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Abstract 
Deforestation is the main factor leading to biomass loss in tropical regions, but the effects of forest fragmentation on biomass stocks are poorly understood. Fragmentation acts on biomass through floristic and functional simplification of plant community on edge-affected areas. In this process of biotic homogenization, emergent, large-seeded, shade tolerant species are preferentially affected allowing the proliferation of small-seeded, softwood, pioneer species, which stocks few amount of biomass. Thus, biomass is  affected negatively on edge areas. Fragmented and edge-affected landscapes are largely spread and rapidly increasing worldwide leading to high levels of carbon loss by forest degradation, especially tropical forests. Therefore, the main objective of this study is to determine the local drivers of biomass loss in Neotropical landscapes. Using collected data about plant community we will structure a database of biomass stocks in fragmented landscapes. With the database we will evaluate the effects of (1) distance to edge, (2) multiple edges, and (3) time since edge formation on biomass stocks and biomass by functional plant groups. For data analyses we will use Generalized Linear Models, an approach that have been increasingly used for analysis of ecological data, although poorly explored for spatial data. The results of this project would be an instrument to subsidize the carbon emission estimates by the determination of the dimension of biomass loss at Neotropical forests.

[bookmark: _Toc410161531]Introduction
[bookmark: _Toc410161532]Tropical landscapes are being continually human modified by the conversion of primary habitats to anthropogenic areas unfriendly to biodiversity (Melo et al. 2013). Deforestation in tropical forests promoted in five years 7–14% of global CO² emissions (Harris et al. 2012). At Neotropical forests high deforestation rates leaded to annual habitat losses summing up to 13 millions of acres (Rainforest-Alliance 2014). This process of anthropogenic expansion leads to extensive habitat loss as well as rupture of continuous forested areas (Fahrig 2003). Throughout the forest fragmentation process, negative effects on habitats are observed at both the patch-scale (e.g. decreasing patch size) as well at the landscape-scale (e.g. reduction in habitat amount, increase in patch isolation) (Fahrig 2003). In addition to those direct effects, forest fragmentation leads to indirect processes as forest degradation by edge establishment.
[bookmark: _GoBack]Edge-affected areas are created by deforestation and fragmentation at the intersection between forested and non-forested areas (Harper et al. 2005). In those areas, microclimatic changes, particularly a decrease in air and soil moisture and an increase in air temperature and wind turbulence, drive to several ecological modifications (Kapos 1989, Laurance et al. 2002, Williams-Linera 1990), beginning with the acceleration of decomposition and nutrient cycling (Harper et al. 2005). One of the consequences of abiotic modification at edges is the disturbance of the plant community composition, which results in biomass loss. Higher wind turbulence at edges increase plant damage and large trees mortality (Harper et al. 2005, Laurance et al. 2000) leading to a collapse of the emergent layer (Oliveira et al. 2008). Indeed, large-seeded, emergent and shade tolerant species can have their abundance reduced by one third at tropical forests edges, being the most affected species in these areas (Santos et al. 2008). The combination of several factors, e.g. high mortality of large trees, increased light incidence and small-seed species arrival from the matrix (Tabarelli et al. 2008), favors the proliferation of pioneer species at edges (Laurance et al. 2006). In general, pioneers increase their density, basal area, growth rates and recruitment at edges profiting their long term persistence (Tabarelli et al. 2008). However, edge environments do not benefit all pioneers. Adult’s recruitment rate of long-lived pioneers decrease under edge influence resulting in changes on the demographic structure of these species (Santos et al. 2012). Additionally, proximity to edge and small fragment size favors small-seed softwood species, but not the large-seeded softwood ones (Michalsky et al 2007). In general, fragmentation leads to a floristic and functional simplification of plant communities due to edge establishment (Santos et al. 2008, Lôbo et al. 2011, Tabarelli et al. 2012). 
Large trees are the most sensitive edge-affected species and also the principal components of above-ground biomass (AGB) and carbon stocks. In Neotropical forests a high proportion (67 - 72%) of AGB is stored in large-trees (≥30 cm of diameter at breast height) (DeWalt & Chave 2004, Lindner 2010). Apparently, even though pioneers and lianas proliferate at edges, they do not compensate the biomass loss caused by the mortality of large trees (Laurance et al 1997, but see Phillips et al. 2006) because of their small size and low wood density (Michalsky et al. 2007, Nascimento & Laurance 2004).
The extent and magnitude of edge influence depends on factors such as the presence of multiples edges (Fletcher 2005) and time since edge formation (Harper et al. 2005). Irregular patch’s shape increases the number of edges close to a point in the fragment area, intensifying the magnitude and even distance of edge effects by the influence of multiple edges (Fletcher 2005, Laurance et al. 2006). Recently created edges usually present high rates of changes in floristic composition and structure (Laurance et al. 2006) resulting even in elevated biomass loss rate at young edges (Laurance et al. 1997).
Highly fragmented Neotropical forests as the Atlantic forest can present an edge area of  91% of  total area and less fragmented forest such as the Amazon forest a ratio of 18.7% (Pütz et al. 2014). Estimates of carbon loss by forest degradation at Amazon and Atlantic forests ranges amongst 9 to 24% of the world annual loss of carbon by deforestation (Pütz et al. 2014). In face of this scenario of increasingly rates of edge-affected landscapes, determining the dimension of biomass loss at Neotropical forests can be an instrument to subsidize the carbon emission estimates. It can also act as a guideline to programs of ecosystem payment services as REDD++, which financially rewards  developing countries that reduce emissions from deforestation and forest degradation. 
Therefore, the main objective of this study is to determine the local drivers of biomass loss in Neotropical landscapes. Thus, to evaluate the local factors affecting biomass we will merge already collected data of plant communities in forest fragments in a database for tropical forest. We intend to extend this database using Arroyo-Rodriguez’ network. We salient that the effects of local drivers on biomass were not explored in the collected data.
Objective and Hypotheses
[bookmark: _Toc410161533]The objectives of the research internship are (1) consolidate a biomass database in tropical forests edges; (2) delineate the sample design of this study; (3) define the metric to estimate effects of multiple edges; (4) get the temporal data about forest fragmentation history of the landscapes; (5) develop the best statistical approach to analyzing the data, attenuating bias due to spatial autocorrelation among sample plots; and (6) write the manuscript.
The specific objectives of the project are to test (1) how distance to edge affects biomass stocks and biomass of plant functional groups, (2) the cumulative effect of multiple edges on biomass stocks and biomass of plant functional groups, and (3) the influence of time since edge formation on biomass stocks and biomass by plant functional groups. We hypothesize that (1) the proximity to edge affects negatively the biomass amount and biomass of shade-tolerant plants, (2) multiple edges intensify the negative effects of edge on biomass amount and biomass of shade-tolerant plants, and (3) edges created recently present less total biomass and by functional group than areas influenced by old edges.
Methods
[bookmark: _Toc410161534]Study areas and sampling methods
[bookmark: _Toc410161535] Amazon
The landscape at Amazon Forest is the area of the long-term fragmentation experiment of the Biological Dynamics of Forest Fragments Project (BDFFP). This landscape comprises about 100,000 ha and is located close to Manaus (2º30’S, 60ºW). All trees with ≥10 cm diameter at breast high (dbh) are continually monitored in 1-ha permanent plots in 11 forest fragments: five of 1 ha, four of 10 ha and 2 of 100 ha. Plots were also arrayed at the continuous forests to mimic spatial arrangement of fragment plots to serve as control areas. The 66 permanent plots were stratified to sample interior and edge of fragments.
[bookmark: _Toc410161536]Atlantic Forest
The landscapes are situated at northeast (N=2) and southeast (N=1) of the Atlantic Forest. At the northeast limit of Atlantic Forest there is a landscape of 12000 ha of native vegetation distributed along the Pacatuba-Gargaú Ecological Corridor, Paraíba state (lat 6º59’S, long 35º5’W). Fourteen plots of 0.03 ha were established in fragments at Pacatuba-Gargaú landscape and for all trees (≥2.5 dbh) the diameter and height were measured. The other area at northeastern Atlantic Forest is in a fragmented landscape of Usina Serra Grande (66,700 ha) at Alagoas state (8º30’S, 35º50’W). The landscape presents 109 forest fragments where 50 plots of 0.1 ha were stratified and after randomly distributed in fragments ranging from 3.4 to 3,500 ha. All trees ≥10 cm dbh were sampled.
The sample at southeast Atlantic Forest is a 10,000 ha landscape at the Crystalline Plateau of Ibiúna, São Paulo state (23º35’S, 46º45’W). Trees ≥ 5 cm dbh where sampled in 21 forest fragments by the point-center quadrat method. In each fragment 25 points where systematically allocated totaling an effort of 100 tress per fragment.
[bookmark: _Toc410161537]Local metrics
[bookmark: _Toc410161538]To determine the local drivers of biomass stocks we will use as sample units each allocated plot on patches from the sampled landscapes. Metrics will be estimated for each plot using existent satellite imagery or acquiring new ones from the imagery repository of INPE (available at http://www.dgi.inpe.br/CDSR/). The explanatory variables will be the linear distance to the closest edge (distance to edge), the index of multiples edges effect and time since edge formation. 
The index of the effect of multiple edges incorporates patch geometry in the model, so at any point in space all distances less than the maximum distance of edge effect (Dmax) are integrated to predict the ecological influence of edge at that point. Dmax will be determined after testing the maximum linear distance of edge influence on biomass, a function integrated on the package “edgefx” in R environment (R core team 2014). The edges incorporated in the index will be determined by an area of influence delimitation (buffer) around the sample plot. The index of multiple edges is an extension of Malcom’s model (1994) developed by Goldberg & Ries (2010).
Time since edge formation will be estimated using maps produced by the long-time monitoring of Amazon (PRODES project; http://www.obt.inpe.br/prodes/index.php) and Atlantic forests (e.g. SOS Mata Atlântica & INPE 1993, 2013). Therefore, time since edge formation will be estimated in temporal classes by crossing the chronosequence of the acquired maps with the image from the year when the landscape was sampled. 
Our response variables will be the total AGB from vegetation and AGB by plant functional groups. AGB will be estimated using specific allometric equations for each biome (e.g. Chambers et al. 2001). Functional groups will be based on plant regeneration strategy, following classification of Groeneveld et al. (2009) and Santos et al. (2008). Thus, species will be classified as shade tolerant (species that regenerate at the understory with low light requirement), intermediate shade tolerant (species that regenerate on gaps or understory with intermediate levels of shading) and shade intolerant (species that regenerate on gaps, edges and open areas with high light requirements).
Data analysis
[bookmark: _Toc410161539]To assess the local drivers of biomass loss in tropical forests we will use Generalized Linear Mixed Models (GLMM). The fixed factors will be the linear distance to edge, index of multiple edges and time since edge formation. To account for the spatial dependence of plots allocated in the same landscape, we will consider landscape as a random variable. Plots below a minimum distance of each other are also spatial-dependent and the approach to deal with them will be developed. We are also currently developing the best way to handle the differences in sample effort among studies.
Work plan and chronogram
I propose to execute this project during a one year period at Universidad Nacional Autónoma del México, México, under the supervision of Dr. Víctor Arroyo-Rodríguez. His lab focuses on studies of anthropogenic landscapes and the impact of this fragmented habitat on fauna and flora. During my time at Arroyo-Rodríguez’ lab I intend to deepen on the processes impacting biodiversity at anthropogenic landscapes. Specifically, Dr. Arroyo-Rodríguez has been working with the process of biotic homogenization on fragmented landscapes, which is the central theory of this project. Therefore, for this project, Arroyo-Rodríguez’ background on anthropogenic landscapes will complement the vast experience on landscape ecology of Dr. Jean Paul Metzger, my co-advisor. During this one-year internship, I plan on establish the sample design of the study, analyze the data and write the article related to this project. I am confident that this will be possible due to Dr. Arroyo-Rodríguez´ vast experience  on sample design in fragmented landscapes, spatial data and statistics, including GLMMs. GLMMs have been increasingly used for analysis of ecological data, yet few researchers currently dominate this approach as applied to spatial analyses. I also intend during the internship to improve our data base trying to add data collected by Arroyo-Rodríguez’ students and co-workers. Thus, we would be able to expand our database to other tropical forests, beside Atlantic Forest and Amazon. 
The UNAN will also provide a rich environment to my intellectual development and project´s progress. The Centro de Investigaciones en Ecossistemas (CIEco), of which Dr. Arroyo-Rodríguez belongs, is formed by experienced researchers with whom  I intend to change ideas and discuss about  functional plant groups (Dr. Horacio Paz), conservation of altered ecosystems (Dr. Julieta Benitez-Malvido) and ecology of tropical communities (Dr. Míguel Martínez Ramos), for example. During my internship I will also participate on a field course in “Ecology and Conservation of the Tropical Rain Forests”, coordinated by Dr. Arroyo-Rodríguez. This course is focused in planning, developing and divulgating the ecology and conservation of tropical forests and will be very important to my formation. I also pretend to attend the subjects about “Geographical Information System and Spatial Modelling”, “Tools for Spatial Analysis of Biodiversity” and “Ecology of Fragmented Tropical Forests”, for example. Expert researchers on spatial analysis are also present at Centre de Investigaciones en Geografia Ambiental, which is located at the same campus. Therefore, this internship will fulfill all my needs to conduct this project and complement my formation in ecological research.
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¹ I am submitting works to the International Association of Landscape Ecology World Congress (IALE) and the Annual Meeting of the Association for Tropical Biology and Conservation (ATBC), both to occur on July 2015.
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