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2. Executive summary

Land use change is believed to be the global change driver with the greatest potential to affect biodiversity and ecosystem processes and services in the next decades. One of the main ways in which land use change can alter ecosystem functioning is by causing shifts in the plant functional biodiversity (i.e. the value, range and relative abundance of plant functional traits present in a given ecosystem, hereafter FB). These alterations modify the ecosystem services perceived by different stakeholders, both locally and remotely. Our proposal will focus on the design and implementation of a new interdisciplinary framework to analyze and compare field studies of land use change in the Americas from the tropics to the tundra . We will build a conceptual link between major land use change trajectories, FB, ecosystem processes and services, and vulnerability-sustainability of the production systems that are based on them. We will give empirical content to such framework through the integration of new and on-going studies of FB and ecosystem processes, and by linking ecological and socio-economic conceptual models and empirical information on perceived ecosystem services obtained in the field. Traditional natural and social science methods of gathering empirical information in the field will be combined with participatory methodologies in order to promote the involvement of different stakeholders from the early stages of the process. In order to develop our interdisciplinary framework, we propose (1) To construct a network of scientists addressing links between land use as a driver of global change, FB shifts, and ecosystem processes and services in the Americas; (2) To develop the first comparison of the effects of land use on FB and to establish how this in turn has the potential to modify ecosystem processes in systems under different degrees of climatic control; (3) To establish links between FB, ecosystem functioning and major ecosystem services perceived by different local and non-local stakeholders; (4) To develop a conceptual framework and a set of empirical tools and recommendations, available to a wide community of scientists, para-scientist and land-managers, to be used as the basis for management decisions aimed to assess and optimize the ecosystem-service value of the land considering the interests of different stakeholders.

Our project has the potential to advance the interdisciplinary field of ecology and sustainability in the region. We will advance the scientific understanding of the links between FB and ecosystem processes, and we will carry out the first large-scale attempt to evaluate FB in megadiverse neotropical forests. A set of standard protocols that could be used widely in the study and management of FB in the region will be developed in the process and made available to the wider community. We will provide the first conceptual framework, backed up by empirical data and validated by the participation of different stakeholders, about the links between FB and the ecosystem services obtained or lost by different land use practices common in the region. We will contribute to capacity building in interdisciplinary ecosystem assessment in the Americas, with emphasis in Latin America. at different levels, from scientists to managers to grassroots organizations.

3. Introduction and objectives

Among all global change drivers, land use change is believed to be the one with the greatest potential to affect biodiversity and ecosystem processes and services in the next decades, in particular in the developing world (Sala et al. 2000a, Lambin et al. 2003, Duraiappah et al. 2005). The direct effects of land use practices (e.g. irrigation, burning) on ecosystem processes are relatively well understood. There is much less empirical evidence, however, on the possible indirect effects of land use change mediated by shifts in the composition of ecological communities. Although the impact of diversity on ecosystem processes has been widely recognized, most of the research effort has focused on the effects of a reduction in species richness (Díaz et al. 2005). The ecosystem consequences of changes in species composition and their relative abundances have remained little understood. One of the main ways in which land use change can alter ecosystem functioning is by causing shifts in the plant functional biodiversity (i.e. the value, range and relative abundance of plant functional traits present in a given ecosystem, hereafter FB; Díaz & Cabido 2001, Tilman 2001). These changes mutually interact with climate. On the one hand, climate acts as a “filter” that sieves out certain traits and allows species possessing other traits to establish, with the expected consequence being a smaller range of functional traits in local communities under severe climate than under mild climatic conditions (Díaz et al. 1999, Schmid et al. 2002). On the other hand, dominant traits influence community and ecosystem responses to variations in climate and disturbance regime (Chapin et al. 1993, Laurance et al. 2004). In many circumstances, local FB and climate variability and change interact in complex ways producing important and often unexpected ecosystem functioning shifts (Lavorel & Garnier 2002, Hooper et al. 2005). When these shifts go beyond certain thresholds, then non-linear, irreversible changes in ecosystem processes occur, with often dramatic consequences for ecosystem services (Peters et al. 2004).
In the past few years, an increasing number of researchers have acknowledged the importance of moving from an approach based solely on species numbers towards an approach based on better understanding of how FB influences ecosystem functioning (Díaz & Cabido 2001, Naeem & Wright 2003, Hooper et al. 2005), and from artificial micro- and mesocosms experiments towards studies in the field  that are more relevant to ecosystem management (Ernest & Brown 2001, Díaz et al. 2003). Moreover, working with real ecosystems under different land use regimes provides a unique opportunity to assess the human, as well as ecological, dimensions of changes in biodiversity and ecosystem functioning. Considering the accelerated land use changes triggered by the contrasting interests of different stakeholders, there is growing awareness of the need to integrate the social and biological consequences of biodiversity change (Watson & Berghal 2003, Duraiappah et al. 2005). Biodiversity plays an active role in the provision of major ecosystem services (Daily 1997, MA 2003, Balvanera et al. 2005). In particular, FB can affect ecosystem services directly (Fig. 1, path 1) or indirectly through its effects on ecosystem processes on which ecosystem services are based (Fig. 1, path 2). An example of a direct effect is the aesthetic value and sense of place related to a certain configuration of species in a familiar landscape: the particular arrangement of canopy structure, leaf shapes, and scents that are recognized as familiar and pleasant. An example of indirect effects is the maintenance of soil fertility: nitrogen-rich, deciduous leaves decompose easily and lead to high soil nutrient availability; an evergreen canopy, on the other hand, is associated with lower decomposability and lower temperature at the soil level, leading to lower soil fertility. Ecosystem services are perceived and valued differently by different social actors (e.g. Cohen 1996, Krupnik & Jolly 2002). For example, in the case of a dry subtropical forest, the national and regional governments may value most its capacity to sequester carbon and regulate runoff into water reservoirs, the local subsistence farmers will value most its capacity to provide traditional medicines, fuel, and graze for their livestock, ecotourists will instead value its capacity to sustain wildlife and large-statured individual of tree species, and urban dwellers will place the highest value on its capacity to provide timber. In addition to local stakeholder interests, FB may also affect ecosystems services that are at a regional or global level. For example, changes in FB may affect rates of nutrient cycling and C sequestration (Chapin et al. 2004). Thus, alterations of FB should lead to differential benefits and vulnerabilities for different stakeholders, both locally and remotely. This is an emerging issue whose importance has been repeatedly highlighted, but about which there is very little conceptual or empirical work. 
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Fig. 1. Functional diversity (FB) is both a response variable modified by, and a factor modifying ecosystem processes and global change drivers. FB affects ecosystem services directly (path 1) and also indirectly through its regulation of ecosystem processes that in turn affect ecosystem services (path 2). All arrows and boxes displayed are considered important within the framework of this proposal, but our main focus is on the links indicated by black bold arrows (modified from Díaz et al. 2005).

Our proposal will focus on the design and implementation of a new framework to analyze and compare field studies of land use change in the Americas from the tropics to the tundra . We will build a conceptual link between major land use change trajectories, FB, ecosystem processes and services, and vulnerability-sustainability of the production systems that are based on them. We will give empirical content to such framework through the integration of new and on-going studies, and by linking ecological and socio-economic conceptual models and empirical information obtained in the field. Traditional natural and social science methods of gathering empirical information will be combined with participatory methodologies to promote the involvement of different stakeholders from the early stages of the process. 

Our project has the potential to advance the interdisciplinary field of ecology and sustainability in the region. First, the scientific understanding of the links between FB and ecosystem processes is still in its infancy. By addressing several contrasting systems using a common framework we will be able to contribute new theory and evidence to this emerging field. Second, most of the few published measurements of FB are from temperate and polar systems, but much less is known about tropical ecosystems, where biodiversity is much higher. By involving field sites in tropical Bolivia, Brazil and Costa Rica, we will carry out the first large-scale attempt to evaluate FB in megadiverse neotropical forests. Third, we will provide the first conceptual framework, backed up by empirical data and validated by the participation of different stakeholders, about the links between FB and the ecosystem services obtained or lost by different land use practices common in the region. Fourth, the relatively slow progress in documenting FB in different ecosystems has been partly related to the intrinsic difficulties of dealing with plant traits that need to be meaninguful and at the same time easy and affordable to measure. By involving several teams, Latin America’s most complete existing database on plant ecological traits, and experts that have contributed to the development of the subject at the global scale, we will provide a conceptual framework and a set of standard protocols that could be used in research and management in the region.

We will construct a network of scientists who will be linked by a common interdisciplinary conceptual framework, and who will share a set of primary data obtained in standard ways across sites. In addition to that, each group will produce results that will be relevant on their own right. As well as sharing a common framework, different groups are strong in different and complementary fields of knowledge (see Sections 8 and 9). This will allow us to carry out mutual training a part of the Network activities, thus making a large contribution to capacity building in interdisciplinary ecosystem assessment in the region.

Our main objectives are: 

1. To construct a network of scientists addressing links between land use as a driver of global change, FB shifts, and ecosystem processes and services in the Americas. 

2. To develop the first comparison of the effects of land use on FB and to establish how this in turn has the potential to modify ecosystem processes in systems under different degrees of climatic control (stronger in cold/ arid systems, weaker in tropical systems). 

3. To establish links between FB, ecosystem functioning and major ecosystem services perceived by different stakeholders (e.g. subsistence and commercial farmers, tourists, companies, non-governmental organizations, and local, regional and national governments). 

4. To develop a conceptual framework and a set of empirical tools and recommendations, available to a wide community of scientists, para-scientist and managers, to be used as the basis for: 

4.1. Management decisions aimed to assess and optimize the ecosystem-service value of the land considering the distinct and potentially conflicting interests of different stakeholders;

4.2. Future experimental studies on land use effects on ecosystem processes and services.

4. Methodology and approach

4.1. Construction of a comparative methodological framework to integrate FB studies in different countries 

Two kinds of field studies will be included: monitoring studies, in which FB components are simply measured, rather than manipulated, and removal experiments, in which FB is manipulated by the researchers. Monitoring studies involving pre-existent plots under different land use will be carried out in Argentina, Bolivia, Brazil, Costa Rica, and Alaska (Table 1). In all cases, the plots are already established and there is background information on them (e.g. climate, soils, floristic composition). Removal experiments in which FB is manipulated by the researchers in order to simulate different global environmental change scenarios are currently running in shrubland-grasslands of Argentina (subhumid temperate)  and Alaska (humid arctic). The Argentine site was set up in coordination with the Alaskan site with the support of an IAI ISP III grant, and has been maintained as a permanent experimental facility since 1998. The Alaskan site has been maintained  by the University of Alaska at Fairbanks since 1997 (see Bret-Harte et al. 2002, 2004, Díaz et al. 2003, Urcelay et al. 2003, Gurvich 2005, and Urcelay 2005 for details on design and findings of these experiments). We will set up a quantitative comparison of the results of these experiments in terms of effects of above- and belowground ecosystem processes and invasibility. On the basis of this synthesis, and applying the criteria for field manipulation of FB established in Díaz et al. (2000, 2003), we will also identify where are the most strategic field sites within the Network for establishing new FB manipulation studies, and what would be the most crucial manipulations of FB to perform. This is particularly relevant because field experiments in which FB is explicitly manipulated are costly, slow and time-consuming, Therefore it makes sense to concentrate efforts in the most crucial questions, and to maximize ecosystem coverage and comparability among experiments in the Americas.

4.2. Measurement of FB components 
At the field sites in Alaska, Argentina, Bolivia, Brazil and Costa Rica, including “pristine” plots (no recent human intervention) and plots under management representative of the main land use trajectories in each region. We will determine the FB of the vegetation. In order to do that, we will need two sources of data. First, we will compile existing information and collect new data on the relative abundance of plant species in the vegetation. These will be done using the botanical expertise available at IBIF (Bolivia), Instituto Nacional de Biodiversidad (Costa Rica), UAF (USA), and Museo Botánico de Córdoba and IMBIV (Argentina). Because the size of the plots and the measurement methods used in pre-existent vegetation surveys tend to vary in the different ecosystems involved, we will design and calibrate methods to maximize the usefulness and comparability of pre-existent information. This stage of compilation of taxonomic and structural surveys will be coordinated by M. Cabido, Head of the Area of Phytogeography at IMBIV, who has wide expertise in this field. 

A second requirement in order to determine FB is the measurement and compilation of key functional types of the species present at each site, using standard protocols. The final decision on traits and protocols will be made at the first Network meeting, but on the basis of existing literature (Díaz & Cabido 1997, McIntyre et al. 1999, Weiher et al. 1999, Díaz et al. 2004, Wright et al. 2004) some good candidate traits are plant height, specific leaf area, leaf toughness, leaf thickness, leaf N and P content, wood density and leaf size (Table 1). Although the usefulness of these traits has been demonstrated mostly in non-tropical ecosystems, the selection appears appropriate to the tropical sites on the basis of long-accepted general principles of tropical woody species (Gómez-Pompa & Vásquez-Yanes 1981, Finegan 1996). The protocols for trait standard measurements will be based on Cornelissen et al. (2003), Pérez-Harguindeguy et al. (2003), and Díaz et al. (2004). Some of the scientists involved in the project have excellent expertise in this and have lead the field at the international level (S. Díaz, L. Poorter, M. S. Bret-Harte, N. Pérez-Harguindeguy, and invited scientists H. Cornelissen and S. Lavorel, see below). We will aim at characterizing in terms of functional traits at least 100 species per site, possibly extending our measurement of some “softer” traits that do not require laboratory processing to a larger number of species. The effort needed to construct these trait databases will vary among sites, from expanding existing databases (e.g. Argentina, Bolivia) to building a completely new database (Brazil).The measurements will done with as much standardization among sites as possible, so that the site-specific trait databases could be analyzed jointly as well as separately.

Once the relevant information on trait and taxonomic composition has been compiled, we will calculate FB in sites under different climatic and land-use conditions in two ways. First, we will “map” species and ecosystems in multivariate trait space, using multivariate ordination techniques (Díaz et al. 1994, 1999, 2004). Second, we will calculate aggregated FB indices. Using the expertise of  F. Casanoves, we will explore the metrics proposed in the literature (e.g. Walker et al. 1999, Mason et al. 2003,  Petchey et al. 2004) in terms of the amount of information they provide, the assumptions needed for their application, and their statistical power and sensitivity, and adopt the most appropriate for our data and scientific questions. A by-product of this work will be the implementation of a complete FB module in the software package Infostat (Grupo Infostat 2004; see also Section 5.2). 

4.3. Measurement of key ecosystem processes
We will compile available information and generate new information on selected key ecosystem processes associated to different FB situations in the field sites. We will focus on those ecosystem processes and attributes that are believed to affect ecosystem services most strongly (Lavorel & Garnier 2002, Chapin et al. 2004, Díaz et al. 2004, Balvanera et al. 2005). Examples of these are nutrient and water cycling, decomposition, biomass production, trophic transfer, invasibility, flammability. We will use two criteria to establish priorities with respect to which ecosytem processes and attributes to measure: (1) those most strongly linked with the most important ecosystem services at each site; and (2) those whose measurement is feasible within the scope of this Project. We will base our measurement methods and criteria on Sala et al. (2000b), Chapin et al. (2002), Bret-Harte et al. (2004) and Chave et al. (2004). We will aim to assess biomass production, carbon storage, and decomposition at all sites. In order to estimate biomass production and carbon storage, we will use two complementary approaches; (1) estimation on the basis of regression equations using woody species allometric data and wood density (Saldarriaga 1988, Brown 1997, Nelson et al. 1999, Chave et al. 2004); (2) estimation on the basis of in-situ measurements of cover and leaf area index and their calibration with remotely-sensed information (NDVI, obtained from NOAA/ AVHRR) (Box et al. 1989, Prince 1990). The team at CATIE (Co-PI B. Finegan) have good experience with the first method, having applied well-tested equations and calibrated them to specifically to the primary and secondary Costa Rican forests that will be used for this Project (Montagnini & Porras 1998, Ramírez et al. 2002). The team at IMBIV (M. Cabido and researchers A.M. Cingolani and M. Zak) have good experience in the second method, and its application to various ecosystems from temperate forests to grasslands (Cabido & Zak 1999, Zak & Cabido 2002, Cingolani et al. 2004).We will compare both methods and will choose the most appropriate one for biomass estimation at all sites. 

In order to estimate carbon storage and decomposition, an essential component of the ecosystem services as carbon sequestration and soil fertility maintenance, we will measure potential decomposition of dominant species and of naturally mixed litters across all sites, following the protocols of Cornelissen et al. (1999) and Pérez-Harguindeguy et al. (2000). The Argentine team (S. Díaz, researcher N. Pérez-Harguindeguy) and invited scientist H. Cornelissen have solid experience in comparison of decomposition across ecosystems. 

In those regions where we have FB manipulation experiments as well as sites under different land-use regimes (Alaska and Argentina), we will also measure nitrogen and phosphorus cycling, resistance to invasion, soil temperature regulation and interactions with microbes (both sites), and water dynamics and trophic transfer to herbivores (Argentina).See Table 1 for a summary of ecosystem processes to be assessed at different sites. The Argentine and American teams have relevant experience in all these measurements: S. Díaz, M.S. Bret-Harte, and researcher N. Pérez-Harguindeguy in trophic transfer, and nutrient cycling, postdoc D. Gurvich in water dynamics, nutrient cycling, and soil temperature buffering), postdoc C. Urcelay in microbial interactions and resistance to invasion, and PhD student L. Enrico in trophic transfer. The assessment of the mentioned ecosystem processes will be aided by the advice of our invited scientists: F. S. Chapin and E. Cuevas. In those cases in which direct comparison of ecosystem measurements proves unfeasible within the scope of the Project, we will use meta-analysis techniques, which allow the comparison of response sizes obtained in independent studies carried out with different methods or experimental designs. In doing so we will use the Meta-Analysis package MetaWin (Gurevitch et al. 2001) and tailor-made techniques designed by F. Casanoves. Four of the proposed teams (M.S. Bret-Harte, S. Díaz, M Peña-Claros, F. Casanoves) have previous experience in meta-analysis (see below). In determining which will be the most important ecosystem processes to measure in each of the sites, we will follow two criteria: (1) relevance of the process in question to the most important ecosystem services derived from that type of ecosystem; and (2) comparability with other sites in the Network.

Table 1. Summary of field sites, functional traits and ecosystem processes to measure/estimate, and ecosystem services to assess in the proposed Network. *Measurement subject to availability of concurrent funds;  **A full list in ecosystem services to be assessed at each site cannot defined a priori because our methodology requires definition in consultation with the different stakeholders; those listed here are a minimum set of the scientist-defined ecosystem services identified by MA (2003) and Diaz et al. (2005), that can be assessed on the basis of FB and ecosystem processes measured or estimated at the different sites. Trait abbreviations: PH =  plant height; LA = leaf area, SLA = specific leaf area; LTo = leaf toughness; LTh = leaf thickness, NP = leaf N & P content; WD = wood density; SS = seed size; DS = dispersal syndrome: PD = leaf potential decomposition under standard conditions. Ecosystem process and attribute abbreviations: B = plant biomass production; D = litter decomposition; N = nutrient availability; H = trophic transfer to herbivores, I = invasibility; W = water dynamics. Ecosystem service abbreviation: CS = climate regulation through carbon sequestration, SF = soil fertility; CL = carrying capacity for livestock; FT = fuel and timber production; WR = water regulation; IR = invasion resistance: HW = adequate habitat structure for wildlife; CR = cultural, aesthetic and recreation values.

	Field site 
	Vegetation type (app. latitude)
	Land use in manipulated plots
	Functional traits 
	Ecosystem processes & attributes 
	Ecosystem services**

	Córdoba sites & removal experiment, Argentina
	Dry temperate woodland to mountain grassland (33 S)
	Logging & burning & subsequent grazing: removal of annuals,  forbs, grasses, shrubs
	PH, LA, SLA, LTo, LTh, NP, WD, SS, DS, PD, palatability
	B, D, N, H, I, W, symbiont- related soil processes 
	CS, SF, CL, FT, WR, IR, HW, CR

	Alaskan transect & removal expt, USA 
	Boreal forest to tussock tundra (66 N)
	Fertilization, deciduous shrub, evergreen shrub and moss removal 
	PH, LA, SLA, LTo, LTh, NP, WD, SS, DS, PD
	B, D, N, I, W, symbiont- related soil processes
	CS, SF, CL, FT, WR, IR, HW, CR

	Manaus permanent plots Brazil


	Central Amazon Tropical forest (5 S)
	Secondary forest after pastoral use, two successional stages
	PH, LA, SLA, LTh, NP, WD, SS, DS
	B, D
	CS, SF, FT*, IR*, CR*

	San Juan–La Selva Corridor, Costa Rica
	Lowland tropical forest (10 N)
	Logging; forest restoration through secondary succession; native spp. plantations
	PH, LA, SLA, Lto, LTh, NP, WD, SS, DS, growth rate
	B, D
	CS, SF, CL, FT, WR, HW, CR

	INPA & La Chonta, Bolivia 
	Dry and moist tropical forest (15 S)
	Burning and different intensities of logging


	PH, LA, SLA, LTo, LTh, NP, WD, SS, DS, PD*, growth rate
	B, D
	CS, SF, FT*, CR*


4.4. Linkages between FB and major ecosystem processes

On the basis of the recent literature and our own experimental and observational data, we will establish links between FB and the ecosystem processes and attributes mentioned in the previous section. There are good theoretical bases to establish causal connections between the dominance (in terms of relative abundance) of certain traits and the rate, magnitude and direction of major ecosystem processes (Chapin et al. 1996a, Díaz et al. 1999, 2004, Grime 1988, Eviner & Chapin 2003,). One obvious example is that ecosystem dominated by slow-growing, long-lived, evergreen conifers tend to show very low nutrient availability, slow decomposition, high accumulation of litter on the ground, high flammability, low albedo, low trophic transfer to herbivores, low invasibility, low habitat diversity for vertebrates and invertebrates, high resistance and low resilience. There is also some emerging and controversial theoretical developments that relate the range of trait values present in an ecosystem with is functioning (Schmid et al. 2002, Heemsbergen et al. 2004). For example, according to this theory, biomass production and nutrient retention should be higher, and nutrient cycling in the soils should be faster, when the local plant or decomposer community contains a wide range of values of traits than when they are more homogenous. This is because a wider range of trait values should allow a more thorough use of a temporally or spatially heterogeneous resource supply. On the basis of our data, we will be able to empirically test these general ideas over an unusually wide range of ecosystem types. Most of our evidence will be correlational (monitoring of field sites under different land use), but our two FB-manipulation experiments will provide some causal connections. Moreover, ours could be one of the largest empirical tests of these ideas using real ecosystems, and thus linking them to concrete land use regimes. It will also greatly improve our capacity to sharpen up relevant questions to be addressed by future manipulative experiments, both in the field and in the laboratory or experimental garden. In Argentina and Costa Rica we will scale up the FB-ecosystem process links found in our field sites to the level of landscape. In Argentina, this will be done using a correlational/cartographic approach (Zak & Cabido 2002). In Costa Rica, we will apply CATIE’s stand dynamics simulation model Gavilán (Sitoe et al. 2001). 

4.5. Estimation of the comparative ecosystem-service value in sites resulting from different land-use regimes
Although there is a growing literature on the importance of biodiversity for the provision of ecosystem services, most of these works consider them mainly from the point of view of scientists, or that of “society as a whole”, and also assume a positive relationship between ecosystem-service value and FB, rather than actually measuring it. In this Project, we will explore the relationships between different FB configurations and ecosystem services perceived by different social actors with distinct and sometimes conflicting interests and visions of the world. We will estimate the ecosystem service value of sites under different land use regimes and thus with different FB configurations (both predominant value and range of traits), and compare them within and between regions. We will base our assessment on the consensus list and categories of ecosystem services recently proposed by the MA (2003) and later developed by Díaz et al. (2005). These connections between FB and ecosystem services can be direct (Fig. 1, path 1) or indirect via ecosystem processes (Fig. 1, path 2, se also Section 3). Examples of relevant ecosystem services to consider are climate regulation through carbon sequestration, food production, soil fertility, water and temperature regulation, stability against pests, disease and invasive organisms, fire risk control, and cultural and aesthetic values. These services can be delivered at different spatial scales, from local (e.g. sense of place, pollination of crops and trees with edible fruit) to regional (water runoff control, mesoclimate regulation through biophysical feedbacks to the atmosphere) to global (macroclimate regulation through carbon sequestration. Although we will rely on the MA guidelines, we will tailor our ecosystem service definitions to the needs and perceptions of the stakeholders involved (cf. Cohen 1996, Naylor & Drew 1998, Cáceres et al. 2000). 

In order to investigate ecosystem-service values of different ecosystems perceived by stakeholders other than the scientific community, we will use participative methodologies that will involve the relevant social actors in the assessment process since the early stages. This involvement will be facilitated by carrying out panels, focus groups, public meetings, in-depth interviews, and single-stakeholder and multiple-stakeholder workshops (we plan two multiple-stakeholder workshops per site). The specific methodology selected will depend on the information and the type of social actors with which we will work. Some good candidate methods have been proposed by Holmes & Scoones (2000), Munda (2002), and Fürst (2000).  

Although we will make sure that links between FB and ecosystem-services will be made across sites in the Project, and that this process will be carried out with the participation of the most relevant stakeholders, our ecosystem-service assessment will take different characteristics in different sites, according to the socioeconomic context and also to the development of this field in the different countries. For example, Costa Rica has made important advances in the valuation of ecosystem services, whereas in  other countries participating in this Project, this field is in its infancy. Because of this, we will use a broad, qualitative approach in most sites, and a more refined and quantitative economic valuation in the case of Costa Rica. Our general approach to multiple-stakeholder ecosystem-service assessment will be to establish a ranking of monetary and nonmonetary ecosystem-service values. This will be achieved through the participatory construction of matrices in which different ecosystems will be ranked in a semi-quantitative scale for different ecosystem services, both proposed by the investigators (Goulder & Kennedy 1997, Díaz & Cáceres 2000; see Table 1 for a summary) and by the different social actors (Cáceres 2000, 2004). To rank them from the point of view of mainstream science, we will use information on major ecosystem processes and their connection to ecosystem services gathered by the research teams from their own work or from the literature (e.g. Díaz et al. 2005, Balvanera et al. 2005). Final scores of ecosystem-service value given to each ecosystem by different stakeholders will be compared. This will be the basis for the identification of “win-win” options and conflicts among the ecosystem-service values placed by different stakeholders to different land use trajectories. This will allow us to develop alternative scenarios of resolution/ negotiation of the conflicts identified, and to evaluate how those conflicts will impact the livelihoods and/or socioeconomic strategies of each stakeholder. We will also explore the possibility of estimating utility functions (Varian 1992). These constitute the basis for valuation of market and non-market ecosystem services in monetary terms as a previous step to the establishment of policies of payment for ecosystem services (PES). Co-PI D. Cáceres (Argentina) has a long experience in the participatory assessment of the rationale, livelihood strategies and socioeconomic strategies and sustainability/ vulnerability of different stakeholders, including rural communities of different backgrounds. Invited scientist W. Robledo will estimate utility functions. The two Argentine teams (D. Cáceres, S. Díaz, M. Cabido) have links with grassroots organizations and regional and national institutions that are crucial for the success of the Project (Administración de Parques Nacionales, Agencia Córdoba Ambiente, Programa Social Agropecuario, Instituto Nacional de Tecnología Agropecuaria, see expressions of interest). The Bolivian an Brazilian teams have less experience in ecosystem-service assessment, and will thus carry it out with the methodological training provided by the Argentine team. In Bolivia, we have an expression of interest from the International NGO Voluntariate and International Co-operation (VOLENS). In Brazil, this will be subject to availability of funds from other sources. 

In Alaska, both the Co-PI M.S. Bret-Harte and postdoc S. Trainor are active part of a large UAF project on ecosystem processes, land use  and ecosystem services in the boreal forest and arctic tundra coordinated by invited scientist F.S. Chapin. Because of this, we will carry out a similar approach as in the Latin American sites, but the assessment will be based primarily on the synthesis of existing ecological, social and anthropological knowledge of the socio-ecological system to analyze the feedbacks between changes in the terrestrial artic ecosystem and the provision of local- and global-scale ecosystem services. 

In Costa Rica, the national context and previous experience of the local research teams allows us to advance towards a more quatitative monetary assessment of ecosystem services. Here the government has implemented a program of payment of ecossytem services (PES) to natural forests and forest plantation owners. However, environmental services provided by different forest ecosystems have not been differentiated, nor measured, in regards to quantity and quality. Here we will perform an economic valuation of ecosystem services, including their monetary and nonmonetary value, using the simple betterness method (Rickard et al. 1967). On these bases, we will calculate a minimum willingness to accept (WA) for a PES from the landowner point of view in order to keep the forest ecosystems as a competitive land-use in the landscape. Costa Rican partners B. Finnegan, G. Navarro, and C. Murillo have key experience in ecosystem-service valuation and participatory research. They also have links with relevant stakeholders, including private organizations (FUNDECOR, the EARTH University), farmer organizations, Costa Rica´s National System of Conservation Areas.

4.6. Identification of possible key thresholds, feedbacks and vulnerabilities

We will try to identify key thresholds beyond which shifts in FB can change ecosystem processes and services in a drastic and irreversible way, and thus affect the vulnerability of livelihoods or viability of programs that depend on them. Often, but not always, the provision of ecosystem services for one social group means the loss of ecosystem services highly valued by other group. Conflicts of interest can be more easily solved when this loss is gradual and reversible, but are more critical when there is a sharp, non-linear change in ecosystem processes (Chapin et al. 2000). For instance, using a highly simplified example, some land-use policies by regional governments can lead to the voluntary (e.g. plantation) or involuntary (e.g. invasion) introduction of tree species whose nutrient-poor, evergreen leaves and superficial roots lead to higher biomass accumulation, lower diversity, higher flammability, higher risk of soil erosion and water runoff and lower livestock carrying capacity. Once triggered, these processes are irreversible in the short-medium term. This change represents an enhancement of certain ecosystem services perceived by some stakeholders (e.g. timber companies and some local and regional institutions benefit from the short term production of fuel and timber and C sequestration). At the same time, it represents a decrease in ecosystem services perceived by other stakeholders (e.g. subsistence farmers experience decreased livestock and honey production and availability of hunt, and increased risk of landslides and fires). Another key threshold in the boreal and artic regions which is also essentially irreversible is the transition that occurs when permafrost melts on a wide scale. Certain plant species, such as mosses, promote permafrost, while others increase ground heat flux and promote its melting. The expansion of shrubs may promote a deepening of the active layer.  Also, certain land uses, such as  road the construction of roads and buildings, can lead to strong (and sometimes catastrophic) local effects on permafrost, with strong implications for human residents (e.g. collapse of apartment buildings).  We plan to analyze how drastic transformation of key ecosystem services will affect the livelihoods of the most vulnerable stakeholders, and how this will impact on both ecological and socioeconomic sustainability. Good candidate traits involved in such feedbacks are those that drastically change resource use availability (e.g. N-fixation capacity, rooting depth, or leaf decomposability), disturbance regime (e.g. flammability) biophysical feedbacks  to the atmosphere (e.g. canopy structure, persistence and reflectance) (Chapin et al. 1996b, Thompson et al. 2004). 

We perform this assessment as an iteration process: first local workshops of PI teams with stakeholders to identify what are the most valued ecosystem services and to what FB configurations (both predominant value and range of traits) are they most strongly associated; then workshop of the core research teams; and finally synthesis workshops with stakeholders in which the most critical (desirable and undesirable) FB transitions will be identified and possible actions to prevent or promote them will be discussed. Although field work with local communities will be carried out only at selected sites (see 4.6), we will try to incorporate as many sites as possible in the identification of possible feedbacks and thresholds. We will also identify key future experiments to test the candidate thresholds, feedbacks and vulnerabilities.

4.7. Production, compilation and standardization of research tools

We will produce a number of conceptual and methodological tools to be used by team members during the project and also by a wider audience after the project. This will be based on carefully targeted collective efforts in both internal and expanded workshops. Existing standard research protocols will be tested and put to practice, and their performance under the particular conditions of Latin American ecosystems will be critically evaluated. Once the most suitable protocols are identified, we will train junior researchers and students within the Network, as well as other scientists, para-scientists and managers to apply them. Whenever possible, low-tech low-cost proxies for “hard” measurements (i.e. high-tech, high-cost) will be identified. We will use this approach with as many protocols used by the Network as possible, including those used to measure FB, ecosystem processes, ecosystem service perception and sustainability/threshold indicators. The sources we will use as a starting point in this process will be Hodgson et al. (1999), Weiher et al. (1999), Lavorel & Garnier (2002),and  Cornelissen et al. (2003) for FB; Feinsinger (2003), Sala et al. (2000b), and Díaz et al. (2000, 2003) for experimental design, manipulation techniques and ecosystem processes, and Daily (1997), Holmes and Scooners (2000), Fürst (2000), and Cáceres (2003) for ecosystem service and sustainability/vulnerability indicators. We will compile our findings into documents whose format (print, electronic), and style (scientific, colloquial) will be tailored according to the target audience. These will be available to a wide range of users. 
5. Expected Results:

5.1. Conceptual and empirical articles in the national and international peer-reviewed literature. This will include conceptual articles, site-specific primary research articles, quantitative cross-site comparisons, and biometric articles. 

5.2. Three major empirical tools for the study of the role of FB in ecosystem functioning: a “Manual of Protocols for the Standardized and Easy Measurement of Plant Functional Traits, and a “Manual for Removal Experiments”. The first will be based on Cornelissen et al. (2003), which describes protocols for easy and cost-effective plant trait measurement in the field or in the lab, suitable for large-scale screenings and inter-regional comparisons. We will produce a Spanish version, in which the information contained in Cornelissen et al. (2003) will be updated, expanded and tailored according to the particular requirements of Latin American ecosystems, including measurements of soil and soil-plant interface relationships, with the help of our invited scientists F.S. Chapin, H. Cornelissen, E. Cuevas, and S. Lavorel. The second tool will be a set of practical guidelines for removal experiments, focused on the suitability of different manipulation and measurement protocols utilized in field removal experiments that focus on the role of terrestrial biodiversity in ecosystem processes. Both tools are expected to be highly useful beyond the Network, for the academic, management, and conservation communities. The third tool will be a fully-developed module to measure FB in the software package Infostat (Grupo Infostat 2004), of which F. Casanoves is one of the leading authors, and which is now being widely adopted in Latin America. At the moment, and despite the growing interest in FB, there is no widely-available statistical package including FB modules in the world. Because of this and because Infostat is a high-power, low-cost package available both in Spanish and English versions, this will represent a major contribution to Latin American scientists working on biodiversity.

5.3. A set of courses and workshops aimed at junior scientists, para-biologists, conservationists and managers in the region. We propose 2 courses for postgraduate students and professionals: (1) Methods in Functional Biodiversity Assessment, and (2) Biodiversity and Land Use and Sustainability. Each of them will train 8-10 students within the network and 8-10 belonging to the wider scientific community. We also plan 2 courses/workshops for para-biologists, conservationists, managers, and grassroots representatives: (1) Functional Biodiversity and Sustainability Indicators, and (2) Participatory Assessment of Ecosystem Services.

5.4. A set of recommendations on (1) the FB and ecosystem-service consequences of some common land use practices in each region,  to be delivered in workshops with stakeholders and website, or booklets; (2) the most important ecosystem services perceived by different stakeholders, possible conflicts among them and some elements to solve/negotiate them (workshops and reports to the different institutions); and (2) how to maximize the efficiency of future FB experiments in Latin America (Manual for Removal Experiments).

5.5. A Network website that will serve as a communication tool and a reservoir of published material, databases, and other relevant  updated information. This will be linked to IAI, participating institutions, and websites of national institutions (such as National Parks Regional Science Agencies) and international programs interested in the subject, such as DIVERSITAS, the Global Land Project of IGBP, and the Millennium Ecosystem Assessment.

6. Relevance to the IAI

The Project is directly relevant to Themes II and IV in the IAI Science Agenda. It focuses on biodiversity and global environmental change, exploring a poorly studied component of biodiversity (functional biodiversity), and linking it with common land use practices. It also explicitly addresses the changes in ecosystem functioning and perceived ecosystem services, associated to functional trait shifts brought about by different land-use practices under different climatic contexts, from tropical to arctic. The project will also contribute to all the objectives of IAI in general and CRN II in particular. The team is interdisciplinary (see below). The results will contribute to the development of fundamental ecology, and to its integration with social sciences, and to the connection of science with society. It will also help understanding the consequences of biodiversity shifts in Latin America, enhance the usefulness of on-going experiments, and promote the standardized design of new studies. 

7. Policy Relevance

We expect that the results of the proposed project will be relevant to the design of local and regional sustainable use and conservation policies. The connection with policymakers will be ensured by the links with national and regional governmental and non-governmental institutions of Cabido, Cáceres, Daily, Díaz, Finegan, Murillo, and Peña-Claros. We have already received formal expressions of interest from The Argentine Programa Social Agropecuario, INTA, Agencia Córdoba Ambiente and Parques Nacionales, the Costa Rican Sistema de Nacional de Areas de Conservación, FUNDECOR, and EARTH University, the Bolivian branch of VOLENS, and the Brazilian-American Biological Dynamics Forest Fragments Project (see supporting letters).We will provide information on how different land use practices (including those contemplated under the Clean Development Mechanism of UNFCCC) could change the ecosystem-service value of ecosystems, and what could be the consequences for the sustainability of local systems and livelihoods. We will also provide a set of user-friendly tools, including ecological and socioeconomic sustainability indicators for land managers, rangers, and community leaders (Sect. 3, 4).

8. Multidisciplinary and multinational collaboration

Our Project is multidisciplinary, involving researchers from the area of community and ecosystem ecology, conservation biology, biogeography, econometrics, biometrics, sustainability science and rural development, sociology and social anthropology. Our conceptual framework ensures multidisciplinarity and participation of relevant stakeholders during the whole process, since the early stages. We will extend previous ecological work into a considerably more interdisciplinary approach, in which we will seek to strengthen links between fundamental ecology and the social relevance of biodiversity. We will contribute to the development of multinational research networks in the Americas, and to the mutual training among scientists with different skills and areas of expertise. For example, scientists with strong background in functional biodiversity (Argentina-IMBIV), those with a strong background in ecosystem science (USA-UAF), those with expertise in valuation of ecosystem services (Costa Rica-CATIE, Costa Rica-CINPE and USA-Stanford), and sustainability/ vulnerability (Argentina-FCA) will train others in the Project. We expect that the end results will be a network of teams trained in a broad, interdisciplinary approach to the links between biodiversity, ecosystem services and the socioeconomic consequences of global environmental change in the Americas, with emphasis in Latin America.

9. Contribution of each Co-PI

We will build a geographically comprehensive network, with 5 countries from South, Central and North America, 8 research groups and ecosystems ranging from the tropics to the tundra. The PI and Co-PIs cover a wide spectrum of expertise. The interdisciplinary nature of the project is ensured by the involvement of ecologists (Díaz, Cabido, Peña-Claros, Oliveira, Bret-Harte), experts in conservation biology and interdisciplinary research (Daily, Finegan), socioeconomic scientists (Cáceres, Murillo), and a biometrist (Casanoves). 

S. Díaz (PI) in an expert in FB and plant functional traits and their links with ecosystem functioning, especially in relation to global change drivers. She has lead international initiatives related to these topics, and is one of the major contributors to the recent conceptual development of the field of functional biodiversity. She has been major player in the Millennium Ecosystem Assessment, in the field of biodiversity regulation of ecosystem services. She has lead two GCTE-IGBP Tasks and a NCEAS Working Group on FB, ecosystem functioning and land use. She is responsible for several cross-regional plant functional trait comparisons (e.g. Díaz et al. 2004) and has developed Latin America’s most comprehensive plant trait database. She has also set up one of the first experiments in the Americas on the role of functional biodiversity in ecosystem functioning. Her role in this Project will be that of General Scientific Coordinator of the Project and Network, and she will also conduct the plant functional trait and FB assessments, and their connections with ecosystem processes and services. She will supervise the Project Officer postdoc, other postdoc associates (C. Urcelay, D. Gurvich and two more to be appointed), three PhD students working in Argentina (L. Enrico and two more to be appointed), and two technicians (V. Falczuk and another to be appointed). She will work in close association with researcher N. Pérez-Harguindeguy, who will coordinate the decomposition comparisons across sites.

M. S. Bret-Harte (Co-PI) has expertise in ecosystem functioning and the interactions between community composition and ecosystem processing of C and N  in high-latitude ecosystems. She has also played a major role in global meta-analyses of field experiments.  She is responsible for one of the longest running experiments manipulating FB in an ecosystem dominated by largely perennial and woody plants. She will provide data from this FB manipulation experiment and participate in a meta-analysis or  other quantitative analyses of the effects of alterations in FB and land use on ecosystem functioning and ecosystem services across sites.  She will contribute to updating and expanding the database of plant traits, and will participate in the workshops and in the development of the two manuals mentioned above.  Bret-Harte will also collaborate with her postdoc S. Trainor, to analyze the valuation of ecosystem services in Alaska, and predict how these could change by alterations in FB caused by changes in land use or climate. Bret-Harte will contribute to the training of one Argentine graduate student for a cross-site comparison between the Argentine and Alaskan FB manipulation experiments.  She will contribute to the training of one undergraduate student in the collection and organization of data on plant traits in Alaksa.   

M. Cabido (Co-PI) is a phytogeographer and plant community ecologist with a well-known trajectory in South America. He is an expert in the Argentine flora and in vegetation survey techniques. He has linked vegetation gradients and land-management regime through the use of remote sensing, produced one of the first maps of land use/land cover at the regional scale in Argentina. He has long experience in the development of management recommendations for the management and conservation of protected areas. He has played a major role in the design and implementation of conservation masterplans for protected areas controlled by the Argentine National Park Administration and Córdoba Province Environmental Agency. In our Project, he will coordinate compilation of taxonomic information, standardization of survey methods across sites, and compilation of collective datasets of  vegetation composition. He will also extrapolate the main findings of the Córdoba team to the landscape scale using information from remote sensors calibrated with field surveys, collaborating with researchers A.M. Cingolani and M. Zak. He will supervise 2 PhD students and 1 technician.

D. Cáceres (Co-PI) is an expert in rural development and community participation. He has extensive experience in community-based development projects and the use of socioeconomic and ecological indicators of sustainability. He has developed communication tools with farmers, and is actively involved with the national governmental organizations. He has 20 years of experience in grassroots education and participatory assessments in different regions of Argentina. In this Project, he will be the general coordinator of the participatory ecosystem-service assessments with the involvement of different stakeholders, and will interact with the Costa Rican team that will be in charge of valuation in Costa Rican ecosystem services. He will carry out the ecosystem-service field work in Argentina, with the collaboration of one postdoc and one PhD student, and will participate in the training of the Bolivian and Brazilian teams in this sense. He will collaborate in the production of the conceptual framework, the definition of most relevant ecosystem services from the perspective of different stakeholders, and the training of grassroot organizations, para-scientists, managers, and students in workshops and courses. 

M. Peña-Claros (Co-PI) has expertise in forest ecology and forestry. She is the Executive Director of the Instituto Boliviano de Investigación Forestal. She is also an international consultant in management of tropical forest species of commercial value. Together with postdoc L. Poorter she has built one of the first plant trait databases for the Neotropics. Their team is one of the first doing ecophysiology and comaprative plant ecology in Bolivia. She will coordinate the Bolivian team, supervising the work of two 1 postdocs, 1 PhD student and 1 technician in the construction of the Bolivian plant trait database and the assessment of FB and ecosystem processes in the Bolivian forest sites.

A. Oliveira (Co-PI) has expertise in tropical plant community and ecosystem ecology and is responsible for one of the permanent forest sites of the Smithsonian Tropical Research Institute in the Amazon. He has participated in recent high-profile publications on tropical forests and global change and has botanical and ecological expertise in Neotropical ecology. He will build the plant trait database and carry out the field site vegetation surveys and ecosystem measurements in the Brazilian field sites. He will supervise 1 PhD student, and link our Network with the Smithsonian Tropical Research Institute.

B. Finegan (Co-PI) is an expert in natural resource management and education in sustainable production and biodiversity conservation. He has published several influential books and articles on the subject. He is Coordinator of CATIE´s Group on Forests & Protected Areas and Ms Program in Management & Conservation of Tropical Forests & Biodiversity. He will coordinate the field work in FB, ecosystem process and ecosystem services assessment in Costa Rica, in collaboration with F. Casanoves and G. Navarro and a postgraduate student. He will be in charge of trait and ecosystem measurements in Costa Rica.

G. Daily (Co-PI) is one of the world's outstanding figures in the field of ecosystem services, their dependence on biodiversity, and priorities for their conservation. She has produced numerous books and articles on the subject aimed at both the academic community and the general public. She is collaborating extensively with economists, legal scholars, and leaders of private and public organizations in the Americas. She is developing an interdisciplinary framework in Conservation Finance, aligning economic incentives with conservation. In this Project, she will collaborate in the production of the conceptual framework, the definition of most relevant ecosystem services, and the training of research teams and students in this field.

C. Murillo (Co-PI) is a leading expert in agricultural and environmental economics. He was the founder and first Director of the International Center for Economic Policy of Costa Rica, and is an international consultant in development economics, trade and environment. He was ViceMinister of Foreign Trade in Costa Rica. He is on the Boards of Directors of the International Centre for Trade and Sustainable Development, the Legal Center for Environment and Natural Resources, and the Strategy Advisory Group of the National Institute for Biodiversity. He will collaborate in the production of the conceptual framework and the economic analysis of different land use trajectories. He will collaborate with the CATIE team in the valuation of ecosystem services in Costa Rica, interact with D. Cáceres in the ecosystem-service assessment in Argentina, and collaborate in training. 

F. Casanoves (Co-PI) is an expert in biometry, with wide experience in developing ad-hoc analytical techniques for complex ecological and socio-economic data. He is Head of CATIE´s Biometric Unit, and is one of the main authors of the statistical package INFOSTAT. He will collaborate in the FB assessment by analyzing the properties of different FB indices, and identifying the most appropriate for our Project. He will also collaborate in Meta-analyses, and in general with all the statistical analysis. He will build FB-specific modules into Infostat, that will then be avialable for the wider scientific community.

Our Network will be enriched by 6 invited scientists  with excellent expertise directly relevant to our purposes (see supporting letters), and the ability to communicate fluently in Spanish: F.S. Chapin, E. Cuevas, S. Lavorel, H. Cornelissen. J. Bentley and W. Robledo.
10. Capacity Building

We will contribute to capacity building in interdisciplinary research in the Americas, with emphasis in Latin America, by actively involving at least 9 postgraduate students, 7 postdoctoral fellows, 5 junior researchers with permanent positions, 5 undergrad students and 5 technicians, many of which (3 postgrad, 5 junior researchers, 2 postdoc and 2 undergrad) will be paid by institutions other than IAI. We will contribute to capacity building beyond our Network by making available several conceptual and empirical tools to research, education, and management institutions (Sect. 4.5, 3.46, 5.3). We will help training students, park rangers and extension agents in courses and workshops tailored to each audience (Sect. 5.3). 

11. Related research work

Our proposed project has been endorsed by the Global Land Project (IGBP Core Project), DIVERSITAS, and the Millennium Ecosystem Assessment. This is because the specific objectives, priorities, and knowledge and action gaps identified by these international programs (see endorsement letters for details). 
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