There Is no technical obstacle
to the conservation of every
plant species ...

Species Conservation - HT 2013 - Lecture 8/16




The obstacles to the conservation
of every plant species are
ignorance (too much)

s finance (too little)
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: MI1SSOURI /
Ignorance: What is out there? ¥ B o Kew
the taxonomic impediment GARDEN  iobiiin

e 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.

Wednesday, 13 February 2013



What is out there?
the taxonomic impediment

British
Isles

' Botanical
\ Society of the

* 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?
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UK Checklists & floras 2006 Soces
Isles

' Botanical
Society of the

2002 2004 2006

FUNGI Basidiomycotes
Ascomycetes and other families

LICHENS

PROTISTS |Myxomycotes

ALGAE Charophytes (stoneworts)
Freshwater and terrestrial algae
Marine algae

PLANTS Vascular plants (seed plants &
ferns)
Bryophytes (mosses & liverworts)
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This pecies is moat froguent on the banks of waterways, where it ofen forms coatinaoun
sands. bul o s olibbshal 10 deerg woodlasd. asho s9d mees. The taliest anauad
in Britais, its rapad groseth can Bade ot cwn Urmcs dowa Lowland
Noophryte (chamge « 1LAS) [ glandudfora was intsoduced & an omamental garden plast
I A% and was St reconded in e wild in 155 (MBGAShesex ). B Decame nateralised
independently i many Jffcrent places, but did st attam ity most raped rate of increase
wntl alrmont 2 century bner. There has been & sqpnihcant increase in @ froquency soe
the 1962 Atk
Natrve of the Henulusas, widely aaturddised i temperate Europe
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An evergreen perennidd Climber found i & pasdien oscapye in woodlaad, hodges and sorub
and on roadudes, radway hanks, walls sad wasse ground. It repeodeces vegetaavely and
by scod, which can be bind-sown. Lowlaad

Neophirse, 1 cobAns han been coltivated s Ferain une 1551 and o popular in gaeders
and arncrety plantiags, where it s sased for ground-cover. It was Srat recorded in the wild
0 1959, aad is Ccortmndy under recordad. it muy be mOrenmg

Native of N Terkey and the Caucann

Referemces. Bean (197350 Mousel er al (1978

T. D, paxes

An evergroen perennid woody Cherder most uracierstx of woodlod, sorud and

hedgerows, bat sbwo cormmon on wally, rock ostcrops and diff. It may carpet the ground

o secondary woodland. 1t geseraly Grvours busic 0 moderately acidic sods. 11 s highly

palatable 8o deer and sock, and 0 graoced spland arcas becomes nestricted 10 Imaccessble

ok owtcrops. 0-610 = (Meurne Mountams, Co. Down)

Natove (change ~045). The range of this species & unchanged since the 1962 Atk The

T matrve subspecion (subup. boky and wibsp. ebvreca) are mapped separasely

Faropvas Soudhermn temperate chement

Referencen: Atlas (155, Griene of ol (1955, Halstn & Pries { 1986), Mousd o7 al (197%)
G T B WiILMOME

The most comprehensively surveyed country in the World
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Taxonomists required

e GSPC target 15 - to train sufficient numbers of people to achieve the
targets of the strategy

e How many to “do” target 1?

o | et’'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.

e 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

¢ |n the U
Oxfords

K we have 100 county recorders per county and using
nire as typical there are 20 active, good field, botanists in each

county t
citizens.

nat means that the UK has 2,000 botanists or one per 30,000
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Taxonomists required N

e [f 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 hotanists

working for the next 40 years to finish the job.

e 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.
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Kew/

Floras, Monographs & Checklists

* Floras are detailed accounts of geographical regions, usually political &
not botanical

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

- A . .
S . w.,® ' )
q ‘ NEW FLO RA - X ‘,A ﬂ:..‘:":-“:::..:..
. v ‘,'_." ‘- - e
- J)F THE . VOLUME 3
DIAPENSIACEAE TO MYOPORACEAE

TO.TUTIN VH HEYWOOD
BURGES D M MOORE D M VALENTINE
S M WALTERS D A WEBRR

P.W.BALL A O . CHATER K. A DeFILIFPS
LK FERGUSON L B K RICHARDSON

CAMBRIDGE
AT THE UNIVERSITY PRESS
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Kew/

Floras, Monographs & Checklists

e Monographs are accounts of a genus or part of a genus.

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

v

The Genus THE GENUS THE GENUS
The Genus
ARUM L EPIMEDIUM LAVANDULA
m“ &J’“C I\(ll‘l‘-i\l. THE GENUS PODOPHYLLUM ) “'

Christopher Grey-Wilson

%/

&

"', !
£ ‘

The Royal Botarec Gasdens, Kew

The Ronal Botanic Gandems, Kew s assaciation with Chowsopber Helm
and Timber Press

Tim Upson & Sasyn Andrews
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A new monograph of Lupinus \_
Colin Hughes SXFORD

s A
]

e Amphiatlantic distribution in 35 Countries
¢ | ast monograph in 1875 by Agardh
e 1,800 legitimate names for c. 250 species

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

Floras, Monographs & Checklists

WORLD
* Checklists are lists of the accepted
names for the SpeCieS and genera in AND | BIBLIOGRAPHY OF

a family, class or order. ;
! Euphorbiaceae 2

(and Pandaceae)

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

e They contain no descriptive

information but contain references §

- )
%y

e http://www.ipni.org/ is an on-line list

i)
L 4 %lhfaél Govaerts

of legitimate & current names £ . \. David . Frodin

and
Alan Radcliffe-Smith
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http://www.ipni.org
http://www.ipni.org
file://localhost/Users/bota0003/Desktop/Sp%20Con%20Ref%20/The%20International%20Plant%20Names%20Index%20-%20home%20page.webarchive
file://localhost/Users/bota0003/Desktop/Sp%20Con%20Ref%20/The%20International%20Plant%20Names%20Index%20-%20home%20page.webarchive

Progress towards GSPC Tt Y oricnt I{GV\

Paton et al (2008) Taxon 57(2) p602-611 GARDEN

* “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?”

Table 1. Progress towards Target 1 of the GSPC.

Accepted species

Group URL listed
Bryophytes http://mobot.mobot.org/W3T/Search/most.html 13,370
Ferns and fern allies http://homepages.caverock.net.nz/~bj/fern/ 12,838
Cycads http://plantnet.rbgsyd.nsw.gov.awPlantNet/cycad/wlist.html 279
Conifers 2007 annual checklist www.catalogueoflife.org 1,016
Ephedra www.kew.org/wesp/ 65
Gnetum www.kew.org/wesp/ 29
Welwitschia www.kew.org/wesp/ 1
Ginkgo www.kew.org/wesp/ 1
Total non-flowering plants 27,599
Flowering plants Currently available—see Appendix in Taxon online issue 140,341
Flowering Plants Being compiled, on course for completion by end 2007 (Asteraceae by 2010, see text) 34,156
Total flowering plants (estimated working list available by end of 2007, see text) 174,497
Total 202,096
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file://localhost/Users/bota0003/Desktop/Sp%20Con%20Ref%20/The%20International%20Plant%20Names%20Index%20-%20home%20page.webarchive
file://localhost/Users/bota0003/Desktop/Sp%20Con%20Ref%20/The%20International%20Plant%20Names%20Index%20-%20home%20page.webarchive

Progress towards GSPC Tt Y oricnt I{GV\

Paton et al (2008) Taxon 57(2) p602-611 GARDEN

e 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

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

0 Checkisted spocies B Unchecklisted spodies
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Fig. 3. Proportions of listed and unlisted species in the different distribution patterns. Numbers of listed species derived
from online working lists; estimates of species numbers in families without working lists estimated from Stevens (2006).
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Progress towards GSPC T1 Y aoramicn I@V\

Paton et al (2008) Taxon 57(2) p602-611 GARDEN

¢ Possible reasons why some families have not yet been worked on and
thus lists not completed and vice versa

e Since 9 of the 10 largest families have been completed size is not a
problem (and the 10" family, the Asteraceae, is being completed at

present)

e 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 completea

e Among the unlisted groups are some ancient groups (~Apiaceae), ethno-
botanically important (Apocynaceas, Brassicaceae & solanaceae), widely
cultivated ornamentals (=ricaceae, Boraginanceae), Hanunculaceae etc)
scientifically important (-roteaceae) dominated by one large genus
(Solanaceas, Moraceae, Ercaceas)
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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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saenhfncally |mpor’ran’r (Proteaceae, Lauraceae, Plpemceae)
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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)
T

~
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Progress towards GSPC T1 Y aoramicn I@V\

Paton et al (2008) Taxon 57(2) p602-611 GARDEN

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

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

e EXxisting expertise being employed elsewhere such as flora writing
e [he tyranny of the RAE and high-impact journals

Perfectionist taxonomists

e “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
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Royal
Botanic Garden
Edinburgh

Plant Bar Codes

e \Works well for animals but net for
plants

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

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

e Science (2009) 325 p526
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Ignorance: Which plants species IUCN
are threatened with extinction? T Word Cansaresion U

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

2004 IUCN Red List of Threatened Species™

A Global Species
e Target 1 does not have to be Assessment

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

e 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 heen collected. (Bebber et al
2010) e Red List Consortium

S ~ N N n.’
JUCN »SSC gk

Jonathan E.M. Baillie, Craig Hilton-Taylor and Simon N. Stuart
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Herbaria are the major frontier for IUCN
species dISCOVErY Bebber et al 2010) ot Coneeion Uy

Time-lag: A herbarium specimen of Strobilanthes paniculiformis collected in 1885 in the Naga Hills of eastern India was described and pub-
lished only 121 years later. Specimen: copyright The Board of Trustees of the Royal Botanic Gardens, Kew, reproduced with the consent of the

Royal Botanic Gardens, Kew. Photograph: Sudhansu Sekhar Dash.
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Which plants species are
threatened with extinction?

Plants for the Planet

JUCN

The World Conservation Union

e How good is the data? (Paton
2009

The World Conservation Union's JUCN)
Gicbad Species Assessmaent and the 2004
Red Uist of Threatenad Speces wero
rolaased at the 3ed Werkd Cormervation
Congress, which 1ock place In Thaland
during November 2004, The most
comprehensive ovaluation ever
undertaken of the status of the world's
Diodiversity iInciuded the first 44
assessments for contlers and cycads.
For hose groups, 25% and 50% of
SPOCHS rpDectvely
e considered Under
theeat. Overall of
11,000 plants
evaluated over 8,000
200 &t rink. However,
with loss than 3% of
T worid's described
plant species havng
Doon evaluated, much
AUNARS 50 Bo Sone.

The IUCN Red Lists are based on
IACrmanon Collactind Ly the mmerbers of
o Species Survival Commission (550
The plant work of e SSC was given
focus at the meeting through
presentations by the Galapagos Plant
Sowciaiat Group, e Medicinal Plant
Specialst Group, Plantife Interratonal

2004 Red List of Threatened
Species released

ANd 30 CVerview Daper on the
contribution of he SSC Plant
Corservation Prograsme 1o the Global
Stategy for Plant Consarvanion

With the Glotal Strategy for Plant
Corsarvation 2010 targets in mind, the
Plant Programene moeting has
MCOMMINded wirys 10 InCraass e
ofciency of Red Usting. Development
and avaliatilty of e Species Informaton
Systee (SIS) for data npet
and analyss will greatly help
With this. New activites for
axpanded red-ksting nclude
S5C initiatives 10 red-Sst
sratogic farmies

In this isswe: Cuttings poes Japanesa « New plant species identited
Ewrope’s first Wollami Pine « African awards = Tody, lomorrow, forever

Volume 2« Number 1+ Ja

Co-chairs of the SSC Plant Programme
word hondured with SSC awards, Mike
Maunder (Dwectoc Fakchid Topical
Botanic Gardeny receiving a Cration of
Excelence and Danvid Ghven Drector
Christichurch Botanic Garden) being one
of four seCpiants of the S Pater Scont
Amard for Comnseraation Merit, SSCs
NOhest honour

Further information: www.lucn. org
v wwwlucarediist.org
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Which plants species are
threatened with extinction? g

The World Conservation Union
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Plants for the Planet

Volume 2 « Number 1+ January 2005

4 |

Botanic Gardens Conservation International Ouaneny Newsletter

e How good is the data? (Paton 2009)

e The Global Biodiversity Information
Facility (below) has freely available |
information on species distribution /

2004 Red List of Threatened
Species released

The World Conservation Uy UCN And an overview Daper on the

Giobad -(n n\r\ Ssossmart and the 2004 contribution of e SSC Part

Red List of Throatonad S(J(- 05 W0 Corgervation Programme 1o the Gicbad
rolaased at the Jed Workd Cormenvat Strategy for Plant Consarvaon
Congress, which .,.qu.a.- Thatand

guring November 2004, The most With the Glctal Strategy for Plant
COMPahenNaive ovduation ever Conservation 2010 targets in ming, the
undertaken of the status (»1 ™e world's FPlant Programeme moeting has

DeOGversty nciuded the Ir
Sssessmects for contiers and cycads. ofciency of Red Uisting. Development
For hase groups, 25% and !A. % of S
SPOCHS NIDeCtvely
e CONSGored Under
treeat 0-'!|‘||4_"
11,000 plants
ovaluated over 8,000
&0 &t k. However,
with loss than 3% of
T worid's Sescribed
plant species having
Doon evaluated, much
AN 50 Do Sone

The IUCN Red Lists are based on
ASManon COlChnd Ly the maerters of
o Speces Survival Commission (550
The plant work of he S5C was given
focus at the meeting through
presontations by the Galapagos Plant
Soecialat Group, ™o MedGinal Plat
Speciaiet Group, Plantife Intermatonal

In this isswe: Cuttr
Ewrope’s first Wolami Pine  Af

TRENDS in Plant Science

Wednesday, 13 February 2013



Qe

i

IUCN RED LIST categories IUCN

from lecture 5/16 o TG The World Conservation Union

Extinct {(EX)

Extinct in the Wild (EW)

Critically Endangered (CR)

(Adequate data) (Threatened)

Endangered (EN)

Vulnerable (VU)

(Evaluated) Near Threatened (NT)

Least Concern (L.C)

Data Deficient (DD)

Not Evaluated (NE)
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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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JUCN Red List Categories 2 IUCN

The World Conservation Union

IUCN RED LIST CATEGORIES post 1994
adapted from Walter & Gillett (1998) & PLANT TALK 26 p34 (Oct 2001)

03/01/2006 12:04

Adequate
data

Extinct (EX) — applied where there is no reasonable doubt that the last individual has died. The time required since the last
sighting is proportional to the life cycle of the species.

Threatened

Extinct in the Wild (EW) — applied when the species is only known to be present in cultivation or as a naturalised
population well outside its past range.

Critically Endangered (CR) — applied when a species is facing an extremely high risk of extinction in the wild in the
immediate future.

Evaluated

Monitoring

(See criteria)

Endangered (EN) — applied to a species that is facing a very high risk of extinction in the wild in the near future as defined
by the criteria

Vulnerable (VU) — this is applied to a species if there is a high risk of extinction in the wild in the medium term future

Near threatened (NT) — applied to species close to vulnerable

Lower Risk (LR)- this is applied | Conservation dependent (CD) — applied to a species that is currently the subject of a

when the species does not qualify | SRP and if that SRP stopped the species would qualify for a threatened category
in any of the levels of threatened within 5 years

Least concern (LC) — applied if none of the above is appropriate

Data deficient (DD) — applied to a well studied species where there is insufficient data to make an assessment or where
many years have passed since data was collected

Not evaluated (NE) — this is applied when no attempt has been made to assess the species. This is where you would put a
species that is so common that monitoring is a very low priority

The criteria: In order to place a species in one of the 3 threatened categories the
conservation worker evaluates that species against these categories all of which
have quantitative values for each level of threatened-ness.

Only one criterion has to be met for a species to be classified as threatened.

Declining population

Small distribution plus decline or fluctuation

Small population plus decline

Very small or restricted population

= 20w >

Quantitative analysis (QA)
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Criteria for endangered & vulnerable species gf,gg

THE 0N D st

CF Tl S s

JUCN

The World Conservation Union

THE CRITERIA FOR CRITICALLY ENDANGERED, ENDANGERED & VULNERABLE SPECIES

summarised from Walter & Gillett (1998) — see the original for more detail

CRITERIA

CATEGORY A B C D E

An observed reduction of Extent of occurrence Population fewer than 250 Population fewer than 50 QA showing that the

>80% in the past 10 years <100km” or area of mature individuals & mature individuals probability of extinction is
CRITICALLY or 3 generations™® or a occupancy <10km? plus decline of >25% (in 3 years >50% in 10 years or 3
ENDANGERED predicted reduction of the one-site only or or one generation*) or very generations*

same size in the next ten fragmentation, decline & fragmented distribution or

years or 3 generations™ fluctuations all in one place

An observed reduction of Extent of occurrence Population fewer than 2,500 | Population fewer than 250 QA showing that the

>50% in the past 10 years <5000km” or area of mature individuals & mature individuals probability of extinction is
ENDANGERED or 3 generations™ or a occupancy <500km? plus decline of >20% (in 3 years >10% in 100 years

predicted reduction of the one-site only or or one generation*) or very

same size in the next ten fragmentation, decline & fragmented distribution or

years or 3 generations™ fluctuations all in one place

An observed reduction of Extent of occurrence Population fewer than Population fewer than 1,000 | QA showing that the

>20% 1n the past 10 years <20,000km” or area of 10,000 mature individuals mature individuals robability of extinction is
VULNERABLE h* or & D o% in i

* Whichever is the longer

or 3 generations™ or a
predicted reduction of the
same size in the next ten
years or 3 generations®

occupancy <2,000km” plus
one-site only or
fragmentation, decline &
fluctuations

& decline of >10% (in 3
years or one generation*) or
very fragmented distribution
or all in one place

>10% 1n 100 years
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IUCN RED LIST categories o
LIST
from lecture 5/16 oF DA The World Conservation Union
e http://www.ramas.com/RapidList.htm
| (el F
File Edk Help
Tanonotry] Assess menll Ecclogy | DdOWSIWSI
Extent of Dccunrence [range ares, measured a5 & mrnimum convex polygon)
 lgnces " Lessthan20ked & 20t019593kné 20000 ke or more (20, 13939 keré
Arca of Occupancy  [occupied habdat. measured in Zkm x Zem gnd cells)
" lgncee C Lessthan20ked  C 20101989 kef (& 2000 ket cemees  |(2000, 1000000] kit
Number of locations
" loncee C 15 = Blo10 " mote than 10 [(6.10]
Noabor'of individual
 lgnoee & Lessthan1000 " 1000809959 ¢ 10,000 or more [[0. 393)
Population reduction [past of futee, within 10 pears of 2 generabions, whichaver iz greates)
" loncee " Less than 30% (e 30% o1 mote I[SO.'-ZO]
Continuing decline [ population s2e, subpopulations, area, or habiat qualiy)
 lonoee " No or uniikely (v Yes of lkely [trutn(1)
Extreme fluctuations [frequent, tenfold o laiger vaniation in populahon size or destnbution aea)
 lgnoee ' No or unikely " Yes or lkely [trutn(0)
Severely hagmented  [most indridusls in smal and relatively isolated subpopuations)
 lgnore " No or uniikely (v Yes or lkely [tutn(1)

Help | Calculate |Lkely$talu: Theeatened (VU/EN/CR) Ciitesia: A Blab D Saveto F.u-|

e The full assessment is too slow, so RapidList has been introduced to

reduce the categories to Extinct, Threatened, Not Threatened, and Data
Deficient

e See Schatz (2009) for more opinion & facts
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Economic pressures:
Too many people [00 Iftte land

e Top - production lands

e Bottom - wilderness
from lecture 6/16
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Economic pressures:
Too many people [00 Iftte land

LAND

Anthropogenic Transformation of the Terrestrial Biosphere

YEARS OF.
Intensive Use

@ 8000 years
5000-8000
3000-5000
2000-3000
1000-2000
500-1000
250-500
100-250
<100

Wild no wistory oF use

) Woodlands

_ Grasslands & steppe
Shrublands
Desert & tundra

Seminatural no HisToRY OF USE
Moderate use (>500 years) ,
CREDIT: ERLE ELLIS, ADAPTED FROM E. ELLIS, PROCEEDINGS OF THE ROYAL SOCIETY A, 369:1010 (2011)
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Economic pressures:
Too many people [00 Iftte land

" i

| WATER

| Growth of U.S. Dams and Reservoirs
1850 1900
1950 2000

SOURCE: JAMES P. M. SYVITSKI ET AL, PHILOSOPHICAL TRANSACTIONS OF THE ROYAL SOC f A 369, (20

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

Land Required to Displace All Gasolin
S in the United States

[T~
can Grain Ethaml m

e Algal-based biofuels will
require less land than
alternatives

¢ | ess fresh water is
required for Algae
biodiesel

Competitive advantage. Fast-growing algae yield
more fuel per hectare than other biofuel producers.
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Economic pressures:
Too many people [00 Iftte land

Atmospheric CO, Concentration vs. Human Population

Domesticating the Planet

T 380 1
s .
= 360 -
c
lo ]
& 340 -
€
S 320 A .
g . Consider that 90%
~ 300 of total mammalian
o) : bi .
o ' e oo lo . iomass is made up
7 DAY SR PRFTL S L e sl ra e 0
g o e ST A R Sl S of humans and
B 260 et i domesticated
g animals ...
g 240 - .
AT T T T T T T e T T T T T e e e e S L B —TrTrTr—TrTrTrrr T T v v 5
0 5000 3000 1000 500 B.CE 1 CE 500 1000 1500 2000

Year

B T L O e i L L L AL e mawA LEw M B LA A A B s e

The Fall of the Wild

120
100 HA‘\:\ :
2 — —=
3 ... up from
5 0.1% 10,000
= 80 - —_— . » . c '
E Marine species years ago.
R - Terrestrial species
g Freshwater species
60 -
- All vertebrate species
40 -
VACLAV SMIL, THE EARTH'S BIOSPHERE: EVOLUTION,

1 ] 1 1 | 1
1970 1975 1980 1985 1990 1995 2000 DYNAMICS, AND CHANGE. MIT PRESS (2002)
SOURCE: WORLD WIDE FUND FOR NATURE AND UNEP WORLD CONSERV. MONITORING CENTER
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Economic pressures:
Too many people [00 Iftte land

Getting More Acidic Aragonite saturation state 8 : 2 ———

CO, 280 pPM CO, 450 pPm
SOURCE: O. HOEGH-GULDBERG ET AL., SCIENCE 318, 5857 (14 DECEMBER 2007)

Deep Time, Deep Erosion: Who Erodes Land Faster?

__ 1000 -
z
E 100' Wo“oooo e _0 o k]
é o © @ 00000
g 10d .‘.......“o o *e®
§ 1.0 b e - " 2 n
= o » Human-induced erosion
™ ~ B
E 0.1 e Mean rate of erosion
2 0.01- from natural processes
c 0.
o
1000 100 10 '

Years before present (C.E. 2000)
SOURCE: BRUCE H. WILKINSON, GEOLOGY 33, 3 (MARCH 2005)
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Economic pressures: Biofuels
Nature Outlook Special 474 23 June 2011

2

&

§ Biofuel production now tops 100 billion litres per year. Different fuel types LIFE-CYCLE GREENHOUSE-GAS EMISSIONS OF CONVENTIONAL AND ADYANCED BIOFUELS

e vary in their costs, carbon emissions and impact on land use, i A
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«  GLOGAL BIOFUEL PRODUCTION 100

= -~

' m Other biodiesel T

3 100 - . — £2 60

g OECD-Europe biodesal 3 g 40

g go. M Other ethanol go = ‘

g 8 W USA ethanol -°§

g = 2 0

£ 60 Brazil ethano E& ’ :

i 3 £

£ o 40 -40

3 _60 e R T T T et
> 2522 % &1L |8
;] $53% 2|53 (5 (3 (2 |k
o m Gasoline ERET 2 2 [3|%8 |5 | |@
pr 0= - - - - - - - - - . replacement °ﬁ,§g £ % 2 |% | E 3 'é

& 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 | g Diesel 13» 2| & £12)\3|3 £

5 repiacerment | 2 ‘% s. = 3 o

4

|~ Natural gas

f COSTS OF VARIOUS BIOFUELS COMPARED T0 PETROL (GASOLINE) replacement R&D/ L pemonstration — L—— Commercial ——J
}%! 12 piot *Fatty 20C metty! esters
@

 —
L
=
s - DEMAND FOR BIOFUELS (LEFT) AND RESULTING LAND DEMAND (RIGHT)
E 08 K L S 1 1
50 . ( 'w
8 04 - i Lomr-cost scenario 25 80
. g 70
1.2 22 § &
3 P
N .., 815 § %
g 08 e — OB 30
06 B 20
HI”"OS‘ scenario - ) [0 R ————
0.4 - ZOYau 3 5 o J ] ] L 1 1] 1 ] L o 1] ] 1] 1] 1] 1] 11 1] 1
zel ot 2040 2050 2010 2020 2030 2040 2030 2010 2020 2030 2040 2050

== Biodiesel-advanced(BiL) -~ Ethanol-cellulosic Ethanol-cane
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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”

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

THE AFRICA LAG

The green revolution largely bypassed Africa, where cereal crop yields
have barely improved in 50 years.

. Western
- Europe

-----

...................................

Yield (Kg/Ha)

O ! T T ' T T T T —
1965 1970 1975 1980 1985 1990 1995 2000 2005
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Economic pressures
Rubber Plantations vann 2009)

B Yunnan provinge ¢
Xishuangbanna
peedectre

Northern Laos

e \/illages 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.

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

.. o K
‘v - & ’ 3 ‘
v I not rubber? Villagers {n Ban Nafifh)
“: Laos, are counting o rubber to pullthem ™ |
out of poverty; cleared fields in the nearby ~ v (¢ » ‘ y -
hills were being prepared for qubber plaqts. N o | Where the rubber meets the land. Morning fog hangs over a hillside cleared for rubber in Laos’s Luang Namtha Province (right).
R S RS WY Fog dissipates earlier in the day than in the past in the Golden Triangle, altering the area’s hydrology. Young rubber trees in
Xishuangbanna (left).

Wednesday, 13 February 2013



Ignorance:

Restoring forests & ecosystem services on degraded lands

Chazdon (2008) Science 320 p1458

e This is not yet a precise science

¢ I[n 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

e Passive methods (doing nothing)
can be more successful than
Intensive intervention

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

High

Biodiversity
and
ecosystem
services

Low

Q Natural

regeneration

Assisted natural
regeneration

Q Reforestation

with native trees

Commercial
reforestation/agroforestry

0 Rehabilitation

Reclamation

High

State of degradation

Low

Low

Time
and
cost

High

Fig. 1. The restoration staircase. Depending on the state of degra-
dation of an inttially forested ecosystem, a range of management
approaches can at least partially restore levels of biodiversity and
ecosystem services given adequate time (years) and finandal invest-
ment (capital, infrastructure, and labor). Outcomes of particular res-
toration approaches are (1) restoration of soil fertility for agricultural
or forestry use; (2) production of timber and nontimber forest pro-
ducts; or (3) recovery of biodiversity and ecosystem services.

Wednesday, 13 February 2013



Ignorance:

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

Habitat loss and Significant Variable

® There is a new emphasis on functional
rather than taxonomic diversity

¢ \\le know more about the affects of
species gain (invasions) than we do
about the loss of individual species

e Loss & gain are normal processes

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

land use intensification,
climate change

l

Declining population and
increased inbreeding;
entering “extinction
vortex”; red list notation

l

Increasing rarity;
collapse of interactions
with associated biota

l

Occasionally observed,;

contribution to ecosystem
functioning marginalized

1

Final extinction; no further
effect on community or
ecosystem processes

fragmentation, harvesting,

change of change of
habitat and habitat and
community community

b o f

Becomes Remains
invasive; non-
black list invasive or
notation subordinate

N\ /

Abundance still low;
novel biotic interactions
form; evolutionary change

First introduction;
infrequently observed;
minor ecological impact

T

Human mobility, trade,
rapid climate change,
land use change

Fig. 1. The sequence of events generally associated with species loss
and gain over time, revealing conceptual parallels and differences
between the two processes.
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lgnorance:
The role of pollinators in restoration bixon 2009

® The re-establishment of pollinators in o - - S
restored habitats is not always easy.

¢ \Wind pollination is the least
problematic

e Generalised pollination syndromes
are easier to reestablish than
specialised syndromes

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

e dashed lines are where captive
breeding and assisted migration is
required
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lgnorance:
The role of pollinators in restoration bixon 2009

e Animal-based pollination services sustain reproductive potential &
genetic resilience in ecosystems

e 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

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

e plants in hotspots are more likely to have specialised pollinator
syndromes
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lgnorance:
The role of pollinators in restoration bixon 2009

e Glimate change predicts a reduction in growing seasons especially in
Mediterranean-type regions

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

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

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

e Agricultural headlands are very important here
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lgnorance:
The role of pollinators in restoration bixon 2009

¢ 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)

e (3) the foraging patterns of pollinators in relation to seed quality and
heterozygosity
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Economics: restoration seed banks - a matter of scale
Merritt & Dixon (2011) Science 332 p424

* The Gondwana Link project aims to restore 10,000s ha of former
farmland creating a corridor over 1,000 km long.

e 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.

e Few if any seed banks contain this amount of seed

« Genetic provenance + Short-term storage
* Purity assessment * Long-term storage "y + Germination enhancement

« Viability assessment :  + Germination testing |« Seed delivery
|« Pre-storage conditioning « Viability monitoring :
,> . '..' . "mtgs!ing‘Ar- ‘.\.\. R 4 -
3 - ‘\ % > PR—— .b: !- :
~ T’ - . —'*:‘ S

- ) —_— AN

4 \ - = .
Integrated seed curation and research functions of a restoration seedbank.
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lgnorance: restoration seed banks - a matter of scale
Merritt & Dixon (2011) Science 332 p424

e Shortfalls in seed banks for restoration
include:

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

¢ |ack of accurate data
e inability to break dormancy
e poor storage procedures

 low seedling establishment (often <10%)

¢ insufficient stock

Dipterocarp tree seedlings. Many endangered Indonesian trees rarel)

e lack of collecting capacity when produice seeds.
required Science 330 p584 (right)
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Economics:

Non-native species Norton (2009) Science 325 p569

e Species invasions impose key biotic thresholds
limiting the success of ecological restoration
programmes. Abiotic thresholds are easier to reverse

e 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

e 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.

e Only some mammals and some plants can be
controlled. An absence of natural enemies &
iInherent adaptation to anthropogenic disturbance,
including grazing, favours these species.
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Fig. 1. Forest canopy trees such as Beilschmiedia tawa are
dependent on kereru (H. novaeseelandiae) for dispersal of their large

(>1.4 am in diameter) fruits, because other potential dispersers are
extinct or very rare. [Photos: D. Norton and A. Mcntosh]
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Economics:

Non-native species Norton (2009) Science 325 p569

e Species invasions may he 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.

Fig. 2. Seedling of the native forest tree Pittosporum
eugenioides regenerating under a canopy of the invasive
woody weed gorse (U. europaeus) that has become es-
tablished on abandoned farmland. As the gorse se-
nesces, native forest species will replace it, although
the subsequent forest composition may be different
from that which develops through a succession domi-
nated by native successional spedes. [Photo: D. Norton]
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Economics:
Non-native species Norton (2009) Science 325 p569

e 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.

Wednesday, 13 February 2013



Economics:
Non-native species In the UK Carpenter (2011) Science 332 p781

e 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

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

e 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

\ | —— - =
Y S <1
" ; D = . ."- .

BIOCONTROL

Loosing the Louse on A
Europe’s Largest Invasive Pest

Wednesday, 13 February 2013



\

\

q
W

ie

Horizon-scanning for invasive non-native plants in GB F!; N\

Sophie Thomas PlantLife (2011)
http://www.plantlife.org.uk/publications ef Emem g

e [n 2010 PlantLife published Here today Here tomorrow report with a
Rapid Risk Assessment that gave a star rating to 599 non-native
plant species

Of the 599 non-native freshwater and terrestrial plants that have already been assessed by
Plantlife and the Freshwater Biological Association (under a contract from Plantlife):

92 are given a 5-star ‘Critical’ ranking: Plantlife recommends as a matter
Q O Q Q O of priority that they are subject to the more detailed risk assessment, as
commissioned by the GB Non-Native Species Secretariat;

0 0 0 Q 55 are ranked ‘Urgent’ (4 star): Plantlife highly recommends they are subject
to the more detailed risk assessment;

72 are ranked ‘Moderate Risk’ (3 star): Plantlife recommends they are subject
to the more detailed risk assessment; and

o 380 are ranked ‘Low Risk’ (1 star): no further assessment is considered
necessary at present.

Ranks assigned to each plant are listed on pages 13-18.
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Horizon-scanning for invasive non-native plants in GB | ANV

Sophie Thomas PlantLife (2011)
http://www.plantlife.org.uk/publications

ef Esmée

Fairbairn

¢ [n 2010 PlantLife published Here today Here tomorrow report with a
Rapid Risk Assessment that gave a star rating to 599 non-native plant

species

Latin name* Common name Star rating Latin name* Common name Stas rating
GCeranium ibericum X Caucasian crare’s-bil o irts arfentalls Turkish irs OO0
] .
Platypetatum {soetes japonica o
Geranium macrarrhizum Hock crare’s-bill Q -
foetes velata <o
Glassostigma diandrum 000CO
Juncus Curly Gold Strike’ o
Glassastigma elctinoides
m— Juncus decipiens Curly-waly’ o
Gratiaks efficinalis Madge "nsSsop
Juncus ensifolius Sworcleaf rush cCC00
Grisefinda littoralis New Zealand broadlead Q o
Juncus Godstrike’ o
Gunrera tinctoria Glant-rmubasb 0000
Juncus repens Lesser creeping rush o
Gymnocaronis spiianthcides Seregal tea plant - )
Juncus xiphicides Iris-leaved nush CCO0
Hebe Brachysiphon Hooker's hebe (o]
Kerria joponica {erma
Hebe dieffentachil Dnefderbach's hebe Q )
Kripaolia wvaric 2ed-hot-poiar OO0
Hodera colohica Fersian vy 000CO
- Kniphotia x praccox Greater red-not-pokes COO0
Melianthus annuus Sunllgwer o
Lagarasiphon major Cutly waterwesd CCCo0
Helleborus argutifolius Corsican mellebore o
) Lagarosiphon muscoldes SOG00
Helletorus orientals Lenten-rose o
Lagenanda owla Malayan sword o]
Hemiagnthus coldtricholdes Fearl grass )
) ) , - Lagenandra thwaltesil o
MHenionthus micranthernaides NUtaTs mudliowes (o]
— Larniastum paleobdoion subsp.  Varegated yellow archanges OCCO00
Hemigrophts colarata Furple waffle S argeratum
Hemigrophis exalica ) Lavrus nobilis e OCCC0
Heteranthera bettninckiana o Lovanduiag angustifolia x latifolia  Garden Lavender o
Heterarthvera duldo BufTalo grass o Lémrang minuta Least duCowesd oCCO
Heteranthera rostenfolic Stargrass S Ligustrum ovaltfolium Garden privet o000
Heachera sarguineg Coralbels o} Lilaeopsis brosifensis Brazilian microsword o
Holodiscus discolor Dcoarspray S Lilceopsis maouritiana o
Mottenda inflata Featheriod (o) Lileenpsis novae-zefancioe o
Houttugynda cordata Lard ta QOO0O0 Limnobium lgevigatum Amazcn froghit o
Abhcavlaoholdos Aivo nalon o N W [aTata e o Al canin 20 Avwrnain ven o vrivrnal won NN
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Horizon-scanning for invasive non-native plants in GB ?&a.

http://www.plantlife.org.uk/publications €F Esmée

Fairbairn

Question Maximum score
Q1. What is its rate of spread in the UK?

Q2. To what climate is the plant suited?

Q3. Is it an environmental weed in natural and valued habitats/designated sites?

Q4. Has the plant become naturalised where grown (globally)?

Q5. Does the plant have a history of repeated cultivation (and associated introductions) in the UK?
Q6. Is the plant naturalised beyond its native range?

Q7. Is it a congeneric weed?

Q8. Is it unpalatable to grazing animals (including for reasons of toxicity/spines/thoms)?

Q9. Can it tolerate a wide range of soil conditions (within the aquatic or terrestrial system)?

Q10. Does it have a climbing or smothering growth habit, and/or form dense thickets?

Q11. Does/can it produce viable seed in the UK?

Q12. Does/can it reproduce by vegetative fragmentation?

Q13. What is its minimum generative time (years)?

Q14. Are propagules (likely to be) dispersed unintentionally (plants growing in heavily trafficked areas)?
Q15. Are propagules (likely to be) dispersed intentionally by people?

Q16. Are propagules (likely to be) dispersed as a produce contaminant?

Q17. Are propagules adapted to wind dispersal?

Q18. Are propagules water dispersed?

Q19. Are propagules bird/other animal dispersed?

Q20. Does the plant have prolific seed production?

o

Q21. Is there evidence that a persistent propagule bank is formed (at least 1 year)?
Q22. Does it tolerate or benefit from mutilation/cultivation/herbicides?

o | | | | | | e N == =N INININ] W
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Horizon-scanning for invasive non-native plants in GB w&anﬁ
Sophie Thomas PlantLife (2011)

http://www.plantlife.org.uk/publications ©F Esmee g

1

20 key
Sites In Peril

¢ In 2010 PlantLife published Here
today Here tomorrow report which
identified not only problem species and
sites at particular risk

by pollution, that problem plants

are able to grow 5o proléfically

at a site. The eutsophication of a

pond containing brown galingale

on Staines Moor SSSI (Surrey)

has facilitated the dense growth

of a number of invasive plants, []
including New Zealand pigmyweed

and pamot's-feather, which now
dominate large sections of the pond.

7

13

Threat status of plants in Britaln sslng international IUCN criteria
Critically Endangered - conddesed 1o Be facing an extremely Noh righ of ex2inction in the wild
Endangered - congidennd %5 De facing & very high ritk of extinction In the wid
Vuinerable - considesed 1o be facing & Ngh risk of exinction in the wid
Near Theeatened - close 1o qualifjing for or Is hely 10 qualidy for & Dreatened categony
(Wilrerabied Endangerad Criticaly Endangered In the near Mture
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Economics: Embracing invasives in the Galapagos
Vince (2011) Science 331 p1383

e 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.

e 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 stabhilise soil,
reduce water run off and create shade

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

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

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

Political targets & Biological needs

e 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.

e 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%
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lgnorance:
Butchart et al (20°

Political targets & Biological results

0) Science 328 p1164

Table 2. Examples of successes and positive trends relevant to the 2010 target (5).

Indicator

Successes and positive trends

Living Planet Index of Palearctic

vertebrate populations
Waterbird populations in

North America and Europe
Species downlisted on the

IUCN Red List

Wild Bird Index and Red List
Index for species listed on the
European Union Birds Directive

Extinctions prevented

Water Quality Index in Asia

Deforestation in
Amazonian Brazil

National biodiversity strategies
and action plans (NBSAPs)
Protected areas (PAs)

Invasive alien species (IAS)
policy, eradication, and control

Official development
assistance for biodiversity

State
Increased by 43% since 1970 (e.g., Eurasian beaver and common buzzard)

Increased by 44% since 1980 owing to wetland protection and sustainable management
(but populations remain below historic levels).

Species qualifying for downlisting to lower categories of extinction risk owing to successful
conservation action include 33 birds since 1988 (e.g., Lear’s macaw), 25 mammals since
1996 (e.g., European bison), and 5 amphibians since 1980 (e.g., Mallorcan midwife toad).

Annex 1-listed species’ population trends have improved in EU countries (27) and
extinction risk reduced (RLI increased 0.46% during 1994-2004) owing to designation of
Special Protected Areas and implementation of Species Action Plans under the directive
(e.g., white-tailed eagle).

At least 16 bird species extinctions were prevented by conservation actions during 1994-2004,
e.g., black stilt (28).

Improved by 7.4% since 1970.

Pressures

Slowed from 2.8 million ha in 2003-2004 to 1.3 million ha in 2007-2008, but it is uncertain
to what extent this was driven by improved enforcement of legislation versus reduced
demand owing to economic slowdown.

Responses

87% of countries have now developed NBSAPs and therefore have outlined coherent plans
for tackling biodiversity loss at the national scale.

Nearly 133,000 PAs designated, now covering 25.8 million km?: 12% of the terrestrial
surface (but only 0.5% of oceans and 5.9% of territorial seas), e.g., Juruena National Park,
Brazil, designated in 2006, covering 19,700 km? of Amazon/cerrado habitat.

82% of eligible countries have signed international agreements relevant to preventing the
spread and promoting the control/eradication of IAS. Successful eradications/control of 1AS
include pigs on Clipperton Atoll, France (benefiting seabirds and land crabs), cats, goats and
sheep on Natividad, Mexico (benefiting black-vented shearwater), and red fox in southwest
Australia (benefiting western brush wallaby).

Increased to at least US$3.13 billion in 2007.
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lgnorance:

Butchart et al (207

Political targets & Biological results
0) Science 328 p1164
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lgnorance:
Butchart et al (20°

Political targets & Biological needs

0) Science 328 p1164

e \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,

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

¢ (3) incorporation
making

of the economic value of biodiversity into decision

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

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

reSponses
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Setting global biodiversity conservation priorities
Brooks et al. (2006) Science 313 p58

e However, which ever measure you use, the same areas come out as
priorities: Mediterranean-type regions & the tropics

» W ' o, CAR ' R A

oA G C e

CE ! ; \é: . g R &2 7 L
' \‘ 4 b \* \/ / L ?"/ 4 / L';,""

4o e
cPD ¢, :
l‘ \/' £
\
%
HBWA ‘ . -

Fig. 2. Maps of the nine global biodiversity conservation priority templates:  megadiversity countries (13); G200, global 200 ecoregions [(16), updated by
CE, crisis ecoregions (21); BH, biodiversity hot spots [(11), updated by (39)];  (54)]; HBWA, high-biodiversity wilderness areas (14); FF, frontier forests (19);
EBA, endemic bird areas (15); CPD, centers of plant diversity (12); MC, LW, last of the wild (20).
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lgnorance:
the affects of climate change on biology

e Climate Change predictions are still controversial (Hegerl & Russon
(2011) Science 334 p1360) (below)

e \/ital details of global warming are eluding forecasters (Kerr (2011)
Science 334 p173)

e Usahle knowledge is in short supply (Kerr (2011) Science 334 p1052)
All data —_—)— 5 t0 95% range

LGM-based g Nonprobabnhstnf range
) Best-quess/median value

estimates from Land data only

Schmittner ««+ Structural model uncertainty
et al. (1)
Ocean data only e ©
Holden et al. (8) QO
Previous Kohler et al. (9) O
LGM-based
s Schneider von Deimling
et al. (10)
Annan et al. (11) B o P
| | | | |
0 1 2 3 4 5 6

Equilibrium climate sensitivity (°C)
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Ignorance: Beyond predictions: biodiversity conservation in a
changing climate - assessing vulnerability
Dawson et al. (2011) Science 332 p53

* \When there is change species have three “options”

Toleration Habitat shift Migration Extinction

Rangifer tarandus loceros giganteus
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Ignorance: Beyond predictions: biodiversity conservation in a
changing climate - assessing vulnerability
Dawson et al. (2011) Science 332 p53

* A new integrated assessment approach is required mixing past &
present realities with models & experiments

Empirical and
observational

Mechanistic <

\

Paleoecological records

- iek
’b

PYS . 8

\

Y

Ecophysiological models

Direct observations

Integrated science of
climate-change

biodiversity assessment

Experimental manipulations

Climate-envelope models
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Ignorance: Beyond predictions: biodiversity conservation in a
changing climate - assessing vulnerability
Dawson et al. (2011) Science 332 p53

 Vulnerability assessments enable us to look into the future using
Exposure, Sensitivity, and Adaptive Capacity as contributory factors

Vulnerability is the extent to which a species or population is threatened with decline, reduced fitness,
genetic loss, or extinction owing to climate change. Vulnerability has three components: exposure (which
is positively related to vulnerability), sensitivity (positively related), and adaptive capacity (negatively
related).

Exposure refers to the extent of climate change likely to be experienced by a species or locale. Exposure
depends on the rate and magnitude of climate change (temperature, precipitation, sea level rise, flood
frequency, and other hazards) in habitats and regions occupied by the species. Most assessments of future
exposure to climate change are based on scenario projections from GCMs often downscaled with regional
models and applied in niche models.

Sensitivity is the degree to which the survival, persistence, fitness, performance, or regeneration of a
species or population is dependent on the prevailing climate, particularly on climate variables that are
likely to undergo change in the near future. More sensitive species are likely to show greater reductions in
survival or fecundity with smaller changes to climate variables. Sensitivity depends on a variety of factors,
including ecophysiology, life history, and microhabitat preferences. These can be assessed by empirical,
observational, and modeling studies.

Adaptive capacity refers to the capacity of a species or constituent populations to cope with climate
change by persisting in situ, by shifting to more suitable local microhabitats, or by migrating to more
suitable regions. Adaptive capacity depends on a variety of intrinsic factors, including phenotypic
plasticity, genetic diversity, evolutionary rates, life history traits, and dispersal and colonization ability.
Like sensitivity, these can be assessed by empirical, observational, and modeling studies.
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Ignorance: Beyond predictions: biodiversity conservation in a
changing climate - assessing vulnerability
Dawson et al. (2011) Science 332 p53

e The relative balance of Exposure, Sensitivity, and Adaptive Gapacity will
determine the appropriate response

Vuinerability

high
Preparedness Intensive
intervention

High -€——— Adaptive capacity -€——_ow
Low =3 Sensitivity —>High

Low-intensity
intervention

Low High
Exposure to climate change and barriers to dispersal
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lgnorance:
the affects of climate change on biology

e The conservation status of not only species should be assess but the
conservation status of “climate space” Ohlemuler (2011) Science 334 p613

e 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)

N Time period 1 R Time period 2
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/ \ AT -
/ \ .. Disappearing
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lgnorance:
the affects of climate change on biology

® The effects of climate change on
biodiversity will depend on the climate A Past climate-change velocity
displacement rate (or climate-change '
velocity) and how this changes a species
ability to migrate (Sandel et al (2011)
Science 334 p660)

e Historically, regions with high velocity e kb B i e
change have no small ranged g,.l( A ) %%
amphibians, mammals & birds. o I A Dy v

D Bird endemism E Past vs. future velocnty
® There Is a link between dispersal ability o P a8
and extinction risk due to climate change gl & ¥ 3 ‘ ?

e | ow-velocity areas are essential refuges
for small-ranged species
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lgnorance:

the affects of climate change on biology

® >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)

e 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)

e 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)

UNDER ATTACK

Climate change may increase the
frequency of intense fires similar to the
historic 1988 blaze (above) and may
promote destruction of the trees by
mountain pine beetles (bottom), which
flourish in rising temperatures (graph).

-15 1 7.
Annual minimum temperature and survival

rates of mountain pine beetles for the
Togwotee Pass, Wyoming.
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lgnorance:
the affects of climate change on biology

e 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)

a Temperature trends b Temperature niche € Plant community
separation composition
A A o)
100 O O O\ Complete

LER ittty ’m""""""' N o recovery
. - CrT é (o)
£ == Possible FrTs b =
_ g x
o £ E : :
< -7 I T N S - ) Partial
5 = B recovery
o 25
E ]
. $

T — D - ) ) R V) Absence

' of recovery
> 9000000000
Start of climate Time
warming Species
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lgnorance:
Climate Change & Genetics

e \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)

e [t 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 hank 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)
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Ignorance
LOSS of knowledge Wu & Petriello (2011) Science 331 p30

e GSPC target 13 - to maintain indigenous & local knowledge
associlated with plant resources to support sustainable livelihoods,
food security & health care

¢ This was the target that was most comprehensively missed

e Successful, long-term conservation requires local knowledge and
collaboration
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Ignorance
Lack of coordination across the World

e GSPC target 16 - to establish or strengthen institutions, networks &
partnerships for plant conservation

e NutNet has 68 sites in 12 countries ooking at how a variety of
grasslands respond to global change (Stokstad (2011) Science 334
0308

* Observational ”
only
* Experimental

Diversity. NutNet sites include 1747 plant taxa in many ecosystems, such as (see photos, left
to right) subalpine grassland, alpine meadow, desert, pasture, sagebrush steppe, and savanna.
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Ignorance & finance: \Which regions and €D crovron
. . ] ] EARTH OBSERVATIONS
species are threatened with extinction?

CORE OF THE BIODIVERSITY OBSERVATION NETWORK

“cuercn M roruron S conuunr [ “ecosr

e Towards a Global

Biodiversity s ocaton, Bodiersy
. Polygonor b I.oca‘ion &) Oxe &)  FPolygon indicators
Observing System rtsers gy s -
Abundance Attributes ps
(Scholes et al. 2008) e , s 6 oty ares
. ﬁ @ Conservation
* The GEO BON (right) ~ =08 BN BES m y B
hopes to bring o ?;‘Z:.‘T.‘:;, - 3
together the many e t
and various sources mﬂm | GENE i e
. . Species Species Product sgnsed
of biological s g o [l "
information. Cassc e
® There appears to be v e

both too much t R B S

] f - d

In ormatlon an too Integrated biodiversity observation system. The core data types, observation products, and end uses of an integrated bi
diversity observation system are shown. Most of the elements already exist, but are incomplete or dispersed among a wide ran

Ilttle Informatlon of partners. The proposed implementation strategy involves linking them by using data-sharing protocols, followed by increment:
needs-led, and opportunistic growth. GIS, geographic information systems.
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Finance
How much does the monitoring cost”

* Scholes et al (2008 Science 321 p1044)
calculated it would cost between $309M g
& $772M per annum to survey the World AN o gl

e 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

A pilot project in Tanzania using highly targeted on-the-ground sampling.

e www.teamnetwork.org
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Finance:
How much does the protection cost & who pays?

v

CONSERVATION BIOLOG‘Y’.,:.;
The Fight for Yasuni
A group of scientists i§ on the verge of winning its battle to protect an Ecuadorian forest
containing record biodiversity—but will the world pay to seal the innovative deal?
' i = |
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Finance:
How much does the protection cost & who pays?

e The Heart of Borneo Park in Borneo has been protected
when Norway pledged S$S1B in return for a 2-year
moratorium on new logging permits. WWF & Nature
Conservancy have also given $2M in a debt-for-nature
arrangement.

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

Yasuni National Park

mega-diversity -l OF
e Unfortunately there is the ITT oil field, the second largest
in Ecuador worth $7,200M, under the Yasuni NP.
] Make a deal. If paid billions of
e President Rafael Correa of Ecuador offered to accept dollars, Ecuador will prevent ol

exploration in Yasuni.

$3,600M in exchange for not issuing oil extraction
concessions.

e A first instalment of $100M was needed by the end of
2011 - no decision has been made yet
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Innovative finance
Genes for schools & greenhouses (Jones 2011 Nature 476 p19)

e \aleria 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

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

SOURCE OF LIFE

The Cuatro Ciénegas reserve is a rich ecosystem,
with many natural springs.

.Hermoslllo
: -
Monterrey

MEXICDO Gulf of

Mexico

L]
La Paz

Porilt
. eninsui
North Mexico City

Pacific Oaxaca
Ocean

Groundwater loss threatens the coral-like formations of stromatolites in the Cuatro Ciénegas basin.
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A few, final, general thoughts ...
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Ecological Restoration n the ignt of Ecological History
Jackson & Hobbs (2009) Science 325 p567

e “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

e For many parts of Europe, Asia, & Africa, undisturbed landscapes
are too remote in time to provide restoration targets
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Ecological Restoration n the ignt of Ecological History
Jackson & Hobbs (2009) Science 325 p567

e 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
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Ecological Restoration n the ignt of Ecological History
Jackson & Hobbs (2009) Science 325 p567

e Ecological restoration should be set free from the shackles of objectively
identifiable natural states for ecosystems & locations.

e 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

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

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

e If ecological restorations are not species specific then specific species
conservation should always be ex situ as well as in situ
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Home, home, outside the range: moving species
Stone (2010) Science 329 p1592

e |[f we accept the idea of novel communities the Assisted Golonisation
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”

Forlorn. Found only on a single hill in
rugged Guangxi Province (left), Geodo-
rum eulophioides may be a candidate for
assisted colonization.

Clinging to life. Orchid researcher Hong,Liu says 4 48
that as southwest China warms, assisted coloniza-
tion may be “unavoidable” for some species.
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Assisted colonisation & rapid climate change
Hoegh-Guldberg (2008) Science 321 p345

o |[f we accept the idea of assisted colonisation the we need to assess the
risks and benefits before we proceed

Decisions Options

o Is there a high risk of decline or

extinction under climate change?

Decision framework for assessing possible species translocation. Assessing the feasibility of whether or not
to attempt the movement of a species to prevent its extinction or ecosystem collapse.
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Biodiversity conservation: beyond 2010
(Rands et al 2010)

e As the perceived benefits

. . : . Response
derived from biodiversity fall so P \
does the response from people
: Pressure
to reverse the decline. Decelerating
increase
* In the past 40 years the rate of 1970 2010 V4
. . . . eady
Increase In interest In increase
conservation has declined but o e
the pressure on biodiversity has e
increased and it’s state has Benems/
deC“ned. Steady
decline

e The decline in the state of Acoserin - =
biodiversity reduces so does decline
1870 2010

the perceived benefits

Fig. 3. The feedback loop between responses to biodiversity loss, the pressures on bicdiversity, the state
of biodiversity, and the benefits it provides. The arrow linking benefits to responses is highlighted because

® As thﬂ pﬂrcEiVﬂd bﬂnﬂﬂts of its particular importance: Responses are put in place in relation to how far the maintenance of
. biodiversity is valued as a benefit to society and individuals. Thumbnail graphs show the overall trend in
der“’ed - & SO ONn each of these aspects over the past 4 decades [simplified from (7)]. Although responses continue to grow,

the rate of increase is slowing and not keeping pace with the steady rise in pressures. A corresponding
steady decline in state is linked to a steady or possibly accelerating decline in benefits.
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Biodiversity conservation: beyond 2010
(Rands et al 2010)

Table 1. The three different tiers within which
responses to biodiversity loss are typically located.

* There are three, equally important Each tier is equally important, but experience
suggests that the crucial element that is missing

stages or tiers that must be in place  from many current initiatives is the middle tier. It is

for conservation to work important to ensure that appropriate institutions
and governance structures exist to enable the

effective use of targeted instrumental interventions

* Despite more knowledge being to address biodiversity loss. [Adapted from (80)]

needed it is social behaviour and

. - Tier 1: * Knowledge about
practical infrastructures that are Foundational social and biological
lacking to deliver the desired dimensions of biological
outcomes. loss

Tier 2: * |nstitutions/

e | egislation & technology are not Enabling governance
lackin * Social/behavioral
9 patterns

Tier 3: * Legislation
Instrumental * Markets/incentives
* Technology
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Plant species richness & ecosystem multi-functionality
Midgley (2012) & Maestre et al. (2012) Science 335 p174 & p214

® Previous experiments have suggested that biodiversity enhances the
abllity of ecosystems to maintain multiple functions such as carbon
storage, productivity & the build-up of nutrient pools

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

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

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

e Species richness is always a predictor variable
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Plant species richness & ecosystem multi-functionality
Midgley (2012) & Maestre et al. (2012) Science 335 p174 & p214

* Red = plant species richness

e (Green = abiotic variables (sand content
of soil & slope) 08

e Blue = climatic variables
o = geographical variables (elevation, £ .
latitude, longitude, & elevation) »

g

: : G E

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

e B = carbon cycling

“o |

=

SR SL SA C1 C2 C3 C4 EL

O

SR SL SA C1 C2 C3 C4 EL

Independent variable

Fig. 2. Relative importance of perennial plant species richness (red column) and other predictor variables
in models of ecosystem multifunctionality (A) and C (B), N (C), and P (D) cycling. The height of each bar is
the sum of the Akaike weights of all models that included the predictor of interest, taking into account the

number of models in which each predictor appears. Variable abbreviations are as in Table 1.

e C = nitrogen cycling

e D = phosphorous cycling

Wednesday, 13 February 2013



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

e Biodiversity needs species because plant biodiversity is crucial to buffer
negative effects of climate change and desertification in drylands

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

Secondary production

Carbon sequestration
* Carbon cycling
> Nutrient cycling
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Remember It is not too late: \\/VT Q‘@/

There are still wildernesses out there N\ 73

Umted Nations

e UN 2000 Millennium Ecosystem Assessment

EQUATOR

..
Land degradation g
in drylands ; B
Deforestation hot spots A «-. "M:" o :ﬁ‘}“ i | > ; 5‘ \
B Net loss of forest % '1;3 k\ K 5 "1y
| Current forest cover " - 7
B Net gain of forest "j‘ 4f

Source: Millennium Ecosystem Assessment
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