantages:

· Protect individual animals in a controlled environment – protected from factors causing endangerment

· Predation and hunting can be monitored and managed easily

· Health can be monitored and disease treated for by vets

· Incubate eggs artificially and manipulate breeding (hormones, artificial insemination, artificial selection)

· Hand rear young – reduces mortality

· Protect from predation, hunters
· Reduce competition between individuals / species

· Used to reintroduce species that have migrated to other areas

· Sperm (frozen) from one male – used to fertilise a large number of females, this is then easy to transport and maintains genetic diversity – by importing sperm from another population

· Study rare biological organisms at close range 
· Can bring endangered species to the attention of the public and therefore get more public support, which could lead to more funding
Modern techniques e.g. sperm freezing allows the preservation of large amounts of genetic material.  Reproductive physiology is species specific so research into each endangered species is required to ensure the techniques are used effectively.  However, carrying out the research on domestic species very similar to the target species can help speed up the process and saves the rare, endangered species from experimental work until the last steps.  The Arctic fox, European reindeer and European mink could all benefit from these soon.
Disadvantages:
· Only a small number of individuals can be catered for
· Difficult and expensive to create and sustain the right environment.

· Less successful than in situ methods – many species do not breed successfully in captivity
· Species cannot adapt when introduced to their natural habitat

· Problems of acceptance of introduced  member by existing members


· Space is limited which limits the number of individuals and restricts genetic diversity.  This means the population lacks variation and less able to adapt to changing conditions
Plant species:

Botanical gardens started as collections, like zoos, but now they are involved with conservation of endangered plant species – which is much easier than animals:

· Most plants have a dormant stage (seed) as part of their life cycle.  These are produced in large numbers and can be collected from the wild without causing too much disturbance to the ecosystem or damaging the wild population

· Seeds can be stored and germinated in protected surroundings

· Seeds can be stored in huge numbers without too much space

· Plants can often be bred asexually

· Botanical gardens can increase numbers very quickly with an ample number of individuals available for research

· Captive-bred individuals can be replanted in the wild.

· Any collections of seeds will cause some disturbance
· Collected samples may not be representative of genetic diversity

· Seeds collected from the same species from another area will be genetically different and may not succeed in a different area

· Seeds stored for any length of time may not be viable

· Plants bred asexually will be genetically identical reducing the genetic diversity further

· Conclusions based on research on small samples may not be valid for whole species

Seed banks:

A collection of seed samples – some are easy to store, others require special conditions, but can remain viable for decades (maybe centuries).  Kew Millennium Seed Bank Project is the largest ex situ project; its aim is to store a representative sample of seeds from every known species of plant.

To prolong viability the seeds are put in dry/ freezing conditions as they are resistant to desiccation.  For every 1% decrease in seed moisture level, the life span doubles, the same is for every 5°C decrease in temperature.  Seeds stored for decades may deteriorate so they need to be tested at regular intervals for viability.  At Kew there are 10,000 germination tests per year:

· Remove and germinate seeds periodically
· ‘Plant’ seeds in Petri dishes and nutrient agar and keep them under controlled conditions

· Measure germination rate (% of seeds that germinate and success of germination)

· Scientists can monitor conditions of stored seeds

· Research continues of seed dormancy and germination, this could lead to the discovery of more effective methods of storage
International Cooperation

The loss of habitats and number of endangered species is a worldwide problem ( it needs a worldwide solution ( international conservation is essential.

CITES (The Conservation on International Trade in Endangered Species of Wild Fauna and Flora):

This was first agreed in 1973 by 143 countries and now the majority of governments in the world have signed it – although some do not agree.  Its aims:

· Ensure international trade in specimens of wildlife does not threaten their survival by regulating and monitoring it.  Over 25,000 species of plants and animals have been identified as at risk from international trade.

· Limiting trade in endangered species through licensing and those that species that are slightly less endangered should be traded subject to permit and agreement with exporting and importing countries.

· Member countries agree to make it illegal to kill endangered species
· Illegal to trade in products made from endangered species 
It is difficult to enforce and the smuggling of live plants and animals is a constant problem.  There are three appendices which species are placed on:

1. Species that are most endangered, threatened with extinction.  CITES prohibits international trade in them or any products, except for exceptional circumstances e.g. research or captive breeding.

2. Longer list – species that could be potentially threatened with extinction, trade is only allowed in these species if an export permit is granted

3. Species where there is regulated international trade – permits required

The species lists are constantly renewed, if trade becomes illegal, the prices can rise and it becomes more worthwhile to break the law.

The Black rhino was placed on Appendix 1 of CITES. Since then, their number have stabilised and even increased.    They are endangered due to poaching; destruction of habitat; they are shot to protect farmland and settlements; killed for meat and horn.
What was done by CITES:

· Signatory countries agree – illegal to kill/poach rhino

· Ban on trade in horns/hide

· Increased cooperation between countries

· Permits/licences issued to certain people

· Education; raising awareness

· Monitor habitats and species on a daily basis (wardens)

· Legal action (imprisonment, fines, etc)


Convention on Biological Diversity:

In 1992, 150 governments signed the Rio Earth Summit.  This is dedicated at promoting sustainable development and recognises that biological diversity is more than plants, animals, microorganisms and their ecosystems.  It is also about people and their need for sources of food, medicines, fresh air and water, shelter and a clean and healthy environment to live.
Aims: conservation of biological diversity; sustainable use of components; appropriate sharing of genetic resources, scientific knowledge and technologies and fair and equitable sharing of benefits that arise from genetic resources.

It encourages each partner to develop a national strategy and sustainable use of diversity.  They must adopt ex situ conservation facilities, to complement in situ measures.  

Partners share breeding programmes which helps to maintain genetic diversity e.g. transporting sperm, eggs.  Breeding programmes in plants can also be enhances e.g. Kew Gardens has partners all over the world.  The partners duplicate the collections in case of a disaster.  Since 2000 they have sent 3400 collections out and used in research and 500 have been used by Kew.

Environmental Impact Assessment (EIA):

In local planning and development it is important to assess the impact of a proposed development (e.g. shopping centre, power station) on the environment and biodiversity – otherwise, there may be destruction of environmentally sensitive habitats that are rich in biodiversity.  Need to conserve species that are already protected by law.  EIA ensures that decision makers consider the environmental impact of development projects and how projects are to proceed.

· To estimate biodiversity on the project site and evaluate how the development might affect biodiversity 

· To consider impact on wildlife
· To identify possible destruction of environmentally sensitive habitats that are rich in biodiversity or where there are rare species
· To legally protect particular species of animals and plants 
The following are considered in EIA:

· Water resources

· Drainage

· Pollution

· Damage & disturbance to habitat
· Loss of species and loss of species diversity
· Loss of habitat

If the need to conserve or protect is identified – it needs to be decided whether development should be stopped or whether other measures could be taken to protect the species.  Such as:

· Providing other suitable (similar) habitats close to the site – e.g. new ponds for newts 
· Translocation of species 
· Laws to protect endangered species
International level:
· Promote exchange of information, consultation and notification  of any development that might affect another partner state and biological diversity

· Promote the notification of any grave danger that may  affect biodiversity

· Promote arrangements for emergency responses to situations which may present a danger to biological diversity

Objection to EIA studies
:
· An EIA study needs to physically investigate the habitat – this may possibly leading to the destruction of habitats and disturbance of the species in their habitats

· May cause more disruption than the development itself

· Damage to environment/ecosystem

· Habitats best left alone (left to nature)

· Rare species may be discovered – people stealing species for collectors

