
There is no technical obstacle 
to the conservation of every 
plant species ...
Species Conservation - HT 2013 - Lecture 8/16
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The obstacles to the conservation 
of every plant species are 
ignorance (too much) 
& finance (too little)
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• GSPC target 1 - to publish an on-line flora of all known plant 
species.  Lead organisations RBG Kew & Missouri Botanical 
Garden

• The problem is that there are rules governing the naming of plants 
but there is no global system for assessing the quality of the work.

Ignorance: What is out there? 
the taxonomic impediment
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•There are not enough people working on the job but how 
many people would it take to bring the rest of the World up 
to the same standard of the UK and to maintain the data?

What is out there? 
the taxonomic impediment
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UK Checklists & floras 2006 

2002 2004 2006

FUNGI Basidiomycotes No No Yes - 2005

Ascomycetes and other families No No No

LICHENS Yes Yes – revised 
2002/03

Yes

PROTISTS Myxomycotes Yes Yes Yes

ALGAE Charophytes (stoneworts) Yes Yes Yes - updated 
annually

Freshwater and terrestrial algae Yes Yes - 2nd edition 
2003

Yes

Marine algae No Yes -  2003 Yes – 2nd edition 
2006

PLANTS Vascular plants (seed plants & 
ferns)

Yes Yes Yes - updated 
annually

Bryophytes (mosses & liverworts) Yes Yes Yes – 
updated 2005
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The most comprehensively surveyed country in the World
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• GSPC target 15 - to train sufficient numbers of people to achieve the 
targets of the strategy

• How many to “do” target 1?

• Let’s assume that the UK is “done” and that we have a complete accurate 
flora and we know the distribution & hence conservation status of all the 
UK native species.

• The land area of the World is x600 that of the UK

• The study of the UK flora began properly 400 years ago, or 10 
professional life times

• In the UK we have 100 county recorders per county and using 
Oxfordshire as typical there are 20 active, good field, botanists in each 
county that means that the UK has 2,000 botanists or one per 30,000 
citizens.

Taxonomists required 
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• If you extrapolate back to 1600 when there were 4 million people 
living in the UK then over the past 400 years approximately 7,000 
people have contributed to the current understanding of the British 
flora, or 280,000 years of work.

• The world’s land area is 600 times that of the UK so it would take 
168 million years of work to catalogue the World as well as the UK 
or 42,000,000 careers from a standing start.  If we assume that the 
plant list is 7/8 done, then we need another 5,250,000 botanists 
working for the next 40 years to finish the job.

• Once the job is finished it would take 1,200,000 botanists to keep the 
list up to date if it takes 2,000 botanists to do UK which is 1/600 the 
area of the world.

Taxonomists required 
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• Floras are detailed accounts of geographical regions, usually political & 
not botanical

• Countries like to have as many endemic species as possible & so 
taxonomic inflation occurs with varieties being raised to the rank of species

Floras, Monographs & Checklists
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• Monographs are accounts of a genus or part of a genus.

• They are written with a global view and therefore tend to take a 
broader view of species delimitation than national or regional floras

Floras, Monographs & Checklists
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• Amphiatlantic distribution in 35 Countries

• Last monograph in 1875 by Agardh

• 1,800 legitimate names for c. 250 species

• some flora treatments e.g. California, & the intermountain basin of 
Paraguay

A new monograph of Lupinus
Colin Hughes
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Plants from wild-collected seeds being grown at the Botanic 
Garden for DNA extraction 
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• Checklists are lists of the accepted 
names for the species and genera in 
a family, class or order.

• They list synonyms, illegitimate 
names and taxonomic authorities 
(the person who first used the name)

• They contain no descriptive  
information but contain references

• http://www.ipni.org/ is an on-line list 
of legitimate & current names

Floras, Monographs & Checklists
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• “Never before have so many governments simultaneously called for 
prompt action from taxonomists and [therefore] recognized the 
central importance of the taxonomists’ contribution to conservation 
activities”.  

• “If the taxonomic community ignores this call to action, why should 
governments and politicians listen to the the concerns of 
taxonomists?”

Progress towards GSPC T1
Paton et al (2008) Taxon 57(2) p602-611
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• 177,785 species are yet to be integrated into the working list of 
which 133,000 (70% of the gap) are in just 33 families 

• Most of the families (and the vast majority of the species) yet 
to be listed are widespread cosmopolitan or pan-tropical 
groups

Progress towards GSPC T1
Paton et al (2008) Taxon 57(2) p602-611
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• Possible reasons why some families have not yet been worked on and 
thus lists not completed and vice versa

• Since 9 of the 10 largest families have been completed size is not a 
problem (and the 10th family, the Asteraceae, is being completed at 
present)

• Although most of the groups yet to be listed are pan-tropical or 
cosmopolitan, most of the pan-tropical or cosmopolitan groups have 
already been completed

• Among the unlisted groups are some ancient groups (Apiaceae), ethno-
botanically important (Apocynaceae, Brassicaceae & Solanaceae), widely 
cultivated ornamentals (Ericaceae, Boraginanceae), Ranunculaceae etc) 
scientifically important (Proteaceae) dominated by one large genus 
(Solanaceae, Moraceae, Ericaceae)

Progress towards GSPC T1
Paton et al (2008) Taxon 57(2) p602-611

Wednesday, 13 February 2013



Ancient groups - Apiaceae (3,780)
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ethno-botanicaly important 
(Apocynaceae, Brassicaceae 

& Solanaceae)
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widely cultivated ornamentals (Ericaceae, Boraginanceae, 
Ranunculaceae etc) 
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scientifically important (Proteaceae, Lauraceae, Piperaceae)
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Family dominated by one 
large genus (Solanaceae, 

Moraceae, Ericaceae)
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Succulent plants (Cactaceae, Aizoaceae, Crassulaceae) 
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Insufficient taxonomic data (Acanthaceae, Orobanchaceae, 
Plantaginaceae, Scrophualariaceae)

Wednesday, 13 February 2013



• Actual reasons why some families have not yet been worked on and thus 
lists not completed

• Lack of taxonomic expertise (just 120 people from 20 countries have worked 
on the list to date)

• Existing expertise being employed elsewhere such as flora writing 

• The tyranny of the RAE and high-impact journals

Perfectionist taxonomists 

• “A man would do nothing if he waited until he could do it so well that no one 
would find fault with what he has done.”  Cardinal Newman 

Progress towards GSPC T1
Paton et al (2008) Taxon 57(2) p602-611
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• Works well for animals but not for 
plants

• The Consortium for the Barcode of 
Life (CBOL) is the authority on this 
matter.

• A two- or three-locus bar code is the 
best that is available at present

• Science (2009) 325 p526

Plant Bar Codes
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Ignorance: Which plants species 
are threatened with extinction?

• GSPC target 2 - to publish an 
assessment of the conservation 
status of all known plant species

• Target 1 does not have to be 
completed for the work on this one to 
start.  As new species are described 
their conservation status can be 
included as a standard piece of data

• However, there is evidence that many 
un-named species are sitting in herbaria 
waiting to be examined and the 
conservation status data for these may 
not have been collected.  (Bebber et al 
2010) 
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Herbaria are the major frontier for 
species discovery (Bebber et al 2010)

Wednesday, 13 February 2013



Which plants species are 
threatened with extinction?

•How good is the data? (Paton 
2009)
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Which plants species are 
threatened with extinction?

• How good is the data? (Paton 2009)

• The Global Biodiversity Information 
Facility (below) has freely available 
information on species distribution
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IUCN RED LIST categories
from lecture 5/16

5

3. Role of the different criteria
For listing as Critically Endangered, Endangered or Vulnerable there is a range
of quantitative criteria; meeting any one of these criteria qualifies a taxon for
listing at that level of threat. Each taxon should be evaluated against all the
criteria. Even though some criteria will be inappropriate for certain taxa (some
taxa will never qualify under these however close to extinction they come), there
should be criteria appropriate for assessing threat levels for any taxon. The
relevant factor is whether any one criterion is met, not whether all are appropriate
or all are met. Because it will never be clear in advance which criteria are
appropriate for a particular taxon, each taxon should be evaluated against all the
criteria, and all criteria met at the highest threat category must be listed.

4. Derivation of quantitative criteria
The different criteria (A–E) are derived from a wide review aimed at detecting
risk factors across the broad range of organisms and the diverse life histories they
exhibit. The quantitative values presented in the various criteria associated with
threatened categories were developed through wide consultation, and they are set
at what are generally judged to be appropriate levels, even if no formal justification
for these values exists. The levels for different criteria within categories were set
independently but against a common standard. Broad consistency between them
was sought.

Figure 1. Structure of the categories.
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     Extinct Archeanthus linnenbergii               Extinct in the wild Franklinia alatamaha         
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Critically endangered                            Endangered                                       Vulnerable
Euphorbia handiensis                Euphorbia stygiana                   Euphorbia glauca

Lanzarote                                       Azores                              New Zealand
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IUCN Red List Categories
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Criteria for endangered & vulnerable species
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IUCN RED LIST categories
from lecture 5/16

• http://www.ramas.com/RapidList.htm

• The full assessment is too slow, so RapidList has been introduced to 
reduce the categories to Extinct, Threatened, Not Threatened, and Data 
Deficient

• See Schatz (2009) for more opinion & facts
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Monographic Red Lists - the way forward
Quercus, Rhododendron, Acer & Magnolia done
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• Top - production lands

• Bottom - wilderness 
from lecture 6/16

Economic pressures:
Too many people  Too little land
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Economic pressures:
Too many people  Too little land
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Economic pressures:
Too many people  Too little land

• The next dust bowl drought across America could come by 2050. 
Romm (2011)
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Economic pressures: Biofuels
Service 2011

• Algal-based biofuels will 
require less land than 
alternatives

• Less fresh water is 
required for Algae 
biodiesel
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Economic pressures:
Too many people  Too little land
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Economic pressures:
Too many people  Too little land
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Economic pressures: Biofuels
Nature Outlook Special 474 23 June 2011
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Economic pressures: Biofuels
Nature Outlook Special 474 23 June 2011

• “African countries 
might be able to 
benefit from the 
production of 
bio-energy from 
non-edible crops 
grown on 
marginal land”

• the impact of this 
on the biology of 
the region has 
not been 
assessed

Wednesday, 13 February 2013



• Villages are having to move due to rubber plantations now covering 
300,000 ha that are draining water from the wells as surface water 
run-off increased x3 & soil erosion up by x45

• 1976-2003 rubber expanded x10 & the tropical montane forest 
shrank by 80% to just 10% of Xishuangbanna.

• 1988-2003 saw x10 increase in income for farmers & by 2020 there 
will be a 10% underproduction of rubber worldwide.

Economic pressures
Rubber Plantations (Mann 2009)
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• This is not yet a precise science

• In China, 28 Mha of plantation were 
established between 2001 & 2007.  
These can play a role in landscape 
restoration & faunal conservation if 
they are managed as components of 
a heterogeneous landscape mosaic

• Passive methods (doing nothing) 
can be more successful than 
intensive intervention

• Local knowledge, diverse species 
plantings (economic & ecological), 
& regional economic development 
strategies are essential for success

Ignorance:
Restoring forests & ecosystem services on degraded lands  
Chazdon (2008) Science 320 p1458
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• There is a new emphasis on functional 
rather than taxonomic diversity

• We know more about the affects of 
species gain (invasions) than we do 
about the loss of individual species

• Loss & gain are normal processes

• As a result we may see increased 
tolerance towards and use of non-
native tree species in forests

Ignorance: 
Terrestrial ecosystem responses to species gains & losses  
Wardle et al. (2011) 332 p1273

Wednesday, 13 February 2013



• The re-establishment of pollinators in 
restored habitats is not always easy.

• Wind pollination is the least 
problematic

• Generalised pollination syndromes 
are easier to reestablish than 
specialised syndromes

• Pollinators that can move freely are 
easier to reestablish than those with 
limited dispersal potential

• dashed lines are where captive 
breeding and assisted migration is 
required

Ignorance:   
The role of pollinators in restoration Dixon 2009
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• Animal-based pollination services sustain reproductive potential & 
genetic resilience in ecosystems

• Specialised pollinators are often the first casualties of degraded 
ecosystems but the loss of generalised pollinators has a more 
pervasive impact

• 60% of global landscape disturbed by humans are in the 25 
biodiversity hotspots (Myers et al 2000)

• 70% of the land in these 25 biodiversity hotspots has been cleared 
and fragmented

• Pollinators (both general and specialised) with low dispersal potential 
are especially at risk

• plants in hotspots are more likely to have specialised pollinator 
syndromes

Ignorance:   
The role of pollinators in restoration Dixon 2009
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• Climate change predicts a reduction in growing seasons especially in 
Mediterranean-type regions

• less precipitation, shifts in seasons, reduced plant vigour, delayed plant 
maturation & reduced nectar production, and asynchrony of pollinator 
& flowering, affect pollinator populations negatively

• Proximity of undisturbed habitats facilitates restoration project 
success, (such as at the Harcourt Arboretum in the previous lecture)

• Corridors are important as are framework species that provide a major 
amount of nectar & pollen, bridging species that provide resources in 
otherwise quiet times, and magnet species that have attractive flowers 
that bring in the pollinators for the drab flowers that would otherwise 
be missed

• Agricultural headlands are very important here

Ignorance:   
The role of pollinators in restoration Dixon 2009

Wednesday, 13 February 2013



• Restoration of landscapes will depend on understanding the 
following:

• (1) the dispersability & migration of pollinators

• (2) the plant species that facilitate and assist pollinator migration (the 
framework, bridging, & magnet species)

• (3) the foraging patterns of pollinators in relation to seed quality and 
heterozygosity 

Ignorance:   
The role of pollinators in restoration Dixon 2009
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• The Gondwana Link project aims to restore 10,000s ha of former 
farmland creating a corridor over 1,000 km long.

• Pilbara 20,000 ha of former mine to be restored.  At 6kg/ha & $749 
per kg the cost of seeds is M$89.88.  It needs 120 tonnes of seed.

• Few if any seed banks contain this amount of seed

Economics: restoration seed banks - a matter of scale 
Merritt & Dixon (2011) Science 332 p424
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• Shortfalls in seed banks for restoration 
include:

• lack of knowledge of seed phenology, 
development & maturation to optimise 
collection times

• lack of accurate data

• inability to break dormancy

• poor storage procedures

• low seedling establishment (often <10%)

• insufficient stock

• lack of collecting capacity when 
required Science 330 p584 (right)

Ignorance: restoration seed banks - a matter of scale 
Merritt & Dixon (2011) Science 332 p424
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• Species invasions impose key biotic thresholds 
limiting the success of ecological restoration 
programmes.  Abiotic thresholds are easier to reverse

• The thresholds are often permanent such as local/
global extinctions of seeds dispersers (right) or 
long-term, unending, & expensive due to on-going 
control of the invading species

• New Zealand is a good large model in which to 
study the role of non-native invasive species.  To 
date 30 mammals, 34 birds, 2000 inverts & 2200 
plants are fully naturalised.  

• Only some mammals and some plants can be 
controlled.  An absence of natural enemies & 
inherent adaptation to anthropogenic disturbance, 
including grazing, favours these species.

Economics:  
Non-native species Norton (2009) Science 325 p569
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• Species invasions may be positive.  European 
gorse can act a nurse plant in restoration 
projects (right) as the gorse shades out the 
invasive grasses that would prevent the 
Pittosporum eugenioides from regenerating.  
But later intervention is required to introduce 
late successional species

• Removing grazing may allow other invasive 
plant species to proliferate.  Olearia 
adenocarpa is being eliminated by grazing but 
without grazing the invasive grasses swamp 
seedlings of the Olearia.

Economics:  
Non-native species Norton (2009) Science 325 p569
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• Restoration is an essential strategy in the conservation tool box but if 
a non-native invasive species is one of the biotic problems then there 
are three general predictions

• (1) outcomes will be novel because the exotic species will never be 
eradicated and several exotic species may be part of the community

• (2) where there are multiple invasions all the invasives will need to be 
controlled because removing only one will facilitate another

• (3) where eradication is not possible then to factor in ongoing control 
indefinitely - long-term resource commitment.

Economics:  
Non-native species Norton (2009) Science 325 p569
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• At the end of 2011 the Scottish Parliament allocated £15M to Forestry Commission 
Scotland to rid 66,000 ha of Rhododendron ponticum.  This is also to slow the spread 
of Phytophthora ramorum

• Japanese knotweed (Fallopia japonica) partial eradication costs $288M per annum  
(Olympic Park £70M alone) & a total of £2B per annum for all invasives

• The first release of a pest against a weed in the EU.  Aphalara itadori, a psyllid or louse 
that appears to be host specific.  If it reduces the knotweed by 1% it will pay for itself

Economics:  
Non-native species in the UK Carpenter (2011) Science 332 p781
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Horizon-scanning for invasive non-native plants in GB 
Sophie Thomas PlantLife (2011)
http://www.plantlife.org.uk/publications

• In 2010 PlantLife published Here today Here tomorrow report with a 
Rapid Risk Assessment that gave a star rating to 599 non-native 
plant species
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Horizon-scanning for invasive non-native plants in GB 
Sophie Thomas PlantLife (2011)
http://www.plantlife.org.uk/publications

• In 2010 PlantLife published Here today Here tomorrow report with a 
Rapid Risk Assessment that gave a star rating to 599 non-native plant 
species
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Horizon-scanning for invasive non-native plants in GB 
Sophie Thomas PlantLife (2011)
http://www.plantlife.org.uk/publications
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Horizon-scanning for invasive non-native plants in GB 
Sophie Thomas PlantLife (2011)
http://www.plantlife.org.uk/publications

• In 2010 PlantLife published Here 
today Here tomorrow report which 
identified not only problem species and 
sites at particular risk
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• English blackberries cover 30,000 ha & reduce species diversity by 50% in 
these places.  Darwin found 17 spp in 1835, now there are 900 spp and yet 
95% of the native species are still there.

• A $1M programme to eliminate 34 plant species only worked for four.  
Disturbance caused by restoration programmes have facilitated new 
invasions.  BUT in heavily impacted areas the invasives can stabilise soil, 
reduce water run off and create shade

• In Puerto Rico a study shows that invaded ecosystems are NOT static and that 
natives do return 

• Hobbs et al (2006 - Global Ecology & Biogeography) suggested that novel 
ecosystems can supply ecological services such a nutrient recycling & pollinator 
nutrients & hybrid ecosystems can be more diverse than undisturbed areas.

• Don’t judge species on their origins Davis et al (2011) Native 474 p153 WORTH 
READING

Economics: Embracing invasives in the Galapagos
Vince (2011) Science 331 p1383
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• The evidence reviewed here (svancara et al. (2005) BioScience vol.55 No.11) 

suggests that the average percentages of area recommended for 
evidence-based targets were nearly three times as high as those 
recommended in policy-driven approaches.

• However, the evidence here (He & Hubbell (2011) Nature 368 p368) shows 
that extinctions caused by habitat loss require greater loss of 
habitat than previously thought.  The over estimate can be higher 
than 160%

Ignorance:  Political targets & Biological needs
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Ignorance:  Political targets & Biological results
Butchart et al (2010) Science 328 p1164
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Ignorance:  Political targets & Biological results
Butchart et al (2010) Science 328 p1164
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• While, there have been encouraging achievement between 2000 & 
2010 to reverse the loss of biodiversity more needs to be done in the 
following areas:

• (1) reversing detrimental policies,

• (2) full integration of biodiversity into broad-scale, land-use planning

• (3) incorporation of the economic value of biodiversity into decision 
making

• (4) accurate targeting, sufficient funding, & implementation of policies 
that tackle biodiversity loss

• (5) sustained investment in coherent biodiversity monitoring and in the 
indicators needed to track & improve the efficiency of these 
responses

Ignorance:  Political targets & Biological needs
Butchart et al (2010) Science 328 p1164
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• However, which ever measure you use, the same areas come out as 
priorities: Mediterranean-type regions & the tropics

Setting global biodiversity conservation priorities  
Brooks et al. (2006) Science 313 p58
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• Climate Change predictions are still controversial (Hegerl & Russon 
(2011) Science 334 p1360) (below)

• Vital details of global warming are eluding forecasters (Kerr (2011) 
Science 334 p173)

• Usable knowledge is in short supply (Kerr (2011) Science 334 p1052)

Ignorance:  
the affects of climate change on biology
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• When there is change species have three “options”

Ignorance: Beyond predictions: biodiversity conservation in a 
changing climate - assessing vulnerability
Dawson et al.  (2011) Science 332 p53
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• A new integrated assessment approach is required mixing past & 
present realities with models & experiments

Ignorance: Beyond predictions: biodiversity conservation in a 
changing climate - assessing vulnerability
Dawson et al.  (2011) Science 332 p53
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• Vulnerability assessments enable us to look into the future using 
Exposure, Sensitivity, and Adaptive Capacity as contributory factors

Ignorance: Beyond predictions: biodiversity conservation in a 
changing climate - assessing vulnerability
Dawson et al.  (2011) Science 332 p53
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• The relative balance of Exposure, Sensitivity, and Adaptive Capacity will 
determine the appropriate response

Ignorance: Beyond predictions: biodiversity conservation in a 
changing climate - assessing vulnerability
Dawson et al.  (2011) Science 332 p53
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• The conservation status of not only species should be assess but the 
conservation status of “climate space” Ohlemuler (2011) Science 334 p613

• Despite the view that marine environments are more buffered against it appears 
that change in marine ecosystems can be faster than on land with a complex 
mosaic of shifts (Borrows et al (2011) Science 334 p652)

Ignorance:  
the affects of climate change on biology
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• The effects of climate change on 
biodiversity will depend on the climate 
displacement rate (or climate-change 
velocity) and how this changes a species 
ability to migrate (Sandel et al (2011) 
Science 334 p660)

• Historically, regions with high velocity 
change have no small ranged 
amphibians, mammals & birds.

• There is a link between dispersal ability 
and extinction risk due to climate change

• Low-velocity areas are essential refuges 
for small-ranged species

Ignorance:  
the affects of climate change on biology
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• >74% of climate change is human-made (Nature 
4th December 2011) but biodiversity’s ills are not 
all down to climate change (Nature on-line 20th 
March 2011)

• There may be an increase in wildfire in 
Yellowstone NP that would change the balance of 
species and alter successions (Westerling et al 
2011 PNAS )

• Not all species will lose out as a result of climate 
change.  For example, pine beetles flourish after 
fires and at higher temperatures (Marris 2011 
Nature 469 p150)

Ignorance:  
the affects of climate change on biology
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• Climate change drives latitudinal & altitudinal shifts in species distributions 
leading to novel communities.  There is a lag between the climate change and 
these new assemblages.  

• Mountain populations and lowland forests are at greatest risk, due to reduced 
opportunity for short-distance escapes & greater habitat fragmentation (Bertrand 
et al (2011) Nature 479 p517)

Ignorance:  
the affects of climate change on biology
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• Work on cold, fresh water invertebrates show that Evolutionary 
Significant Units (genetically distinct populations of a species) exist  
(Gewin Nature on-line 21 August 2011)

• It was found that if the IPCC business-as-usual scenario is 
followed then 79% of the ESUs will be lost.  This cryptic diversity 
may be very important for future evolution

• To understand the long-term genetics of species in relation to 
climate change a seed bank is being set up where seeds are stored 
for 5, 10, 50+ years, sampled and compared with “wild” 
populations that have tried to adapt to climate change.  34 species 
are being stored with a variety of flowering times and pollination 
syndromes (Pennisi (2011) Science 333 p1693)

Ignorance: 
Climate Change & Genetics
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• GSPC target 13 - to maintain indigenous & local knowledge 
associated with plant resources to support sustainable livelihoods, 
food security & health care

• This was the target that was most comprehensively missed

• Successful, long-term conservation requires local knowledge and 
collaboration 

Ignorance  
Loss of knowledge Wu & Petriello (2011) Science 331 p30
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• GSPC target 16 - to establish or strengthen institutions, networks & 
partnerships for plant conservation

• NutNet has 68 sites in 12 countries looking at how a variety of 
grasslands respond to global change (Stokstad (2011) Science 334 
p308

Ignorance  
Lack of coordination across the World
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Ignorance & finance: Which regions and 
species are threatened with extinction?

• Towards a Global 
Biodiversity 
Observing System
(Scholes et al. 2008)

• The GEO BON (right) 
hopes to bring 
together the many 
and various sources 
of biological 
information. 

• There appears to be 
both too much 
information and too 
little information
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• Scholes et al (2008 Science 321 p1044) 
calculated it would cost between $309M 
& $772M per annum to survey the World

• Andelman (2011 Nature 475 p290) 
claims it would cost $10M

• The difference is the employment of 
technology and local communities and a 
worldwide network of people in their 
own countries.

• Andelman also believes that the 
surveying can be on the scale that is 
required

• www.teamnetwork.org

Finance  
How much does the monitoring cost?
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Finance:  
How much does the protection cost & who pays?
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• The Heart of Borneo Park in Borneo has been protected 
when Norway pledged $1B in return for a 2-year 
moratorium on new logging permits.  WWF & Nature 
Conservancy have also given $2M in a debt-for-nature 
arrangement.

• The Yasuni NP in Ecuador has a 28,000 km2 core with the 
highest level of species diversity on Earth. 1,500 spp of 
trees for example & 100,000 spp inverts per hectare - 
mega-diversity

• Unfortunately there is the ITT oil field, the second largest 
in Ecuador worth $7,200M, under the Yasuni NP.

• President Rafael Correa of Ecuador offered to accept 
$3,600M in exchange for not issuing oil extraction 
concessions.

• A first instalment of $100M was needed by the end of 
2011 - no decision has been made yet

Finance:  
How much does the protection cost & who pays?
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• Valeria Souza has been granted a permit to extract microbial genes from 
pools that are threatened by unsustainable water extraction.  So far genes 
have been found for breaking down complex organic molecules that could 
be used in bioremediation, and that enable the uptake of phosphorous in a 
form not usually available to life.  The latter may be very valuable

• The agreement comes under the terms of the Nagoya Protocol (signed by 
41 states including the EU & Mexico but not China & USA)

Innovative finance  
Genes for schools & greenhouses (Jones 2011 Nature 476 p19)
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A few, final, general thoughts ...
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• “Nature is ever shaping new forms:  what is, has never yet been;  what has 
been, comes not again” Goethe (1783) On Nature

• Restoration targets are based on what was there before

• “Natural states” are generally assumed to be what was there just 
before the European colonisation and the onset of land clearance, 
agriculture, grazing & wildfire control.

• Three revisions to this view (1) pre-Europeans exerted significance 
influence on the vegetation (2) non-human climate change makes 
restoration to a historic standard anachronistic (3) changes wrought 
by humans have ecological legacies that are impossible to reverse or 
override

• For many parts of Europe, Asia, & Africa, undisturbed landscapes 
are too remote in time to provide restoration targets

Ecological Restoration in the light of Ecological History  
Jackson & Hobbs (2009) Science 325  p567
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• Paleoecological & paleoenvironmental records exist for much of the 
world for the past 20,000 years since the last glacial maximum.  
There are three messages from this data

• (1) Environmental & ecological changes are normal; the World is in 
constant flux.  Few major terrestrial ecosystems have existed in situ 
for more than 12,000 years and most are much younger.  
Everywhere has experienced a series of ecosystems, so there is no 
inherent natural ecosystem or landscape configuration for any region

• (2) A multitude of ecological combinations arise & dissolve as the 
environment changes.  The late-glacial communities have no 
analogue at present

• (3) The paleoecological records show that for a given place there are 
many, alternative “natural” states that may be very different

Ecological Restoration in the light of Ecological History  
Jackson & Hobbs (2009) Science 325  p567
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• Ecological restoration should be set free from the shackles of objectively 
identifiable natural states for ecosystems & locations.

• Restoration projects should 

• (1) emphasise the restoration of ecosystem function, goods, & services

• (2) view novel ecosystems are inevitable with combinations of species that 
have never co-occured before

• (3) accept that the restoration is dynamic and further change should be 
expected

• We must not forget that preventing damage is more cost effective than trying to 
repair damage

• If ecological restorations are not species specific then specific species 
conservation should always be ex situ as well as in situ

Ecological Restoration in the light of Ecological History  
Jackson & Hobbs (2009) Science 325  p567
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• If we accept the idea of novel communities the Assisted Colonisation 
is a logical strategy.  It is similar to ex situ populations in botanic 
gardens & arboreta

• “it is senseless to consider species distributions as somehow fixed 
and “natural” & that the establishment & occurrence of a species 
elsewhere is therefore unnatural”

Home, home, outside the range: moving species  
Stone (2010) Science 329 p1592
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• If we accept the idea of assisted colonisation the we need to assess the 
risks and benefits before we proceed

Assisted colonisation & rapid climate change
Hoegh-Guldberg (2008) Science 321 p345
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• As the perceived benefits 
derived from biodiversity fall so 
does the response from people 
to reverse the decline.

• In the past 40 years the rate of 
increase in interest in 
conservation has declined but 
the pressure on biodiversity has 
increased and it’s state has 
declined.

• The decline in the state of 
biodiversity reduces so does 
the perceived benefits

• As the perceived benefits 
derived ... & so on

Biodiversity conservation: beyond 2010   
(Rands et al 2010)
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• There are three, equally important 
stages or tiers that must be in place 
for conservation to work

• Despite more knowledge being 
needed it is social behaviour and 
practical infrastructures that are 
lacking to deliver the desired 
outcomes.

• Legislation & technology are not 
lacking

Biodiversity conservation: beyond 2010   
(Rands et al 2010)
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• Previous experiments have suggested that biodiversity enhances the 
ability of ecosystems to maintain multiple functions such as carbon 
storage, productivity & the build-up of nutrient pools

• This is a global empirical study relating plant species richness & abiotic 
factors to multiple ecosystem functions in drylands

• Drylands cover 41% of the World’s land area and they support 38% of 
the human population

• Multiple ecosystem functions in drylands are positively & significantly 
related to species richness

• Species richness is always a predictor variable

Plant species richness & ecosystem multi-functionality
Midgley (2012) & Maestre et al. (2012) Science 335 p174 & p214
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• Red = plant species richness

• Green = abiotic variables (sand content 
of soil & slope)

• Blue = climatic variables

• Gold = geographical variables (elevation, 
latitude, longitude, & elevation)

• A = ecosystem multi-functionality i.e. 
the ability of ecosystems to maintain 
multiple functions & services 
sumultaneously

• B = carbon cycling

• C = nitrogen cycling

• D = phosphorous cycling

Plant species richness & ecosystem multi-functionality
Midgley (2012) & Maestre et al. (2012) Science 335 p174 & p214
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• Biodiversity needs species because plant biodiversity is crucial to buffer 
negative effects of climate change and desertification in drylands

• Therefore species must be conserved but we do not have all the answers

Plant species richness & ecosystem multi-functionality
Midgley (2012) & Maestre et al. (2012) Science 335 p174 & p214
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• UN 2000 Millennium Ecosystem Assessment

Remember  It is not too late:
There are still wildernesses out there

Wednesday, 13 February 2013



Wednesday, 13 February 2013


