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1 INTRODUCTION

1.1 Background

The recently released Stern Review on the Econoafi@imate Change (Stern 2007)
concluded that it makes economic sense to investitigating greenhouse emissions
to avoid the worst effects of climate change rattiemn face the consequences of
failing to do so. This proved highly influential ipersuading politicians and
economists of the need to act on climate change now

The G8 decided in March 2007 to initiate an analsgtReview on the economics of
biodiversity loss”, in the so called Potsdam Iritie: 'In a global study we will initiate

the process of analysing the global economic bepétiological diversity, the costs

of the loss of biodiversity and the failure to tgketective measures versus the costs
of effective conservation.This proposal was endorsed by G8+5 leaders at the
Heiligendamm Summit 6-8 June 2007.”

This study consists of two phases:

- Phase 1 is a preparatory stage including severdiest to be ready for the CBD
COP9 (Conference of the Parties to the ConventioBiological Diversity) in
May.

- Phase 2 is the consolidation stage that will predhe full Review, to be ready
in October 2009.

The study is being supported by the European Cosionis(together with the
European Environmental Agency and in cooperatioth Whe German Government),
notably through contracted studies such as theepteme. Leading economist Pavan
Sukhdev as been appointed as an independent Rimader for Phase 2.

1.2 This Scoping the Science project

“The Economics of Ecosystems and Biodiversity: Sogpthe Science” project
(henceforth, the Scoping the Science project) is oh several Phase 1 projects,
running from 14/12/2007 to 30/4/2008. Accordindhe invitation to tender:

“The objective of the current study is to provideaherent overview of existing
scientific knowledge upon which to base the ecoc®mwii the Review, and to propose
a coherent global programme of scientific work,Hofiir Phase 2 (consolidation) and
to enable more robust future iterations of the Revbeyond 2010
The specific tasks to be carried out in the contéxhe project are:

1. Elaborating the conceptual framework for the Reyiew

2. Establishing a working relationships with researcfetworks and
programmes;

3. Reviewing existing ecological knowledge neededawycout the Review;
4. Identifying critical gaps in knowledge;



5. Presenting key findings;

6. Elaborating a proposal for a 1-2 year programmevofk to provide case
studies;

7. Elaborating a proposal for a 2-3 year programmeak to fill critical gaps;

8. Building an inventory of relevant research networksogrammes and
projects; and

9. Providing an inventory of internet resources.

The outputs of this Scoping the Science projectl wiovide background and
recommendations for Phase 2, when the approach tollbwed in the Review will be
defined in detall.

1.3 This report

This report presents the final results and recondagons from the Scoping the
Science project.

The Conceptual Framework for the Review on the Botos of Ecosystems and
Biodiversity (Task 1) is detailed in Section 2. Blt¢that this has a significantly broader
scope than the remaining tasks in this project. Thaceptual framework was
developed for the whole Review, covering the fuitegration of ecological and
economic sciences. This task was led by the Unityess Cambridge.

The bulk of this report covers the most substanéisk of the project, of providing a

coherent overview of existing scientific knowled@€ask 3). Given the specific

mandate that such review should provide an adedpaais for the economic valuation,
we ensured that the definition of the review thesescted was appropriately defined
for this aim. Section 3 presents the conceptuakdracind and justification for the

selection of the set of themes that form the ba$ishe review of the ecological

knowledge. Section 4 presents the results of tam#tic reviews. Gaps in knowledge
(Task 4) and key findings (Task 5) are discussethanreport for each theme. An
extensive network of experts was created in thigeve (Task 2). This work was led by

the University of Cambridge, with the support of ERRWCMC.

A synthesis of the recommended priorities for PHagEask 6) as well as in the longer
term (Task 7) is presented in Section 4.19. Thik t@as led by the University of
Cambridge, with the support of UNEP-WCMC.

The project also built an inventory of relevante@sh networks, programmes and
projects (Task 8), with the aim of expanding thiatienships with these in the future
(Task 2). To support this exercise, a review of ibeent literature (i.e. publications
post the 2005 Millennium Ecosystem Assessment) irgalith economics of
biodiversity loss was conducted (Section 5; with list of identified publications and
networks presented in



Annex 4 and in Annex 5). This work was led by Aleerand the Wageningen
University.

Finally, the project also provides a review of keternet resources on biodiversity and
ecosystem services (Task 9). This task was leadNlgP-WCMC and its outcomes
can be found in Annex 6. This review was specijcébcused on web-available
material related to biodiversity research and egpl@.e. as oppose to biodiversity
economics). Thus, its outcomes largely compleméset information on research
initiatives / networks and literature on econonatgiodiversity loss above.



2 A CONCEPTUAL FRAMEWORK FOR THE REVIEW
2.1 Why we need a conceptual framework

The scope of the Review on the Economics of Ecesystand Biodiversity is
extremely ambitiousanalysing the global economic benefit of biologidadersity, the
costs of the loss of biodiversity and the failuweadke protective measures versus the
costs of effective conservatigRotsdam Initiative). The scope of the Reviewlsoa
very wide, as the benefits that we obtain from biedsity are extremely varied.
Tackling this immense task will require buildingrn the knowledge and the skills of
an extensive network of research teams with verfferént expertises and
backgrounds.

The conceptual framework is a proposed operatiooatimap for Phase 2 of the
Review on the Economics of Ecosystems and Biodiyerl presents a strategy for
partitioning the Review into well-defined and setfrtained pieces that can be tackled
by teams with the appropriate expertise. It thessents the method for linking these
pieces together in order to provide a reliable angw the Postsdam challenge.

The framework is particularly important for ensgrim smooth link between the
ecological and the economic aspects of the Review.

The Review will need to face substantial gaps invidedge and so the results will
inevitably be plagued by uncertainty. Dividing tReview into modules allows for the
identification of the areas where the main gaps drelerstanding the links between
modules will indicate how uncertainty in a partenulsubject propagates within the
review to affect its final results. This facilitatéhe identification of research priorities
for better quantifying the links between biodiversind economics.

This is a mechanistitamework, for understanding how changes in biodivg cause
changes in economic costs and benefits, ratherdinaply for analysing how changes
in biodiversity co-vary with economic changes. That is, this framework will h&lp
distinguish causality from simple correlation irethelationship between trends in
biodiversity and in economic values.

2.2 Initial considerations and assumptions
2.2.1 Valuing wild nature

The term ‘biodiversity’ is often considered to nete variability amongst organisms
(e.g., species diversity, genetic diversity). Imtle¢ghe Convention on Biological
Diversity, defines ‘Biological diversity’ astte variability among living organisms
from all sources including, inter alia, terrestrjaharine and other aquatic ecosystems
and the ecological complexes of which they are;péirs includes diversity within
species, between species and of ecosystems

However, the economic importance of wild naturesdoet rely solely on variability
(e.g. species and genetic diversity). Indeed, nudrifie benefits obtained from nature
rely much more on amoufe.g., the abundance of particular species) (Eigir



Figure 1. lllustration of the importance ofariability and ofamountfor the provisioning of
different benefits from nature. a) High variabilitpw biomass fynbos ecosystem. b) Low
variability, high biomass improved pasture. Desjigelower biomass, the fynbos ecosystem
has a higher value for the provisioning of bendfits depend on diversity, such as compounds
for the pharmaceutical industry. c) High biomassy Ivariability cod-dominated marine
system. d) Low biomass, high variability marineteys after overexploitation of cod. Despite
its lower variability, the cod-dominated system hasigher value for the provisioning of food,
a benefit that is highly sensitive to amount (biss)a

Furthermore, the provision of benefits often degend thecondition and extent of
ecosystems incorporating many species and their interast@mongst them and with
their environment. Ocean fisheries provision, fearaple, is affected by the condition
of coral reefs and mangroves.

It is therefore proposed that the Review on thenBodcs of Ecosystems and
Biodiversity should aim to address not simply tffeas of the loss in variability, but
also the effects of changes in amount, and in émeliion and extent of ecosystems.
To avoid confusion, throughout we use the expresgibd natureto refer to this
broader definition of biodiversity.

By ‘wild’ we do not mean ‘pristine’ (in which casewould apply to very few parts of
the world); we mean ‘non-domesticated’ (i.e. exalgdfor example livestock and
crops).



There are many ways in which wild nature contrisute human wellbeing. These
have frequently been called ‘ecosystem serviceatiqularly in the context of the

Millennium Ecosystem Assessment (MEA 2005). Thisntencludes both ecological

processes (e.g. nutrient cycling, water regulatpmilination) and benefits (e.g. food,

water, medicinal products). As discussed in Se@iopenefits are the end products of
these ecosystem processes, which directly affeatahuwellbeing, and which can

ultimately be evaluated economically (e.g., cleanking water). We we focus this

Review as much as possible on such benefits, bet¢hase can be directly valued. In
contrast, the value of ecological processes (pdination, water regulation) can only

be established by valuing their contribution tofetént benefits (e.g., food crops,
drinking water). However, this has not always beessible, and so throughout we
refer to benefits or (beneficial) processes asathgs in which wild nature contributes

to human wellbeing. This terminology, and how ilates to the framework of the

Millennium Ecosystem Assessment, is fully explaiime&ection 3.

2.2.2  Scope of the Review

The aim of this Review is to evaluate the econaroiesequences of biodiversity (wild
nature) loss. It does not address non-economicesalf nature, such as those
stemming from what many consider the moral righalbEpecies to exist, irrespective
of people.

Similarly, ecosystem functions (e.g., nutrient eg;l species interactions) are not
valued in their own right (or because they are irtgga for other species), but
specifically for the direct or indirect benefitethprovide to humans. For the purposes
of this Review, only changes in wild nature thavédiaconomic consequences are
considered.

Hence, the Review — being an economic analysidl-enly be able to cover a fraction
of the value of wild nature. There are limits te timeaningful valuation (in monetary
terms) of nature and its total complement of se&wiand consequent benefits to
humans (Turner 1999; Turner et al. 2003). While tmuse values can be adequately
captured with the economic calculus, controversyaies over the evaluation of so-
called non-use values (Pearce & Turner 1990). Boresanalysts, intrinsic values in
nature cannot be ‘captured’ within economic analy$earce & Moran 1994) but
much depends on the precise definition of intringtue. If the interpretation is one
involving the assignment of intrinsic values by aman to nature (or to its
components) then techniques such as contingerditi@huand choice experiments may
be able to shed light on the motivations and pesfee values involved (known as
‘existence’ value). On the other hand, if the iptetation is one in which no human
agent is involved then monetary valuation is regthty moral imperatives (often
linked to non-human species rights and/or inteyegkéorton 1992). A further
complication arises if one accepts that a certainimum provision of ‘healthy’
functioning ecosystems is essential to ensure #aisable flow of services and
benefits to avoid threshold effects and systemapsk. There is then a ‘glue value’,
‘insurance value’, or ‘infrastructure value’ boung with this (often unknown)
minimum ecosystem provision. Total ecosystem valilitherefore always be greater
than total economic value (Turner 1991).

This document does not reflect our personal coivictshared by many, that wild
nature has an intrinsic value which on its ownifiest efforts to conserve it. However,



an evaluation of the economic value of wild natigenot incompatible with this
conviction. Indeed, if the results of such evaloatare that conservation results in a
net economic gain, then that simply adds an ecom@mgument against wild nature
loss, alongside the moral argument. If the resaésthat conservation of wild nature
incurs a net economic loss, then that will prouige net size of the bill for conserving
wild nature.

Note that ‘economic’ does not mean simply monetamenue. It also includes aspects
such as changes in livelihood conditions, econostiacture, investment risk and
social aspects such as poverty, inequality in a;@sl benefit sharing.

2.2.3 Valuing marginal change

This Review is not about the economic value of wakdure as a whole. In one sense,
that calculation is trivial: biodiversity has arfiimte value because no human life is
possible without it (Toman 1998). This Review isstead about the economic
consequences ofraarginalloss of wild nature, which are substantially lovlean the
total stock of nature. Indeed, even within the entrbiodiversity crisis we are
(fortunately) very far from erasing all life andetlibenefits we derive from it. Even
substantial transformations in natural habitats masult in only relatively small
changes in the provision of some benefits (e.g.ewaggulation benefits can be
retained in the absence of forest cover throughagpate soil conservation practices;
Bruijnzeel 2004) and in some cases changes inndtdre may actually improve the
provision of benefits (e.g. it is possible thatdvineat production is higher in some
secondary habitats than in primary forest; Robir&d@ennett 2004).

It is also fundamental to understand that for sdr@eefits the value of nature is to
contributeto the provision of a benefit, rather than to pdevthe entire benefit. For
example, a degree of water purification would tpleee even in the absence of life, as
water can be filtered by passing through soil aukrIt would therefore be incorrect
to attribute the value of all water purification anwatershed to its natural vegetation.
What is relevant for the purposes of this Reviewhesadded(again, marginal) value
of natural vegetation to water purification.

The concept of marginality is key for making ecdsgs service research policy
relevant because it is at the margin that poliay economic decisions operate (Turner
et al. 1998). Indeed, it would not be useful, feample, to calculate the total value of
the global forests as a tool for informing pradticaest policy (Bockstael et al. 2000;
Fisher et alin pressb). Having said this, the term ‘marginal’ is usyalised in the
economics literature to refer to a very small cleanidere we refer to changes that
while small in relative terms (compared with thdl &tock of wild nature) may be
guite substantial in absolute terms (e.g., thousarichectares of change in land use).
This creates substantial challenges to economigatiah, particularly if the system
function is subject to abrupt, non-linear changes$unction (e.g. by ‘flipping’ from
one equilibrium state to another). Incorporatingrgieality in ecosystem service
evaluation requires therefore a good understandiirige drivers and pressures on the
systems under study, as well as of how the systechanging or might change from
its current state into a different state under diqdar policy action (Fisher et ah
pressb). Here, we use the term ‘marginal’ to refer tamges that a single policy level
can foresee. Hence, the valuation of marginal chsiigyanchored into specific ‘states



of the world’ generated from counterfactual scavsawhere a specific policy action is
either adopted or not (see below, and Section 2.3).

The overall economic consequences of a marginaldbsvild nature can be evaluated
by investigating the economic consequences of aupjt specific set of actions that
can prevent that specific level of marginal losscls evaluation requires comparing
different ‘states of the world’ — one with more daone with less wild nature.

The ‘state’ of a given area (e.g.: a 1 %piot in Europe; the entire world), is a
particular set of biotic and abiotic conditions fbat area, comprising aspects such as:
land cover, climate, human distribution, human\ato®is, and conservation actions in
place. There is a current state of the planetffardnt state existed 20 years ago, and
there will be a different state in the future.

Scenarioscan be used to conceptualise the state of theeplarthe future (e.g., by
2010 or by 2050) or what it would have been todajecisions in the past had been
different. Scenarios are the tools (e.g., modétsyknes) used to imagine states of the
world. Conversely, states of the world are the otgpf particular scenarios.

As discussed in Section 2.3.2, measuring the caresegs of a marginal change in
wild nature requires contrasting very specific esabf the world (counterfactuals), in
which everything else is equal except for the impmatation or not of a set of actions
aimed at reducing losses in wild nature. This hasadvantage that it requires being
explicit about what the conservation goals are, whdt the actions are required to
achieve those goals.

2.2.4  The need to be spatially explicit

A key characteristic of this framework is thatstgpatially explicit. We think this is
essential, for three sets of reasons:

1. The production, use and flow of benefits from wildture vary spatially, and
so it matters to human wellbeing where conservaitions are implemented.

2. A spatially-explicit framework requires stating tlassumptions being made
when extrapolating across heterogeneous landscapeslimited data.

3. A spatially explicit quantification of benefits ambsts allows makes explicit
the mismatch between winners and losers in difteseenarios, and is thus
essential for designing effective and equitablécgahterventions.

We develop these points in detail in Section 2.3.3.

2.3 The conceptual framework

The proposed conceptual framework integrates emabgnd economic knowledge to
evaluate the net socio-economic consequences wypattions for halting/reducing
wild nature loss (Figure 2). This framework is #fere a practical tool for evaluating
the effectiveness of different policy actions.

The next section details, step-by-step, how th@démaork works.
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Figure 2. A conceptual framework for evaluating the ecolagend economic consequences of policy actionbdtimg/reducing wild nature loss.



Throughout we refer to a ‘policy action’ but tharirework can be used to test packages of
policy actions, as long as adequate counterfacttiales of the world are created
accordingly.

The term ‘wild nature loss’ is used throughouteter to losses in biodiversity (both variety
and amount) and ecosystem degradation (Sectioh)2.2.

2.3.1 Defining appropriate policy actions based on thewars of loss

Biodiversity is being lost and ecosystems are bdegyaded through a
diversity of drivers, including habitat loss and gdsdation,

overexploitation, species invasions, and climatange (Baillie et al.

2004).

Drivers of
wild nature
loss

l The starting point of the framework needs to beadgunderstanding
of these drivers. This is crucial to desinging amabting effective

policy actions for reducing/halting biodiversitysk and ecosystem
degradation (losses in wild nature).

policy action to
halt/reduce
wild nature

loss For example, overexploitation is the main driver lo§ses in the

---------- - provision of marine fisheries (Pauly et al. 2008ppropriate policy
actions for reducing/halting the decline in the yison of benefits from marine
fisheries address this driver directly by regulgtiishing effort. This may include:

=" "mocccaas
‘eccccccccca?

- Regulation of the temporal distribution of fishieffort by setting fishing seasons
that minimise impacts on the fish stocks (e.g.jdiag the reproductive season).

- Regulation of the spatial distribution of fishinfjogt (e.g. creating marine protected
areas with no-take zones, banning of bottom dredgractices below 1000 m).

- Regulation of overall fishing effort, by settingliing quotas.

- Regulation of fishing targets and impacts, by definwhich fishing gear can be
used.

The first, and crucial, step in the framework is nwake explicit what the overall
conservation goal is. For example, it may be “tevpnt any additional fishing stock from
becoming depleted and to ensure the recovery la&fast 30% of currently depleted socks
by 2030”. This step is crucial because this is whers defined what specifimarginal
change in wild nature is being considered in thial@ation (see Section 2.2.3). The
economic consequences (both costs and benefitshasfges in wild nature (biodiversity
loss and ecosystem degradation) are completelyrdieied by this definition.

Having defined this goal, the next step is the fifieation of an appropriate bundle of
policy actions, explicitly enough to be costed,tthae likely to deliver the goal. For
example, these may include actions such as:

- Decommissing 80% of the tonnage in fishery X;

- Set aside 10% of region Y as reserve networks;
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- Replace current fishing gear W with new gear Z.

Naturally, the definition of what the appropriatetians are needs to be done in close
collaboration with experts in the field.

2.3.2 Defining the counterfactual states of the world

Evaluating the effectiveness of a particular pobcyion (or bundle

Worldt_A= of actions) requires comparing two hypotheticalestaf the world:
no action

(business-

- World A (business-as-usual), where the action ispub in
place.

- World B (biodiversity-friendly) where the action is
implemented.

The states of the world are obtained through apm@tgscenarios
The business-as-usual scenario generates prediction the
with 4 .plausible. state_ of the world .in thg ab_sence . of. gpecific
(biodiVeRi intervention being tested (e.g., likely situatidnttoe fishing stocks

fricl and the fishing industry by 2030 given current m&ohs in

y population growth, in demand for fish, in climateaoge, etc.). The

biodiversity-friendly scenario needs to be idertica everything
else to the business-as-usual scenario excepbbthd specific policy action being tested
(e.g. likely situation of the fishing stocks anck thshing industry by 203 the policy
actions are implementedjiven current predictions in population growth,demand for
fish, in climate change, etc.).

The scenarios (and the states of the world produoedd to have the right level of

information at the right spatial scale. For examplethe action is to implement new

protected areas, scenario A needs to state whereaaughly how large they are; if the

action is to manage fisheries appropriately, séeraneeds to spell out how that would be
done, for example by creating no-fishing zones seiting sustainable fisheries quotas. If
the scenarios do not have the necessary detayl,wilenot provide clear answers about
how plausible changes in wild nature affect thedfiénhwe derive from it, and they cannot
be costed appropriately.

While we refer throughout to ‘states of the worlthis framework can be applied to

evaluate policy actions at any scale, not just gloBor example, it may be applied to

evaluate the consequences of implementing a pkatipuotected area or a new dam. The
methods for comparing states with and without paldir interventions are well-established
in the field of Environmental Impact Assessmeninbdor example a requirement in the

EU Directive on Environmental Impact Assessment

Last, while we refer throughout to “two scenariogiany scenarios can be developed and
contrasted, although each contrast needs to beebstviwo appropriately matched
counterfactuals.

The risks of contrasting inappropriate states
It is fundamental that the scenarios are ideniicaverything else but the specific policy

action being tested. Otherwise, the economic restdinnot be directly attributed to a
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difference in the state of wild nature and therefare not a measure of the economic
consequences of biodiversity loss and ecosystemadation. For example, a comparison
between the state of the world today and a pretlistate by 2030 is not appropriate for
understanding the net economic consequences ofjekan wild nature over that period,

because many other conditions would be changingh@tsame time (e.g. population

growth, climate change, technology).

2.3.3 Quantifying and mapping how the biophysical prowsi of benefits is affected by
the policy action

quantify and map This is the focus of Task 3 in this

marine fisheries A Quantfy and map

diflerences in Scoping the Science project (Sections 3
risk to fisheries fisheries .
e \ and 4 of this report).

water provision A Guantify and map

Guantify and map differences in risk
crop pollination A

world A: g

without ,

ac on/

o eneres The first step is to define what are the
benefits or beneficial processes that will

weniyand map - e evaluated - i.e. the different ways in
vatersupy which wild nature contributes to human
—— >\ Wellbeing. These need to be defined
Taarity and mep areencesncor ) carefully  to  avoid  double-counting,
which would compromise the results and
/'C:> the credibility of the overall evaluation.
Section 3 of this report presents in detail

our proposal for a classification of the links beém nature and human wellbeing that avoid

the double-counting problem and so provides a sbasd for economic valuation.

quantify and map
marine fisheries B

quantify and map
risk to fisheries B

quantify and map

world B: /

—

&

For each particular benefit (e.g. fisheries) ordmml process (e.g. water regulation; see
Section 3) one needs to understand how its provisiaffected by the policy action (i.e.
what are the marginal benefits of the action). tdeo to do that, we need to be able to
quantify the predicted provision for each of thetes$ of the world considered. For example,
we need to predict fisheries production under esemario; these can then be compared to
understand how the policy action is likely to atfésheries.

The importance of being spatially-explicit

It is crucial that the contrast between benefitv@ion under different scenarios is done not
simply in terms of the overall global value, but aitempting to quantify and map the
spatial variation in the provision of the benefit lbeneficial process. Indeed, a key
characteristic of this framework is that it is spliy-explicit. This is essential, for three sets
of reasons:

i. The production of benefits or beneficial processes varies spgtiblecause it is
based on spatially-variable underlying ecosysteatgsses. For example, fisheries
production will depend on ocean productivity (Sewté.6), while carbon storage
(contributing to carbon regulation; Section 4.1@pends on the vegetation cover
(Figure 4). Theflow of benefits from the point of production (e.g., @pstream
forest) to the point of use (e.g., a downstreaiy) ¢g highly influenced by spatial
constraints. Theuse of these benefits is spatially heterogeneous tepending
critically on the patterns of distribution of endeus (e.g., cities, or agricultural
areas), which creates substantial spatial vartghit the value of benefits even
within areas with similar natural production andwl Finally, alternative states of
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the world capturing different political interventi® need to be spatially explicit, as
the results of such interventions depend criticallywhere they are implemented
(e.g., the location of no-take marine areas). Iatidgg all these components
(production, flow, use, and state) clearly therefoequires a spatially explicit
framework.

ii. Frequently, available information will be insufeit for the elaboration of detailed
maps of particular elements of the framework (evglue of wetlands for storm
protection). This does not render the frameworls laseful. quite the opposite.
Having to describe each element spatially requstating the assumptions being
made when extrapolating from limited data. If ag&ndata point is all that is
available, then the corresponding world map may ehav single colour.
Oversimplifications become obvious, and so are nli@ety to receive attention in
future work. Further information will help to reérthe spatial representations (e.g.,
if other data indicates that value of wetlandsdtmrm protection is likely to vary
with Gross Domestic Product/Ejn A spatially-explicit framework can always be
aggregated into coarser spatial units, for exartgplprovide values per biome, or
global values. The reverse, however, is not passibl

iii. Services often flow from their point of productitmusers elsewhere (Figure 5) — so
the benefits of their conservation may accrue fteint actors than the benefits
associated with their losgriure §. For any given action there will likely be
winners (e.g., areas where fisheries productioneames) and losers (areas where
production decreases). Information on these woudd Itst from the global
aggregated value, but is fundamental to an ap@t@peconomic valuation (as in
most cases benefit value is context-dependent)patialy-explicit approach is
therefore crucial to fully evaluate the broaderi@gloconsequences of each action in
terms of impacts on livelihoods, development goais] equity, and for designing
effective and equitable policy interventions.

Quantifying and mapping the production of bengditstesses

Obtaining global, or at least large-scale, mapthefproduction of a particular benefit (or

beneficial process) requires a good understandiagdctors that drive production. These
factors will include a mix of abiotic (e.g., clineatsoil type, topography) and biotic (e.g.

ecosystem type, species diversity) variables, al¢ agefactors that are determined by
human actions (e.g. extent of habitat). If thedatimnships are well understood, it should
be possible to generate a mathematical model #mateasonably predict benefit production
given information on the underlying factors. Suchmadel corresponds to what in

economic terms is calledpoduction functionAt this stage, however, we are interested in
modelling the biophysical production of benefits f@neficial processes) rather than their
economic value.

For example, timber production from natural forgsts area, per year, may be given as the
forested area multiplied by a functiof) ff factors such as primary productivity, forest
type, topography, etc. (Figure 3).
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timber production = forest area x f(primary productivity, forest type, tree diversity, topography, ....)

"

Figure 3. Hypothetical production function for timber form toeal forests. Green arrows
correspond to biodiversity/ecosystem inputs; redves correspond to human inputs.

Note that for many of these benefits their produciiepends not only on wild nature, but
also on abiotic (e.g. topography) and anthropogemats (e.g. forest area). The main aim
of this Scoping the Science project is to understdwe marginal (or added) value of wild
nature for the production of these benefits.

Given such a production function and appropriatephysical data (maps of primary
productivity, of forest types, of tree richnesgpdgraphy) it would be possible to create a
global surface of potential timber production fack state of the world. From one state to
the other, some key variables would change (eogest conversion), therefore resulting in
spatial differences in timber production. A contiastween these maps would then be used
to quantify, and subsequently value, the spatightian in differences in timber production
between states of the world.

The production map should be expressed in the appte physical units for measuring the
provisioning of the service in question (e.g., tofisarbon/km for carbon storage, frof
water/knfly for water provisioning, numbers of visitors/knfor recreational services).

In practice, a detailed model of a production fiorciwill seldom exist at a global scale.

However, more simplified models do exist in someesa or they can be produced from
available data. For example, a global model of wlglat production (Section 4.8) has not
been created yet, but a reasonable number of thdivistudies have calculated productivity
for different areas around the world, and we belithat a first-cut global model could be

produced in time for Phase 2 (Section 4.8). The duggstion we addressed in each of the
thematic reviews (Section 4) was how far is scienkinowledge from being able to create

such models. In a few cases, maps of benefit/psogeeduction have already been

developed (e.g. Figure 4).
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Figure 4. A preliminary map of the global distribution of cent ecosystem productivity for the
service ‘carbon storage’ (Naidoo etial press.

Mapping (potential) sustainable production, rathlean current use

For some benefits (those that involve harvestinghss fisheries, timber production, wild
meat production) there is a potential for overeitpatmn leading to depletion. In this case,
the relevant production map needs to correspond tap ofsustainableproductivity,
rather than current benefit flow. For example, whwemsidering food production from
fisheries, the relevant map is one of sustainaisleefies production, rather than one of
current catches. Indeed, the latter is likely titerd excessive fishing effort in some areas,
which over the long-run will lead to a reductionbi@nefits.

On the other hand, a map of current benefit flonuMtagnore areas where there is no
present use but which may be valuable nonenthefessexample, areas too remote to
contribute for current timber production may be sidared to hold value for future timber
(option value, Section 3.7).

Quantifying and mapping risk

Biodiversity loss and ecosystem degradation affext only the flows of services and

benefits, but also the resilience of systems. thégefore crucial to attempt to quantify the
extent to which a particular action (or the lacktsfimplementation) affects the likelihood

that each service or benefit will be compromisedoWledge on resilience and risk is even
scarcer than on benefit/process production, but netrer available is should be

incorporated in the economic valuation. In the taBenreviews (Section 4), we collated

information on the possibility of non-linearities the production of each benefit/process,
and particularly the possibility of threshold etfein which a small change in the state of
wild nature could result in a disproportionate aj@m benefit/process provisioning.

For example, there is now some information on tbeddions that trigger collapse in
marine fisheries (Section 4.6), and so it may besiixbe to obtain at least some indication
of the extent to which fisheries are at risk ofl@oe$e under each scenario. Again, whenever
possible, this information should be quantified anspatially-explicit way, even if the
mapping units are likely to be quite coarse. Faneple, it will clearly not be possible to
map risk of fisheries collapse at a fine scale,dxgert opinion could probably provide at
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least a qualitative assessment of the risk of psélafor each of the FAO major fishing
areas.

Key here is considering the sensitivity of benpfiicess productivity to likely changes in
biodiversity. It may not be vital (at this stage)know, for instance, that reducing forest
cover from 2% to 1% of the land surface will prolyakrigger a collapse in timber
productivity if the relevant difference in statef tbe world (under policy action vs.
inaction) is 25% vs. 15% forest cover.

2.3.4 Quantifying and mapping the economic value of chaggin benefits derived from
the policy action

The information on how the biophysical
quantify and map quantify and map production of each benefit/process
differences in economic value of .
Pl differences in fisheries | Changes under each scenario becomes the
basis of the economic valuation, using
appropriate tools.

Quantify and map
differences in risk
to fisheries
production

quantify and map
economic value of

differences in risk to It is beyond the remit of this project to
isheries productio discuss in detail how such valuation can be
made, but we present here some
considerations that will affect the way the
valuation is done.

quantify and map
differences in
water supply

quantify and map
economic value of
ifferences in water suppl

Different types of values
quantify and map
economic value of

quantify and map
differences in crop
pollination

Different benefits (or beneficial processes)

differences in crop : ;
pollination correspond to different types of economic

values, which affects the methods used to

CD#: TR R— quantify their economic value. For

example, benefits obtained through direct, consivapase (e.g., fisheries, wild meat,

medicinal plants) can be valued using market praiesctly or through replacement costs;
non-consumptive use benefits such as nature tow#snbe valued using travel costs; and
hedonic price methods can contribute to the eviaoaif indirect use values such as water
purification (Turner et al. 2003).

In Section 3.7 we discuss how the benefits/procepegposed for the Review relate to the
framework of Total Economic Valuation (Pearce & fierr 1990, Pearce & Moran 1994).

Importance of understanding benefit flow to theneroic valuation

Benefits often flow from their point of productidio users elsewhere (Figure 5). For
example, water purification takes place throughewtatershed, including areas that may
not be populated; the benefits from this proce$safc water) are used in downstream
populated areas such as cities and agriculturdktie

Benefit flow has a very substantial effect on véiluabecause it influences the degree of
offer and demand for each benefit. For exampleematices are determined at the regional
scale because water flows within watersheds (Fi§dde So, given similar demand, it is
expected that water will be cheap in areas whereethre abundant supplies and expensive
in areas where water is scarce. Given the samdyswpgter will be more valuable if there
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is local higher demand (for example, large expan$esyricultural fields). In contrast, the

value of carbon (for global climate mitigation) teke same worldwide. Indeed, the
sequestration of a tonne of carbon (or the avoielaridhe release of one tonne of carbon)
creates the same level of benefit irrespectivelodne in the world it happens (Figure 5e).

The flow of services may be affected by one or mpossible mechanisms: physical
processes (e.g., currents, winds, diffusion); lgmal processes (e.g. bee movements, fish
migration); and anthropogenic processes (e.g. tigolernance). The spatial configuration
of service flow falls into five general categor{&gure 5):

» Locally produced benefits: when the point of seeviroduction is the same as the
point of use (e.g., soil production);

* Omnidirectional neighbourhood benefits: when servise takes place within a
buffer areaa surrounding the point of productiag.(gollination);

« Directional neighbourhood benefits: when servicee umkes place in the
neighbourhood of the area of production, but onlaigiven direction (e.g., storm
protection);

» Long-distance directional benefits: when servicersigire located far from the point
of production, with services flowing in specificreictions (e.g., water provisioning
flowing downstream); and

* Globally-distributed benefits: when the service barused anywhere irrespective of
the point of production (e.g. climate change miigaby carbon sequestration).

:Lhzﬁc:;ly eEse] d) Long-distance
e.g. s0il production directional benefits

e.g. water provisioning

b} Omnidirectional
neighbourhood benefits
e g. pollination

e} Globally distributed
benefits

R e g. carbon sequesiration
c) Directional
neighbourhood benefits
e.g. stomm protection

Figure 5. General categories of service flow in relation patgl configuration (adapted from
Fisher et alin pressa).

Quantifying and mapping benefit use

While benefit production is essentially an ecoladjiprocess, benefit use is intrinsically
human-centred. Socio-economic data are therefor@aimental to quantifying and mapping
the economic value of variations in benefit prodarct
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First, socio-economic data are key to understandiegefit flow for some ecosystem

services. Some anthropogenic processes such asttidishment of particular governance
systems (e.g. marine economic exclusive zonegomal boundaries) put constraints to the
natural flow of benefits, while others (e.g. tradejate routes for their distribution.

Second, the use of benefits (underlying their ecooovaluation) naturally depends on the
spatial pattern of users. Individual humans areutienate users of all benefits that are
valued economically, although value may be throulylect use (e.g. drinking water),

indirect use (e.g., crop irrigation water), or evdanough non-use (e.g. water affecting
habitat quality of species that have intrinsic eduEven within the same area, different
people may have different levels of reliance onsgstem benefits (thus valuing them
differently). For example, poor farmers may depemate directly on benefits provided by
nearby forests than other sectors of society.

Third, socio-economic data are key to understandihgt drives demand for the benefits
obtained from wild nature. The ultimate value ohé#ts services depend on how much
people are willing to pay, which in turn dependsvanables such as the relative scarcity of
the benefit, the income of the users, and the extewhich the benefit may be replaceable
or not.

Finally, the costs of conserving the biodiversitydaecosystems underpinning the benefit
will depend substantially on the human pressuréhen areas where those benefits are
produced.

Relevant socio-economic data to be gathered ®oR#view are likely to include, amongst
others: maps of human population density; geopalitmaps; maps of landuse (with
agricultural and urban areas); data on relativernme; poverty maps; and data on trade.

Patterns of benefit use will evolve from the inttian between the patterns of service
production, the mechanisms of benefit flow, thetrdigtion of users, and the relative
demand for the benefit across different users. &cxample, the benefits of water
purification by a forested area are used downstrggen the mechanism of flow for this
service Figure §. In mapping benefit use it also becomes clear riba all productivity is
necessarily used. For example, water purificatienefits by a given forest are not used if
there is no-one downstreaiFidure §.

Understanding determinants of demand

The economic value of benefits results from theermttions between availability and

demand. Such value is therefore likely to be higtiynamic, as both availability and

demand change over time. Changes in availability mesult from either changes in

productivity (including natural fluctuations butsal declines caused by overexploitation of
the ecosystem) or changes in flow (e.g., changegwernance or in trade). Changes in
demand may be caused by changes in flow (e.g., whenroads create a market for wild
meat, Section 4.8); socioeconomic changes (e.gulaton growth, increased/decreased
affluence); sociological changes (e.g. changesi@h or in preferences); technological

changes (either by creating alternatives to thestierior example water treatment plants,
which reduces demand; or by increasing the acdbgsibf benefits, such as deep sea
fisheries, thereby stimulating increased demand).

18



Figure 6. |lllustration of the

a) Schematic differenft types of maps of bgnefit
representation of production and costs considered
two partially under the framework. a) The

\populated forested scheme represents two forest
watersheds

/ areas patches, two river systems, and a set
/ of populated areas. The beneficial

forests 7

process ‘water purification’ is used
. as an example. b) Benefit
rivers production: water purification takes
place upstream, in areas with
c) Benefit natural vegetation, such as forest
use patches. Riparian areas (near the
river) are particularly important
(darker shades correspond to higher
benefit production). c) Benefit use:
users of clean water are downstream
populated areas and their
agricultural fields. Given that the
benefit flows along rivers, only
e) Economic | those populated areas downstream

b) Benefit
production

d) Economic

value of value of from a forest patch benefit from the
benefit: benefit: purification service provided by
where used where

forests (darker shades correspond to
higher levels of use). d) Economic
value of the benefit, where used:
clean water only has an economic
value where used, with value
depending on demand. e) Economic

produced

f) Economic g) Economic | Vvalue of the benefit, where
costs of costs of produced: the overall economic
conserving conse_rving value of clean water, established
benefit: :’v‘:":ig“ according to its use (d) can be

where paid ‘back-mapped’ into the area of

production (b). Areas where
production is higher are attributed a
higher economic value. Only areas
producing services that are being
used have economic value. f)
Economic value of conserving the benefit, where pabnserving the forests that help to purify the
water has costs. For example, a protected areabmayeated to prevent logging. Part of the costs
may be shared by tax payers throughout the arglat {led). However, populations near the forest
may incur other costs, such as the opportunityscokhot being able to log the forest or to convert
it to agriculture (dark red). g) Economic costs aoinserving the benefit, where generated: the
overall economic costs of conserving the benefitéih be ‘back-mapped’ into the forest. Costs of
conservation (shades of red) are in this exampgbdrinear population centres, where there may be
more conflict with other forms of land use (and ¢ehigher opportunity costs).

generated
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While many of these changes are somewhat unprétk¢cta good understanding of what
drives demand (coupled with a good understandingwbat drives availability) is
fundamental for being able to predict/model vaoiasi in the value of benefits over space,
for alternative states of the world.

Quantifying and mapping economic value for eachelien

A map of the economic value of a particular bengdit beneficial process) needs to be
anchored by actual data points of the value of fiisrecross space. These may include, for
example, studies of the local market value of paldir goods (e.g., wild meat) or of the
damage costs avoided of certain processes (i.bomasequestration). These can then be
extrapolated across space based on the knowledgeeofilrivers of economic value
(demand, offer, flows) combining spatial information production and use.

The quality of this map — the extent to which thenbers contained in it are reliable — will
of course reflect the quality of the knowledge gatil in each of the previous steps. In any
case, a basic map can be produced even with weyififormation (and indeed this has
been done before; Costanza et al. 1997). If aesidgta point is all that is available on the
economic value of mangrove for storm protectiom, deample, then a global map could
have all mangroves of the world coloured in the esaway. It is, however, very likely that
substantially better judgements can be made basédeoinformation gathered in the steps
described before. For example, we know that pratedtom physical storm damage only
benefits the neighbourhood of the mangrove, inractional way depending on the wind
(Figure 5). Socio-economic data should highlightchhof those areas are more likely to
suffer substantial financial damage from stormg.(eurban centres, industrial areas).
Understanding the drivers of demand should helpntderstand how the monetary value of
the service varies with, for example, income.

The value of the economic benefits for each sereareinitially be mapped onto the point
of use, where benefits are enjoyed. For examptmaic benefits of pollination would be
mapped on the relevant agricultural areas, econdmiefits of storm protection on the
relevant population centres, and economic benlitsvater purification on relevant
downstream populations or crop fieldsigre &l). The same overall value can also be
‘back-mapped’ onto the area where the ecosystewcses initially produced (forest plots
where crop pollinators are based, mangroves tlafige valuable storm protection, forests
that regulate water for downstream populatidgrigure &). Only areas producing services
that are being used (and therefore that have edorsignificance) would be included, and
their relative value would be defined accordinghir contribution to the overall economic
value Figure &).

Value over time: discount values

Ideally, a map of the global value of a given bérsfould be more than a static picture of
value at a given time, but show the overall valoeuanulated into the future. This would
produce a more valuable indication of relative eatf the underlying ecosystems. For
example, areas where natural resources are cwyrrsabject to overexploitation (e.g.,
overharvested fish stocks) may be currently yigdilgh economic value at the expense of
compromising future productivity. In contrast, ireas where exploitation is being managed
sustainably (e.g., through fishing quotas), curmoduction may be lower but more likely
to be sustained into the future. Aggregating valoesr time will require economists to
make decisions about discount rates (levels, shdies or declining, etc). These could
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potentially defer to the decisions made in the r5fReview (Stern 2007) over the same
issues.

Different measures of economic value

Economic value is frequently interpreted in termhsnonetary value. However, a diversity
of other measures can be considered that offeerdifit insights into the way in which
changes in wild nature affect human wellbeing. Emample, economic value may be
quantified as the fraction of local income, ratkigan in absolute (e.g. US$) terms. This
would highlight areas where the local value of Hemefit is low in absolute economic
terms but high in terms of livelihoods. For examplee absolute economic value of wild
meat is not particularly high but it contributegrsficantly to the protein intake and food
security of millions of people in Africa (SectiorBj.

2.3.5 Quantifying and mapping the overall economic valud# changes in benefits
derived from the policy action

Once converted into a common currency, combining th

quantify and map

goconomicalus of information for all benefits and services provides overall
guantification of the economic value of differencesenefit
Quantfy and map and service flow, and in risk, from implementing tholicy
diferences i ik 0 \ action (world B) or failing to do so (world A). Ti
calculation may account for differences in purchggpower
Quantity and map. parity. This information is quantified in a spalyaéxplicit
Q[ences inwater supg) \ way, indicating in which parts of the world the netlue of
AP—— benefits increased or decreased.
Siferences n arop
plinaton \ The spatially-explicit approach followed in the rfrawork
®\ means that trade-offs between benefits are efiggtiv
| accounted for. Indeed, some benefits are competatber

than additive, such that an increase in the valuwmne benefit
may come at the expense of a reduction in the \afluwther.
For example, the protection of a forest from loggimay
ensure the continuation of clear water deliveryhatexpense
of reducing water quantity (Section 4.9). This &alil with in this framework by being
spatially explicit, and by the way states of theld@re defined. Most of the differences in
benefit production will be noticeable through cheasign land use from one state of the
world to the other, and these will in many caselcate which services are being increased
and which ones are being lost. For example, a gsiore of forest to agriculture will
predictably increase the production of servicep@ased with crops (e.g., soil, biological
control, pollination) but will reduce services assted with forest (e.g., timber
production).

quantify and map
economic value of
differences in benefit
flow and risk

More complex interactions between services couldrinciple also be accounted for — as
long as they are explicitly recognised. For examfleecreational value in a given area
(say, a lake) is only possible if regulation of graguality is also in place, then maps of
benefits of the two services may be combined byingakhe value of the former service

conditional on the existence of the latter. Itherefore possible to account for leverage
amongst ecosystem services (where the occurrenoeeokervice unlocks the conditions
for the occurrence of another).
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For ‘extractive’ types of benefits (e.g. fisheri¢snber, wild meat), the production will

depend on whether the extraction of natural ressuis taking place in a more or less
sustainable way. Again, this will need to be coesed within each scenario. It might be
particularly interesting to compare scenarios ofstamable production and of

overexploitation. As discussed above, the overallle of benefit production will need to
be measured not just for a particular year bugnaténg the value of production over time.
A key decision (likely to affect the results of Bumomparisons) will be what discount rate

to apply.
2.3.6 Quantifying and mapping the costs of policy action

The benefits derived from the conservation of estesy service
production are of course only part of informaticeeded to decide if
such conservation makes economic sense. As esiadblisy the
Potsdam mandate, these need to be weighedsts the costs of
effective conservatidn

Implementing a policy or set of policies for hadfireducing
biodiversity loss and ecosystem degradation willehaosts. These
include direct costs (e.g. management of marinéepted areas) as
well as opportunity costs (e.g., compensation fecodnmissioning
part of a fishing fleet). These costs are margibhatause they only
exist for the state of the world for which the aatis implemented.
quantify and And they vary across space, and so should be dedntin a
map costs of spatially-explicit way.

action
In a few cases, the exact values of those costb lveil well
inventoried. In most cases, though, the valuesgaographic spread
of the costs will need to be modelled from a cditetof data points. For example, data on
running costs for a set of protected areas aroedavorld can be used to generate a model
for predicting approximate management costs foasafer which no data are available
(Balmford et al. 2003, 2004). Creating those modelguires the integration of biotic,
abiotic and socio-economic data. The separate réReriew of the Costs of Conservation
and Priorities for Action”, by Bruner, Naidoo andlBiford (also an output of this Scoping
the Science project), reviews the state of knowdetly different types of conservation
COsts.

Conservation costs are initially mapped to the pwainere they are paid. For example, the
running costs of protecting a forested area (paying forest guards) may be incurred by
taxpayers within a given country, while the oppoity costs of not being able to log the
forest or convert it to agriculture are more likaty be incurred by populations in the
vicinity of the forest Figure @). The value of costs can also be ‘back-mappetb time area
where those costs are generated. In this exantpecasts would be mapped onto the
forest, being higher in those areas where humasspre is higher, such as near population
centres, as this increases opportunity cdsitgife &)).

Again, an ideal map of the global costs of consgna given ecosystem service should be
more than a static picture of costs at a giventgaitime, but the overall cost accumulated
over time. This would allow for a distinction betveareas where initial costs are high and
then decline (e.g., one-off costs of establishingaiected area) and areas where costs are
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likely to increase over time (e.g., where humarsguee is increasing and so are pressures
on natural habitats).

2.3.7 Quantifying and mapping the net economic consequesof policy action

LJ > L]
o2 quantify and map S
net economic consequences
of action to reduce/prevent

wild nature loss 34

-
~§ L d
/ } e ”"\\‘
how does it how does it how does it how does it how does it
affect global affect national affect poverty affect regional affect equity? i
GDP? GDP? reduction goals? stability? quity?
\ J

....................... .
evaluate socio-economic
consequences of action to
halt/reduce wild nature loss
M I I I I I I I I I I I

quantify and map

economic value of
differences in benefit
flow and risk

quantify and

map costs of >
action
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The net economic consequences of the policy adiging evaluated are quantified by
comparing the costs of the action with the econogams from benefits and processes
obtained from the additional conservation of biedsity and ecosystems. It is this
comparison that will provide the ultimate answetttie question of the Review: what are
the economic consequences of global biodiversgg?o

A key advantage of adopting the current frameworladdress this question is that it can
help explore spatial variation in the answer. peegive of whether the net global result is
positive or negative, there will always be winnénhere there are increases in benefits
and/or decreases in costs) and losers (where dnerdecreases in benefits and/or increases
in costs) from the implementation (or lack theresdfparticular actions.

Recognising these patterns is essential for fulhdemstanding the socio-economic
implications of particular actions. A diversity pblicy-relevant questions can be addressed
with this information, besides the global aggredatesult. The spatially-explicit nature of
the assessment will help answer questions such as:

- How are national economies likely to be affected® #he poorest countries the
ones that benefit/lose the most from a particutéina?

- How does the action (or failure to implement itleaf development goals, such as
the Millennium Development Goals? Does it contrébub alleviate poverty or
access to water?

- How does the action (or failure to implement itfeat regional stability? Are
livelihoods improved in areas currently under gseatioeconomic strain or are they
likely to worsen?

- How does the action (or failure to implement itjeat equity? Are the winners
amongst the richest and the losers amongst thegipar vice-versa?

Understanding spatial variation in costs and bémefiso allows for the exploration of
conservation trade-offs, highlighting for exampégions that are conservation bargains
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(where benefits from conservation largely exceedcibsts) and therefore good investments
for immediate conservation.

2.3.8 Evaluating the adequacy/desirability of the poliagtion

From the analyses of this set of policy-relevant
guestions is then possible to make a better judgeofe
the overall socio-economic consequences of a péatic
action or set of actions, and therefore whetheath®n
contributes to improve human wellbeing or not. Tihis
turn informs whether the policy action make semeenf
ecological, economic, and social perspectives, and
therefore whether its implementation is recommended
i Or not.

If the action is implemented, an understanding hef t
socio-economic impacts provides the opportunity ddding mechanisms that make the
action fairer and more effective. For example, reaitkols such as payments for ecosystem
services may be developed to internalise the hidtscand benefits of conservation. These
can help ensure that conservation takes place witeie needed (e.g. payments for
ecosystem services from cities to rural areas)em@tucing inequity and social injustice
(e.g. when costs of conservation are imposed omrosts due to loss of biodiversity are
incurred by, local populations without adequate pensation).

2.4 Summary of key points from the conceptual framework

In summary, the conceptual framework relies orsghettial assessmenf the variation in
themarginalbenefits and costs of biodiversity and ecosystemnservation. Marginality is
essential because at all times the relevant quesstivhat is thelifferencein benefits and
costs from the implementation, or not, of a patéicpolicy package. Being spatially
explicit is vital because we need to know how casid benefits vary across space.

The rationale and key characteristics of the cotedframework are:

a. A Review of the economic consequences of the lbssodiversity and degradation
of ecosystems (throughout referred to as wild matoss) is not about quantifying
the overall value of wild nature to human wellbeisgch value is infinite, because
we cannot live outside of nature. Instead the Revie about quantifying the
marginal costs and benefits associated with the lofs ecosystems and their

biodiversity.

b. Quantifying marginal costs and benefits requirestrasting two well-defined
situations, which we term states of the woAd'state of the world’ is a particular
set of biotic and abiotic conditions, including e@sfs such as land cover, human
distribution, human activities, and conservatioticas in place. States of the world
are the end products of scenarios

c. The two states of the world being contrasted inhee@se need to be carefully
matched, such that one is the counterfactual of atheer, by being_equal in
everything else except the implementation or notaofet of actions aimed at
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reducing losses in wild nature lossd$any possible pairs of matching states of the
world can be contrasted, each contrast evaluatiagetonomic consequences of a
specific set of policies. For example, the contlettveen worlds with and without
an effective network of marine protected areas didd adequate for quantifying
the economic consequences (costs and benefitedating the loss of marine wild
nature through protected areas.

d. Given two matching states of the world, the caloola of the economic
consequences of losing wild nature by failing to@dhe policies that distinguish
the two states requires calculating:

o The difference in the provisioning of benefits framid nature (marginal
benefits; higher in the biodiversity friendly worlé.g., higher long-term
fisheries production in the state of the world withrine reserves);

o The difference in the costs associated with thelibeysity-friendly policy
measuregmarginal costs; higher in the biodiversity frigndvorld; e.g.
opportunity and management costs of establishingnmaeserves).

The net consequences of biodiversity loss are édaby comparing the marginal
benefits with the marginal costs.

e. The quantification of the benefits and costs messatially explicit These spatial
considerations make the framework a useful toolfiuiressing key considerations
in the evaluation and development of adequate yalieasures, by:

o Allowing for the quantification of costs and bengfio be contextualised
more appropriately, thereby shedding light on haffeent policy options
affect_ development goals

o Requiring the explicit statement of the assumptitbesng made when
extrapolating across heterogeneous landscapes limitey data.

o Enabling an understanding of the mismatches betwaeners and losers
from particular policy actions. This is fundamenfia understanding social
impacts, equity/fairness issues, and issues obresipility and governance,
as well as for the development of market tdblst internalise the full costs
and benefits of conservation, ensure that congervédkes place where it is
needed and improves the effectiveness of policyor&etwhile reducing
inequity and social injustice

o Enabling the exploration of trade-gffsighlighting for example regions that
are _conservation bargaig@here benefits from conservation largely exceed
the costs) and therefore good investments for inmbedonservation.

2.5 Participants
Authors

Andrew Balmford, Ana Rodrigues (University of Canclge)

25



Rhys Green (University of Cambridge and Royal Sgdier the Protection of Birds)

Kerry Turner, Brendan Fisher (Centre for Social B&wdnomic Research on the Global
Environment, University of East Anglia, UK)

Robin Naidoo (Conservation Science Program, WWFWUSA).

Contributors

Katie Bolt, Martin Jenkins, Lera Miles, Matt WalpalUNEP-WCMC)

Acknowledgements

We are grateful to the following for providing oppmities for stimulating discussions
in the development of this conceptual frameworktip@ants in the “Conceptualising
ecosystem services and human well-being” (15 Jgnuepartment of Geography,
University of Cambridge; see Annex 2) in particutiose who provided written

comments: Bill Adams and Bhaskar Vira (University @ambridge), Nigel Leader-

Williams (University of Kent); partners in the Saog the Science project: Patrick ten
Brink, Marianne Kettunen (IEEP), Leon Braat (Alsr Aude Neuville and Patrick

Murphy (DGENV); members of the Working Group on fReview on the Economics
of Biodiversity Loss.

26



3 A STRATEGY FOR REVIEWING KNOWLEDGE ON THE LINKS
BETWEEN WILD NATURE AND HUMAN WELLBEING

3.1 The need for a strategy

The bulk of this report (sections 3 and 4) covbhesrost substantial task of the Scoping the
Science project, of providinga“coherent overview of existing scientific knowkdgon
which to base the economics of the Review, antbjfmope a coherent global programme of
scientific work, both for Phase 2 (consolidationjdato enable more robust future
iterations of the Review beyond 2010

This task entails reviewing the vast literaturetiom many mechanisms through which wild
nature contributes to human wellbeing, each typicadmprising several mechanisms by
which changes in biodiversity and/or in the state ewosystems have economic
consequences. Some of these mechanisms are vent, dor example a decline in fish
biomass resulting in the decline in food obtainexf fisheries. Others are rather indirect,
for example a decline in forests affecting watewfl resulting in increased erosion,
resulting in sedimentation of coral reefs, resgltim fish population declines, resulting in a
decline in food obtained from fisheries.

Partitioning the vast diversity of links betweenldvnature and human wellbeing into
themes is a critical step for organising the revidthose links. Such a stucture needs to be
robust, ensuring that it covers the most importiamits while avoiding overlap (and
therefore, economic double-counting).

This section details the rationale and the stratégljowed for creating a robust
classification of the links between wild nature amdman wellbeing, and a coherent
partition of our review of ecological knowledge aninanageable thematic reviews that
provide an adequate platform for the economic etain.

3.2 The Millennium Ecosystem Assessment as a startingpmt

The Millennium Ecosystem Assessment (MEA 2005) frrastablished the concept of
ecosystem services as an important model for lgkhe functioning of ecosystems to
human welfare benefits.

The MEA framework (Figure 7) was built to demontdrthe importance of ecosystems for
the constituents and determinants of human welip@ind has been very successful in
doing so. The MEA thus becomes the groundwork far évaluation of the economic
consequences of biodiversity loss. However, theitdd@lf was not developed as a valuation
exercise, and it has been pointed out that its dwmonk is not directly fit for that purpose
(Boyd & Banzhaf 2007; Wallace 2007; Fisher eirapressa,b).

Here we build from the MEA to propose a classifmatof the links between wild nature
and human wellbeing. As clarified before, the témifd nature’ is used throughout to refer
to biodiversity (both diversity, such as genetieedsity, and amount, such as biomass) and
ecosystems. We start by presenting the proposessifitation, and then clarify how it
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relates to the MEA framework. This is, naturallyork in progress: the MEA is still very
recent, and much more work will still build from it

ECOSYSTEM SERVICES

Provisioning
FOOD
FRESH WATER
WOOD AND FIBER

FUEL
- CLIMATE REGULATION
NUTRIENT CYCLING
SOl FORUATION FLOOD REGULATION
PRIMARY PRODUCTION D =

WATER PURIFICATION

Cultural

AESTHETIC
SPIRITUAL
EDUCATIONAL
RECREATIOMAL

Figure 7. Classification of ecosystem services followedha Millennium Ecosystem Assessment
(MEA 2005).

3.3 The need to avoid double counting

Ecosystem services have been defined in the lilerah a diversity of ways (see Fisher et
al. in pressa for a review), including the “conditions and pesses through which natural
ecosystems, and the species that make them upirsaad fulfil human life” (Daily 1997),
“the benefits human populations derive, directlyirmdirectly, from ecosystem functions
(Costanza et al. 1997), and “the benefits peoplaimkfrom ecosystems” (MEA 2005).
These definitions reveal a mix between ecologiaaictions (e.g. pollination, water
regulation) which are the means for the productbrbenefits, and the ends (benefits)
resulting from these processes (e.g., food frorpsrdrinking water) (Wallace 2007).

The MEA classification of ecosystem services has/gd highly useful as an educational
and policy tool. However, as many economists havated out since its publication, it is
not fit for the purpose of economic evaluation (Bog Banzhaf 2007; Wallace 2007;
Fisher et alin pressa). By mixing processes (means) and benefits jahds particularly
prone to double counting. For example, the regujasiervice ‘water purification’ provides
added value to the benefits that this process pnterincluding drinking water, food
(through purification of water used in crop irriggat and in rivers producing freshwater
fisheries) and cultural benefits (e.g., aesthegairitual and tourism benefits from a clean
river). Valuing separately ‘water purification’ andrinking water’, ‘food’, and ‘cultural

28



benefits’ results in double counting of the valdevater purification. Another example of
double-counting in the MA classification is betwgmailination or pest regulation and food
provision, because the value of pollination anggrest regulation manifests itself through
added food production. The relationship between naposed classification and that
followed in the Millennium Ecosystem Assessmerdigsified in Section 3.7.

The Total Economic Value framework (Pearce & Turb@®0; Pearce & Moran 1994) also
has to be interpreted carefuly if it is to be uasd basis for economic valuation, as there is
much scope for double-counting particularly betwe@ect and indirect use values. The
relationship between our proposed classificaticeh the Total Economic Value framework
is clarified in Section 3.8.

3.4 Proposed classification of ecosystem processes dahefits

The classification presented here was developdu thé explicit objective of providing an
adequate basis for economic evaluation, within dbeceptual framework for the broad
Review on the Economics of Ecosystems and Biodtye{Section 2).

We make an explicit distinction between processeskenefits. We consider two types of
ecological processescore’ ecosystem processeghe basic ecosystem functions (e.g.,
nutrient cycling, water cycling) supporting the pesses that provide benefits to
humankind (corresponding to “intermediate services'Fisher et alin pressa,b); and
‘beneficial’ ecosystem processeshe specific ecosystem processes that direcitieyoin
benefits for humankind (e.g. waste assimilationtewaurification; corresponding to “final
services” in Fisher et ah pressa,b). Thebenefitsare the end products of these beneficial
ecosystem processes (e.g., clean drinking watégur@ 8; Table 1; these are also called
benefits in Fisher et ah pressa,b).

Benefits are therefore the discrete products ofystem processes that directly impact
human wellbeing, ranging from food to spiritualfilmhent. These can, in principle, be
valued in monterary terms. In theory, it is possitd predict how each ecosystem process
contributes to the production of benefits, by cdaesng the relationships between core and
beneficial ecosystem processes, and between ther labhd benefits (Figure 9). For
example, pollination is a beneficial ecosystem pssccontributing to the production of
some biofuel crops. Pollination in turn is potelfiaregulated by several ecological
processes: evolutionary processes resulting irdiversification of plants and pollinators,
and their co-adaptation; animal-plant ecologicderactions; production supporting the
populations of pollinators and the other speciey thepend on (e.g. forest trees).
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Figure 8. Classification of ecosystem processes and benfefitswed in this study (lists of
processes and benefits are not exhaustive).
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Table 1. Types of core and beneficial ecosystem proceasesof benefits (not an exhaustive list).

CORE ECOSYSTEM PROCESSES basic ecosystem processes supporting ecosystem
services

Production: Production of plant and animal biomass.

Decomposition: Reduction of the body of a formerly living organisnto simpler forms of
matter.

Nutrient cycling: Cycle by which a chemical element or molecule mdtesugh both biotic
and abiotic compartments of ecosystems (e.g. mtraycle, phosphorus cycle, carbon cycle).

Water cycling: Cycle of water through both biotic and abiotic camments of ecosystems.

Weathering/erosion: Weathering is the decompositiom (situ) of rocks, soils and their
minerals through direct contact with the atmosphé&msion involves the movement and
disintegration of rocks and minerals by agents sctvater, ice, wind and gravity.

Ecological interactions: Inter- and intra-specific interactions between oigas (e.g.,
predation, competition, parasitism, and animal-piateractions such as pollination).

Evolutionary processes: Genetically-based processes by which life formsngbaand
develop over generations (inc. evolution, spedmrtimaptation).

BENEFICIAL ECOSYSTEM PROCESSES:. ecosystem processes that directly underpin
benefits to people

Biomass production: primary: Production of plant biomass.
Biomass production: secondaryProduction of animal biomass.

Pollination: Pollen transport (particularly by organisms). d8eand fruit dispersal may also
be considered]

Biological control: Inter- and intra-specific interactions resultimg reduced abundance of
species that are pests, diseases or invasivegdrtiaular ecosystem.

Other ecological interactions Other inter- and intra-specific interactions, fexample
competition and predation.

Formation of species habitat Formation of the physical properties of the hatilsinecessary
for the survival of species (e.g., canopy structnrerests).

Species diversification The production of genetic diversity across specie
Genetic diversification The production of genetic diversity within specie

Waste assimilation Removal of contaminants from the soil in an estay (inc. through
biological processes such as decomposition or dasion).

Soil formation: Process by which soil is created (including clenin soil depth, structure
and fertility).

Erosion regulation: Control of the processes leading to erosion (®/gontrolling the effects
of water flow, wind or gravity).

Formation of physical barriers: Formation of structures that attenuate the enefgyor
block) water or wind flow (e.g., mangroves, durfesgsts).
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Formation of pleasant sceneryFormation of landscapes that are attractive tpfee

Air quality regulation : Removal of contaminants from air flowing through ecosystem
(inc. through physical processes such as filtration biological processes such as
decomposition or assimilation).

Regional/local climate regulation Modulation of regional/local climate (e.g., ofiperature,
or humidity).

Water regulation (timing): Regulation of the timing of water flow through amosystem
(e.g., attenuation of floods/droughts).

Water purification (quality) : Removal of contaminants from water flowing thrbugn
ecosystem (inc. through physical processes sudhtrasion or biological processes such as
decomposition or assimilation).

Water provisioning (quantity): Changes in the quantity of water flowing through
ecosystem.

Global climate regulation: Modulation of global climate and ocean acidityotigh changes
in the concentration of greenhouse gases in thesgthere.

Currently unknown beneficial processesthe possibility that wild nature contributes toro
current and/or future welfare in ways we currently not realise. For example, the
contribution of forests to the regulation of glolshimate has only very recently been realised
as a beneficial process.

BENEFITS: the products of ecosystem processes that directlympact human
wellbeing (we are specifically interested in undetanding the role of wild nature in
providing these benefits)

Food:
e From crops (including orchards, mushroom productinttivated algae);
e From livestock (including poultry);
« From capture fisheries (marine and freshwater);
« From aquaculture;

¢ Other wild foods (including wild meat, mushroonmmsyertebrates, etc);

Freshwater (for direct consumption; excludes irrigation watvered in crops):
e Drinking water;
e Water for industry;

Raw materials.
e Timber (from natural forests and from plantations);
* Fibres from domestic plants (e.g., cotton), or frdomestic animals (e.g., wool);
e Fibres from wild plants (e.g., rattan), or fromdavdnimals (e.g., hides);

e Synthetic materials copied from/inspired by natpralducts;

32



Energy:
» Biofuels (e.g., palm oil, algae) from domestic pan
e Coalffirewood from wild plants;
e Dung from livestock;
* Working animals (e.g. oxen, llama);

e Hydroelectric energy;

Property:
« Private property value and condition;

« Infrastructure condition (e.g., hospitals, facts)je

Physical health
« From synthetic medicines copied from/inspired biurel products;
¢ From cultivated medicines;
* From medicines harvested from wild species;
« By avoiding injury (e.g. from natural hazards);
e By avoiding pollution (e.g., air pollution);
e By avoiding contamination (e.g., contaminated water
e By stimulating physical exercise (e.g., hiking,idy).
Psychological wellbeing
« From tourism;
« From other recreation (e.g., hiking, diving);
¢ Through spiritual/cultural wellbeing (e.g., sen$avonder from nature);
« Through aesthetic benefits (e.g., pleasure to watobautiful landscape);
¢ From nature watching (e.g., bird watching, corsthfivatching);
¢ From garden plants and pets;
Knowledge
e Through research of the natural world;
e Through education about the natural world.

Currently unknown benefits: the possibility that wild nature provides/willquide benefits
currently unknown (e.g., algae now considered ansing biofuel).
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Figure 9. Core and beneficial ecosystem processes undergitinénprovisioning of a biofuel crop
(lists of processes and benefits are not exhagstive
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3.5 Partitioning the links between wild nature and human wellbeing as a basis for
the thematic reviews

Ideally, we would have liked to evaluate the stHt&nowledge on the links between wild
nature and the production of each benefit amorngstet listed in Figure 8. In practice, this
was not possible within the time frame of this podj and it is also unlikely that it could be
done in Phase 2 as well. We have therefore buridése links into a smaller, but hopefully
manageable, number of thematic reviews.

Firstly, we considered general categories of b&efather than the more detailed ones in
Figure 8 and Table 1. These general categories defieed in terms of the way the
benefits are produced (e.g. through cultivatiompulyh fisheries) rather than by type of
benefit (food, water, energy, etc.). That is, weugred benefits that we assumed would
have a similar production function (Figure 3). Tdmsumption was that benefits that are
similarly affected by ecosystem processes arelikisly to be similar in their sensitivity to
changes in biodiversity and ecosystems. For examygegrouped all benefits produced
through cultivation (e.g., food crops, fibre cropmfuel crops), because these are likely to
be similarly affected by ecosystem processes ssdbicdogical control, pollination, water
regulation and erosion regulation. If, in contrasg had grouped benefits by main type
(food, water, energy, etc.; Figure 8) we would hé#neal to consider together benefits
produced in quite distinct ways (e.g. food produteaugh crops and through marine
fisheries; energy produced through hydroelectriovgro and through biofuels). The
categories of benefits considered (rows in Figeate:

* Crops: including for food (e.g., wheat, potatoes), fib(e.g. cotton, linen), biofuels
(e.g. palm oil, sugar cane), timber and paper puipduction (e.g. pine and
eucalyptus plantations), ornaments (e.g. flowees)d stimulants (e.g. coffee,
cocoa). Benefits are mainly in terms of food, bigoaraw materials, energy
(biofuels), and psychological wellbeing (stimulaatsl ornamentals).

» Livestock: includes all domesticated animals raised for pineduction of food
(including eggs, milk), fibres (e.g., wool), or ege (dung and working animals).

* Marine fisheries: includes benefits extracted from animals (inahgdinvertebrates
such as crustaceans and molluscs) harvested frersetis and oceans, including
from mariculture. Benefits are mainly food (inclodiindirectly through fishmeal),
but also include psychological wellbeing (recreasio fisheries) and possibly
physical health (e.g. fish liver oil as a food skgppent).

* Inland fisheries: includes benefits extracted from animals (inahgdinvertebrates)
harvested from freshwater systems, including froesHwater aquaculture. Benefits
are mainly food, but also psychological wellbeirgc(eational fisheries).

e Wild animal products: includes benefits extracted from wild harvestedmals
(including invertebrates), Benefits are mainly fpoldut also psychological
wellbeing (recreational hunting), raw materialsdés, fur) and physical wellbeing
(medicinal value).

« Drinking and industry water : fresh water that is directly consumed by people o
as a raw material in industry.
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» Hydroelectric energy. the production of energy through the movementatier.

« Wild plant fibres: fibres harvested from wild plants, including tiempbpaper pulp,
rattan and bamboo from natural forests, for rawenmas and energy (firewood).

e Wild medicinal plants: plants with medicinal value harvested from thddwi
providing physical health as benefits.

* Nature-related outdoor activities how wild nature contributes to benefits such as
human health, psychological wellbeing and educatfmough outdoor activities
such as nature tourism, hiking, cycling, divingmgang, species-watching, use of
urban parks, and gardening.

* Avoidance of injury and property loss avoidance of personal injury or property
loss, for example through the prevention of hurresaand mudslides. Benefits are
mainly in terms of physical health (avoided injuay)d property (avoided property
losses), but also psychological wellbeing (sensseofirity).

* One-time use benefits how wild nature contributes to health, psychotadi
wellbeing, physical comfort, and knowledge, by ntaiming the biological diversity
from where ideas, chemical compounds, and imagasbeasourced. This only
requires one-off use of nature, as the elementsirgtially obtained from wild
nature but subsequently propagated outside of heyTinclude pharmaceuticals
compounds, raw materials and ideas inspired byécbfiom nature, as well as
photography, films and art based on/inspired byneat

* Non-use benefits non-material benefits, in which appreciation ature (species
and landscapes) results in improved psychologiedlbeing, knowledge and social
relations without a direct use of biodiversity. $hemay translate into cultural
diversity and heritage, spiritual and religious wed (inc. sacred species and
groves), knowledge systems, educational valueshetes values, social relations,
and sense of place (MA 2005). The benefits thewelelre mainly in terms of
psychological wellbeing (e.g. sense of wonder).

* Unknown benefits: present and future contribution of wild nature tamfan
wellbeing through benefits that are currently nedlised. While these values are
difficult or even impossible to measure, they mag \ery substantial to our
wellbeing. By definition, they may contribute td alher types of benefits.

We would have liked to focus on these groups oflemkefits as the basis for the economic
valuation. Focusing on benefits prevents doublentiog, as the value of different
ecosystem processes would be partitioned accotgdirteir contribution to each of the
final benefits (e.g., part of the value of wategukation would be attributed to drinking
water, part to crop production). In practice, waavenable to follow this strategy. Indeed,
while in some cases, the ecological knowledgeignat with the production of benefits
(e.g. marine fisheries; rows in Figure 10), in oshine literature focuses on processes (e.g.
water regulation; columns in Figure 10). We therefpartitioned our task into thematic
reviews that are a mix of benefits and processiggi(€ 10). By plotting the links between
benefits and processes onto a matrix (Figure 18)were able to group them in a way that
Is a compromise between theoretical ideal and igedateality, while explicitly avoiding
double-counting.
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For example, we considered global climate regutatiimcluding regulation of ocean
acidity) as a single (‘vertical’) theme, ratherrhzonsidering it within each of the relevant
benefits (e.g. a part of crop production, of avoma of injury and property loss, of the
production of marine fisheries; Figure 10). We dedito do so because the Stern Review
(Stern 2007) has, effectively, already valued tthesequences of avoiding climate change
by considering its effects on each of a diversitpenefits, including food crops, injury and
property damage, and marine fisheries. Stern didnotude all the possible links between
climate change and human wellbeing (e.g., how ¢knchange affects recreation, tourism,
research and education, spiritual and culturallvegtlg), but we recommend that it would
be a better investment of resources in Phase dilid foom the Stern Review rather than to
repeat their analyses (and invest those resouncasyi of the other themes, which are much
less advanced in terms of valuation). In order vwoich double-counting, the effects of
climate change on benefits have been excluded &lbthe other themes (Figure 10).

3.6 Thematic reviews

Overall, we considered 17 thematic reviews (Fidle Some of these have the same titles
as the benefit categories listed before, but dfterreview had a narrower focus/definition,
as explained:

Wild crop pollination (1) : how wild nature contributes to crop yields thrbugild
(unmanaged) pollination (Section 4.1).

Biological control of crop pests (2) how wild nature contributes to crop yields
through the control of crop pests and diseasedi(fdet.2).

Genetic diversity of crops and livestock (3)how wild nature contributes to
agriculture and livestock production by maintainiagdiversity of populations of
wild relatives and varieties (Section 4.3).

Soil quality for crop production (5): how wild nature contributes to crop yields by
contributing to soil formation and to preventinggpn regulation (Section 4.4).

Livestock (5) we focused specifically on the way wild naturenttibutes to
livestock production through the provision of nafugrazing and browsing areas
(rangelands) (Section 4.5).

Marine fisheries (6) we focussed specifically on capture fisheries (thyafor
food), with some considerations on recreationdlefiges (Section 4.6).

Inland fisheries (7): we focussed on capture fisheries and aquacultnaén(y for
food), with some considerations on recreationdleiges (Section 4.7).

Wild animal products (8): we focused on wild meat, with some consideratimms
recreational hunting (Section 4.8).

Fresh water provision and regulation (9) how wild nature affects freshwater
quantity, timing and quantity (Section 4.9).
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Wild plant fibres (10): we focussed on timber production (Section 4.10).

Wild medicinal species (11)how wild nature contributes to human health tigfou
the provision of a diversity of harvestable meditiplants (Section 4.11).

Nature-related outdoor activities (12) how wild nature contributes to benefits
such as human health, psychological wellbeing athgcation through outdoor
activities such as nature tourism, hiking, cyclingjying, camping, species-
watching, use of urban parks, and gardening (Sedtib2).

Natural hazard regulation (13) how wild nature contributes to avoid human
injury and property loss by avoiding or mitigatitige effects of natural hazards,
including coastal storms, hurricanes, floods, aweias, mudslides (Section 4.13).

One-time biodiversity use values (14)how wild nature contributes to health,
psychological wellbeing, physical comfort, and kiedge by maintaining the

biological diversity from where ideas, chemical gwunds, and images can be
sourced. We focused on pharmaceutical compoundsi¢Set.14).

Non-use values (15)non-material benefits, in which appreciation afure (species
and landscapes) results in improved psychologiedib&ing, knowledge and social
relations without a direct use of biodiversity. $hemay translate into cultural
diversity and heritage, spiritual and religious wed (inc. sacred species and
groves), knowledge systems, educational valueshetés values, social relations,
and sense of place (MEA 2005). The benefits thdiateare mainly in terms of
psychological wellbeing (e.g. sense of wonder) {{§ect.15).

Global climate regulation (16) how wild nature contributes to human wellbeing
by contributing to climate regulation (concentratiof greenhouse gases in the
atmosphere). We focused on terrestrial systemgi@Bet.16).

Unknown benefits or processes (17ild nature may potentially contribute to our

future welfare in ways currently not realised, udithg both through ecosystem

processes not currently known or valued (e.g.,aadiorage and sequestration has
only recently been identified as a ecosystem vddupiocess) and through benefits

currently not predicted (e.g., algae are justistgnio be considered as a promising
biofuel). While these benefits are difficult or evienpossible to measure, they may
be very substantial (Section 4.17).

In addition to these main review themes, we comstléhree cross-cutting themes:

Resilience review the evidence for how wild nature contrémito the resilience in
the provisioning of each of the benefits and sewidescribed in points 1 to 17 (this
was covered under each main theme).

Scenarios brief overview of main tools available for gernarg scenarios that

could be useful in Phase 2 (Section 4.18). Undeh @aain theme there is also a
brief description of the main type of informatiohat scenarios would need to
produce.
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» Prioritisation : a systematic assessment of the relative priofityhe recommended
analysis under the main themes for Phase 2 ofetfiew (and beyond) based on a
combination of predicted feasibility (given thetstaf ecological knowledge) and
importance (how they are likely to affect the résudf the valuation) (Section
4.19.1).

3.7 Relationship between the proposed classification dnthe Millennium Ecosystem
Assessment framework

The MEA followed a classification of ecosystem se#g into supporting, provisioning,
regulating and cultural (Figure 7). These typessefvices map into our proposed
classification as illustrated in Figure 11. Essahtj the MEA’s supporting services
correspond mainly to our ‘core’ ecosystem procesa#Bough they also include some
‘beneficial’ services. The regulating services asisly correspond to our ‘beneficial’
processes, and provisioning and cultural serviered to correspond to our benefits.

The match is not perfect: the MEA provisioning segv'genetic resources’ (underpinned
by our processes ‘genetic diversification’ and tgpse diversification’) is spread across a
diversity of benefits such as crop and livestockege diversity contributing to food
production, diversity of wild pollinators contribng to crop yields, and diversity of wild
species contributing to tourism. The MEA regulatsggvice ‘natural hazard regulation’ is
partially covered by our process ‘formation of plgs barriers’, but also by water, climate
and erosion regulation. The benefits provided Bs¢hservices include the avoidance of
personal injury, of damage to property and infragtre, of damage to crops, and of
damage to tourism.
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Figure 11. Correspondence between the classification folloimeithis review (into core ecosystem
processes, beneficial ecosystem processes, anditbemad the classification followed by the
Millennium Ecosystem Assessment (into supportingvises, provisioning services, regulating
services, and cultural services).
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3.8 Relationship between the proposed classification dnthe Total Economic Value
framework

While the MEA is still relatively recent, and fewanomic papers have been published on
it, a longer and well-established approach for sifgisig the value of wild nature is the
Total Economic Value (TEV) framework (Pearce & Terrdi990, Pearce & Moran 1994;
Figure 12).

Here we clarify the relationships between the nevi@sks and the TEV framework (Figure
13). Throughout, we use the definitions in DefraQ2) for each type of value.

Total Economic

Value
Non-use

Use value . .

Quasi-option value
N value
/ A
N
Actual/planned SELCS For others Existence
use value

Direct use Indirect use Altruism Bequest

Non-
consumptive use

Figure 12. Total Economic Value framework (adapted from D&e87).

Direct consumptive use values

Direct consumptive use values are those obtainezhwidividuals make actual or planned
use of an ecosystem by extracting resources froAmbngst the benefits/processes we are
reviewing, this corresponds to those where thedBrext harvesting from nature: livestock
grazing and browsing in natural areas (theme 5)jmaaand inland fisheries (including
recreational fishing; 6 and 7), harvesting of waldimal products (including recreational
hunting; 8), harvesting of wild plant fibers (18pnd harvesting of medicinal plants (11).
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Direct non-consumptive use values

Direct non-consumptive use values are defined agybabtained when individuals make

actual or planned use of an ecosystem without eitiga any element from it. Nature

tourism and other forms of outdoors recreationteeldo nature are traditionally considered
within this category (e.g. Rockel & Kealy 1991),dawe followed that approach (theme
12), although it should be acknowledged that tledivities may have substantial impacts
on the places visited, even if not harvesting resgsifrom them.

Biomass production:

Biomass production:
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Figure 13.How each main review theme relates to the TotahBmic Value framework.

Indirect use values

Indirect use values refer to situations when irdirgls benefit from ecosystem processes
underlying the provision of direct benefits. Fomample, crop pollination (theme 1) is not
used as a benefit per se, but as a process towadacreased provision of crop yields.
We also included in this category: biological cohwf crop pests (2), maintenance of soil
quality for crop production (4), fresh water prowis and regulation (9), global climate
regulation (9), and the regulation of natural hdggd.3).

Option values

Option values are the values that people put orofi®n to use a resource in the future,
even if they are not current users. These futues usay be either direct or indirect. Option
values can be thought of as a form of insurancetHaueconomic literature is divided over
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whether such values are a true component of TE¥eflian 1993). Strickly speaking, we
should treat them as a separate concept relage@riecautionary policy stance (theme 17)

Wholly within option values is genetic diversity ofops and livestock (theme 3), which
can be considered a form of insurance in the chf#we need to add genetic diversity to
existing crop varieties or livestock breeds, foample in case of emergence of a new pest
or disease. Also within option values are bendfibsn one-time use (14), the set of the
ideas, chemical compounds, and images initiallyaioled from nature but subsequently
propagated outside of it. Indeed, by definition dindy way in which wild nature is valuable
for these is through predictions of their futurduea Data on the economic value of
previously extracted ideas, compounds and imagedeaised to obtain estimates of likely
future value, but not for measuring directly théueaof existing wild nature (as those past
ideas, compounds and images are now fully indep#rictan nature).

All tasks covering use values (direct and indirdisted previously can potentially have a
component of option value. For example, not allwnamarine fish stocks need to be
exploited today (even sustainably). One possibiktghat some stocks may be exploited
immediately and some left untouched as optiondgHerfuture. These two types of values
are likely to be monetised differently in the sujpsent economic valuation.

As an example of option values for indirect usdura water purification processes have
no use value if nobody is using the water, for epl@mn a region with no inhabitants.
Nonetheless, we may want to attach value to thaseepses (and the ecosystems
generating them) as providing options for future.us

Option values also apply to non-consumptive uses:may want to set aside areas as
valuable for future tourism, even if currently thaye not used as such (e.g. deep sea
systems may become attractive for tourism givear&utechnological developments).

All considerations of resilience discussed withacle task refer to option value, as they
relate to the concern of ensuring future use. kample, the diversity of marine functional
groups provides resilience to fisheries produc{gee Section 4.6), and so there is value in
the conservation of such variety as a form of iasue against future changes.

Non-use value

Non-use value is derived simply from the knowledbat the natural environment is
maintained. There are three main components:

- Bequest value: where individuals attach valuenftbe fact that a given natural resource is
passed on to future generations;

- Altruistic value: where individuals attach values the availability of a given natural
resource to others in the current generation;

- Existence value: where individuals attach valmepty from the existence of a resource,
even though the individual has no actual or plarussof it.

Theme 15 (non-use values) relates principally istertial non-use values.
Bequest values — which directly address issuentefgenerational equity — are implicit or

explicit in other aspects of the Review on the Eenits of Ecosystems and Biodiversity.
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In particular, we recommend that the comparisonveen states of the world for a given
resource (e.g. fisheries production, wild meatpased on the capacity of ecosystems for
the sustainable production of the resource, ratier based on current flows that may not
be sustainable (see Section 2.3.4). In valuatiomgebequest values and the associated
concerns about intergenerational equity will beliekty incorporated in the decision of
which discount rate to apply when valuing futursowrces, as was also the case with the
Stern Review on the Economics of Climate Changer(SR007). They can also be
addressed in the estimation of values (based atingemt valuation methods).

Altruistic values, on the other hand, include (agsirothers) concerns for intragenerational
equity. The emphasis placed on the spatial didgtdbuwf costs and benefits (see Section
2.2.4) is aimed at addressing such concerns, altpar the redistribution of benefits for
example through the establishment of paymentsdosystem services. Some of these are
not altruistic, though, as such redistribution ndagctly benefit the ‘donors’ by increasing
the likelihood of long-term provision of the resoeror by reducing the deleterious social
effects of inequity (for example in terms of setyri Purely altruistic values nonetheless
exist and can be integrated in the valuation corapbof the Review. But the only way to
assign monetary values to non-use motivations & so-called stated preference
survey/choice-based methods. It is still an opeseasch question as to how adequately
values such as existence value can be meaningédjtyessed in monetary terms (Heal
2000; Turner et al. 2003; Barbier 2007). To theeekthat non-use values are not captured
via economic analysis the TEV and the Total Ec@sysValue (TSV) will diverge with
TEV < TSV.
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4  THEMATIC REVIEW S

Given time limitations, we were unable to fully @sp all the themes listed in the previous
section. As a result, themes have been analyseliffatent levels of depth, from fully
developed thematic reviews that received expempatipto very brief overviews. The level
of each review is indicated at the start of thegpective section.

We tried to answer each of the following questionsach thematic review. However, for
the least detailed reviews that was not possibieref least, we tried to obtain an answer to
the questioCan we quantify and map the global provision of tts benefit/process and
how it might change?We aimed to evaluate how far scientific knowledgdrom being
able to produce a spatially-explicit quantificatioh the production of the benefit (e.qg.
fisheries production) or of the function of the b#aial process (e.g., added value of wild
pollination for crop yields), that can act as aiddsr the economic valuation contrasting
two states of the world. The information gathereaswhen used to guide the prioritisation
of recommendations for Phase 2 (Section 4.19).

The questions are:

* Why is this benefit/process important for human Waging? A brief review of the
information supporting the relevance of each bétpeficess for human wellbeing.
Any monetization presented here is to support thportance of the benefit to
human welfare, rather than to quantify the imparéarof wild nature for the
provision of the benefit. For example, the inforimatthat “floods affected 3.5
million people in Cambodia (with associated costdJ8%$145 million) in 2000”
should not be interpreted to mean that conserviidy mature could have prevented
those floods and therefore avoided those costs.

* What are the overall trends in the provision of thbenefit/processReview of
state of knowledge on the trends of the provisibtihe benefit/function.

* How is the provision of this benefit/process affedtby changes in wild nature?
Here we describe the links between wild nature #mel production of the
process/benefit. This section is tailored to eamhew task, discussing the most
relevant aspects of wild nature in each case. Theseinclude ‘diversity’, such as
species richness, and ‘amount’, such as biomassietisas ecosystem condition.
We specifically looked for information on which é&aof these components is
particularly important for resilience in the prawis of the benefit/process. And we
specifically tried to understand what the relatlopss between habitat area and the
provision of the benefit/function, which is impantafor estimating the likely
consequences of habitat loss.

* What are the main threats to the provision of tHignefit/process™formation on
the drivers of loss is key to the development @nseios that are fit-for-purpose
(Section 2.3.1). Indeed, these will only be accedntor in the Review on the
Economics of Ecosystems and Biodiversity if they different in business-as-usual
and biodiversity-friendly states of the world. Tihbormation on these threats is also
fundamental to calculating the costs associateriservation, as costs will vary
depending on the type and intensity of threat ésgmarate report on “Review of the
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Costs of Conservation and Priorities for Actiony, Bruner, Naidoo and Balmford,
also an output of this Scoping the Science praject)

Are abrupt changes likely in the provision of thisenefit/processHere we were
aiming to understand if there is evidence thatgrwvision of this benefit/ process
may be subject to thresholds/tipping points in foeeseeable future (in the
questionnaire to experts we used 2025 as the feabke future data). By
thresholds/tipping points we refer to a situationew a small (anthropogenic)
change in nature may have disproportionate effertsthe provision of the
benefit/process. We drew from the information ie firevious sections and on the
opinion of experts to make a prediction of the lllkeod of thresholds or tipping
points. The result is a qualitative (and inevitablipjective) assessment of relative
risk of abrupt changes.

Can we quantify and map the global provision of shbenefit/process and how it
might change”™ere we evaluate how far scientific knowledge @frbeing able to
produce a spatially-explicit quantification of tipeoduction of the benefit (e.g.
fisheries production) or of the function of the b&aial process (e.g., added value
of wild pollination for crop vyields), that can aes a basis for the economic
valuation contrasting two states of the world. Ae@xtreme, a good model already
exists (a well-developed production function) andps) can easily be generated
from available data. At the other extreme, no gomdiel and/or good data exist that
could form the basis of a global map. In most cdbesstate of knowledge was
somewhere in between, with at least a first cubdpgiossible within one year by
building from existing studies. We also tried totaoh information on: the main
gaps in data/knowledge; what would be needed froenaios for the model
proposed; who could potentially do the analysist what the required effort would
be (in researchers-months).

Insights for economic valuationThe purpose of this section is to maximise the
value of our work as a basis for the economic @nahelping readers to interpret
our recommendations by clarifying what our assuam#i were on how the
ecological modelling and the valuation fit.

Some key resourcedere we list key resources that we came acrossinnmeview
and which are likely to prove useful in Phase 2.

ParticipantsThe list of authors, contributors, reviewers ankihaevledgements (see
Annex 3).

47



4.1 Wild crop pollination

This section is a fully developed review, includiogtributions by experts in the field, who
subsequently reviewed the text.

4.1.1  Why is wild crop pollination important for human wkeing?

Many plant species benefit for their reproductionamimals that transport pollen between
flowers. This biotic pollination is typically doney insects (particularly bees; also flies,
beetles, moths, butterflies and wasps), but in sepexies is performed by vertebrates
(particularly birds and bats). Pollination is tHere a key ecological process service, upon
which both natural and agricultural systems dep@hbhan & Buchmann 1997). While
the extent to which staple food crops depend ohinadbr services has been questioned by
some (Ghazoul 2005), Klein and colleagues (200dndothat fruit or seed numbers or
quality of 87 out of 115 leading global crops (egenting up to 35% of the global food
supply) were increased upon animal pollination.

In many agricultural systems, pollination is aclyvmanaged through the establishment of
populations of domesticated pollinators, partidyl#ne honeybedépis mellifera However,
the importance of wild (i.e. unmanaged) pollinatéws agricultural production is being
increasingly recognised (e.g. Westerkamp & Gottpher2000; Kremen et al. 2007;
Kremen & Chaplin-Kramer 2007). For a diversity abgs, it has been found that wild
pollination increases the size and quality of hstwd€Klein et al. 2007). Wild pollinators
may also interact synergistically with managed kieescrease crop yields (Greenleaf &
Kremen 2006). Furthermore, a diverse assemblagatofe pollinators provides insurance
against year-to-year population variability or lagsspecific pollinator species (Kremen et
al. 2002; Rickets 2004; Tscharntke et al. 2005, might better serve flowers because of
pollinator-specific spatial preferences to a flowgrplant or crop field (Klein et al. 2008).
Given current declines in populations of managedelgbees (Colony Collapse Disorder
[Johnson 2007], and abandonment of beekeepingione affected by ‘Africanization’ of
honeybees [Brosi et al. 2007]), the importance itd wollination is likely to increase.

Estimating economic value is difficult and controsial, but the global value of wild and
domestic pollination has been estimated at $12@miper year (Costanza et al. 1997),
while Losey & Vaughan (2006) estimated that wildlipators alone are responsible for
about $3 billion of fruits and vegetables producethe United States.

4.1.2 What are the overall trends in the provision of @itrop pollination?

The Millennium Assessment indicated a low to mediwartainty that pollination
ecosystem services are declining (Duraiappah &08)5). Direct evidence for the decline
in pollination services (i.e., evidence that glolwabp yields are being affected by a
reduction in wild pollination) does not seem toséxand would be difficult to obtain given
that many other aspects of agricultural practices eéhanging simultaneously. Some
indirect evidence exists based on reported decliméise abundance or area of occupancy
of some wild pollinators, for example in North Angar (NRC 2007), and in Europe
(Biesmeijer et al. 2006; Goulson et al. 2008). @e bther hand, some species have
extended their ranges (Ghazoul 2005). A continewndll assessment of pollinator declines
is still lacking (Diaz et al. 2005). Most of theidence for a decline in wild pollinator
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services is inferred from changes in land use knowvraffect pollinator communities,

particularly declines in the extent and conditioh available natural and semi-natural
habitats, and the effects of agricultural intewsifion (e.g. Kremen et al. 2002). On the
other hand, an increase in organic agriculture l@Niet al. 2008) may be increasing
provisioning of pollination services (Holzschuhaét2008) in some parts of the world.

4.1.3 How is the provision of wild crop pollination afféed by changes in wild
nature?

Many crops are self-compatible to different degreeswind pollinated, and therefore
receive only small benefits from wild pollinatioarsices (Klein et al. 2007). For crops that
rely heavily on biotic pollination, there are sealeways in which changes in biodiversity
can affect yields.

Wild pollinators often depend on natural or senmtunal habitats for the provisioning of
nesting (e.g. tree cavities, suitable soil subss)aand floral resources that cannot be found
within crop fields (Kremen et al. 2004). Conseqlerthe available area of natural habitat
has a significant influence on pollinator specigshnmess (Steffan-Dewenter 2003),
abundance (Heard et al. 2007; Morandin et al. 20@Ad pollinator community
composition (Steffan-Dewenter et al. 2002; Brosale2007). Accordingly, habitat area in
the neighbourhood of crop fields has been founbletatrongly related to a direct measure
of the pollination service measured here in termpallen deposition provided by bees
(Kremen et al. 2004).

Besides area, the quality of the habitaith in natural systems and in croplands, seems t
be important for pollinator services, particulathe extent to which they provide nesting
and floral resources (Klein et al. 2003a; Goulsbrale 2005; Potts et al. 2005). Not all
pollinators are dependent on ‘natural’ habitatckits et al. 2004) and some are able to
use resources within agricultural fields themselfresiewed in Kremen et al. 2007) and
therefore can even profit from agricultural managetrKlein et al. 2002, Westphal et al.
2003).

There is clear evidence that wild pollination ieegly related to proximity to natural or
semi-natural habitat#\ recent quantitative review of 23 studies (Ritket al. 2008) found
an exponential decay in pollinator richness andveapollinator visitation rate with
distance to natural or semi-natural habitats. Alidecin yield was less clear, possibly
because few studies measured it directly. Visitetate declined more steeply (dropping to
half at 0.6 km) than richness (1.5 km). Despite deaeral exponential relationship found
by Ricketts et al. (2008), it may be that slighdijferent relationships apply to different
crops (e.g. linear for coffee, Klein et al. 2003d¢y-linear for watermelon, Kremen et al.
2004) and to different types of pollinators (e.fgdifferent sizes; Klein et al. 2008).

Density of wild pollinators at the crop siie considered a good proxy of visitation rates
(Kremen et al. 2007; Ricketts et al. 2008) anddfwe key for crop production (Vazquez
et al. 2005). This is confirmed by a few experina¢chse-studies (Roubik 2002), although
results are potentially confounded by a positivati@nship between numbers of individual
visitors and diversity of pollinator species (Krem& Chaplin-Kramer 2007). Interestingly,
Klein et al. (2003b) found that numbers of indivadlwisiting bees did not explain fruit set
but that _diversity of visitor speciedid. Three potential mechanisms may lead to a
relationship between pollinator diversity and pdditon services, Sampling effect'a
greater chance of having a pollinator species peafectly fits the flower morphology
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leading to more reliable pollination; (2Miche complementarityall receptive flowers over
an extended blooming period receive optimal pdilora service; (3) Functional
facilitation’ synergistic interspecific interactions with domestoney bees (Greenleaf &
Kremen 2006, Klein et al. 2008).

The identity of the pollinator speciesatters, as different crops benefit from pollioatby
different species (Klein et al. 2007). Some cropsehspecific pollinator requirements,
either certain guilds or certain flowering timeadaso abundance of pollinator individuals
may not translate into high pollination servicethiéy belong to the wrong guilds (so they
visit flowers but are inefficient at actually poléiting them), if their abundance is out of
synchrony with crop mass flowering (e.g. almondsCalifornia typically flower before
many wild bees have built up significant populasip(Ricketts et al. 2006; Kremen et al.
2008; Klein & Kremen unpublished), or if honey bees attracted to another flowering
crop adjacent to the target crop field but othdlimetting species still prefer to forage at the
target crop e.g. for alfalfa pollination.Accordiggtrops with a narrow range of specialised
pollinators are more likely to experience pollimatshortage when grown in highly
modified landscapes (Klein et al. 2007). Overalindtional diversity (diversity of
functional traits) may be more important to croelgithan either pure abundance or species
richness (Klein et al. 2008). Consequently, theepid which species are lost is likely to
affect pollination services differentially (Larsem al. 2005). Unfortunately, large-bodied
bee and beetle species seem to be both most éxtimbne and most functionally
efficient, their loss contributing to rapid funat@l loss (Larsen et al. 2005). A current
NCEAS analysis into body size, nesting behaviawphic specialisation and sociality will
shed more light on this issue.

Pollinator diversity has been found to improve Iresce of crop production, by buffering
pollination against asynchronous fluctuations of laundances between years, including
temporal variation in the relative abundance withative species (Kremen et al. 2002) and
a sharp decline in domestic honeybees (Rickettgl,2@0lnfree et al. 2007b). Given that
different species are differentially effective adlipators (both within and among crops),
managing for bee diversity could meet the pollimatiequirements of a greater number of
crops, provide insurance in the event of shortafesny specific pollinator (managed or
unmanaged), and provide options for new or altereatrops (Kremen et al. 2002).
Furthermore, different taxa are likely to respontfedently to landscape isolation and
habitat characteristics (e.g. Steffan-Dewenter let2802; Klein et al. 2003a,b), so a
diversity of pollinator taxa may help to reduce #ifects of land use change on pollination
services (Ricketts et al. 2008). The current pitmils declines in managed honeybees in
the United States due to Colony Collapse Disordemaaking clear the dangers of relying
on a single pollinator species (Johnson 2007; NB@72

Relationship between habitat area and pollination

Most services from wild pollinators take place néae interface between natural/semi-
natural habitats and crop fields (Ricketts et &l08&), and so _landscape pattehres/e a
strong influence on pollination services.

There is strong evidence that both richness ofinadthr species and rates of visitation by
native pollinators at crop sites decline quickifthwdlistance to natural/semi-natural habitat
(Ricketts et al. 2008; Figure 14a) and so cropdgiedre also expected to decline with
distance.
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Figure 14. Four aspects of the spatial
relationship between habitat area and
provisioning of pollination services.

a) Both species richness (blue) and the rates of
visitation by native pollinators (red) have been
found to decline with distance to nearest
habitat patch (Ricketts et al. 2008), and so
presumably the benefits from pollination (in
terms of crop yields) should also show a strong
relationship with distance.

b) Given a particular farm site (cross),
pollination increases with the fraction of
habitat (green) within 2.4 km of the site’s
neighbourhood (after Kremen et al. 2004).

¢) Our prediction for the relationship between
benefits obtained from pollination at the farm
and the size of the habitat patch (green)
adjacent to a particular farm site (purple): very
small habitat patches (smaller than a minimum
viable area for pollinators) may not have any
effect; afterwards, pollination is predicted to
increase rapidly with area, but then to stabilise
as further increases in habitat happen
correspond only to “core” area (dashed).

d) Predicted relationship between the fraction
of overall habitat area (green) within a
landscape (square) and overall pollination
services for the crop (purple; Morandin &
Winston 2006): pollination values are zero if
there is zero habitat for pollinators; pollination
then increases as habitat area increases, but
declines again as habitat expansion results in a
decline in crop land at the interface with the
habitat; for 100% natural habitat, pollination
for crops has zero value. For a given overall
area of natural/semi-natural habitat, pollination
benefits may be higher (dashed line) or lower
(solid line) depending on the spatial
arrangement of the habitat patches.



The fraction of natural/semi natural habitat anedahie neighbourhood of crop fields has
been found to be strongly related to a direct measd the pollination service, pollen
deposition (Kremen et al. 2004; Figure 14b). Cotecstudies on species—area relationships
for pollinators (particularly in tropical forestagments; Priess et al. 2007) are lacking, but
patch area of natural habitat is likely to influenspecies richness and abundance of
pollinator communities, as larger habitat fragmeintanany cases show higher species
richness and density (Fahrig 2003).

We therefore predict that, after a minimum threghafl habitat patch size, pollination at a
given crop site increases with the size of thecajaihabitat patch, both because the patch
itself becomes larger (and potentially has highahmator diversity and abundance), and
because a larger fraction of the site’s neighboothilzecomes natural/semi-natural habitat
(Figure 14c). This increase, however, is only eigeap to a certain point, followed by
stabilisation, as additional area increases takeeptoo far from crop fields to produce
pollination services (Figure 14c; however, Brosi at [2007] found non-significant
relationships between bee abundance or diversdysae of neighbouring forest patch). If
so, the overall benefits from pollination withinga&ven landscape are expected to peak at
intermediate levels of natural/semi-natural habdaver, at the point where the spatial
interface with crops is maximised (Morandin & Wimst2006; Figure 14d). The spatial
arrangement of the habitat patches within the leaols is likely to matter; modelling
(Keitt, in review) suggests that pollination betgefare optimised for maximized by
providing islands of nesting habitat where intéansl distance matches mean foraging and
dispersal distances of wild pollinators. Henceatsigically creating new patches of habitat
in areas of intensive agriculture (for the cropattbenefit from wild pollination) can
increase services from wild pollination significgniThe size of these islands is likely to be
important, though, as pollinator communities magdmee unviable in very small fragments
(Keanrs et al. 1998).

For some pollinator species, agricultural area® (thop fields themselves) are also
important habitats, providing nesting and floradaerces. In this case, even small natural
or semi-natural habitats (too small to supportipatbr populations by themselves), can
bolster populations of important pollinators.

4.1.4 What are the main threats to the provisioning ofl&/icrop pollination?

Loss of suitable habitas recognised as a key driver of declines in vpiddlination (e.g.
Steffan-Dewenter 2003; Ricketts et al. 2004; Monman®l Winston 2006; Priess et al.
2007). Habitat degradatiprfor example through agricultural intensificatiolgads to
scarcity in critical floral and nesting resourcesrhany species. The use of chemidalsh
as insecticides, herbicides and fertilisers) invemional agriculture has been found to
reduce populations of pollinators (Kearns et aB8&)9 Climate changé emerging as a
potentially new threat, as phenological shifts mesult in the disruption of plant-pollinator
interactions (Memmott et al. 2007). Invasive natire speciegincluding plant, mammals
and insects) pose additional threats (Cole et98l21Kearns et at. 1998).

4.1.5 Are abrupt changes likely in the provision of wilttop pollination?

It is possible that a threshold in pollinator spsfiunctional diversity, exists below which
pollination services become too scarce or too bhstélein et al. 2007). Such a tipping
point might occur when, at a landscape contexfjcseit habitat is destroyed that the next
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marginal change causes a population crash in neulppllinators. Modelling supports this
prediction (Morandin & Winston 2006; also Keittreview).

Alternatively, a threshold in habitat loss may léadhe collapse of particularly important
pollinators, leading to a broader collapse in pallion services (pollinator keystones).
Supporting this prediction, Larsen et al. (2005 that large-bodied pollinators tended
to be both most extinction-prone and most functignefficient, contributing to rapid
functional loss with habitat loss.

Empirical data on changes in the provision of paliion services to agriculture are still
very sparse. However, studies in California cleankjicate that there is indeed a tipping
point in the provision of such services from wildllmators (Kremen et al. 2002, 2004;
Larsen et al. 2005; Greenleaf & Kremen 2006; Kkl in prep; Chaplin-Kramer et al. in
prep). From this work we can extrapolate that instrereas of California’s agricultural
region such threshold has already been surpasskthare is now little wild pollination.
This makes crop production substantially to entireliant on managed honey bees, whose
numbers show strong within-year variation and aaral declining trend due to diseases
and other factors (NRC 2006). The studies in Calitoare illuminating because the region
has very strong gradients, ranging from small fasensounded by natural habitat to some
of the most intensively managed agricultural laagss in the world. Given global trends
in agricultural intensification, the California tieg is therefore very informative of the
possible future changes in the provision of potloraservices worldwide.

A model currently being developed by the NCEAS wagkgroup could be used in the
future to explore such thresholds.

—n

Overall, we predict that there is a medium to pgbbability that the provisioning @
wild pollination services is likely to be subjea thresholds/tipping points in the
foreseeable future (by 2025), with a very high patmbty that such thresholds wil
happen in regions of very intensively managed adtice.

What this will mean for actual crop productivityless clear as there are substitutes
for wild pollinators and for pollinator-dependemops.

4.1.6 Can we quantify and map the global provision of shivild crop pollination and
how it might change?

State of knowledge and data availability

Wild pollination is a valuable ecosystem processabee it can increase the yield of
economically important crops. Phase Il of the Revom the Economics of Ecosystems and
Biodiversity will attempt to assess how such sersiare affected by biodiversity loss (e.g.
by deforestation leading to declines in habitatvidd pollinators). An ideal answer to this

would involve producing a global map of pollinatiservices (measured in units reflecting
the contribution to increased yields per ha per)yeduch a map would be generated for
different scenarios of possible global changes. (@hpat if all remaining Andean cloud

forest is lost?), and differences in pollinatiomvéees would be contrasted to evaluate the
extent to which pollination is affected by thosewfes. The economic valuation would be
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done on top of this ‘biophysical model’, accountifay local/regional variation in crop
yields as well as for global aspects such as clsaimgeommodity market prices.

Although a biophysical model of delivery of polliran services is not fully in use as yet,
two major efforts are currently being reconciledhwihe aim to have such a model in
operation by October 2008:

* Kremen et al. (2007) have created a conceptual moidémobile agent-based
ecosystem services’, which forms the basis of waakied out by the NCEAS
Working Group on pollination services. The modetludes interactions and
feedbacks among policies affecting land use, maftwetes, and the biology of
organisms involved. The group is conducting quatiié syntheses of the key
relationships within this model, which has alre&een done for the dependence of
world crops on pollinators by Klein et al. (200 f)dafor the relationship between
distance from natural habitat and pollination se¥siby Ricketts et al. (2008), and
is underway for impacts of disturbance on bee abnoel and diversity (led by Rae
Winfree), and pollinator functional traits (led Bieal Williams). This component
considers the sensitivity of pollinator specieseoben life history and other traits
(e.g., body size, trophic specialization, nestiafpit) and explores the consistency
of resulting functional group responses among wifie types of disturbance. From
this, a quantitative model will be built.

 The Natural Capital Project is developing tools fodelling and mapping the
delivery, distribution, and economic value of ecisyn services and biodiversity.
The Project’s pollination module is developing agsiysical model for pollinator
abundance on crops in a landscape. It uses infmmatn key pollinators, the
availability and location of their nesting and #bresources on the landscape, and
their flight ranges, to predict their abundancescoops. The result is a map of
relative pollinator abundance in agricultural feldr pixels. Predicted effects on
yield or quality of crops have not yet been caltdabut the group plan to do so.

Recently, these two efforts have merged, with leadérs of the NCEAS group helping to
devise the Natural Capital model. By October 2@88y plan to have the model formulated
and validated on three landscapes by comparing Inpoeéictions against empirical data.

In a related study, Priess and colleagues (20080 ampirical relationships on the effects
of forest distance on both pollinator diversity dndt set of coffee (based on the results of
field experiments carried out by Klein et al. 20@3&) to estimate future changes in
pollination services for different land use sceosin Sulawesi, Indonesia.

These efforts indicate that it is possible to depeh landscape-scale spatially-explicit
model based on an empirical understanding of hd#erdnt crops benefit from wild
pollination (Klein et al. 2007) and how pollinatiolecays with distance from natural/semi-
natural habitat (Ricketts et al. 2008), ideally gd@mented with more detailed data on the
identity/guild of the pollinators, the specific poator needs of crops, and the value of
modified habitats (including the agricultural lantl®emselves) for nesting and floral
resources. Currently available data are far fronfiegg but allow for broad generalisations,
and expert opinion could be used to fill some dgias.

The key challenge would reside in extrapolatings¢éhenodels for application at a global
scale. Indeed, global maps would be needed not @mlyhe distribution of the relevant
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natural/semi-natural habitats, but also on theidigion of the relevant crops (that benefit
from pollination). Furthermore, these maps wouleéch& have sufficient spatial detail to
be relevant to the fine-scale spatial dynamics dgloaerns pollination, as foraging ranges of
pollinators have been empirically shown to be tgfyc less than 1 km. Such maps
currently do not exist. The main limiting factorpsobably the unavailability of a detailed
map of global crops distribution, with informatior individual crops and with sufficiently
fine spatial resolution. But the production of fieeale maps of natural/semi-natural habitat
(with information on their relative value for paiiition services) is also not trivial. Such
maps can be generated for particular regions Ratural Capital model now being applied
to theValuing the Arc projectn Tanzania) but certainly not for the world withthe time
frame of the Review.

Two possibilities exist in the short-term for thevelopment of a first-cut pollination model
at the global scale:

* A probabilistic approach, whereby the probabilifyeach pixel being under a crop is
estimated from data on the pixel’s suitability twops (Fisher et al. 2000) as well as
broader crop maps (Cassman et al. 2005; Ramankutgl. 2008). The expected
benefits from pollination on each pixel would thes estimated using a generalised
biophysical model.

* A sampling approach, in which detailed models areetbped for each of a set of
representative landscapes, applied using fine-stalps of crops and habitats for
those landscapes. Expected global benefits frofinpbbn, and predicted changes
for different scenarios, would then be obtaineckiyapolation using global crop data
(Cassman et al. 2005; Ramankutty et al. 2008).

We believe the second approach is the most feaatleell as the most informative.The
probabilistic approach would allow for the consaten of uncertainty of what the relevant
crops are in each area, but the spatial resolwionld not be sufficiently fine for the

adequate incorporation of the relevant spatial dyos. The sampling approach would
benefit from finer spatial data on the distributiohboth crops and natural/semi-natural
habitats, therefore resulting in substantially m@ieble predictions. A choice of adequate
sample landscapes (including temperate and tropegibns, containing strong gradients in
agricultural intensification) would allow for a $i-cut extrapolation to the global scale. We
therefore recommend that a global evaluation of éfffects of biodiversity loss and

ecosystem change on pollination services builds fitve work currently being done by the

Natural Capital Project, which is focusing on féamndscapes: California, Tanzania. China
and Hawaii.

Even at the finer landscape scale, it is importankeep in mind the limitations of any
model that can possibly be developed and appliethennear future. Smaller plots of
agricultural land in close proximity to natural Oiversity, which are important for
pollination services, are unfortunately likely te lost due to coarse resolution of the data.
Small field sizes and mixed cropping systems maked particularly vulnerable to this. A
model in the lines currently being developed andppsed here would be particularly
informative for the effects of changes in wild pmdition services associated with changes
in land cover, an less useful to predict variatiorother factors. Effects of variation in
pesticide use can somehow be incorporated in tssification of crop types (as intensive
crops tend to make more use of pesticides) but oplyo a certain extent (as, within any
given crop type, level of pesticide use dependsdividual farmer decisions). The model
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would be unlikely to capture changes dues to imeaspecies, unless the value of invasive
floral resources for pollinators is know along whtabitat associations of these plant species
(one example for which this could be knowrCisntaurea solstitialisyellow star thistle).

Adequacy of scenarios

A probabilistic approach would require the generatof predicted global maps of land
cover, including predictions for the distributioosparticular sets of crops, at a fine spatial
scale. Approaches such as those developed by tlEAKTProject (Advanced Terrestrial

Ecosystem Analysis and Modelling) for Europe (Stdrrét al. 2004; Rounsevell et al.
2006) could potentially be expanded to the globales(within 1 year?)

A sampling approach would require the generatiodedéiled maps of predicted land cover
for a set of representative regions, for each efdhosen scenarios. While these are not
trivial to generate either, results would be maralistic and a finer scale than for when
produced at a global scale. Approaches such as tsed by Priess et al. (2007) seem to
have potential. They used ‘generalized cellulanimmatta’ to allocate future land use based
on biophysical suitability (climate, soils, topoghg), allocation factors (e.g. distance to the
next river, land use on adjacent cells, preferredking distance to field), demography
(population growth rate, migration), and the laise strategies of farmers (e.g. moderate or
high intensity agriculture, forest use) and otlestrictions like the protection status of the
area. The extrapolation from study landscapes ¢oglbbal scale would require linking
global coarse scenarios for changes in land useibdison with the finer landscape
scenarios. This could potentially draw on the mdthand approaches that have been
developed for downscaling land use scenarios egburg et al. 2006). Model validation
is fundamental, by matching modelled predictiongxeiting data from targeted areas. A
potential approach would be to select existing data, while another would be to prioritize
study of pollination service at particular targedas for which other data are known.

A fundamental variable in the scenarios is the rxt® which managed pollinators
(particularly honeybees) are made available inrdjpe scenarios being contrasted would
need to consider that this is the same in bothsc&assible extreme scenarios include, on
the one hand, a situation in which wild pollinatioecomes the only available mechanism
for crops that depend on biotic pollination (in tteenote possibility that Colony Collapse
Disorder eliminates all managed honeybees) andherother hand, a situation in which
managed pollination is provided whenever useful #mel value of wild pollination is
simply by complementing (or interacting with) maadgpollinators. Reality is somewhere
in between, and so scenarios could also considemt@nmediate situation in which
particular crops, from particular regions, benéfitm managed pollination and others do
not. The key consideration would be that any pagscenarios being compared would need
to consider matching levels of managed pollinatidme same applies for levels of pesticide
use.
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What can be done in Phase 11? At what cost? By vwhom

We predict that it will be possible to produce witlone year a first-cut global model
to evaluate how global crop pollination servicegs affected by biodiversity loss
(changes in land cover). We recommend building frongoing landscape-scale
assessments currently being developed by the Na@a@tal project. In our opinion
the research group better positioned to lead teéeets is the ongoing collaboration
between the NCEAS Working Group on pollination (@hincludes the lead of the
ALARM project) and the Natural Capital Projéct

A dedicated post-doc would be required (12 researpfonths), plus resources |to
involve other experts, perhaps through two NCEA&esivorkshops at the beginning
and middle of the project.

4.1.7 Insights for economic valuation

Appropriate scenarios can generate maps of diffesetes of the world, varying in their

spatial patterns of distribution of crops and nalfgsemi-natural habitat. A model along the
lines of those described above can then be usedetde surfaces of pollination services
(measured in changes in the yields of particulapsy for each state of the world. The
contrast between these two maps will indicate awelasre crop yields are expected to
change (either increase or decrease). Data on dnkeetrvalue of these crops (adjusted for
possible variations in global crop prices arisingnt differences in the scenarios) could
then be used to monetise the map of variationap grelds.

4.1.8 Some key resources

* The National Center for Ecological Analysis and tBesis (NCEAS) Working
Group on Restoring an ecosystem service to degraded lanelscaptive bees and
crop pollinatiori is synthesising and analysing data on bee poipualgt pollinator
communities and pollination services across agtarahlandscapes, including the
development of models for the management of pdibnaservices. The Group is
led by Claire KremenandNeal Williamsand composed of ¢. 20 experts, including
amongst otherélexandra-Maria KleinIngolf Steffan-DewenterRachael Winfree
andTaylor Ricketts

* The Natural Capital Projegta joint venture among The Woods Institute for the
Environment at Stanford University, The Nature Gumancy, and the World
Wildlife Fund, is developing tools for modelling canmapping the delivery,
distribution, and economic value of ecosystem ses/and biodiversity. It includes
a pollination module (led byaylor Ricketty, which is developing a biophysical
model for pollinator abundance on crops in a laagdsc

* Modelling for the NCEAS Working Group and the NatuCapital pollination
module is being led bigric Lonsdorf

! This is our recommendation for Phase 2, based ®netults of this review. It does not commit thediers
of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor
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* The EU-funded ALARM Assessing Large-scale Risks for Biodiversity wigsied
Methodg project, led bylngolf Steffan-Dewenterincludes a research module on
pollination investigating the risks resulting frommnd rates and extent of, loss of
pollinators. With a particular emphasis on Eurdhes 5-year (2004-2009) project is
developing predictive models for pollinator lossl@onsequent risks.

e The Millennium Assessment (Cassman et al. 20053 wkda on rain-fed and
irrigation croplands obtained from a cropland-famis reinterpretation of
GLCCDvZ2, based on methods described in Wood et al. (2000).

« Ramankutty et al. (2008) developed a new globa dat of croplands and pastures
circa 2000, at 5 min (~10 km) resolution, by connfignagricultural inventory data
and satellite-derived (MODIS-derived and GLC20@0)d cover data.

* TheGlobal Agro-Ecological Zones (GAEZ) assessnaerated global databasef
estimated yields for various crops by matchinggbi type, terrain, and climate of
grid cells with productivity levels for 154 landeausypes documented in places with
similar characteristics (Fisher et al. 2002). Thar&minute grid generated by the
GAEZ assessment contains measures of agriculturabdity, assigned to eight
categories based on estimated productivity levelsagercentage of maximum
observed yields for a given crop.

* The International Pollinators Initiativeestablished by the Fifth Conference of
Parties to the Convention on Biological Diversity2000, declared an ‘urgent need
to address the issue of worldwide decline of patiim diversity’.

4.1.9 Participants
Authors

James J. J. Waters, Ana S. L. Rodrigues, Andremnatl (University of Cambridge,
UK)

Taylor H. Ricketts (WWF-US, US)
Claire Kremen, Alexandra-Maria Klein (University Ghlifornia, Berkley, US)
Neal M. Williams (Bryn Mawr College, US)

Contributors

Saul A. Cunningham (CSIRO, Australia)
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4.2 Biological control of crop pests

This section is based on a quick literature reviamwg did not receive contributions from,
nor has it been reviewed by, experts in this figlek expect some of the uncertainties we
identify below could be resolved by such a revievegss.

4.2.1  Why is biological control of crop pests importardrfhuman wellbeing?

Biological control is the process by which one oigen reduces the population density of
another organism, for example through predatiopasasitism. In nature, most organisms
are consumed by other organisms, which in manysckesels to drastic reductions in the
population of the prey species; in biological cohtf crop pests, man exploits this ‘natural
control’ to suppress the numbers of pest speciake (& al. 2008).

Here we focus on the value of biological controt feducing the effects of pests in
agricultural systems, and therefore contributingnicreases (or preventing decreases) in
crop yields. We recommend a focus on biologicaltmdrof crop pests mainly because of
the availability of data (e.g. Losey & Vaughan 2p@6éd the huge value of crop plants to
human well-being.

Agricultural pests cause significant economic lesserldwide. Globally, more than 40%
of food production is being lost to insect pestgnp pathogens, and weeds, despite the
application of more than 3 billion kilograms of pesles to crops, plus other means of
control (Pimentel 2008). In the US alone, it ismasted that more than US$18 billion are
lost due to insect damage (including more than BSdllion spent on insecticides), of
which about 40% ate attributed to native specigsthe remaining to exotic pests (Losey &
Vaughan 2006). These values, however, would be rhigtter if biological control was not
in place. Losey & Vaughan (2006) estimate that 6&%he financial cost of potential
damage by pest species is being suppressed inShwiith a total value of pest control by
native ecosystems around US$13.6 billion/y. Throwegipredator removal experiment,
Ostman et al. (2003) showed that the presencetafalanemies increased barley yields
303 kg/ha, preventing 52% of yield loss due to dghi

Biological control of crop pests may be totally ural, without direct intervention from
man, or it may be enhanced through biological @dntiterventions Frequently, the term
biological control refers to the latter only, whan organism is useoly manto reduce the
population density of another organism (Bale eR@08). Here, however, we are interested
in the contribution of ‘wild nature’ to both of tee mechanisms, and particularly to the
natural control that flows from unmanaged ecosystem

Natural control of plant pests is provided by gefist and specialist predators and
parasitoids, including birds, bats, spiders, ladyunantis, flies, and wasps, as well as
entomopathogenic fungi. In the short-term, thiscpss suppresses pest damage and
improves yields, while in the long-term maintains ecological equilibrium that prevents
herbivore insects from reaching pest status (Zledrad. 2007 and references therein).

In biological control interventions, pest contrd enhanced through a diversity of
approaches (Bale et al. 2008 and references therein

59



- Inoculative controlis used mainly against ‘exotic’ pests that havecobse
established in new countries or regions of the dvarid involves the collection and
release of natural enemies from the country ororegif origin of the pest. This
works better with perennial crops (fruit plantasomnd forests), where the
persistence of the agro-ecosystem enables thaati@ns between pest and natural
enemy to become fully established over a pericihue.

- Augmentative controinvolves periodically reintroducing natural enemibat are
usually commercially produced for that purposeisitparticularly indicated for
short-term annual crops, as populations of naten&my species may not persist
between the crop production cycles. This includeth binundation’ (the mass
production and release of large numbers of the robragent) and ‘seasonal
augmentation’ (where the natural enemy populat®built-up through successive
releases during the same growing season).

- Conservation contrglsee Landis et al. 2000 for a review) refers trtfanipulation
of the environment to increase the effectivenessindigenous predators and
parasitoids, usually against native pests. Varimeasures are implemented to
enhance the abundance or activity of the naturainggs, including manipulation of
the crop microclimate, creation of overwinteringuges (like ‘beetle banks’),
increasing the availability of alternative hostsl gmey, and providing essential food
resources such as flowers for adult parasitoidsaghidophagous hoverflies.

Biological control reduces rather than eradicatest) such that the pest and natural enemy
remain in the agro-ecosystem at low densities. Wlyer of important pests can be kept at a
low population density by biological control ovenb periods of time. In other cases,
populations of pests are significantly reduced byural enemies, but repeated additional
methods are needed to achieve an adequate leeehtbl (e.g., resistant plants, cultural
techniques, physical barriers, semiochemicals asda last resort, the use of selective
chemicals) — this is the fundamental philosophyntégrated pest managemé€Btle et al.
2008).

Here we are particularly interested in the valusviddl nature to natural (unmanaged) pest
control and to (managed) conservation control. H@uewild nature also contributes to

inoculative and augmentative pest control through frovision of natural enemies in the
regions of origin of exotic pests (see Section }.14

4.2.2 What are the overall trends in the biological cootrof crop pests?

The Millennium Assessment indicated a medium tohhegrtainty that pest regulation
services are declining (MEA et al. 2005).

Agricultural intensification (with associated retioa in the landscape complexity, increase
in pesticide use) and loss of crop genetic divweiisitrease the exposure of crops to major
disease outbreaks and therefore the importanceloigical control.

At the same time, improvement in artificial pesthtrol (through the use of pesticides) and
the development of pest-resistant crops reducendleel for biological control. However,

pesticide use has an associated array of probleinsefitel 2008): cost — pesticides are
expensive and need to be applied frequently; putgdalth and environmental impacts, with
more than 26 million people poisoned annually frpasticides, resulting in more than
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220,000 deaths; and environmental impacts suchsze$ to non-target species, including
natural enemies of crop pests. Indeed, pesticidesdio be more damage to natural enemy
populations than to pests, thereby exacerbatingvéing problem they were designed to
solve (Kremen & Chaplin-Kramer 2007). Furthermgresticide-resistant organisms evolve
rapidly (e.g. insects usually evolve resistancénwiaabout a decade of the introduction of
an insecticide; Palumbi 2001), while there are nown cases of evolved resistance of
natural enemies (Bale et al. 2008). The value ofirah control should therefore not be
underestimated or presumed to be declining, ev@nde as demand for organic products is
increasing (Willer & Yussefi 2008).

Data on the populations of biological control ageste scarce but the trends are presumed
to be negative due to habitat transformation aasediwith agricultural intensification
(agricultural expansion, enlargement of field sieegnoval of non-crop habitat resulting in a
loss of natural landscape features required fontamiing their populations) and increasing
pesticide use. On the other hand, the increasegana farming worldwide may help to
reverse this trend (Bengtsson et al. 2005; Willex1. e2008).

4.2.3 How is the provision of biological control of cropests affected by changes in
wild nature?

Biological control seems to be greatly determingdhe abundance of natural enemiasd
indeed this is often used as a measure of thesityeaf biological control (e.g. studies
reviewed in Bianchi et al. 2006 and Kremen & Chagramer 2007). Several studies have
demonstrated increases in predation rate with ppe@undance, while for parasitoids the
majority of evidence for increased densities aiffectpest control comes from exotic
introduction examples (see references in Kremen l&aplin-Kramer 2007). However,
enhanced enemy abundance or richness does notsaglieguarantee improved pest
control (see below).

The diversity of natural enemies also seems toawgbiological control, through a variety
of mechanisms, including: species complementantyen more than one type of predator
or parasitoid adds to the control of a pest spedies sampling effect, whereby a
particularly effective natural enemy is more likddy chance alone to occur when more
species are present; redundancy, where more spedleBuffer against disturbance or
ecosystem change; and idiosyncrasy, when the whajeeater than the sum of the parts
due to interactions among species (Tscharntke.e208l5; and see Kremen & Chaplin-
Kramer 2007 for a review). However, these expettedefits of diversity to pest control
may be countered by antagonistic effects betwelareint natural enemy species, such as
competition and intraguild predation (Kremen & CliwayiKramer 2007). On the other hand,
intraguild predation could help supplement naters@my diets when pest densities are low,
potentially maintaining a higher natural enemy dapon size more capable of controlling
sudden pest outbreaks. The overall effect seenis toontext-dependent, with it being
important to consider both the diversity and theposition of natural enemy assemblages
(Wilby & Thomas 2002; Kremen 2005), as well as tiaracteristics and ecology of
predators, and the identity of their prey spedie=af et al. 2003; Wilby et al. 2005). While
species richness will be most important for thet@mof some pests, the presence of a
particular predator or parasite will be of utmasportance for others (Wilby & Thomas
2002). The provision of biological control is cralty determined by the identity of
biological control organisms, which may even havstranger effect than diversity (e.g.
Straub & Snyder 2006).
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Non-crop habitatsaare fundamental for providing habitat where maildgical control
agents (predators, parasitoids) mate, reproducepa@rwinter (Zhang et al. 2007) as well
as additional, complementary, food (Kremen & Chajlramer 2007). The quality of the
habitatcan make a significant difference (e.g. Thiesl.e2@05; Tylianakis et al. 2007) and
this can be improved through habitat managememtdiiszet al. 2000).

Landscape diversity or complexitg generally positively associated with the abunga
and species richness of natural enemies and mathdamnost crucial factor driving
biological control services (for reviews see Biarethal. 2006; Kremen & Chaplin-Kramer
2007; Tscharntke et al. 2007). Landscape complecaty be quantified by a variety of
measures, including the proportional area of natuabitat, distance to natural habitat or
perimeter to area ratio of the field (Kremen & Clafkramer 2007), and beta diversity
(species turnover) across natural habitat patchesh@rntke et al. 1998). Landscape
connectivity(Tscharntke et al. 2007) and age of natural hbfitcharntke et al. 1998) also
seem to increase biological control. While thereeigdence that increased landscape
complexity is correlated with diversity and abuncamf natural enemy populations, this
does not necessarily translate into improved pastrol, as pest densities may also respond
positively to landscape complexity (Thies et al020 For example, while 75% of the
studies in Bianchi et al. (2006) found increasednalance of natural enemies in more
complex landscapes, only 45% showed lower pestspres Very few studies measured
actual predation rates or yields through controbegeriments (e.g. Ostman et al. 2003;
Williams-Guillen et al. 2008).

The proximity to semi-natural habitaggeatly influences biological control by increasin
natural enemy abundance, diversity, predator/pa¢ips and importantly predation risk or
parasitism for crop pests (Tscharntke et al. 2@@nchi et al. 2006). The distance of
habitats over which parasitism is enhanced varfes ftens to hundreds of metres,
depending on parasitoid species (Tscharntke et2@D5). Although there are many
examples of parasitism rates being higher at tlye®df fields than the middle, they are
also frequently found to be unrelated, so that cew@not be sure whether the number of
natural enemies or their movement is limiting bgit@l control (Tscharntke et al. 2007).
Unfortunately, there are few experimental studeeg.(Tscharntke et al. 1998) quantifying
the relationship between distance from semi-natiaaitat and biological control, and no
work has investigated the shape of a general oelstip, as has been done for pollination
(Ricketts et al. 2008).

Habitat fragmentatiomnay also affect biological control (With et al.G&), with a greater
effect on specialist parasitoids than generalistigtors (Tscharntke et al. 2007), such that
generalist and mobile enemies may even profit fieenhigh primary productivity of crops
at the landscape scale, their abundance compeg$atitosses in diversity.

Natural habitat may actually have negative effé@sosystem disservices’) on biological
control, particularly as a source of pests (Thiesle2005; Kremen & Chaplin-Kremer
2007). On the other hand, some studies have shogveader effect of habitat loss on the
predators or parasitoids than on their herbivoey @nd so the disservice of pest provision
may be negated by the benefits of natural enemidarge and well-connected habitats
(Kremen & Chaplin-Kremer 2007 and references timgrei

Crop diversitycan reduce the incidence of pests and diseagesigth both the increase in
the genetic diversity of individual crops (e.g. Zbtial. 2000) and the increase in the
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diversity of crop species in multi- or poly-cropgirsystems (e.g. Sutherland & Samu
2000).

Relationship between habitat area and biologicaitcol

Work quantifying the effect of the area of natuhabitat on the provision of natural
enemies and biological control services is lack{kgemen & Chaplin-Kramer 2007),
although results suggest that the effect may batgrdor parasitoids/predators than their
prey (e.g. Kruess & Tscharntke 2000). The quest®rcomplicated by the different
dispersal abilities of insect species: while a datgcultivated area may provide a large
source of natural enemy individuals and species, dame area distributed in smaller
fragments among cultivated fields would allow gesalispersal (Tscharntke et al. 2007).
The optimal resolution to this tradeoff will alsegend on the attributes of the pests and the
crops, as ephemeral annual crops will benefit frosh natural enemies moving quickly
into the area (Bianchi et al. 2006) whilst a largduge of diverse natural enemies might be
more suitable for perennial crops. Equally, highigbile pests may be best controlled by
natural enemies in a landscape of well-connectagalehabitats (Tscharntke et al. 2007).

4.2.4  What are the main threats to the provision of bigical control of crop pests?

The main threat to the provision of biological cohtseems to be habitat loss and
degradation particularly associated with agricultural intditsition. This results in
landscape simplificatigrand natural habitat fragmentatil@ading to losses in the diversity
and abundance of natural enemies. Intensive agrralilmanagement practices threaten
natural enemy populations (Naylor & Ehrlich 199%pnically, pesticide usénas had
severe detrimental effects on natural enemiesnajteater than on the target pests, and
may even result in the emergence of new pests (Emef&nChaplin-Kramer 2007). Natural
enemy species will also be under threat from irorasif foreign specieand the disruptive
effects of climate change

4.2.5 Are abrupt changes likely in the provision of thizenefit/process?

The relationship between densities of natural easmand the biological control services
they provide is unlikely to be linear (Losey & Vdwamn 2006). From the complexity of
interactions and non-linearity of the relationshgiween diversity and function mentioned
above, it seems likely that a function may dectimproportionately when a tipping point
in natural enemy diversity is passed. However, géhdoes not seem to be empirical
evidence in support of this. Thresholds in landscapucture (interpatch distance) have
been shown to impact the aggregative responseedfafors, thereby generating a similar
threshold in pest populations (With et al. 2002heTimportance of natural enemy
assemblage composition in some instances of bimbgiontrol (Shennan 2008) indicates
that changes in composition can lead to dispropaately large, irreversible and often
negative shifts in ecosystem services (Diaz &Cf5).

Overall, we predict that there is a medium to gbbability that the provisioning of
biological control is subject to thresholds/tippipgints in the foreseeable future (by
2025), with a very high probability that such threksls will happen in regions of
very intensively managed agriculture.

63



4.2.6 Can we quantify and map the global provision of hmgical control of crop
pests, and how it might change?

Making assumptions about the proportion of inséta$ cause any damage, the proportion
of native pest species in the US, and the relaimeunt of pest suppression that is due to
insects rather than other causes, Losey and Vaugeae) illustrate how to use the ratio of

cost of damage due insect pests to estimate thee wall native pest control services.

However, such a calculation is based on locati@tifip assumptions, and it is not clear

that it could be scaled up to a global calculatibrnvould also not be fine-scale enough to

guantify the effects of changes in biological coh&rssociated with changes in states of the
world due to specific policy measures.

A model for biological control services has notibbeeeated, although Kremen et al. (2007)
created a conceptual framework for the effectsantliuse change on ‘mobile-agent-based
ecosystem services’, including pest control. Ifiitideveloped for pollination (see chapter),
the model includes interactions and feedbacks anpatigies affecting land use, market
forces, and the biology of organisms involved.

Unlike for pollination (Section 4.1), syntheses tbie literature to quantify the key
relationships within this framework have not yeebecarried out for biological control.
These include:

- The relative value of biological control to cropguctivity, that is, the vulnerability
of crops to a shortage of natural enemies. Thisbeaidentified by the intensity of
pesticide applications to those crops (Kremen &flihaKramer 2007).

- The relationship between the provision of biologimantrol and distance to natural
habitat patch (related to the dispersal and fogagiovements of natural enemies).

- The relationship between the provision of biologmantrol and area and quality of
habitat patch.

- The functional significance of species diversityl dhe extent to which this varies
across systems. This is needed to understand sgmdwision by assemblages of
natural enemies.

These syntheses need to build from field data atedlly) experiments. We are not sure if
the current body of knowledge is sufficient for Busyntheses to be produced from
published information, or if additional field workould be required. A complication in
relation to pollination (in which natural habitatalways expected to have a positive effect),
is that natural habitat may simultaneously resuthe increase in the populations of natural
enemiesand of pests. Hence, the measure of enemy abundandés @wn is not an
adequate surrogate for biological control and e$teformation on the variation in crop
yields should be used.
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Adequacy of scenarios

We suspect that the same variables required forettiogl pollination (Section 4.1) would
be needed for modelling biological control.

What can be done in Phase 2? At what cost? By whom?

We suspect that there is not enough empirical datarhich to base a global model to
evaluate how biological control services are a#fddby changes in wild nature. This
model could be obtained following the same linesoagollination (and probably led
by the same group) but we suspect this would ngidssible within Phase 2.

We nonetheless recommend that further advice isirdd from experts on the
feasibility of this particular task.

4.2.7 Insights for economic valuation
See pollination section (Section 4.1)
4.2.8 Some key resources

This section was based on a (quick) overview ofliteeature, and we suggest it is further
developed by contacting experts in this field. WWeommend the following as first points
of contact:

* Claire Kremen at the Department of Environmental Science, Polieyd
Management, University of California, Berkeley (US&ho has led development
of a model on ‘mobile-agent-based ecosystem setvigecluding pest control
(Kremen et al. 2007).

» Teja Tscharntkein the Department of Crop Science, University dbttidigen,
(Germany), whose group also includegrsten Thies

« David Pimentelat the Department of Entomology, College of Agitiere and Life
Sciences, Cornell University (USA).

» Felix Bianchiat the Functional and Spatial Ecology group in RKSIEntomology
(Australia).

4.2.9 Participants
Authors

James Waters, Andrew Balmford and Ana Rodriguesv@dsity of Cambridge, UK)
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4.3 Genetic diversity of crops and livestock

This section is based on a quick literature reviamg did not receive contributions from,
nor has it been reviewed by, experts in this figlek expect some of the uncertainties we
identify below could be resolved by such a revievegss.

4.3.1 Why is the genetic diversity of crops and livestockportant for human
wellbeing?

Food production and security depend on the wiseansleconservation of agricultural and
livestock biodiversity and genetic resources. Crapd their wild relatives (plant genetic
resources for food and agriculture; FAO 1997) aweéstock and their wild relatives
(animal genetic resources for food and agriculte’) 2007a) have the genetic variability
that provides the raw material for breeding newpcvarieties, through classical breeding
and biotechnological techniques. This diversity fimdamental for responding to
environmental and demographic changes (Esquina&zAtc2005). Note that this section
only refers to species that are relatives of knawop species, and which are therefore of
potential value to their future productivity or itesnce. Species that have not yet been
domesticated, but have the potential to becomarso;overed in Section 4.14.

While thousands of plant and animal species hawn lmesticated for human use,
currently, barely more than 150 plant species ativated and most of mankind lives off
no more than 12 plant species (Esquinas-Alcazab)2@@h 30 crops supplying 90% of the
global calorie intake (Wood et al. 2005). Domesiigmals provide 30% of food globally
but just 14 species represent 90% of the globatlymion (Wood et al. 2005). Global
population growth and corresponding rising demamddod have favoured the adoption of
highly productive varieties. The introduction of desn farm machinery, marketing and
transport methods that require uniform crop andsiigck characteristics have required the
introduction of standard, homogeneous plants andals. This trend, which peaked during
the so-called 'Green Revolution', has made it ptess$d boost food production, but has also
led to the loss of innumerable heterogeneous (&ed tocally adapted) traditional farmers'
varieties (Esquinas-Alcazar 2005).

The loss of local species and varieties usuallyltesn irreversible loss of the genetic
diversity they contain, known as genetic erosiodmisThas dangerously shrunk the genetic
pool that is available for natural selection, aod $election by farmers and plant and
livestock breeders, and has consequently incretmedulnerability of agricultural crops
and livestock production to sudden changes in ¢émand to the appearance of new pests
and diseases (Esquinas-Alcazar 2005). For exampléhe United States in 1970, the
fungusHelminthosporium maydidestroyed more than half the standing maize andape
southern part of the country. The crop had beenvigrbom seeds that have a narrow
genetic base and are susceptible to this diseadbisl case and others, the problem was
resolved by breeding resistant varieties using temesources that were obtained from
other parts of the world (Esquinas-Alcazar 2005).

The conservation of animal and plant genetic ressufor food and agriculture relies on
the preservation of both the variety of domestidagpecies and their wild relatives. This
can take placex-sity particularly for plants, through the developmefiseed banks and

germplasm collections (FAO 1997; e.g. the receimibugurated Svalbard Global Seed
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Vault, already with 100 million seeds). Here, we aarticularly interested in tha-situ
conservation of genetic diversity, through the @ctibn of the natural habitats of wild
relatives or through the maintenance of traditicagdicultural landscapes (Maxted 2003;
Maxted et. al 2007). Note that with the exceptibthe wild boar Sus scrofathe ancestors
and wild relatives of major livestock species aitbez extinct or highly endangered and
that therefore domestic livestock are the only séipaes of the now largely vanished
diversity of the wild ancestors. This is a majoifetence from crop species, for many of
which the wild ancestors are commonly found at ¢dkatres of origin and represent an
important source of variation and adaptive trags future breeding programmes (FAO
2007a).

The term ‘crop biodiversity’ is sometimes used éder to the diversity of crops species
within one region (e.g. wheat and barley rathenthest wheat; e.g. Di Falco & Perrings

2005). We are not addressing the effects of crgprdity in that sense; we are concerned
with intraspecific diversity of crop species, arattcularly with the wild varieties.

Despite the widespread use of modern varietiegjréaes (locally adapted, traditional

varieties) are still grown in many parts of the ldorThis is particularly the case in

marginal areas where such varieties (locally adhpeeg., to specific soil and water

regimes) thrive better. Landraces may also alldwua requirements to be spread (through
differences in maturing time of the varieties), ni@y adequate for multiple usages (e.g.,
differences in stalks can make them better for asdencing material or for feeding to

cattle), and may reduce the risk of outbreaks sfakes or pests (Cassman et al. 2005).

4.3.2 What are the overall trends in the genetic diveysaf crops and livestock?

The genetic diversity of crops and livestock hasrnbdeclining markedly, but overall rates
of loss are not easy to quantify (FAO 1997). Faauregle, in China nearly 10,000 wheat
varieties were in use in 1949, but only 1,000 vstilein use by the 1970s. In the US, 86%
of the apple varieties, 95% of the cabbage, 91%heffield maize, 94% of the pea, and
81% of the tomato varieties documented as haviren e use between 1804 and 1904
apparently no longer exist (FAO 1997). Of the 7,6i¥/8stock breeds listed by FAO’s
Global Databank for Animal Genetic Resources fand-and Agriculture, around 20% are
classified as at risk and 62 breeds became exturatg the 2001-2007 period — amounting
to the loss of almost one breed per month (FAO ap0o7

The three main crops — rice, maize and wheat — phmavide over half the world
population’s requirement for protein and calorid&ioyersity International 2008) are
increasing reliant on a small number of modernetas. Indeed 80% of the wheat area
sown in developing countries is modern semi-dwarieties and over 75% of all rice in
Asia is improved semi-dwarf varieties (Cassman.e2G05)

4.3.3 How is the genetic diversity of crops and livestaaffected by changes in wild
nature?

The genetic diversity of wild relativess of cropsid to a lesser extent livestock) species is
a direct result of the species and population ditxeramongst these species. They are
therefore affected by changes that lead to sp@cpslations extinctions, such as loss and
degradation of natural habitatds a response, it has been proposed that netwairks
protected areas are established for the protedfowild crop relatives in the UK and
Europe (Maxted 2003; Maxted et al. 2007).
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Amongst domesticated relatives, loss of varieties @diversity within varieties is expected
from the loss of area under traditional agricultyreactices and associated local breeds
such as when these are either abandoned or cothteritgensive agriculture.

Relationship between habitat area and genetic gityeof crops and livestock

Losses in genetic diversity species with area igdyl to follow a non-linear relationship
(linear in log-log space), similar in shape to species-area relationship (but perhaps
steeper, as it responds not only to the loss ofiepébut also to the loss of intra-variety
(intra-specific) genetic diversity.

4.3.4 What are the main threats to the genetic diversafycrops and livestock?

The main threat to the genetic diversity of cropsd éivestock is the marginalization of
traditional production systems and the associated! Ibreedsdriven mainly by the rapid
spread of_intensive agriculture and livestock putigun, which typically uses a narrow
range of crop varieties and livestock breeds (FR971 2007). The intensification process
has been driven by rising demand for agriculturadl @nimal products, and has been
facilitated by the ease with which genetic matepabduction technologies and inputs can
now be moved around the world (Esquinas-Alcazab26@8.0 2007a).

Acute threats such as major disease epidemics madtersof various kinds (droughts,
floods, military conflicts, etc.) are also a contef particularly in the case of small,
geographically concentrated varieties and breedlptipns (FAO 2007a).

The loss of cultural diversitys also a factor in the loss of genetic diversty cultural
knowledge about production of traditional varietaasl extraction of wild relatives is also
lost (FAO 1997).

Wild varieties are threatened by habitat loss aedradation and overharvestingWe
presume that climate changeay also affect not only wild relatives but alsonstic
breeds and varieties, if it reduces the degree hhwthey are adapted to their local
environments.

4.3.5 Are abrupt changes likely in the genetic diversadf/crops and livestock?

Given the likely non-linear relationship betweeraand genetic diversity, we predict that
in some cases a small change in area (of natubatihaor of traditional agricultural lands)

may result in a disproportionate loss in genetiediity of crops and/or livestock. This is
probably more likely in areas that have alreadyfesafl extensive habitat loss and land
conversion, where the remaining populations ofipaldr varieties and breeds are quite
small.

Climate change may also have non-linear effectsgenetic diversity of crops and
livestock.

Overall, we suspect that abrupt changes are likellge genetic diversity of the wild
relatives of crops and livestock in the foreseedbtare (by 2025), particularly in
regions subject to extensive habitat loss and ¢tmmdersion.
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4.3.6  Can we quantify and map the global diversity of pgand livestock, and how it
might change?

We predict that it would be possible to createabal, spatially-explicit, model of crop and
livestock diversity, its values, and how these rmlagnge, through the following steps:

1) Map the distribution of wild relatives and of locadrieties and breeds. There
seem to be a few databases on which this couldabedh including for example
the Domestic Animal Genetic Resources Information Sus(EAGRIS) and the
databases under th&ermplasm Resources Information Network (GRIN)
However, we are not sure if these are geograpkicafid taxonomically
comprehensive and if the distributional informatigwhich seems to be at the
country level) is sufficient.

2) Obtain an estimate of the economic value of eadedivariety as insurance
against pest and disease outbreaks. This wouldtodselestimated from statistics
on past outbreaks to predict the risk of future boedks. The economic
consequences of those outbreaks would be estinfeded the predictions of
damage and of crop/livestock prices. The econoraloesof each breed/variety
would be estimated as the likely damage avoideddnyg its genetic diversity to
prevent outbreaks. This would in principle follovmgar principles to the
calculation of an insurance premium given the pmtedi probability of relatively
infrequent (but economically costly) events. Wendd know if the data required
for these calculations exist.

3) The comparison between states of the world (wiffeint maps of landuse,
including the replacement of areas of extensivé witensive agriculture) would
allow for an estimate of which breeds/varieties ldooe more likely to be lost
given their spatial distributions. Particularly eeant would be to understand
which of these breeds/varieties are restrictegéziéic areas (and are not in seed
banks, for example). The economic value of thoseds would be calculated from
the estimate of the insurance value of each braddty.

We suspect that this model would be best for catowd changes in crop, rather than
livestock, genetic diversity, given that the latere less likely to be directly related to
changes in landuse. For breeds/varieties consex«situ (e.g. in seed banks) the relevant
comparison would be between one scenario in wiiietcteation and maintenance of these
banks is ensured versus one where it is not —dhts ©f creation/maintenance would then
be compared with the benefits (estimated avoidahcests of disease and pest outbreaks).
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What can be done in Phase 2? At what cost? By whom?

We believe that conceptually it is possible to ass#he economic consequences of
different policy strategies (different states oé tivorld) on the genetic diversity of
crops (and perhaps livestock). However, we aresnot if the adequate data exist on
which to base at least a first-cut model. If théadare available in a centralised way,
then this calculation should be possible within $8ha, otherwise it is unlikely that
such task can be undertaken in such a short tiznesf

We recommend that further advice is obtained froqeds on the feasibility of this
particular task.

Adequacy of scenarios

We predict that the key data that scenarios woalehio produce is information on landuse
change, including on the intensification of agriatgé. Scenarios could also specifically
assess the costs and benefits of maintaining besetisarietiegx-situ

4.3.7 Insights for economic valuation
The general model proposed would directly provisuitts in economic terms.

4.3.8 Some key resources

» Food and Agriculture Organization of the United iNas (FAO),Commission on
Genetic Resources for Food and Agricultudas published botiithe State of the
World’s Plant Genetic Resources for Food and Adtioe (1997) andThe State of
the World's Animal genetic Resources for Food agidcailture (2007).

* International Treaty on Plant Genetic Resources Fomod and Agriculture
(ITPGRFA)

+ Global crop diversity trust

e Convention on Biological Diversity (CBD)Agricultural Biodiversity

* |UCN SSC Crop Wild Relative Specialist Grquap network of crop wild relative
experts around the world dedicated to working Jgitd promote the conservation
and use of crop wild relatives.

e International Food Policy Research Instit(i&PRI)

e International Livestock Research InstitiiieRl1), that has build the databaB®mestic
Animal Genetic Resources Information System (  DASRIcontaining research-based
information on the distribution, characteristicadastatus of 871 breeds of cattle, sheep,
goats, pigs and chickens indigenous to Africa ashA

» Consultative Group on International Agriculturaldearch(CGIAR) is a strategic
alliance of countries, international and regionaigamizations, and private
foundations supporting 15 independent internati@ualcultural research centers.
Bioversity is one of these CGIAR-supported Centr@mversity International
(formerly IPGRI) is one of those centes.
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» Germplasm Resources Information Network (GRWithin the U.S. Department of
Agriculture's Agricultural Research Service.

Possible experts to contact include:

» Dr Nigel Maxted Senior Lecturer of Plant Gentic ConservatiorhatWniversity of
Birmingham and Chair of the IUCN Species Survivain@nission Crop Wild
Relative Specialist Group. His research focusesthen conservation of genetic
diversity in plants, including the development gbpeoaches to then situ
conservation and management of crop wild relatives.

« Melinda Smale Senior Research Fellow at IFPRI. Her researchhasipes the
development of methods to assess the value of diopiversity and the
identification of policies to enhance the utilizatiand management of crop genetic
resource, particularly in developing economies.

« Jan Engels, Genetic Resources Science and Tecln@ogup, atBioversity
International

e José Esquinas-AlcdzaFAO Commission on Genetic Resources for Food and
Agriculture.

4.3.9 Participants
Authors

Hannah Peck, Andrew Balmford and Ana Rodrigues\{ehsity of Cambridge, UK)

Acknowledgements

John Hopkins (Natural England, UK) provided usefuinments and references.
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4.4 Soil quality for crop production

This section is based on a quick literature revidtvgreatly benefited from expert
contributions (see below) but it has not been mge@ by experts in this field. We expect
some of the uncertainties we identify below coelddsolved by such a review process.

4.4.1  Contributions of wild nature to soil quality and op production

There seem to be four main ways in which wild naiomproves or maintains the quality of
farmland soils and thereby contributes to the ben#fat we obtain from agricultural crops
(e.g. food, fibres, fuels) by improving or retaigifarmland soil quality. We called these:
internal effects (soil biota); conversion effectghén non-agricultural land is converted to
agriculture); neighbourhood effects (when neighbayr non-agricultural, systems
contribute to soil quality in croplands); and wiédtilisers (e.g. guano).

Note that the importance of soil for water regulatis covered separately (Section 4.9).
Internal effects

The soil fauna and flora, and the communities ogitypthe agricultural land, affect soil
properties and therefore its quality for agricudtuihese ‘internal effects’ seem to be the
main way in which wild nature affects soil qualityy affecting: nutrient fixation (e.g.
nitrogen fixation by bacteria); nutrient cyclingdeorganic matter decomposition,by fungi,
bacteria, dung beetles...); soil structure (e.gplaynt roots, termites...); water regulation,
particularly water holding capacity and drainageg.(eby plant roots, termites, micro-
organisms and earthworms...); uptake of water aridemts (mycorrhizal fungi); erosion
regulation (e.g. by vegetation cover and leafrltt&he soil biota may also suppress pests
and diseases (e.g. mycorrhizal fungi), but thesecansidered under biological control
(Section 4.2).

More than species diversity, it seems that funetiaiversity (and its influence on trophic
interactions) is key to the decomposition, nutrieytling, and stability of soil processes.
Soil diversity is important for resilience to stseand disturbance (Griffiths et al. 2000;
Brussaard et al. 2007).

As agricultural intensification occurs, the regigatof functions through soil biodiversity
is progressively replaced by regulation throughnaical and mechanical inputs (Giller et
al. 1997; Swift et al. 2004). The type of agricidlumanagement is the primary determinant
of the composition, diversity and functioning oéthoil food web. Reaping the rewards of
soil biodiversity in farming systems therefore riegs identifying those practices that best
harness the beneficial roles of the soil food we@be idea commonly proposed is that
management regimes that encourage a soil commilnaitybears the closest resemblance to
natural ecosystems are more likely to require feiwputs because of greater reliance on
ecosystem self-regulation (e.g. Bardgett & McAIlisi®99; Mader et al. 2002). In tropical
agricultural systems undergoing intensificatiormgéa numbers of farmers have limited
access to inputs, and therefore the maintenances@mancement of soil biodiversity may
be particularly relevant (Giller et al. 1997). Ckey feature of natural ecosystems is a soil
community that is dominated by fungal-based patlswafydecomposition, whereas intensive
agriculture tends to promote more bacterial-basatttways of decomposition. Therefore,
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farming systems that encourage fungi and their woess (such as non-tillage systems,
lowering of fertiliser inputs, and organic farming)ight perform best in terms of nutrient

cycling, carbon storage (e.g. Chivenge et al. 208@) nutrient retention under stress (e.g.
Gordon et al. 2008).

We predict that the importance of ‘internal effédts increasing as agricultural land
expands and appropriate soil management becomes important to ensure long-term
crop production (particularly when the inputs ofeotical fertilizers and pesticides are
restricted for environmental reasons), and as acgagriculture expands (Mader et al.
2002).

We do not know the extent to which the economicsegnences of different agricultural
management regimes on crop yields (specificallpubh their effect on soil quality) have
been guantified. We get the impression that whilairmamount of work seems to have been
done in comparing organic and conventional farnsggtems, this has mainly focused on
temperate regions. Even if information is availairehow crop yields are affected by changes
in the soil biota resulting from different managemezgimes, it would still be difficult to
assess these effects globally. Indeed, the scenagiaog produced to compare a business-as-
usual world with a more biodiversity-friendly wondould need detailed spatial information
not only on the specific crops but also on the gangnt regime for each crop. We suspect
this would not be possible for Phase 2.

Other relevant references:
e Cassman et al. (2005) — section on cultivated systaf theMillennium Ecosystem
Assessmenf{volume Ecosystems and Human Well-being: Current Stated an
Trends.

* Bloem et al. (2004) — Measuring soil biodiversigxperiences, impediments and
research needs.

* Bloem et al. (1997) — Food webs and nutrient cgclimagro-ecosystems

* Bloem et al. (2006) — Microbiological methods fesassing soil quality

* Schjgnning et al. (2004) — edited volumeManaging Soil Quality: Challenges in
Modern Agriculture particularly section by Brussaard @&iological soil quality
from biomass to biodiversity — Importance and resite to management stress and
disturbance

* FAO (1999) — Sustaining Agricultural BiodiversitpdAgro-ecosystem Functions.

* Brussaard et al. (2007) — Soil biodiversity foriagitural sustainability

* Wood et al. (2000) Pilot analysis of global ecosystems: Agroecosystems

Conversion effects
These are inputs from wild nature, when non-agtical land is converted into agricultural

land. They may take place as one-off events asudtuie expands into areas occupied by
natural ecosystems (e.g. the Amazonian frontiergyolically through shifting agriculture.
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Here, crops benefit from the improvements in sadldy that were accumulated over time
in the previous form of land use (e.g. long-ternhisgprovement in forest systems).

Agricultural expansion into new areas often occsipierrains that are nor particularly
suitable for agriculture, and soil fertility maydi@e very quickly as crops effectively mine
the soil nutrients (Alfsen et al. 2001; Carr et 2006). Soil fertility may however be
retained under appropriate agricultural practides ensure adequate replacement of the
nutrients used by the crops (Barber & Diaz 1994).

Shifting cultivation, also called ‘swidden’ agritute or ‘slash-and-burn’ agriculture, is one
of the oldest forms of farming and consists of piog on cleared plots of land, alternated
with lengthy fallow periods. These systems aredibiminant form of agriculture in tropical
humid and subhumid upland regions and are typicabociated with tropical rain forests.
Shifting cultivation is practiced on about 22% dfagricultural land in the tropics and is
the primary source of food and income for some 4llam people (Giller and Palm 2004),
including many of the world’s poorest. While thentdbution to global food security is
negligible, given the low yields and general ladkrdrastructure in areas where shifting
cultivation predominates, this method of cultivatibas a potentially large impact on
regional and global ecosystem services througkffests on biodiversity, greenhouse gas
emissions, and soil nutrients. Although these systare generally associated with soils of
low fertility, they are highly sustainable and resme-conserving in areas with low
population density (Kleinman et al. 1995). Howevegh population density increases the
pressure on available land and resources, redubmdime available for a regenerative
fallow between cropping cycles (Cassman et al. R0@&d effectively converting the
region into an agricultural frontier.

We predict that the importance of conversion effeist at present increasing as the
agricultural frontier expands in regions such as #thmazon. Over the longer term,
however, we expect that conversion effects willdme less significant as the availability
of unused land that is suitable for farming deaeasnd as as population growth renders
shifting agriculture non-viable.

In comparing different states of the world (creatsddifferent scenarios) it should be
possible to account for the economic value of fewtllity for crops in agricultural frontiers,
quantified as one-off subsidies in the conversiomfnatural ecosystems to agriculture.

As for shifting agriculture, by knowing the timeead=d for soil recovery and the number of
people that can be sustained per unit of arealo¥ated plots it should be possible to map
potential for sustainable shifting cultivation wbside and the maximum population

densities allowed for long-term sustainability. §hdould then be crossed with data on
demand (regions where populations are more likeelyepend on this type of agriculture) as
a basis for calculating the potential economic gatdi a sustainable input from natural
ecosystems to farmland soil through shifting adtuce. Given current human population

densities, it is predicted that shifting cultivatioan only provide a minor contribution to

food production (from a global perspective), althloias mentioned poor people in some
regions will depend on this type of agriculturabgtice. The time needed for fields to
recover is likely to be variable and will dependsmil type and climate.

Other relevant references:
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* Moreira et al. (2006) — boo&oil Biodiversity in Amazonian and Other Brazilian
Ecosystems

* Noordwijk (1995) — boolBelow-ground Interactions in Tropical Agroecosystem
Neighbourhood effects

This occurs when neighbouring, non-agriculturalstegns contribute to improve or
maintain soil quality in croplands. We envisage thi& could include, for example, coastal
sand dunes sheltering inland agricultural fieldsnirsea salt spray, or uphill forests
protecting downslope croplands from erosion (byuoiag water runoff) or from landslides.
Under some circumstances there may be positivehbeighood effects of ecosystem
degradation — for instance if upstream deforegtadiod resulting erosion and downstream
siltation boosts agricultural yield (e.g. the arimegplenishment of soil fertility in the Nile
Valley by soil from Ethiopia, prior to the consttiom of the Aswan High Dam). However,
such gains may not be long-lasting, if upstreansierois sustained, or if siltation has other
negative effects downstream.

The importance of neighbourhood effects may beemsing as agriculture expands from
the most favourable lowlands into slopes, or deujjras the size of fields and the overall
size of farmed areas expands and therefore redlobee®ntact with other ecosystems.

Assuming that these effects are essentially reltdetthe physical protection of farmland
soil by neighbouring ecosystems, it seems conctyptpassible to model them, such that,
for example, one would be able to quantify the gesnin farmland soil quality in a
watershed having either more or less coverage stopp forest. However, we found no
evidence for the existence of such models.

Wild fertilisers

These are products obtained from wild nature, whaidh used as crop fertilisers, such as
guano, seaweed, peat and fish. These subsidiesltquality have been very important
historically (e.g. guano was the basis of the Farueconomy in the mid Y9Century) but
their importance has declined substantially wite ttevelopment of artificial fertilisers.
Wild fertilisers may still be important in areas evh farmers cannot afford artificial
fertilisers, though.

We suspect there is not a centralised dataset mantwse of wild fertilisers that could be
used as the basis of for a spatially explicit ecoiccevaluation.
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4.4.2 Can we quantify and map the contribution of wild hae for the provision of
soil quality for crops, and how it might change?

What can be done in Phase 2? By whom?

Internal effectsWe predict that it is unlikely that even a firstt@uantification could
be possible of the value of wild nature for agticré through internal effects. The type
of agricultural management is the primary factothis evaluation, and so modelling
the economic consequences of different policy otion soil fertility (and crop yields)
would require detailed information not only on hepecific crops vary across space
but also on management practices in each plot. Wjeest this is not a feasible task for
Phase 2.

Conversion effect®Ve predict that it should be possible to obtafirst-cut model for
guantifying the value of wild nature for agricukuhrough conversion effects, for both
frontier and shifting cultivation. We suggest fuathexpert consultation (see below) to
evaluate the feasibility of this particular taskdannderstand who the appropriate
experts would be.

Neighbourhood effectgvhile conceptually possible to quantify, we foumal evidence
for researchers thinking along these lines ancethes suspect that this task would not
be feasible in the short-term.

Wildlife fertilisers We suspect there is no centralised dataset onntuuse of wild
fertilisers that could be used as the basis o&fepatially explicit economic evaluation
in Phase 2.

4.4.3 Some key resources

« FAO Landand Water Development Division, particularly itxten onsoil health
for food security They maintain theSoil Biodiversity Portal The role of soil
organisms in agriculture for better land managensetision

* [SRIC — World Soil InformationincludingDavid Dent(Director) andZhanguo Bai
(global assessment of land degradation and impremm

» Alterra, Wageningen University, The Netherlands, includiRgter de RuiterJaap
BloemandK.B. Zwart

« Kenneth G. Cassmaand John W. Doramat the University of Nebraska-Lincoln,
USA.

» Stanley Woodat the International Food Policy Research IngjtiWashington DC,
USA.

« Rattan Lalat the School of Natural Resources, College ofdi-é@gricultural, and
Environmental Science, Ohio State University, USA.

76



» Peter Kleinmamat the Department of Crop and Soil Sciences, Bévarsa State
University, USA

* Paul Madeiat the Research Institute of Organic Agricult@ejtzerland

» Richard D. BardgetSoil and Ecosystem Ecology, Lancaster Univerditpjted
Kingdom

e Sara Scherat Ecoagriculture Partners, USA
4.4.4 Participants
Authors

Ana Rodrigues, Antares Hernandez, Andrew Balmfbhaiiersity of Cambridge, UK)
Contributors

The following experts provided very valuable inggybn which this section was based. We
apologise to them that time constraints prevensefilam circulating the text for revision.

Kenneth G. Cassman (University of Nebraska-Lincol§A)

Jaap Bloem (Alterra, Wageningen University, Thehddands)

Richard D. Bardgett (Lancaster University, UK)
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Stanley Wood (IFPRI, Washington DC, USA) providegful references.
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4.5 Livestock

This section is based on a quick literature reviamg did not receive contributions from,
nor has it been reviewed by, experts in this figltk expect some of the uncertainties we
identify below could be resolved by such a revievegss.

4.5.1  Why is the production of livestock important for man wellbeing?

Livestock and livestock products (e.g. milk, egas estimated to make up over half of the
total value of gross agricultural output in indigdtcountries, and about a third of the total
in developing countries (Wood et al. 2005). Glopatlhey account for 40% of agricultural
gross domestic product, provide one-third of hutysprotein intake, employ 1.3 billion
people and create livelihoods for one billion o tworld’s poor (Steinfeld et al. 2006).
Livestock are also a significant source of incoméd eonsumption in developing countries,
often providing a supplementary source of income iacome stability, and are frequently
one of the few assets available to the poorest.

Livestock production also affects human wellbeiegatively by: causing land degradation
and desertification, habitat loss, climate chant#4 of greenhouse gas emissions), and
water pollution (see Steinfeld et al. 2006 for ayv@mprehensive review).

4.5.2 What are the overall trends in the production of&stock?

The global importance of livestock and their pradus increasing with population growth,
changes in food preferences (associated with risimegpmes and urbanisation), and
expanding global trade. Global production of meatl anilk are projected to double
between 2000 and 2050 (Steinfeld et al. 2006).

4.5.3 How is the production of livestock affected by clges in wild nature?

Livestock production is the single greatest antbggmic land use, with direct grazing and
browsing accounting for 26% of the ice-free temakland surface, and production of of
fodder and feedgrains accounting for 33% of totabke land. In all, livestock production
occupies around 70% of all agricultural land an&636f the land surface of the planet
(Steinfeld et al. 2006).

An increasing fraction of livestock production rgensive, with crops provided as feed to
animals kept at high densities. Globally, it isrested that 35% of all cereals produced are
fed to animals. In this case, the contribution oldwiature for livestock production is
indirect, via the contribution of nature to cromguction, including through pollination
(Section 4.1), biological control (Section 4.2),ilsquality (Section 4.4) and water
regulation (Section 4.9) for crops, and the regotadf natural hazards (Section 4.13).

An important fraction of livestock production takgiace in natural grasslands, and that is
the focus of this section. Here livestock productie being directly subsidised by the
primary productivity of natural ecosystems, and species and ecosystem processes that
sustain it.

Wild nature also subsidises livestock productionewlpasturelands expand into other
ecosystems. Expansion of livestock production ismain driver of deforestation,
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particularly in Latin America — 70% of the previdp$orest landed area in the Amazon is
occupied by pastures, and feedcrops occupy mutheafest (Steinfeld et al. 2006). Here,
wild nature is contributing by providing soil fditty, as discussed under “Conversion
effects” in Section 4.4.

The contribution of genetic diversity to livestgaioduction is discussed in Section 4.3.
Relationship between habitat area and livestockipobtion

We expect this relationship to be linear.

4.5.4 What are the main threats to livestock productiannatural grasslands?

Overexploitation of natural grasslands, by keepivestock at a higher density than what is
sustainable, leads to degradation of the grassidnaiss not easily reversed. For example,
about 20% of the world’s pastures, rising to 73%ly areas, have been degraded to some
extent, mostly through overgrazing, compactatiamgj aoil erosion created by livestock
action. Drylands tend to be particularly affectedtzey have lower natural productivity and
livestock is often the only source of people’s liiwveods in such areas (Steinfeld et al.
2006). Invasive plants may also reduce pastureyatodgty; for examplelLantana camara
considred one of the world’s ten worst invasive cig® is toxic to livestock and
furthermore can greatly alter natural fire regir(féteinfeld et al. 2006).

Climate change is likely to affect livestock protan in due course, both by affecting
natural rangelands (particularly in regions wheredgctions are of increased aridity) and
by affecting feed crop production.

4.5.5 Are abrupt changes likely in the provision of livieek in natural grasslands?

We found no evidence for future abrupt and dispropeate changes in the capacity
of natural systems (grasslands) to support livéspooduction.

4.5.6 Can we quantify and map the contribution of wild hae for livestock production,
and how it might change?

A first-cut map of the contribution of wild natufer livestock production already exists, as
a map of the annual production of livestock derivedt least in part — from grazing on

unimproved natural grasslands (Naidoo et al. irspreThis was obtained by combining

global data on livestock distributions (Wint & Rabon 2006), producer prices, and current
and potential vegetation (Ramankutty & Foley 19B&tholome & Belward 2005)

To map livestock production on natural pasturesddta et al. (in press) used recently-
developed 5’ resolution global maps of livestocktrbutions (Wint & Robinson 2006),
which used regression-based methods to estimatexpected density of cattle, sheep,
goats, pigs, poultry, and buffalo across the earthirface. For each livestock type, they
used these density estimates and data on the rhadgbte meat per animal (estimated by
country from FAOSTAT data) to estimate the tonsnafat produced in each cell. A global
producer price was used to weight different livektaypes; using these weights, an
aggregate index of livestock production was obthibg summing the weighted livestock
meat weights. Naidoo et al. (in press) then consttia global map of natural pastures by
combining a 5’ resolution potential vegetation da¢ét of savanna, grassland/steppe, and
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shrubland biome types (Ramankutty & Foley 1999) #meh masking out all known
human-altered landscapes using the Global Land rC@2®0 remote sensing data
(Bartholome & Belward 2005). They intersected tlesuiting map of potential natural
pastures with the livestock production index to dume a global map of livestock
production on natural pastures.

Limitations of these data include the difficultiesmapping pastures from remotely sensed
imagery and the lack of spatially explicit weighyithat reflect differences in the economic
values of livestock species in different regionshe world (Naidoo et al. in press). The
new pastureland maps by Ramankutty et al. (2008)ige more updated information than
Ramankutty & Foley (1999).

The map by Naidoo et al. (in press) provides anmesé of current production in
grasslands. However, this may overestimate thealagustainable production rates. On the
one hand, existing livestock may in some areasivecether food supplements, and
therefore not depend completely on the naturalsggad production. On the other hand,
livestock may be kept at densities that are unswsiée over the long term (Steinfeld et al.
2006). Hence the Naidoo et al. (in press) map isdeal, but we believe it is a very useful
first cut to quantifying the value of wild naturerflivestock production in natural areas. In
the longer-term, it would be helpful to calibratést map to account for the maximum
natural productivity of land.

What can be done in Phase 2? At what cost? By whom?

A first-cut global quantification of livestock pradtion on natural pastures has already
been produced by Robin Naidoo and colleagues. dthkl be used directly or updated
with the new pasture map by Ramankutty et al. (2008

Adequacy of scenarios

Appropriate scenarios would need to predict landusbdemand for livestock products.
4.5.7 Insights for economic valuation

The map produced by Naidoo et al. (in press) hamis an aggregate index of livestock
production, but it could have equally have beerdpeed in terms of estimated monetary
value of the livestock produced in each cell.

4.5.8 Some key resources

- Wint & Robinson (2006) Gridded Livestock of the Worlty the FAO.

- Ramankutty et al. (2008) present newly derived agllobaps of agricultural lands,
including pasturelands.

- Steinfeld et al. (2006present an assessment of the full impact of thestock
sector on development and the environment, produbgdthe Livestock,
Environment and Development (LEAD) Initiative oBtRAO.
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4.5.9 Participants
Authors

Ana Rodrigues, Andrew Balmford (University of Camdlge, UK)
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4.6 Marine fisheries

This section is a fully developed review, includoantributions by experts in the field,
some of whom subsequently reviewed the text.

4.6.1 Why are marine fisheries important for human welling?
This section focuses on marine capture fisherigiscovering marine aquaculture.

Marine capture fisheries are a globally importamirse of_food fish is highly nutritious,
rich in micronutrients, minerals, essential fattyda and proteins, and represents a valuable
supplement to diets otherwise lacking essentighnvibs and minerals. Globally fish
provides more than 2.8 billion people with at le28tpercent of their average per capita
animal protein intake (FAO 2006b). Marine captushdries contribute 56% of the total
amount of fish available for human consumption (FA@6b). Marine fisheries also affect
the provisioning of food indirectly, via the usefishmeal and fish oil in aguaculture and in
poultry and pig production (Arthurton et al. 200Demand for fish is increasing with
population growth, rising wealth and changing feoeferences as a result of the marketing
of fish in developed countries as part of a headtiey (Arthurton et al. 2007).

Accordingly, marine capture fisheries are an imgoirtsource of economic benefitsith
an estimated first-sale value of US$84.9 billio@-2006b), and important for income
generation with an estimated 38 million people employed clise by fishing, and many
more in the processing stages (Arthurton et al7200

Marine fisheries are increasingly valuable for eation particularly in developed
countries. In the US alone, in 2006 nearly 13 onllanglers made more than 89 million
marine recreational fishing trips on the Atlant&ulf and Pacific coasts, capturing almost
476 million fish, of which 55 percent were releasdive (Van Voorhees & Pritchard
2007). In the European Union (EU 15), an estima&eatillion recreational sea anglers
(Stevenson 2007) spend an estimated €25 billiozaa, yompared to a €20 billion value for
commercial landings in 1998 (Pawson et al. 2004).

4.6.2 What are the overall trends in the provision of mae fisheries?

The global trends in marine fisheries have beemeved in the Millennium Ecosystem

Assessment (Pauly et al. 2005). Catches increasbdtamtially during the twentieth

century as fishing fleets worldwide expanded. Theseds continued until the 1980s, when
global marine landings reached slightly over 80liaml tons per year; then they either
stagnated or began to slowly decline. However omgilandings peaked at different times
throughout the world, which in part masked the imheclof many fisheries. This global

decline is despite an increase in fleet size, gffand technology, in conjunction with an
expansion into previously unfished areas, depthsstocks (Pauly et al. 2005; Morato et al.
2006).

It is estimated that in 2005 around one-quartéhefstock groups monitored by FAO were
underexploited or moderately exploited (3% and 20&spectively) and could perhaps
produce more. About half of the stocks (52%) weitly fexploited and therefore producing
catches that were at or close to their maximumaguable limits, with no room for further

expansion. The other one-quarter were either opéoeged, depleted or recovering from
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depletion (17%, 7% and 1%, respectively) and thesewielding less than their maximum
potential owing to excess fishing pressure exeiretthe past, with no possibilities in the
short or medium term of further expansion and veithincreased risk of further declines
and need for rebuilding (FAO 2006b). The real ei@ncollapses in marine systems is
likely to be more dramatic than realised, as massieclines that took place before
systematic statistics began are likely to go umeackias perceptions are adjusted to what a
natural marine system is (the ‘shifting baselinedspme’; Carlton et al. 1999; Jackson et
al. 2001b). A meta-analysis of collapsed fishehias indicated minimal recovery even after
fishing moratoria are imposed (Hutchings 2000, Hutgs and Reynolds 2004). Loss of
production has mean loss of earnings which has lgisportionately absorbed by
developing countries whose resources were thetdabe fished down by multinational
fleets (Srinivasan et al. 2008).

4.6.3 How is the provisioning of marine fisheries affectdy changes in wild nature?

Biomass of the exploited speciés the key parameter determining catches in marine
fisheries, at least in the short-term. Global dediin exploited biomass are inferred from
declines in catches despite increased effort. & Nlorth Atlantic, for example, current
overall biomass of high-trophic level fishes isirasted to be one third of what it was in
1950 (Christensen et al. 2003). Fishing pressusadduced the biomass of some species to
less than 10% of the pre-exploitation level withifiew decades, particularly species with
vulnerable life history traits such as large predatfishes (Myers and Worm, 2003),
including sharks and relatives (Myers et al. 20@&f)¢d deep sea species (Devine et al.
2006). While commercially exploited species haverbearticularly affected (e.g. Cod,
Cook et al. 1997; bluefin tuna, Fromentin & Pow2895), non-target species have also
suffered depletions as by-catch (e.g. leatherbatles, Spotila et al. 2000).

Fishing efforts tend to be concentrated on higphio species first. As these become
depleted, the biomass of lower-trophic species nmeyease due to predator release
(Scheffer et al. 2005). Fishing efforts then mowsvd the food web, and landings from

global fisheries have accordingly shifted in thetlew decades from large piscivorous
fishes toward smaller invertebrates and planktiuerfishes, especially in the Northern

Hemisphere (Pauly et al. 1998). This may at fiesidl to increased catches, but overfishing
of lower-trophic species will also result in thdiclines, and so fishing down the food web
is unsustainable in the long-term (Pauly et al.5200

Provisioning of fishmeal for aquaculture and foranproduction can be done using lower
trophic levels species but recreational fisheriesefit specifically from large, long-lived,
high-trophic fish species.

There is evidence that species diverstymportant for marine fisheries, both in the itho
term, by increasing productivity, and in the loegrt, by increasing resiliencé recent
review of fisheries trends in large marine ecosyst¢Worm et al. 2006) found that the
proportion of collapsed fisheries decayed expoaéntiwvith increasing species richness.
Furthermore, the average catches of non-collapséeries were higher in species-rich
systems. Diversity also seemed to increase rolssttee overexploitation, with rates of
recovery positively correlated with fish diversifihis increased stability and productivity
was attributed to a portfolio effect (Tilman et 2006), whereby a more diverse array of
species provides a larger number of ecological tfans and economic opportunities,
leading to a more stable trajectory and bettergperdnce over time (Worm et al. 2006).
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The diversity of genetically distinct populatigraslapted to particular regions, is also likely
to be important, especially in terms of the susthility and resilienceof wild stocks to
longer-term natural and anthropogenic change (ilbet al. 2003a; Worm et al. 2006;
Hiddink et al. in press). Maintaining the genetigedsity of marine fisheries keeps also
options open for future farming of marine species.

Given that marine fisheries are sustained by lanaghic species, they depend directly on
the biomass of other, non-targeted, specdreduding phytoplankton and zooplankton. The
diversity of non-target speciesuch as prey species, may also be important:riexgets
have shown the importance of diverse food sourcesdcondary production and for the
stability of populations across trophic levels iarme ecosystems (Worm et al. 2006).

The removal (or depletion below a certain level)populations of particular species or
functional groupsas been shown to have dramatic effects on someerecosystems and
the associated fisheries. Predators in particutap-down control’) seem to be very
influential in shaping and maintaining various habstates or population levels (Myers et
al. 2007). Many examples of regime shifts assodiatgh biodiversity losses have been
documented (reviews in: Jackson et al. 2001b; Belbtlvet al. 2004; Folke et al. 2004;
Agardy et al. 2005) and include: kelp forest los$@s to urchin population explosions after
declines in large predatory fishes and sea ottiespffs of turtlegrass beds following turtle
population collapse; sudden catastrophic coral alitrtdue to overgrowth in algae after
grazers (herbivorous fishes, urchins) have bedn(Msmby et al. 2007); trophic cascades
following the collapse of cod and other large-bddpredators in the northwest Atlantic,
transforming a highly productive system dominatgdénthic fish into systems dominated
by pelagic fish and macroinvertebrates with posidries productivity (Frank et al. 2005);
and two successive regime shifts in the Black Seggdred by overfishing and
compounded by euthrophication, firstly after dapletof top predators and secondly after
depletion of planktivorous fish, resulting in alyfish-dominated, fisheries-poor system
(Daskalov et al. 2007). Recovery following changeyrbe slow and may follow a different
trajectory from the one observed during the dedlinysteresis; Hughes et al. 2005).

Fisheries records provide compelling evidence afditic declines in the stocks of many
exploited species. Substantially less is known abemds in non-targeted species. Marine
species have long been assumed to be resilienttimcton, and therefore until recently
been neglected in extinction risk assessmentsli@ail al. 2004). This is now changing,
with ongoing assessments demonstrating that as mwauoivities take over the world’s
oceans (Halpern et al. 2008) marine systems arers\g serious declines in species
diversity, both locally (particularly in coastal bitats; Jackson et al. 2001b; Worm et al.
2006) and globally (e.g. predatory fish communjtidyers and Worm 2003). The largest
ongoing assessment of species conservation sgatiis Global Marine Assessment (due to
assess 20,000 marine species by 2010), which éssiag the threat status of every marine
vertebrate species, and of selected habitat-forinwvgrtebrates and plants.

In addition, experimental evidence suggests thatoss of biodiversity increases
vulnerability to the establishment of invasive gps¢Stachowicz et al 1999, 2007; Worm
et al. 2006).

Marine fisheries are vulnerable to the declinehi@ éxtent or quality of particular marine
habitatsthat play important roles in the provisioning @fykresources (e.g. food, shelter) for
targeted species. These include, amongst others:
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» Coral reefswhich directly support fisheries that constit@tel2% of the world’s total
fisheries (up to 25% in some parts of the Indo-fRgc¢iproviding livelihoods for
millions of people in tropical coastal regions. ade number of offshore fisheries also
rely on the supporting services of reefs as bregdmursery or feeding grounds
(Moberg and Folke 1999; Agardi et al. 2006pld water reefs are also important to
fisheries (Fossa et al. 2002; Freiwald et al. 20@#hough much less is known about
these. Coral reefs are one of the world’s mostatiereed habitats, particularly in the
Caribbean (Gardner et al. 2003). Coral reefs aftersug a worldwide decline in
quality and extent (Pandolfi et al. 2003; Bellwagidal. 2004, Newton et al. 2007), with
some regions particularly degraded (e.g. Caribb&ardner et al. 2003; SE Asia,
Middle East and Indian Ocean; Wilkinson 2006). They also one of the habitats most
at risk from climate change (Hoegh-Guldberg e2@08).

e Seamountsare very poorly known systems, but thought to bwgadrtant for the
provision of food, as sites for spawning aggregeti@nd nurseries/refuges for juvenile
open ocean fish (Moore & Jennings 2000; Stocks R0D4t of an estimated 100,000
seamounts (>1 km high), only about 350 have bespkeal biologically (many more
have no doubt been fished out), and less than 1@Bese have been studied in any
detail; the ones that were revealed extraordinayels of species endemism
(EuroCoML 2008). Seamounts are among ‘newly’ taxdetcosystems that have been
intensively fished since the second half of thena@ntury, particularly through highly
destructive bottom trawling (Watson & Morato 200dpwever, their long-lived, slow-
growing, species are particularly vulnerable to remeploitation, and so reports of
drastic collapses are accumulating (Devine et @062 Whole populations have been
known to be depleted in just a few years (Devinealet2006) while few deep-sea
fisheries have recovered from bottom trawling etx@a or three decades after fishing
ceased (Morato et al. 2004; Watson & Morato 2004).

» Seagrass meadowse highly productive systems, thought to haver@&dmental role in
maintaining populations of commercially exploitedhf and invertebrate species, in
both tropical and temperate regions, by providingeamanent habitat, a temporary
nursery area for the development of the juvendges, a feeding area for various life-
history stages, and/or a refuge from predation (Mwdr et al. 2003; Agardy et al.
2005). They are also thought to maintain fishermedirectly by providing organic
matter that is incorporated into coastal nutrigrles (Jackson et al. 2001a; Gullstrom
et al. 2002). Major losses of seagrass habitat hbgen reported from the
Mediterranean, Florida Bay, and Australia (Duaf@2). Present losses are expected to
accelerate, especially in Southeast Asia and thl@san (Burke et al. 2001; Duarte
2002), as eutrophication increases, algal grazees @verfished, and coastal
development increases.

» Kelp forestsare highly productive temperate systems, with anglex biological
structure organized around large brown algae, stipga high diversity of species and
species interactions. Kelp support fisheries ofasiety of invertebrate and finfish
species, particularly by providing nursery and tdrehabitats, and the kelp itself is
harvested for food and additives. Overfishing oédator species has led to regime
shifts in many regions towards systems that arallyodominated by urchins and of
substantially less value for fisheries (Agardyle2805).

Marine fisheries are also vulnerable to the desliite the extent or quality of coastal
habitats including:
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Mangroves are found in intertidal zones and estuarine margim tropical and
subtropical regions, where they can be importanfidberies as refuge areas from
predators or physical disturbance, or via food ir{dgardy et al. 2005). Mangroves are
particularly important for supporting artisanalisies in some regions; in Bangladesh,
for example, the artisanal fishery (contributing-85% of the total coastal and marine
catch) is highly influenced by mangroves (Islam &dde 2004). Furthermore,
mangroves may be ecologically linked to seagrads bad coral reefs, with synergistic
effects for fish productivity (Mumby et al. 200Much of the coastal population of the
tropics and sub-tropics resides near mangrovesjtarab been estimated that 35% of
mangrove forests have been loss in the recentastipally due to conversion to
agriculture, aquaculture, salt pans, and urbanirachastrial development (Valiela et al.
2001; Agardy et al. 2005).

Estuaries and coastal wetlarlay a key role in marine fisheries provision,tigaarly

as nursery areas for fisheries (Beck et al. 2000}, also by providing habitat for
commercially important molluscs and crustaceansl inregulating water quality
(Agardy et al. 2005). The loss of these habitats been linked to the collapse of
fisheries in North America, North Africa and elseas, although further quantitative
studies are required (Agardy et al. 2005). Estgasied coastal wetlands have been
degraded, altered, or eliminated in many areadjcpéarly through reduction of the
estuaries watershed through agricultural conversiemtrophication, pollution by
pesticides and herbicides, overfishing, and biaalgnvasions (Agardy et al. 2005).

Marine fisheries are furthermore affected by chanigeinland ecosystems that affect the
quality, volume and timing of water inputs, as wadlerosion regimes

Forests, wetlands and riparian habitats play armrtapt part removing excess nutrients
from freshwater runoffs (see Section 4.9). Thig lislbecoming increasingly important
as agricultural intensification is increasing nemti loads, leading in some regions to
eutrophication responsible for extensive ‘dead-sbtteat can impact seriously on the
production of fisheries (Rabalais et al. 2002; Alyagt al. 2005).

The volume and timing of freshwater inputs to margystems affect the salinity and
nutrient loads in estuarine and other coastal enuiients, in turn affecting the fisheries
that depend on them. Inland changes in the reguladf the timing, volume and
nutrient load of freshwater input (e.g., througé #stablishment of dams; Syvitski et al.
2005) are therefore likely to affect the breedimgl aecruitment of fisheries species
dependent these environments. A dramatic examgdisharies declines associated with
changes in freshwater regime can be found at thatimof the Colorado River
(Kowalewski et al. 2000; Rowell et al. 2005).

Coral reefs, seagrass meadows, mangroves and iestean be degraded or even
destroyed by increasing sedimentation caused lukechange, and so inland erosion
regulation is important for the conservation ofstéabitats and of the species that rely
on them (Agardy et al. 2005). For example, a decimthe tropical fisheries of the
Caribbean and Pacific has been linked to the degjradof coral reefs, seagrass beds,
and mangroves from sedimentation (Rogers 1990).

Relationship between habitat area and fisherievisioning

This question can be addressed in at least thrgs:wa
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i)  Are larger areas of suitable habitat (e.g. largealcreefs, larger mangroves) more
productive in terms of fisherigeer unit of areathan smaller ones?

i)  How does fisheries productivity in a region varghwihe fraction of area reserved?
iii)  Are larger reserves more effective at improvingdises than smaller ones?

Answering the first question is important to und@nsling whether the effects on fisheries
yields are proportional to area change when hati@alines (e.g., when part of a coral reef
is dredged). We found only one study that diredtlyestigated what a fisheries-area
relationship looks like (Watson et al. 1993) budrthare likely to be more. We suggest that
the relationship is likely to be linear at least lrger areas, such that doubling habitat area
doubles overall yields (Figure 15a). However, weogbredict that there is likely to be an
area threshold (Roberts et al. 2003), below whighdg decline disproportionately with
habitat loss. Whether the threshold corresponaslaoge (purple line) or a small area (blue
line) is likely to depend on the extent to whiclerénis low or high species redundancy for
fisheries production, and the extent to which ty&em has top-down regulation. For high
redundancy and bottom-up regulation, fisheriesunérarea are likely to depend essentially
on the primary productivity of the habitat, andIikely remain unaffected by habitat loss
up to very small areas, when area finally becoraessinall to retain viable populations of
any exploited species. For systems with low redoogaand/or strong top-down
community regulation, a threshold effect is likétytake place as the area tips below the
minimum viable area needed to support the mosttsentargeted species and/or keystone
species. As discussed above, there is evidencemthahe systems are at least in some
cases affected by strong top-down regulation (bygpredators, large herbivores; Jackson
et al. 2001b; Folke et al. 2004). There is alsalence that increasing species diversity
increases fisheries productivity (Worm et al. 20063icating low functional redundancy
(Micheli & Halpern 2005). This suggests that theray be a relatively high threshold in the
relationship between area and fisheries provispiia purple line). These thresholds are
likely to become even higher when considering tbegiterm _resilienceof fisheries
productivity.

We found no empirical tests investigating how treetion of a region that is reserved (in
no-take zones) affects overall fishing productivitythe region. Theoretical metapopulation
models (Botsford et al. 2003) suggest that theceffdl vary with the overall fishing effort.
For relatively low fishing effort, high catches astained even in the absence of reserves;
they can be improved by a low level of reservatioumt, beyond that an increase in reserve
area reduces catches as it reduces the area &doaliishing. For high fishing efforts,
though, low levels of reservation may be unablavert population collapses, and therefore
null catches (this is because the movement of dsimad cheating of fishers around
boundaries depletes stocks near the boundariesvett@n a reserve, and so if the reserve
is too small there is no protection rendered); his tcase, it may pay to set aside a
substantial fraction of the region as reserves.

We did not find studies that investigated direttbyv the size of individual marine reserves
(no-take zones) affects fishing yields in the sunding areas. There have however been
several studies that measured differences in fshneunities (diversity, biomass and/or
density) inside and outside protected areas.dss&imed that positive differences result in
higher spill-over effects resulting in improvedhigsies in the surrounding areas (Roberts et
al. 2001; Halpern 2003). Recent reviews have inyattd whether these differences vary
with reserve size: most found no relationship (Gst@l. 2001; Halpern 2003; Guidetti &
Sala 2007) but one found a positive relationshipa@et et al. 2008). If there is no
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relationship with area, then many small reservespaedicted to be a better option for
maximising fisheries within a region (as they pdevhigher edge:area ratios and therefore
more gain from spills over for the same area),aaltyih larger reserves are likely to be
needed to ensure long-term viability (Roberts et28D3). Even if in general there is no
relationship between reserve effect and area (Eiditb, blue line), there is likely a
threshold below which the effect declines very Blyiovith area (see discussion above)
below which the effect declines very quickly wittea, for the same reasons as described
above. The size of such threshold has not beemndieid (Roberts et al. 2003). Reserve
effect may also plausibly increase with reserve,s&s overall species richness increases
(Neigel 2003), but it is likely that it does so itliminishing returns (Figure 15b, purple
line).
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Figure 15. Hypothetical relationship between habitat area fastteries production, represented in
three ways. a) Relationship between area of a ghadritat and fisheries production, for lower
(blue) and higher (purple) thresholds. b) Relatigmsetween fraction of a region reserved and
fisheries production across the entire region,léev (blue) and high (purple) fishing effort. c)

Relationship between the size an individual resemd reserve effect (difference between fish
biomass/density inside and outside the reserveinsss to be an indicator of fisheries catches),
assuming no relationship (blue) but an area thidsbo a positive relationship (purple).

4.6.4 What are the main threats to the provision of maerisheries?

Human activities have now affected all oceans tooua degrees (Halpern et al. 2008).
Marine fisheries are under threat from differenut often interdependent and self-
reinforcing, pressures (Pandolfi et al. 2005).

Overfishing is the most widespread and the dominant directaghn marine fisheries
(Pauly et al. 2005). Fishing pressure is increasasgtechnological advances allow
industrial fleets to fish with greater efficiendgrther offshore, and in deeper waters to
meet the global demand for fish. Overfishing ismany parts of the world stimulated by
subsidies which either reduce the costs of fisleingcrease the net revenue fishers obtain
(Pauly et al. 2005). lllegal, unregulated, and poreed (IUU) fishing is estimated to
constitute a substantial fraction of the overatchas, undermining efforts for sustainable
fisheries management (Pitcher et al. 2002).
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Habitat destructiomffects the provisioning of fisheries by marinestsyns. Most is caused
by highly destructive fishing techniques, includirgpttom trawling and coral reef
dynamiting. Expansion of coastal infrastructure nadfct marine habitats directly (e.g.,
dredging during port construction) or indirectly.ge by increasing sedimentation).
Underwater mining activities (minerals, gas and @bse an increasing threat. Some
systems may recover fairly quickly, but others,hsas cold-water corals and seamounts,
may take hundreds of years to recover (Pauly &045).

Pollution is particularly prevalent in coastal habitats,luding through sewage discharge
and agricultural runoff. In some regions, the axies/ high nutrient loads trigger hypoxia
conditions known as dead zones (Malakoff 1998; Rab&t al. 2002). The open seas can
also be affected by pollution, for example oil EpilPast waste dumping, particularly
radioactive waste, poses a significant threat &pesea ecosystems should the containers
leak, which seems likely over the long term (Paatyal. 2005). There is still poor
understanding of the effects of persistent orgaamd inorganic pollutants on marine
fisheries (Pauly et al. 2005).

Climate changes predicted to have both direct and indirect iotpaon marine fisheries.

Direct effects act on physiology and behaviour altelr growth, development, reproductive
capacity, mortality, and distribution of targetegbesies. Indirect effects alter the
productivity, structure, and composition of the &iems on which fish depend for food
and shelter. Some of the changes are expectedvi® asitive consequences for fish
production, but in other cases negative impacts paeglicted (Brander 2007). Ocean
acidification is predicted to have dramatic impdotscalcifying organisms, including coral

reefs (Hoegh-Guldberg et al. 2007) as well as stypes of zooplankton, particularly at
high latitudes (Orr et al. 2005).

Other current threats include biological invasiaisch as by competitors (e.g. Daskalov et
al. 2007) or pathogens (e.g. Mumby et al. 2007)Jemuture threats may include larger-
scale projects for carbon sequestratitmough iron enrichment (Pauly et al. 2005).

4.6.5 Are abrupt changes likely in the provision of maerfisheries?

Fisheries yields of individual species are well-kmoto be subject to sudden collapse
following overexploitation, with stocks of slow-gming, slow-maturing species in
particular often failing to recover to former lesedf abundance (e.g., Hutchings 2000;
Watson & Morato 2004).

There are many documented examples of recent suddgme shifts in marine systems
(e.g. Jackson et al. 2001b; Bellwood et al 2004nkret al. 2005; Daskalov et al. 2007),
with implications for fisheries provisioning. Sushifts seem to be particularly likely in
ecosystems that are or have been under intensmdigifort, and which have been
simplified by the loss of one or more higher-traphinctional groups. Many apparently
stable systems have very little resilience, witlitisly between stages possibly depending
on small changes in the abundances of one or afeergpecies (e.g., Mumby et al. 2007).

While the collapse of entire fisheries has beerentesl across relatively large areas (e.qg.
Black Sea; Daskalov et al. 2007) more often théapek of a particular species or set of
species results in a shift in fishing effort towamther species (often further down in the
food web; Pauly et al. 1998) or towards other negfecosystems (e.g. towards increasing
depths; Pauly et al. 2005). These shifts mask tidenying sequential collapses from
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ocean-level or global fisheries statistics. Undamrent knowledge, it is therefore unlikely
that a synchronised global collapse will be obsgryge 2025, but it is very likely that the
steady decline that has been observed since thd 98ids will continue, with some local-
or regional-sclae collapses (Pauly et al. 2005).

Climate change (Brander 2007) and related oceafifigation (Orr et al. 2005) are the
greatest sources of uncertainty in predictions afine fisheries, and potentially could be
responsible for sudden, large-scale, changes ifotheeeable future.

Overall, we predict that it is almost certain thaheries collapses will continue to
occur amongst overexploited species, and that legaime shifts will take place in
particular systems that have already suffered srteroverfishing.

We predict that there is a high likelihood that lsuwdhanges will be observed at
regional scales.

It is unlikely that a synchronised collapse in marfisheries will take place at the
global scale. However, climate change and oceatifigaition have the potential to
trigger sudden, large-scale effects on marine fiske

4.6.6 Can we quantify and map the global provision of nva fisheries and how it
might change?

State of knowledge and data availability

Fisheries management has traditionally relied owglsispecies models aimed at guiding
harvesting decision for particular species of ser(Hilborn et al. 2003b). In the last two
decades, there has been a shift towards ecosysteed-liisheries management, stimulated
by the development of ecosystem modelling (Chregan& Walters 2005). These are
particularly relevant as tools for evaluating sceos and trade-offs associated with
particular policy options, and as such particulagievant for the Review on the Economics
of Ecosystems and Biodiversity. A diversity of mtsdeave been developed and these are
reviewed and compared in Plaganyi (2007).

One of the most widely used models is the Ecopdiitn EEcosim (EwE) modeling approach
(Christensen & Walters 2005), with development gpeaded by the University of British

Columbia’s Fishery Centrewfvw.ecopath.orj EwWE combines software for ecosystem
trophic mass balance analysis (Ecopath), with adya modeling capability (Ecosim) for

exploring past and future impacts of fishing angimmental disturbances as well as for
exploring optimal fishing policies. Recent versiarfsthe software have brought Ecosim
much closer to traditional single-species stockesm®ent, by allowing age-structured
representation of particular, important populatiansl by allowing users to ‘fit' the model

to data. Ecosim models can be replicated over #iatpaap grid (Ecospace) to allow

exploration of policies such as marine protectedasy while accounting for spatial

dispersal/advection effects and migration (Christéen& Walters 2004). EwWE has already
been applied for regional-scale policy explorateming to achieve economic, social and
ecological sustainability objectives (Pitcher & Goene 2002).
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Based on the EwE approach and software, the Uniyest British Columbia’s Fishery
Centre has just developed a global marine modedxfdore scenarios for the world’s
oceans (Alder et al. 2007). EcoOcean is spatiadlfimdd by the 19 FAO fishing areas
covering the world’s oceans and driven by efforfie¢ fleets. The model was constructed
using 43 functional groups, selected with specalstderation for exploited fish species
but intended to include all major groups in theaste The model relies on global fisheries
datasets available through the Sea Around Us Rr¢&&UP) and FAO websites, in
particular fish catches, ex-vessel prices, andt flgatistics. The model output from
EcoOcean can be used to describe how landingsitgrdie marine trophic index and
depletions may change under different policy sdesan different areas of the world. For
the first time, EcoOcean provides a common repgmpilatform so that the outcomes of the
different scenarios can be compared within and eetwgeographic areas, as well as for
fleets and fisheries.

Fishing effort is the most important driver for teeosystem model simulations, and so
EcoOcean can be applied to investigate the consegaefor fisheries of policy actions
under different scenarios, such as a variatioménarea covered by marine reserves, or the
implementation or not of fishing quotas for partesugroups of species. It also tracks
changes in community structure, for example inNtean Trophic Index (Pauly et.dl998)
However, currently the finest spatial resolutiorsgible for the scenario comparison is that
of the 19 FAO fishing areas used to develop the ehoflhe model is therefore not
appropriate for investigating the consequences ioér{scale changes, such as the
implementation of particular marine reserves, theslof a coral reef, or local changes in
water quality as a result of terrestrial runofff BExample leading to the creation of dead
zones. The next version of EcoOcean has a plarpegthisresolution of half-degree cells
(Alder et al. 2007), which will allow greater semsty to these changes. Further ongoing
developments in the quality of the dataset by tA&JS will improve the accuracy and
reduce the uncertainty associated with the models.

These limitations notwithstanding, EcoOcean seemgeal candidate for evaluating the
consequences of policy measures towards reducodjviersity loss on the provisioning of
marine fisheries. Indeed, EcoOcean has already dyg@lired to explore the scenarios posed
in the Global Environment Outlook 4 (UNEP 2007) dhd International Assessment for
Agricultural Science, Technology and Developmergmdnstrating its usefulness as a
policy tool. The outputs from these two assessmbat@ provided policy makers with
plausible results on which to base future decisregsrding management of fisheries and
marine ecosystems.

For other models of marine ecosystem managemenklaganyi (2007).
Adequacy of scenarios

Adequate scenarios for application of marine edesysnanagement models must specify
fishing effort across space, and for each functignaup.

91



What can be done in Phase 2? At what cost? By whom?

EcoOcean can be used in its current state to capaw the provisioning of marine
fisheries (landings) is expected to differ for sméos varying in fishing effort, across
FAO area, and across functional groups.

In our opinion, the research group better positiote lead these efforts is the
University of British Columbia’s Fishery Centre, védopers of EWE and of the
EcoOcean mod&|

4.6.7 Insights for economic valuation

Appropriate scenarios will generate different staté the world, with corresponding

predictions of fisheries intensity across the warloceans, for different functional groups.
EcoOcean can be used to investigate how thesdatansto long-term trends in fisheries
yields for each state of the world. Data on the katwvalue of those fisheries, and
appropriate discount rates, can be used to moné#isedifference in fisheries yields

between different states of the world. This maxktie should reflect predicted variations
in demand for different regions/functional groupsr example, increasing demand in
fishmeal for aquaculture may result in increasinggs for small, pelagic fish. An increase
in recreational fisheries, on the other hand, neadIto increasing value in the stocks of
large, high-trophic species.

4.6.8 Some key resources

» Fishery Centreat the University of British Columbia, Vancouve&Zanada, is a
leading centre of research on global marine systémhkiding the development of
modelling tools such astcopath with Ecosim (EwE)a freely available
ecological/ecosystem modelling software suite. Fishery Centre is also the home
of the Sea Around Us Proje¢SAUP) that actively collates and analyses data on
global fisheries catches, fishing effort and castfishing to investigate the impact
of fisheries on the world's marine ecosystems tppstt the development of
sustainable, ecosystem-based fisheries policie&lFSK led byDaniel Paulyand
includes amongst other leading expeléekie Alder Villy Christensen and Reg
Watson

« The Food and Agriculture Organisation (FAQO) Fisherierd aAquaculture
Departmentcollates and distributes global data on catchatjey consumption,
fleets and trade for marine fisheries.

e United Nations Environment Programme (UNEP) Globédrine Assessment
following from a call at the World Summit on Susiable Development (WSSD)
for the "establishment by 2004 and under Unitediddat of a regular process for
global reporting and assessment of the state ahmanvironment, including socio-
economic aspects, both current and foreseeablddirmiion existing regional
assessments”, and subsequent approval by the Uxagdns General Assembly,
effort is underway to evaluate all the recent assests at regional and national

% This is our recommendation for Phase 2, based @netbults of this review. It does not commit thediers
of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor
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scales for fisheries as well as other marine resslissues. A first repo8urvey of
Global and Regional Marine Environmental Assessmeamd Related Scientific
Activities has been completed by UNEP-WCMC.

* A Global Environmental Facility funded Large Mari&cosystems Strategy is
underway for the assessment and management ohatitemal coastal waters, as a
joint effort between the IUCN - The World Consermwat Union, the
Intergovernmental Oceanographic Commission of UNGSEBOC), other United
Nations agencies, and the US National Oceanic antbgpheric Administration
(NOAA). This programme is led gen Shermamt NOAA.

* TheGlobal Marine Species Assessm@&nbased at Old Dominion University, VA,
USA, coordinated byent CarpenterA partnership between the IUCN Species
Survival Commission and Conservation InternatisalCentre for Applied
Biodiversity Science, this project will be the figdobal review of the conservation
status of every marine vertebrate species, aneletted invertebrates and plants.
The project involves a range of partners in compiknd analyzing all existing data
on approximately 20,000 marine species, and wikmheine the risk of extinction
according to the IUCN Red List Categories and @ateThe goal is to complete
Red List assessments of approximately 15,000 mapgeeies by the year 2010.

» TheCensus of Marine Lifa global network of researchers in more than 8@mns
engaged in a 10-year scientific initiative to assesid explain the diversity,
distribution, and abundance of life in the ocealtse world's first comprehensive
Census of Marine Life-past, present, and futuré{valreleased in 2010.

« FAO Fisheries and Aquaculture Department proviggatistics on fisheries
commodities and trade, global production, fishilegfs, fishers, and consumption
of fish and fisheries products.

« SAUP is actively collating and making freely availaldata on global fisheries
catches, fishing effort and costs of fishing.

* The Stock Recruitment Databasmnsisting of maps, plots, and numerical data
relating to over 600 fish populations (over 100csg®) from all over the world,
collated by the lattRansom Myersat the Department of Biology at Dalhousie
University in Halifax, Nova Scotia, Canada.

» FishBases was developed at the WorldFish Center in collation with the FAO
and other partners. FishBase is a relational da&ab@th information on the
ecology, distribution, and conservation of ~28,508rine and freshwater species
(practically all fish species known to science).
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4.7 Inland fisheries and aquaculture

This section is a fully developed review, includoantributions by experts in the field,
some of whom subsequently reviewed the text.

4.7.1  Why are inland fisheries and aquaculture importafdar human wellbeing?

Inland capture fisheries and aquaculture providially important sources of food and
income. They account for 27% of global fisheriesduction: 9.6 million tonnes (7%) from

capture fisheries and 28.9 million tonnes (20%)mfraquaculture. Ninety percent of
production is in Africa and Asia, with China alorscounting for 70% of inland

aquaculture worldwide FAO 2006b). Inland captushdiries and aquaculture employ more
than 50 million people directly and many more iedity (Finlayson et al. 2005). These
fisheries are almost entirely finfish, with somegiomal exploitation of crustaceans and
molluscs (Wood et al. 2005). Three types of freshwhsheries are covered in this section:

Subsistence fisherieare important for their roles in nutrition, foo@csirity, income
generation and informal employment. They are paldaity important in certain regions,
such as SE Asia and Africa, where they can be thesource of animal protein (Finlayson
et al. 2005). These fisheries rely on a broad ditseof species and corresponding diversity
of fishing gear (Coates et al. 2003). In Asia, maepple practise integrated agriculture-
aquaculture, maintaining and fishing the fish faohaice paddies as an additional income
or food source (Dugan et al. 2006). There are f@myreliable official statistics available,
and the available figures are thought to be largietestimates (Finlayson et al. 2005; FAO
2006b). For example, Coates et al. (2003) estimttedotal fisheries production of the
Lower Mekong Basin to be between 2.6 and 21 timighen than official statistics.
Similarly, in Africa the lack of quality informatiohas meant that FAO has had to estimate
the catch for over half of the countries wherendldisheries were known to occur (FAO
2006b).

Commercial fisherigs including artisanal commercial fisheries, aredéch for their
economic value. They are mainly centred on the Grakes of North America, Africa, and
Asia (Baikal remains a substantial fishery; thgéalakes of China are intensively fished)
(Finlayson et al. 2005; Coates et al. 2003). Fangle, the Great Lakes of North America
have supported one of the largest freshwater fishiéor over a century, valued (along with
sport fishing) at $4 billion annually (Finlaysonadt 2005). In Cambodia, annual harvest at
the Tonle Sap Great Lake exceeds that of all fieettNAmerican Great Lakes (Campbell
et al. 2006). The world’s major river systems, sastthe Amazon, also support important
commercial fisheries, possibly rivaling those irgalake, but statistics are worse as effort
is more diffuse. The global value of tropical riviesheries in Latin America, Africa and
Asia is estimated at US$ 5.58 billion (gross maskatie), equivalent to 19% of the current
(2004) value of annual fish exports from developamyintries (US$ 29 billion) (Neiland
and Béné 2008). Many freshwater commercial fislseai® mostly traded extensively, with
a few species (e.g. salmon, Nile perch) making the international market.

An increasing proportion of the world’'s freshwatiésh production is coming from
aguaculture-based systen$iese use feeding and restocking activities talypce a higher
yield (‘agriculturalisation’ of freshwater system&pod et al. 2005). Often, there is a focus
on a few productive species, rather than the ebtasyas a whole. For example, the Great
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Lakes fisheries in North America consist of a mibxative and introduced species, which
are maintained by regular stocking (Finlayson et2805). The Lake Victoria fishery,
which was once based on over 500 species, nowsrefiethe exotic Nile Perch and Nile
Tilapia for ~90% of its catch (Njiru et al. 2008)here is a continuum of increasing levels
of human input in freshwater systems - from puigpture fisheries, to stocking (release
of large numbers of young fish to feed and growthe ecosystem), to true aquaculture
(rearing and feeding of fish until these acheivaaketably large size). As a result, these
two types of fisheries are often difficult to seqtarin practice.

Recreational fisherieare dominant in northern temperate countries, g/igey contribute
significantly to the economy. In Europe, for exaepthe inland recreational fishing
industry has been valued at $25 billion/year. Thisve towards recreational fisheries is
also increasing in developing economies (e.g. Brhmlia, Argentina, and several states of
the Zambezi River basin), often to boost the |doalism economy (Dugan 2006). These
fisheries tend to focus on a few native and/orouiiced prize species, with a substantial
proportion being catch-release. In some areasgti®eran increasing trend to manage
freshwater systems (including through stocking,diieg, and habitat management) to
favour recreational species, particularly in resgs/(Finlayson et al. 2005). Note that other
types of (non-extractive) nature-related recreadictivities are dicussed in Section 4.12.

4.7.2 What are the overall trends in the provision of amnd fisheries and
aquaculture?

Catches from inland waters, have shown a slowly dteadily increasing trend (about
2%l/year) since 1950, owing in part to stock enharesd practices. However, there are
different trends across regions. Catches are deglim Europe, Canada and the United
States; for example, Europe has seen a 30% deglreches since 1999 (FAO 2006b). In
some cases, increases are due to better recordsdpsistence fisheries, for example in the
Lower Mekong Basin (Dugan et al. 2006).

Aquaculture continues to grow more rapidly thanatiier animal food-producing sectors,
with an average annual growth rate for the world8d@ percent per year since 1970.
However, there are signs that the rate of growthgfobal aquaculture may have peaked,
although high growth rates may continue for songgores and species (FAO 2006b).

Recreational fisheries are increasing as a resultrlmanisation, increasing affluence and
larger populations, in both developed and develpgoonomies. A significant proportion
of the catch from inland waters in developed caastrs from recreational fisheries (FAO
2006b), and they too have the potential for draenatipacts on inland fish stocks (Cooke
& Cowx 2006).

4.7.3 How is the provision of inland fisheries and aqualture affected by changes in
wild nature?

The production of inland fisheries ultimately degenon the_productivity of targeted
species In many systems, fish growth is controlled ‘battap’ by the productivity of
photosynthetic algae in the water column and onhkibom, which in turn are largely
influenced by physicochemical factors such as thalability of nutrients and light (some
deep lake demersal fisheries also depend on detallaut, also a result of primary
production in the surface waters). ‘Top-down’ cohttlso occurs when predators regulate
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their prey populations and thereby govern primaigdpctivity through cascading effects
on lower trophic levels (Carpenter 1987; Carpe&t&itchell 1988).

The overall increases in inland fisheries catchasknthe underlying decline in the biomass
of many individual stocks as most inland fisherieshe developing world are heavily
overexploited (Finlayson et al. 2005; Wood et 802, Dugan et al. 2006). As with marine
fisheries, there has been a decline in the meamitrdevel of inland fish catches over the
last few decades (‘fishing down the food web’; Raetl al. 1998; Welcomme 1999; Wood
et al. 2005). This tends to result in the replacenod larger, slower-reproducing species
with smaller, fast-reproducing species (includingvertebrates), whilst the total
productivity may remain constant or even increasiially as predators disappear
(Welcomme 1999). Hence individual species decliaes masked as fisheries switch to
other species, as well as by the use of enhancsr(srth as stocking or feeding) which are
increasingly required to maintain yield, and by ¢femeral rising production of all types of
aquaculture (Finlayson et al. 2005; FAO 2006b).udtothere is no evidence for a general
collapse of inland fisheries, there have been mt&ts of local collapses related to
modifications of freshwater systems, such as daildibg (e.g. the loss of migratory guilds
after the building of a dam on the Mekong; Amorrtdel et al. 2000).

There is little evidence for an overall relationsbetween species diversiymd freshwater
fisheries yields. Indeed, increases in productivigve been observed in some systems
despite dramatic declines in diversity; for examglgtches from Lake Victoria increased
from 30,000 mt to an average of 500,000 mt sine€l®v0s, despite the loss or near-loss of
about half the native species, with the introdubiélé Perch now making around 90% of
the landing’s volume and value (Njiru et al. 200Blowever, it is likely that species
diversity (both of targeted species and othersyawgs the resilience of capture fisheries
and aquaculture to anthropogenic and environmeh&hges, as seems to be the case with
marine fisheries (Worm et al. 2006; Section 4.6)leled, many inland fisheries are being
simplified to depend on a few species that do wellhe modified habitats that we are
creating. While this seems to be working well fighéries in the short-term, it may be risky
in the long-term if conditions change (e.g. clima@rming).

In the transition to more intensively managed frestier fisheries, the tendency is to focus
on a few more desirable and/or more productiveispetlowever, the genetic diversiy
managed populations remains very important, bota ssurce of variation for breeding in
desirable traits and to increase the resiliendarfied fish to disease. Also, a broad set of
freshwater species are being domesticated/selémtedjuaculture production, indicating a
greater reliance on species diversity than in ditvgd production sectors (FAO 2006b).

A key peril of eroding freshwater biodiversity fgetrisk of losing species that play critical
functional roles in the ecosystem (e.q. keystonecigg. For instance, the loss of
anadromous salmon from rivers results in a subataetduction in nutrient inputs (Allan et
al. 2005), and declines of heavily-fished speci@s compromise nutrient recycling rates
that support ecosystem productivity (Mcintyre et28107). Beavers and some detritivorous
fish substantially change the physical structurdreshwater habitats (Rosell et al. 2005;
Collen & Gibson 2001; Taylor et al. 2006 Sciendhgreby playing an important role as
ecosystem engineers.

Also, there is still a very broad set of freshwadpecies being domesticated/selected for
aquaculture production, and so there is a great@mce on species diversity than in other
food production sectors (FAO 2006b; this is covenedSection 4.14). A diversity of
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species is also important for the colonisation@frhabitats (such as reservoirs) created by
freshwater modification. Often, species from thevous habitats (e.g. flowing water
environments) are unable to establish themselvied, ia this case other species are
frequently introduced, such as cichlids, bass,amgs (Finlayson et al. 2005).

In the transition to more intensively managed frestier fisheries, the tendency is to focus
on a few more desirable and/or more productiveispetlowever, the genetic diversiby
managed populations remains very important, botl asurce of desirable traits and to
increase the resilience of farmed fish to disease.

Freshwater biodiversity is highly threatened, idahg for example 56% of endemic fish in
the Mediterranean basin (Smith & Darwall 2006), &4&o of endemic fish in Madagascar
(Darwall et al. 2005).

Freshwater communities are affected by loss, dedicad and transformation of freshwater
habitats (Finlayson et al. 2005). Furthermore, many fredbwapecies use different
habitats for breeding, for hunting and for nursefe.g. hundreds of species migrate from
large rivers/lakes to streams in order to breelis Tenders them particularly vulnerable, as
they can be affected by the degradation of anyhofd¢ habitats, as well as by loss of
connectivity between habitats, such as throughctivestruction of dams or separation of
floodplains from the main river channel. Commursitie lotic systemgrivers, streams) are
frequently dependent on particular hydrologicalimegs, which can be disturbed by land
use changes (e.g. logging), water abstraction, dard building (Finlayson et al. 2005;
Welcomme & Halls 2004). These systems are alsat@fficby river canalisation, separation
from the floodplain, and water pollution. Lenticssggms(lakes, reservoirs, wetlands) are
particularly vulnerable to eutrophication (e.g.Ligke Victoria a doubling of nutrient input
led to an 6-8—fold increase in algal biomass; Bali2007), sedimentation (e.g. forest loss
around Lake Malawi resulted in increased sedim@matnd reduced quality habitat for
cichlid speciesRusuwaet al. 2006), the introduction of invasive spe¢eg. Nile perch in
Lake Victoria; Njiru et al. 2008; Balirwa 2007), tea abstraction (e.g., Aral Sea; Finlayson
et al. 2005), and loss/decline of area due to lasel change (e.g. Lake Victoria has lost
wetland habitats at a current rate of ~3.8% anpubljiru et al. 2008). Floodplainare key
habitats for many species, particularly for bregdiand they are being threatened by
disconnection from main river channel and by habiss as they become appropriated for
agriculture and human settlements.

Changes in the _habitats within the water catchraeshof freshwater systems (including
riparian habitats) can have important and widespreifects on the quality, extent and
composition of freshwater ecosystems (Finlaysoralet2005). Terrestrial systems can
contribute to the regulation of energy and matdraisfer between the riparian and aquatic
ecosystems, particularly in small water bodies €§u& Arthington 2003). Thus, changing
land use affects water quality (e.g., via energyriant, and toxin inputs; Allan & Castillo
2007), turbidity and sedimentation (e.g. erosidioWing deforestation and road building;
Alin et al. 1999), and hydrologic regimes (e.g.amgjes in quantity and timing of water
flow following deforestation; Allan & Castillo 200TVelcomme & Halls 2004). Terrestrial
habitats can also provide nutrition to freshwapercges (e.g. fruit eating fish; Araujo-Lima
& Goulding 1997) and contribute to the physicalusture of freshwater habitats (e.g.
providing woody debris; Wright & Flecker 2004).

While the negative effects of habitat changes ashwater communities are well-
established, the consequences for freshwater igshare less studied. In some cases, the
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creation of new habitats favours particular specwesich in turn can be exploited in
fisheries. Examples include reservoirs followingndeonstruction, and rice fields following
the conversion of floodplain habitat (Dugan etimalpress). In many cases, a few species
benefit whilst most others lose out, and so theaathges/disadvantages for fisheries
depend on both the fishery value of thriving spgeeird the consequences of altered habitat
structure and species assemblages for ecosystbititystand functioning.

Relationship between habitat area and the provisibmland fisherie and aquacultures

In principle, freshwater fisheries might be expddie decline in direct proportion ot loss of
the area of relevant habitat (e.g. floodplain, nisyeHowever, reality is likely to be much
more complex, given the intrinsic interconnectivity freshwater systems. Hence, fish
production in a stretch of river may not be mamea if upstream reaches are degraded,
and massive floodplain fisheries depend on the ection to and exchange with the main
river channel.

4.7.4 What are the main threats to the provision of inldriisheries and aquaculture?

Water abstractiofparticularly for agriculture) is among the gresatglobal threats to inland
fisheries and aquaculture, altering flowing reginaesl reducing river flow in riverine
systems (sometimes completely, as in sectionseoCiblorado River), reducing the area of
available habitat in lentic systems (e.g. Aral Selaere water volume has been reduced by
75% since 1960; Finlayson et al. 2005), and allgnsaline water intrusion in coastal
freshwater systems (Finlayson et al. 2005). Wat@nstocationis also an increasingly
important consideration, as water is diverted frame river basin to another (e.g. Yellow
River in China). Fisheries are directly impactedhesflood cycle and water availability are
disrupted, and there is an increased threat frorasime alien species as river basins are
linked.

River canalisation and separation from the floomplahanges hydrological regimes
substantially, affecting communities in both riwsstems and floodplains. Floodplains are
also directly threatened by habitat loss the land is appropriated for agriculture and
human settlements. Indeed, floodplain systems aeeod the most threatened habitats in
the world; Europe, for example, has lost up to 3§%s riverine floodplains, and those that
are left are often decoupled from the hydromorpgicial dynamics of the river (Tockner &
Stanford 2002).

Dam building destroys habitats upstream, causes major disruptiohydrological and
sedimentation flows downstream, creates a baroiespecies migrations, and fragments
resident species populations. Fisheries based ayratory species may be totally
compromised (e.g. sturgeon fisheries). Howevehefi®s may improve in the reservoir
area when there is restocking with suitable (fretjyealien) species (Finlayson et al.
2005).

Overexploitationeads to population reductions and even extinatiothe targeted species.

A FAO major assessment of inland fisheries (198%inlayson et al. 2005) reported that
most inland capture fisheries that rely on natuegroduction of the stocks are overfished
or are being fished at their biological limit.

Water pollution and eutrophicatiofparticularly due to agriculture, but also urbamda
industrial run-off) significantly affect freshwateommunities. Eutrophication, caused by
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increased nutrient loads (particularly due to fiedrs in agricultural runoff) is the most
widespread problem in lakes and reservoirs, anol afe of the most difficult to abate.
Toxic contaminants (e.g. heavy metals and orgaooci® compounds) may render fish
unusable for human consumption (Finlayson et @520

Landuse changes in terrestrial habi(atg. deforestation) affect water and sedimernitimeg
flows and water quality.

Invasive species may affect fisheries directly pbgdating, competing with, or parasitizing
the targeted species, or indirectly, by co-intraaurcof disease organisms, or by affecting
habitat characteristics (e.g. water hyacinth) ardewregimes (e.g. mimosa; Finlayson et
al. 2005).

Climate changes likely to affect inland fisheries and aquactgtipy altering river flows,
lake levels, and the internal mixing dynamics ofjéalakes. For example, O’'Reilly and
colleagues (2003) found that global warming redupeztuctivity of Lake Tanganyika,
with strong implications for a 100-200 mtonnes digh

Many aquaculture practices also contribute to thgradation of inland water systems, via
pollution, the spread of diseasesid the_introduction of alien speci@Sinlayson et al.
2005).

It is important to keep in mind that some anthragog changes are also resulting in
increased fishery yields, due to stocking and fegdjparticularly of small lakes and

reservoirs) and management of habitat structurgdeticular target species (Finlayson et
al. 2005; Njiru 2008).

4.7.5 Are abrupt changes likely in the provisioning of dshwater fisheries and
aquaculture?

As discussed above, there is little evidence ofesjnlead collapse in freshwater fisheries at
the community level as a result of general overbstimg. However, collapses and local
extinctions of individual species have taken plaoe] overfishing has clearly impacted the
species composition, body size, and total biomddsslery catches in many individual
lakes and rivers, leading to a general assessimaniriand waters are overfished (Allan et
al. 2005). For instance, commercial fisherieshim North American Great Lakes peaked in
the late 18 century, and a combination of overfishing, speie®ductions, pollution, and
other factors has yielded lower, fluctuating yiekisce that time. Similarly, Lake Baikal
was overfished in the early ®@entury, and catches have never recovered.dlffisult to
predict the impact of the ‘fishing down the food bwgghenomenon, which has led to
collapses in some marine fisheries (Section 4r6)frashwaters because many lakes and
rivers are intensively managed through stockingdiieg, and habitat manipulation. These
practices prop up the populations of predatory fisdtt are the target of most freshwater
fisheries.

Human-induced eutrophication can trigger suddefissim lakes and reservoirs from clear
to turbid water, due to algal blooms. These bloonay include toxic cyanobacteria and
affect freshwater fisheries and recreational usthefwater bodies. Reduction of nutrient
concentrations is often insufficient to restore tmginal state, with restoration requiring
substantially lower nutrient levels than those hicl the regime shift occurred (Scheffer et
al. 2001).
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Species invasions can also cause abrupt disruptiofisheries and aquaculture. Lake
Victoria offers the most dramatic case study; tfalitional artisinal fishery for native

cichlids was transformed into a massive indusfiglery by the explosion of the exotic
Nile Perch in the 1970s-90s. In the North Ameri€areat Lakes, the loss of native lake
trout fisheries is believed to have resulted frdra proliferation of exotic, parasitic sea
lampreys in the Z0century.

Climate change has the potential to cause widegpdeauption to inland fisheries and
aquaculture. At present, there is little directdevice for climate change effects on
fisheries. However, records from Lake Tanganyikaehbeen interpreted as evidence of
climate forcing of algal productivity, and may help explain declining catches in that
globally-significant fishery (O’'Reilly et al. 2003)

Aquaculture is particularly prone to abrupt changesrticularly through the spread of
diseases. Several cases have occurred in the fpasixample with the brackish water
shrimp fisheries of Asia and S. America or salmarutture in Europe. The establishment
and spread of diseases is frequently linked torenmental stresses.

Overall, we predict that there is a high probapiot localised disruption to inland
fisheries and aquaculture as a result of eutrogibitaand species invasions. Large-
scale changes may result from climate change.

4.7.6 Can we quantify and map the global provision of amd fisheries and
aquaculture, and how it might change?

There is currently no overall global model for g@ductivity of freshwater fisheries and
aquaculture. Different models exist for differegstems in different areas, including for
example:

» Tropical river floodplain— models exist that investigate the impact of bialyical
changes on fish yield/productivity, combining a toldgical and population model
to simulate production changes with different watgimes (Halls & Welcomme
2004). Others use Bayesian networks to examinentbpacts of wide ecosystem
changes on fish production (e.g. Baran et al 2007)

* Northern temperate lakes the Morphoedaphic Index (Ryder 1965) has been
extensively used as a predictor of fisheries yiblased on total dissolved solids and
lake depth. However its accuracy is contested,thak are many subtle variations
in analysis.

e African water bodies- Morpho-edaphic models were used extensivelystonate
the potential of Africa lakes and Reservoirs anddet® which predict fisheries
production have been generated by #fgca Water Resources Databasehese
models use physico-chemistry and climatological sn@ppredict production based
(mainly) on surface area.
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It is likely that different freshwater systems wiléed to be modelled separately.
marine fisheries (Section 4.6), it is key that medeflect sustainable production
than current catches, as the latter are likelyetatsustainable in the long term.

Except for some well-studied systems, the statekrafwledge regarding fres

As with
, rather

hwater

fisheries is very poor. FAO has historically marthgglobal statistics, but there is
widespread recognition that meaningful data neebletccollected and analyzed at local,

national and basin scales. (eMekong River Commission Fisheries Programme

What can be done in Phase 2? At what cost? By Wwhom

The experts we consulted were of the opinion thaagonable model, or at leas
first estimate, could be generated within one ybgrreviewing existing studies @
sustainable freshwater fisheries production actlessvorld and extrapolating fror
those. Two possible approaches were proposed:

a) Engage a group of 12-15 experts covering differegions, including peopl
with good skills in GIS and statistical modellingeé suggested names un
key resources), and based on existing models aattstgts ask them t
provide a predictive collective opinion of how @ifént states of the wor
would differ in inland fisheries and aquacultur@guction. One or sever
collective meetings (NCEAS-style workshops) wouddneeded.

b) As in a), but preceded by regional meetings toecbland collate existin
(but currently dispersed) regional information orhiehh to base fine
estimates for productivity change.

It is estimated that it would take around 36-4&agsher-months for a suitable teg

Resources would also need to be allocated for nggeetinder either approach.

to compile a reasonable global estimate from eaxstknowledge (route a).

t a

m

AMm

Adequacy of scenarios

In order to be useful in predicting the impactloénges in wild nature on the provision of

freshwater fisheries and aquaculture, the scenawvotd ideally provide information

on:

* The availability of water (temporally and spatiy/lyparticularly affected by

abstraction for agriculture and hydroelectric pctge

* In the extent of natural floodplain habitats, clgsknked to the expans
agriculture and urban development.

* The connectivity of water systems, particularly to@struction of dams.

ion of

® This is our recommendation for Phase 2, based @netbults of this review. It does not commit thediers
of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor

102



4.7.7

The canalisation of rivers.
The levels of harvesting and demand.

Insights for economic valuation

The subsequent economic evaluation, based on the ofebiophysical production, would
need to carefully consider what the end use of éguh of fisheries is. Different valuation
methods would be necessary in each case:

For commercial fisheries, most data can be takem ffhe market in fish and fish
products (African, Asian, and North American Greakes; large rivers).

For commercial fisheries, most data can be takem flhe market in fish and fish
produce (African and North American Great Lakesyadarge rivers).

Recreational fisheries are likely to need valuatiming data from licenses and
expenses, utilising Contingent Valuation and Travest methods (North America,
Europe, Australia, some parts of the tropics).

A 2008 report by the WorldFish Centre (Neiland, &.Béné, C. [Eds.]Tropical river
fisheries valuation: background papers to a globgihthesis compiled five regional
reviews of valuation studies of tropical river f&stes in Latin America, Africa and
Asia.

4.7.8

Some key resources

Patrick Dugan, at thé/orld Fish Centrewould be in a good position to oversee this
project.

R. Hilborn at the University of Washington (USA) aid JeppeserifDenmark
could be valuable with regards to statistical minagl of fisheries-ecosystem
relationships.

Robin _Welcomme Imperial College, London, and Institute of Fishser
Management, UK.

Will Darwall, Freshwater Biodiversity Unit, SSC/IUCN, Cambrid@#: leading
the global freshwater assessment.

Peter Mcintyre School of Natural Resources and Environment, &hsity of
Michigan, USA.

Gerd Marmulla FAO.

Robin Abell Senior Freshwater Conservation Biologist, Coreom Science,
WWEF-US, Washington DC, USA.

Carmen Revengdhe Nature Conservancy, Arlington VA, USA.

Regional expertise:
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0 Mekong/AsiaEric Baran(WorldFish Centre)Chris Barlow(Mekong River
Commission Fisheries Programmaghley Halls(Aquae Sulis Ltd, UK).

o0 Africa: Patrick DuganAfrica Water Resources Database

o Latin America/South AmericaMiguel Petrere (Universidade Estadual
Paulista, Rio Claro, SP, Brazil; for Brazil and rhuef Latin America);
Oriana Almeida(IPAM, Amazonian Institute of Environmental Resdgr
Brazil; for the Amazon)Angelo Antonio AgostinhdUniversidade Estadual
de Maringa, PR, Brazil).

o Europe: lan Cowx(University of Hull, UK).

o Australia: Angela Arthington(Griffith University, Australia).

o North America:John Casselman (Queens University, Canada), Studsin
(Ohio State University, USA).

4.7.9 Participants

Authors
Kelly Flower, Andrew Balmford, Ana Rodrigues (Unirggy of Cambridge, UK)
Peter Mclintyre (University of Michigan, USA)

Robin Welcomme (Imperial College, London and Ingéit of Fisheries
Management, UK)

Contributors

The following experts provided very valuable inggto this section.
Will Darwall (SSC/IUCN, Cambridge, UK)
Patrick Dugan (World Fish Centre)

Acknowledgements

Robin Abell (WWF-US) provided useful suggestionsdgperts.

104



4.8 Wild animal products

This section is a fully developed review, includiogtributions by experts in the field, most
of whom subsequently reviewed the text.

4.8.1  Why is this benefit important for human wellbeing?

The harvesting of wild animal products is defineatento include the capture of terrestrial
wild animals or their products, including mammalsrds, reptiles, amphibians and
invertebrates (for example snails and insectsudioh honey harvesting). Wild animal
harvesting can be broadly classified into threegaties: subsistence, commercial, and
recreational (Table 2). In_subsistence harvestihg benefits obtained from wildlife
(particularly food) are directly consumed or usgddnd play a very significant role in the
subsistence of, the harvester and its family (@eges 2000). Commercial harvestiagges
place when most of the products are sold for pr@iy. caiman meat trade; Silveira &
Thorbjarnarson 1999; chameleon pet trade; Carpeattad. 2004). Recreational hunting
refers to activities in which the main objectivetine personal enjoyment of the hunter,
rather than food or profit (e.g. trophy lion humgtim Tanzania; Whitman et al. 2004). There
is substantial overlap between these categoriesdifferentiation between subsistence and
commercial harvesting may be subtle (with, for egkensubsistence hunters often selling
the excess or the most valuable species as a soiureeome; Wilkie & Carpenter 1999b),
and the transition between the two may happen uak markets open (e.g. Sierra et al.
1999). Recreational hunting may also have rootdrawlitional (either subsistence or
commercial) hunting activities (McCorquodale 1997).

Table 2.Comparison of main attributes of subsistence, coruialeand recreational hunting.

Attribute Subsistence hunting Commercial hunting Recreational hunting
Purpose Food Profit Sport
Users Rural people, poor Rural and urban High income
Volume High Very High Low
Area Often close to residence, Distant from residence Distant from residence,
permanent variable
Frequency Year round Year round Weekends, hunting
seasons
Principle Prey Mostly mammals Mostly mammals Mostly birds, but medium
to large mammals also.
Legality Variable according to Often illegal Usually legal
country
Control Difficult but may be Often very difficult Feasible
feasible
Social Value High Low Medium

The main benefit obtained from the harvesting dévainimals is arguably fooge.g. Fa et
al. 2003), with other benefits including raw madégisuch as hides (e.g. Iriarte & Jaksic
1986), medicinesr substances traditionally considered to haveicired value (e.g. Alves
& Rosa 2005; Ntiamoa-Baidu 1997), pdis.g. Carpenter et al. 2004), and personal
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enjoyment(e.g. Wilkie & Carpenter 1999a). Here we focustipatarly on subsistence and
commercial harvesting for food (referred throughast‘wild meat’) in tropical regions,
with some discussion of harvesting for personabymgent (recreational hunting).

Wild meat is a valuable source of nutrition acrties globe, but its importance as food is
particularly high in tropical regions (with somedst-living peoples obtaining up to 90% of
animal proteinfrom wild animals; Fa et al. 2003). The literatui@cuses on large
vertebrates (> 1 kg), which seem to contributentiost to wild meat provision (particularly
mammals, followed by birds, reptiles and amphibjagausd this is the emphasis of this
section as well. Invertebrates also have a vemyifsignt nutritional role in some areas, but
these are frequently ignored in studies of wilddfd@rvesting, and traditional consumption
is declining due to a negative bias by Westernéefdliart 1999). deFoliart (1999)
presents a comprehensive review of the use of tsecfood across the world, including
for example a study that found that 65 speciesnsédts furnished 10% of the animal
protein intake in the Democratic Republic of Corfjgompared to 30% from game and 47%
from fishing), and the case of Thailand, where nibea 80 species of insects (35 families)
are used as food, and where locust and grasshaggehing become alternatives to
pesticide spraying during plague periods.

Wild meat is important for the poor and landlespeially during times of the year when
agricultural production is lower (de Merode et a004), and periods of famine and
insecurity or conflict, when normal food supply rhanisms are disrupted and local or
displaced populations have limited access to ditwens of nutrition (Elliott et al. 2002;
Wood et al. 2005; Jambiya et al. 2007). In soméoreyy though, reliance on wild meat is
permanent (see Ntiamoa-Baidu 1997 for a review itd wmeat use across Africa). While
the dependency on wild meat is greatest in rurahroanities, townspeople can also be
major wildlife consumers (Milner-Gulland et al. Z)0In the transition from rural to urban
consumption, wild meat consumption becomes lesa piitritional need (in which case
people will readily switch to domestic meat, ibécomes more readily available) and more
a matter of preference based on tradition or s{@ushich case at least some consumption
persists even when wild meat becomes substantiallye expensive than domestic
alternatives) (Milner-Gulland et al. 2003; see Gaad[2006] for an extreme example of
African wild meat being sold as a luxury productW$ and European markets). Urban
demand creates the opportunity for trade, and finerenild meat harvesting is also an
important _source of incomédor local people (e.g. Silveira & Thorbjarnarso®99;
Ntiamoa-Baidu 1997).

Estimates of the annual wild meat harvest, maingmmals, include 23,500 tonnes in
Sarawak, 67,000— 164,000 tonnes in the Braziliarazon, and 1-3.4 million tonnes in

Central Africa (Milner-Gulland et al. 2003 and nmefiaces therein). Wild meat harvest and
trade are often excluded from official statistig?éaod et al. 2005) but the economic value
of annual trade has been estimated at, for exaropts, US$175m for the Amazon Basin

and US$200m for Céte d’lvoire (Rao & McGowan 2008 aeferences therein).

Recreational hunting is the dominant form of tamakwild animal harvesting in the most
economically affluent countries. The nutritionallua of wild meat is negligible, given
wide access to cheaper alternatives. And, quiteopp®site of being a source of income,
hunting becomes a substantial expense as huntemnd spnsiderable sums for the pleasure
and social status of hunting. Regions in EuropethadJnited States with higher fractions
of rural population tend to have a higher frequeatyunters, supporting the hypothesis
that the motivation to hunt is based on culturatsqHeberlein et al. 2002). In the United
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States, 5% of the population 16 years old and oldsgrt hunting in 2006, spending US$22
billion (USFWS 2007). In the European Union, thare more than seven million hunters
(FACE 2007), estimated to spend €10 billion perry@anet 1995). Trophy hunting by

foreign tourists generates at least US$201 milpen year in sub-Saharan Africa, from a
minimum of 18,500 clients (Lindsey et al. 2007),ilhin Eurasia US$33—-39 million

dollars are generated from 45,000 to 60,000 forbigmers (Hofer, 2002).

Harvesting of wild animals has costs to human veatip as well. It is widely
acknowledged that overexploitation is resultingainvorldwide depletion, and sometimes
the complete extirpation, of many species. Histlyc overharvesting has already
contributed to the demise of at least 55 terrdsanamal species (listed by the 2007 IUCN
Red List of Threatened Species as Extinct or Ektincthe Wild), and 792 additional
species are threatened with extinction from huniidCN 2007). The Convention on
International Trade in Endangered Species of Wiklrfa and Flora (CITES), an
international agreement between governments tha 8 ensure that international trade in
specimens of wild animals and plants does not tenetheir survival, has listed about 5,000
animals (including terrestrial, marine, and frestesafor which trade regulations are in
place (CITES 2008). Species’ extinctions precludeprovision of other present and future
benefits. Local depletions and extirpations throagérhunting are common (e.g. Brashares
et al. 2001) and at a local scale impact humanbegly as much as global losses. The
large-bodied, slow-growing, species that are thestmaulnerable to overharvesting
(Bodmer et al. 1997) are often charismatic spetiascan attract tourists and conservation
funding, such as tigers, elephants, rhinos, andlap{Walpole & Leader-Williams 2002).
Hunting also raises ethical and animal welfare ass(e.g. Gilbert 2000), and there is
increasing resistance to the idea of killing ansmar sport among urban residents in the
industrialised world, as highlighted by the recleah on fox hunting in the UK (Lindsey et
al. 2006). Outbreaks in zoonotic diseases (ie shhegween humans, domestic animals,
and wildlife; e.g. SARS, West Nile virus), causihgndreds of billions of dollars of
economic damage as well as mortality in humansstock and wildlife, have been
attributed to the global wildlife trade (e.g. Betlal. 2004; Karesh et al. 2005), which has
enabled the rapid transmission of zoonoses.

4.8.2 What are the overall trends in the provision of @ilnimal products?

The Millennium Ecosystem Assessment (MEA 2005) mmred that there is a medium to

high certainty that wild food provisioning is detghg, as natural habitats worldwide are
under increasing pressure and wild animal populatere exploited at unsustainable levels
(Wood et al. 2005).

The most direct measure of trends in the provisiobenefits from wild animal harvesting
is derived from the flow of wildlife products, fexample through statistics on consumption
or trade. However, often these measures cannosée to extrapolate future (even near-
future) trends. Indeed, a steady increase in copgamor in market volumes may persist
for some time despite depletion of the source paiprs. This may occur if there is
increased harvesting effort (e.g. traps being pmulaby guns), if harvesting extends to
species not previously exploited, or if harvestimg@xpanding to new areas (Crookes et al.
2005). All of these are likely: the higher the dewhathe greater the economic incentive to
source wildlife products further away, so a thriyimarket may persist for a substantial
period. Ultimately, though, the widespread deptetid animal populations will inevitably
result in declines in the supply of wildlife prodsic
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Overexploitation of wild animals is typically lindeto human population growth, and
consequently it is currently felt most in Asia,léoved by Africa and by Latin America
(Milner-Gulland et al. 2003). Depletion of animabpulations is often associated with
habitat loss, but may also occur in forests thaemtise appear to be intact (‘empty forest
syndrome’; Redford 1992). In Asia, a thriving tramfewild animal products for food, pets
and traditional medicines results in widespreadupaipn declines and local extirpations
(The World Bank 2005; Corlett 2007), with overexdton being one of the most
importants threat to some groups of species, sacanmghibians (Stuart et al. 2004) and
freshwater turtles and tortoises (van Dijk et &0@). In Vietnam, for example, 12 large
vertebrates have been extirpated in the past 4G ya@ely because of hunting (Bennett &
Rao 2002). In Africa, the scale of wild meat hugtinas accelerated over the last few
decades, reaching particularly worrying levels en€al and West Africa (e.g., Brashares
et al. 2001; Fa et al. 2006). For example, huntiagl been identified as the main cause for
the collapse in gorilla and common chimpanzee s in western equatorial Africa
(Walsh et al. 2003). In Latin America, where hurpapulation densities and resulting rates
of exploitation are still considerably lower thanAfrica (Fa et al. 2002), even subsistence
hunting can substantially affect population deasitand faunal community structure. In the
Amazon, the aggregated biomass of the most semsitgcies was reduced by half between
non-hunted and light-to-moderately hunted sites, i@aluced 11-fold between non-hunted
and heavily hunted sites (Peres and Palacios 2@iven that wild meat exploitation in
tropical forests is often substantially higher theatural productivity (e.g., Fa et al. 2002)
supplies in wild meat protein are predicted to uec(e.g. by 81% in the next 50 years, in
the Congo Basin; Fa et al. 2003).

On the other hand, game ranching (the maintenahogild animals in defined areas
delineated by fences) is expanding as a methodildf meat production, particularly in
sourthern Africa, although the main aim of thesenfis to attract wildlife tourism or
trophy hunting (Ntiamoa-Baidu 1997).

As for trends in recreational hunting, participatim the US has declined by about 10%
between 1996 and 2001 (USFWS 2007), while numbensiaters in France are declining

by about 3% per year (RSPB 2006). These declineg Imeaexplicable by increasing

urbanisation (Heberlein et al. 2002), often asgediawith increasing animal welfare

concerns. However, there is evidence that trophmtihg is expanding in Southern Africa

and Tanzania, but stable or declining in Centrdl \Afest Africa (Lindsey et al. 2007).

4.8.3 How is the provisioning of wild animal products aftted by changes in wild
nature?

The supply of wild meat is largely determined by thcosystem’s productivity of the
targeted specieften there is little consumer preference amomsgsicies and they are
mutually interchangeable as protein sources. Huetint varies spatially according to
drivers such as market access and alternativeho@ds, and combines with overall animal
abundance to determine supply. Hunting historyctdfeurrent supply (Peres 1999).

Large-bodied (average aduttsl kg) primates, ungulates and rodents accouninfust of
the wildlife biomass hunted by humans for food asrthe tropics, with ungulates typically
making up by far most of the biomass. Robinson &gt (2004) reviewed data on the
standing biomass of these taxonomic groups acradiseasity of relatively undisturbed
ecosystems, finding a peak at intermediate levietsiofall. The increase in biomass with
rainfall reflects a positive association betweeimpry productivity and rainfall, while the
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decline for highest rainfall levels may reflecteduction in food availability, particularly
for ungulates, as much of the plant biomass is©iéenform of inedible tree trunks and toxic
or inaccessible leaves, with a high proportion leé primary productivity high in the
canopy (Robinson & Bennett [2004] and referencesein). Accordingly, they found that
ungulates predominate in open habitats while pesare realtively more common in
forested areas. Overall, their results indicated thammalian standing biomass is low
below 100 mm of annual rainfall, that grasslandghwmnore than 500 mm can commonly
support mammalian biomasses of between 15,000 &iD@ kg/kmi, and that the total
mammalian biomass in tropical forests rarely exse®@00 kg/kr (but see Fa & Peres
2001 for much higher values in Africa). Within agn habitat type, soil fertility can have a
major effect on primary productivity and, therefoom the standing biomass of mammal
species; for example, Peres (2000) found thatenitrich floodplain forests consistently
contained a greater game biomass than nutrientypdtoroded forests.

The sustainable production of wild meat is affeatet only by the standing biomabsit
also by the species’ rate of natural increddee maximum percentage of standing biomass
that can be harvested without resulting in lowesodlite harvest (the maximum sustainable
offtake rate) is typically lower for long-lived sges, estimated by Robinson & Bennett
(2004) to exceed 50% for some rodent species, dendr20% for ungulate species, but
usually under 5% for primates. Given that, as deedrabove, ungulates and (to a lesser
extent) rodents dominate in savanna habitats, vitniferest primates play a more dominat
role, the maximum sustainable offtake is likelyo® higher in the former (maybe as much
as 20% of the standing biomass) than in the ldfierhaps 10%; Robinson & Bennett
2004). A higher sustainable offtake rate combinetth & larger standing biomass means
that savannas are typically more productive thasedl forests, and therefore have a higher
likelihood of being harvested sustainably (Robin&oBennett 2004).

While a wide diversity of species is usually hateds the bulk of the wild meat biomass
captured in any one location tends to be dominbted few species (e.g. Fa et al. 2005,
2006). These, however, change in space and timeaat in South America, large species,
such as tapirs, tend to be targeted by hunters Wuigh efforts turning to smaller species,
such as squirrels or rats, as these disappearpidfsrence for larger-bodied species seems
to be explained by a maximisation of return (kgyaat) per unit of hunting effort, rather
than intrinsic cultural preferences for particulgpecies (Jerozolimski & Peres 2003).
Unfortunately, large species tend to have lifedmigttraits (low reproductive rates, low
population densities, long generation time, and) Iblespans) that make them particularly
vulnerable to overexploitation and less likely écover once depleted (Bodmer et al. 1997;
Jerozolimski & Peres 2003). As the most desirapkcies disappear, hunters’ selectivity
declines and they tend to diversify their prey b@szozolimski & Peres 2003). Depletion
of the large-bodied species may not result in diren wild meat supplies; theoretically,
it may even result in an increase, as their redwmtkity allows faster-growing (more
productive) species to dominate the ecosystem f{eosmpensation; Peres & Dolman
2000; Jerozolimski & Peres 2003). Sustainable atgtion, in the sense of a future
continuous supply of wild meat, may therefore beecenmore achievable aim in these
conditions (Cowlishaw et al. 2005; but see Wait@7)0 although this process cannot be
considered sustainable in the ecological sensé requires the extinction or severe
depletion of a subset of species. For such a syttelne ecologically sustainable, strong
regulations would be required to reduce or prevkatexploitation of vulnerable species
(Cowlishaw et al. 2005).
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Habitat lossinevitably results in the extirpation of habitapdndent species and the wild
food obtained from them. Nonetheless, a temponacyease in the supply of wild meat
may be observed during the process of habitat fosgxample as new logging roads are
opened, due to increased accessibility to wildlife.the longer-term, though, supply is
expected to decline as populations are depletethdyynergistic effects of hunting and
habitat loss (Peres 2001). Habitat fragmentatieduces the habitat available to species
averse to the matrix and to edges. Peres (200d)lagd that the minimum fragment area
needed to maintain a sustainable harvest of 4Gedwsyecies in the Amazon (given levels
of extraction documented to date) was as high &0 2, with tapirs as the most
spatially-demanding species. This is in sharp esbtwith the observed size of fragments
in the region of the deforestation frontier, witmadal area of less than 1 ha (Peres 2001).
However, it is not clear that species diversity geaffects wild meat supply (see below).

Fragmentation also isolates populations, therelojiaieg or precluding colonisation of
overharvested areas from nearby non-harvested aerbarvested regions, disrupting the
source-sink dynamics that help maintain the lomgitsustainability of game harvesting
over large spatial scales (Novaro et al. 2000; p0DAis may explain why surprisingly few
local extinctions have been reported in persisgenterhunted (but finite) harvested areas
within large, non-harvested, forest landscapesed@001; Ohl-Schacherer et al. 2007).
Accordingly, the_spatial configuration of harvesti non-harvested areean affect the
resilience of populations to harvest levels (McGugh 1996).

Robinson & Bennett (2004) hypothesised that thevemsion of primary forest to secondary
habitats(such as forest—farm—fallow mosaics) may incrahsesupply of wild meat (see
also Wilkie 2005). As discussed above, in densestsrmuch of the plant biomass is in the
form of inedible tree trunks and toxic leaves, wéhhigh proportion of the primary
productivity high in the canopy. Habitat disturbanopens the canopy, increasing the
amount of browse and graze available for herbive@mimals such as ungulates, which can
in principle increase the standing biomass of witimals. However, disturbance is usually
associated with increasing human presence (thrayggning of roads and logging),
resulting in a decrease in the biomass of wildiéeause of hunting and the introduction of
competing livestock. On the other hand, hunting alsifts the composition of the faunal
community, so that the biomass of large-bodiedwsteproducing species (including
predators) declines, while the biomass of more taibdgs rapidly-reproducing, small-
bodied species, might increase. Robinson & Ben(@@d4) propose that the consequence
of this shift is that even though overall biomadghhdecline, biomass production might,
under certain circumstances, increase with thesitian between primary forest and more
disturbed habitats. This remains unresolved, wiih studies reviewed by Robinson &
Bennett (2004) providing some evidence in suppbthis currently open hypothesis. The
effects may differ between continents dependingheir respective faunal assemblages. In
the Neotropics, most large vertebrates are prignarilpartially frugivorous or granivorous
(Robinson & Redford 1986b), and so a shift fromtfhased to browse-based plant food
resources may not necessarily lead to an overalease in the standing biomass and/or
productivity of wild meat. Irrespective of whethsecondary habitats are more or less
productive than primary forest, they are certaimbt empty of wildlife and they play an
important role in wild meat supply in many areasi{ipet al. 2003; Naughton-Treves et al.
2003).

In theory, a wider _diversity of targeted speatesild directly improve the supply of wild
meat in two possible ways:
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- By increasing the secondary productivity of the syistem, if different species
exploit ecological resources in a complementary.Wénys effect has been predicted
theoretically and demonstrated in experiments wstmplified plant systems
(Hooper et al. 2005) but we found no evidence ithaiay happen for the provision
of wild meat.

- Through a portfolio effect, by providing a diveysibf options to hunters. Variety
does not seem to be a major factor from the conssmerspective, with the most
abundant species often being the most preferretl §be East et al. 2005). A
diversity of species could also allow hunters tatdwto other species as some
become too scarce. In practice, species disappmar@mds to follow a nested
pattern, with the most sensitive only being presergpecies-rich systems and the
most tolerant species dominating species-poor sstés discussed below, we
found no evidence that the latter are less prodei¢tian the former.

Species diversity may nonetheless affect the pimvif wild meat indirectly, by
influencing ecosystem composition, spatial struestand ultimately resiliencdhe species
that tend to be the most affected by hunting ofiery key roles in maintaining tropical
forests, performing ecological functions (grazibgowsing, trampling, seed dispersal and
excavation) that are disproportionately large redato their total numbers (Robinson et al.
1999; Wilkie & Lee 2004). In particular, depleti@md extinction of frugivorous species
seems to have a significant effect on seed dispamnshconsequently on the recruitment of
particular plant species (Roldan & Simonetti 200Large-bodied primates (woolly
monkeys and spider monkeys), in the Amazon areté&ehe recruitment of many large-
seeded tree and liana species (Peres & Palacig,200ile tapirs play a similar role for a
large-seeded palm in the Amazon (Fragoso 199&hdrCongo Basin, forest elephants are
keystone species, ecosystem engineers, and theobulammalian biomass where they
occur. The decline of these species (all of therodeed by hunters) may therefore result in
long-term changes in the forest communities, im&eof both floristic composition and
spatial structure (Stoner et al 2007).

The abundance and diversity of other (non-targespdriescan theoretically affect wild
meat production through either bottom-up or top-dgwocesses (Sinclair & Krebs 2002).
Bottom-up effects are more straightforward in thatigher abundance of food species can
improve animal productivity. Diversity is also lilkgo have a positive effect, increasing the
stability of food provision across the year. Topmdoeffects are more contentious. The
effect of a higher number of predators is the aecin prey abundance, including many
species (such as ungulates, rodents, primatessquidels) that are the basis of wild meat
supply. And indeed Michalski & Peres (2007) fouhdtta decline in predators leads to an
increase in wild meat supply through predator sdeddowever, a diversity of predator
species may have a positive effect, if top predatorey on other predator species
(mesopredators). Theoretical studies (Palomares. €1995) and some empirical results
(Crooks & Soulé 1999; Terborgh et al. 2001) prowwdee evidence for this effect.

Recreational hunting (and trophy hunting in patidcuis more selective in terms of the
species targeted, and so is likely to be more &tethan harvesting of wild meat by the
loss of particular species.
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Relationship between habitat area and wild meatsion

The diversity of harvested species is predictemhd¢cease with area (MacArthur & Wilson
1967), and indeed Michalski & Peres (2007) foundlassic species-area relationship
(linear with the logarithm of area) for mammals @pe in a fragmented landscape in the
southern Amazon (Figure 16a). Peres (2001) predliat@on-linear relationship between
harvested vertebrates and logarithm of forest feagrarea: small fragments (<20 ha) retain
practically no species (with or without hunting gsare); larger areas are required to retain
the same number of species when hunting pressurghsr (e.g. 90% of the species are
retained in fragments of 3000 ha in the absendwminfing, but about 11,000 ha is required
under moderate to heavy hunting); areas as largé@9800 ha may be required to maintain
the most spatially-demanding species (tapirs) (f€@dba). These studies also found that as
area declines, a non-random, nested simplificatibfauna takes place, with large slow-
growing species, or those that live in large wideging groups that occur at low density,
disappearing first.

The relationship between area and species richaass particularly informative, though,
as we found no evidence that species richness wfesied species drives wild meat
provision. The relevant relationship is one betwesaa and wild meat productivity
(biomass that can be harvested, a product of stgniomass and the maximum
sustainable offtake rate). We did not find any gtwehich explicitly investigated this
relationship. In principle, the relationship betweeld meat productivity and area can be:

a) Neutral: productivityper unit of areas the same irrespective of whether that unit of
area belongs to a small or a large habitat fragminis is plausible if we assume
that animal productivity reflects primary produdlyy and that this remains the
same irrespective of fragment size. In this casé] meat production increases
linearly with area (Figure 16b, blue line).

b) Positive: larger fragments have larger producteifier unit area This can be the
case if the reduction in species richness for daxji fragment area translates into a
decline in overall wild meat productivity (for exafe, if it means that some
ecological niches become empty, ‘wasting’ somehef primary productivity). In
this case, productivity increases faster than aekeast until the point where area
becomes large enough to maintain the complete faassemblage (Peres 2001
found this to be about 200,000 ha in AmazoniansksigFigure 16b, purple line).

c) Negative: smaller fragments have larger produddsiper unit area This is
plausible if as faunal assemblages become moreliBedpfor smaller areas, they
become dominated by species that are on average pnoductive (e.g., if slow-
reproducing species are replaced with fast-growspgcies). Predator release
(Terborgh et al. 2001) may also result in highevdpictivity in smaller habitat
fragments. In this case, productivity increasesvetothan area, again at least until
the point where area becomes large enough to nmaimt@ complete faunal
assemblage (Figure 16b, green line).

Edge effects may also affect the shape of theioeksttip between area and the productivity
of wild meat:

d) If the matrix habitat is unfavourable (e.g. a papoin sink due to increased
mortality) it is expected that smaller fragmentstjwnore pronounced edge effects)
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will have lower productivities per unit of area,daproductivity will increase faster

than area while the fragment is small enough telehof its area affected by edge
effects (this will vary with the distance at whieldge effect are felt; for a 1 km-

wide edge effect in a circular fragment, the areald be 314 ha) (this produces the
same shape as for Figure 16b, purple line, buthheshold would be a different

area).

e) If the matrix habitat is favourable (e.g. by pramgl additional sources of nutrition,
or by being a preferred habitat for a highly prade species) it is expected that
smaller fragments (with more pronounced edge effeavill have higher
productivities per unit of area, and again produigtiwill increase slower than area
as long as the fragment is small enough to be subjeedge effects (Figure 16D,

green line).
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Figure 16. a) Relationship between forest fragment size (rib&e logarithmic scale) and the
diversity of mammal species (from Michalski andé3e2007). b) Possible shape of the relationship
between wild meat productivity (in biomass per yeard forest fragment size (note the linear scale;
see text for details).

Michalski & Peres (2007) foundreegativerelationship between forest-patch area and two
measures of the aggregate density of mammal specidsho variation for a third measure.
However, overall density (number of individuals pmit area) is not an ideal measure of
wild meat supply because it does not account foratran in body size across species.
Indeed, if larger species are dominant in largditatpatches, then a negative relationship
is expected between area and abundance, evenniirsjabiomass remains constant.
Michalski & Peres (2007) found that larger spedieg., tapir, giant armadillo) only
occurred in the largest fragments. On the otherdhdarger-bodied species tend to
reproduce more slowly, and so for the same stanblimignass productivity may be higher
for smaller fragments if they are dominated by $nfakt-reproducing species (supporting
hypothesis c, above).

Michalski & Peres (2007) also found that severacsgs were hyperabundant in small
patches. They explained this as possibly resuftiogn: subsidies by matrix habitats (e.g.
presence of exotic fruit trees; supporting hypathes); the outcome of density
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compensation (increase in the abundance of oneespas competition with other species
declines; supporting hypothesis c); or the outcofmelease from top predators (increase in
abundance due to predator removal; supporting hgsat c).

In summary, wild meat production likely increas@seérly with area, but a threshold
habitat size may exist below which the relationskipon-linear. However, the form of this
non-linearity is not readily predictable at present

4.8.4 What are the main threats to the provisioning ofldianimal products?

Overexploitationis a main threat to the provision of benefits fraitd animal harvesting,
frequently resulting in the exhaustion of the seupmpulations. Hunting pressure in
tropical forests has risen dramatically in receetatles, concomitantly with forest Ipss
increasing human populatipgreater accedsr hunters and traders to remaining forests as
a result of_road buildingand forest fragmentatiorihe use of efficient modern hunting
technologieqespecially firearms and wire snares), loss dfiti@nal hunting controlsand
greatly increased commercialization of hunt{ijiner-Gulland et al. 2003). Hunter access
to inaccessible forests is exacerbated by comnidamging operations: these create an
extensive network of roads linked to the natiormd system, and the trucks that travel
them become conduits for a vast commercial tradelchmeat, transporting it from remote
areas to towns for sale (Robinson et al 1999).

Overexploitation can lead to the local or globalgll extinction of particular species, even
if these have become so scarce that it would beammanic to pursue them individually.
This is because hunters pursuing other more conspenies will still kill scarce species
encountered (e.g. Clayton et al. 1997). Even tHeamn of other non-timber forest
products (e.g. Brazil nuts and forest vines) mawcexbate the possibility of this
‘piggyback extinctiohto take place, by lowering the opportunity costdunting (L. Parry,
unpublished data).

Increased demand for wild meat may also result feotack of availability of alternative
protein sourcegRowcliffe et al. 2005). Brashares et al. (20@)rfd that a declines in fish
supply in West Africa were associated with incrélaseinting in nature reserves and
ultimately the sharp declines in the biomass oWildlife species.

The introduction of livestocknay reduce wild meat supplies in savannah systénise

domestic species compete with the wild ones fader(Robinson & Bennett 2004), but on
the other hand it may reduce demand for wild maad (herefore prevent overharvesting)
if it provides a more readily accessible sourcepuadtein (Bennett 2002). Outbreaks of
human commensal speciegiich also prey on harvested species (for exarbpl@oons)

may cause the decline of harvested species ancergrélem from recovering even if
hunting activities are subsequently reduced oreskfs Brashares, personal observation).

Increased contact between people, livestock ardlifgilincreases the likelihood of disease
outbreaksn any of these groups (Karesh et al. 2005; Riak2007), therefore posing risks
not only to wild meat provision but also to pulbtiealth and to economic activities.

Social and economic disruptiotan affect the provision of wild meat by creatitige
conditions for overharvesting, for example by disphg people and promoting illegal
trade. They can also affect recreational huntiagtiqularly by foreign hunters, by reducing
expenditure and willingness to travel.
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4.8.5 Are abrupt changes likely in the provision of wikhimal products?

At the single-species level, overexploitation caad to sudden transitions from large
harvests to population collapses (Barnes 2002).pvéelict that benefits derived from a
single or just a few species (e.g. a particulaetgpmedicine or fur) will undergo sudden
collapses as well. However, benefits from wild mgatduction, often based on harvesting
a broad set of species, boom-and-bust trajectafigadividual species are likely to be
obscured as hunting effort extends to other spesmeisto other regions. At the regional
scale, therefore, changes in overall wild meat Bupge likely to be gradual, except when
faunal communities become very simplified and hem&eidden collapse may be expected
if the last few species all decline abruptly. Ae fbcal scale, collapses are likely.

As described above, large-bodied species that ast sensitive to overharvesting often
play key roles in maintaining their habitats (etgrough seed dispersal), and so the
disappearance of these species will result in mgeent change in ecosystem structure and
composition (Fragoso 1997; Robinson 1999; Fragosd. £003; Peres & Palacio 2007).
This in turn may influence habitat quality for otlspecies, thereby affecting the provision
of wild meat in the long-term. It may nonetheleaket decades or even centuries for the
effects of this process on wild meat productiobécome obvious.

Overall, the key factors that are more likely tther result in or prevent a very quick
depletion of wild meat supply are socioeconomiqature, rather than biological. These
include rights and access to the resource, manageaiethe resource, availability of
alternative protein sources, markets, economi¢sgofest, and incentives to harvest species
sustainably.

Recreational hunting, and in particular internagiotrophy hunting, is also particularly
sensitive to socioeconomic changes, and is likelycollapse as a result of political
instability in a region (e.g. war, civil disruptipnWhile its reliance on a smaller set of
species could in principle make this activity m@mene to disintegrate, in practice it is
unlikely that this will happen often in cases whtre exploited species and populations are
actively managed.

Overall, we predict that there is a very high piloliy that individual populations of
harvested species (particularly those harvestedubsistence or commercially) will
collapse in the near future. Local collapses in tngravision are also expected.
However, there is a low probability that this wihnslate into a sudden collapse in
the provision of overall wild meat at a regionalde

Socioeconomic changes are the most likely factbes tould result in a sudden
change in the supply of wild meat or in recreatidnanting.

4.8.6 Can we quantify and map the global provision of shbenefit/process and how it
might change?

We aim to obtain a method or model for generatingn a given map of land cover, a
surface of the estimated maximum sustainable ptaduof wild meat. Given two maps
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(two ‘states of the world’) we would then be aldeestimate the difference in the provision
of wild meat between one state and the other. Thaamic value of this difference would
then be calculated using information on demandaa@ss, having into account that value
(prices) are a function of both supply and demarad/ssibility (wild meat produced in
areas where there is no demand or which are inesitte has an economic value of zero).

A first cut model would calculate local productiomlues (kg/krfiy), derived from
empirical data for particular sites, and then gelm¥d from local production estimates to
larger-scale patterns, in order to create a mapoténtial wild meat production for the
regions analysed, under current circumstances. iflaig would be heavily biased by the
fact that production is dynamic, with different pigition sizes producing different levels of
offtake at different hunting pressures; in ordergeneralise robustly about maximum
sustainable yield values, a time series of poputatize and offtake estimates is needed
from which to calculate sustainable offtake rated which there are very few in tropical
forest areas.

We suggest following Robinson & Bennett (2004jaausing on the extraction of large (>
1kg) mammals, as these dominate supply of wild raeatell as available data on species
densities. We also suggest restricting the analygsi€entral and South America, sub-
Saharan Africa, and tropical Asia and Australaagathese are the main regions where wild
food is particularly important for human wellbeing.

A first approach for calculating local productioates is the widely used Robinson and
Redford (1991) model (e.g. Peres 2001; Fa et &122BRobinson & Bennett 2004). This
predicts the maximum sustainable wild meat offtikeeach species in a given habitat, that
Is, the percentage of standing biomass that cdrabested without resulting in population
decline. Calculating this offtake requires informaton:

- The carrying capacity of the habitat for each spgctypically measured as the
density (number of adult individuals per unit ared)the species in unexploited
areas. This can also be estimated from empiri¢alioaships between density, diet
and body size.

- The maximum intrinsic rate of natural increasg,] for each species, the maximum
rate of increase that a population can achieve unda@ural conditions without
significant intraspecific competition (Robinson aR@&dford 1986). This is very
difficult to measure directly (Milner-Gulland & Alekaya 2001). Fast-reproducing
species such as ungulates and rodents have highiesic rates of natural increase
than primates.

- A correction factor to account for natural ratesnobrtality (generally varying
between 0.2 and 0.6), that is lower for longerdigpecies.

Both raxand carrying capacity can be roughly estimated fiogir allometric relationships
with body size, corrected by taxonomic group andggephic location (Rowcliffe et al.
2003).

Using Robinson and Redford’s (1991) model, the maxn sustainable offtake rates are

typically lower for long-lived species: annual aie rates for some rodent species exceed
50% of the standing biomass; are generally lowet,flequently above exceed 20%, for
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ungulates; and are very low, usually under 5% afiding biomass, for primates (Robinson
& Bennett 2004).

The overall production of a given area (wild meminfiass that can be extracted per year)
therefore depends on the particular set of spenidee community, as their life history
traits, body size and relative abundance affectfila result. For example, using this
method Fa et al. (2002) calculated a productiof,bl1 kg/knilyear for the Congo Basin
and of 488 kg/krflyear for the Amazon.

There are, however, important limitations with tagproach (Milner-Gulland & Akcakaya
2001), and we strongly recommend that a more romadel (or ideally, a battery of
different models) is used to calculate sustainpbdeluction rates.

The model by Robinson & Redford (2001) assumesttiefim is to maintain populations
at their original size, yet harvest may bring pagiohs to any lower population size and
still be sustainable provided that the populatiemains stable. These lower population
sizes may be more desirable to maintain pest pbpotaat low densities. A priori
decision is therefore needed about the ideal dieach managed population. One option is
to assume that all target populations should rembove some percentage of their carrying
capacity. The tradeoff is then between maximisirafdpction (at a population size of 50%
of carrying capacity, under the simplest assumpli@nd reducing the risk of population
extirpation in the face of environmental stochatstiat a population size greater than 50%
of carrying capacity). A number of authors have gasged 75% of K as a suitable
precautionary reference point (Roughgarden & FraSe6).

Having decided the target population size, one sig@éstimate how much wild meat could
be harvested sustainably. This requires understgnitie rate at which populations can
grow. Robinson & Redford (2001) use the maximuminstc rate of natural increase, but
this overestimates the rate at which populations g@w unless they are at a very low
levels. For higher population sizes, the growtle rf&nds to zero as carrying capacity is
approached, due to intra-specific competition (dgndependence). Population growth
rates should therefore be scaled according to ptpulsize (i.e. how close a population is
from carrying capacity). A first approach for a gth model incorporating density-

dependence is the logistic function (Milner-Gullafadhkgakaya 2001). Assuming logistic

growth, the maximum sustainable production at 500carrying capacity is % of the

intrinsic rate of increase multiplied by the cangyicapacity. However this is a single-
species model which would be unsuitable for complexiti-species systems such as
bushmeat harvesting. There has not yet been ank dome to calculate a maximum

sustainable production rate for such systems.

A substantial difficulty with the application of ymf these models arises in areas that are
already being harvested, which is the case forvis majority of tropical forest areas.
Here, the current population densities cannot besidered to be the population size at
carrying capacity. Measures of offtake need toudelnot only reported captures but also
collateral mortality — instances in which animate #atally wounded by hunters yet not
recovered. In one game harvest study in the Amamwgern colonists hunting with
shotguns caused an estimated 9% collateral mgri@lit Parry, unpublished data), while
wastage rates in snares in Africa have been estdrattup to 28% (Muchaal & Ngandjui
1999) and gun hunters in central Africa may faitdétrieve as much as 21% of the animals
they kill (Rist 2007).
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Finally, estimates of productivity should incorp@raincertainty in parameter estimates,
and appropriate methods are becoming availablddiorg so (Milner-Gulland & Akcakaya
2001).

Moving from local estimates of population produttivfor individual species to large-scale
surfaces of overall wild meat productivity couldkéatwo possible routes. One could
generalise first on a species-by-species basiagusiformation on habitat suitability to
infer changes in species density, to produce a ofapotential productivity for each
species. These could then be added to producellomerductivity maps. A second route is
to aggregate the productivity of all species aivem site to obtain an overall estimate of
wild meat productivity at current population sizasd harvest rates, and then generalise
such values across space based on bioclimatic aamttl dover data. We recommend the
second route, as the former would require muchr fispecies-by-species, data that are
unlikely to be available, as well as making untéstssumptions about the interspecific
interactions between species.

High quality empirical data would inform better nedgl as more explanatory variables can
be integrated to explain local production. For eglnthe incorporation of adequate soll

fertility data will improve production models sinaautrient-rich environments have a

greater game biomass than nutrient-poor ones;@srshy Peres (2000) for floodplain and

unflooded forests in the Amazon. Additionally, lsteck densities will affect the density of

wildlife through competition, thus livestock distution maps can be incorporated, as well
as information derived from the Human Footprint Meapthe degree of human disturbance,
fragmentation and alteration (Sanderson et al. 002

Data limitations typically mean that only a veryude model can be generated. Existing
data on local species composition and densitiemdif’idual species (e.g. Fa & Purvis
1997; Peres 2000; Robinson & Bennett 2004) ark\&ily patchy, although improving.
Studies also integrating accurate measures ofkefftae even scarcer, as are studies for
secondary habitats (including secondary forestammatultural land).

Moving on from subsistence and commercial harvgdtnrecreational hunting, we suspect
there is a wealth of data on the productivity dfedent habitats (e.g., forests, wetlands,
mountain areas) for target species of birds and melsihunted domestically in Europe and
North America. This is expected given the degreehich hunting is generally managed in
these regions. However, we do not know if such da¢aconcentrated or dispersed. If the
former, models of productivity for recreational tiag would not only be possible but also
substantially better than the models for wild mleatvesting in tropical regions, as they
would rely on better data and apply to much lessygdex communities (with fewer
species). Modelling of recreational hunting of ratgry species (such as ducks) would
however pose specific challenges.

As for international trophy hunting, we are undee impression it mostly takes place in
private land or concessions that are actively meddgr the target species. Sustainable
harvests are likely to be ensured by managers, matanly control harvest directly but
also enhance the habitat to increase species’ ptiwdies. The economic value that can be
gained from this activity is therefore determinedam more by the capacity of operators to
attract tourists than by biological constraintsthis sense it is likely to behave much more
like international tourism (Section 4.12), and dddae modelled and valued accordingly.
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Adequacy of scenarios

The key information that the scenarios need to yreds maps of landcover. Other layers
likely to be important include: human density (detming demand), transport routes
(determining access), livestock density, and theclmhatic variables used to model
variation in productivity across space.

What can be done in Phase 2? At what cost? By Whom

A first-cut, crude, pan-tropical, model is possigleen the available analytical tools,
and could probably be developed within one yearemi24 researcher-months.
Several research groups would be well positionedotdhis work (see key experts
below).

The quality of the model would rely crucially onetluinderlying data. Maximising
the quality and quantity of the data that couldrzale available would be best done
by establishing collaborations across institutiemsrking in different areas. Our
recommendation is therefore that this work buildsnf a consortium, brought
together through two NCEAS-style workshops.

We suspect that a model of recreational (domehiticiting is possible for Europe
and North America, if data on game productivity aencentrated in particular
institutions (perhaps CIC, see key resources). &femmend investing some time in
pursuing this possibility as if such data repogi®exist, creating a model would be
both feasible and economically relevant.

4.8.7 Insights for economic valuation

Published economic valuations of wild meat harvestre typically based on the current
rates of extraction (e.g., Gram 2001; de MerodaleR004), yet these are known to be
frequently unsustainable (e.g., Fa et al. 2002ati8jy-explicit models of the potential
value of habitats for bushmeat production cannetetfore be built from studies on current
values of wild meat extraction. Instead, biophylsmadels of sustainable production could
be generated first, based on very crude models bsithg allometry to estimate,4 and
carrying capacity, and the few studies that exispopulation sizes in unhunted and lightly
hunted areas. An estimate of the associated umgrtauld also be included.

These predictions could be compared with spatiakplicit maps of current bushmeat
production, drawn from broad-scale surveys (sucaradeing developed by the Bushmeat
Crisis Task Force, www.bushmeat.org). Crude extedjpm from existing data to
unsurveyed areas on the basis of human populagosity, vegetation type and transport
routes would be possible, and these could highbgbas in which hunting is most likely to
be highly unsustainable. Such extrapolations needonsider that rates of sustainable

* This is our recommendation for Phase 2, based @netbults of this review. It does not commit thediers
of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor
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offtake will also be affected by access, which wilirease as area falls and edge:area ration
rises.

Current economic values could be obtained by oyewpndata on current prices and

consumption. However because supply and demandngedinked, and dependent on

availability of both bushmeat and alternatives lfbfoir consumers and producers), as well
as income and tastes, use of these same datar@atesthe potential economic value of
sustainable bushmeat harvest would involve hessamptions.

Further extrapolation to alternative scenarios midie possible, but only if an
understanding of the underlying drivers of changdsushmeat hunting pressure and value
were obtained. This has not yet been done evdreatgional or local level, although there
are datasets available for which this could be done

4.8.8 Some key resources
Wild meat:

 WCS Hunting and Wildlife Trade Prograned byLiz Bennett Also at WCS are
John RobinsomandKent Redford

» Imperial College Conservation Sciergmup, led byE.J. Milner-Gulland

« Durrell Wildlife Conservation Trustvith John Faas director of Conservation.

* Bushmeat Research Programatehe Zoological Society of London, led llarcus
Rowcliffe andGuy Cowlishaw

« Justin Brasharésgroup at University of California Berkeley, incling Karen
Weinbaum

» Carlos Perégroup at University of East Anglia, includingike Parry

* Washington-baseBushmeat Crisis Task Forded by Heather Eaves.

+ Robin NaidogTaylor RickettsandNeil Burgessat WWF-US.

Recreational hunting:

« FACE-Europe a European federation of national hunters' aafioos of the
Member States of the European Union and other GbwhcEurope countries
(representing the interests of some 7 million Eaesphunters).

¢ Ducks Unlimited a North-American NGO focused on the conservatmn
waterfowl and wetlands for hunting purposes.

» CIC — International Coucil for Game and Wildlife @3@rvationa Hungary-based
non-governemental organisation focused on the nwmmagt of wild-living
resources.
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4.9 Fresh water provision, regulation, and purification

This section is a fully developed review, includoantributions by experts in the field,
some of whom subsequently reviewed the text.

4.9.1  Why is this process important for human wellbeing?

Fresh water is fundamental to the survival of evangle human, for direct consumption
and to maintain an adequate food supply (Pimentl 2004). Although water covers 71%
of the planet surface, globally freshwater is aceaesource: only 2.5 % of water is fresh,
and nearly three quarters of that is frozen, andtnod the remainder is present as soil
moisture or lies deep in the ground. The princgmlrces of fresh water that are available
to society reside in lakes, rivers, wetlands, dmlsw groundwater aquifers—all of which
make up but a tiny fraction (tenths of 1%) of aliter on Earth. This amount is regularly
renewed by rainfall and snowfall and is therefonailable on a sustainable basis
(Vorbsmarty et al. 2005; Arthurton et al. 2007)rtRarmore, water is unevenly distributed
across the planet’s surface, with abundant suppligsgions such as the wet tropics and
absolute water scarcity across the desert belts imnthe rain shadow of mountains
(Vorésmarty et al. 2005).

Fresh water is essential first and foremost_fonldng. Each person needs only 20 to 50
liters of water free of harmful contaminants eaely tr drinking and personal hygiene to
survive, yet there remain substantial challengegrtviding this basic service to large
segments of the human population. Half of the unb@pulation in Africa, Asia, and Latin
America and the Caribbean suffers from one or niiseases associated with inadequate
water and sanitation (Vérosmarty et al. 2005). @lgh more than 1.1 billion people lack
adequate access to clean water and 2.6 billionlpeephalf of the developing world’'s
population — lack access to adequate sanitatioeryBxear some 1.8 million children die as
a result of diarrhoea and other diseases causeshddgan water and poor sanitation. The
world’s governments set as a global target underMillennium Development Goals to
halve by 2015 the proportion of world populationtheut sustainable access to safe
drinking water and basic sanitation (Goal 7, tadg®t(UNDP 2006).

Water withdrawals (extraction from a watershed) osgy be consumptive (not directly
returned to the watershed; e.g. water used in w@grre which is lost through
evapotranspiration) or non-comsumptive (e.g. wased in industrial cooling stations).

Household water requirements represent a very dnaailion of water use. Water use is
dominated by _agriculturalvithdrawals (70% of all use and 85% of consumpiiae),
including livestock productigrfollowed by _industriaand only then domestepplications.
For example, approximately 1000 litres of water srquired to produce 1 kilogram of
cereal grain, and 43,000 litres to produce 1 kaogrof beef (Pimentel et al. 2004). Fresh
water is also fundamental for inland fisheri@scluding aquacultur€Section 4.7), for
recreation(Section 4.12), for the production of hydroelectanergyand for transport
(waterways). Indirectly, freshwater water flows aalgontribute to_marine fisheries
production (Section 4.6) (Table 3).

Over the last few centuries, global water use meeed roughly exponentially, and
substantially quicker than population growth, asesult of both population growth and
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economic development, and in particular the exjemsf irrigated agriculture (Voroésmarty
et al. 2005). Global water withdrawals now tota968 kn? yr', or ~10% of the total
global renewable resource, and the consumptiveotiseater is estimated to be ~1800 to
2300 knt yr' (Foley et al. 2005). Water use efficiency is nompioving, with per capita
use rates dropping as of around 1980 from about t60600 cubic meters per year
(Vorésmarty et al. 2005). The aggregate global dvdlval continues to increase, though,
with water withdrawals predicted to increase, b§@Mdy 50% in developing countries, and
18% in developed countries (UNESCO-WWAP 2006).

While demand is increasing, freshwater resourcesuader threat by unsustainable water
extraction and pollution. Particularly serious he tuncontrolled rate of water withdrawal
from aquifers, which in many regions (especially anes) is significantly faster than the
natural rate of recharge. This mining of groundwagserves poses a serious threat to water
supplies in world agricultural regions, especidtly irrigation (Postel 1999). Increases in
pollution of surface and groundwater resources oy pose a threat to public and
environmental health but also contribute to thehtogsts of water treatment, thus further
limiting the availability of water for use (PostE399).

Ecosystems play important roles in the hydrologeyalle, contributing to water provision
(quantity, defined as total water yield), regulatiftiming, the seasonal distribution of
flows) and _purification(quality, including biological purity as well adiment load)
(Dudley & Stolton 2003; Bruijnzeel 2004; Braumanadt 2007). Different benefits are
affected differently by each of these aspects deweegulation (Table 3). The production
of these benefits may be synergistic or competitvigh water management for one benefit
possibly affecting others (e.g., improvement ofevajuality for drinking purposes through
reforestation resulting in a decline in water qutgufor hydroelectric production). And use
may be extractive (water is removed from the syjtamsitu (when the benefits are
enjoyed without requiring water to be extractedq andirect (when water contributes to
the benefit provision only indirectly).

Table 3. Fresh water provision and regulation contributeshe production of a diversity of

benefits. Water provision (quality), regulationn{ing) and purification (quality) are not equally
important for each of these benefits (estimateselgdtive importance: + somewhat important, ++
important, +++ very important).

Type of use Benefits Water Water  Water
quantity timing  quality
Extractive Domestic water consumption + ++ +++
use Crop irrigation +++ 4+ F++
Livestock production ++ ++ +++
Industrial use ++ ++ T
In-situ use Inland fisheries (including aquaculture) ++ +++ +++
Hydroelectric energy production +++ +++ +
Transport: waterways +++ o+ +
Recreation (sport, tourism) ++ ++ +++
Indirect use Marine fisheries ++ ++ +++
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4.9.2 What are the overall trends in fresh water provigio regulation, and
purification?

The Millennium Ecosystem Assessment (MEA 2005) mmred that there is a medium to
high certainty that freshwater provisioning, regiola and purification has been degraded
in the recent past, caused by unsustainable uskifding, industry and irrigation, and that
there has been a decline in water purificationisesy Dams are increasing our capacity to
use hydroelectric energy and water regulation sesvhave changed in a variable way,
depending on ecosystem change and location.

4.9.3 How is the provision, regulation, and purificatiorof fresh water affected by
changes in wild nature?

Water provision (quantity)

In reviewing what is known about the impact of bi@usity on water quantity, we rely
extensively on the exhaustive review BruijnzeelO20 Here we summarise key points
about the influence of forest cover on regionainelie (rainfall) and total water yield; in
later sections we précis what is known about itsot$ on the timing of water yields, and
on erosion and sedimentation.

The quantity of water delivered from a watersheccosiventionally measured only as
surface water output and reported as mean annuatskad yield. Ecosystems, however,
affect the available quantity of both surface armligdwater (Brauman et al. 2007).

Vegetation, and foresta particular, significantly affect the quantity water circulating in

a watershed, although not necessarily in the way ithpopularly perceived. Dealing first
with precipitation, while it is commonly assumeattiorests generate rainfall, this is not
straightforward to test, particularly in tropicatgions, because rainfall can be highly
variable in space and time (Bruijnzeel 2004). Téigonale for this effect is that the higher
evapotranspiration and greater aerodynamic roughoieforests (compared to pasture and
agricultural crops) leads to increased atmosphermuidity and moisture convergence, and
thus to higher probabilities of cloud formation aathfall generation. Early demonstrations
of this effect have however been questioned, wiia $uggestion that observed higher
rainfall in forested areas was an artifact of oapipic effects (remaining forests tend to be
in uplands where clouds are forming because of spimeric cooling of rising air) or of
differences in exposure of measurement instrum@ntgnd and rain. Bruijnzeel's (2004)
review concluded that there is increasing evidethed large-scale land use conversion
affect cloud formation and rainfall patterns, alibb the effects may be small and they
depend on the particular land use conversion. kamele, simulation predicts large-scale
Amazonian forest conversion to pastureland wouddlltén a mere 7% reduction in annual
rainfall; conversion between primary forest andoselary forest or even some crops (e.g.
tea plantations) is expected to have little effactievels of evapotranspiration; and forest
conversion to rice paddies is expected to increfmel formation and rainfall (Bruijnzeel
2004 and references therein).

It is well-established that, in coastal or montaegions subject to wind-driven fog or
clouds (cloud foresjsthe presence of tall vegetation can significamtrease the amount
of water reaching the forest floor as canopy dBpu{nzeel 2004), although the degree of
fog interception varies (e..g, with altitude, wiexposure and leaf morphology; Cavelier &
Goldstein 1989). It has been also been suggestdddéforestation of upwind lowland
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forests can reduce cloud cover on adjacent upldaddcforests, affecting moisture
interception by the canopy (Lawton et al. 2001).

In contrast to popular belief, it is well-estabbshthat the dominant impact of vegetation,
and of forestsn particular, is one ofeducingthe surface water output (which ultimately
forms rivers), thereby reducing watersheds yielddlBy & Stolton 2003; Bruijnzeel 2004;
Brauman et al. 2007). This effect is due to evadpiration, whereby plants draw water
from the soil into the atmosphere as part of phatthgesis. Trees generally use more water
than other plants, as their roots allow them toodbsvater from deeper in the soil. Also,
being aerodynamically rougher than short, smootietation, they increase the efficiency
of gas exchanges with the atmosphere (Brauman €08F). Under mature tropical rain
forest, typically 80—-95% of incident rainfall irthihites into the soil, of which ca. 1000 mm
per year is transpired again by the trees whenmoikture is not limiting, whereas the
remainder sustains streamflow (Bruijnzeel 2004)gétation also intercepts rainfall, and
evaporation from wet leaves may correspond to 1D&etal evapotranspiration.

Bruijnzeel (2004) reviewed the results of contrliexperiments comparing water yield
before and after deforestation, finding that inckes the removal of more than 33% of
forest cover resulted in significant increasesvarall annual streamflow during the first 3
years, with changes in water yield roughly promordl to the fraction of biomass removed.
As forest regenerates, or is replaced by foresitalens, water yields tend to decline again
to pre-clearing levels, a process which happensifas tropical regions (where vegetation
grows more quickly) than in temperate areas. Intregh conversion to cropland or
pastureland may result in permanent increasesnnanvater yields. This reflects not only
the diminished capacity of short vegetation to ncept and evaporate rainfall (given its
lower aerodynamic roughness and generally smaddrdrea) but also its reduced capacity
to extract water from deeper soil layers duringquey of drought (because of more limited
rooting depth) (Bruijnzeel 2004 and references dimr While there are no reported
declines in annual streamflow totals following lewd tropical forest removal, from the
opposite appears to hold for the conversion of emmmtcloud forests to cropland or
pastureland. This is because evapotranspiratiogeirerally low in cloud forests, while
cloud forest-clearing typically results a reductionflows generated by cloud and fog
interception (Bruijnzeel 2004; Postel & Thompso®20

Water requirements are different for different pl@pecies, so_species compositioh
vegetation may affect water vyields. Young and imasplants generally have
disproportionately large impacts on water quartigzause vigorously growing vegetation
tends to use more water than mature vegetatiomvrith areas, adaptations such as dry-
season senescence of native vegetation may lismitvétter use, whereas an introduced
species that lacked these traits would consumerwatr longer periods during the year
(Brauman et al. 2007 and references therein). uttSAfrica, for example, the spread of
non-native eucalyptus, pine, black wattle, and oth@sty trees into the native fynbos
(shrubland) watersheds of the Western Cape is bavegative consequences for water
supplies, as their evapotranspiration requiremgnesitly exceeds that of the low-stature
and drought-tolerant fynbos vegetation (van Wilgéal. 1996).

Lakesand_ freshwater wetlandsore about 50 times as much water as rivers @aity et

al. 2005) and, if well-managed, provide a stableewsupply for domestic, agricultural, and
industrial use (Finlayson et al. 2005). Some weldaprovide an important role in aquifer
recharge, therefore contributing to groundwaterpgupHowever, some wetlands exist
because they overlie impermeable soils or rocks thede is, therefore, little or no
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interaction with groundwater (Fenlayson et al. 2008etlands evaporate more water than
other land types (including grassland, forests, amathle land) and therefore reduce annual
water yields (Bullock & Acreman 2003).

A less obvious role of biodiversity on water praeisng is through the provision of ice

nucleators (atmospheric particles that serve adamation and ice nuclei in clouds) that
lead to precipitation, a substantial fraction oaie bacteria (Christner et al. 2008). Wild
nature may also contribute to water quality throtigh provision of ideas or species (e.g.
bacteria, reeds) that are used in water treatmantgp(covered in Section 4.14).

Water regulation (timing)

In areas with seasonal rainfall, the distributiérstoeamflow throughout the year is often of
greater importance than total annual water yielthisTis particularly important to

agricultural production (as irrigation is most im@mt during the dry season), to
hydroelectric production (as energy supply is r®ipbssible if streamflow is insufficient),

and to transportation (as waterways cannot be usedter level is too low) (Table 3).

Bruijnzeel (2004) reviewed the available evidence tbe effects of vegetation on the
seasonal distribution of water flows, and this isectiraws heavily on this reference.

Forest clearance often has dramatic consequencte teoil’'s characteristics. Bare soil
becomes exposed to intense rainfall, topsoil issrofcompacted by machinery or
overgrazing, soil faunal activity decreases dracadlli, and often part of the area is
occupied by impervious surfaces such as roads attbbreents (Bruijnzeel 2004, and
references therein). All of these contribute todgily reducing rainfall infiltration in
cleared areas. As a result, catchment responsanialt becomes more pronounced, with
large storm runoff during the rainy season tramgdainto lower recharging of the soil and
the groundwater reserves that feed springs and tamaitaseflow (deep groundwater
outflow). This reduced recharge associated witlomstation typically exceeds reductions
in evapotranspiration, so that overall, forest ideae leads to diminished dry season (or
‘minimum’) flows (Bruijnzeel 2004). Note that thiffect is attributed to changes in the
soil, and not directly to the forest loss per swleked, if soil surface characteristics after
clearing are maintained sufficiently to allow thentinued infiltration of (most of) the
rainfall, then the reduction in evapotranspiratamsociated with forest removal will result
in an increase in dry season flow. Infiltration pedaies may be conserved through the
establishment of a well-planned and maintained syetiem plus the careful extraction of
timber in the case of logging operations, or bylgpg appropriate soil conservation
measures after clearing for agricultural purpo&sijnzeel 2004 and references therein).
Effects of deforestation on baseflows are expetddze more pronounced following severe
surface disturbance in the case of deep soils laitie storage capacity than in the case of
more shallow soils which have little capacity torstwater anyway (Bruijnzeel 2004).

The same conditions that reduce water infiltrai@sulting in lower baseflow) result in a
higher surface runoff (saturation overland flowgsulting in higher peakflows during the
wet season. However, even with minimum soil distade, there will still be increases in
peakflows after forest removal, because the agsacr@duction in evapotranspiration will
cause the soil to be wetter and therefore moreoressye to rainfall (Bruijnzeel 2004). The
fraction of water that flows as surface runoff atkepends on the antecedent soil moisture
status, and storm characteristics: the runoff respas higher if the soils are already very
wet from previous rainfall; and once the soil beesnsaturated any further rainfall will
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increase the saturation overland flow (see sectid® for a discussion of the effects of
forests on flooding).

Reforestation may not immediately restore the matthg effects of the original forest in
enhancing low flows in the dry season and redupiegk flows in the wet season, as the
soil storage and infiltration capacities lost witbforestation may take years to recover. In
fact, the most immediate effect of reforestationyrba a decline in water yields that is
particularly felt in the dry season, as a resuld o&pid increase in evapotranspiration. This
is particularly likely to occur for fast-growingréfquently exotic) tree plantations. Cloud
forest reforestation, on the other hand, is mdkelyi to quickly result in enhanced low
flows as a result of moisture interception by tegetation (Bruijnzeel 2004).

Inland waters, such as lakeasd wetlandsare traditionally considered to be very important
for the temporal regulation of water flow, both &ycumulating water during wet periods
(reducing peak flow) and providing a reserve ofewaturing dry periods that maintains
base flow in adjacent rivers (Finlayson et al. 200&®rdsmarty et al. 2005). A
comprehensive review by Bullock & Acreman (2003)rid support for the former effect,
but evidence against the latter. Evidence thatamed have an effect in reducing or
delaying floods is particularly convincing for fldplain wetlands, but less so for headwater
wetlands (e.g., bogs and river margins), for whackubstantial minority of studies report
wetlands are associated with increased flood pdaksontrast, most (two-thirds) of the
studies concluded that wetlands reduce flow indheseason, backed by overwhelming
evidence that evaporation from wetlands is highantfrom non-wetland portions of the
catchment during dry periods (Bullock & Acreman 200

Water purification (quality)

Water quality is a measure of the chemicals, pahsgnutrients, salts, and sediments in
surface and groundwater. The importance of watalfitguo domestic use, particularly to
drinking supply, is obvious (Dudley & Stolton 2003ut water quality is also very
important for food production (including crops,dstock and inland and marine fisheries)
and for recreational use (Table 3) (VorosmartyleR@05). Sediments reduce the storage
capacity of reservoirs, thereby affecting watergy@and hydroelectric production (Postel
& Thompson 2005; Arthurton et al. 2007).

Ecosystems with intact groundcover and root systamesconsidered very effective at
improving water quality. Vegetation, microbes, awls remove pollutants from overland
flow and from groundwater by: physically trappincater and sediments; adhering to
contaminants; reducing water speed to enhanceératidn; biochemical transformation of
nutrients and contaminants; absorbing water andemiis from the root zone; stabilising
eroding banks; and by diluting contaminated waBegagman et al. 2007).

Streamside ecosystensmich as_riparian foresteeduce nutrient movement to streams,
therefore playing a key role in controlling nonpgosources of pollution by sediments and
nutrients in agricultural watersheds (Naiman & Dapa 1997). These ecosystems can trap
sediments and sediment-bound pollutants in surfaceff (e.g. removing 80-90% of
sediments leaving agricultural fields; Naiman & Beps 1997) as well as absorb nutrients
dissolved in the water, such as nitrogen and phwsih(e.g. reducing local nitrate
concentrations from cropland runoff by 5% to 30% peter width; Brauman et al. 2007).
These buffer ecosystems can thus potentially rediater treatment costs for downstream
users.
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The macrophytes and microbes that promote dendtibn and other biochemical
processes that improve water quality are partibulabundant in_wetlandsvhich are so
reliable at removing suspended solids, phosphans nitrogen from wastewater that they
are regularly integrated into treatment plants.(8gndaravadivel & Vigneswaran 2001).
Wetland biota can also remove waterborne toxins leeally metals from the water (e.g.
Simpson et al. 1983). The effects of wetlands imirenmental filtration are potentially
very large. It has been estimated that convertsg than 10% of the Mississippi Basin to
wetlands and riparian forest would reduce 10% t% 48 the nitrogen currently creating
the hypoxic zone in the Gulf of Mexico (Mitsch ét2001).

Forestsand other mature ecosystems generally improverveptality in a catchment, by
reducing surface erosion and increasing watertiafibn and therefore soil filtration of
pollutants. Surface erosion is rarely significanareas where the soil surface is protected
against the direct impact of the rain through terdifayer maintained by some sort of
vegetation (Bruijnzeel 2004). Erosion rates canrdase very significantly with
deforestation, as soils tend to lose organic matter become compacted and crusty, with
impaired infiltration capacity (see above). Incexhsurface runoff increases erosion and
watershed sediment yields. Fast water flow as serfanoff also means that pollutants
built up in ecosystems (e.g. through decompositientilizer application) are quickly
transported to rivers, rather than being filtetedagh the soil (Brauman et al. 2007).

It seems to be the case that there is high furaiti@dundancy in the effects of species on
the provision and regulation of freshwater water, éxample in the effect of plants in
protecting against soil erosion. Some species ougg of species, however, may have
particularly important roles. Freshwater mussele aarticularly effective_biofilters
filtering suspended patrticles (such as clay, &#icteria and phytoplankton and small
zooplankton) and bio-deposit the particulate matiethe sediment floor, increasing water
quality and clarity (Mclvor 2004). Beavers are liogineers creating dams that affect
hydrological flow and nutrient cycling, improvingp@nstream water quality (Naiman et al.
1986).

What is the relationship between habitat area ahd tmpact of ecosystems on the
provision, regulation and purification of fresh \ea®

It is likely that a minimum area is needed for g~bsms to have a significant effect on
water provision and regulation. Data from the U§gast a minimum 25 m riparian buffer
width to provide nutrient and pollutant removaldanminimum of 50 m to provide detritus
removal and bank stabilisation (Scherr & McNeelp&0

In an analysis of 27 US water suppliers, treatnoests for drinking water deriving from

watersheds covered at least 60% by forest werediaifie cost of treating water from

watersheds with 30% forest cover, and one-thirdthaf cost of treating water from

watersheds with 10% forest cover (Ernst 2004; P&tEhompson 2005). Re-plotted as a
function of water treatment costs avoided (Figufa)lthis indicates somewhat diminished
returns for increasing fraction of watershed codlewgh forest.

Combining these observations with those minimuma affects, we speculate that the
overall relationship between percentage of waterstwvered by a particular beneficial

ecosystem (e.g. forests, wetlands) and the reguolafi water quality is such that no benefit
is noticeable for small areas, followed by a quitkease that tends to flatten out for larger
ecosystem coverage (Figure 17b).
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Figure 17.Relationship between area covered by an ecosystdnitsaimpact on the provision and
regulation of freshwater. a) Relationship betweercentage of watershed covered by forest and
avoided water treatment costs (from Postel & Than@005). b) Speculated relationship between
ecosystem cover in a watershed and regulation derwaming and quality. c¢) Speculated
relationship between cloud forest cover and wati@ntjty.

We did not find references with the shape of tHatiaship between regulation of water
timing and ecosystem coverage, but suggest itbeilsimilar to that for water quality, with
very small or negligible effects for very low coage and diminishing effects for high
coverage (Figure 17b).

As for water provision, as mentioned above theceffer both forests and wetlands seems
to be one of declining total water yields for ireseng ecosystem coverage. If
evapotranspiration increases linearly with ares, é¢ffect might perhaps be linear. As for
cloud forests, assuming that most water intercagtixes place in the most exposed areas
of the forest (with core areas of the forest shettdrom cloud/fog contact by surrounding
forest), we again speculate that the quantity aeweaptured is likely to increase rapidly
for a small amount of forest, and then increasé witninishing returns for larger forest
coverage (Figure 17c; although note that we knowoodtudies that have looked at this).

4.9.4 What are the main threats to the provision, regutat and purification of fresh
water?

Water provision (quantity)

Global deforestation is estimated to have reduglefal vapour flows from land by 4%
(3000 knilyr), increasing water yields, although these gaimave been mainly offset by
increased vapour flow caused by irrigation (2,608 (Gordon et al. 2005).
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No global data seem to exist on trends in clougdbrover in particular, but these, and
their water provisioning services, are threateneddforestation (e.g. for coffee plantations
and timber extraction) and by climate change (wisataising the altitude of the cloud cap)
(Bubb et al. 2004).

Invasive species are in some areas compromisireg l@ater yields (e.g., Enright 2000;
Zavaletta 2000).

Unsustainable exploitation (mining) and pollutioh water deposits, particularly of
aquifers, is reducing the capacity of ecosystemprtwide what should be a renewable
resource (Pimentel et al. 2004).

Water regulation (timing)

Land conversion, including widespread loss of fréMayaux et al. 2005) and wetlands
(Zedler & Kercher 2005) and changes in soil prapsrtdue to inappropriate soll
management (Bruijnzeel 2004), are affecting theacky of ecosystems to regulate
seasonal water flow, resulting in increases in glaks and declines in dry flows in many
regions (Postel & Thompson 2005).

Water purification (quality)

Again, land conversion, including loss of forestal avetlands and soil degradation, is
affecting the capacity of ecosystems to filtrated gyurify water. At the same time,
agricultural, urban and industrial effluents areliad large quantities of pollutants aquatic
systems in particular, including groundwater (Plo&t&hompson 2005).

Mussels are declining globally, affecting theireras biofilters, as result of widespread
changes such as damming of rivers, land use chamgepollution and invasive species
(Aylward et al. 2004).

4.9.5 Are abrupt changes likely in the provision and relgtion of fresh water?

Most changes to the capacity of ecosystems to aegy@nd provide freshwater seem to
derive from, and be generally proportional to, lanse change. There are however
situations in which a relatively small additionalange may trigger a disproportionate — and
sometimes difficult to reverse — response from gstesns’ hydrological function (Gordon
et al. 2008). A few examples are presented below.

Human-induced eutrophication can trigger suddefissim lakes and reservoirs from clear
to turbid due to algal blooms (Scheffer et al. 2000hese blooms may include toxic

cyanobacteria and causes major problems in watatnient works, particularly those

where treatment is by direct filtration (Hitzfeld @&. 2000). They also affect freshwater
fisheries and recreational use of water bodiesuB@&sh of nutrient concentrations is often
insufficient to restore the original state, withst@ation requiring substantially lower

nutrient levels than those at which the regimetsbdcurred (Scheffer et al. 2001).

Eutrophication may also trigger sudden shifts ituasne or coastal ecosystems with the
creation of dead (hypoxic) zones, affecting fisbeijRabalais et al. 2002).

Deforestation on steep slopes may result in chamgesil properties that are not easily
reversed as topsoil is removed by erosion, thenedling it difficult for new vegetation to
get established. In particular, if gullies are treated at an early stage, they may reach a
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point where restoration becomes difficult and expen as the moderating effect of

vegetation on actively eroding gullies is limiteddaadditional mechanical measures such
as check dams, retaining walls and diversion dgdbecome necessary (Bruijnzeel 2004).
Active gully erosion substantially increases catehimsediment vyields, affecting water

guality as well as the storage capacity of resesvoi

Cloud forest loss may also result in a regime ghdt may be largely irreversible. In some
areas, such forests were established under a weitdall regime, thousands of years
previously. Necessary moisture is supplied throaghdensation of water from clouds
intercepted by the canopy. If the trees are cus Water input stops and the resulting
conditions can be too dry for recovery of the fof€slke et al. 2004).

Climate change can bring potentially trigger suddeanges, particularly in regions where
ecosystems are already highly water-stressed.

Overall, we predict that there is a medium to hggbbability of localised regime
shifts in the capacity of ecosystems to regulatd provide freshwater and the
benefits we derive from it. Regional-scale shifts more likely to be associated with
water eutrophication. Global-scale shifts assodiatgh climate change are perhaps
possible.

4.9.6 Can we quantify and map the global provision, regtibn, and purification of
freshwater, and how it might change?

There does not seem to be a large-scale hydrolagiodel that simultaneously integrates
changes in water quantity, quality and timing. T&tural Capital Projec(Nat Cap) is
developing models that account for all three aspetivater provisioning and regulation.
Nat Cap is using a tiered approach where the mstiels (currently under development)
will use commonly available data and simple modelsstimate the relative provisioning
of water yield, baseflow (dry season flow) suppdidpod regulation, water quality and
sediment yield. Higher tier (more advanced) modets being developed which will be
guantitative and allow valuation.

Most previous modelling efforts have focused on pmag water yield, often in order to
compare with water demands for evaluating shostfalt the impacts of climate change on
water availability.

Water yield maps are usually generated from a wha#édsnce map for individual grids
across the Earth’s surface, taking into accounemiaput from precipitation, output from
evapotranspiration, and water flow across cells.

A number of global hydrological models exist (sa#@lBt al. 2003 for a review), including:
WaterGapZleveloped at the Universities of Kassel and FramkGGermany (Alcamo et al.
2003a,b, 2005, 2007; Dall et al. 2003); Macro-PDdéyeloped by Nigel Arnell (Arnell
1999, 2004); th&/IC modeldeveloped at the University of Washington (Lianhgle 1994;
Nijssen et al. 2001); and the WBM model developgdhle Water Systems Analysis Group
at the University of New Hampshire (Vorosmarty &t1998). All of these models are
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driven by monthly climatic variables and they afieua spatial resolution of 0.5° (the
highest resolution of available climatic input datahey vary in the way they treat
variables such as soil water storage, surface fuarad groundwater recharge. They all
require calibration/correction against observedewdlows in order to produce a good
agreement of model results, which suggests shomgsin the models or the way they are
applied. Whilst the basic hydrological conceptsduaree sound and have been seen to work
at hillslope to river basin scale, the applicatainarge-scales relies on gridded data that
does not match well the scale of hydrological psses.

While the focus of most research has been on aimbange, some of these models do
incorporate land use, albeit in a very crude wag. (eategories such as agriculture, forest,
scrub, wetlands). None of them seems to have hemessfully validated for its capacity to
simulate the effect of landuse changes on watdds/ieSo while theoretically one can
change the landuse parameters in a model andliregpond with changes in estimated
river flows (e.g. Douglas et al. 2007), it is négar how meaningful such results would be.
Adequately modelling the impacts of specific change land use on water provision
therefore requires further development.

With these caveats in consideration, if it is cdesed acceptable to use such calibrated
models with their remaining high error bands (esdlycin snow affected regions) then
water yield is the aspects of water provision aedufation that can best be modelled
globally.

Global mapping of water regulation (timing) doed seem to have been attempted vyet,
although those models which distinguish betweefasarand groundwater resources may
be able to be adapted to look at flood mitigation/deason flow sustainability. The
standard temporal resolution of the models is mgnbut they are typically only validated
for long-term annual averages, so estimated chamgesonthly monthly values (e.g.
Douglas et al. 2007) are likely to be associatdt tigh error margins.

A different type of model investigates biospherelimgphere interactions. These include
the LPJ Dynamic Global Vegetatiomodel, currently being developed at the Potsdam
Institute for Climate Impact Research (PIK) in Gany (Gerten et al. 2004). This model
estimates impacts of changes in vegetation typesthen terrestrial water balance,
accounting for example for the effects of change€®, on vegetation evapotranspiration
and therefore water yields. It is therefore mospomsive to changes in types of vegetation
cover than stand-alone hydrological models. Thesslatls have focussed on natural
vegetation (Gerten et al. 2004), although an afjuce mode is now under development.
Global vegetation models are less effective at rtiode hydrological processes, not
accounting, for example, for groundwater flows (@vhare key to modelling the timing of
water provision).

Regional models of water quality include t88VAT (Soil and Water Assessment Tool)
model, developed to assist water resource managassessing the impact of management
and climate on water supplies and non-point sopatkition in watersheds and large river
basins (Arnold & Fohrer 2005). The SWAT2000 inclsiges model components weather,
hydrology, erosion/sedimentation, plant growth, rieats, pesticides, agricultural
management, stream routing, pond/reservoir routiagteria transport routines and urban
routines. However, SWAT this relies on detailedadadt available at the global scale. No
global mapping/modelling of water quality seem$&iawe been developed yet. Such models
are complex in that they depend not only on waieldymodels but also on correctly
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defined hydrological pathways (e.g. rapid surfand aubsurface flow, versus long term
groundwater). Impacts on water quality as oftery Vecalised in time and/or space, and so
the models need to be able to respond to diffelygres of pollution sources, including
point (e.g. industrial) and diffuse (e.g. agricudti) sources as well as event-based (e.g. oil
spill) and long-term chronic impacts (e.g., leakéigen mining fields).

In summary, global hydrological models are lessettgyed for water quality and timing
than for quantity, which is unfortunate as the fermare precisely those aspects of water
regulation that seem to be most closely linkeddmsgstem extent and condition. A global
valuation of the impacts of biodiversity and ectsyschange on water resources therefore
requires additional modelling efforts.

Ideally, the different aspects of water provisiord aegulation should be addressed in an
integrated way (rather than by having independerdets for quantity, for timing and for
guality) as there are likely to be synergies amdléoffs between these components. We
therefore recommend that Phase Il builds from ff@te currently being developed by the
Natural Capital Project to model the effects ofdiase change on water services. The
hydrology module of the Natural Capital Projectessed at Cranfield University, where
previous work also included the development of methhogies for large scale risk
assessment of diffuse source contaminants (e.qnd€aet al. 2007a, b).

What can be done in Phase 1I? At what cost? By whom

We recommend that investment is made in developange-scale hydrologica
models that inform how different scenarios of estsyn condition and extent (.
different land uses) vary in each of the aspectwater regulation and provisio
guantity, time and quality.

= (D

One group that seems well positioned to addresmtagrated approach works jat
Cranfield University, in collaboration with the Na&l Capital Project. It is predicted
that with an investment of 24 researcher-monthg Weuld be able to produce basic
global models for all three water ecosystem sesweighin one year.

Adequacy of scenarios

The scenarios being assessed in Phase 2 needitecero
- global maps of forest cover, distinguishing clotahi other forest types
- global maps of wetland distribution
- global maps of agricultural production (inc irrigéel)

- global maps of sources of pollution, including eint types of pollution sources,
including point (e.g. industrial) and diffuse (eagyricultural) sources

® This is our recommendation for Phase 2, based @netbults of this review. It does not commit thediers
of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor
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4.9.7 Insights for economic valuation

Assuming it is possible to predict the directiord anagnitude of the impacts of land-use
changes on a watershed’s hydrological servicegjatiah of these services needs to
consider that water flow is directional, and sorsise typically downstream. The specific
attribute of water provision (quantity, timing ouajity) and its value will depend critically
on the type of use (e.g. urban water suppliegjated agricultural production, , etc. — Table
1). Importantly, the value of a change in total avatield, in its timing, or in quality, will
depend on how far these constrain benefits — famgse, the value of an extra litre of
water for crop irrigation will vary depending on &ther irrigation is currently practiced,
and if so, whether water availability (rather thaay, soil fertility) limits crop yields.

There are likely to be trade-offs within catchmemigh the same change in land use (e.g.
declining forest cover) increasing the provisiorong hydrological service (e.g. total water
yield) but reducing the provision of another (ewater purification). Hence, the
determination of the net effect of a land-use cleaog the overall value of hydrological
services would need to consider impacts on watalityuwater timing, and water quality,
and how these impacts in turn affect both downstreaers and activities. To date, such
comprehensive analyses have rarely been done (de@rdl 2005 for a review).

4.9.8 Some key resources

* The hydrology module of thdlatural Capital Projecis being developed bgue
White at Cranfield University andsuillermo Mendozat Stanford University.

* The WaterGap2 (Water — Global Assessment and Prognosis) moddbeiag
developed byloseph Alcamat the Center for Environmental Systems Resedrch a
the University of Kassel, arféletra Ddllat the University of Frankfurt, Germany.

« TheWBM modelis being developed b§harles Vorésmartpy the Water Systems
Analysis Group at the University of New HampshliSA.

* The Macro-PDM model developed by Nigel Arnell, ently at thé/Walker Institute
for Climate System Researdbniversity of Reading, UK.

* The VIC modelis being developed bipennis Lettenmaieat the University of
Washington (Liang et al. 1994; Nijssen et al. 2001)

* The Global Water System Project (GWShttp://www.gwsp.orgd/ is currently
running a project to compare various global watevdefs, including those
mentioned above.

* LPJ Dynamic Global Vegetatiomodel, currently being developed at fhetsdam
Institute for Climate Impact Resear(IK) in Germany.

e SWAT (Soil and Water Assessment Tool), a public domaiadel actively
supported by the USDA Agricultural Research Seratehe Grassland, Soil and
Water Research Laboratory in Temple, Texas, USA.
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4.10 Wild timber, plant fibres and fuel wood

This section is a fully developed review. It greditbnefited from expert contributions (see
below) but it has not been reviewed by expertshia field. We expect some of the
uncertainties we identify below could be resolvediich a review process.

4.10.1 Why is the production of wild timber, plant fibreand fuel wood important for
human wellbeing?

We define wild plant timber, fibres and fuel woo® @hose obtained from natural forests,
including primary forests (with no, or no visiblmdications of past or present human
activity), modified natural forests (including sedary forest and selectively logged
primary forest; established through natural regat@m), and semi-natural forests
(established through assisted natural regenergilanting or seeding) (FAO 2006a). This
therefore excludes products obtained from foresintations (intensively managed,
regularly-spaced and/or even-aged stands, ofteroouttures, often of exotic species; FAO
2006a), which for the purposes of this report, aeated as crops. Timber products are
generally referred to as roundwood (logs), andehesn be used to produce industrial
roundwood or woodfuel. Industrial roundwood can waoted into woodpulp (used to
produce paper and paperboard) or transformed idigeasity of wood products, including
sawnwood, veneer, plywood, and reconstituted paWeétodfuel includes both fuelwood
used directly and that used to produce charcobteEiinclude non-timber forest products
such as rattan and bamboo. These forest produstsdprraw materials and energy, their
production, processing and trade underpinningittedithoods of millions. In this review we
focus primarily on timber production as data areen@liable than for the production of
fibres and fuel.

The FAO 2005 Forest Resources Assessment (FRA; BB@ba) summarises global
statistics for the production of timber, and fuebado In 2005, an estimated 1,623 million
m® of industrial roundwood were produced globally iimain North and Central America
[38%], in Europe [31%], and in Asia [15%]), withvalue of US$ 56,750 million. The FRA
also reported 1,777 million hof fuelwood produced (mainly in Asia [44%)], Afri§a1%],
and South America [11%]) with a value of US$ 7,08ilion. These values are likely to be
underestimates, as countries usually do not rejegal removals and informal fuelwood
gathering (FAO 2006a). The reported figures onviweld removals are particularly weak,
as a large part of fuelwood-gathering is informad anot all of it comes from forests.
Worldwide, estimates suggest that illegal actigitieay account for over a tenth of the total
global timber trade, representing products worthleaist $15bn a year (Brack 2007),
corresponding to about 25% of the legal total iA2(FAO 2006a).

The 2005 FRA does not separate between productioatural forests and in plantations,
but according to the 2000 FRA (FAO 2001) foresintdéions were estimated to supply
about 35% of global roundwood in 2000, anticipatedncrease to 44% by 2020. This
indicates that more than half of the total glolmalndwood production is still obtained from
natural forests (including primary and semi-natfoagsts).

Tropical countries (producer countries member o thternational Tropical Timber
Organization, ITTO) produce about 10% of globalusidial roundwood, with Brazil,
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Malaysia, India, Indonesia and Nigeria as the npaoducers and Brazil, India, Indonesia,
Malaysia and China as the main consumers (ITTO 007

Pulpwood is one component of industrial roundwooddpction, and the production of

pulpwood from forest ecosystems is often tightliegrated with the production of other
solid wood products. Pulpwood is derived from aatgrof wood sources, ranging from the
harvest of fast-growing young trees in plantatiomanaged specifically for pulp

production, to the small or lower-quality stems osed from managed forests to improve
forest quality or health, to the shavings, trimnsngnd other wood produced in the
manufacture of sawn wood products (Sampson etO85)2 Global woodpulp production

totalled 168 million tonnes in 2003, mostly in NorAmerica (79%) and Europe (48%)
(FAO 2005). Pulpwood accounts for about a thirdh&f roundwood harvested (including
fuelwood). In 1995, about 17% of the wood for papame from primary forests (mostly
boreal), 54% from regenerated forest, and 29% ptantations (Sampson et al. 2005).

Bamboo is naturally distributed in the tropical aubtropical belt (between approximately
46° north and 47° south latitude; Lobovikov et2807). It is now moving out of the craft-
industry phase and now provides raw material feinaustrial processing and for industry
products (bamboo shoots, construction poles, pageland flooring products, pulp,
charcoal, etc.), thus gaining significance as lawmthinternationally traded commodity and a
tool for livelihood and industrial development. Bamo occupies more than 36 million ha,
i.e. about 3.2% of total forest area (although afit bamboo is grown in forests),
particularly in India, China and Indonesia. A salpgial part of this area (in Asia, 30%)
corresponds to bamboo plantations (Lobovikov eR@07). International trade in bamboo
amounts to about US$2.5 million, with national dadal trade likely to be a few times
higher. Reliable statistics are still lacking, assinof the economic activities related to
bamboo are not recorded officially (Lobovikov et2007).

Rattan originates in the Old World, with distrikani limited to tropical and subtropical
Asia. It is collected almost exclusively from natuforests, with Indonesia supplying over
90% of the world's commercial rattan cane. Worldwidver 700 million people trade in or
use rattan for a variety of purposes, and the ¢lotzmle (domestic and export) and
subsistence value of rattan and its products isnatéd at over US$7,000 million per
annum. Rattan furniture manufacturing is frequehighly labour-intensive, employing
well over one million people in Asia (Dransfieldadt 2002).

Production of wood and non-wood forest productthés primary commercial function of
34% of the world’s forests, while more than halfadifforests are used for such production
in combination with other functions, such as saild awater protection, biodiversity
conservation and recreation. Yet only 3.8% of gldbaest cover corresponds to forest
plantations (although this is increasing), indicgtithat a substantial fraction of natural
forests are used for productive uses (FAO 2006a).

Timber, plant fibres and fuelwood are renewablalpobs that can be harvested indefinitely
if extracted in a sustainable way. In practice,vhating rates are often unsustainable,
leading to the degradation of the resource base ainthe benefits derived from it.
Sustainable forest management (SFM) has been modpas a way to ensure long-term
production of timber, as well as the rest of goadd services that natural forests provide,
maintaining the economical, social and environmdreaefits that derive from them. SFM
has been proposed as a more economically advantdgad use option than logging in
the humid Brazilian Amazon (Schneider et al. 200#)ere it would provide a steady long
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term supply of timber, jobs and a constant flowirafome. In Papua New Guinea, it is
estimated that unsustainable management reducesvalue of the forest by about

US$2,300 (of Net Present Value) for every hectaggéd (80% corresponding to carbon,
the remaining to other environmental services; H2006). Sustainable management is
particularly important in tropical forests, whictarbour most of the world’s terrestrial

biodiversity.

Despite the economic value of forests, the ITT@vesded that (as of 2005) less than 4.5%
of the permanent natural forest estate in ITTO namnebuntries (defined as “land, whether
public or private, that is to be kept under pernmarferest cover to secure their optimal

contribution to national development”), was susiblg managed. This area, which

corresponds to only about 2% of total forested lamcludes 7.1% of the area occupied by
natural production forests, 2.4% of the protectiorests, and 4% of plantations in ITTO

countries (ITTO 2006Db).

The implementation of sustainable forest managementembedded in numerous
international agreements and initiatives, includinfpe Convention on Biological
Diversity’s 2010 Biodiversity Target, with forestea under sustainable management as an
indicator of progress towards the Target (CBD 2006 ITTO’s Objective 2000 of
achieving exports of tropical timber and timberdurots from sustainably managed sources
(ITTO 2006a); and the United Nations Forum on Fsfddon Legally Binding Instrument
on All Types of Forests, an agreement by the UN b@mon an international instrument
for sustainable forest management (UNFF 2007).

Sustainable forest management may be interpretéaddrways: in a strict forestry sense,
allowing for a continuous flow of timber and nomber products; and in a biodiversity
conservation sense, which also allows for the ptsce of other forest species. Here we
look at both forms of sustainability.

4.10.2 What are the overall trends in the production of laitimber, plant fibres and
fuelwood?

The overall forest area has declined slightly (0.g& year) between 1990 and 2005,
including a more pronounced decrease in the argairofry forest (0.5% per year) and an
increase in forest plantation area (2.38% per ygakj0 2006a). In absolute terms, global
deforestation is estimated to be 13 million hagrfigure that, according to the FAO
records, has remained relatively constant for disé fifteen years (an average of 13.1 from
1990-2000 and an average of 12.9 from 2000-2008)0(R2006a). However, other,
generally higher estimates have been made, and $AQures (which are based on self-
reporting by countries) have been criticized (eAghard et al. 2002; Grainger 2008).

A 2005 FAO report reviewed data on the trends obdvand non-wood forest products
between 1961 and 2003 (FAO 2005), but values asepted aggregated for all types of
forest, and so include both natural forests anditpteons. The overall production of
roundwood (including industrial roundwood and fuebsd) has generally increased since
the 1960s, but it declined in the early 1990s i demise of the Soviet Union (Sampson
et al. 2005) and has since been increasing atvarsiie (FAO 2005). A similar pattern is
found for the production of industrial roundwood\@E 2005). The production of fuelwood
has been increasing at a relatively slow rate, witlheases in Africa and South America,
but declines in North and Central America and Ear@nd a generally stable production in
Asia (the largest producer) (FAO 2005).
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Paper pulp production has generally been increasimge the 1960’s, but at a slower rate
since the early 1990’s, reflecting particularly eclihe in production in North and Central

America (the largest producer) (FAO 2005). The shafrwood production in plantations

has been increasing, with the fraction of globalnewood produced there projected to
increase from an estimated 35% in 2000 to 44% 2PZBAO0 2001).

Bamboo production has boomed in response to a fsbift low-end craft materials and
utensils to high-tech, value-added commodities aaglsuch as laminated panels, boards,
pulp, paper, mats, prefabricated houses, cloth lzaboo shoots. China, the biggest
producer, increased production nearly five-foldwestn 1990 and 2005 (Lobovikov et al.
2007). The rapid growth in bamboo use is bringingoern about the sustainability of
global bamboo resources, but data on the actuéiss@nd dynamics of the bamboo
resource base are still very patchy. Overexplaoitatias in some regions affected bamboo
availability, stimulating the development of plamtas (particularly in Asia, where 30% of
bamboo is planted).

The rattan industry also expanded rapidly, paridulfrom the 1970s until the early 1990s,
but overexploitation and wasteful resource utilatled to the depletion of the stock in
some regions, particularly for the most desireccgse Since the mid-1990s, the reduction
in supplies of rattan caused by overexploitation steady loss of forest habitat has posed a
serious threat to the rattan industry. As with bamIplantations are becoming increasingly
important, either in logged-over forest areas ommasagroforestry crop in rubber or other
tree plantations (Dransfield et al. 2002).

4.10.3 How is the provision of wild timber, plant fiboresnd fuelwood affected by changes
in wild nature?

The production of timber, plant fibres and fuelwoadies on the forest growing stock
(volume of living trees above a given size), whiohturn depends on forest ardarest
condition and_forest compositiorfForest area decreases with deforestation anéases
with afforestation. Forest condition is reduced tggradation, for example through
logging, fire, or windfelling. Highly degraded fats have lower timber yields not only
because of a reduction in the growing stock but Alscause they are more susceptible to
being infested by vines (Laurance et al. 2001) atacked by pests (Foahom 2002). The
forest composition, namely the presence and bioroassrget speciess crucial because
not all species have commercial value.

The question of whether forests are more produdfiihey have higher tree species
diversity (not restricted to target species) has been asieidsy a few studies, with mixed

results. For example, tree species diversity waadao have a negative relationship with
above-ground biomass in natural forests of Cetuabpe (Szwagrzyk & Gazda 2007), no
relationship with productivity in Aleppo pine angrenean Scots forests of Spain (Vila et
al. 2003), and a positive effect on wood productiorearly successional Mediterranean
type forests (Vila et al. 2007). Although speciegetsity might lead to higher productivity

in the forest, the proportion of commercial spedremore diverse sites is typically lower
(FAO 2006a). On the other hand, species richnessblean found to increase yield in
tropical tree plantations, due to increased groeitlindividual trees (Potvin and Gotelli

2008), and it may reduce the impact of pests ohdimspecies.

The genetic diversity of the target spedgsnportant for timber yields, at least in thado
term, as it affects the resilient¢e environmental or biotic change (Buchert et1897;
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Jennings 2001). Furthermore, harvesting for thgelstrtrees with the best form may result
in a selection process that favours poor qualdgdr(e.g., with multiple stems rather than a
single straight stem; Jennings et al. 2001).

Timber production can also be affected by changeke diversity and abundance of other
(non-harvested) species, particularly those whoy garole as_pollinators and seed
dispersers(Jansen & Zuidema 2001). For example, a studyhef Guianas (Guyana,
Suriname and French Guiana) found that most timpecies were dispersed by mammals
(51%) or birds (21%), with only 20% dispersed beg thind (Hammond 1996). Indeed,
obligate-outbreeding animal-dispersed genera seebe tparticularly susceptible to forest
fragmentation (Laurance et al. 2006). The effedisthe loss of pollinators or seed
dispersers may take decades or centuries to beewitient, though. The loss of keystone
speciegnay potentially affect timber production: a fragraion experiment in Venezuela
found that the loss of top predators led to cascpeifects as increasing populations of
herbivores prompted a decline in seedlings andreggpbf canopy trees (Terborgh 2001);
how much these effects could impact, or are alréaghacting, timber species is unknown.

Soil_microbeshave key roles in terrestrial plant communitiefeaing productivity
(particularly by influencing nutrient uptake) aslwas plant diversity and community
composition (van der Heijden et al. 2008). Abou¥B6f all terrestrial plant species have
symbiotic associations with mycorrhizal fungi, nding species that are completely
dependent on the latter for growth or survival; é@ample, seedlings of the Amazonian
timber speciedicorynia guianensisare unable to absorb phosphorus in the absence of
mycorrhizal associationgvan der Heijden et al. 2008). Land use changesg. (e.
intensification, chemical contamination, logginge &nown to affect the soil biota, and
therefore are likely to affect timber productiomfvder Heijden et al. 2008).

Relationship between habitat area and the produactd wild timber, plant fibres and
fuelwood

Everything else being equal (e.g., rainfall, seitifity) timber production in natural forests

is expected to have a generally linear relationship area(Figure 18). Indeed, forest area
is a commonly used index in evaluating or monitgrthe productive capacity of forests

(e.g., Haynes 2003). It is likely that this relasbip breaks down for very small areas
though, with forest fragmentation affecting the tmmous supply of timber. Edge effects

caused by environmental (e.g. light, humidity) amdtic (e.g., species composition)

contrasts between the forest patch and the matixnesult in decreased timber production
because of higher mortality rates of large, highsitg, slow growth trees, rapid species
turnover, reduction in biomass, and increase irevilensity (Laurance et al. 2006).

Increased tree mortality at the edges may resulbrest patches that effectively shrink in

size overtime (“receding edges”), particularly $onaller (<5000 ha) fragments (Gascon et
al. 2000). Fragmentation also increases propefaitjorest fires, which can operate as a
large-scale edge effect affecting regions up tokBufrom the forest edges (Cochrane and
Laurance 2002).

Timber supply (and value) interacts with edge arehdor economic reasons related to
accessibility, and these would need to be propmbounted for in the economic valuation
phase (see below).
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Figure 18.Predictedelationship between forest area and timber promisg.

4.10.4What are the main threats to the provision of wilimber, plant fibres and
fuelwood?

Overexploitationof forest resources is the largest threat to ding-term provision of wild
timber, plant fibres and fuelwood. Overexploitatmiithe targeted species can lead to long-
term population depletions. For example, unsushdénégging of high-value mahogany
has hampered their populations to the extent thalbr@e speciesSwieteniasp.) are now
listed by the Convention on International Traddcaflangered Species (CITES 2008), and
are listed as globally threatened in the IUCN Resd &f Threatened Species (IUCN 2007).
Of ~200 species in Genushorea(Dipterocarpaceae), a group of hardwood rainforest
species from Southeast Asia, 139 species are listéiste IUCN Red List of Threatened
Species as threatened with extinction, and ordréady extinc{l[UCN 2007). Both rattan
and bamboo have been overexploited in some regresslting in population depletions
and a limitation in supplies to the industries gsihese as raw materials (Sampson et al.
2005). Globally, there has been a decrease in tthekss of commercial species (FAO
2006a).

Harvesting may also cause a decline in the gewgtersity of commercial specieboth
because it reduces population size and becausteitmally introduces a selective process
that eliminates particularly desirable genes (Bucle al. 1997; Jennings 2001). For
example, the selective logging of the best indigldu(high grading), can result in a
selection against trees with straight trunks, hampge future-term productivity
(Fredericksen et al. 2000).

Forest loss and degradatjoncluding through fragmentatipare resulting in the decline of

the standing stock, and therefore in the produse bfor forest timber and non-timber forest
products. Since 1990, approximately 6 million hextaof primary forest have been lost or
modified each year (FAO 2006a) and degraded foestdbecoming the predominant type
of forest in many tropical timber-producing couesi(ITTO 2002). Highly degraded

forests have lower timber yields and are more sidie to becoming infested by vines
(Laurance et al. 2001), attacked by pests (Foaho@d2)2 or affected by fire (Sist et al.

2003).

141



4.10.5Are abrupt changes likely in the provision of wiltimber, plant fibres and
fuelwood?

Given the predicted linear relationship betweeredoproduction and area (Figure 18) it is
likely that a decline in the provision of wild tiraly plant fibres and fuelwood takes place
gradually, proportionally to the decline in thedsted area. Fragmentatjdrowever, may
result in a much quicker decline in forest produttithan what would be expected given
the area of remaining forest, particularly if thatnx surrounding forest patches is ‘harsh’
(Laurance et al. 2001).

Climate changéas also been implicated in increasing forestrigle (e.g. Westerling et al.
2006).

The combined effects of fragmentation and climdtangemay conspire to prompt an
abrupt increase in fire risk, which may be partelyl devastating (and less likely to be
reversible) in tropical rain forests, as speciesrat ecologically adapted to fire and each
fire event tends to increase the likelihood of fiudire ones will take place (e.g., Laurance
1998).

Overall, we predict that the provision of wild tier) plant fibres and fuelwood wil
tend to decline proportionally to the decline imefst loss and degradation, which jon
a global scale is unlikely to be abrupt.

-

Regionally, the effects of forest fragmentation npagmpt a tipping point in whic
timber production becomes non-viable economicaily ecologically.

At larger scales, whether there is a possibilityanfabrupt change in forest cover —
and consequently in the production of timber ana-timber forest products — seems
to depend on the combined effects of climate chagk fragmentation, and how
they affect the frequency and impacts of foressfir

4.10.6 Can we quantify and map the production of wild timh plant fibres and
fuelwood, and how it might change?

State of knowledge and data availability

Here we focus on timber production. Ideally we vebiike to obtain a global model of
potential sustainable timber production from ndtdmests, which could be used to
quantify and map changes in timber production unlifégrent scenarios, given variation in
landuse and in climate.

The ITTO (2006b) defines sustainable forest managpen{SFM) as “the process of
managing permanent forest land to achieve one o rolearly specified objectives of
management with regard to the production of a ocotiis flow of desired forest products
and services without undue reduction in its inheneues and future productivity and
without undue undesirable effects on the physiodl social environment”. The concept of
SFM has evolved from focusing only on sustainaliebér yields to including also
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concerns for the long-term maintenance of foreatiersity. Criteria and indicators for
sustainable forest management have been developepar of several international
processes (e.g. Montréal Process, on criteria aditators for the conservation and
sustainable management of temperate and boreast$or@Montréal Process 2003];
Tarapoto Process on the sustainable managementmaizénian forests [Elias 2004]).
Sustainable timber yields (STY) are key to SFM, they are complex to calculate and
therefore limited data are available on what th&l ygelds are in different parts of the
world. Furthermore, current STY estimates seemet@xaggerated, as timber yields are
generally declining even in reportedly well-manaf@mests (Putz et aln prep), raising the
question of whether there are any real examplesustainable forest management in
tropical forests (Putz & Zuidempers comm Even if timber yields are maintained, the
economic value of timber harvests may decline ashtdrvest diameter and/or log quality
decrease, or as harvest expands into other (Idsgbka) species (Putz et &h. prep. The
difficulty in finding examples of truly sustainablerest management in tropical areas is a
reflection of the fact that this is seldom the mlostative land use to private landowners,
and more profit can typically be obtained by exiragall the timber that can be profitably
harvested and either abandoning the area or camyattagriculture, pasture land, or to
forest plantations (Putz et &h. prep).

A model focused on sustainable production from ma@tiorests does not exist, but could
possibly be developed from existing models, sucthasGlobal Fibre Supply Model (Bull
et al. 1998) and the European Forest Informaticen&do Model (EFISCEN; Nabuurs et
al. 2001). These are based on national level famgsntories, including data on forest type,
area, growing stock, and net annual increment gercéass. These models are capable of
producing predictions under different scenarios; é&xample, Nabuurs et al. (2001)
compared wood production under a business-as-ssealario with one where maximum
sustainable production is not exceeded. These mquetluce results at a coarse (country-
level) scale, and they depend on the availabilityand national inventories, which are not
available for many countries (particularly devefgpcountries).

Another possible approach for modelling variation sustainable timber yields across
space, and at a finer scale, would be based onraesiieg from known STYs across the

world using data on climate, geography, geologgology and forest cover obtained from

satellite imagery (e.g. Hijmans et al. [2005] fomate data; UNEP-WCMC et al. for a map

of forest cover classified according to forest g)p&he key limitation to this approach is

the above-mentioned difficulty in obtaining acceraind reliable estimates of sustainable
timber yields (STYs), particularly in tropical fats. Types of studies with relevant

information for the collection of STY data includealuation studies estimating values of
sites with SFM/reduced impact logging (RIL) withposted yields (e.g., Secretariat of the
Convention on Biological Diversity 2001; Merry dt 2002), case studies (e.g., Williams et
al. 1997; lwokrama 2007; Tropenbos Internation@l&0studies estimating or reporting on
yields of sustainable practices (Eba'a Atyi 200@LBish & Susanty 2000; Kammesheidt et
al. 2001; Schwab et al. 2001; Glauner et al. 28t et al. 2003; van Gardingen et al.
2003, van Gardingen et al. 2006; Huth & Tietjen Z0Ruger et al. 2007), national

analyses reporting on estimated yields of sustiim@lanaged sites (e.g., do Prado 2005),
and reports from regional partnerships (e.g., Cdagin Forest Partnership 2006).

A very crude approach to obtaining a global magustainable timber yields would be to
collect information from studies on SFM across Wmld and assume average STYs for
particular forest types are representative. Fomgike, the ITTO considers 1°per hectare
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per year a “widely accepted estimate of tropicaé$d productivity” (ITTO 2006b), while
Pulkki (1997) estimated that the average possildkl yof tropical forests of Africa, Latin
America and the Caribbean under RIL isr#fha, andn Asia and Oceania is 46°/ha, each
over 40 year cycles.

What can be done in Phase 11? At what cost? By vwhom

We predict that it will be possible to produce witlone year a first-cut global model
to evaluate how sustainable timber production itunad forests is likely to be affected
by changes in land cover. We recommend either imgildrom existing forest

production models based on national inventorieatt@mpting to model variation in
sustainable yield across space, based on envirdaahvaemiables.

We suggest that the development of this model wowdduire involving key
institutions such as FAO, ITTO, and the Europearestonstitute, and we recommend
consulting with Francis Putz, Peter Zuidema and-Ga&n Nabuurs for identifying the
appropriate research grdujVe predict that the coarser version of the medzild be
possible with an effort of 12 researcher-monthg)emine more elaborate model would
require 30-40 researchers-month.

4.10.7 Insights for economic valuation

The models described above would produce informatio potential sustainable timber
yields, but actual timber harvesting depends oressibility. This interacts with the area
and configuration of the forest patches: on the loaed, very large patches have reduced
accessibility; on the other hand, timber harvestiray not be economically viable in small
fragments, particularly if different patches haviedent owners who may or not decide to
harvest (Haynes 2003). The economic evaluationimbedr production under different
scenarios would need to be take accessibility agtwount, for example proximity to roads
or rivers, and the slope of the forest area.

4.10.8 Some key resources

* Global Forest Resources Assessment FAO (2005): mbst up to date global
source of information on forests status and trends.

» Status of Tropical Forest Management 2005 ITTO 6®)0The latest evaluation
on the state of forests of the ITTO producer caestas well as the degree to which
tropical forests are being managed sustainably.

* Nabuurs et al. (2007): Use of EFISCEN to projecir fscenarios of wood supply
for Europe based on different management regimasluding sustainable
management.

® This is our recommendation for Phase 2, based @netbults of this review. It does not commit thediers
of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor
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« Bull et al. (1998): Report on the general objedjvmethods and results of the
Global Fibre Supply Model. Also of relevance are Blobal Fibre Supply Study
Working Paper Serieshich complement the report.

» Special issue of the Canadian Journal of Foresedel 8:2003) on papers
presented at the eventdrest Modelling for Ecosystem Management, Forest
Certification, and Sustainable Management Confeg&n(vancouver, Canada).
Useful papers covering a range of issued relatefbriest modelling, especially
those by Landsberg, Glauner et al. and Vanclay.

» Schwab et al. (2001): Comprehensive review of 26@las on Reduced Impact
Logging.

4.10.9 Participants
Authors

Antares Hernandez-Sirvent, Ana Rodrigues, AndrewimBad (University of
Cambridge)

Contributors

The following experts provided very valuable inggybn which this section was based. We
apologise to them that time constraints prevengefilam circulating the text for revision.

Jerome Vanclay (Southern Cross University, New [$dales, Australia)
Francis Putz (University of Florida, USA)

Peter Zuidema (Utrecht University, The Netherlands)

Val Kapos (UNEP-WCMC, UK)

Gert-Jan Nabuurs (Alterra, Wageningen Universitye Netherlands)

145



4.11 Wild medicinal plants

This section is based on a quick literature reviam did not receive contributions from,
nor has it been reviewed by, experts in this figlek expect some of the uncertainties we
identify below could be resolved by such a revievegss.

4.11.1 Why are wild medicinal plants important for humanelibeing?

Here we discuss the benefits derived from plardsdhe directly harvested from the wild to

be used (whole, in parts, or its extracted compsufa their real or presumed medicinal

properties. Bioprospecting for pharmaceutical coomgts is discussed in Section 4.14. The
difference between these two sections is that wileldicinal plants are continuously

harvested from natural habitats, while bioprosmectonly requires a one-time use of
biodiversity, as the compounds isolated can therepkcated in the lab. Animals can also
be harvested for medicinal products, but we dacowger those here.

It is estimated that more than 70,000 medicinahtp&pecies are currently used worldwide
(Schippmann et al. 2006). About 3,000 medicinal armnatic plant species are reported to
be traded internationally, while a higher number #fwought to be traded locally, nationally
and regionally (Medicinal Plant Specialist Grouf02). Medicinal plants can be cultivated
as crops, but the great majority (70-80%) are ctdig from the wild (Hawkins 2008), a
pattern that is expected to continue (MedicinahPBpecialist Group, 2007). In terms of
biomass, it is estimated that over 50% of medicip&int material is sourced from
cultivation (Kathe 2006) yet less than 1% of pkksies used as medicinal plants are used
in formal cultivation for commercial production (8ppmann et al. 2006). Given their
importance to human healthcare, economic subskstendture and livelihoods, medicinal
plant species have been considered “one of the mgsificant ways in which humans
directly reap the benefits provided by biodivers{#guilar-Stgen and Moe, 2007).

An estimated 60-80% of the world’s population deggean traditional medicine, including
medicinal plants, to meet their primary healthaca@eds (Hamilton 2004; Aguilar-Stgen &
Moe 2007). Those relying mostly on traditional noéae are mainly from developing
countries (Aguilar-Stgen & Moe 2007), particulantyAfrica (where traditional medicine is
used by up to 80% of the population) followed byiaAand Latin America (WHO 2002).
Those with the lowest incomes benefit the most ftbm service provided by medicinal
plants, as only 15% of pharmaceutical drugs arswmed in developing countries and the
financially poor have little to virtually no acce¢e them, especially in rural areas
(Hamilton 2004). In addition, medicinal plants mbg an important factor for the local
economy in source countries, as they constituteowce of income for many rural
households (Medicinal Plant Specialist Group 200¥ Nepal, for example, 15-30% of the
total income of the poorer households is providgdselling plants to markets in Delhi
(Hamilton 2004).

Although in developing countries those that relg thost on medicinal plants live in rural
areas (Hamilton 2004), their use is widespreadrivam areas as well (Schippmann et al.
2006. Benefits are also accrued by those livingd@veloped countries where use of
medicinal plants is rising and predicted to corgito do so (WHO 2002).
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In 2006, based only on information provided by mpg countries (and hence an
underestimate), FAO calculated the global removatraw material for medicine and
aromatic products” to be 121,505 tonnes (FAO 2006ag total estimated value of the
global trade in medicinal and aromatic plants isrd60 billion/y, potentially reaching $80
billion/y (Bodeker & Burford 2007).

4.11.2 What are the overall trends in the provision of wimedicinal plants?

In recent years, there has been a marked increagbei use of complementary and
alternative medicine in developed countries, legdm higher demand for these plants, a
trend that is expected to continue (WHO 2002, HamiP004). However, the Millennium
Ecosystem Assessment indicates a decline in theigmwa of “biochemicals, natural
medicines, pharmaceuticals” due to species extinstand overharvesting (MEA 2005).

4.11.3 How is the provision of wild medicinal plants affesd by changes in wild nature?

The benefits obtained from wild medicinal plantpeled on the abundance of the target
speciesGiven than many species are frequently used mvihe given area, the diversity of
the target speciets also expected to affect the provision of thbseefits. Plants with
medicinal value seem to be phylogenetically clumipesbme families (Forest et al. 2007),
for example Fabaceae, Asteraceae, Poaceae, Saarawe Euphorbiaceae (Aguilar-Stgen
and Moe 2007).

Habitat type and conditiomre also likely to affect provision of wild mediail plants.
Tropical species are expected to hold the majarfitglants with pharmacologically active
compounds, given their high plant species diversityaddition, higher levels of herbivory
in species-rich tropical habitats have been sugdeas an explanation for the inverse
relationship between the average latitude of caemtand the proportion of plant species
surveyed that tested positive for alkaloid compaufitbeks 2004). Having said this, many
medicinal species of different pharmacopeias haeenbfound more frequently in
secondary growth or perturbed habitats than ircirftabitats. For example, a review of 18
studies that mentioned the habitat sources for cimali plants of different tropical
countries found that the majority of medicinal pgtamused were found in disturbance
regimes (e.g., secondary forests and successiaiatats; Voeks 2004). One possible
explanation for this result is that these sitesraoge accessible and have simpler floristic
composition, and so locating particular species rwheeded is easier (Voeks 2004).
Another possible explanation is that open, distdrbabitats are more likely to induce the
presence of active secondary compounds as a mquitint defences, for example against
herbivory or stress (Aguilar-Stgen and Moe 200 )thie former case, intact habitats may
potentially have as many or even more useful pltraa disturbed habitats, while in the
latter case it is expected that disturbed habasgsntrinsically more valuable.

Plant production of secondary metabolites may @8y in response to environmental cues
and indeed it has been found that cultivated stbelk® lower levels of active ingredients
compared to wild populations (Schippmann et al. 600The production of these
metabolites may therefore be affected by _the presehother speciesuch as herbivores.
Specific wild medicinal plants are likely to be @aplent on a broad range of species
besides their natural enemies - for pollinatioredsdispersal, and growth. For example,
Clusia multiflorais completely dependent on arbuscular mycorrhizagi for their growth
and survival (van der Heijden 2008).
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Relationship between habitat area and the provisibwild medicinal plants

Everything else being equal, it is expected that dbundance of a particular species of
medicinal plant increases linearly with area, exgeghaps for areas too small to support
viable populations. Richness of medicinal plantcggeis expected to follow the species-
area curve (linear on a log-log scale) which mehasrichness decays first slowly and then
quickly with decreasing area.

4.11.4 What are the main threats to the provision of wildedicinal plants?

The provision of wild medicinal plants is mainlyrélatened by overharvestiriBeattie et
al. 2005),_loss of traditional knowledgelamilton 2004, Voeks 2004, Beattie et al. 2005),
and habitat loss associated with changes in larel (esy. conversion of forests to
plantations, pasture and agriculture) (Beattie let2805, Bodeker & Burford 2007,
Medicinal Plant Specialist Group 2007). Estimatastfie number of medicinal plants that
are globally threatened range from 4,160 to 15,088milton 2004, Medicinal Plant
Specialist Group 2007).

4.11.5 Are abrupt changes likely in the provision of wildedicinal plants?

The abundance of wild medicinal plants is unlikielychange abruptly, but species richness
may be quickly reduced as habitat destruction gsggs in highly diverse regions (e.g. in
the succulent Karoo of South Africa; Forest e2a@l7).

The abundance of wild medicinal plants is unlikedychange abruptly, but species
richness may be quickly reduced as habitat destrugirogresses in highly diverse
regions (e.g. in the succulent Karoo of South Asri€orest et al. 2007)

4.11.6 Can we quantify and map the production of wild meahal plants, and how it
might change?

Conceptually, it should be possible to measurehefualue of wild medicinal plants for
local people, for example by calculating the rephaent costs (what would it cost to obtain
similar health benefits from conventional medicin@stainability would need to be taken
into account, with value calculated for a sustaiflead of wild medicinal plants that does
not result in population depletions. Also concefiyiiat should be possible to generate a
model that predicts such value from a mix of ndtwad socio-economic variables.
Hamilton (2004) suggested that medicinal plantseaghtheir highest relative values in
societies found in places richest in plant divgrsit is also likely that use of medicinal
plants (and therefore its value) depends on inc(waid poorer people having less access
to alternatives), density of human population (wie potentially increasing linearly with
human population, particularly rural populatiomgdahistory of human presence at the site
(with older civilisations more likely to have expéal the medicinal properties of the local
flora) (Hamilton 2004).

This model would not be perfect (as it would ontg@unt for local use, not incorporating

benefits reaped elsewhere) but would be a firstapmation. However, as far as we are
aware, no such model has been generated. Furtheermerfound no centralised database
on the local value of medicinal plants that coull Used to generate the model. We
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therefore predict that it would not be possiblePimse 2 to map the global production of
wild medicinal plants, and how it might change whlodiversity loss and ecosystem
change. However, this opinion is based on a sup&irioverview of the literature, and so
we recommend consulting with experts on this subigca more informed assessment (see
key resources below).

What can be done in Phase 11? At what cost? By vwhom

We predict that current data availability would radlow for the quantification an
mapping of the value of wild medicinal plants, aoidhow it might change witl
biodiversity loss and ecosystem degradation.

=X

4.11.7 Insights for economic valuation

Accessibility to suitable habitat patches will atféghe flow (and therefore the price) of wild
medicinal plants. Accessiblity is higher in areésser to roads and rivers, while in very
remote regions the economic value may be zero esositive ecological production.

4.11.8 Some key resources

Alan Hamilton: WWF Co-ordinator of the People ardris Initiative has worked
extensively with medicinal and aromatic plant camagon and sustainable use.
Hamilton (2004) presents a comprehensive picturethef current situation of
medicinal plants in terms of global harvest, tradd use.

Medicinal Plant Specialist Group global partnership of global institutions (IUCN
SSC, TRAFFIC) that seek to increase awareness @f ctimservation threats
presented by medicinal plants as well as to promaietainable use and
conservation action.

SEPASAL - Survey of Economic Plants for Arid andvibérid Lands Database
on useful wild and semi-domesticated plants of it@pand subtropical drylands,
developed and maintained at the Royal Botanic Ges;deew.

Economic Botany Bibliographic Databade@atabase maintained by the Centre for
Economic Botany, currently containing citationsnore than 160,000 references
dealing with plants of economic value (includinggbk of drylands). They include
the ethnobotany of plant use in traditional soegtimedical and industrial uses of
plants, and their domestication and history. ltoisused on wild plants and minor
crop plants.

4.11.9 Participants

Authors

Antares Hernandes-Sirvent, Ana Rodrigues, AndrelinBad.
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4.12 Outdoors activities related to nature

This section is a fully developed review, led byeapert in the field, but not further
reviewed by other experts.

4.12.1 Why is this benefit important for human wellbeing?

Outdoor activities related to nature (nature-basedsm and recreation) can be categorised
in numerous ways. For the purposes of this review @onsider two means of
categorisation; outdoor recreation vs wildlife-lth$eurism, and local vs. longer-distance
travel.

» General outdoor recreational pursuits such as wglldycling, horse-riding and the
general enjoyment of being in green spaces, thatomide and wilderness areas.
Beach tourism, in as much as it relies on nataadi$capes and natural processes,
could also be included here. These kinds of reioeaely on natural or semi-
natural landscapes but biodiversity is not the $ocfithe attraction. They can take
place almost anywhere with scenic or wildernessigjaincluding transformed
landscapes such as the English (agricultural) zaqks managed woodlands or
even urban parks and gardens.

* Wildlife-based tourism (e.g. photographic, birdwaig). This is more closely
connected to biodiversity in that it has specifengents of biodiversity (i.e. selected
species) as the focus of the recreational attmaciitiis kind of recreation usually
relies on more pristine or untransformed landscaped is most often (but not
exclusively) associated with protected areas oerotlesignated sites or large-scale
wilderness areas, including the marine environmidote that this section does not
cover recreational hunting (covered in Section,408)fishing (covered in Sections
4.6 and 4.7).

» Local recreation, where people travel short disanto enjoy nature, is primarily
likely to be general outdoor recreation and enjayim& nature, as per the first
bullet point above, although it will also includesits to nearby nature reserves by
local residents. This segment of the market idylike be more heavily affected by
biodiversity loss or the loss of natural spacesabee such loss will reduce access
and increase the cost of access for users. Asveimilly is lost locally there will be
fewer or no alternative substitutable sites locally

» Longer distance recreation, where people travetlreds or thousands of miles to
their destination, will primarily be for wildlife iewing as per the second bullet
point above although beach tourism and some outola@uits will also be included
here. This form of recreation will be less affect®dlocal biodiversity loss, since
there will be alternative substitute sites with igglent access or travel costs
elsewhere in the world.

There are many reasons why the provision of outdeoreational activities is beneficial.
Time spent experiencing nature is enjoyable, bsb denefits our mental and physical
health, fosters well-being and sense of fulfilméird 2005; Brown & Grant 2005), and
aids education (Fjgrtoft 2001). The psychologicahdfits of access to nature and natural

151



environments, to a primarily urban, sedentary patpoh, and the resultant improvements
in productivity of the workforce, has been recogdisince the industrial revolution:

‘thousands of tired, nerve-shaken, over-civilisebgle are beginning to find out
that going to the mountains is going home; thatl@rhess is a necessity; and that
mountain parks and reservations are useful not aslyfountains of timber and
irrigating rivers, but as fountains of life’ (Mulr898).

There is a body of evidence that strongly suggistscontact with nature is beneficial to
mental health and wellbeing (Henwood 2003), aigiagient recovery, reducing stress and
anxiety (Ulrich et al. 1991), improving worker camtration and reducing crime and
aggression (Bird 2007). Horticulture is widely usasl a form of therapy in prisons and
hospitals, and BCTV’s ‘green gym’ volunteers gaiarebenefits than just physical health
improvements from manual conservation work (Browgant 2005).

Beyond the psychological are demonstrable physieakfits of outdoor recreation. Many
of the outdoor activities that people enjoy relyrature to provide the rich landscapes and
stimuli that underpin these experiences, rangioghfgardening and walking in the park to
hiking and wildlife watching. Many of these areiaetpursuits, and as such are extremely
valuable in tackling ill-health in the face of a dewn cultural environment that encourages
overconsumption of food and discourages physidaligc(Hill & Peters 1998).

Currently around 1.6 billion adults are overweiglrldwide, with in excess of 400 million
adults clinically obese, more than 115 million oham are from developing countries
(WHO). This pandemic brings with it not only sersoliealth disorders but also social and
psychological problems, all resulting in an enorsioeconomic cost, conservatively
estimated at $117 billion annually in the Unitecat8¢ alone (Stein & Colditz 2004).
However research indicates that the obesity epid@mihe United States could be halted
by increasing time spent walking by only 2-3 mirsuper day on average (Veerman et al.
2007). Access to green public spaces is importantrban senior citizens’ longevity
(Takano et al. 2002), while accessible, large, attchctive public spaces demonstrably
increase the frequency of walking, with respondeetscribing the importance of trees and
birds amongst the features important to them (&@erti et al. 2005).

Although there is currently no evidence of addi@brphysical health benefits from
exercising outdoors per se (Henwood 2002), ‘He#lthlk’ and ‘Green Gym’ outdoor
exercise schemes in the UK have demonstrated #inatipants are more likely to continue
with this type of exercise than indoor gym-baseereise routines (Brown & Grant 2005).

Finally, the tourism industry, incorporating natlr&sed tourism and outdoor recreation, is
one of the world’s largest and fastest-growing stdas, supporting millions of jobs
worldwide and contributing significant proportion$ the GDP of many developing and
developed countriesmvw.worldtourism.ory. Almost a century ago the scenic value of
Switzerland’s natural landscapes was valued in sxcef $200 million annually
(Chamberlain 1910), a fact which helped to fuel essive global expansion of national
parks and protected areas and with it the birththef modern conservation movement
(Runte 1987). Nature-based tourism is one of tHg pan-consumptive uses of protected
areas/ecosystems/biodiversity that generates tiengdmnomic values (Ceballos-Lascurain
1996; Gossling 1999), thereby making it an impdremosystem service (MEA 2005).
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4.12.2 What are the overall trends in the provision of thbenefit?

With increasing ease and affordability of travedttbr access and communications, and
increasing affluence and leisure time, the globatism industry is growing rapidly. Travel
and tourism account for 10% of world GDP, 8% ofgamd 12% of global investment
annually (WTTC 2007). Tourism also has the higlpeséntial for growth of any industry —
currently running at more than 4% per annum, with average of 3% in developed
economies and more than 7% in emerging markets”T®@/2007). Within this, nature-
based tourism and recreation is considered to bex@easingly significant sub-sector,
although there are little consistent aggregate (fatmdwin 1996; Eagles 2002). Although
there have been numerous studies of the magni@dedvin et al. 1998; Eagles et al.
2000; Wade et al. 2001) and value (e.g. Wells 198&an 1994; Shrestha et al. 2007) of
nature-based tourism at local and national scatesate there has been no attempt at a
global assessment. This is in part because there eonsistent approach to recording and
reporting visitor arrivals to parks and protectedas (Eagles 2002) and other forms of
outdoor recreation go largely unrecorded in anynfather than periodic site-based or
regional surveys.

Although recent high-profile research suggests nlaéiire recreation is declining per capita
in US and Japan (Pergams and Zaradic 2008), #nsl fis not mirrored in much of the rest
of the world where growth in visitation to protedtareas is growing at least as fast as
international tourism as a whole (Balmford et ahpublished data). Less data are available
for other types of outdoor activity, though it Haeen estimated that each year over half the
population of the UK makes over 2.5 billion visitsurban green spaces (Wooley & Rose
2004), and 87 million Americans participated in diife-related recreation in 2006, an
increase of 13% over the decade (USFWS 2007).

As people show a universal preference for naturagrenments over built environments, an
increasing amount of outdoor recreation would bpeeted with projected increases in
world population and growing urbanisation (de Greotal. 2005). This will place an
increasing reliance (and therefore value) on reimginatural landscapes.

Two other trends are worth noting. The first is haftsig emphasis in global tourism
towards emerging, developing world destinations] anth it an increase in domestic
tourism in the developing world as urban incomes.riThe second is an increasing
diversification of the agricultural sector in Eusoand beyond into recreational service
provision. At the same time community-based tourisnrural areas in the developing
world is expanding nature-based tourism beyondeptetl area boundaries (Walpole &
Thouless, 2005). Whether these trends are incigdsaoverall magnitude of nature-based
recreation is unclear, but they are undeniably edjvey the area and range of ecosystems
which provide recreational opportunities.

4.12.3 How is the provision of this benefit/process affedtby changes in wild nature?

There are almost no reliable quantitative datahereixtent to which changes in biodiversity
influence recreational benefits. The value derifredn nature by those experiencing and
using it for recreational purposes is influenced éywide range of factors, of which

biodiversity is one. Whilst it underlies the prawis of key elements of a recreational
experience, and of supporting services, its matgmadue is difficult to determine and

varies depending on the type of recreation ando#repective of the individual user. The
following sub-sections review some areas whereibaudlty is likely to play a role.
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Provisioning of beautiful landscapes/seascapes

Outdoor recreation users rely on the provisionihgesthetically pleasing landscapes as a
stage for their experience (De Groot et al. 200&hdscapes which are created and
regulated as part of naturally functioning ecosysteExamples include the deposition of
the calcium carbonate tests of foraminiferans a&d-building organisms which, together
with mollusc shells, supply material for many besgfiyamano 2000).

Studies have shown a clear preference for natamalscapes over urban ones, and people
tend to prefer greener, healthy ecosystems, bue metailed judgements of landscape
quality such as ‘wildness’ are likely to be mordtare-dependent (de Groot et al. 2005).
They are also activity-dependent. Much outdooreaton is physical in nature and relies
on the physical (slope, terrain) rather than bimalg(species and habitats) qualities of the
landscape. Moreover landscape ‘beauty’ is in thee @fythe beholder and for some can be
enhanced by modification (the English countrysiggng a good example) which may
reduce biodiversity or reduce the importance ofilviersity in the recreational experience.
A study of forest recreational user preferenceth@UK revealed the importance of man-
made facilities for enhancing use and enjoymentreysibgeneral and activity-based forest
visitors, with only dedicated nature watchers ptiging access to biodiversity (Christie et
al. 2007).

The creation of the natural landscapes that mak#oou pursuits attractive is clearly a key
benefit provided by biodiversity, yet there is @antly insufficient knowledge to be able to
define which attributes of the landscape are keypdoples’ experiences, let alone to
quantify links between specific aspects of biodsitgrand outdoor benefits. Typically such
benefits are linked only to very general descrimiof nature such as visual complexity or
perceived naturalness (Brown & Grant 2005), whiehdifficult to translate into biological
terms or a concrete metric of biodiversity. Howevand use change from natural to
intensively cultivated (or urbanised) landscapedl wiearly reduce or eliminate the
recreational amenity value of an area. This wilpa&mt on the provision of local outdoor
recreational opportunities where access/distanaeastraining factor.

Provisioning of focal attractions: species diveysir presence of particular species

Humans derive great enjoyment and benefit fronrauion with and observation of wild
animals and plants, clearly demonstrated in oue lofs gardening, and the popularity of
wildlife watching. E.O. Wilson has argued that ttlesire for such experiences is the
product of an innate love of living things which teems ‘biophilia’, which drives our need
to seek connections with other life-forms (Wils®82).

Charismatic species such as gorillas and cetacelaasly impact demand for outdoor
recreation, even generating tourism industries@s not previously seen as a destination,
such as Rwanda. The annual recreational value Mfif@i watching in Lake Nakuru
National Park, Kenya has been estimated at betws$i7-15 million, with flamingos
creating more than one third of the value (Navrui@ngatana 1994). The reintroduction
of wolves to Yellowstone has attracted additionalrists to the national park, with
consequent economic and social benefits estimatdmbtaveen US$6-9 million per year
(Donlan et al. 2006). Interestingly, the presendett® wolves alone increases the
enjoyment of the park experience for tourists, reéiggs of whether or not they see any
wolves (Montag et al. 2005).
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Charismatic bird species have a significant infeeemn generating wildlife tourism in the
UK, with an estimated 290,000 people visiting ogpmnesting sites each year, bringing an
extra £3.5 million to local economies, while theggnce of sea eagles on Mull attracts an
extra £1.4-1.6 million of spending each year (Déckit al. 2006). In a study of nature
tourists visiting Uganda Naidoo & Adamowicz (20d6und a tangible demand for bird
diversity and a willingness to pay for it. Similarin Komodo National Park in Indonesia,
visitors’ willingness to pay increased entrancesfeeas positively correlated with the
number of dragons they had seen during their (Wgédlpole, 1997).

Biodiversity is perhaps even more significant inrima tourism. There are around 10
million active scuba divers who generate aroun® $illion annually, and reef-related
tourism is growing rapidly at around 20% per ydaedar et al. 2004). For these outdoor
users the diversity of species found on a cordliseelearly paramount to the enjoyment of
a diving experience. In the aftermath of the masaldleaching event of 1997-8 this was
demonstrated by the losses to the dive industmegions hit by coral bleaching and the
associated loss of reef species, for example ialRalhere as much as 10 percent of the
diving industry’s producer surplus was lost (Sceniterg 2001). A survey of tourists in
Bonaire revealed that 80% would not be willing #durn in the event of coral bleaching
(Uyarra et al. 2005).

These examples all reveal the importance of bigditye in terms of species presence
(which often relies on broader ecosystem health3. dlear that wildlife-based recreation is
generally more sensitive to the availability ofgpine environments, species abundance and
diversity than broader outdoor recreation. Morema@ne of the highest profile attractions,
the top predators and other large animals, reduoieet, functioning ecosystems to persist.
Yet the relationship between changes in these el biodiversity and the provision
(and value) of recreational benefits is complexsecapecific, rarely linear and sometimes
counter-intuitive.

Special features of tourism as an ecosystem service

There is no linear relationship between magnituflevisitation, expenditure or other
measure of value and biodiversity. A reduction ird iversity in a tropical forest may
impact on bird-watchers who are motivated by, amsbrggher things, species richness.
Likewise a decreasing chance of seeing a rare epacich as the Komodo dragon, or the
disappearance of any of the ‘big five’ African maaimattractions might deter some from
visiting a particular park. However in general thés likely to be significant elasticity of
demand, with a change in number of flamingos, ddetieest, or lions in a park having
little immediate impact on visitor numbers (WalpdeThouless 2005). In other cases
increasing rarity and risk of extinction may ingeaourism demand for certain sites and
species, with the mountain gorilla, tiger and gipaihda as obvious examples (Entwistle et
al. 2000).

Tourism is still growing and is not currently lirad by availability of natural attractions.
Increasing availability of nature-based tourismraattions (for example due to the
establishment of new protected area destinatioms)eases choice, substitutability and
competition between destinations. It may thus dtiergeographic distribution of economic
benefits from tourism as new destinations captupertion of the market. However it will
not necessarily increase the overall value of soarat global scales (Walpole & Thouless,
2005).
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The value of tourism as a rationale for ecosystenservation is limited by the size of the
(albeit growing) global market, but in the shonnteis unlikely to be constrained by a
general reduction in biodiversity and availabilay recreational sites until such point as
access, overcrowding or species disappearance eatigping point to be reached. Such
tipping points may be reached at the local levattipularly in terms of access to general
outdoor recreation where travel cost is likely ®alimiting factor. In theory, if local sites
for outdoor recreation decline (with increasing amisation or agricultural expansion),
there will be less opportunity for people to obttiis benefit and welfare will decline.

Overall welfare will not decline as long as sulitéible opportunities are available
elsewhere. This is generally more likely to be ¢hse for longer-distance wildlife tourism
than for more general outdoor recreation. Mostistsiwill simply choose an alternative
destination. Unlike other ecosystem services, souribenefits do not flow to the
beneficiary but rather the reverse — beneficiatiasel to the point where the service is
produced. For international tourism at least, thisrenot the same distance or access
constraint as for some provisioning, regulatingcoltural services, and substitutability is
possible.

Provisioning of regulatory services

Tourism and recreation rely on a range of regwastord supporting services provided in
part by biodiversity, including climate regulationater flow, waste management, coastal
protection and erosion control. Without the mangutating services provided by wild
ecosystems attractive environments for outdooresdmn would not be maintained. This
has been seen in some coastal areas in Maurithesevseagrass beds were removed in the
belief that they were not aesthetically pleasingptaists, resulting in a worse environment
for swimmers, with increased turbidity and lossrdaunal biodiversity (Daby 2003). The
role of biodiversity in these ancillary servicee aealt with elsewhere in this review and
thus are not considered further here.

4.12.4 What are the main threats the provision of this befi?

With increasing global population, urbanisation dadd transformation the provision of
remaining natural landscapes will increase in irtgpure, particularly for the growing
proportion of humanity that does not have any eupos$o natural settings. Many natural
environments, such as coral reefs, wetlands andtanenenvironments are already
becoming significantly degraded and transformechstal areas are also under threat from
erosion, over-development and sea level rise. $ifgng conversion of wild habitat to
agricultural land will drastically impact outdooeareation for many, particularly where
access to outdoor recreation becomes constraiftedugh there is insufficient knowledge
of landscape preferences to predict the net eftectdl of humanity.

At the same time the proportion of the world’s aod under designated protection
continues to increase (UNEP-WCMC, 2008), and nhameas continue to be added to the
UNESCO World Heritage Lishitp://whc.unesco.ojgAlthough such designation does not
guarantee protection (and many protected areasvadidfe populations remain threatened

by development pressures, poaching, logging, setihé, etc) it does raise profile and

makes such areas more likely to become tourismnagisins. This is in effect increasing

the provision of relatively pristine natural enviroents upon which much nature-based
tourism is based.
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Globally 32% of amphibian species, 23% of mammals] 12% of bird species are
threatened with extinction, while the status oftitep, plants and fish is uncertain. Within
these groups, charismatic taxa such as primatasyoees and albatrosses are particularly
at risk. In recent years, the extinction risk fodb and amphibians has increased (Balillie et
al. 2004) and the pattern is likely to be mirromneather taxonomic groups. WWF's Living
Planet Index also suggests that, overall, wild igge@bundance is also in decline, implying
that even the less threatened wildlife may becoanddr to find.

4.12.5 Are abrupt changes likely in the provision of thieenefit?

Abrupt changes in the provision of tourism benefdas occur for a range of reasons. Some
of these may be ecological, as systems reach ggmamts. Key wildlife populations may
collapse through disease or other factors, fire ohestroy picturesque landscapes, corals
may bleach with sudden temperature shifts, systamag suddenly change from one
(attractive) to another (less desirable) stablees®ome of these will be reversible, others
may be more permanent.

Abrupt shifts may also (and perhaps more oftensdaally instigated. War, terrorism,

socio-political disruption, natural disasters anealth crises all tend to rapidly and
negatively affect international tourism demand, esnced for example by Kenya,

Zimbabwe, Bali, Egypt and Nepal in recent timekelwise events such as the foot and
mouth outbreak in the UK in 2001 may have dramatijgacts as people are prevented from
visiting the countryside for recreation.

In some cases it has also been shown that abrapggek in management of areas, such as
degazetting parks or increasing entrance feesyesult in a sudden drop in recreational
demand (Goodwin et al. 1998). The current rapid msoil prices (and thus aviation fuel
costs) and potential carbon taxes on flying, mayehsimilar impacts on international
tourism if such changes are too sudden.

4.12.6 Can we quantify and map the global provision of shbenefit and how it might
change?

We are a long way from being able to map the prodnof benefits from nature-related
outdoor recreation based on changing states ofivaiaity. Firstly there is little known
about the link between features of biodiversity anttloor recreation demand on which to
base such models. Indeed the analysis of outd@oeaton in general is hampered by a
great scarcity of data on outdoor users, and wimengitoring does exist is often unreliable
and patchy.

Secondly and in such cases where the link has Hepronstrated or recreational value
estimated, it is not clear how far we can genezadisch a relationship from very localised
case studies. In contrast to the general terms asigherceived naturalness’ which are used
to describe the desired aspects of landscapes dnergl outdoor recreation in some
literature, valuation studies focussing on the irtgoace of particular species or ecosystems
to certain types of outdoor visitor are too contgpecific to allow generalisation.

It is difficult to tie down universal preferences biological attributes from such a diverse
group as nature-based recreational users, so ¢ikophysical attributes to amenity value
globally is problematic. Part of the difficulty mdig in that such preferences are context-
specific, that is, they are dependent on the physind cultural environment from which
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people originate. It has been found that touripesiception of environmental quality is
influenced by their past experiences, socio-econdrackground and culture (Petrosillo et
al. 2006).

Thirdly, most studies focus on total economic vaararather than marginal values and so
the application of scenarios to model the impatthange is constrained.

Already developed integrated models

Existing models of nature tourism demand are few fr between, and are unable to
include any aspects of biodiversity amongst thaniables. Brainard and colleagues (2001)
have produced models predicting demand for reaneati English woodlands based on
accessibility, local population, and facilities peet. Likewise Jalale (1993) used
conventional demand modelling to identify factoffeeting visitation to national parks in
Malawi and found access and facilities to be imgat Balmford and colleagues
(unpublished) have been the first to attempt to ehatisitor numbers to protected areas
globally, using a database of site-specific andonat data. None of these models were
able to include significant variables relating tmdiversity. This may reflect both the
importance of non-biotic factors (such as access)vell as the range of motivations for
nature-based tourism, including various aspectsatiiralness and biodiversity that cannot
easily be distilled into adequate quantitative alalies (Goodwin & Leader-Williams 2000).

In the UK Carver and colleagues (2002) have dewsl@method for mapping a subjective
judgement of landscape, in this case wilderness. aBywing users to weight the
importance of underlying spatial variables sucliliaiance from nearest road, the different
preferences of various groups for landscape geslitbuld be determined, and potentially
the relative importance of those qualities produogdiodiversity could be measured. It is
possible that a global map of a general subjedeseriptor such as ‘natural attractiveness
could be pieced together in this manner by allowimgal weighting of the underlying
landscape qualities. Such a map could then be cmdbyith other recognised variables
influencing tourism demand such as accessibilitgreate a model for general domestic
outdoor recreatiopotential

clearly distinct categories such as scuba divedskard watchers, and to limit any model
extrapolation to those areas where tourism cugreists (e.g within national parks rather
than across natural ecosystems more broadly. Takenge is that likely (and relatively

simplified) scenarios based on land use changadeutsotected areas would not trigger
marginal changes in protected area tourism thakdcbe valued, unless models included
the impact of neighbouring land use change on pretearea biodiversity. Even if it did,

the likelihood of substitutable alternative dediimas as menetioned above would limit the
impact on global provision of tourism benefits.

Avalilability of adequate data

» Further data on the magnitude (and value) of diffetypes of tourism in different
ecosystems is a pre-requisite for any modelling@se.

» Further work examining how nature-based recreati@mand (either general

outdoor recreation with a primarily local catchmentature-based tourism with a
potentially much broader regional or global catchtheesponds to changes in
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biodiversity (or land use type at the very least)réquired before any global

scenario models can be created.

Adequacy of scenarios

* None currently available for nature-based tourisih @ecreational activities.

What can be done in Phase 1I? At what cost? By viBom

We recommend that in the short term, activitiestamefold, both focusing on the value pf
specific recreational types in different habitakSrst, more in-depth literature-based
syntheses of well-studied activity subtypes, nanselyba-diving and bird watching, where
the relationship between recreational benefits l@indiversity is more clearly defined and

where valuation studies are more advanced.

Second, and of potentially greater value, modellohgnge in the availability of local

outdoor recreation with changing land use/urbaimsaénd thus increasing distance|to

recreational sites. The importance and impact ees&/distance on tourism demand
already well modelled, and numerous organisatinriie UK have expertise in this area.

There is also benefit in modelling tourism demamdl anarginal value for terrestrial
protected areas. This work has recently begun imikCialge, and investment will be

required in two areas: (1) refining the global tasimodel for protected areas, and (2)

extending it to include economic valuation. Thidlwequire improving the coverage and
comparability of protected area visitor and finadeg¢a, besides a more targeted literature-

search for valuation case studies. For this, UNEPMA in partnership with Cambridge

University, the International Centre for Resporsiffourism and the IUCN WCPA afe

well-placed to lead.

These two approaches would need a minimum of Zhareker-months, and could in theory

and in combination provide some kind of partial giaal valuation that could be included

in a global scenario modelling exercise.

4.12.7 Insights for economic valuation

The valuation of recreation can be done based dunaladinancial flows, although

distinguishing what proportion of expenditure dgria tourism excursion should be
attributed to natural attractions can be challegqgWhere there is no direct expenditure,

other evaluation methods such as travel cost carsbe.

Since a propotion of the value of recreation is cayptured in markets it is common in
recreational valuation studies to use contingeduatmn methods to estimate ‘user
surplus’, the proportion of the value of the exprde retained by the tourist rather than

" This is our recommendation for Phase 2, based enesults of this review. It does not commit thadiers

of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor
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captured in entrance fees, for example. Such mstlane problematic, but the issue of
where to draw the line in defining what to includean evaluation of economic benefits is a
very important one to resolve at the outset ofglopal exercise.

4.12.8 Some key resources

Web resources are extremely limited since, apam tUNEP-WCMC and the University of

Cambridge (and the Natural Capital Project) noisrexploring this issue at a global scale.
The following is broken down into some key orgatieas and some web-available
literature:

Organisations

Natural Capital Projectvww.naturalcapitalproject.org/

World Database on Protected Areas: www.unep-wcrgbaapa/
World Commission on Protected Areasiw.iucn.org/wcpa
International Centre for Responsible Tourismw.icrtourism.org/
World Travel Organisationiww.world-tourism.org/

Reports, publications and journal articles

RSPB. 2007. Wellbeing through Wildlife in the EU.
http://www.birdlife.org/eu/pdfs/Wellbeing_EU_finalersion_2mb.pdf

Pretty J, Griffin M, Peacock J, Hine R, Sellens il &outh N. 200%A countryside
for health and wellbeing: The physical and mengdlth benefits of green exercise
University of Essex, Colchestekvailable online at:
http://www.countrysiderecreation.org.uk/pdf/ CRN%28e%20summary.pdf
http://195.92.230.85/Images/Hine_tcm2-30031.pdf

Bird W. 2004. Natural FitCan Green Space and Biodiversity Increase Lefels
Physical Activity? RSPB. The RSPB. Available at:
http://www.rspb.org.uk/Images/natural_fit full vems tcm9-133055.pdf

Collins, S. 2006. The Makuleke model for good goaeice and fair benefit sharing
Steve Collins in IUCN. Policy Matters
http://www.iucn.org/themes/ceesp/Publications/netist/PM14-
Section%201V.pdf

Health Council of the Netherlands. 2004. The inflce2 of nature on social, physical
and psychological wellbeing. Part 1: review of emtrknowledge. Report to the
Minister of Agriculture, Nature and Food.

http://www.rmno.nl/files _content/Nature%20and%?20}kteadf

UNEP / CMS Secretariat (2006). Wildlife watchingdaourism. Bonn. Available
at:

http://www.cms.int/publications/pdf/wildlifewatchin text.pdf

4.12.9 Participants in this sub-review

Authors

James Beresford (University of Cambridge, UK)

Matt Walpole (UNEP-WCMC, UK)
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4.13 Regulation of natural hazards

This section is a fully developed review, includiogtributions by experts in the field, most
of whom subsequently reviewed the text.

4.13.1 Why is this process important for human wellbeing?

‘Natural hazards’ are defined here as infrequerturabh phenomena that — during a
relatively short period of time — pose a high leokthreat to life, health or property. These
include seismic events (volcanic eruptions, eadkgs, tsunamis), extreme weather events
(hurricanes, floods), avalanches and land slidéss @efinition excludes what has been
termed ‘slow hazards’ (Cochard et al. 2008), sixgradual beach erosion or sea level rise
(although these may increase the intensity andéguency of other hazards).

Natural hazards have tipotentialto affect life, health or property, but generadill only

do so if they occur in vulnerable areas (areasmieduby humans or property). We define
‘natural disasters’ as significant personal injoryproperty destruction caused by natural
hazards. A natural disaster is therefore the careseze of natural hazards which take place
in vulnerable areas (Blaikie et al. 2004).

Here we focus on the influence of ecosystems iweming or mitigating the effects of
natural hazards. That is, we focus on the bioplysaspects of energy attenuation by
biological systems. A proper valuation of the tilof ecosystems for hazard mitigation
needs to integrate information on the biophysicgpeats discussed here with data on
vulnerability (distribution of people and infrastture).

Note that the influence of ecosystems in regulatwager flow is also dealt with in Section
4.9, but there it covers the regulation of seasfioal. This section refers to the influence
of ecosystems in preventing or mitigating the efex more extreme events.

Natural hazards affect millions of people and caugkons of dollars in property damage
every year. In 2000, for example, floods affected Billion people in Cambodia (with
associated costs of US$145 million), 5 million irrvNam (US$285 million), 5 million in
Bangladesh and 30 million in India (FAO & CIFOR 3)0The 2004 Indian Ocean tsunami
left more than 270,000 people dead and causedrsliof dollars in damage (ISDR 2006).
In 2005, Hurricane Katrina hit the gulf coast of tinited States, killing an estimated 1,200
people, displacing tens of thousands, and causamgades in excess of $200 billion
(Dolfman et al. 2007). Natural hazards can alsecaffiuman health indirectly, for example
floods can promote waterborne infections and velstone diseases, and cause adverse
mental and physiological effects that can last et years (Guenni et al. 2005).

Living organisms can form and create natural besrie buffers, such as forests (including
mangroves), coral reefs, seagrasses, wetlandsdames. These have been suggested as
valuable in mitigating the effects of some natdratards such as coastal storms (Wells et
al. 2006), hurricanes (Costanza et al. 2006), cacit-borne floods (Bradshaw et al. 2007),
tsunamis (Kathiresan & Rajendran 2005), avalan¢@esber & Bartelt 2007), wild fires
(Guenni et al. 2005) and landslides (Sidle et @0&). The available evidence for some of
these effects is still scarce, and in some casesau@rsial (see below).
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Here we focus on catchment-borne floods, sea-bbarards (including hurricanes and

tsunamis, that also cause floods), and landslidés.chose these because the potential
value of ecosystems for mitigating these hazardsréeeived considerable attention in the
literature.

4.13.2 What are the overall trends in regulation of naturbazards by ecosystems?

The Millennium Ecosystem Assessment (MEA 2005) mered that there is a high to
medium certainty that natural hazard regulationises are declining, due to loss of natural
buffers such as wetlands and mangroves. Indeedf #ie ecosystems mentioned above as
potentially valuable in providing barriers or buffamitigating the effects of natural hazards
are known to be in decline, either globally orange parts of the world (see Section 4.13.4
below). For example: Twenty percent, or 3.6 milliba, have been lost from the 18.8
million ha of mangrove forests covering the plamett980 (FAO 2007b); 20% of coral
reefs have been seriously degraded in only thetpastiecades (Wilkinson 2006); coastal
wetland loss is extremely rapid, reaching 20% alyiuasome areas (Agardi et al. 2005).

On the other hand, the value of the regulation ithatovided by these ecosystems is likely
to be escalating, given an increase in human vahbily to natural hazards. Indeed, not
only is human population overall increasing, bubgde are settling preferentially in flood
plains and coastal regions, and concentrating liamurareas where water infiltration and
drainage are reduced. Furthermore, excessive watkdrawal is leading to local land
subsidence in some areas (e.g. Bangkok is sinkmgwerage 2 cm per year; FAO &
CIFOR 2005). Additionally, the frequency of someunal hazards is predicted to increase
with climate change (Stern 2007; see Section 4.f8)example, increased sea surface
temperature is predicted to increase hurricangigc{Saunders & Lea 2008).

4.13.3 How is the regulation of natural hazards affecteq kbhanges in wild nature?
Catchment-borne floods

Floods are the rising of water bodies and theirrftm@ing onto normally dry land
(Bradshaw et al. 2007). We refer to ‘catchment-bofloods’ as those that result from
extremely high levels of precipitation or rapid snmelt within a catchment. Floods may
also happen in coastal areas through sea waterimaursion (see sea-borne hazards). A
coincidence between heavy rainfall and strong ebaginds (e.g. during hurricanes) may
result in major flooding events, particularly irtegine regions.

It seems undisputed that geomorphology and raipttierns are the main factors affecting
the likelihood of catchment-borne flooding in a ejivregion (Bruijnzeel 2004). The
question being posed here is whether land useasaiceablanarginal effect on flood
magnitude.

Upland forestshave long been considered to play a key role & pinevention of
downstream flooding, and watershed managementftersiacluded forest management as
a means of regulating flooding (FAO & CIFOR 200%he proposed mechanism is that
forests increase water interception and evapor#ton the tree canopy, and further reduce
runoff by increasing solil infiltration and storafge ‘sponge effect’; FAO & CIFOR 2005;
Bradshaw et al. 2007).

163



Evidence indicates that the key factor linking lange and flood regulation is soil
condition, rather than the trees, and that muchhef soil degradation associated with
deforestation results from poor land use practi@@g., soil compaction during road
building, overgrazing, litter removal, destructioh the organic matter, clean weeding;
Bruijnzeel 2004; FAO & CIFOR 2005). While at leasime of these effects are potentially
avoidable through reduced impact logging (Chapgtedll. 2006), in practice they do tend to
come hand-in-hand with forest loss, and as suishgtill pertinent to ask what the impacts
of deforestation are on flood regimes.

A recently published global model (Bradshaw et2807) provides the strongest available
evidence linking natural forest cover to frequenoy severity of flooding, at country level,
across the developing world (after controlling famnfall, slope and degraded landscape
area). Their models suggest that a loss of 10%atdiral forest cover would result in
increases in flood frequency ranging from 4-28%ossithe countries included. Brujinzeel
et al. (2007) have argued that results may be mqilaby deforestation acting as a proxy
for post-forest land use, rather than by forest l[m®eper.

Bradshaw et al. (2007) also found that while natimaest cover had a negative association
with flooding risk, non-natural forest was positiveassociated. This may perhaps be
explained by differences in forest characteridfgcg. canopy structure) or by differences in
the soil (with previously logged forest having nette suffered from soil compaction and
erosion).

Considering that Bradshaw et al. (2007) excludddeexe rainfall events such as cyclones
and typhoons (Laurance et al. 2007), there doesseein to be any clear published
evidence that forests and their soil have a ndbieeaffect in regulating floods for the
extreme rainfall conditions that lead to major lowy events, when the soil becomes
saturated and loses its ability to store furthetewgdFAO & CIFOR 2005). However,
subsequent analyses by Bradshaw and colleague®r{tyrin review) indicate that the
inclusion of extreme flood events predicts a neadbntical relationship between forest
cover and flood severity and frequency.

FAO & CIFOR (2005) quote a literature review (Kielms2001) that found that the effects
of landcover on floods are only noticeable for dnbalsins (area <50,000 hectares), the
interpretation being that for larger areas the a$feof flooding tend to be averaged out
across the different sub-basins as storms pass(bX& & CIFOR 2005). Bradshaw et al.
(2007) used countries, rather than basis, as aafnitnalyses, so their results are not
comparable in this aspect.

As for riparian foreststhey seem to have an effect in increasing lot@bding by
increasing water flow resistance, particularlyhié tvegetation is non-flexible (Darby 1999).
It is possible that this effect is not significaior large flooding events (Darby 1999).
Presumably, an upstream delay may have downstreamefits, by increasing upstream
infiltration and reducing the water speed, particylin areas prone to flash floods.

Inland (freshwater) systemsuch as wetlandsncluding peat swamp forests; Wosten et al.
2006) and_lakesare considered to have an important flood atteémueeffect through
energy dissipation of runoff peaks, and by storexgess water (Guenni et al. 2005).
Gosselink et al. (1981, quoted by Guenni et al.52G0und that the storage capacity of
forested riparian wetlands adjacent to the MigsEgUSA) declined from 60 days of river
discharge during pre-settlement times to less ft#tadays discharge (an 80% reduction of
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flood storage capacity) and that this contributedhte severity and damage of the 1993
flood in the Mississippi Basin. Although conceptyat must be possible to quantify the
marginal effects of freshwater wetlands and lakesflooding in a similar way to the
approach employed by Bradshaw et al. (2007) wandidind any such study.

Landslides

Landslides are naturally occurring phenomena iepsterrain, and can pose significant
hazards to humans and property. The majority clifas and the highest relative costs
occur in tectonically-active monsoonal and tropicatlone affected areas of Asia and the
Americas, while absolute economic losses are highemountainous developed countries
with high levels of rainfall and/or seismicity, ably Canada, the United States, Japan and
Italy (Petley et al. 2007). Landslide frequencymseo be increasing, and it has been
suggested that land-use change, particularly detfatien, is one of the causes.

There are two main types of landslides: shallowjddandslides are episodic processes
triggered by individual rainfall events or artifatiinputs of water; slower, deep-seated
landslides initiate or activate after a longer-texotumulation of water. The major risk to

humans occurs with shallow, rapid landslides amdoittasional deep, rapid landslides that
impact areas where humans settle; conversely, slaeep-seated landslides rarely cause
loss of life, but can inflict extensive propertydaenvironmental damage (Sidle et al. 2006).

In steep terrain, forestwotect against landslides by modifying soil maistregime (Sidle

et al. 2006). Indeed, tree evapotranspiration reslgcoundwater levels, limiting the period
of shallow landslide susceptibility as well as fteriod of deep-seated landslide activity.
Deep-rooted vegetation dries soils at greater detpidin shallow-rooted species. Tree roots
and soil faunal activity contribute to macroporeniation and therefore to soil drainage.
Additionally, forests contribute to soil shear sgth by providing root cohesion to the soil
mantle (Sidle et al. 2006). Shallow soils are more influenced by rooting strength than
deeper soil mantles. In shallow soils, roots mayeprte the entire soil mantle, providing
vertical anchors into more stable substrate. Ddéatezal root systems in the upper soil
horizons form a membrane that stabilizes the $bils membrane is much more significant
in protecting against shallow landslides than deegted landslides. Tree roots may lend
some stability to deeper soils by lateral reinfoneat across planes of weakness; however,
this beneficial effect would diminish with largendadeeper potential failure sites. Forest
loss renders slopes increasingly sensitive to ladel$riggers, and increases the mobility
(i.e., the run-out velocity and hence distancelliofles once they have been initiated (Petley
et al. 2007). It may take up to two decades forosdary regrowth forests to regain
comparable levels of root structure (Sidle et @06).

Forests are more effective at preventing shallor(xlandslides, while deep-seated (>3m)
landslides are not noticeably influenced by thespnee or absence of a well-developed
forest cover (Bruijnzeel 2004; FAO & CIFOR 2005).

Sea-borne hazards

The most common sea-borne hazards are wind-gedestaiam surges. In tropical regions
(mostly in the belts between 5° and 25° north amdls of the equator), these are typically
associated with cyclone, hurricane or typhoon ssofnere, generally referred to as
cyclones) with the effect of wind combining withwoatmospheric pressures, and
sometimes with high tides, to generate the storrgesuAn average of 240 hurricanes in
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categories 1-5 are recorded every year, abouthortedf which are very intense (categories
4-5; Webster et al. 2005). Storm surges may happesome temperate regions as well,
such as the Atlantic coast of North America andeftgha and Uruguay; in Argentina, for

example, persistent wind caused by 3 to 5 day stonay induce sea level rise up to 4 m,
causing extensive floods in coastal areas (Perdl#®7). Tsunamis (generated by
earthquakes or submarine landslides) are significdéess common, with an average of a
major tsunami per decade, usually in the Pacifieadc(NOAA 2008). Lander and

colleagues (2003) list 157 tsunamis that occurriethaily between 1983 and 2001; of
these, 30 caused damage and 16 caused fatalitibat aineteen events were in the Pacific
region (including Indonesia).

Wind-generated waves and tsunami waves have qifiégeet characteristics (from Yeh et
al. 1994; NERC et al. 2000; Cochard et al. 2008)geéneral, tsunami waves are faster,
higher and contain much more energy than wavesciated with cyclone storm surges.
Wind-generated waves contain most of their enempgr ithe surface and are only a few
dozen meters long, while in tsunamis the wave gnerglistributed throughout the entire
water column and wave length can reach hundre#i#arhetres. As a tsunami approaches
land, it takes on the characteristics of a violentushing tide (rather than a typical cresting
wave) and the wave increases in height as it appesathe shore. Although storm surges
normally hit the coast at lower speeds than tsusathe continued driving force of wind
may cause them to penetrate deeply inland; lam@enssurges persisting for several hours
during a cyclone may cause greater physical ddg&iruto infrastructure and ecosystems
than a few high-energy tsunami waves. On the dthed, tsunamis rarely arrive as a single
wave (rather, they typically occur in series knoas ‘wave trains’) and this can have a
much greater effect than that predicted on thesbafseach wave arriving alone, because
the first wave in the train will clear much vegeiat and enable following waves to
penetrate further than predicted on the basis @fwhve height at the coast and the pre-
existing vegetation, and because the second argkguént waves are loaded with debris
(Synolakis & Kong 2006).

Given the significant differences between wind-gated waves and tsunamis, it is natural
that ecosystems vary in the degree to which theyanaot act as barriers in each case.

Coral reefsrepresent a first important ‘line of defence’ arghiopen ocean wind-generated
waves; by various interacting wave transformatiord alissipation processes such as
shoaling, refraction, diffraction, bed friction, carenergy dissipation through turbulence
during the breaking process, reefs may absorb @ of the normal wind-driven surface
wave energy (see Cochard et al. 2008 and refer¢heesin). Reefs also have a significant
effect in reducing the impact of storm waves. Bareple, during tropical cyclone Aivu in
North Queensland in 1989, wave heights of 10 m wedeiced to about 6 m after passage
over coral reefs (Young and Hardy 1993). The effexftreefs on wind-generated waves
depend on aspects such as: reef morphology (detednby species composition), reef
structure (elevation, reef slope and reef flat iidtelative water depth at reef edge; reef
natural continuity and condition (dissipation isvkr for fragmented and/or degraded
reefs); distance between the reef and the shal&; ieight (wave dissipation higher in the
low tide) (Cochard et al. 2008 and references ther€oral mortality results in the gradual
loss of the three-dimensional structure of the @efthe dead coral is eroded by wave
action, which both reduces it effectiveness asradralby increasing the depth of water
above the reef flat) and diminishes its wave dasgm properties (by reducing roughness;
Sheppard et al. 2005).
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The effects of coral reefs on tsunami waves arehntegs straightforward. The first studies
after the 2004 Indian Ocean tsunami suggestedrthging around small island reefs had a
protective role (UNEP 2005), subsequently suppobednodel simulations (Kunkel et al.
2006). However, this may be due to refractionh& tsunami wave around small islands
rather than by the reefs (Yeh et al. 1994). The/ anultifactorial study of the tsunami
impact to incorporate bathymetry, geomorphologystatice from source, and coastal
ecosystems, found that areas covered by coral weefe more affected by the tsunami
(Chatenoux & Peduzzi 2005, 2007). It has been sigdehat this could be explained by
channelling of the wave flow through gaps in thefralthough this is not supported by
model simulations (Kunkel at al. 2006). Other nuarsimulation studies (Lynett 2007)
concluded that an obstacle, such as a reef, wilayd reduce run-up and maximum
overland velocity — but that when the obstaclenmls relative to the wave length of the
tsunami, the reduction will be “practically incogsential”. The fact that overall coral reefs
suffered relatively little direct wave damage frdine Indian Ocean tsunami (Wilkinson et
al. 2006), even in the areas where it was mostieus (Baird et al. 2005), suggest that
coral reeds had little interaction with (and therefcaused little attenuation of) the tsunami
wave.

While seagrassesan occur in locations exposed to fairly high waveergies, extensive
seagrass beds are predominantly found in rathélest@ locations of intermediate to calm
waters, such as on extensive intertidal and perntgnsubmerged sand and mud flats in
bays and estuaries, or in lagoons behind corakraefl sand bars. Many seagrass beds,
therefore, only act as secondary wave buffers, ikgepiind-driven waves at reduced
heights (at least at about the local water depéhjira reefs and other ‘frontline’ buffer
features. Very broad, dense seagrass meadows dastastially contribute to the
dissipation of wave energy on shallow tidal flafhie effectiveness of wave attenuation
depends on the water depth and the length, deasitly flexibility of seagrass blades
(Cochard et al. 2008 and references therein).

Seagrass beds were found to be negatively asstoratd the magnitude of tsunami
impacts in the study by Chatenoux & Peduzzi (2&IH)7), but the authors note that the
shallow, gently sloping coastal bathymetry assediatith this ecosystem could be a
confounding factor. Like mangrove forests (see Wwglgeagrass areas occur chiefly in bays
where bathymetry is likely to produce a high tsunamave flow depth, and so they may
function as ‘offshore land’, diminishing some ottlwvave energy before the waves wash
over the actual shoreline (Cochard et al. 2008})his case, however, any protective effect
is attributable to bathymetry, and not to the pneseof the seagrass ecosystem.

Mangrove forestsare composed of salt-tolerant species and occuquisbusly as a
relatively narrow fringe between land and sea, betwlatitudes 25°N and 30°S (Valiela et
al. 2001). They thrive in areas of relatively calraters such as in estuarine environments,
on accreting shores with fore-lying mudbanks, igshand in lagoons, and areas protected
by sand bars, islands, coral reefs and/or seabedss (Cochard et al. 2008 and references
therein). It is generally assumed that mangroves re protective role against cyclone
storm winds and associated wind-generated wavedisga.g. Badola & Hussain 2005).
Indeed, mangrove stands have been shown to redage @nergy through the increased
drag caused by their complex root (pneumatoph@esiems and dense branch and leaf
cover (Mazda 1999). Not all mangroves are the st#magh, and the degree of wave
attenuation depends upon the density, size, andespeomposition (Mazda 1999). The
value of mangroves as a protection buffer agaiesy Yarge cyclonic storm surges is not
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known exactly, but likely to be more significant farge stands of old-growth mangroves
(Cochard et al. 2008).

The value of mangroves for protection from tsunanais been hotly debated. Many initial
observations suggested that mangroves dissipatetl ofuthe energy of the Indian Ocean
2004 tsunami (e.g. EJF 2006; UNEP 2005). Theseassns were supported by several
published studies (Dahdouh-Guebas et al. 2005; dsam et al. 2005; Kathiresan &
Rajendran 2005; Iverson & Prasad 2007) which wetensively quoted as evidence for the
value of tsunami ‘greenbelts’. However, the adeguafthe analyses in each of these
studies has subsequently been questioned (e.g.eKair 2006, Kerr & Baird 2007, Baird
& Kerr 2007, 2008) and it has been suggested timatetfect of tsunami greenbelts is a
myth (Baird & Kerr 2007). Chatenoux and PeduzziO@0found less tsunami impact with
mangrove cover but were unable to tease out argcteffom the influence of coastal
topography, as all their test sites with mangroweec were situated in sheltered areas.
Given the long period of tsunami waves, mangrovgespérmeable barrier’) cannot be
expected to prevent flooding altogether, but paddigtthey can contribute to dissipating
wave energy by increasing land roughness. Indeedemtly inclined coasts, the extent of
area inundated by the tsunami is limited not byrtfeximum height that the tsunami can
reach but rather by the dissipation of the waveliag forces as it flows over the more or
less rough surface of the land (NERC et al. 200@yetation affects roughness: models
estimate that the inland inundation distance fotGam high tsunami on a flat area
(mudflats, ice, open fields without crops; rouglmesefficient 0.015) is 5700 m, while on
forest or jungle (roughness coefficient 0.07) thendation distance would be 260 m
(NERC et al. 2000). The current situation is theguificient studies have been done to
either prove or disprove the value of mangrovedtrdéor tsunami mitigation. Future tests
are needed that control for key confounding facgush as bathymetry and topography
(Cochard et al. 2008). It is likely that for the shaviolent tsunamis the buffering role is
fairly negligible, while in less extreme situatiotigee protective role of forests cannot be
dismissed (Cochard et al. 2008).

Coastal duneare less well developed in the tropics than inperate zones. Dunes form
barriers that can prevent waves (up to a certaightiefrom flowing inland and absorb
energy from wave impact. Models and empirical engdesuggest that a tall sand dune
barrier can significantly contribute to buffering lower tsunami waves (Liu et al. 2005;
Cochard et a. 2008). Dune vegetation does not Hiyrplay an important role in buffering
wave impacts directly, but it is crucial for proingd stability to sand dunes and the
coastline (Cochard et al. 2008 and references itf)ern temperate systems, dunes are
often dominated by grass (such Aasmmophila arenaripthat actively contribute to dune
formation and growth by attenuating wind speed @apping sediments. Higher dunes are
more effective barriers. A#. arenaria density increases over time, dune height also
increases due to sand deposition, and so doesiblket lof waves that can overtop the dune
(Barbier et al. 2008).

In tropical areas, dune development is suppresgedyiid colonisation by beach forest

This may have a significant buffering effect agastorm surges and, as with mangroves,
may in principle attenuate the effects of tsunamaves by increasing land roughness
(Cochard et a. 2008). Though coastal tsunami piiotedorests have been planted and
maintained in Japan for many years, little fieldadan potential damage mitigation by
coastal ecosystems was available until the devagtttunami of December 2004. Mature,
single-species stands of planted trees (partigutastonuts, but als@asuaring seem to
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offer less hydraulic resistance to small tsunaimg tmangroves, since they often lack both
dense vegetation undergrowth and a web of stiltstom contrast, multiple-layer beach
forests may be more effective tsunami buffers (@odtet al. 2008).

Wetlandssuch as salt marshes in estuaries and deltasoasidered highly valuable for
coastal protection, including from high intensityriicanes such as Katrina (e.g. Costanza
et al. 2006). A recent analysis (Costanza et &8p@und that differences in wetland area
explain 60% of variation in hurricane-related damagthe US since 1980, estimating that
coastal wetlands in the US currently provide $28Ifon/yr in storm protection services.
Coastal wetlands have been suggested to reducdatheging effects of hurricanes on
coastal communities by absorbing storm energyudioly by: decreasing the area of open
water for wind to form waves; increasing drag ortexanotion (and hence reducing the
amplitude of a storm surge); and directly absorbuage energy (Costanzat al. 2006).

What is the relationship between habitat area ahd tmpact of ecosystems on the
regulation/mitigation of natural hazards?

There is evidence, for at least some natural haz#ndt the relationship between regulatory
function and area/width is an inverse asymptotiati@ship, with a small ecosystem
area/width providing substantial protection, andsaquent added value increasing slower
with increasing area/width. This is supported byeital analysis of the effect of forests in
reducing the frequency of catchment-borne floodsadBhaw et al. 2007), and by
measurements of attenuation of wind-generated wageshey cross mangroves and
marshlands (Barbier et al. 2008).

We found no study on the relationship between tlea @overed by forest and landslide
attenuation. It may be that in this case a smétmince between nearly forested and 100%
forested is actually more important than the sammalls difference between nearly
deforested and 0% forest cover.

We found no study that investigated the relationdietween habitat area (e.g. mangrove
width) and impact reduction for tsunami waves.ny auch effect does exist, it is likely that
for smaller areas/widths it is negligible.

hazard regulation effect

area/width of relevant ecosystem

Figure 19. Relationship between the area/width of relevantsgsiem and the effect on the
regulation of natural hazards (e.g., relationstepmMeen width of mangrove stand and the overall
effect of the mangrove forest on regulation of steurge).
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4.13.4 What are the main threats to the regulation of na&l hazards?

The main threats are those leading to a declineowerage and/or degradation of the
relevant ecosystems:

- Forestsworldwide, and tropical forests in particular, éineeatened by logging and
agricultural expansion (Mayaux et al. 2005).

- Inland freshwater systemare threatened by: changes in land use (partigular
vegetation clearance, drainage, and infilling);iagdtural expansion; urbanisation;
invasive species; hydrologic modification to inlandaters; over-harvesting;
pollution, salinisation, and eutrophication; anthbgl climate change (Finlayson et
al. 2005).

- Threats to coral reeiaclude climate change, ocean acidification, didestruction
(e.g. destructive fishing methods; mining), ovdrifig), pollution, sedimentation,
and disease (Wilkinson 2006).

- Seagrass bedylobal declines are attributed to dredging anchanng in seagrass,
meadows, coastal development, eutrophication, lsgtiarzation (resulting from
changes to inflows), siltation, habitat conversi@ng. for algae farming), and
climate change (Agardy et al. 2005).

- Mangroveshave been degraded by conversion to aquacultoreet extraction, use
of wood for fuel and charcoal production, diseamed storms (Valiela et al. 2001).
Sea level rise poses another threat, but in thgeloterm mangroves are resistant to
shoreline evolution (Alongi 2008).

- Beaches and dunésmve undergone massive alteration due to coastal@pment,
pollution, erosion, sand mining, groundwater used &arvesting of organisms
(Agardy et al. 2005).

- Coastal wetlandfiave undergone widespread change and destrugidoticularly
through draining for land reclamation, and are aiethe global ecosystems
predicted to suffer the most from climate changgaiy et al. 2005).

These ecosystems vary in their resilience to distice and in their capacity to recover
following destruction.

4.13.5 Are abrupt changes likely in the regulation of natal hazards?

If the relationship between hazard regulation atwbgstem extension is indeed an inverse
asymptotic relationship (see above), then it mappka that in regions where past

ecosystem loss has been extensive, the next Iossehave a disproportionate effect in the
provision of this service.

Coral reefs are subject to rapid changes whichnatesasily reversible (see Section 4.6).
Hence, if they are found to have an important mlenitigating sea-borne natural hazards,
this benefit may be at risk. Overfishing may trigge transition to an algal-dominated
system (Mumby et al. 2007) while climate change canse sudden and/or widespread
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mortality due to increasing coral bleaching andseguent mortality, as well as weakening
of the coral skeletons as a result of ocean acatibn (Hoegh-Guldberg et al. 2007). Dead
coral reefs retain their sheltering value for a fgars, but eventually the skeletons begin to
disintegrate and the reef crest starts erodingjaiad its dissipating effect on incoming
waves (Sheppard et al. 2005).

Coastal ecosystems are often linked by physicaledlsas biological interactions (Cochard
et al. 2008). Coral reefs’ protection of shorelifasilitates the growth of mangroves and
seagrasses, and so their degradation may haveerfugpercussions for the capacity of
ecosystems to mitigate natural hazards. On the bioed, mangroves and seagrasses bind
soft sediments, facilitating reef development ieaar that would otherwise have too much
silt, and therefore preventing coral reef sedimtgoa

Climate change, ocean acidification and sea-leis&l are the conditions that are more
likely to result in rapid, non-linear, and diffituto reverse changes in the value of
ecosystems for mitigating some natural hazardsekample, climate change may increase
the frequency of hurricanes or fires to such letledd natural vegetation has no the time to
recover between events, while ocean acidificatiod bleaching may result in the quick

demise of large coral reefs.

In many cases, the effect of ecosystems on natawdrd mitigation is not proper|y
established yet. Assuming such an effect is estadudi, abrupt changes in this
service may be associated with abrupt changesoisystem extension and conditian,
for example the degradation of coral reefs or fisrelsie to climate change. If the
relationship between hazard regulation and ecosyst&tension is an inverse
asymptotic relationship, then it regions where pasisystem loss has been extensive
may suffer a disproportionate future decline inghavision of this service.

4.13.6 Can we quantify and map the global regulation of tu@al hazards and how it
might change?

Catchment-borne floods

A near-global first-cut model is already availabBradshaw and colleagues (2007)
developed a generalized linear and mixed-effectdeiiat controls for rainfall, slope and
degraded landscape area to investigate the reshiprbetween flood frequency and
amount of remaining natural forest in each counfilye model was developed and tested
using data on flood events collected by the Dartiméiliood Observatorpetween 1990 to
2000, from 56 developing countries, based on rem@bsing as well as press reports.

This model would benefit from further developmeatsl tests (Bruijnzeel et al. 297
including using catchments (a finer and more |dgirdt) as the unit of analysis and being

® Note that this comment by Bruijnzeel et al. 200#at currently published as a peer-reviewed atticl
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expanded to the global scale. Additionally, it wbbk desirable to test if the model would
be improved if the presence of freshwater wetlawds also taken into consideration,
possibly using data from the Global Database ofekalReservoirs and Wetlands (Lehner
and Doll 2004).

Better underlying data on floods would be desirabgecurrent data are prone to reporting
bias in areas with more human population (Bruijhzteal. 2007), but it is unlikely that
better data will be made available within the ngedr. It would in any case be important to
test explicitly if the current results are an aatgfof such bias.

The model by Bradshaw and colleagues (2007) doeaarount for extreme rainfall events
(e.g. during cyclones and typhoons). It would bsirdéle to investigate if this means that
natural forest cover does not have an effect ardifltg in these circumstances or if a model
could be expanded which also accounted for theiserag events.

Landslides

There seem to be a wide diversity of modelling apphes for predicting landslide risk
given information on topography, soil, geology,dsir cover and landcover (ranging from
logistic regression, to likelihood ratio models, rteural networks; e.g. Lee et al. 2007b;
Morrissey et al. 2008). Presumably, for any of ¢hesdels it should be possible to isolate
the specific effect of forest cover, as well actmtrast different scenarios with different
land uses. We did not review these models exhalgtivand did not contact experts
specifically on this subject, so we are unabledwaise what type of model would be most
indicated.

Our recommendation is that, in Phase 2, Prof. D&etley at Durham University, is
contacted for advice. He is the founder and Direofahe International Landslide Centre
which is compiling a worldwide landslide fatalityatdbase aiming at analysing global
landslide risk (Petley et al. 2005).

Sea-borne hazards

There are diverse models investigating the effe€tparticular ecosystems on physical
wave attenuation (e.g. Barbier et al. 2008). Thmeduce useful information, but cannot be
easily extrapolated to modelling coastal protectioross entire regions. Furthermore, they
do not account for the interaction between diffegosystems (e.g., mangroves sheltered
by fringing coral reefs) or for the spatial configtion of barriers (e.g. gaps in coral reefs).

While a number of models have been developed oefteets of coastal vegetation on the
impacts of the 2004 Indian Ocean tsunami, these haportant limitations (see references
above) and as such are not proposed as adequadhdse 2. It is still a hypothesis that
coastal vegetation has a significant effect in oatly impacts from tsunamis. Only if this
hypothesis can be verified, and only if such effsot be quantified and predicted, can the
value of ecosystems for mitigating tsunamis benesgid. Hydrodynamic models of
tsunami propagation and inundation have been dpedlowhich take into account
bathymetry and topography (MOST model: method difte tsunami; Titov et al. 2005;
Borrero et al. 2006), and these would need to fieee to account for detailed information
on how coastal landcover affects the propagatiahthe impact of tsunami waves. Such
models could be calibrated using the vast amoumnlatd collected in the aftermath of the
2004 Indian Ocean tsunami (Cochard et al. 2008ding high-quality aerial photographs
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as well as information collected from field surveyEhis would provide a basis for
substantially more reliable tests of the effecte@dsystems and — if an effect is found — a
much more solid basis for generalisation acrossragunami-prone tropical coasts.

Regarding storm surges, such as those caused lmnegand hurricanes, although they are
more frequent, suitable data are not necessarihg @eailable. A promising approach is the
one developed by Costanza et al. (2008) to modeletfects of wetlands for hurricane
protection in the US. They used a regression mioaetd on records of 34 major hurricanes
since 1980, using the economic damage per unit GDEhe hurricane swath as the
dependent variable and the wind speed and wetlegal ia the swath as the independent
variables. GDP was mapped in a spatially-explialyvioy using a linear allocation of the
national GDP to the light intensity values of thght time image composite. In principle,
this approach could be used to model several emoey$ypes simultaneously (e.g.,
mangroves, corals and seagrasses) and their itibgrsc

Costanza et al. (2008) considered extending thmraach to the global scale, but were
prevented from doing so by the lack of good wetlamaps. It is unlikely that such maps
would become available within the next year. Datadther coastal systems may be more
accessible though, through the World Atlas of C&eéfs (Spalding et al. 2001), the World
Atlas of Seagrasses (Green & Short 2003) and tlyping update to the 1997 World
Mangrove Atlas (Spalding et al. 1997) due in 2008e Hawai'i Solar Observatory has
data on tropical storm paths worldwide stretchiragkbto 1995. If data on economic
damage of different hurricanes can be obtained,ntbeel developed by Costanza and
colleagues can potentially be used as a first-adehof hurricane damage considering the
presence or absence of coral reefs, seagrassesaagioves.

If it is not possible to obtain the necessary @dthe global scale, another option would be
to develop regional models based on finer data wws®lthe results obtained in these to
extrapolate globally.
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What can be done in Phase 2? At what cost? By Wwhom

Catchment-borne floods: we recommend developingntbdel by Bradshaw et 3
(2007) as a first-cut basis for an economic evanatWe do however recommend
investing 12 researcher-months in further develogmand testing of the model.
This could be best done through a collaborationveen the research team of Dr.
Corey Bradshaw at the Charles Darwin Universitygialia) and L.A. Bruijnzeel 3
the University of Amsterdam (Netherlands).

~—+

Tsunamis: we recommend investing 12 researcherfaant the development and
test of a model based on the detailed data cotleictehe aftermath of the 2004
Indian Ocean tsunami. This would probably be bestedthrough a collaboratign
between experts on tsunami hydrodynamics (e.g.Masily Titov at the NOAA
Center for Tsunami Research) and ecologists (e.dland Cochard at the Institute
of Integrative Biology, Switzerland).

Storm surges: Provided the relevant data are &lajla correlational model as the
one developed by Costanza and colleagues (2008) bewsed as a first-cut global
model. If this is not possible, models could be edeped for regional scales and
results then extrapolated to the global scale.rvestment of 12 researcher-months
is suggested, based with Prof. Robert Costanzeedtihiversity of Vermont.

Landslides: it should be possible to model the i$ipeeffect of forest cover to
landscape risk. We suggest contacting David Petieipurham University, Directg
of the International Landslide Centre.

-

Adequacy of scenarios
We need the scenarios to produce:
- global maps of forest cover

- global maps (or regional, if landscapes are and)yeé coral reefs, of mangroves,
of seagrasses and of coastal wetlands.

4.13.7 Insights for the economic valuation

If using the Costanza et al. (2008) model for calastorms, the results would already be
produced in economic terms.

For the other models suggested, what would be remtiés the physical reduction in
damage (flooding, tsunamis, and landslides). Theselts would then be crossed with data
on vulnerability (e.g. nightlights as a spatiallkpécit measure of relative GDP; Costanza
et al. 2008) and on observed economic damage wheards to happen to estimate the
spatially explicit economic consequences of diffiérecenarios (with higher or lower
coverage of particular ecosystems).

° This is our recommendation for Phase 2, based @netbults of this review. It does not commit thediers
of Phase 2 to follow it, and it does not commit teeommended research group to actually do suck.wor
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4.13.8 Some key resources

Dartmouth Flood Observatorkeeps a Global Active Archive of Large Flood
Events (1985-present) using information derivedmfra wide variety of news,
governmental, instrumental, and remote sensingesur

International landslide centre maintaining a worldwide landslide fatality dadaze.

The Hawai'i Solar Observatoryias data on tropical storm paths worldwide
stretching back to 1995, and a facility to calaalptobability of strike given the co-
ordinates of the location.

EM-DAT databasga global database on natural and technologicasters that

contains essential core data on the occurrenceeffedts of more than 17,000
disasters in the world from 1900 to present; maietd by the Centre for Research
on the Epidemiology of Disasters (CRED), SchoolPafblic Health, Université

Catholique de Louvain, Brussels, Belgium.

Reliefweb records past natural disasters worldwide, inclgdihe extent of
destruction and human suffering (but good map$efarea affected are not always
available).

UNEP-WCMC has compiled &Vorld Atlas of Seagrassé&reen & Short 2003),
and aWorld Atlas of Coral Reef&Spalding et al. 2001). AVorld Mangrove Atlas
(Spalding et al. 1997) is currently being updated.

Global Lakes and Wetlands Databadeveloped through a partnership between
WWEF and the University of Kassel in Germany (Lehawed D6l 2004).

NOAA Center for Tsunami Researdoes research and development of methods to
predict tsunami impacts on the population and siftecture of coastal
communities. Chief Scientist: Dvasily Titov.
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4.14 One-time use benefits

This section is based on a quick literature reviam did not receive contributions from,
nor has it been reviewed by, experts in this figlek expect some of the uncertainties we
identify below could be resolved by such a revievegss.

4.14.1 Why are one-time use benefits important for humaehbpeing?

We use the term “one-time use benefits” to refethtzse benefits that are initially copied
from, or inspired by, wild nature, but subsequeptigpagated outside of it. In this section,
the term “natural products” refers to the biodivtgrelements (e.g. species, genes, habitats)
from where one-time use benefits are initially afed.

One-time use benefits include those benefits obthihrough:

- Bioprospecting: the search for new chemical comdsun organisms, particularly
for pharmaceutical use (e.g. Newman & Cragg 2007).

- Biomimicry or bionics: “innovation inspired by na&i (Benuys 1997). Ideas for
new materials or systems that are copied fromnsgpired by, natural designs and
processes, and used for solving human problemsgefample in engineering,
computational science, or architecture.

- Nature art: photography, films and art based opfied by nature (e.g.
Attenborough 2007).

- Domestication: when a species that provides benédithumans is propagated
anthropogenically, such that those benefits arpe@drom domesticated — rather
than wild — populations. This includes, for examptbe domestication of:
pollinators (see also Section 4.1); crop and Inestspecies (see also Section 4.3);
new agents for biological control (see also Sedli@); fish species for aquaculture
(see also Section 4.7); and species used to impvater quality in water treatment
plants (see also Section 4.9).

This may correspond to a seemingly disparate seeoéfits, but they have in common the
fact that their production is directly dependentnaure’s diversity (e.g. of species, genes),
rather than on the abundance of particular spetieged, these benefits require a single
use of nature, which can be consumptive (e.g.aatps harvested to extract a chemical
compound or to establish a domestic populatiomatr(e.g., a documentary is filmed in a
natural area), but does not rely on a continuopglgudrom wild nature. After this one-time
use, the benefits are propagated through anthropog®eans (e.g., propagation of
chemical compounds through the pharmaceutical ingugropagation of images through
television) and continue to aggregate economicevelten if the original natural product is
lost (e.g. if the original plant goes extinct oe thatural area is destroyed). “One-time use”
does not necessarily mean “instantaneous” — ircése of domestication, in particular, a
long time may be needed for the benefit to becomtependent of the original natural
product (i.e., from harvesting of the wild relasvef the domesticated species) and there
may have been multiple origins for the same be@ften & Gross 2008).
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Here, we focus on pharmaceutical compounds obtaireed natural products, as more
information is available on the benefits derivednirthese than from other types of one-

time use.

Table 4. Examples of one-time use benefits, all featuredeasntBBC Newsarticles. See Beattie
et al. (2005) for many other examples.

Species (reference) Benefit BBC News article
Sea cucumber Health: malaria | Sea cucumber ‘new malaria weapon'’
(Yoshida et al. 2007). | treatment Sea cucumbers may provide a potential new way t

block transmission of the malaria parasite.

South American

Health: diabetes

Frog skin diabetes treatment hope

Paradoxical Frog treatment Skin secretions from a South American “shrinking”
(Adbel-Wahab et al. frog could be used to treat type 2 diabetes.

2008)

Sea cucumber Health: brain ‘Sea slug’ inspires brain implant

(Capadona et al. 2008) | implants Sea cucumbers inspire a novel material that coeld

used in brain implants.

Geckos and mussels

New materials:

Gecko glue exploits mussel power

(Lee et al. 2007a) adhesive The remarkable adhesive abilities of geckos and
mussels have been combined to create a super-sti
material.

Geckos Health/new Gecko inspires internal bandage

(Mahdavi et al. 2008) | materials: The gecko lizard has helped inspire scientists in

waterproof Massachusetts to develop a waterproof adhesive

medical bandage

bandage for surgical wounds and internal injuries.

Southeast Asian beetle
(Vukusic et al. 2007)

New materials:
extremely white

White beetle dazzles scientists
A dazzling insect could help the development of

O

cky

materials brilliant white, ultra-thin materials.
Bees New technology: | Insect eye inspires future vision
(Jeong et al. 2006) ultra-thin An artificial insect eye that could be used inasthin
cameras cameras has been developed by scientists in the US.
Spiders and geckos New materials: | ‘Spider-man’ suit secret revealed
(Pugno 2007) adhesive A “Spider-man” suit that enables its wearer to acal
vertical walls like the comic and movie superhero
could one day be a reality.
Sea squirt Health: Sea squirt drug ‘treats cancer’
(Grosso et al. 2007) cancer treatment| A drug made from the sea squirt may help those wjth
a form of cancer.
Bats Ideas: fly engines Flexible secrets of how bats fly
(Hedenstrom et al. 2007) Researchers use honey and a wind tunnel to image th

amazingly flexible flap of a bat's wings.

Water lily Ideas: solar Water lily plan for solar power
panels Large lily-shaped discs which harness solar power
could soon be seen floating on the River Clyde.
Rattlesnake Recreation: Wild rattlesnake hunt filmed
(Attenborough 2007) nature A BBC crew has managed to film a rattlesnake
documentary hunting in the wild for the first time.
Caecilians Recreation: Yummy mummy' caught on film
(Attenborough 2007) nature A BBC crew has filmed a worm-like amphibian
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documentary allowing her young to peel off her skl eat it.

African Elephant Recreation: Elephant stomps to photo victory
(BBC 2007) nature A picture of an elephant in a water-hole wins thelS
photography Wildlife Photographer of the Year award.

Benefits from one-time biodiversity use impact alaspects of human wellbeing (

Table 4; Beattie et al. 2005), including for exaeplfood production (e.g. crop
domestication), water provision (e.g. domesticatidnspecies used in water treatment),
development of raw materials (e.g. new adhesiveenads), health care (e.g. new
pharmaceutical drugs), industrial applications .(axgw sonar), energy production (e.g.
solar panels), and recreation (e.g. nature doclariesj.

One-time use does not include the extraction okebenfrom nature through continuous

harvest (e.g. as with medicinal plants, Sectiori 4dt wild animal products, Section 4.8).

Instead, the value of wild nature for the produttid these one-time use benefits is wholly
about option value (Pearce & Moran 1994). Indeécergthat by definition one-time use

benefits, once extracted, become independent fiatore, the current value of wild nature

is not related to those benefits that have alrdasbn extracted, but to those that will be
extracted in the future. That is, we value wildunatfor one-time use benefits because it
keeps options open for future (currently unknowmg-time uses.

Given that future one-time use benefits are stiknown, the economic value of the natural
products from where they are derived is also unknodowever, judging by how much
humanity has benefited in the past from just ad$pecies, the future value for one-time use
benefits is predicted to be very high. Indeed heféstimated 5-30 million of living species
on Earth, fewer than two million have been desctibad less than 1% of these have
provided the basic resources for the developmeatldavilizations thus far (Beattie et al.
2005). Benefits obtained from some specific spetiage been extremely valuable to
human wellbeing. Crop domestication is the primanegle: most of mankind lives off no
more than 12 plant species (Esquinas-Alcazar 2@b) 30 crops supplying 90% of the
global calorie intake (Wood et al. 2005). A broad sf freshwater species are still being
domesticated/selected for aquaculture productichkO(R2006b). About half of approved
antitumor drugs worldwide are either natural prdduor directly derived from them
(Newman & Cragg 2007); for example, two importaamcer-fighting medicines have been
extracted from the rosy periwinkl€gtharanthus rosels- vinblastine, which has helped
increase the chance of surviving childhood leukaefrom 10% to 95%, and vincristine,
used to treat Hodgkins' Disease — generating db8&L00 million per year in revenue to
pharmaceutical companies (Karasov 2001).

It is therefore expected that the application ofvriechnologies to the exploration of the
currently unidentified species will yield many mduture benefits for humanity (Beattie et
al. 2005). However, attributing an economic valoethe potential of species to yield
valuable natural products is less straightforw&iven the low probability that individual

species or sites will produce important discovertesappointingly small marginal values
are typically obtained per species or per hectaretural habitat. For example, Naidoo &
Ricketts (2006; using calculations from Simpsonakt1996) valued tropical forest in

Paraguay for bioprospecting at $US 2.21/ha; andctiebrated bioprospecting contract
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Merck Pharmaceutical and Costa Rica’s Institutoitlzal de Biodiversidad, amounted to
only US$1.1 million (Barrett & Lybbert 2000).

4.14.2 What are the overall trends in the provision of ofiene use benefits?

We predict the trends are overwhelmingly positiggyen increased scientific and
technological developments that create the oppitiesrfor these benefits to be explored
(Beattie et al. 2005; Patterson & Anderson 2005).

On the other hand, an increase in the reliancetibically designed molecules may result
in a decline in the use of natural products by pharmaceutical industry. That said, a
“renaissance” of the use of natural products ag dandidates is taking place with the
recognition that the development of purely synthetiolecules is not as efficient as the
adaptation of natural molecules or the recreatibrtheir analogues through synthetic
pathways (Patterson & Anderson 2005).

Loss of species and of intraspecific genetic ditaeere also likely to impact negatively on
the provision of one-time use benefits. The Millemm Ecosystem Assessment reported a
decline in the production of “biochemicals, naturaédicines, pharmaceuticals” due to
extinction and overharvest (MEA 2005), however timsludes not only one-time use
benefits but also natural medicines that rely amiooous harvest from natural ecosystems
(and are vulnerable to overharvesting).

4.14.3 How is the provision of one-time use benefits atisd by changes in wild
nature?

The diversityof life provides the raw material for one-time Ummefits. Given that they are
not dependent on continuous harvest from wild pafhs, abundancée.g. biomass,
population size) is not directly relevant to theimbenance of these benefits, although it can
be indirectly important in increasing resilienceamgt diversity loss (extinction of species
or populations). Abundant species (or, more speadlfi, those that are widespread) may
however have a higher likelihood of being screefoed/aluable natural compounds or of
becoming the inspiration for particular ideas otuna art. However, rarity is valued on its
own right in some types of benefits (e.g., in natlocumentaries).

It is not possible to predict which genes, speaescosystems will become valuable for
one-time use benefits in the future. In the pastjde variety of species (microbial, plant,
and animal and their genes) have provided servmesiucts, blueprints, or inspiration for
products or the basis of industries. Species-riohirenments such as tropical forests and
coral reefs are expected to supply many benefithénlong term, but valuable natural
products have been obtained from many diverse sta®g, including temperate forests
and grasslands, arid and semiarid lands, freshvestesystems, and montane and polar
regions, as well as cold and warm oceans. In tlistext, the conservation of all
biodiversity in all ecosystems would provide thestnapportunities for one-time benefits in
the future (Beattie et al. 2005).

Species, however, are not all the same. Thoseatieatnore_phylogenetically distinare
more likely to contain irreplaceable informationdatnerefore to be of higher economic
value (Forest et al. 2007). Species that are sametiusly highly unique and highly
threatened (e.g. EDGE species — evolutionarilyirdisiand endangered; Isaac et al. 2007)
correspond to a higher risk of the irreplaceabés lof future one-time use benefits.
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Species also differ in their likelihood of beingustes of useful compounds. Species in
highly diverse ecological communities tend to haware bioactive secondary compounds
(e.g. chemical compounds produced by plants foteptmn against herbivory or for
attracting pollinators,) than do species from sengbmmunities (Roughgarden 1995). This
may be because species in highly complex commsniise/e evolved with many more
inter-specific interactions that favoured the etiolu of such compounds. If so, community
species richnessiay be a good indicator of the value of speciestdie pharmaceutical
industry and other sectors that make use of biockgiompounds.

Relationship between habitat area and one-timebesefits

Given their tight relationship with diversity, omieae use benefits are likely to vary with
area following the species-area relationship (MbArt& Wilson 1967), in which a
reduction in habitat results at first in a slow ldex in diversity, but then diversity (and,
presumably, one-time use benefits) declines vepydha as the remaining area becomes
quite small. This relationship may be even stegpegn Roughgarden’s (1995) suggestion
that the incidence of potentially beneficial compdsi is a positive non-linear function of
diversity.

4.14.4 What are the main threats to the provision of one use benefits?

Given their dependency on biodiversity, one-time lenefits are likely to be very affected
by all the main threats that are associated wighetktinction of species including: habitat
loss and degradatiprover-harvesting climate changepollution, invasive speciesand
diseasdBaillie et al. 2004). These same threats leacnbyt to the loss of species, but also
to the loss of populations and broader erosion esfetjc diversity (Ceballos & Ehrlich
2002).

One-time use benefits are also likely to be padity affected by the loss of species that
are more phylogenetically unique (with few livinglatives), and whose extinction results
in a disproportionate loss of phylogenetic diverdiinfortunately, current extinction risk is
not phylogenetically random and so phylogenetiediity is being lost faster than species
diversity (Purvis et al. 2000).

Species used in traditional medicine are often goarttlidates for screening in search of
valuable pharmacological compounds. Indeed, not ard they more likely to have useful
compounds, their long-term use by humans (ofterdieds or thousands of years) also
means that they are likely to have low human toxi@fFabricant & Farnsworth 2001). The
loss of traditional knowledges therefore a serious threat to our capacitybtaio one-time
use benefits from natural resources (Beattie &04l5).

4.14.5 Are abrupt changes likely in the provision of ongvie use benefits?

Given the non-linear shape of the species-areéiaehip (McArthur & Wilson 1967), in

areas where there has already been extensive thialsgaa small additional loss of habitat
will lead to a disproportionate loss in speciesedsity. Of particular concern are those
regions of the world where there is high specieteanism and that have already suffered
substantial habitat loss (e.g. in biodiversity pots, such as Madagascar and the
Philippines, which have at least 1,500 endemictpland have already lost > 70% of their
habitat; Myers et al. 2000; Mittermeier et al. 2D04ere we may see in the near future
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abrupt declines in species numbers, resulting @ itheversible loss of global species
diversity, and therefore of potential future onadiuse benefits.

Climate change and ocean acidification are alrexfiycting biodiversity (Parmesan 2003)
and some have predicted that these may becomeeat ths important as, or even more
important than, habitat loss (Thomas et al. 2084me taxa, such as corals (Carpenter et
al. 2008) are particularly at risk.

Loss of traditional knowledge is also likely to lh@ppening at increasing rates given loss of
traditional knowledge, for example on the use oflitieal plants (see Section 4.11).

Overall, we predict that there is a high probapititat potential for one-time use
benefits is being lost abruptly, particularly inghibiodiversity regions that have
already suffered extensive habitat loss, for tehat @re particularly sensitive 1o
climate change, and for regions where cultural Kedge is being lost very quickly

4.14.6 Can we quantify and map the global provision of otime use benefits and how
it might change?

We believe it would be possible to create a fitgtimodel estimating how changes in land
use would affect the global provision of one-tinse lenefits. At the very least, it would be
possible to use methods developed in previousesdudr calculating values per hectare of
land. For example, Pearce & Moran (1994) obtairstoinates of the value of plant species
for future drugs, based on the probability of diseing a commercially valuable product,
obtaining estimates of US$0.01 to US$21 per headéropical forest. Simpson et al.
(1996) used a more sophisticated approach, caleogl#te value of marginal species of
higher plant at US$ 9431 (based on the incremgutahability of making a commercial
discovery from each plant, acknowledging the paldsitof redundancy between species),
and finding values between US$ 0.20 and US$21 @egimal hectare of tropical forest in
biodiversity hotspots (Myers et al. 2000).

Like Simpson and colleagues (1996), we acknowlgdgethe marginal value of particular
areas for the provision of future one-time use benédepends on the uniqueness of its
biota. If the same species occur elsewhere, thetosgs of that particular area on its own
will not result in the loss of any species, andefare the options for obtaining future one-
time benefits remain open. Ideally, we would neethethod for estimating how many
species are logflobally when a particular area is converted into a diffeferm of landuse.
Detailed information on species distributions — ebhcould be used to calculate species
extinctions directly — is not available, so a gréaal of inference is needed.

We recommend that a global model of the provisibane-time use benefits is done using
ecoregions (Olson et al. 2001) as the spatial touysing on a first instance on plants as
sources of compounds for the pharmaceutical ingustr

A previous study estimated the number of plant iggeper ecoregion (Kier et al. 2005).

Landcover data derived from satellite imagery (8artholome & Belward 2005) can be
used to estimate the area of remaining naturatdtabi each ecoregion. Scenarios of future

182



land use (Section 4.18) would indicate the predidi#ture area of natural habitat per
ecoregion. The species-area relationship (McAr&aWilson 1967) could then be used to
estimate the number of species that are lost wiggnem area of habitat is lost within each
ecoregion. Assuming a reasonable estimate is #laifar the overall global future value
of plant compounds for the pharmaceutical indugtrg, marginal value per plant species
can be obtained (e.g., Simpson et al. [1996] estichthis to be ~ US$ 10,000 per species)
and so the economic value associated with a p&atisaenario of land use change could be
estimated. This, however, is assuming that all tpsgrecies have the same probability of
being the sources of valuable compounds. Anothdrompis to assume, following
Roughgarden (1995), that the probability of findirgeful compounds is higher for species
that have evolved in the most diverse communitieshe latter case, a higher economic
value could be attributed to species in more deversoregions. One option is to assume
that the probability of a useful compound beingspré depends on the number of
interspecific interactions in the community, whizdn be estimated as the square of species
diversity. Different monetary values could then ditributed to species from different
ecoregions, proportional to the square of ecoregispecies diversity.

There are, however, two main complications witls thwrerall approach:

a) Species may be lost from an ecoregion but relasomewhere else, and so remain
available as potential natural sources for one-tinse benefits. To avoid this from
happening, the analysis would need to be restrict&hdemic species, which only occur in
each ecoregion. This would underestimate globakl®gas it would miss species that occur
in multiple ecoregions and become extinct in alltledm) but it is likely to give a much
more realistic estimate than by assuming that @ces lost from an ecoregion are lost
globally. Unfortunately, though, numbers of endempiant species per ecoregion are not
yet available.

b) The species-area relationship assumes that nditemnal habitat is lost, the area available
to species effectively shrinks. In practice, th&altarea remains the same, but natural
habitat is replaced with other habitats (e.g. fsresplaced with shrubland or pastureland).
While for some plant taxa, such as trees and ljatings transition from natural forest to
some types of transformed habitat (e.g. pasturekagiculture) does generally result in the
elimination of all species, for many taxa transfechhabitats still retain some species (e.g.
Barlow et al. 2007). Hence, if all natural habiistlost, there are not necessarily 100%
species extinctions. It is possible to adapt trecigs-area relationship to account for this,
but this requires information on the fraction ofima species that use transformed habitats.
This information is not readily available.

It is unlikely that data on plant species endemp@necoregion will be collected within the
next year, but perhaps it could be inferred throumbdelling, using information on
ecoregions for which data exists. At very least #pproach could be applied to the
biodiversity hotspots (which are groups of ecorag)p for which numbers of endemic
plants have been estimated (Mittermeier et al. R0G4ven that biodiversity hotspots
contain about 50% of the world’s plant speciesiagls hotspot endemics, that most of
them are also highly species’ diverse, and thaetiegions face high levels of habitat loss,
they are likely to include a very large fraction thie future losses of species that are
valuable for the pharmaceutical industry. Anothetian is to apply this method to taxa for
which distribution and endemism data are availablthe ecoregional scale, such as birds,
mammals and amphibians (Lamoreux et al. 2006)iHsitwould assume that these groups
are good surrogates for plants, which is unlikelfp¢ the case.
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Estimating the fraction of native plants that sabsn transformed habitats would not be
straightforward, but we feel that a first approxima could be obtained through a

comprehensive literature review of studies that mamed plant species compositi
natural and transformed habitats (e.g. Bhagwalt €088).

on in

What can be done in Phase II? At what cost? By Wwhom

We predict that it will be possible to produce witlone year a first-cut global mod
to evaluate how the pharmaceutical industry wowddalfected by biodiversity log
(through modelling changes in land cover leadinggecies’ extinction).

We estimate that a dedicated post-doc would beinetj{12 researcher-months)
review the appropriate literature, build the modeil compare scenarios.

This research could be conducted at the Consernv&aience Group, Department
Zoology, University of Cambridge, in collaboratiavith the Centre for Social an
Economic Research on the Global Environment (CSER&tEhe University of Eag

el

of

—+

Anglia®®.

4.14.7 Insights for economic valuation

The section describes above would provide inforomatin how the global value of plants
for the pharmaceutical industry could be modelless space. However, the evaluation of
such global value would still be needed, eitheetasn existing approaches (e.g. Simpson

et al. 1996) or others to be developed by econamist

4.14.8 Some key resources

* Gordon CragandDavid Newmarat the Natural Products Branch, National Cancer
Institute (Frederick, MD, USA) have compiled vesetul data on the use of natural

products in the pharmaceutical industry (partidylar drugs for cancer treatm
Key references include Cragg and Newman (2001, 268 Newman & Cr
(2004, 2007).

ent).
agg

 The IUCN Red List of Threatened Spectetabase has information on species that

are threatened with extinction.

« The EDGE of Existenc@programme of the Zoological Society of London

leep

information on species that are evolutionarily idist and which are endangered

with extinction.

e TheBiomimicry Instituteaims to “nurture and grow a global community obple

who are learning from, emulating, and conservifgdigenius to create a hea
more sustainable planet”.

Ithier,

19 This is our recommendation for Phase I, basedhemésults of this review. It does not commit tbaders
of Phase Il to follow it, and it does not commitethecommended research group to actually do such

work.
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4.15 Non-use benefits

This section has not been developed.

Non-use benefits are derived simply from the knolgke that the natural environment is
maintained. Economists recognise three main compsriPefra 2007):

- Bequest value: where individuals attach valughofact that a given natural resource is
passed on to future generations;

- Altruistic value: where individuals attach valte the availability of a given natural
resource to others in the current generation;

- Existence value: where individuals gain value@yrfrom the existence of a resource,
even though the individual has no actual or plarurssof it.

One might expect that these values are declinin, the decline in traditional practices
and beliefs (e.g. sacred species, sacred grovels/oM& Pungetti 2008). However, this

trend may to some degree be offset by the growisgethination of biodiversity images

(e.g. nature documentaries such as BBC 2006) ansgeceation values (e.g. increase in
membership in conservation organisations; BirdLifiernational 2004).

These values are difficult to quantify (Turner 1898nd perhaps even more so it is to
model the processes that generate and maintain #rerhow they are expected to change
under different scenarios. We believe that it iBkefy that the value of these benefits can
be quantified in Phase 2, and so do not develsptieime any further.

This should not be interpreted to mean that thedeeg are irrelevant in monetary terms;
indeed, they may be more valuable than use vakmsexample, a study on the value of
Natura 2000 sites in Scotland found that 99% ofotberall value of such sites was non-use.

186



4.16 Global climate regulation

This section is based on a quick literature reviam did not receive contributions from,
nor has it been reviewed by, experts in this figlek expect some of the uncertainties we
identify below could be resolved by such a revievegss.

4.16.1 Why is global climate regulation important for hunmawellbeing?

There has been extensive work on the ways in whiichate change influences human
wellbeing (and therefore how limiting change orefsects may improve wellbeing). It is
very well-established that climate change will havefound effects on wellbeing including
through effects on food and water provision, heattoperty and infrastructure, global
security and impacts on ecosystems and the benefds derive from them. A
disproportionate burden of these impacts falls oor pegions of the world, and so climate
change is predicted to affect global developmertiggoery significantly. Key references
include:

» Stern (2007) -Stern Review on the Economics of Climate Champes review has
collated information on how climate change affeatater provision, food provision
(including marine fisheries), health, land (inchgli effects of sea-level rise),
property/infrastructure, and the environment (idahg species extinctions). It
further analysed how climate change affects deveto at global and regional
scales.

* House et al. (2005} the section of thMlillennium Ecosystem Assessment: Current
State and Trend®sn Climate and Air Quality particularly the Section 13.6 on
Impacts of Changes in Climate and Air Quality omidun Well-being.

» |IPCCWGII (2007) Climate Change 2007 — Impacts, Adaptation and \falnéty
(Working Group Il contribution to the Fourth Assemt Report of the
Intergovernmental Panel on Climate Change), indlgdin assessment of impacts
on fresh water resources, ecosystems, food, cosgsééms, human health, and
industry and an overview of how impacts might vacyoss continents.

4.16.2 How is global climate regulation affected by chargym wild nature?

There has also been extensive work on the mechardsiving climate change, including
the ways in which natural ecosystems affect theeotmation of greenhouse gases, and the
ways in which human activities are impacting thpsecesses. It is well-established that
terrestrial and aquatic ecosystems play key rolébe global geochemical cycles affecting
the concentration of greenhouse gases in the atraospEcosystems also influence climate
at a regional scale by affecting radiation (e.gedb), cloudiness, and surface temperature.
Hence anthropogenic changes on ecosystems havécsignimpacts on climate change.
Land use changes affecting forest ecosystems @htédion, reforestation, afforestation)
have a patrticularly strong influence on the balamicearbon emissions, sequestration, and
storage. Forest fires also contribute to climatange by releasing aerosols. Other
ecosystems play important roles, including: wettamehd reservoirs (with net methane
emissions); grasslands (with variable degrees derground carbon storage); peatlands
and mires (important carbon storages); and agua@litiands (particularly nitrous oxide
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emissions, also methane). Oceans are substantiarcaeservoirs and sinks, although
some studies suffest that these effects may be em@ak with climate change itself (e.g.,
Zondervan et al. 2001; Le Quere et al. 2007). THexe been plenty of work on the
quantification of carbon storage, sinks and emissifor different ecosystems (including
above and below ground) and these can be mapjled global scale.

Key references include:

« SCBD (2003)Interlinkages between biological diversity and aim change:
Advice on the integration of biodiversity consideras into the implementation of
the United Nations Framework Convention on Climé&teange and its Kyoto
protocol discusses ways in which climate change affectdiv@osity and also ways
in which changes in natural systems affect greesdgases emissions.

* |IPCCWGI (2007) Climate Change 2007 — The Physical Science Bagmking
Group | Contribution to the Fourth Assessment Repbrthe Intergovernmental
Panel on Climate Change), in particutiapter 7on Couplings Between Changes in
the Climate System and Biogeochemistry

o [PCCWGIII (2007) — Climate Change 2007 — Mitigation of Climate Change
(Working Group 1l Contribution to the Fourth Assesent Report of the
Intergovernmental Panel on Climate Change) in @alerchapter Sn Forestry,

* Foley et al. (2005) includes a discussion of the/sven which land use change
affects global climate.

* [PCC (2001)thelPCC Special Report on Emissions Scenanasticularly Chapter
3: Scenario Driving Forcesvhich discusses agriculture and land-use emissiods
how these affect climate change scenarios.

* Pregitzer & Euskirchen (2004) discuss the role wkéts in carbon cycling and
storage.

* McGuire, A. D., Sitch, S., Clein, J. S., DargavilR., Esser, G., et al. (2001)
Carbon balance of the terrestrial biopshere intthentieth century: Analyses of
CO,, climate and land use effects with four processetaecosystem models.
Global Biogeochem Cycles 15, 183-206.

e Tian, H., Melillo, J. M., Kicklighter, D. W., McGue, A. D. & Helfrich, J. (1999)
The sensitivity of terrestrial carbon storage tstdnical climate variability and
atmospheric CO2 in the United States. Tellus S&hBm Phys Meteorol 51, 414-
452.

4.16.3 Can we quantify and map the value of wild naturerfglobal climate regulation,
and how it might change?

As decribed above, there has been extensive résearsow human activities are affecting
global climate, including on the consequences ainges in land use (e.g., McGuire et al.
2001; Foley et al. 2005). Land use maps couplett wibdels can be used to estimate
differences in carbon storage, emissions and saqties under different scenarios (e.g.
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McGuire et al. 2001). We are therefore confideat this possible to map the value of wild
nature for global climate regulation, and how ightichange under different scenarios.

What can be done in Phase 2? At what cost?

We are very confident that the effects of particydalicy actions on global climate
regulation can be quantified, and the correspondaa@nomic consequences
assessed, through the effects of the policy onus&dwWe predict this could be done
with an investment of 12 researcher-months.

4.16.4 Insights for the economic valuation

There has been important work on the calculatiothefeconomic implications of climate
change and the costs of climate change mitigafldns information is fundamental for

deriving a price for carbon, which can be createdugh both tax and trading. The first
international emissions trading scheme was crebjethe European Union in 2006. A
carbon price can be used to quantify the econooms@qguences of different policy actions

by assessing how they differ in terms of carbomagfe, emission and sequestration by
different ecosystems.

Key references include:

e Stern (2007) -Stern Review on the Economics of Climate Chapg#icularly its
Section 15Carbon Pricing and Emissions Markets in Place

4.16.5 Participants

Authors

Hannah Peck, Ana Rodrigues, Andrew Balmford (Ursitgrof Cambridge, UK).
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4.17 Unknown benefits or processes

This section has not been developed.

Wild nature may potentially contribute to our fieauwelfare in ways currently not realised,
including both through ecosystem processes noewtiyr known or valued (e.g., carbon
storage and sequestration has only recently bestifiéd as a valuable ecosystem process)
and through benefits currently not predicted (algae are just starting to be considered as
a promising biofuel). While these benefits areidifit or even impossible to measure, they
may be very substantial.

This theme is not further developed, and the vafubese benefits cannot be quantified in
Phase 2.
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4.18 Scenarios

Scenarios provide a methodology for exploring algive future environments in which
today’s decisions might be played out. In practgmenarios are stories, written or spoken,
built around carefully constructed plots often tedmarrative storylines. Scenarios are not
predictions; instead, scenarios are an approabklppmanage the inherent uncertainties of
decisions by examining plausible, internally cotesis alternatives of how the future might
unfold and comparing the potential consequencegeoisions in different future contexts
(SEI, n.d.; Verbug et al. 2006). Scenarios may beelg qualitative, or may generate
quantitative results through the use of one or rsorilation models.

The generation of appropriate scenarios is a kegpoment of Phase 2. In order to be
useful in guiding policy, the assessment of ecowsraf ecosystems and biodiversity needs
to compare two future states of the world (see i@ecR.3.2): one reflecting the
continuation of business-as-usual, with the assetibpss of ecosystems, biodiversity, and
the benefits they bestow on people; and one in lwincwhich such losses have been
slowed. The contrasting scenarios should descrime lbsses of biodiversity and
ecosystems, and the interventions needed to reithere. These alternative states of the
world can then be combined with models of ecosystemices to assess how the value of
benefits foregone (under business-as-usual) compétk the costs of conservation (under
the alternative scenario; see separate report enié® of the Costs of Conservation and
Priorities for Action”, by Bruner, Naidoo and Balonfl, also an output of this Scoping the
Science project). Without such scenarios, all tesobtained will be of questionable
relevance.

Throughout we refer to two scenarios, but many nuwae and should be generated to
assess specific policy packages. The scenariosarethmeed to be identical in everything
apart from the specific policy package(s) beingesand its effects; without this the
economic results cannot be directly attributed thfi@rence in biodiversity or ecosystems.
For example, an appropriate, specific contrast didne between the state of the world by
2025 generated by a business-as-usual (BAU) seersand an alternative state of the world
generated by an otherwise identical scenario thatudes the policy option of “a
comprehensive global network of marine protectezhsi. These two scenarios could be
contrasted to evaluate the specific economic caresezes (both the costs and the benefits)
of implementing the marine protected area netwagkgverything else (e.g., population,
technology, consumption) would be the same. It @adt be appropriate to try to evaluate
the consequences of establishing a comprehensiieenaserve network by contrasting a
2008 state of the world (with its incipient netwarkmarine protected areas) with a 2025
state of the world generated by the policy optioansario. Such a contrast would not take
into account the changes in many other variablesluding total human population,
demand for marine fish, technological changesshifig methods, etc.

In order to be useful, the scenarios need to haweight level of information at the right
spatial scale. For example, if the action is tolengent new protected areas, the scenario
needs to state where they are; if the action mdoage fisheries appropriately, the scenario
needs to spell out how that would be done, for g@tarby creating no-fishing zones and
setting sustainable fisheries quotas. If the séemalo not have the necessary detail, they
will be inappropriate to test how changes in wiliture affect the benefits we derive from
them.
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Scenario development has become a popular todh®oassessment of policy options, at
scales ranging from national and regional (e.grefas et al. 2001; Green et al. 2005;
Johansson et al. 2007; Rounsevell et al. 2006; keared al. 2007; Soares-Filho et al. 2006)
to global (e.g. House et al. 2002; Kindermann e2@06; Msangi et al. 2007; Sathaye et al.
2003; Ten Brink et al. 2007) and there is a growitegature on scenario generation and
implementation. Recent large-scale scenario exexdigely to be relevant to the present
assessment include: ATEAM (for Europe); the globad regional scale Millennium
Ecosystem Assessment; the Global Environment Ckitlexercises; the International
Assessment of Agricultural Knowledge, Science amthhology for Development; the
Intergovernmental Panel on Climate Change foursessment; the World Energy Outlook;
and the OECD Outlook series (environment, agricaltaconomics).

It is beyond the capacity of the current projecte@iew the extensive literature on scenario
development, to recommend which types of methogséaghes for generating scenarios
are the most suitable for the current assessmein, gropose in any detail which specific

scenarios should be contrasted. We emphaticalymetend that this is a major priority for

Phase 2 of the Review: indeed, this is the taskuhderlies the development of all other
work.

For each review theme, we have made a generalsassesof whether the scenario results
currently being generated in global to regionallessexercises are likely to produce the
level of information needed to allow modelling dfet likely changes in benefits and

services (see sections 4.1 - 4.17). In additionpvewide below a brief overview (but not

an exhaustive list) of the main scenarios, whichh@pe covers the major models used in
global-scale exercises.

Table 5.Main scenarios used in policy evaluation

Model / Example Output Spatial Theme Scope to Reference
approach | scenario variables scale of relevance improve
exercises* future
simulation
Global IPCC Climate Multiple All Ongoing Parryet al
climate (Nakicenovic | variables such | degrees - scope to 2007;
models — | & Swart as temperature, downscaling improve Solomonet
Hadley 2000) precipitation, | approaches integrated al. 2007
Centre, relative permit finer land cover
CSIRO, humidity scale results models
etc.
AIM GEO, MA Land use 5 degree (Land use / | Finer NIES 2008
including grid — Asia-| cover) resolution
biofuel Pacific
production; region
agricultural
production
Surface runoff | 5 degree (Freshwater)
and river grid — Asia-
discharges Pacific
region
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Air quality — Grid (scale | ?
pollutant ?) — Asia-
emissions Pacific
(NOx, SO2, region
CO)
CLUE/ GEO; Land use Flexible — (Land use / Verburget
CLUE-S regional demand, land | depends on | cover) al. 2002
exercises cover inputs
EcoSim/ | GEO, MA Fish Regional Fisheries Freshwater | Pauly et al.
EcoPath/ production; fisheries 2002
Ecospace biomass simulation
GLOBIO GEO, GBO, | Biodiversity 0.5 degree - Additional Alkemade et
OECD indicator indicators al. 2006
Environment | ‘mean may be
Outlook abundance of developed
original
species’
Change in 0.5 degree | (Land use/ | Modelling
ecosystem (fractional cover) approach is
extent cover per relatively
cell) basic
GUMBO ‘Big Gov / Land use Global (11 (Land use / | Add spatial Boumans et
Eco-topia / biomes) cover) component al. 2002
Mad Max /
Star Trek’ setl Ecosystem Direct
— Costanza | services (see simulation of
(2000) model services and
description their
below) marginal
value
IFs GEO Multiple socio-| National Useful to More direct Hughes
economic scale provide environmental| 2001;
variables internally limits Hughes &
(economics, consistent Irfan 2007
food demand, sets of
population, drivers for

poverty etc)

other models
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Environment Various; but | Finer
variables: other models| resolution
remaining typically
fossil fuels, have finer
area of forested resolution
land, water
usage, and
CO2 emissions
IIASA Carbon price | Forest area & | 0.5 degree (Land use /| Finer Kindermann
forest scenarios biomass cover); resolution et al. 2006
model carbon
IMAGE GEO, GBO, | Land cover — | 0.5 degree (Land use /| Finer Bouwman et
IPCC, MA, including cover) resolution al. 2006
IAASTD cropland,
pastureland,
forest, urban...
Soll 0.5 degree (Land use /
degradation cover)
NPP 0.5 degree Carbon
storage
Timber 24 regions | Forest
production of world (?) | services
Nitrogen 0.5 degree
deposition
Risk of water | 24 regions | (Land use/ Potting &
erosion of sails| (?) cover) Bakkes
2004
IMPACT GEO, MA Crop, livestock| 69 regions | (Land use/ | Finer Rosegrant et
consumption | of world cover) resolution al. 1995
and production
Fish Fisheries
consumption
and production
Macro- IPCC River runoff 0.5 degree (Freshwaterlhtegrate Arnell 2003
PDM marine) effects of land
cover change
NEWS MA Exports of River basin | Fisheries; Linkage with | Seitzinger et
model nutrients from | mouths oceanic oceanic al. 2005
suite rivers to carbon transport
coastal zones sequestration model
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WaterGAP | GEO, MA Water flow and| 0.5 degree Freshwater Dall et al.
storage 2003
(surface runoff,
groundwater
recharge, river
discharge,
water storage
in soil,
groundwater
and surface
water bodies)

Water use 0.5 degree Freshwater
(withdrawals
for irrigation,
livestock,
households,
thermal power
plant and
manufacturing)

*Acronyms — scenario exercises
GEO - Global Environment Outlook (4)
GBO - Global Biodiversity Outlook (2)

IAASTD - International Assessment of Agriculturahéwledge, Science and Technology
for Development

IPCC - Intergovernmental Panel on Climate Changesasnent reports{t

MA — Millennium Ecosystem Assessment — Carpentat.€2005

Model descriptions
(Quotation marks indicate text directly from papemwebpage describing model.)
Global climate models

Atmosphere-Ocean General Circulation Models desighe reproduce current and
historical climate, and project the response aifreitclimate to changes in variables such as
the Earth’s atmospheric composition, land cover soidr forcing. Confidence is higher for
changes in temperature than in precipitation. 86l reports for further details.

AIM — Asia-Pacific Integrated Model
An integrated assessment model, designed to agedisy options for stabilising and

adapting to changes in global climate, particularlyhe Asian-Pacific region. Developed at
National Institute for Environmental Studies, Japan
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CLUE / CLUE-S

Developed for the analysis of land use at a natitmaontinental scale. CLUE-S is a
variant for smaller regional scale applicationsy(ea watershed or province) at a fine
spatial resolution. Demand is simulated with onedu®, and spatial distribution with

another — it is possible to supply this second nedith demands from a different external
scenario. Model uses decision rules such as caowemmobabilities between land uses.
Developed at Wageningen University.

EcoSim / EcoPath / EcoSpace

Simulates biomass within marine food web modelseunide impacts of competing fishing
fleets. EcoSim with EcoPath combines software doosystem trophic mass balance
analysis (Ecopath), with a dynamic modeling capigb{Ecosim) for exploring past and
future impacts of fishing and environmental disaurbes as well as for exploring optimal
fishing policies. EcoSpace simulates the influenicperotected area networks. Developed at
University of British Columbia.

GLOBIO3

Developed for the analysis of impact of policy ops on biodiversity. Indicator is ‘mean
abundance of original species of ecosystem’ — hencelative indicator of biodiversity
compared to a reference ‘natural’ state, rathen #ua absolute indicator of biodiversity
compared between locations. Based on a set of cdfex# relationships grounded in the
literature on the impacts of pressures on biodityereveloped at the Netherlands
Environment Assessment Agency / UNEP/GRID ArenddNEP-WCMC.

GUMBO - Global Unified Metamodel of the Biosphere

“Gumbo consists of five sectors or spheres: Atmesph Lithosphere, Hydrosphere,
Biosphere, and Antrophosphere (human systemsks Hldo divided into 11 biomes or
ecosystem types which encompass the entire sudee® of the planet: Open Ocean,
Coastal Ocean, Forests, Grasslands, Wetlands, [Rakess, Deserts, Tundra, Ice/rock,
Croplands, and Urban. Global energy, carbon, rémggand water dynamics are
incorporated in Gumbo, along with soil erosion dadnation, fossil fuel formation and
use, plant and animal productivity and harvest, &urpopulation, energy, biomass, and
water use, economic production and welfare, ancdh@ds in natural, built, human, and
social capital”. Simulates ecosystem services glolbal scale, based on flows and storages
in the model. The services are: gas regulatiomatk regulation, disturbance regulation,
water use, soil formation, nutrient cycling, wastatment, food production, raw materials,
and recreation/cultural. Developed at University/efmont.

IFs - International Futures

“The broad purpose of IFs is to serve as a thinkaadyfor the analysis of near through
long-term country-specific, regional, and globdufes across multiple, interacting issue
areas”. The overall model incorporates differef-swdels, including: Population,
Economics, Agriculture, Education, Energy, SociditRal, the International Political,
Environment, Technology, and Health. Model reliassonulation of macroagents (e.g.
governments) and markets. Developed at Universiemver.
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[IASA forest model [precise name unclear]

“Calculates differences in net present value dedént land uses using a spatially explicit
integrated biophysical and socio-economic landmedel. Key model parameters, such as
agricultural land use and production, populatioomgh, deforestation and forest product
consumption rates were calibrated against histioratas. Land use changes are simulated
in the model as a decision based on a differentvedle® net present value of income from
production on agricultural land versus net presahie of income from forest products.
Assuming fixed technology, the model calculatesefach 0.5° grid cell the net present
value difference between agricultural and forestitases in one-year time steps”

IMAGE - Integrated Model to Assess the Global Emsirment

The IMAGE model simulates direct and indirect ptges on human and natural systems
resulting from industry, housing, transport, agitiee and forestry. Socio-economic

activities and drivers of change are allocated4a&yions of the world, and the climate,

land-cover and land-use change-related processesepresented on a 0.5 degree grid.
Developed at the Netherlands Environment AssessAugicy.

IMPACT - International Model for Policy Analysis ofAgricultural Commodities and
Trade

IMPACT has as its basis a set of national supplg alemand equations for 32
commodities, with each country model being linkedfte rest of the world through trade.
“To explore food security effects, IMPACT projectse percentage and number of
malnourished preschool children (0 to 5 years widjeveloping countries as a function of
average per capita calorie availability, the sharéemales with secondary schooling, the
ratio of female to male life expectancy at birthdahe percentage of the population with
access to safe water. A wide range of factors mattentially significant impacts on future
developments in the world food situation can be ehedl based on IMPACT. They include:
population and income growth, the rate of growthcmop and livestock yield and
production, feed ratios for livestock, agriculturasearch, irrigation and other investments,
commodity price policies, and elasticities of sypahd demand. For any specification of
these underlying factors, IMPACT generates propectifor crop area, yield, production,
demand for food, feed and other uses, prices, l@ad;t and for livestock numbers, yield,
production, demand, prices, and trade”. Develogelkhtarnational Food Policy Research
Institute.

Macro-PDM

Global scale river runoff model designed for uséhwiPCC scenarios. Changes in runoff
are largely driven by change in precipitation, effby increases in evaporation. Each 0.5
degree cell is treated as an independent catchibeweloped at Tyndall Centre.

NEWS model suite - Global Nutrient Export from Watheds

Simulates river nutrient export from watershedshéTGlobal NEWS system includes
models that can be used to predict export of seadsn®IN, DIP, DOC, DON, dissolved
organic P (DOP); particulate organic C (POC), PiJ P” — based on factors such as
inputs of fertiliser, manure and sewage. Develoghedugh a workgroup of UNESCO'’s
International Oceanographic Commission.
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WaterGAP

“The overall aim is to investigate current and fetworld-wide water availability, water
use and water quality. Whereas water availabilitgt evater use have been implemented, a
water quality module is currently under developneerd constitutes the next major goal. In
particular, Water-GAP is concerned with the variampacts of global change on water
availability and water demand, and to determinedidnelopment of water stress conditions
on different spatial and temporal scales. Furteeearch subjects are the variations of the
water balance components on the hydrological |aage, and the future development of
extreme conditions - such as floods and droughf3&veloped at University of Kassel /
University of Frankfurt.

Towards Phase 2

One or more of these scenarios may provide a ufimework for scenario development
for Phase 2. However, as the theme-specific revieake clear, properly modelling the
consequences for service provision of losing widune will typically require much more
detailed outputs than those currently provided lopa@ scenarios — with spatially-explicit
data on the extent and condition of all major laoger types, climate, settlement patterns,
demands for different services, resource-harvestaggmes, and so on. Hence scenario
development, linked to the identification of spaxihterventions needed to slow the loss of
wild nature, should in our view be a major activdtyring Phase 2.

4.18.1 Participants
Author

Lera Miles (UNEP — WCMP, Cambridge, United KingdeonAndrew Balmford
(University of Cambridge, UK).
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4.19 Prioritisation of recommendations for future work

This section builds from the results of the themagviews (sections 4.1 to 4.17) to
prioritise amongst the analyses recommended those are most important and most
feasible for Phase 2.

Scenario development

The first priority for Phase 2, underlying all saebsent work, is the development of
appropriate scenarios, built as counterfactualgesd the specific policy package that is
being tested.

As emphasised in sections 2.3.2 and 4.18, it igldorental that in the evaluation of the
economic consequences of biodiversity loss andysta®s degradation, two scenarios are
compared. These need to be identical in everytklisg but the specific policy package
being tested. Otherwise, the economic results darndirectly attributed to a difference in
the state of biodiversity/ecosystems. Key stepscenario development include spatially-
explicit quantitative descriptions of the likelyast of biodiversity under business-as-usual
and under a set of policy interventions deemecketsufficient to conserve biodiversity; and
the identification and costing of those interventioCare must be taken to ensure that the
quantitative, mapped descriptions of the altermastates of the world are fit-for-purpose —
that is to say that they address all of the keplysical and socioeconomic input variables
needed to feed into the models of the productiahflow of each process and service of
interest.

Prioritising recommendations for Phase 2

The thematic reviews (sections 4.1 to 4.17) prearrassessment of the feasibility, for each
particular theme, of quantifying the provision afosystem processes or benefits in a
spatially-explicit way as a basis for the econowaluation in Part 2. Recommendations are
presented for how such quantification can be dame the resources estimated to be
necessary for each analysis. Here, we prioritisergst those recommended analyses,
based on two criteria (Figure 20):

- Importance to human wellbeing The degree to which these processes/benefits are
likely to affect the overall results of the RevieWhis is based on a qualitative
assessment of the predicted magnitude of the dvecainomic value of each
process or benefit. Recommended analyses were cauetkcreasing order of
importance, as A, B, or C. We have marked with steregsk (*) those benefits that
are particularly valuable for local livelihoods (wh may have low overall
economic value but may directly influence the weiltig of millions of people).

- Feasibility in Phase 2 The likelihood that the particular analysis recoemded can
be successfully undertaken in one year. Recommiendatwere coded, in
decreasing order of feasibility, as 1, 2 or 3.

The combination of these two criteria produces weral priority ranking (Figure 20),

from very high priority, when the analysis is bdtlghly important and highly feasibly
(A1), to very low priority, when the analysis is lofver importance and not particularly
feasible in Phase 2 (C3).
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importance to

human wellbeing
higher «— lower v Very high priority
A B C S
higher V High priority
A 1 v V @
@ @ To do if resources available

feasibility @ ®
in Phase 2 2 V X Low priority

X
Iower3 ? X X X Very low priority

Figure 20. Prioritisation of future research lines accordiagtieir importance to human wellbeing
(A to C) and feasibility in Phase 2 (1 to 3). Pitiptevels range from very high priority (Al) to e
low priority (C3).

Table 6 presents the results of the prioritisatmmeach of the analyses recommended for
the benefits/processes considered in this project.

Prioritising recommendations for research in thader-term

For the longer-term, priorities are defined basadimportance alone. Indeed, all of the
analyses proposed are feasible, and so shoula albbe if time is less of a limitation. In
this case, the focus should become to ensurehbanbst important benefits or processes
are covered first.

The priority then becomes to tackle analyses cedeA first, followed by B and by C.

Table 6. Prioritisation of the recommended analyses foheaategory of benefit or process
considered in this review.

Benefit/process | Recommended analysis (see corresgony | Priority | Priority
section for more detail) code level

All » Scenario development Essential | Essential

wild crop « Global pollination model building fromB2 @

pollination landscape-scale assessments H

Biological e Global crop biological control model buildind33 X

control of crop from landscape-scale assessments

pests
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Genetic diversity
of crops and
livestock

Global risk assessment of crop/livestock dise
from loss of genetic diversity

d38?7-3?

Soil quality for
crop production

Global valuation of improvement in soil qualityd3

from changes in soil biota (internal effects)

Global valuation of soil subsidies whe
agriculture expands into natural ecosyste
(conversion effects)

B 1*
2MS

Global model of the protective effects to cr
soils of neighbouring natural habit
(neighbouring effects)

op2*

at

Global model of value of wildlife fertilisers. | C3*
Livestock Global model of rangeland contribution [t81*
livestock production
Marine fisheries Global model of marine fisheries provision | A1*

Inland fisheries

Global model of inland fisheries provisig
including aquaculture

ifB2*

Wild animal Pantropical model of wild meat provision B1*
products
European and North-American model |d31
domestic recreational hunting
Fresh water Global hydrological model for water provisiof1*
provision and (quantity)
regulation
Global hydrological model for water regulatipA2*
(timing)
Global hydrological model for waterA2*
purification (quality)
Wild harvested Global model of sustainable timber product|{da2?-3?*
fibres from natural forests
Wild medicinal Global model of provision of medicinal plant83*

plants

(harvesting)

oI NI YA QA NAN ] QI VD SR I VIR A
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Nature-related
outdoor activities

Global model of tourism in protected areas

B3

Global model of the value of green areas
local recreation

B2

Natural hazard
regulation

Global model of the value of forests (and2*

possibly wetlands) for regulating catchme
borne floods

nt-

Global model of the value of coastal ecosyst¢
for mitigating the effects of tsunamis

2108*

Global model of the value of coastal ecosyst¢
for mitigating the effects of storm surges

2Ag*

Global model of the value of forests f
preventing landslides

oe2*

One-time
biodiversity use

Global model of loss of option values fi
benefits derived from single species

oB1

Non-use values

Global valuation of non-material benefits frd
biodiversity

B3

Global climate

Global terrestrial model of carbon storage g

(X(X‘)@XO@O@X

regulation sequestration
Non-quantifiable

Unknown

benefits or

processes

4.19.1 Participants

Authors

Ana Rodrigues, Andrew Balmford (University of Camclgie, UK)

Matt Walpole (UNEP-WCMC, Cambridge, UK)
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5 INVENTORY OF RESEARCH ORGANIZATIONS, PROGRAMMES AND
RECENT  LITERATURE DEALING  WITH ECONOMICS OF
BIODIVERSITY LOSS

As a contribution to the Scoping the Science ptojai inventory was made of the main
current research programmes, organizations ancdatlilee dealing with economics of
biodiversity loss. This Chapter presents the masults of these reviews and Annexes 6
and 7 list more detailed information on the resultsmust be stressed that both the
literature search and inventory of organisationd mrogrammes is not exhaustive, thus to
obtain a more complete overview it is foreseen il identification tasks will be
continued as a part of the upcoming EU initiatiwaseconomic of biodiversity loss.

5.1 Literature review

An inventory was made of the main publications si2005 (i.e. post the release of the
Millennium Ecosystem Assessment). The researchbkeas realised using the following
search engines: Science direct, Scopus and Gooft#das (succinctly), as well as direct
search on the home pages of the Journals Ecoldgemadomics, Nature and Science.

A combination of key words was used during the aede for each search engine. These
included “Biodiversity + Economic Loss”, “Biodivatg + Economic Cost” and
“Biodiversity + Economic Valuation”.

From these key words the articles including alltémens in the text and published between
2005-2008 (included) have been selected. A totdl3# documents have been gathered,
showing an increasing trend: 2005: 29 articles 6238 articles, 2007: 46 articles, 2008: 13
articles published and 8 articles in press.

The selected articles come from different sourt¢es rmain ones (more than 5 articles)
being: Ecological economics (21), Science (14), |®&jmal Conservation (10), and
Conservation Biology (6).

5.2 Review of organisations, programmes and networks

The inventory of organizations, programmes andgatsjwas carried out by using the main
well-known websites as a starting point (see boXVigst of these websites have a section
with ‘links’ and by following these in a systematicay it is possible to obtain a good
overview of the main organisations and programmes.

Similar to the literature search, keywords usedewée link between “biodiversity” and
“economics / economic loss / economic cost / ecooaaluation”. When going “deeper”
into the various organisations and programmes, nigakg are found to more specific
subjects (e.g. programmes, projects and organmsafarusing on specific ecosystems (e.g.
watershed-services, coral reefs, forests, etcyjcgsr or regions). Within the timeframe of
this project it was not possible to explore théskslin any detail but that could be possibly
recommended as one of the future follow-up exescise
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BOX A. Main networks and websites dealing with ecorezaf biodiversity (loss)

Biodiversity Economics (vww.biodiversityeconomics.ojg

Ecosystem Service Database (ES[Jesd.uvm/edu)

Ecosystem Servicebyww.esa.org/ecoservices

Ecosystem Services Databagesd-worldbank.org/eei/)

Ecosystem Services projedwww.ecosystemservicesproject.prg

Ecosystem Valuation(www.ecosystemvaluation.olg

EnValue: www.epa.nsw.gov.au/envalue/

EVRI (www.evri.cg
MILLENNIUM ECOSYSTEM ASSESSMENT (www.maweb.org)

Natural Capital Project (www.naturalcapitalproject.ojg

Nature Valuation & Financing Network (NV&F) ( www.naturevaluation.oig

In Annex 6 an overview is given of the main orgatiens and programmes, organised by
type of organisation including the following cateigs: main networks/websites; multi-
lateral institutions, programmes, treaties etcyegoment supported initiatives; NGO'’s;
universities, research organizations & programmaest business supported initiatives. Per
category a distinction is made between internaticarad national organisations and
programmes. Within these categories, organizatimedisted in alphabetical order for easy

reference.

This overview does not aim to be exhaustive, how@veombination with the links given

in Box A on the main networks & websites it shoeltable quick and easy access to the
main organisations and programmes on this tagic the future, some resources could be

directed to identifying relevant networks at theiorzal level. Ideally, a formal “network-

analysis” should be performed to obtain more quanie information on the main “nodes”

in the national and international networks.

In case you miss an (important) organization or program, please send an email

dolf.degroot@wur.nl
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One aim of this inventory has been to establislvadinks and working relations between

the Scoping the Science project and the main osgtons. Facilitating communication

among the main Networks is an important objectizéhe Nature valuation and Financing

Network (NV&F) (www.naturevaluation.ofgwhich already has a quite extensive list of links
and active working relations and could possiblyused to facilitate this process in the
future.

5.2.1 Participants
Authors

Rudolf de Groot (Environmental Systems AnalysisugrdNVageningen University)
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ANNEX 1 — COST AND BENEFITS OF AGRICULTURE CONVERSI ON

It is not straightforward to decide how to deallwslystems (such as agricultural fields) that
despite being heavily modified by human activitesl hold substantial biodiversity and
produce ecosystem services. For example, it iscledr if the economic value of wheat
production should be considered a benefithe ecosystem service ‘food production’ or an
opportunity cosof not converting a forest to a wheat field.

This raised considerable discussion in each of ttiree consultations we had on the
conceptual framework. This discussion turned oubdcextremely productive, as it became
clear that_it does not matter how outputs from @dtiral fields are classified — what is

fundamental is to ensure the adequacy of the Sthing compare@Section 2). Indeed, as

long as these states are equal in everything elsehke implementation or not of a set of
conservation actions, the end economic consequeareethe same irrespective of whether
wheat production (for example) is treated as berafiservice enhanced by habitat
conversion, or as an opportunity cost of not cotivgr

We illustrate this with a simplified example of arpel of land with two possible states: a
forest plot and a wheat field. Taken separatelgheaf these states has a set of running
benefits and costs (lists of costs and benefit® Hmen simplified for illustration purposes).
The benefits of the forest plot are that it cardpice a sustainable timber harvest {f-Btores
carbon (FB) and it provides habitat for wild bees that pate nearby crops (BB The costs

of running the forest are expenses in forest mamage such as patrolling (FCand paying
compensation to nearby farmers for the damage dauséorest animals (F& The benefits

of the wheat field are wheat production (YWBand some carbon storage (YyBwhile the
costs are those related to crop management, suglowghing the field (W@ and paying to
clean the pollution from agricultural runoff to meg rivers (WG).

Note that ‘timber production’ and ‘wheat productiane here simply as economic benefits of
particular types of land use, irrespective of whetihey are considered ecosystem services or
not. In the same way, ‘damage to nearby crops™aoltution runoff’ are treated here as costs
rather than ‘ecosystem disservices'.

Suppose the question being askedvisat are the net consequences of converting foretst
wheat?

As described in the general framework (Sectiom2)pmparison between states can be done
by investigating differences in benefits and intsas both states. When converting from
forest to wheat (Figure Al), the differences indfén are:

* The loss of the benefit of timber production (- FB1

* The added benefit of wheat production (+ WB1);

« The difference in carbon storage (+ WB2 - FB2); and

* The loss of the benefit of pollination of nearbgs (- FB3).
In addition, there is a one-off benefit of conversithe windfall of timber harvesting when

removing the forest (+ TH).
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The net difference in benefitA 8) is the sum of each of these parcels.
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Figure Al. Evaluating the net consequences of convertingesfgilot to a wheat field.

When converting from forest to wheat, the differenn costs are:

» The difference in the costs of managing wheat atst# forest (+ WC1 - FC1),

253




* The avoided costs of compensating for damage tdopeaops (- FC2); and
* The added costs of cleaning the pollution fromagdtural runoff (+ WC2).

There is also a one-off cost of physically convertthe land to make it suitable for wheat
production (e.g., removing tree roots; + PC).

The net difference in costA C) is the sum of each of these parcels.

As per the general framework (Figure 2, Sectiortt®),net consequences of conversifir€}
can be assessed by comparing the net differendseniefits A B) with the net differences in
costs A C). If the former are larger than the latter, ¢hisra net economic gaid € > 0) from
conversion, hence it makes economic sense to donver

The equation for the difference between net benefitd net costs can be rearranged to
indicate as positive terms all the advantages n¥ersion (the added benefits from wheat, the
avoided forest costs, and the one-off windfall imkter) and as negative terms all the
disadvantages of conversion (the added costs fropatythe lost benefits of forest, and the
one-off costs of land conversion). If the advansage larger than the disadvantages, it makes
economic sense to convert (Figure Al).

Note that ‘wheat production’ was simply an addedneenic benefit of converting forest to
wheat, irrespective of whether it is classifiechasecosystem service or not.

Suppose the question being askedwhkat are the net consequences of natonverting
forest to wheat?Importantly, the question is not “what are the cmtsequences of retaining
the forest” (these would simply be a continuatidrstate A), but the net consequences of
actions put in place to conserve the forest plomnficonversion to a specific alternative form
of land use. Only by framing the question in thiaywit is possible to account for the
opportunity costs of conserving the forest.

The differences in benefits when not converting toheat field are perfectly symmetrical to
the differences in the benefits of conversion, sadre the differences in costs (Figure A2).
When computing the net consequences of no converalbparcels that were previously the
advantages of conversion (Figure Al) are now tlsadliantages of no conversion (Figure
A2), and vice-versa. The end result is exactlystme: the conditions that would result in the
recommendation not to convert identical whichevearywhe question is put (Figure Al cf

Figure A2). In the latter figure, the value of ‘veteproduction’ simply becomes an

opportunity cost of maintaining the forest.
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Figure A2. Evaluating the net consequences ofcmiverting a forest plot to a wheat field.

As demonstrated, it is irrelevant which parcels aomsidered benefits from ecosystem
services or not. The relevant information is whettmey are benefits or costs of particular
states. Accordingly, it does not matter what cfasgion of ecosystem services is being used.
Indeed, this same framework could have been useddess the net economic consequences
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of converting (or not converting) a forest to a gark, or traditional extensive wheat
production to intensive wheat production.

As discussed in Section 2, the fundamental stegnsuring that these comparisons address
the remit of the Review is to ensure that the stdteing compared contrast two specific
situations: one where conservation action to preweld nature loss has been put in place,
and another where it has not. In the previous elarap forest plot and wheat field, the
comparison is relevant if it is deemed that consgnthe forest is the action required for
preventing biodiversity loss. The net economic egpuences of conversion (Figure Al) can
therefore be interpreted as the economic consegseot failing to protect biodiversity,
while, conversely, the net economic consequencesootonversion (Figure A2) are the
economic consequences of biodiversity loss.
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ANNEX 2 - FRAMEWORK DEVELOPMENT AND CONSULTATION
We had three opportunities to present and dis¢iesBamework with different audiences:

- Seminar “Conceptualising ecosystem services andahuwell-being”, 15 January,
Department of Geography, University of Cambridgee \Wesented a talk to an
audience dominated by environmental economists gewljraphers and solicited
additional comments by email.

- Presentation “Framework for a Stern-like reviewtlé economics of biodiversity
loss”, 16 January, Department of Zoology, Univgraeit Cambridge. We presented a
talk in one of our departmental lunchtime semindisere were about 20 attendees,
mainly biologists.

- Zoology workshop, 16 January, Department of Zoojdgyyiversity of Cambridge: the
framework was discussed in a small (8 people) wargf key experts.

A detailed account of these discussions is predentthe Inception Report to this project.

The systematically raised concern was “the agucelissue” — to include or not agricultural
food production as an ecosystem service?). In tisseissions we found what we believe is
the solution for that problem (Section 2; Annex $gveral other interesting issues were
raised and discussed. Overall, the framework hagegr remarkably robust. The discussions
have also been very useful in making us think meanefully about the details of how the
framework is applied (e.g., how to consider inteoars and trade-offs between services).
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ANNEX 3 - PRACTICAL STRATEGY FOLLOWED IN THE THEMAT IC REVIEWS

This Scoping the Science project required reviewiagy quickly a wide literature, most of
which lay outside the immediate areas of expedishe members of the team. We therefore
had two limiting factors: expertise and time.

To make sure we access the relevant expertise agi¢chdraw on the support of experts for

each theme, who know the literature well and havier@ad perspective of the state of

knowledge in their respective fields. Ideally, weul have wanted a team of experts in each
theme producing the respective reports. This whalde required a substantially longer and
better-funded project than the current one. What p@ssible to obtain in the current project

was more or less detailed guidance from a diveddigxperts.

Following such guidance required time, to pursierédevant references and to compile the
overall information into a coherent report. Thetb&ay in which we were able to obtain
researchers’ time in such a short project was Windifive interns. They were: James
Beresford, Kelly Flower, Antares Hernandez, Haniatk, and James Waters. We were
fortunate to hire five bright young biologists, theing very recent graduates they had only
limited research experience. It would have beenossjple to hire more experienced
researchers in such short notice and given theddriunds available. This meant that their
outputs needed to be substantially edited befaregtsent back to the experts.

The ideal strategy for those themes that were figlyeloped consisted of the following steps:

* Questionnaire— A questionnaire (tailored to each task) was seatset of experts to
try to obtain key pointers (to references, resarogher experts) as well as to capture
the experts’ experience and opinion across a rahgaestions.

» First draft — An intern reviewed the literature and the infatibn provided by
experts, and produced a first draft.

* Second draft —Given the limited experience of the interns, thietfdrafts produced
required considerable editing and double-checkinth® information. This was done
by Ana Rodrigues. A second draft was then produced.

* Review —The second draft was sent back to the experts.

* Final report — Comments from the experts are incorporated anfmal report, that
becomes a chapter in the final report of the Sapfiie Science project.

In practice, given time limitations, we were onlyl@to follow all of these steps for six of the
themes considered (Table Al). For two other themvesbenefited from expert contribution
but there was no time for a subsequent review. tBexme benefited from expert contribution
but only a quick literature review was possiblex &her themes were quick literature reviews
without expert contribution or review. And two thesnwere not developed at all (considered
as lower priorities for Phase 2).
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The contribution of experts is acknowledged inftiiwing way:

* Authors: experts who have contributed substantié@rimation and reviewed and
approved the final report.

» Contributors: experts who provided initial infornaatt but were unable to review the
report, or experts that considered that this wasoae suitable description of their
contribution.

* Reviewers: experts who reviewed the report but wiewe not authors. We gave
experts the option to reproduce their commentshat énd of each section if
substantive comments were provided that we coutdneoorporate (e.g., given time
limitations). Hence, being listed as a reviewer diot have to be considered an
endorsement of the text.

* Acknowledgements: experts who contributed with nexiees and/or contacts but not
with specific information, and who did not see timal text.

The overall level of expert support was extraordinagiven how busy these experts
inevitably are. Their willingness to contribute kitheir time indicates that they understand
the importance of the Review on the Economics aisigstems and Biodiversity.

However, the extent to which we feel that we haweceeded in representing the state of
knowledge in each field is very variable. In sonases (such as pollination) we feel that we
have been able to tap into the knowledge and adfitkee key people in the field, that they

understood the purpose of this exercise, and tieyt took the time to provide substantial

input. In other fields (e.g. wild harvested fibens feel that we were unable to obtain advice
from key people and that therefore we may only eamesa partial view of the state of

knowledge.

Table Al indicates the level of information for kabeme and, where applicable, the level of
expert support. This is an assessment of the etdemhich we feel that we have significantly
tapped the overall expertise in the field and poeduresults that are representative of the
overall state of knowledge.

In interpreting this report it is fundamental tcekein mind that, given the brief period for the
execution of this project (4 months), all reviewsraycompleted in a very short time. So even
those described here are “fully developed” canmoekpected to be complete reviews of the
literature, but only as quick assessments of thte stf knowledge.
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Table Al. Team (intern + head), level of information collettend level of expert support in each

thematic review.

Task Team Level of information Expert support
1. Wild crop JJ Waters + Ana Fully developed review (expert Very good
pollination Rodrigues contribution and expert review)
2. Biological control in| JJ Waters + Ana Quick literature review (no expert
crops Rodrigues contribution or review)
3. Genetic diversity of | Hannah Peck + Ana | Quick literature review (no expert
crops and livestock Rodrigues contribution or review)
4. Soil quality for crop | Antares Hernandez + Quick literature review (expert Reasonable
production Ana Rodrigues contribution; no expert review)
5.Livestock JJ Waters + Ana Quick literature review (no expert
Rodrigues contribution or review)
6. Marine fisheries Kelly Flower + Ana | Fully developed review (expert Good
Rodrigues contribution and expert review)
7. Inland fisheries and| Kelly Flower + Ana | Fully developed review (expert Good
aquaculture Rodrigues contribution and expert review)
8. Wild animal JJ Waters + Ana Fully developed review (expert Very good
products Rodrigues contribution and expert review)
9. Fresh water Hannah Peck + Ana | Fully developed review (expert Reasonable
provision and Rodrigues contribution and expert review)
regulation
10. Timber from Antares Hernandez + Fully developed review (expert Reasonable
natural forests Ana Rodrigues contribution; no expert review)
11. Wild medicinal Antares Hernandez + Quick literature review (no expert
plants Ana Rodrigues contribution or review)
12. Nature-related James Beresford + | Fully developed review (led by expert; noGood
outdoor activities Matt Walpole further review)
13. Regulation of James Beresford + | Fully developed review (expert Good

natural hazards

Ana Rodrigues

contribution and expert review)

14. One-off use
benefits

Ana Rodrigues

Quick literature review (no expert
contribution or review)

15. Non-use benefits

Ana Rodrigues

Not developed

16. Global climate

Hannah Peck + Ana

Quick literature review (no expert

regulation Rodrigues contribution or review)
17. Unknown Ana Rodrigues Not developed
benefits/processes
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ANNEX 4 - LITERATURE REVIEW “ECONOMICS OF BIODIVERS ITY LOSS”
The research has been realized on the followingkeangines:

» Ecological Economics

* Nature
e Scopus
* Science

» Science direct

» Google scholar (succinctly)
A combination of key words was used during the aedefor each search engine:

» Biodiversity + Economic Loss

* Biodiversity + Economic Cost

» Biodiversity + Economic Valuation
From these key words, the articles including adl terms in the text and published between
2005-2_908 (included) have been selected. A total3##f documents have been gathered,
comprising:

e 2005: 29 articles

2006: 36 articles

2007: 46 articles

2008: 13 articles
* In press: 8 articles
The selected articles come from different sourbegtiain ones being:
» Agriculture, Ecosystems and Environment (5)
e Agricultural and Resource Economics Review (2)
« Biological Conservation (10)
» Coastal Engineering (2)

» Conservation Biology (6)
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» Ecological economics, (21)
» Ecological Modeling (3)
* Environmental Resource Economics (4)
* Environmental Modeling and Software (2)
* Environmental Science and Policy (3)
» Forest Ecology and Management (3)
« Journal of Sustainable Forestry (5)
* Land-Use Policy (2)
* Marine Policy (4)
e Marine pollution bulletin (3)
« Nature (2)
« PLOS Biology (2)
» Science (14)
The selected articles have been divided into tvonigs:
» the articles about topics that concerns generaéssélable A2)

» the articles related to case-studies in speciBas(Table A3)

Authors

Linda Scholten, Emmanuelle Noirtin & Rudolf de Grg&nvironmental Systems Analysis
group, Wageningen University)
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Table A2. Articles related to global concerns

AUTHORS TITLE SOURCE VOLUME DATE PAGES
Antoci, A., Borghesi, S. and Russu, P. Biodiversity and economic growth: Trade-offs betwetabilization of Ecological Modelling Vol. 189 5405 333-346
the ecological system and preservation of natymaarchics Issues 3-4
Antoci, A., Borghesi, S. and Russu, P. (2) Interactlpn between economic and ecological dynarffican optimal Nonlinear Analysis vol. 63 2005 389-398
economic growth model Issues 5-7
S -, , . . . Vol. 28
Appleton, A.F. Sustainability: A practitioner's reflection Technology in Society Issues 1-2 2006 03-18
Balmford, A., Bennun, L., Brink ten, B., Cooper, D.
Céte, .M., Crane, P., Dobson, A., Dudley, N.,
Dutton, I., Green, R.E., Gregory, R.D., Harrison, J
Kennedy, E.T., Kremen, C., Leader-Williams, N.,
Lovejoy, T.E., Mace, G., May, R., Mayaux, P., . . ) ) . )
Morling, P., Phillips, J., Redford, K., Ricketts,HT The Convention on Biological Diversity's 2010 Targe Science Vol. 307 2005 212-213
Rodriguez, J.P., Sanjayan, M., Schei, P.J., Jddrsve
van, A.S., and Walther, B.A.
Barbier, E.B., Koch, E.W., Silliman, B.R., Hacker,
S.D., Wolanski, E., Primavera, J., Granek, E'FCoastal Ecosystem-Based Management with NonlineaoloBical
Polasky, S., Aswani, S, Cramer, L.A., Stoms, DM.Z -2~ and%/alues 9 o Science Vol. 319 2008 321-323
Kennedy, C.J., Dael,Kappel, C.V., Perillo, G.M.E.,
and Reed, D.J.
Baumgartner, S., Becker, C., Faber, M. anRelative and absolute scarcity of nature. Assesshg roles of . . Vol. 59 3
Manstetten, R. economics and ecology for biodiversity conservation Ecological economics Issue 4 2006 487-498
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AUTHORS TITLE SOURCE VOLUME DATE PAGES

Baumgartner, S., Becker, C., Faber, M. anRelative and absolute scarcity of nature. Assesshg roles of

Manstetten, R. economics and ecology for biodiversity conservation Ecological Economics  Vol. 59 2006 487-498
Beaumont, N.J., Austen M.C. Mangi, S'CE(:onomic valuation for the conservation of marireiversity Marln_e poliution  Vol. 56 2008 386-396
andTownsend, M. bulletin Issue 3
Beaumont, N.J., Austen,M.C., Atkins,J.P., Burdo e A I .
0. Degraer, S, Dentio, .7, Derous.S. Hol, HUeTiIEalon. efiilon, and cuantioaton of ode 400 SSMCeS armne — poion v 4 007 asazes
Horton, T., Lerland van, E., Marboe, A.H., Starkeyg roach y ' P Y bulletin '
D.J., Townsend, M. and Zarzycki, T. pp
Bohanec, M., Messéan, A., Scatasta, S., Angevjn, F. o . . . .
Griffiths, B., Henning Krogh, P., Znidarsic, M., A qualitative multl—gttrlbute r_n_odel foreconomic arecological Ecological Modelling in press
) assessment of genetically modified crops
Dzeroski, S.

. Computable general equilibrium models for sustalitgbimpact . . Vol. 60 :
Bohringer, C. and Loschel, A. assessment: Status quo and prospects Ecological Economics Issue 1 2006 49-64
Born, W.,Rauschmayer, F. and Brauer, I. Economéduation of biological invasions - survey Ecological Economics ?g;te 3 55 2005 321-336

e o
Boyd, J. and Banzhaf, S What are ecosystem services? The need for stamddrdnvironmental Ecological Economics ~ Vol. 63 2007 616-626

accounting units

. The use of market incentives to preserve biodijerSinal Report. A
E;aune];nlt.,l\l;llusl\:;“::, g.,al;lﬂgrsgggl.(g}éOXsterhws, FProject Under the Framework Contract for Economioalffsis Eco-Logic 2006
Y B T T ENV.G.1/FRA/2004/0081.

Brosi, B.J., Daily, G.C., Shih, T.M., Oviedo, F.dan The effects of forest fragmentation on bee comnemiin tropical Journal of Applied

Duran, G. countryside Ecology 2007

Butler, S.J., Vickery, J.A. and Norris, K. FarmlaBibdiversity and the Footprint of Agriculture Science Vol. 315 2007 381-384
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AUTHORS TITLE SOURCE VOLUME DATE PAGES
Cabeza, M. and Moilanen, A. Replacement _cost: A practical measure of site vidueost-effective Biological Conservation Vol. 132 2006 336-342
reserve planning Issue 3
Christie, M., Hanley, N., Warren, J., Murphy, K., . . . — . . . Vol. 58
Wright, R. and Hyde, T. Valuing the diversity of biodiversity Ecological Economics Issue 2 2006 304-317
Costanza, R. Enough is enough Nature Vol. 439 2006 789
Integrating analysis of local land-use regulationdtural perceptions
Dalle, S.P, Blois de, S., Caballero, J. and Johns, and land-use/ land-cover data for assessing theess®f community- Forest Ecology and Vol. 222 2006 370-383
. Management Issues 1-3
based conservation
Department for
Defra An introductory guide to valuing ecosystem services Environment Food and 2007
Rural Affairs
B|az, S., Fargione, J., Stuart Chapin, F.and Tllma%iodiversity loss threatens human well-being PLoS Biol ?g;te 8 4 2006 1300-1305
. ) . . Biodiversity regulation of ecosystem services-Estsyms and human In: Hassan R, Scholes
Bilrazzo’ S.,e'trgrlnan, D., Fargione, J., Chapin, F'I'\'Nellbeing: Current state and trends: Findings & @ondition and R, 2005 297-329
e : Trends Working Group. Ash N, editors.
Drechsler, M., Johst, K.,Ohl, C and Watzold, F. Designing Co§t-Effect|ve Payments for Co_nservatMeasures to Conservation Biology Vol 21 2007 1475-1486
Generate Spatiotemporal Habitat Heterogeneity Issue 6
Drechsler, M., Watzold, F., Johnst, K., BergmanniA model-based approa}ch for designing cost-_effecuompensatlon Biological Conservation Vol. 140 2007 174-186
H., Settele payments for conservation of endangered speciesaldandscapes Issues 1-2
Dudgeon, D., Arthington, A.H., Gessner, M.O.,
Kawabata, Z-I., Knowler, D.J., Léveque, C., Naimarkreshwater biodiversity: importance, threats, staind conservation . . . Vol. 81 )
R.J., Prieur-Richard, A-H., Soto, D., Stiassny, M.L challenges Biological Reviews Issue 2 2006 163-182

and Sullivan, C.A.
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AUTHORS TITLE SOURCE VOLUME DATE PAGES
Dymond, J.R., Ausseil, A-G.E. and McC. Overton, JA landscape a_pproach for estimating the consemvatitue of sites and Ecological Economics in press
site-based projects, with examples from New Zealand
Emerton, L., Bishop, J. and Thomas, L. Sustainable financing of protected areas: a globaew of challenges IUCN in press
and options
. Ecological theories and indicators in economic ni®aé biodiversity . . Vol. 61
Eppink, F.V and Bergh van den, J.C.J.M. loss and conservation: A critical review Ecological Economics Issues 2-3 2007 284-293
Ferraro, P.J. and Kiss, A. Direct payments to coesbkiodiversity Science Vol. 298 2002 1718-1719
Elsher, B., Costanza, R., Turner, R.K. and Morlngefining and classifying ecosystem services foiisien-making Ecological Economics In press
Fisher, J., Manning, A.D., Steffen, W., Rose, D.B.,
Daniell, K., Felton, A., Garnett, S., Gilna, B., .
Heinsohn, R., Lindenmayer, D.B., MacDonald, B.Mind the sustainability gap ;r?dEE\I/DO?uti(I; Ecology ?g;ll']e 12 22 2007 621-624
Mills, F., Newell, B., Reid, J., Robin, L., Schetre
K. and Wade, A.
Foley, J.A., DeFries, R.,Asner, G.P., Barford, C.,
Bonan, G., Carpenter, S.R.,Chapin, F.S., Coe,
M.T.,Daily, G.C.,Gibbs, H.K.,Helkowski, . !
J.H.Holloway, T., Howard, EA., Kucharik, C:.J”Global Consequences of Land Use Science Vol. 309 2005 570-574
Monfreda, C., Patz, J.A., Prentice, I.C.,Ramankutty
N. and Snyder, P.K.
. . . Journal of Sustainable Vol. 25
. ? -
Gentry, B.S. Emerging markets for Ecosystem Services: What didearn Forestry Issues 3-4, 2007 365-374
Gillson, L. and Hoffman, T. Rangeland Ecology i€@kanging World Science Vol. 315 2007 53-54
Grafton, R.Q., Kompas, T. and Hilborn, R.W. Econesrof Overexploitation Revisited Science Vol. 318 2007 318-1601
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AUTHORS TITLE SOURCE VOLUME DATE PAGES

Grafton, R.Q., Hilborn, R., Ridgeway, L., Squires,

D., Williams, M., Garcia, S., Groves, T., Joseph, J

Kelleher, K., Kompas, T., Libecap, G., Lundin, C.G. L - . . . Vol. 32

Makino, M., Matthiasson, T. McLoughlin, R. Positioning fisheries in a changing world Marine Policy lssue 4 2008 630-634

Parma, A., San Matrtin, G., Satia, B., Schmidt, C-C.

Tait, M., et al.

Griffiths, G.J.K., Holland, J.M., Bailey, A. and E)‘flue_ncy and economics of shelter habitats fornsayvation Biological Control Vol. 45 2008 200-209

Thomas, M.B. biological control Issue 2

Grimm, N.B., Faeth, S.H., Golubiewski, N.E., - . :

Redman, C.L., Wu, J., Bai, X. and Briggs, J.M. Global Change and the Ecology of Cities Science Vol. 319 2008 756-760
Handbook of

Heal, G. Chapter 21 Intertemporal Welfare Economics andEié&ronment Environmental Vol. 3 2005 1105-1145
Economics

Heide van der, C.M., Bergh van den J.C.J.M. anfixtending Weitzman's economic ranking of biodivgrgirotection: . . Vol. 55 B

Lerland van, E.C. combining ecological and genetic considerations Ecological Economics Issue 2 2005 218-223

Hodgson, J.G., Montserrat-Marti, G., Tallowin, J.,

Thompson, K., Diaz, S., Cabido, M., Grime, J.P.,

Wilson, P.J., Band, S.R., Bogard, A., Cabido, R.,

Caceres, D., Castro-Diez, P., Ferrer, C., Maestro-

Martinez, M., Perez-Rontome, M.C., Charles, M. - . . . . . Vol. 122

Cornelissen, ~ J.H.C., Dabbert, S, PerediOW much will it cost to save grassland diversity? Biological Conservation lssue 2 2005 263-273

Harguindeguy, N., Krimly, T., Sijtsma, F.J., Steajk

D., Vendramini, F., Guerrero-Campo, J., Hynd, A.,

Jones, G., Romo-Diez, A., de Torres Espuny, L.,

Villar-Salvador, P. and Zak, M.R.

Holdren, J.P. Science and Technology for Sustainable Well-Being Science Vol. 319 2008 425-434
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AUTHORS TITLE SOURCE VOLUME DATE PAGES
Holzkamper, A. and Seppelt, R. Evalua_tlng cost-effectiveness of (_:onservatlon marant actions in Biological Conservation Vol. 136 2007 117-127
an agricultural landscape on a regional scale Issue 1
Hooper, D.U., Chapin, F.S., Ewel, J.J., Hector, AEffects of biodiversity on ecosystem functioning: donsensus of :
Inchausti, P., et al. current knowledge Ecol Monogr vol. 75 2005 3-35
Jackson, R.B., Jobbagy, E.G., Avissar, R., Roy,,S.B
Barrett, D.J., Cook, C.W., Farley, K.A., Maitre le,Trading Water for Carbon with Biological Carbon 8estration Science Vol. 310 2005 1944-1947
D.C., McCarl, B.A., and Murray, B.C.
Traditional forest management under the influenfes@ence and Forest Ecology and Vol. 249 )
Johann, E. industry: the story of the alpine cultural landseap Management Issues 1-2 2007 54-62
Kessler, j.j., Rood, T., Tekelenburg T. and BakleneBiodiversity and Socioeconomic Impacts of Selectgdo-Commodity Journal of Environment Vol. 16
. 2007 131-160
M. Production Systems and Development Issue 2
Knoke, T., Stimm, B., Ammer, C. and Moog, M. Mixed _forests reconsidered: A forest economics rdoation on an Forest Ecology and Vol. 213 2005 102-116
ecological concept Management Issues 1-3
Leroux, A.D. and Creedy, J. Optimal land conversaod growth with uncertain biodiversity costs Ecological Economics ?ggtes 2_361 2007 542-549
Lichtenfels, M., Kuppalli, R., Burtis, P., Lichtesifl, . . Journal of Sustainable Vol. 25
M., Hovani, A. and Miyata, V. Improving Markets for Ecosystem Services Forestry Issues 3-4., 2007 337-364
Liu, J., Dietz, T., Carpenter, S.R., Alberti, Mglke, .
C., Moran, E., Pell, AN., Deadman, P., Kratz, T., Science Vol. 317
Lubchenco, J., Ostrom, E., Ouyang, Z., ProvencheComplexity of Coupled Human and Natural Systems 2007 1513-1516
W., Redman, C.L., Schneider, S.H., and Taylor,
W.W.
Losey, J.E. and Vaughan, M. The economic valueological services provided by insects Bioscience ?gzlﬁe 4 56 2006 311-323
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The economic impacts of aquatic invasive specieseview of the Agricultural anq Vo 35
Lovell, S.J., Stone, S.F and Fernandez, L. . Resource Economics ,__ " 2006 195-208
literature . Issue 1
Review
Mace G, Masundire H, Baillie J, Ricketts T, Brook€cosystems and human well-being: Current statetr@mdis: Findings . .. .
T, et al. of the Condition and Trends Working Group Biodiversity -2005 rr-122
MacLeod, N.D. and Mclvor, J.G. Reconciling economic and ecological conflicts foustained Ecological Economics Vol. 56 2006 386-401
management of grazing lands Issue 3
Valuation and
Marggraf, R. Global Conservation of Biodiversity from an EconorRioint of view  Conservation of partl 2005 3-21
Biodiversity
Martin-Lépez, B., Montes, C. and Benayas, J. The_ non-economic motlves behind the willingness ftay for Biological Conservation vol. 139 2007 67-82
biodiversity conservation Issues 1-2
Martin-Lépez, B., Montes, C. and Benayas, J. Eﬁ?:gg:;c Valuation of Biodiversity Conservation:etfMeaning of Conservation Biology in press
Mayer, A.L. and Tikka, P.M. Biodiversity conservation incentive programs forivately owned Enwron_mental Science Vol. 9 2006 614-625
forests and Policy Issues 7-8
McCauley, D.J. Selling out on nature Nature Vol. 443 2006 27-28
Mikkelson, GM., Gonzalez, A. and Peterson, GD. Ecoic Inequality Predicts Biodiversity Loss PLoS ONE ?gcs)lﬁe 5 2 2007 1-5
Moschella, P.S., Abbiati, M., Aberg, P., Airoldi,,L
Anderson, J.M., Bacchiocchi, F., Bulleri, F., Diaas e .
G.E., Frost, M., Gacia, E., Granhag, L., Jonssolﬁ]% WS;?:tegcg% asi(t:aall gﬁzgﬂgedztsriu%tures as artifigihitats for marine Coastal Engineering ?gcs)lﬁes 10_5121 2005 1053-1071
P.R., Satta, M.P., Sunderlof, A., Thompson, R.@. an " 9 9 g
Hawkins, S.J.
Naidoo, R. and Adamowicz, W.L. Modeling opportunity  Costs  of Conservation in  Tidosal Conservation Biology Vol 20 2006 490-500
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Global-scale mapping of economic benefits from agtiral lands: Vol 146

Naidoo, R. and lwamura, T. S ) N Biological Conservation ' 2007 40-49
Implications for conservation priorities Issues 1-2
Vol. 4
Naidoo, R. and Ricketts, T.H. Mapping the Econon@osts and Benefits of Conservation PLOS Biology Issue 11, 2006 2153-2164
e360
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Olson, L.J. The economics of terrestrial invasive speciesvieve of the literature Resource Economics Isstlje 1 2006 178-194
Review
) Developing incentives and economic mechanisms for situ Agriculture, Ecosystems Vol. 121 B
Pascual U. and Perrings C. biodiversity conservation in agricultural landscape and Environment Issue 3 2007 256-268
Pascual, U. and Perrings, C. Devgloplng |ncent|v¢s _and economics mechanisms ifor situ Agncultu_re, Ecosystems Vol. 121 2007 256-268
biodiversity conservation in agricultural landscape and Environment Issue 3
Eerfecto, l., Vandermeer, J., Mas, A. and SOtOO"D'mBiodiversity, yield, and shade coffee certification Ecological economics ?gzte 4 54 2005 435-446

Pierce, D. Do we really care about Biodiversity? Environmental . Vol. 37 2007 313-333
Resource Economics

Handbook of
Polasky, S., Costello, C. and Solow, A. ChapteT &8 Economics of Biodiversity Environmental Vol. 3 2005 1517-1560
Economics
Pola_sky, S., Nelson, E., Lonsdorf, E., Facklerafl Conserving species in a working landscape: landwitfe biological Ecological Applications Vol. 15 2005 1387-1401
Starfield, A. and economic objectives Issue 4
Polomé, P., Marzetti, S. and Veen van der, A. Eoto@nd social demands for coastal protection Coastal Engineering ?gcs)lﬁes 10_5121 2005 819-840
Potts, M.D. and Vincent, J.R. Spatial dlst_rlbutlo_n of species populations, relmteconomic values, Environmental _ and vol. 39 2008 91-112
and the optimal size and number of reserves Resource Economics
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Rosales, J. Economic Growth and Biodiversity Loss in an AgeTeddable Permits Conservation Biology ?gzte 4 20 2006 1042 - 1050
Schnier, K.E. Biological hot_spots and their effect on optintbeconomic marine Ecological Economics Vol. 55 2005 453-468
reserve formation Issue 4
Schou, J.S., Tybirk, K., Lofstrom, P. and Hertel, O Economic and enylronmental analysis of buffer zcamean instrument Land Use Policy Vol. 23 2006 533-541
to reduce ammonia loads to nature areas Issue 4
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Shanmuganathan, S., Sallis, P. and Buckeridge, J. Self-orgaanl_ng map methods in integrated modetihgnvironmental EnV|ro'nmentaI Vol. 21 2006 1247-1256
and economic systems Modeling and Software Issue 9
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Simpson, R.D. David Pearce and the economic valuation of bioditer Resource ECONomics Vol. 37 2007 91-109
Spash, C.L., Urar_na, K., Burton, R., Kenyon, W.Motives be.hlnd W||I|r_1gness _to pay for improving tiversity in water Ecological Economics 2654 2006
Shannon, P.and Hill, G. ecosystem: Economics, ethics and social psychology
Environmental
Stewart, R.R., and Possingham, H.P. Efficiencytscand trade-offs in marine reserve system design Modeling and Vol. 10 2005 203-213
Assessment
Stokstad, E. Forest Conservation: Learning to Adapt Science Vol. 309 2005 688-690
Storkey, J. and Cussans, J.W. Reconciling the conservation of in-field biodiveysiwith crop Agriculture, Ecosystems Vol. 122 2007 173-182

production using a simulation model of weed groaikd competition

and Environment

Issue 2
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. . . S . Journal of Environment

Tilman, D., Polasky, S. and Lehman, C. Diversity, productivity and temporal stability irhé economies of Economics and Vol. 49 2005 405-426

humans and nature

Management
) Linking policies for biodiversity conservation witladvances in The Singapore Vol. 50 i

Tisdell, C. behavioral economics economic review Issue 1 2006 449-462
Treweek, J.R., Brown, C., and Bubb, P. Ass_essmg biodiversity impacts of trade: a revidwelmllenges in the Imp'act Asses_sment andVol. 24 2006 299-309

agriculture sector Project appraisal Issue 4
Turner, R.K. and Daily, G.C. The Ecosystem Servieesnework and Natural Capital ConservationEnvlronmental . and Vol. 39 2008 25-35

Resource Economics
Ulbrich, K., Drechsler, M., Watzold, F., Johnst, KA software tool for designing cost-effective comgation payments Environmental Vol. 23
: ) 2008 122-123

and Settele, J. for conservation measures Modeling and Software Issue 1
Wallace, K.J. Classification of ecosystem-services: Problemssarigtions Biological Conservation Vol. 139 2007 235-246
Wallander, S. The Dyngm|cs of Cons_erv_atlor_l F|n§mcmg: A Windowtointhe Journal of Sustainable Vol. 25 2007 265-280

Panamanian Market for Biodiversity Existence Value Forestry Issues 3-4,
Weidema, B.P. Using the budget constraint to monetarise impasgssnent results Ecological Economics in press

) Compensatory mitigation as a solution to fishebgsatch-biodiversity Frontiers in Ecology Vol. 5 B

Wilcox, C. and Donlan, C.J. conservation conflicts and the Environment Issue 6 2007 325-331
Wilkie D, Morelli G, Demmer J, Starkey M, Telfer P,Parks and people: Assessing the human welfaretgftéestablishing Conservation Biology ~ Vol. 20 2006 247-249

etal.

protected areas for biodiversity conservation
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Worm, B., Barbier E.B., Beaumont, N., Emmett
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Table A3. Articles related to case-studies

TITLE SOURCE VOLUME DATE PAGES
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Bommel van, F.P.J on European farmland birds, 1990-2000 and Environment Issues 3-4
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highlands of Guatemala Geography 4
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ANNEX 5 - INVENTORY OF RESEARCH ORGANIZATIONS, PROG RAMS
AND PROJECTS DEALING WITH “ECONOMICS OF BIODIVERSIT Y
LOSS”

As a contribution to the Scoping the Science ptojag inventory was made of the
main current research programs and organisatiordinde with “economics of
biodiversity loss” whereby 5 categories were ditished:

* 0 - Main networks/websites

e 1 - Multi-lateral institutions, programs, treatiesg

e 2 - Government supported initiatives

+ 3-NGO’s

e 4 - Universities / Research organizations & program
e 5 - Business supported initiatives

The inventory was carried out by using existing amdl-known websites as a starting
point (category 0 in below table). Most of thesébsiges have a section with “links”
and by following these in a systematic way it isgble to obtain a good overview of
the main organizations and programs.

Keywords used for the search were the link betwbediversity” and “economics /
economic loss / economic cost / economic valuation”

When going “deeper” into the various organisatiamsl programs, many links are
found to more specific subjects (e.g. programsjepte and organisations focusing on
specific ecosystems (e.g. watershed-services, cedds, forests, etc), services or
regions). Within the timeframe of this projectwhs not possible to explore these
links in any detail but it would be very interegtimnd useful to carry out a full

“network-analysis” as one of the future follow-ugigities.

Below, a summary is given of the main organisatamd programs, organised by type
of organisation. Per category a distinction is mhaetveen international and national
organisations & programs. Within these categori@ganisations are listed in

alphabetical order for easy reference.

This overview does not aim to be exhaustive, howaveombination with the links
given under the “Main Networks & Websites” (categ0) it should enable quick and
easy access to the main organisations and prograrttss topic. In the future, some
resources could be directed to identifying releveettvorks at national level.

NOTE: In case you miss an (important) organization argpam, please send an
email todolf.degroot@wur.q!
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0 - Main (long-term) networks / websites / database

(are also listed under respective country or orgaiion for easy cross-reference)

Name

Website

Additional information

Biodiversity Economics

www.biodiversityeconomics.org

Website from [IUCN and WWF

Ecosystem Service Databas
(ESD)

http://esd.uvm/edu

UVM — Gund inst. Ecol.
Economics

Ecosystem Services

Www.esa.org/ecoservices

Ecological Society of America

Ecosystem Services Databas

11

esd-worldbank.org/eei/

World Bank
Email: EnvEc@worldbank.org

Ecosystem Services projec
(Australia)

[

WWW.ecosystemservicesproject.org

CSIRO
WWW.CSE.CSiro.au/ecoservices

Ecosystem Valuation

www.ecosystemvaluation.org

Univ. Maryland

www.epa.nsw.gov.au/envalue

EnValue (start 1995) (EPA New South Walés

EVRI WWW.evri.ca Env. Canada & EPA-US (also
(since 1997) World Bank & EC are involved)

MILLENNIUM

ECOSYSTEM www.maweb.org

ASSESSMENT2001-2005)

Natural Capital Project

www.naturalcapitalproject.org

Stanford University

Nature Valuation &
Financing Network (NV&F)

www.naturevaluation.org

1 — Multi-lateral Ints. / Org. / Programs / Treaties / etc.

Name Website Additional information
« Environmental Services and
_ . Sustainable Use of Forests-program
CIFOR / ICRAF www.cifor.cgiar.org )
¢« RUPES program (Rewarding Upland
Poor for Environmental Services)
Convention on Biological www.biodiversity.org

Diversity - CBD

or www.chd.int

Ecosystem Approach

European Commission

ec.europa.eu

Env. Economics [program]
ec.europa.eu/environment/enveco

EXTERNE - calculating the costs of
externalities ec.europa.eu/research/

European Environment

Agency

www.eea.europa.eu

call for evidence on economics of
biodiversity loss

EURECA (European Ecosystem
Assessment)
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Topic: Biodiversity (esp. irt health

)

European Investment Bank www.eib.org loss): collaborate with IUCN
Financing Strategies for Sust. Forest
Management (together with [IUCN an
FAO www.fao.org CCAD)
(www.fao.org/forestry/mecanismosfinancieros
MILLENNIUM
ECOSYSTEM www.maweb.org

ASSESSMENT(2001-2005)

Ramsar Convention

www.ramsar.org

Guidelines for Wetland Valuation (in
collab. with CBD)

UN CEEA

unstats.un.org/unsd/envaccopn

ting/ceea

UN Committee of Experts on
Environmental Economic Accounting

UNDP - GEF

www.undp.org/gef

Biodiversity portfolio (240 projects;
Gustavo Fonseca)

UNEP

www.unep.ch

UNEP Finance Initiative
(www.unepfi.org)

UN Committee of Experts on Env.
Economic Accounting (UNCEEA)

WCMC (www.unep.wcms.olg

UNESCO

Www.unesco.org

WWF UNESCO project about
Financing Mechanisms for Protected
Areas

(in Argentina) :
www.vidasilvestre.org.ar

UN-FCCC

unfccc.int

Impact CC on ecosystem services

WORLD BANK

www.worldbank.org

Ecosystem Services Database — Wor
Bank (esd-worldbank.org/eeil)

+ environmental economics,
environmental valuation, PES

2 — Government supported initiatives

[see also section 4: univ. and research programs]

Country Name Website Additional information
CSIRO Ecosystem| Www.cse.csiro.au/ecoservices
Australia Services project [see also: main Networks]
. www.epa.nsw.gov.au/envalue/
Australia EnvValue (start 1995) EPA New South Wales
WWW.evri.ca ¢ Env. Canada & EPA-US
Canada EVRI (since 1997) (alsg World Bank & EC
are involved)
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* established EEPSEA

Canada IDRC (Int. Dev. Research www.idrc.ca (Economy & Env.
Centre) Program for SE Asia) in
1993
* supported by Royal
Denmark DANIDA Dan]sh Min. of Foreign
Affairs
Germany GTZ Www.gtz.de
MNP -  Netherlands
Environmental www.mnp.nl

Netherlands

Assessment Agency

UK . e Ecosystem Service
DEERA www.defra.goc.uk/environment Project
e Env. Economics Publ
USA EPA www.epa.gov + Atlas of Ecosystem
Services
, e Committee on Assessing
USA Nanongl Research www.nationalacademies.org and Valuing Ecosystem
Council \
Services
3 - NGO’s (organizations and programs)
International
Name Website Additional information
Association of
Environmental and www.aere.org

Resource Economists

Conservation Finance

Alliance (CFA)

www.conservationfinance.ord

Started in 2002, last update 2006 -
seems not very active anymore

Joint project of 12 org., among
others: CI, IUCN, WWF, World
Bank etc

Conservation
International (ClI)

www.conservation.org

mapping and valuing ecosystem
services

Defenders of Wildlife

www.defenders.org

Economic analysis of benefits and
costs of biodiversity concervation

DIVERSITAS

www.diversitas-
international.org

East-West Centre

www.eastwestcenter.org

Ecoservices program (Charles
Perrings)
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European Centre for
Nature Conservation
(ECNC)

www.ecnc.nl

Biodiversity for Sustainability
program / Business & Biodiv.

Forest Trends

www.forest-trends.ong

see Katoomba Group

Guyana Shield program

www.guianashield.org

development of payment
mechanisms for ecosystem service

IEEP (Inst. European Enw.

Policy) www.ieep.eu
e Env. Economics Program (EEP)
IED www.iied.org *  Support el. Newsletter on Payment
for Watershed Services
(www.flowsonline.nex
e Funded by Env. Canada in 1990
ISD (Int. Inst. For Sust. Www.iisd or ] . .
Development) www.iisd.org * Topics among others “Valuing
Natural Capital”
ISEE (Int. Society for WWW.EC0eco.or@r
Ecological Economics) www.ecologicaleconomics.org
Support many activities irt Ecosyste

IUCN

WWW.iucn.org

Services and Economics:

Economics Division (since 1998)

Business and Biodiversity Progran
(since 2000)_(cms.iucn.org/etc ..)

Global Economics and Env.
Program (GEEP) > 2009
(cms.iucn.org/etc ..)

IUCN-Regional Env. Economics
Program Asia

WANI (PES Watershed services)
(www.iucn.org/themes/wahi

CEM-Ecosystem Services
CEM-Ecosystem Approach

Katoomba Group

www.katoombagroup.org
[see also Forest Trends]

Ecosystem Market Place
(ecosystemmarketplace.cbm

Resources for the Future

www.rff.org

Restoring Natural Capital
(RNC) Alliance:

www.rncalliance.org

SANDEE (South Asian

Network for Dev. and Env,

Economics)

www.sandeeonline.org

Society for Ecological
Restoration (SER).

Www. Ser.org

WCMC (see also UNEP)

www.unep.wcmc.org

mapping ecosystem services

Wetlands International

www.wetlands.org

Biorights program
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World
(WRI)

Resources Inst

(Www.wri.org)

People and Ecosystems Program
www.wri.org/ecosystems/ecosyste
m-services

WWF

www.worldwildlife.org

Many activities eg:

(Centre for) Conservation Finance
(www.worldwildlife.org/conservatio
nfinancg

WWF Macro-economics Program
Office www.panda.org/etc..

Meta-analysis of wetland values ..|

Natural Capital Project (with
Stanford Univ)

WWF UNESCO project about
Financing Mechanisms for Protected
Areas

Argentina:_ www.vidasilvestre.org.ar

National

Services: www.esa.org/ecoservices

NB: many national organizations were found but theiisaather incomplete and unbalanced
and is therefore not included here (can be providedequest); an exception is made for the
Ecological Society of America which made an intimgswebsite with Toolkits on Ecosystem

4 — Universities / Research programs (& assessments

International

Name

Website

Additional information

EVE concerted action

www.landecon.cam.ac.uk/eve

RUBICODE

www.rubicode.net

EU funded project (2007-2009)

“Rationalising Biodiversity
Conservation in Dynamic
Ecosystems”

National[STILL VERY INCOMPLETE]

Country Name Website Additional information
Australian Nat.
. University Economics . . .
Australia and Environment een.au.edu.au Australian Nat. University
Network

283



a.o. host of global network of

Italy FEEM www.feem.it : !
environmental economists
PREM (Poverty Reduction and
Netherlands | IVM- VU www.ivm.falw.vu.nl Env. Management)
www.premonline.nl
Netherlands | Tilburg Univ www.tilburguniversity.nl
SELS-program
(www.ecosystemservices)nl
WUR (Wageningen research program on Ecosystem
Netherlands | Univ. &  Research www.wur.nl Landscape Services
Centre)
Wageningen International
(www.wi.wur.nl): many projects
CEEPA (Center for Env.
South Africa | Pretoria Univ . www.up.ac.za Economics and Policy in Africa)
(www.ceepa.co.2a
Beijer Int. Inst. of
Sweden Environmental www.beijer.kwa.se
Economics
Env. Economics Unit
. Env. For Development Initiative
Sweden Gothenborg Univ. Www.gu.se (EfD) (www.efdinitiative.org
supported by SIDA
Sweden Stockholm Univ Dept. Systems Ecology
CSERGE Centre for
UK Social & Economic| www.uea.ac.uk/cserge
Research) UEA
UK Green Economics Inst www.qrgtreniﬁonomlcs— Center for Env. Management
UK Univ. Oxford www.ox.ac.uk Green College
Various projects, including
MIMES; theEcosystem Service
Database (ESDJesd.uvm/edyu
Gund Inst. Ecological
USA www.uvm.edu

Economics, UVM

to be linked to ARIES-project (an
interactive data base & DSS-tool
and the EcoValue Project
(ecovalue.uvm.edu/eyp
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e Ecosystem Valuation
USA Maryland, Univ www.umd.edu
www.ecosystemvaluation.org
* Natural Capital Project
(www.naturalcapitalproject.ojg
(G.Dally et al),together with The
Nature Conservancy & WWF
USA Stanford Univ. e NatCap Network & Natural
Capital Database
e InVEST - tool to model value of
ES and Trade-offs
Wyoming, Univ Dept.
USA of Economics &| business.uwyo.edu/econfin
Finance

5 - Business Supported Init. (Banks/ Consultantsie)

Here only a few examples are listed but there aamymmore private organizations
becoming increasingly involved in economics of wexsity, and biodiversity loss

Name Website Additional information
« “Building Biodiversity
SHELL www.shell.com Business” Publication togethe
with [IUCN — 2008)
TripleE Www.trioleee.nl . Valuatlop Studies & Payment
WWW.Tripleee.n mechanisms
Economics for the S
. * Exist since 1992, set up

Etrévwonment Consultancy www.Eftec.co.uk UKNEE (in 2004)

Author

Rudolf de Groot (Env. Systems Analysis Group, Waugen Univ.)
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ANNEX 6 - KEY INTERNET RESOURCES ON BIODIVERSITY AN D
ECOSYSTEM SERVICES

General: Biodiversity and Ecosystem Services

Key institutions, groups and experts

Center for Agri-Environmental Research, (UniversifyReading ) — The biodiversity and ecosystem
services research group carries out rigorous relsear the linkages between agricultural land-use,
biodiversity, ecosystem function and service prioviand how respond to global change and their
value to manhttp://www.reading.ac.uk/caer/theme_services.html

Defenders of Wildlife — Defenders' Conservation fiarics Program focuses on objective and
transparent economic analysis of the benefits asts©f biodiversity conservation design of ecoromi
incentives for wildlife conservation Ecosystem Segs.
http://www.defenders.org/programs_and_policy/saemnd _economics/conservation_economics/inde

x.php
Defra’s Ecosystem Services Project (UK)- Defra sgs@ project on ecosystem services aims to

establish the basis for an ecosystems approacthawdit may be used to make effective
assessments of the benefits that the natural enrmiemt provides.

http://www.ecosystemservices.org.uk/index.htm

Ecology and Society - An electronic, peer-reviewad|ti-disciplinary journal devoted to the rapid
dissemination of current research on intergratorerse for resilince and sustainability (formerly
Conseration Ecology).

http://www.ecologyandsociety.org/

Ecological Society of America and Union of Conceti$zientists. Ecosystem Services Toolkit — Tool
for scientists to engage the public. Tool Kits haeen completed on the following services:
Pollination and Water Purification. Tool kit on B Damage Control is in development.
http://www.esa.org/ecoservices/

Ecosystem Services Project - The Ecosystem SerRiagect was initiated b€SIRO Sustainable
Ecosystems&ndThe Myer FoundationThe Project is a collaborative natural resoureaagement
project studying the services people obtains froeirtenvironments, the economic and social values
inherent in these services and the opportunitiasdan arise from considering these services more
fully in land management policies and
decisiondhttp://www.ecosystemservicesproject.org/html/absfitlex.htm

Ecosystem Services Management & Restoration - @miatabase on Ecosystem Services: Linking
Valuation and Financing of Ecosystem Services &t&nable Management. This database on the
website of the Nature Valuation & Financing (NV&Rgtwork (www.naturevaluation.ojgprovides a
list of ongoing and completed case studies, imgstand projects from around the world that lin& t
valuation and financing of ecosystem services stasniable management.
http://topshare.wur.nl/naturevaluation/73766
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Millennium Ecosystem Assessment. - Designed byrtngeship of UN agencies, international
scientific organizations, and development agentigs,ongoing study assesses the capacity of
ecosystems worldwide to provide goods and sentiwgsare important for human development.
http://www.millenniumassessment.org/

Natural Capital Project. 2006. “Toolbox.” A joinemture among the Woods Institute for the
Environment at Stanford University, the Nature Gamancy and the World Wildlife Fund is
developing tools for modeling and mapping the alyy distribution and economic value of ecosystem
services and biodiversity. Online attp://www.naturalcapitalproject.org/toolbox.html

Global Biodiversity Outlook (GBO) - The GBO, is ardic report on biological diversity, which
provide a summary of the status of biological dsitgrand an analysis of the steps being taken &y th
global community to ensure that biodiversity is ®amved and used sustainably, and that benefits
arising from the use of genetic resources are dregaitably http://www.cbd.int/gbo/

Global Environment Outlook (GEO) - The Global Emviment Outlook (GEQ) project is the
implementation of UNEP’s mandate to keep the gle@ironment under review. GEO is both a
process and a series of reports, analyzing envieotethchange, causes, impacts, and policy responses
It provides information for decision-making, suptsogarly warning and builds capacity at the global
and sub-global levels. GEO is also a communicgiimeess that aims at raising awareness on
environmental issues and providing options foraactittp://unep.org/GEO/

Global Environment Outlook Year Book Series - THe@>Y ear Book series, produced annually by the
United Nations Environment Programme in collabarativith many world environment experts keeps
abreast of environmental issues as they unfoldghexinnual survey of the changing global
environment). The Year Book includes global andaregl overviews. It also highlights the most
significant environmental developments in the yg#p://www.unep.org/geo/yearbook/yb2008/

World Resources Institute — People and Ecosysteogr&#mnme.
http://www.wri.org/ecosystems/ecosystem-services

Reports, publications and journal articles

Ecosystem Services: A Primer - Ecological Sociétmerica (ESA) — This online article highlights
the importance of natural ecosystems and the sy produce upon which humans are dependent.
http://www.actionbioscience.org/environment/esalhtm

FAO. 2003. Biodiversity and the ecosystem approacyriculture, forestry and fisheries Proceedings
of the satellite event on the occasion of the NRégular Session of the Commission on Genetic
Resources for Food and Agriculture - Rome 12 - &®Rer 2002.
http://www.fao.org/docrep/005/y4586e/y4586e00.htm

FAO.2007. The State of food and agriculture: Payargiers for environmental services. Rome. Italy.
http://www.fao.org/docrep/010/a1200e/a1200e00.htm

Issues in EcologyEcosystem Services: Benefits Supplied to Humasiefies by Natural Ecosystems,
No. 2, Spring, 1997, Ecological Society of Ameridaailable on ESA's website at:
http://www.esa.org/science_resources/issues/Filkstriigsue2. pdf

Mainka, S., McNeely, J and B, Jackson. 20D&pend on Nature: Ecosystem Services Supporting
Human LivelihoodsWorld Conservation Uniamvailable athttp://www.undp.org/pei/pdfs/IUCN-
DependonNature.pdf

Millennium Ecosystem Assessment, 2005, Living Bey@ur Means: Natural Assets and Human
Well-being. Statement of the Board.

http://www.millenniumassessment.org/documents/danim29.aspx.pdf

Millennium Ecosystem Assessment, 2005. EcosysterddHtaman Well-being: Wetlands and Water
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Synthesis. World Resources Institute, Washingta®, D

http://www.millenniumassessment.org/documents/danit858.aspx.pdf

Millennium Ecosystem Assessment, 20B6osystems and Human Well-being: Synthésisnd Press,
Washington, DC.

http://www.millenniumassessment.org/documents/danitB56.aspx.pdf

Millennium Ecosystem Assessment, 2086osystems and Human Well-being: Health Synthesis
Island Press, Washington, DC.
http://www.millenniumassessment.org/documents/dantt857.aspx.pdf

Millennium Ecosystem Assessment, 2005. Ecosystemmsdaman Well-being: Desertification
Synthesis. World Resources Institute, Washingtdd, D

http://www.millenniumassessment.org/documents/danit855.aspx.pdf

Millennium Ecosystem Assessment, 2005. Ecosystemdimman Well-being: Opportunities and
Challenges for Business and Industry.
http://www.millenniumassessment.org/documents/damnir353.aspx. pdf

Naidoo, R and Ricketts, T.H. 200dapping the Economic Costs and Benefits of Consmmw#&®LoS
Biology4, 11. (2006). Available at:

http://biology.plosjournals.org/perlserv/?requestdpcument&doi=10.1371/journal.pbio.0040360
RAND. Nature's Services: Ecosystems Are More Thaldlifé Habitat

http://www.rand.org/scitech/stpi/ourfuture/Naturesfces/sectionl.html

UNEP-WCMC. 2007. Biodiversity and Poverty Reductidhe importance of biodiversity for
ecosystem serviceAvailable at:http://www.unep-
wcmec.org/latenews/Biodiversity%20and%20Poverty%20REon%20UNEP-WCMC. pdf

World Bank, 2006. Where is the Wealth of Nations2a8uring Capital for the 21st Century.
Washington, D.C.: The World Bank.

http://siteresources.worldbank.org/INTEEI/214578:0886258964/20748034/All.pdf

World Resources Institute, 200&0rld Resources 2005: The wealth of the poor — mizga
ecosystems to fight povertyashington DC: WRI.

http://pdf.wri.org/wrr05 lores.pdf

Giller, P., and G. O’'Donovan, 2002. Biodiversityddacosystem Function: Do Species Matter?
Proceedings of the Royal Irish Acaderh2B 3 129-139.

http://www.ria.ie/cqi-bin/ria/papers/100066.pdf

Crop pollination

Key institutions, groups and experts

CBD. Agricultural Biodiversity International Inititve for the Conservation and Sustainable Use of
Pollinators. Established by the Fifth Conferenc@afties to the Convention on Biological Diversity
2000. Declared an urgent need to address the iésuarldwide decline of pollinator diversity?
Available online athttp://www.cbd.int/programmes/areas/agro/pollingt@spx

Ecological Society of America (ESA). Pollinationde&heet: Pollination: an essential ecosystem
service — Revealing secrets about the birds andebs
http://www.esa.org/ecoservices/comm/body.comm gadthtml or
http://www.esa.org/ecoservices/PollinationFactSipeét

European Pollinator Initiative (Hope Page) provigdermation on a wide range of activities which
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helps to conserve and manage pollinators to enhthecgervives they provide.
http://www.europeanpollinatorinitiative.org/

* |UCN. Task Force on Declinining Pollination of tBpecies Survival Commission of [IUCN. Provides
information on pollination as an ecosystem serindde conservation and sustainability of natural
systemshttp://www.uoguelph.ca/~iucn/

* North American Pollinator Protection Campaign (HoRagehttp://www.nappc.org/

* The Arizona-Sonora Desert Museum, Forgotten PatiisaCampaign, Provides information on
pollinators and links to key websites on this sabje
www.desertmuseum.org/pollination/introduction.html

 USDA-ARS Bee Biology and Systematics Lab Researokige information based on various research
projects on: the development and improvement ofagament systems for bee populations, biological
studies of bees, plant-pollination systems, anddiesystematicsyww.LoganBeel ab.usu.edu/

* Apimondia Journal. APIMONDIA (International Fedecat of Beekeepers' Associatiorn®omote
scientific, ecological, social and economic apuardt development in all countries and the coopenati
of beekeepers™ associations, scientific bodiesofumetividuals involved in apiculture worldwide. sla
various standing committees and publications ofirfadion.
http://www.beekeeping.com/apimondia/index_us.htm

Reports, publications and journal articles

» Alexandra-Maria Klein et al., 2007. Importance oflmators in changing landscapes for world crops.
Proc. R. Soc. B (2007) 274, 303-313. Availableranht:

http://www.environnement.ens.fr/perso/claessendeBtieinetal2006.pdf

* C. Kremen, N. Williams, M.A. Aizen, B. Gemmill-Hem, G. LeBuhn, R. Minckley, L. Packer, S.
Potts, T. Roulston, I. Steffan-Dewenter, D. VazquezWinfree, L. Adams, E. Crone, S. Greenleaf, T.
Keitt, A.M. Klein, J. Regetz, T. Ricketts. Polliia and Other Ecosystem Services Produced by
Mobile Organisms: A Conceptual Framework for théeEis of Land Use Changg&cology Letterd.0,

4: 299-314. (2007) Available atttp://www.blackwell-synergy.com/doi/abs/10.1111461-
0248.2007.01018.x

« Dalily, G.C, Ehrlich, P.R, and C.H. Sekercioglu. 208cosystem Consequences of Bird Declines
Proceedings of the National Academy of Sciences, 103, 52: 18042-18047.
http://www.pnas.org/cgi/reprint/101/52/18042

» Eardly, C .Pollinator —A conservation priority. 8cece on Africa Magazine. Available online at
http://www.scienceinafrica.co.za/pollinator.htm

» Goulson, D. 2003. Conserving wild bees for cropipation. Food, Agriculture & Environment Vol.1
(1): 142-144. Available online at:
http://www.sbes.stir.ac.uk/people/goulson/intjioodagricenvir2003.pdf

» Kearns, C.A., and D. Inouye. 1997. “Pollinatorg#ring Plants and Conservation Biology,”
BioSciencel7: 297-397. Available altittp://www.jstor.org/pss/131319Accessed 25 April 2008]

 Kremen, C., Williams, N. M, and R. W. Thorp. 20@op pollination from native bees at risk from
agricultural intensification. PNAS. December 24020Vol. 99, no.
26http://www.pnas.org/cgi/reprint/262413599v1

« RAND. Pollination Services: No Food Without Them
http://www.rand.org/scitech/stpi/ourfuture/Naturessces/secl pollinators.htmi

* Ricketts, T.H 2004. Tropical Forest Fragments EcbhdPollinator Activity in Nearby Coffee Crops
Conservation Biology 8, 5: 1262-1271. (2004)itp://www.blackwell-
synergy.com/doi/abs/10.1111/j.1523-1739.2004.00227.

* APIMONDIA Standing Commission on Pollination andeBelora -
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http://www.beekeeping.com/apimondia/index us.htm

Foraging Behaviour Of Honeybee On Parental Linesig}rid Cauliflower Pusa Selvakumar.
http://www.apimondia.org/apiacta/slovenia/en/selwakr.pdf

The Variability Of Yield Structure Of Black Curra@ultivars Ribes nigruni) In Different
Pollination Conditions DenisoWwttp://www.apimondia.org/apiacta/slovenia/en/dewigalf

Induction Feeding Of Honey-Bees To Imprd\v&tinidia deliciosaPollination Gardi.
http://www.apimondia.org/apiacta/slovenia/en/gaoufi.

Honeybee Pollination In Sunflower Hybrid Seed Pitiun Yadav.
http://www.apimondia.org/apiacta/slovenia/en/yagdi.

Reforestation With Major Bee Food Trees In El SdtvaSandker
http://www.apimondia.org/apiacta/slovenia/en/samgic#

Genetic diversity of crops and livestock

Key institutions, groups and experts

Biodiversity International (Home Page)- Bioverdityernational is the world's largest international
research organization dedicated solely to the ecgasen and use of agricultural biodiversity.
http://www.bioversityinternational.orgCarries research projects and publish extensimelgenetic
diversity of crops and livestock.
http://www.bioversityinternational.org/Themes/Agritural_Ecosystems/index.asp

UK Agricultural Biodiversity Coalition (UKabc) HomBage:
http://www.ukabc.org/ukabc3.htm

The EU Biodiversity in Development Project

www.wcmec.ord.uk/biodev

CGIAR agricultural biodiversity research centre

www.cqiar.org/ipgri

Open Directory Project links on Agricultural Bio@isity

www.dmoz.org/science/environment/biodiversity/agttigral

Reports, publications and journal articles

Daily, G.C, Ehrlich, P.R, Michener, C. and T.H. Rats. 2004. Economic Value of Tropical Forest to
Coffee ProductionProceedings of the National Academy of Sciences, 103, 34: 12579-12582.
Available at:http://www.pnas.org/cqi/reprint/101/34/12579

Cromwell, E., Cooper, D and Mulvany, P. Agricultubéodiversity and livelihoods: issues and entry
points for development agenciéstp://www.ukabc.org/odi_agbiod.pdf

FAO. 1997. The state of the world’s plant genetsources for food and agriculture. Rome: Italy.
Available at:
http://www.fao.org/WAICENT/FAOINFO/AGRICULT/AGP/AGS8/Pgrfa/pdf/swrfull. pdf

ITDG. Agricultural biodiversity: farmers sustainitige web of life. Farmer’'s World Network Briefing.
http://www.practicalaction.org/docs/advocacy/fwro-div_briefing.pdf

Sustaining Agricultural Biodiversity and Agro-ecetym FunctionsOpportunities, incentives and
approaches for the conservation and sustainablefieggicultural biodiversity in agro-ecosystemslian
production systems. Report of the FAO/CBD AgrictatiBiodiversity Workshop, 2-4 December 1998,
Rome.http://www.fao.org/WAICENT/FAOINFO/SUSTDEV/EPdirdEiPre0063.htm

In SituAgricultural Biodiversity Conservation Proje&tresearch project of the Intermediate
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Technology Development Group (ITDG) and the Ovesdg@avelopment Institute, UK (ODI).
http://www.ukabc.org/abc.htm

» Developing Diversity: European NGOs' PGRFA actastilustrated keynote paper presented to the
1998 European PGRFA Symposium, Braunschweig, 30tk 1998. By Patrick Mulvany,
Intermediate Technology, ITDGitp://www.ukabc.org/bschweigNGO.htm#p

e Breeds of Livestock resource presented by the Deeait of Animal Science at Oklahoma State
University- an educational and informational resource onds®é livestock throughout the world.
http://www.ansi.okstate.edu/breeds/

» Heifer Project Internationdahformation on livestock projecthttp://www.heifer.org/

Marine Fisheries
Key institutions, groups and experts

+ Communication Partnership for Science and the Beane Ecosystem Services - COMPASS is a
collaborative effort to advance marine conservasicience and communicate scientific knowledge to
policymakers, the public, and the media.

http://www.compassonline.org/marinescience/ecosystsp

http://www.compassonline.org/

* FAO. Fisheries and Aquaculture Department ( HomePalnland Aquatic Ecosystems and Coastalk
and Marine Information

http://www.fao.org/fishery/

* The FAO Fisheries and Aquaculture Department ctdjemalyzes and disseminates information on the
sector operations (catch, production, value, priftests, farming systems, employment). It also
develops methodology, assesses and monitors tieeo$taild resources and elaborates resources
management advice.

http://www.fao.org/fishery/about

* World Resources Institute (WRI) 2006. The Valueaéstal ecosystems
http://earthtrends.wri.org/updates/node/118

Reports, publications and journal articles

» Duffy, J Emmett (Lead Author); Walker Smith (Tojtditor). 2006. "Marine ecosystem services." In:
Encyclopedia of Earth. Eds. Cutler J. Cleveland gitagton, D.C.: Environmental Information
Coalition, National Council for Science and the Eorwment). [First published in the Encyclopaedia of
Earth October 10, 2006; Last revised October 1662Retrieved April 24, 2008].
http://www.eoearth.org/article/Marine_ecosystemviseis

» Boris Worm, Edward B. Barbier, Nicola Beaumont:thmett Duffy, Carl Folke, Benjamin S.
Halpern, Jeremy B. C. Jackson, Heike K. Lotze,dniaa Micheli, Stephen R. Palumbi, Enric Sala,
Kimberley A. Selkoe, John J. Stachowicz, and Reg¢sWfalmpacts of Biodiversity Loss on Ocean
Ecosystem ServiceScience314, 5800: 787-790. (2006).
http://www.sciencemag.org/cgi/content/abstract/38a0/787

* Issues in Ecology, The Role of Nearshore Ecosystems as Fish anlifiShhélurseries, No. 11, Spring,
2003, Ecological Society of America. Available 084S website at:
http://www.esa.org/science_resources/issues/Filkeshiigsuell.pdf

Timber from natural forests
Key institutions, groups and experts

» The FAO Forestry Web site provides literally thauds of pages of information, access to all of FAOs
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forest-related databases, detailed country praditeslinks to documents on all aspects of forestry
including new sites on forest fire, national forpsigrammes and forest reproductive material, among
others http://www.fao.org/forestry/en/

Information on specific forest products and servican be found at:

1.

2
3.
4

Wood energynttp://www.fao.org/forestry/site/energy/en/

Pulp, paper and wood industrilep://www.fao.org/forestry/site/harvesting/en/

Trade in forest products and servitep://www.fao.org/forestry/site/trade/en/

Non-wood forest productstp://www.fao.org/forestry/site/nwfp/en/

Nature-related outdoor activities

Reports, publications and journal articles

RSPB. 2007. Wellbeing through Wildlife in the EU.
http://www.birdlife.org/eu/pdfs/Wellbeing EU finalersion 2mb.pdf

Pretty J, Griffin M, Peacock J, Hine R, Sellens il &outh N. 2005A countryside for health and
wellbeing: The physical and mental health benefitgreen exercisdJniversity of Essex, Colchester.
Available online athttp://www.countrysiderecreation.org.uk/pdf/CRN%268e%20summary.pdf
http://195.92.230.85/Images/Hine_tcm2-30031.pdf

Bird W. 2004. Natural FitCan Green Space and Biodiversity Increase Lefels
Physical Activity? RSPB. The RSPB. Available at:
http://www.rspb.org.uk/Images/natural_fit_full viens tcm9-133055.pdf

Coallins, S. 2006. The Makuleke model for good goeeice and fair benefit sharing Steve Collins in
IUCN. Policy Matters

http://www.iucn.org/themes/ceesp/Publications/netisi/PM14-Section%20I1V.pdf

Health Council of the Netherlands. 2004. The inflee2of nature on social, physical and psychological
wellbeing. Part 1. review of current knowledge. Bepo the Minister of Agriculture, Nature and
Food.http://www.rmno.nl/files_content/Nature%20and%20lteadf

UNEP / CMS Secretariat (2006). Wildlife watchingdaourism. Bonn. Available at:
http://www.cms.int/publications/pdf/wildlifewatchin text.pdf

Soil Quality

Key institutions, groups and experts

FAO. Soil Biodiversity Portal
http://www.fao.org/ag/AGL/agll/soilbiod/index emst

Reports, publications and journal articles

Coleman, D.C and Whitman, W.B. 2004. Linking speciehness, biodiversity and ecosystem
function in soil systemdittp://www.fao.org/ag/AGL/agll/soilbiod/promotxtmstnternational
symposium on impacts of soil biodiversity on biogaemical processes in ecosystems, Taipei,
Taiwan, 2004

http://www.umanitoba.ca/faculties/afs/soil _sciedM85S/Ecology/Graduate/Coleman%20and%20Whi
tman%202005.pdf

Biological control of crop pests and diseases

Key institutions, groups and experts
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HRDA. Natural Pest and Disease Control —Carrieg@agarch on biological control of pest, diseases
and weedshttp://www.gardenorganic.org.uk/research/ir_pdw_rphp

Natural hazard regulation

Key institutions, groups and experts

Dartmouth Flood Observatokeeps a Global Active Archive of Large Flood Exe(it985-present)
using information derived from a wide variety ofag governmental, instrumental, and remote
sensing sources.

International landslide centig maintaining a worldwide landslide fatality dadse.

The Hawai'i Solar Observatoityas data on tropical storm paths worldwide stiatchack to 1995,
and a facility to calculate probability of strikevgn the co-ordinates of the location.

Reliefwebrecords past natural disasters worldwide, inclgdire extent of destruction and human
suffering (but good maps of the area affected atalways available).

UNEP-WCMChas compiled &Vorld Atlas of Seagrassé&reen & Short 2003), andvdorld Atlas of
Coral ReefgSpalding et al. 2001). World Mangrove AtlagSpalding et al. 1997) is currently being
updated.

Global Lakes and Wetlands Databasseloped through a partnership between WWF aad th
University of Kassel in Germany (Lehner and D6102)

Reports, publications and journal articles

Bruijnzeel, L., van Dijk, A. I., van Noordwijk, MChappell, N. A., & Schellekens, J. 2007Topical
deforestation, people and floodinQIFOR. [online]
http://www.worldagroforestry.org/water/downloadsibbruijnzeel.pdf

Danielsen, F., M.K. Sgrensen, M.F. Olwig, V. Sely&mParish, N.D. Burgess, T. Hiraishi, V.M.
Karunagaran, M.S. Rasmussen, L.B. Hansen, A. QuamtbN. Suryadiputra. 2005. “The Asian
Tsunami: A Protective Role for Coastal Vegetatiddcience310(5748): 643. Online at:
http://www.sciencemag.org/cgi/content/abstract/3788/643

FAO, & CIFOR. 2005Forests and floods. Drowning in fiction or thrivimg facts”Bogor Barat,
Indonesia: Center for International Forestry Reseand Food and Agriculture Organization of the
United Nations. Retrieved April 14, 2008, frdrtip://www.fao.org/docrep/008/ae929e/ae929e00.htm

MA. 2005. Regulation of Natural Hazards: Floods &irés.
http://www.millenniumassessment.org/documents/dantr@85.aspx.pdf

NOAA. 2008. NOAA Pacific Tsunami Warning Centbttp://www.prh.noaa.gov/pr/ptwc/

Medicinal Plant Species
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Key institutions, groups and experts

Biodiversity and Human Healthttp://www.ecology.org/biod/

CIFOR Livelihood Briefs: Available ahttp://www.cifor.cgiar.org/Publications/Briefs/Lilieoods/

CIFOR Forest and Health Initiative -
http://www.cifor.cgiar.org/Research/Livelihoods/Maictivities/ForestHealth/introduction.htm

Reports, publications and journal articles

Chivian E. et al., (2004iodiversity: Its importance to human healifhe Center for Health and the
Global Environment Harvard Medical School.

Available online athttp://chge.med.harvard.edu/publications/documBddiversity v2 screen.pdf

Colfer, C.J.P., Sheil, D and M. Kisliorests and Human Health: Assessing the Evid&aceer for
International Forestry Researd2006)

Available at:http://www.cifor.cqgiar.org/publications/pdf files©OPapers/OP-45.pdf
Husselman, M. 2008. Beekeeping in Zambia. CIFORelilimod Brief 7. 4p.
http://www.cifor.cgiar.org/publications/pdf files/Ebrief/livebrief0801.pdf

Shackleton, S.; Kaschula, S.; Twine, W.; HunteyHolding-Anyonge, C.; Petheram, L. 2006. Forests
as safety nets for mitigating the impacts of HIMDA in southern Africa. CIFOR Livelihood Brief 4.
4p. http://www.cifor.cgiar.org/publications/pdf_files/ebrief/livebrief0604e.pdf

Colfer, C.J.P.; Sheil, D.; Kishi, M.2006. Forestsldouman health: assessing the evidence. CIFOR
Occasional Paper No. 45. Center for Internatiomaéstry Research (CIFOR), Bogor, Indonesia. 111p.
Available:

http://www.cifor.cgiar.org/publications/pdf filest©Papers/OP-45.pdf

Colfer, C.J.P.; Sheil, D.; Kaimowitz, D.; Kishi, BD0O6. Forests and human health in the tropics: some
important connectiondJnasylva 57(224): 3-10 online [URL]
ftp://ftp.fao.org/docrep/fao/009/a0789e/a0789e 0Pl
http://www.fao.org/docrep/009/a0789e/a0789e00.htm

Koppert, G.J.A, Dounias, E, Froment, A and Pasdeet993. Food consumption in the forest
populations of the southern coastal area of CammerdASSA — MVAE — BAKOLA. In: Hladik,

C.M., Hladik, A., Linares, O.F. Pagezy, H., Sempleand Hadley, M. (1993). Tropical Forests,
People and Food. Biocultural Interactions and Aggtions to Development. Man and the Biosphere
Series, 13 (ParisE: UNESCO et CarnforthE: The Radh Publishing Group), pp. 295-310. Available
online at:http://www.cifor.cgiar.org/publications/pdf_fileggearch/forests health/17.pdf

Shanley, P and Luiz, L. 2003. The Impacts of Fobegjradation on Medicinal Plant Use and
Implications for Health Care in Eastern Amazonial.\63 No. 6 BioScience 573. June 2003.
Available online athttp://www.cifor.cgiar.org/publications/pdf filegearch/forests health/22.pdf

Non use values

Key institutions, groups and experts

Amazon Conservation Team - work in partnership witligenous people in conserving biodiversity,
health, and culture in tropical Ameridatp://www.amazonteam.org/publications.html

Sacred Mountains Prograisia program of the Mountain Institute's which sios it is to advance
mountain cultures and preserve mountain environsnent
http://www.mountain.org/work/sacredmtns/index.cfm

The Theme on Indigenous and Local Communities, ti¢gand Protected Areas (TILCEPA), was set
up in 2000 by the World Commission on Protecteda&r@VCPA) and the Commission on
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Environmental, Economic, and Social Policy (CEE8Rhe World Conservation Union (IUCN). It
advocates, in all countries, the recognition of pamity conserved and managed areas that are
significant from biodiversity point of view, anddldevelopment of management partnerships with the
communities resident in or surrounding official PAs
http://www.iucn.org/themes/ceesp/Wkg_grp/TILCEPA/CEPA.htm

ThelUCN Commission on Environmental, Economic and &loeblicy (CEESP), is an inter-
disciplinary network of professionals whose miss®to act as a source of advice on the
environmental, economic, social and cultural fextbat affect natural resources and biological
diversity and to provide guidance and support towaffective policies and practices in environmienta
conservation and sustainable developmettp.//www.iucn.org/themes/ceesp/index.html

The Forum on religioin and Ecology the largest international multireligious prdje€its kind. With
its conferences, publications, and website it gagied in exploring religious worldviews, texts, and
ethics in order to broaden understanding of thepdexnnature of current environmental concerns.
http://environment.harvard.edu/religion/main.html

IUCN WCPA Task Force on Cultural and Spiritual et of Protected Areas (CSVPA)
http://www.iucn.org/themes/wcpa/theme/values/vahies

World Water Day. 2006. Facts and figures about matégions and beliefs.
http://www.worldwaterday.org/page/442

Freshwater

Key institutions, groups and experts

Ecological Society of America (ESA). Water purificen fact sheet: Water purification an essential
ecosystem services - Revealing secrets about hatater purification

http://www.esa.org/ecoservices/comm/body.commiate.html

http://www.esa.org/ecoservices/WaterPurificatioriBheet.pdf

Environment Canada: The Great Lakes Fact Sheet
http://www.on.ec.gc.ca/wildlife/factsheets/fs watla-e.html

The hydrology module of thidatural Capital Projeds being developed fgue Whiteat Cranfield
University and Guillermo Mendozaat Stanford University.

Reports, publications and journal articles

Alcamo, J., Vuuren, D. V., Ringler, C., Cramer, WMasui, T., Alder, J., & Schulze, K. 2005. Changes
in nature’s balance sheet: model-based estimatesguré worldwide ecosystem servic&eology and
Societyl0: 19. [online] URLttp://www.ecologyandsociety.org/vol10/iss2/art19/

Issues in Ecology, Sustaining Healthy Freshwater Ecosystems. NpWii@iter, 2003, Ecological
Society of America. Available on ESA's website at

http://www.esa.org/science_resources/issues/Filigfiigsuel0.pdf

RAND. Nature's Services: Ecosystems Are More Thaldlif¢ Habitat: Watershed -
http://www.rand.org/scitech/stpi/ourfuture/Naturesfices/secl watershed.html

Inland fisheries

Key institutions, groups and experts

Environment Canada: The Great Lakes Fact Sheet

http://www.on.ec.gc.ca/wildlife/factsheets/fs watlg-e.html

FAO. Fisheries and Aquaculture Department ( HopggelPa nland Aquatic Ecosystems and Coastalk
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and Marine Informationhttp://www.fao.org/fishery/

Reports, publications and journal articles

* Issues in Ecology, Effects of Aquaculture on World Fish Supplie®., Winter, 2001, Ecological
Society of America. Available on ESA's website at:
http://www.esa.org/science_resources/issues/Filkeshiigsue8.pdf

Wild Meat
Key institutions, groups and experts

» Bushmeat Trade POSTnotearliamentary Office of Science and Technology.
http://www.parliament.uk/documents/upload/POSTpn@a86

» Conservation Science Groumperial Collegehttp://www.iccs.org.uk/

+ ODI Wild Meat Livelihoods Security and Conservation in the TespThis research project focus on
the human and social dimensions of hunting wild mh@aconsumptive use in tropical forests
http://www.odi-bushmeat.org/#home_research

» UK Tropical Forest Forum Bushmeat Working Groltip://www.forestforum.org.uk/tradee.htm

* WCS Hunting and Wildlife Trade Progranworld Conservation Society Hunting and Wildlifeade
Programmehttp://www.wcs.org/international/huntingandwildlifade

e ZSL Bushmeat and Forests Conservation Prograrmttge//www.zsl.org/field-conservation/bushmeat-
and-forest/

Reports, publications and journal articles

« DFID, Wildlife and Poverty Study, DFID Livestock éwildlife Advisory Group London, 2002.
http://www.dfid.gov.uk/pubs/files/wildlifepovertystly.pdf

« Bowen-Jones, E. What are the impacts of the bushimaeke on biodiversity, and what entry points can
the EU most effectively use to reduce these. Eopessociation of Zoos and Aquaria (EAZA).
Available online athttp://www.eaza.net/download/summebj.PDF

Livestock
Key institutions, groups and experts
» Agriculture and Agri-food Canada: Biodiversity alngestock Production
http://www.agr.gc.ca/pfra/biodiversity/grazing_edht

* The UK agricultural biodiversity coalition (Ukbc www.ukabc.org

* The EU Biodiversity in Development Projesiww.wcmc.org.uk/biodev

* CGIAR agricultural biodiversity research centve/w.cgiar.org/ipgri

* Open Directory Project links on Agricultural Bio@nsity.
www.dmoz.org/science/environment/biodiversity/agttigral

Reports, publications and journal articles

» DFID, Wildlife and Poverty Study, DFID Livestock @Wildlife Advisory Group London, 2002.
http://www.dfid.gov.uk/pubs/files/wildlifepovertysdy. pdf

Global Climate regulation
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Key institutions, groups and experts

e CIFOR.TroFCCA: Tropical Forests & Climate Change AdamtatProject
http://www.cifor.cgiar.org/trofcca/ ref/home/indaim

» The World Agroforestry Center (ICRAF).
http://www.worldagroforestry.org/sea/Networks/RURiR8ex.asp

* IUCN Forests and Climate Change Initiative.
http://cms.iucn.org/about/work/programmes/forestéiipr work/fp_our_work_thematic/fp_our_work_f
ccl/index.cfm

+ UNEP-WCMC. Biodiversity and Climate Chandetp://www.unep-wcmc.org/Climate/
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