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Tropical mountain ecosystems are threatened by climate and land-use changes. Their diversity and 
complexity make projections how they respond to environmental changes challenging. A suitable 
way are trait-based approaches, by distinguishing between response traits that determine the 
resistance of species to environmental changes and effect traits that are relevant 
for species’ interactions, biotic processes, and ecosystem functions. The combination of those 
approaches with land surface models (LSM) linking the functional community composition to 
ecosystem functions provides new ways to project the response of ecosystems to environmental 
changes. With the interdisciplinary project RESPECT, we propose a research framework that uses a 
trait-based response-effect-framework (REF) to quantify relationships between abiotic conditions, 
the diversity of functional traits in communities, and associated biotic processes, informing a 
biodiversity-LSM. We apply 
the framework to a megadiverse tropical mountain forest. We use a plot design along an elevation 
and a land-use gradient to collect data on abiotic drivers, functional traits, and biotic processes. 
We integrate these data to build the biodiversity-LSM and illustrate how to test the model. REF 
results show that aboveground biomass production is not directly related to 
changing climatic conditions, but indirectly through associated changes in functional traits. 
Herbivory is directly related to changing abiotic conditions. The biodiversity-LSM informed by local 
functional trait and soil data improved the simulation of biomass production substantially. We 
conclude that local data, also derived from previous projects (platform Ecuador), are key elements 
of the research framework. We specify essential datasets to apply this framework to other 
mountain ecosystems. 
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A research framework for projecting ecosystem change in highly diverse 
tropical mountain ecosystems 
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Seed dispersal is a key process shaping the distribution of plant species. Particularly in tropical 
rainforests, endozoochory, the dispersal of seeds by frugivores, is the most dominant mode of 
seed dispersal. Understanding how abiotic factors shape the degree of endozoochory in tree 
communities is, however, largely understudied. Here, we investigated the effects of elevation, 
climate and microhabitat conditions on seed dispersal modes of plant communities located along 
an elevational gradient in the tropical Andes in Southern Ecuador. Over one year, we 
quantitatively measured seed rain with 162 seed traps on nine 1-ha forest plots located at 1000 m, 
2000 m, and 3000 m asl. We also recorded climatic conditions (i.e., temperature, rainfall, soil 
properties) and microhabitat conditions (i.e., leaf area index, soil moisture) to test how abiotic 
factors influence the dominance of endozoochory in the tree community. We recorded around 
330,000 seeds belonging to 329 plant species. An average of 82.1% of species in the community 
was endozoochorous while 17.9% had other seed dispersal modes. Elevation had significant 
effects on the proportion of endozoochory in the tree community. Variation in the biomass of 
endozoochorous seeds was associated with variation in rainfall. In turn, the number of 
endozoochorous plant species decreased with decreasing temperature and simpler canopy 
structure (i.e., low leaf area index). Our analyses suggest that changes in climatic conditions and 
canopy structure may potentially alter the dispersal modes in plant communities and thus, the 
distribution of plant species in these mountains. 

 

 
 

 
 
 

 
 

 
 

Climate and microhabitat effects on the importance of endozoochory along 
an elevational gradient in Southern Ecuador 
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Many theories have been established to explain the extremely high diversity of plants in the 
tropics. However, we lack understanding of the processes that drive plant diversity at different 
spatial scales. Here, we applied beta-diversity partitioning to distinguish how biotic and abiotic 
factors influence turnover and species richness of seedlings in a tropical montane forest in 
Southern Ecuador. We identified seedling communities at 81 plots, located at three elevations 
along a 2000-m long elevational gradient. We tested to what extent biotic stress (i.e. herbivory 
and fungal pathogen attacks), microhabitat heterogeneity (i.e. soil moisture and canopy closure) 
and climate (i.e. temperature and precipitation) influence turnover and species richness within 
and between elevations. We found that at the local spatial scale (i.e., within elevations) biotic 
stress drove species turnover, while species richness depended on microhabitat heterogeneity. 
Concurrently, at the large spatial scale (i.e., across elevations) microhabitat heterogeneity was 
responsible for high species turnover, while species richness increased significantly with increasing 
climate dissimilarity. Our findings show how different beta-diversity components respond to biotic 
stress, microhabitat heterogeneity and climate depending on the spatial scale. Our study enhances 
the understanding of species sorting and co-existence mechanisms in tropical rainforests and 
reveals the importance of environmental filtering for seedling communities. 

 

 
 

 
 
 

 
 

 
 

Biotic stress and microhabitat heterogeneity shape beta-diversity of 
seedling communities in tropical montane forests 
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Tropical forests are composed of many different tree species differing in their functional 
properties and their contribution to the overall productivity of these forests. In the presented 
project, we explore the use of tree functional traits to predict tree basal area growth at the stand 
level. 
Within three permanent 1-ha plots in a tropical montane forests in S Ecuador we recorded all trees 
(dbh ≥ 10cm) with their species and quantified their diameter growth. We recorded functional 
traits from leaves and stems of the ~200 local tree species. Each permanent plot was divided into 
25 subplots of 20 m x 20 m. For these subplots, we calculated community weighted trait means 
(CWMs) for each trait and functional trait diversity. We combine the trait information with data on 
subplot topography to predict tree basal area and tree basal area growth of the tree communities 
in the subplots. 
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What drives the variability of tropical rainforest productivity? Insights from 
an individual- and trait-based model 

Isabelle Maréchaux, Fabian J. Fischer, Jérôme Chave 

INRAE, Montpellier; CNRS, Toulouse 

Covering just 7% of the Earth’s land surface, tropical forests play a disproportionate role in the 
biosphere, contributing to over a third of the global terrestrial productivity. However, the 
variability in fluxes between tropical rainforests and atmosphere is still poorly understood. As an 
illustration, dynamic global vegetation models (DGVMs) typically simulate a decrease in 
productivity with a decline in precipitation during the dry season, while observations from eddy- 
covariance data in light-limited rainforests point to a dry-season increase. Better understanding 
the processes underlying flux variation in tropical forests is thus critical to improve our predictive 
ability on global biogeochemical cycles. 
In this talk, we will show new developments of an individual- and trait-based model of tropical 
forest dynamics able to jointly simulate biodiversity and ecosystem functioning to explore the role 
of three potential drivers of fluxes in tropical rainforests: (i) the leaf demography and ontogeny 
driven by species phenology, which can result in variation in the ecosystem photosynthetic 
capacity, but whose effect remain poorly documented due to difficult up-scaling from leaves to 
trees and ecosystem; (ii) the root distribution, whose depth has long been assumed to explain flux 
maintenance during the dry season, with little data to support it; and (iii) the functional and 
taxonomic diversity of tree communities, which is known to influence ecosystem functioning, but 
with little evidence-based knowledge in tropical forests. Model outputs will be compared against 
eddy-covariance data and high-resolution remote sensing data. In doing so, we explore 
simultaneously three long-standing issues in our understanding of tropical forest functioning and 
its representation in global vegetation models using a finer grained model designed to match the 
resolution of ecological data and field-derived knowledge, and provide direct tests of hypotheses 
on the drivers of tropical forest productivity, often out of reach of experimental and empirical 
approaches. 
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Land-use change is the primary cause of biodiversity loss in tropical regions. Along with 
conservation, restoration is a key strategy in countering habitat loss. The current UN decade on 
ecosystem restoration is an opportunity to foster novel approaches and inform policy. Notably, 
decision-makers lack tools to identify ecologically relevant and cost-effective restoration plans 
emphasizing the reduction of fragmentation. 

Our study focuses on the New Caledonia biodiversity hotspot. In this tropical archipelago, the high 
proportion of ultramafic soils harbours a unique endemic flora in forests and shrublands. Yet, 
these soils also present an economic opportunity, and nickel mining is now one of the principal 
causes of vegetation loss in New Caledonia. 
We adapted a recent restoration planning approach based on artificial intelligence to inform the 
restoration planning of mining areas in New Caledonia. As fragmentation is known to have adverse 
effects on New Caledonia’s plant communities, we focused on reverting the fragmentation 
induced by habitat loss, measured with the effective mesh size landscape index. From forest cover 
data from 1976, we defined target values for the effective mesh size and minimized the 
restoration budget needed to achieve these targets. 
Under feasibility constraints, we identified minimum cost spatial restoration plans. These results 
can help mining companies properly invest their budget for ecological compensation. These plans 
can also serve as a reference for managers to assess whether the stated compensation objectives 
are in adequacy with the actions taken. 
Our results are the first step towards better restoration planning in New Caledonia’s mining areas. 
We plan to extend our approach to include several vegetation types, especially shrubland, and 
different restoration strategies for more comprehensive restoration plans. Our approach is 
available through the open-source restopt R package, and can readily apply to other application 
cases. 
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Felix KS Lim[1], Nicolas Barbier[1], Denis Feurer[2], Sylvie Gourlet-Fleury[3], Etienne Paka[4], 
Raphaël Pélissier[1], Camille Pinet[5], Robin Pouteau[1], Gaëlle Viennois[1], Fabrice Vinatier[2] & 
Maxime Réjou-Méchain[1] 

1 UMR AMAP, Univ. Montpellier, IRD, CNRS, CIRAD, INRAE, Montpellier, France. 
2 LISAH, Univ Montpellier, INRAE, IRD, l’Institut Agro, Montpellier, France 
3 Cirad, UPR Forêts et Sociétés, Montpellier, France 
4 Institut Géographique National (IGN, Brazzaville, Congo) 
5 IGN FI, Paris, France. 

Across Central Africa, dense forests coexist with open forests with understories dominated by 
giant herbs (called Marantaceae forests). Marantaceae forests are likely associated with ancient, 
large-scale forest disturbances, but their origins still remain uncertain: the few works conducted 
on these systems suggest that they either represent a successional stage between savannas and 
dense forests, with very slow successional processes in play, or that they represent alternative 
stable forest states. Solving this controversy requires long-term data on the dynamics of these 
forest types. With the concern that Marantaceae forests will expand as anthropogenic and climate 
pressures increase (e.g., logging, fire), understanding their ecology and origins has important 
implications for the future of central African forests. We acquired a large dataset of aerial 
photographs in the infrared domain from 1959, spanning thousands of km2 across a region in 
North Congo harbouring the largest Marantaceae forest patches and comprising both protected 
and anthropogenic areas. Using up-to-date photogrammetry approaches, we built a 3D model of 
forest structure from these historical photographs, which we compared with 3D models 
constructed from high-resolution stereo pairs of Pleiade satellite images acquired in 2022. These 
datasets enable us to assess the large-scale spatiotemporal dynamics of forest structure over 63 
years, under both natural and human-driven dynamics. By leveraging massive historical and 
contemporary datasets of forest structure, our results provide important insights on the current 
and historical distribution of Marantaceae forests, thus contributing towards better understanding 
of their origins and long-term natural and anthropogenically-driven dynamics. By extending the 
temporal constraints of current remote-sensing studies, our study exhibits great potential to 
further research surrounding forest stability over large spatiotemporal scales. 
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Delving into mechanisms of forest extension in African savannas by 
combining field survey, historical remote sensing and modeling 

Pierre Couteron, Nicolas Barbier, Pierre Ploton, Le Bienfaiteur Sagang, Bonaventure Sonké, Valaire 
Yatat, Yuval Zelnik 

IRD, University of Yaounde 1 (Cameroun) 

Forest extension over savannas is a pervasive phenomenon, which took place during the last 
decades over extensive areas of sub-Saharan Africa and in several other tropical settings. 
Understanding the pace and mechanisms of forest extension is necessary to accurately forecast its 
consequences in terms of biodiversity, carbon stocks and livelihoods. It is also critical to design 
realistic management options to either speed-up or counteract the overall forest spreading, 
depending on local societal priorities. 
We focused on a reference area Mpem & Djim National Park in Cameroon, Central Africa, where 
the forest to savanna ratio increased from 40% to 60% during the last 45 years according to the 
Landsat image archive. Forest extension resulted from combined processes of patch dilation, patch 
initiation (nucleation) and woody stands thickening in savannas. The grass-fire feedback appeared 
central to a bunch of well-known causal relationships linking grass and woody aboveground 
biomasses (AGB) to fire frequency. Field and historical remote sensing data allowed us to quantify 
these relationships in the context of humid savannas and in reference to a consistent modeling 
framework (Yatat et al., 2018 Ecol. Compl., 2021 Ecol. Mod.). 
Empirical results suggested that controlling woody biomass requests a fire frequency of at least 
one fire every five years, which corresponds to grass AGB above ~3 Mg/ha of dry matter (DM) and 
woody AGB of less than 10-20 Mg DM/ha. Forest boundary microclimatic effects reduce the local 
fire frequency even where those conditions are met, thereby resulting in the observed boundary 
shifts that displayed speeds substantially above 1 m/year with large variability. We designed a 
model version featuring local diffusion terms and compared it against observed boundary/patch 
dynamics. This helped us to characterize the distribution of encroachment speed. 
To preserve the diversity of forest-savanna mosaics, a thorough fire management plan should be 
substituted to 
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Bioturbation, the biological reworking of soils and sediments, is often positively associated with 
vegetation cover. Previous research was however limited to case studies with focus on single 
species and habitats. A summarizing work showing the interplay between bioturbation and 
vegetation cover across several climate zones by combining in-situ and remote sensing methods is 
still missing. 
Therefore, we investigated the effects of bioturbation from arid to humid climate zone in Chile at 
different scales. We assessed the density of burrows and vegetation cover within 80 plots on 8 
hillsides across the gradient. Additionally, we measured the presence and absence of burrows 
every meter from the top to the scarce of the hillsides. We calculated several vegetation indices 
and topography predictors from WorldView-2 and LiDAR datasets and estimated the vegetation 
coverage for each pixel of 0.5 m2 by land cover classification. 
Then, we set up generalized linear mixed models for the in-situ data to investigate the interplay of 
burrow amount and the estimated vegetation cover within plots. To test the potential of remote 
sensing predictors, we applied one random forest classification with implemented forward feature 
selection for each site. We used the trained models for an area-wide burrow prediction and 
analyzed their link to vegetation cover. 
The in-situ data revealed a positive association of burrow density and vegetation cover in the arid 
and humid region but a negative association in the semi-arid and Mediterranean region. The 
burrow distribution for remote sensing data across the hillsides was positively associated with 
vegetation in all but the Mediterranean region. 
Our study revealed that the combination of in-situ and remote sensing data is suitable to study the 
interplay between bioturbation and vegetation cover along the climate gradient. The results can 
be used in different landscape models to study the long-term impacts of bioturbation on soil 
erosion. 

The potential of in-situ and remote sensing datasets on the analysis of 
impacts of bioturbation on vegetation in Chile 
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We are experiencing a biodiversity crisis with estimated global extinction rates that are 100 -1000 
times greater than pre-human rates. Biodiversity loss has altered ecological communities with 
devastating impacts on ecosystem functioning and on livelihoods of billions of people. Tracking 
progress towards global biodiversity conservation targets requires appropriate allocation of 
research and monitoring efforts. We conducted a global review of camera trap research on 
mammals as a proxy for biodiversity research and monitoring. We assessed how 3395 research 
locations from 2324 studies published in the last two decades tracked priority regions for attaining 
the 2020 Aichi biodiversity Targets. We predicted the global allocation of biodiversity research 
using a geospatial machine-learning algorithm of distribution modelling (maximum entropy, 
MaxEnt), which combined research locations with ten spatial datasets thought to relate with 
biodiversity research allocation. Overall, 76.8% of the global research allocation can be attributed 
to country income, biome, mammal richness and accessibility. We observed the lowest research 
allocation in low and lower-middle income countries, where biodiversity is highest, and where 
environmental degradation and biodiversity loss are rife. The Amazon and Congo Forest basins — 
two highly biodiverse ecosystems facing unprecedented human alteration — received inadequate 
research attention. Even in the most researched regions, an average of 51.4% of the research 
locations were not among the top 20% most important regions for achieving the Aichi Targets. Our 
findings can be used to set targets for biodiversity research allocation—an important 
consideration for the Post-2020 Global Biodiversity Framework of the Conference of the Parties to 
the CBD. 

 
 
 

 
 
 

 
 

 
 

Global Disparity of Research Allocation Efforts for Achieving the 2020 Aichi 
Biodiversity Targets: A Two Decade Report Card 
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The southern Annamites of Vietnam are a key biodiversity area with a high number of threatened 
and endemic species. However, robust conservation baselines and information on the distribution 
of its ground-dwelling mammals and birds is limited, hindering targeted conservation efforts, 
including efforts to effectively address snaring. In this study, we investigated how environmental 
and anthropogenic factors influence species occurrence across the Langbian plateau, the core 
forest block in the southern Annamites. We conducted a large-scale systematic camera-trapping 
survey with 157 stations across four study sites, comprising both evergreen and coniferous forest. 
At least 45 ground-dwelling mammal and bird species were recorded, including several highly 
threatened Annamite endemics. We used a Bayesian community occupancy model to analyse the 
data. Our results indicate that the occurrence of the ground-dwelling mammal and bird 
community was strongly affected by remoteness (0.19, 95% BCI: 0.02, 0.35), normalized difference 
vegetation index (0.22, 95% BCI: 0.03, 0.47), and terrain ruggedness (-0.31, 95% BCI: -0.50, -0.12), 
meaning that most species preferred closer and denser vegetations in more remote and less 
rugged areas. Based on the occupancy results we constructed diversity profiles, which showed that 
biodiversity (species richness and evenness) was higher in evergreen forest compared to 
coniferous forests. At the same time the lower biodiversity in coniferous forest may be partly a 
result of a higher proportional historical defaunation in the coniferous forests. Based on the 
species-specific responses we predicted species occurrence across the study areas. The prediction 
maps showed three larger hotspots of species richness, which appear to be particularly important 
for the Annamite endemics. This information will help our conservation partners and the local 
stakeholders in planning and maximizing the enforcement and patrol efforts to protect the unique 
wildlife in the southern Annamites. 

 
 
 

 
 
 

 
 

 
 

Ground-dwelling avian and mammalian biodiversity in the southern 
Annamites of Vietnam 
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A framework to assess the role of species in delivering Nature’s 
Contributions to People 

Giovanni Bianco, Peter Manning, Matthias Schleuning 

Senckenberg Biodiversity and Climate Research Centre 

Nature’s Contributions to People (NCPs) are all contributions, positive or negative, of the natural 
world to human quality of life and are classified into regulating, material, and non-material 
contributions. Assessing the ways in which biodiversity affects the provision of NCPs is often hard 
due to the lack of integration between the mechanistic understanding of ecosystems and the 
analysis of ecosystem services provision based on social sciences. 
To overcome this problem, we present a framework capable of defining the relative importance of 
biodiversity components to stakeholders. We use relative priority scores to define the importance 
of an NCP and multi-trophic interaction networks to link the NCP supply to the biodiversity that 
provides it. The framework allows to calculate importance scores for species and diversity indices 
that quantify the diversity required to sustain the NCP supply. We demonstrate the use of the 
framework by applying it to both simulated and real-world scenarios on the supply of NCPs to a 
variety of stakeholders on Mount Kilimanjaro, Tanzania. 
Our results show that changes in stakeholders’ priorities can alter the level of diversity required to 
sustain NCP provision. We show that the number of links in a network and the evenness across 
interactions strengths are both positively correlated with the diversity required to supply NCPs. 
We propose that our framework constitutes a valuable tool for assessing the identity and the 
relative importance of species directly and indirectly involved in NCP provision, disentangling the 
relationships between biodiversity and human quality of life. 
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Quantifying resilience of socio-ecological systems in the Colombian Andes 

Felipe Franco-Gaviria & Dunia H. Urrego 

University of Exeter, United Kingdom 

Quantifying resilience of socio-ecological systems (SES) can be invaluable to delineate 
management strategies of natural resources and aid the resolution of socio-environmental 
conflicts. However, resilience is difficult to quantify and the factors contributing to it are often 
unknown. We provide a theoretical and conceptual framework to quantify resilience in a long- 
term context. Our approach uses elements from interdisciplinarity and network perspectives to 
establish links and causalities between social and ecological variables and resilience attributes. The 
evaluation and modeling of SES structure and function are established from the analysis of 
dynamic Bayesian networks (DBN). DBN models allow quantifying resilience through probabilities 
and offer a platform of interdisciplinary dialogue and an adaptive framework to address questions 
on ecosystem monitoring and management. The proposed DBN is tested in Monquentiva, a SES 
located in the high Andes of Colombia. We determined historical socio-ecological resilience from 
palaeoecological evidence (i.e. palynological diversity, forest cover, fires, and precipitation) and 
social-economic factors (i.e. governance, social organization, and connectivity) between 1920 and 
2019. We find that transformation processes in Monquentiva are mainly related to social change 
(e.g. social organization) and increased ecological diversity that in turn have fostered SES resilience 
between 1980 and 2019. The ability to predict the SES response over time and under cumulative, 
non-linear interactions across a complex ecosystem highlights the utility of DBNs for decision 
support and environmental management. 
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Mountain biogeography: an introduction 

Alexandra N. Muellner-Riehl 

Leipzig University 
Institute of Biology 
Dept. of Molecular Evolution and Plant Systematics & Herbarium (LZ) and German Centre for 
Integrative Biodiversity Research (iDiv) 
Leipzig University 
Johannisallee 21-23 
D-04103 Leipzig 
Germany 

This talk will provide an introduction into the "Mountain biogeography" session and the topics 
covered by the contributed presentations. It will also highlight recent insights into the evolution of 
mountain biodiversity, emerging approaches, paradigm shifts and their implications for future 
biogeographic research. 
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The flickering connectivity system of the Andean high mountain biome in 
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The high elevation Andean alpine grasslands (páramos) became established during and after 
Andean uplift and expanded due to climate cooling in the Pleistocene. Rapid global changes in 
temperature drove major shifts in the elevation of the páramo ecosystem. During warm 
interglacials, the complex topography of the Andes created a plethora of small mountaintop- 
bound páramo islands, while during cold glacial periods, páramo elevations dropped and the 
ecosystem covered much of the Andean slopes above 2000 m, causing previously isolated islands 
to merge into larger páramo complexes. Using a 1 million years-long pollen record we modelled 
elevational fluctuations to reveal the complex connecting and disconnecting dynamic history of 
páramos. Our findings show that temporal patterns of connectedness of páramo varied greatly 
among the different mountain ranges of the Northern Andes, producing individual ‘mountain 
fingerprints’, with cordillera-specific implications for evolutionary trees. Some mountain ranges 
lost their páramo biome in each interglacial, meaning that in each glacial, páramo had to 
recolonise from scratch. Other páramos persisted in island archipelagos, becoming connected 
during extreme cold glacial periods only, whereas other mountains ranges experienced greater 
connectivity even during mild cooling. In all mountain ranges, our data demonstrate that the 
present-day status of extreme páramo isolations is historically a rare configuration - accounting for 
a small proportion of the history of the páramo. Here we highlight the important, but neglected 
role of the history of spatial and temporal connectivity of alpine ecosystems, coined as the 
‘flickering connectivity system’, as a driver of ecological change and mountain biodiversity. 
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Predicting plant responses to climate change in the Andean páramo 

Gwendolyn Peyre 

Dpt. Civil and Environmental Engineering, University of the Andes, Bogotá, Colombia 

Understanding the effects of climate change on tropicalpine biota remains a scientific challenge 
today. The Andean páramo is the largest and most diverse tropicalpine biogeographical province 
in the world, and also one of the most threatened as it is prone to accelerated environmental 
changes. My goal was to predict changes in the distribution ranges of the diverse and highly 
endemic páramo flora on the mid-term (50 years). First, I predicted distribution changes in páramo 
plant species under novel climates and considering dispersal constraints. Second, I looked for 
consensus areas of species losses vs. gains in the páramo, expecting to identify a gradient of 
increasing relative richness with elevation over time. Last, I evaluated the behaviour of plant 
species regarding their climatic refugia since the Last Glacial Maximum (LGM) to establish if they 
likely remain or transcend them. Based on VegParamo vegetation data and CHELSA bioclimatic 
information, I performed species distribution models for a 664 species pool, that were then 
contrasted between the present, future (2070) and past (LGM). On average, páramo plants gained 
15.94% of additional distribution by 2070 (only 11.4% for endemics). The models predicted the 
most area gains for the northern páramos of Colombia and Venezuela, and the highest losses for 
the eastern Ecuadorian and Peruvian mountains. Moreover, area gains were more pronounced at 
high elevations, suggesting a future gradual greening of the northern Andean summits. Finally, 
only 21.71% of the species’ 2070 distribution coincided with their LGM (19.75% for endemics), and 
the largest climatic refugia since the LGM were found in southern Ecuador and Peru. Our study is 
pioneer in predicting future distribution shifts for páramo plant species overall and provides solid 
bases to support climate change research and adaptation strategies in the tropical Andes. 
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The explosive adaptive radiations found in many high Andean groups have been pointed as a 
major trigger of the spectacular diversity in terms of species number and endemism in this 
biodiversity hotspot. The Andes is the most species-rich area for the largest genus of the 
Asteraceae family, Senecio. There, the genus presents an incredible variation in growth forms and 
ecological niche space. If this diversity of Andean Senecio can be explained by a monophyletic 
origin and subsequent radiation has not been tested up to now. Previous studies trying to 
disentangle the evolutionary history of some Andean Senecio struggled with the low resolution 
and support of the phylogenies, also indicative of recently radiated groups. Using Hyb-Seq, we 
built a phylogenetic backbone to study the mechanisms shaping its hyper-diversity in the Andes. 
We focused on Senecio ser. Culcitium, an exclusively Andean and well-circumscribed group 
presenting large morphological and niche variation and showing a wide distribution across the 
Andes. Hyb-Seq data for 130 accessions of Senecio were generated. Using standard data analysis 
workflows and a newly developed tool to utilize paralogs for phylogenetic reconstruction, the 
robustness of the species tree was investigated. A fully resolved and supported species tree was 
obtained, showing Senecio ser. Culcitium as monophyletic. Paralogs for a high number of loci and 
gene flow between species were detected. The diversification of the group seems to have followed 
a south-north distribution along the Andes and to have accelerated on the conquest of new 
habitats more recently available, i.e., Páramo and Superpáramo, after the last uplift of the 
mountain system. 
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Young, disturbed, unsaturated: accelerating species accumulation in the 
enigmatic tropical alpine flora on the African sky islands 
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Tropical alpine floras are renowned for high endemism, spectacular giant rosette plants testifying 
to convergent adaptation to harsh climates with nightly frosts, and recruitment dominated by 
long-distance dispersal from remote areas. In contrast to the larger, more recent (late Miocene 
onwards) and contiguous expanses of tropical alpine habitat in South America, the tropical alpine 
flora in Africa is extremely fragmented across small patches on distant mountains of variable age 
(Oligocene onwards). How this has affected the colonization and diversification history of the 
highly endemic but species-poor afroalpine flora is not well known. Here we infer phylogenetic 
relationships of ~20% of its species using novel genome skimming data and published matrices and 
infer a timeframe for species origins in the afroalpine region using fossil-calibrated molecular 
clocks. Although some of the mountains are old, and although stem node ages may substantially 
predate colonization, most lineages colonized the afroalpine during the last 5 or 10 My. Notably, 
the accumulation of species increased exponentially towards the present. Taken together with 
recent reports of extremely low intra-population genetic diversity and recent inter-mountain 
population divergence, this points to a young, unsaturated, and dynamic island scenario. Habitat 
disturbance caused by the Pleistocene climate oscillations likely induced cycles of colonization, 
extinction, and recolonization. 
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Unraveling the biogeographic history of the Afromontane and Afroalpine 
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The Afromontane archipelago, constituted by the highest mountains of Africa, is one of the main 
biodiversity hotspots of Africa. This biome holds the Afromontane and Afroalpine floras, which are 
particularly rich in endemics and notably different from the vegetation of arid and warmer 
surrounding lowlands. Biogeographic and evolutionary processes that originated current 
outstanding diversity are still poorly understood because previous studies focusing on it often 
suffered from low taxonomic and molecular sampling. To overcome this issue, we perform 
phylogenomic and biogeographic analyses focusing on Helichrysum (Compositae), one of the most 
species-rich genera of this biome. Previous studies showed that Helichrysum originated in South 
Africa, it is thus an interesting counterexample given that most of previously studied Afroalpine 
elements originated from Eurasian lineages. We obtained a comprehensive dataset applying a 
HybSeq approach (which targets 1061 nuclear loci and also yields full plastome sequences) to 344 
species constituting approximately 50% of the genus. Coalescent and concatenation methods 
yielded mostly congruent and well-resolved phylogenetic trees. Ancestral range estimations 
confirm that Helichrysum originated in the arid Southern Africa and reveal several dispersal events 
to the other Southern African regions and northwards, to tropical Africa -including the 
Afromontane areas-, Madagascar and Eurasia. Colonization of the Afroalpine region from 
surrounding Afromontane areas happened at least three times. Dispersal events occurred during 
the Miocene and Pliocene, coinciding with aridification and cooling trend of the climate, 
accompanied by the ongoing orogeny linked to the genesis of the Great Rift Valley and posterior 
initiation of glacial cycles, which together may have facilitated gene flow between areas and laid 
the ground for the evolution of the current Afromontane and Afroalpine floras. 

 
 

Carme Blanco-Gavaldà - Espagne 

 

Session : 2. Mountain biogeography 

 
 

 
 

 
 

 
 



 

24 
 

Demographic history of Dendrosenecio species from Mount Kenya and the 
Aberdare Range 
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The high mountains of East Africa are composed of scattered peaks that support a wide range of 
habitats in different vegetation zones distributed altitudinally. The Afro-alpine flora, found at the 
highest elevations on these mountains, is rich in endemic species and is thought to have a recent 
origin. Processes such as geographic isolation, as well as past climatic changes have been 
suggested as drivers of plant diversification in tropical alpine systems, but these hypotheses have 
rarely been confirmed for Afro-alpine plant groups. Dendrosenecio, one of the iconic groups from 
the Afro-alpine flora, comprises 11 recognized species that grow from the montane vegetation 
belt up to the alpine belt, in four geographically distant groups of mountains. Our previous 
analyses of Hyb-Seq data supported the hypothesis that Dendrosenecio species evolved 
independently in each mountain group, and subsequently adapted in situ to the ecosystems found 
at different elevations. However, the main processes behind the diversification of species within 
these mountain groups remain unknown. Dendrosenecio keniensis and Dendrosenecio 
keniodendron, two sister species that grow sympatrically on Mount Kenya but show very distinct 
ecological adaptations, and Dendrosenecio battiscombei which is found on Mount Kenya as well as 
on the adjacent Aberdare Range, provide a great system to study diversification processes. Our 
aim is to use ddRADseq data from 80 individuals belonging to these Dendrosenecio species in 
combination with population genetic analyses, to analyse the structure of populations, compare 
different demographic scenarios across time and test the role of geographic speciation against 
ecological speciation. 
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Vegetation change on the Atlantic’s highest oceanic volcano inferred from 

the raw data underlying Humboldt’s 'Tableau Physique des Iles Canaries 

 

Climate warming in the summit region of Tenerife’s Mt. Teide, the Atlantic’s highest volcano, is 

occurring at a rate of 0.14oC/decade (1944 – 2010), twice as fast as in the rest of the island. Over 

the same time span, goats have been eradicated from of the Teide National Park, while rabbits and 

other introduced herbivores have increased. We here analyse the oldest available data on the high- 

elevation vegetation on Mt. Teide, namely the species in von Humboldt’s (1817) Tableau Physique 

des Iles Canaries (TPIC), which is based on an 1815 visit by L. von Buch and C. Smith. We updated 

the taxonomy of the 224 species shown in the TPIC, data-mined publications and letters, searched 

relevant herbaria for surviving collections, and compared historic and modern species presence, 

absence, and elevational ranges. We found upward range shifts in all but one of the 23 high- 

elevation species for which we had 1815 baseline data, with the average shift amounting to 32 m 

per decade (1815 – 2005). Four species that today are abundant were not recorded in 1815, 

suggesting population expansion, probably due to goat eradication. While our data cannot 

disentangle the effects of climate change and changing herbivory, they provide the longest 

available record on the vegetation on Mt. Teide and illustrate the speed of change. 
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Standardized tools and coordinated efforts in global mountain biodiversity 
science 

Davnah Urbach 
Mark Snethlage 

Global Mountain Biodiversity Assessment, University of Bern, Department of Plant Sciences 

In recent years, collaborations between natural and social scientists toward a holistic 
understanding of mountain socio-ecosystems have rapidly increased, together with the number of 
scientific papers and syntheses on the state of, changes in, and past as well as current 
determinants of mountain biodiversity patterns. Accordingly, within the mountain research 
community, biases in thematic coverages tend to decrease. However, a challenge that is inherent 
to mountain biodiversity and socio-ecosystem science remains, which is the partitioning of the 
world’s mountain systems into relevant and comparable mapping units for data aggregation, 
analysis, reporting, and for improving our understanding of patterns and processes. Here we first 
present a new map of the world’s mountains developed by applying a novel approach to the 
delineation of mountain systems and their ranges that is based on empirically derived parameters. 
With various examples at hand, we then illustrate how this tool and its hierarchical structure can 
be used for reporting on conservation targets across scales, for the mapping and query of 
mountain biodiversity data, and for supporting coordinated efforts in mountain biodiversity and 
biogeography science. These specific examples will also serve to illustrate how the Global 
Mountain Biodiversity Assessment, a platform for international and cross-disciplinary mountain 
biodiversity science, supports ongoing collaborations on the assessment, conservation, and 
sustainable management of mountain biodiversity. 
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Global patterns and drivers of alpine vegetation 

Riccardo Testolin1,2,3, Fabio Attorre4, Peter Borchardt5, Robert F. Brand6,7, Helge Bruelheide8,9, 
Milan Chytrý10, Michele De Sanctis4, Jiri Dolezal11,12, Manfred Finckh13, Sylvia Haider8,9, 
Andreas Hemp14, Ute Jandt8,9, Michael Kessler15, Andrey Yu. Korolyuk16, Jonathan Lenoir17, 
Natalia Makunina16, George P. Malanson18, Daniel B. Montesinos-Tubée19,20,21, Jalil Noroozi22, 
Arkadiusz Nowak23,24, Robert K. Peet25, Gwendolyn Peyre26, Francesco Maria Sabatini8,9, Jozef 
Šibík27, Petr Sklenář28, Steven P. Sylvester15, Kiril Vassilev29, Risto Virtanen39,9,31, Wolfgang 
Willner22, Susan K. Wiser32, Evgeny G. Zibzeev16, Borja Jiménez-Alfaro33 
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Altitudinal treelines represent one of the most abrupt transitions in life-forms and define the 
starting point of the alpine zone, the only bio-geographic unit on land with a global distribution. 
Here, we provide a first overview of the diversity of alpine vegetation at the global scale, 
considering the diversity of alpine habitats across biomes and continents. We compiled a 
comprehensive dataset of zonal alpine vegetation, which includes dominant plant communities 
above the climatic treeline dominated by cryomorphic forms of vascular plants, including 
graminoids, forbs and dwarf shrubs. The data was initially provided by sPlot, the global vegetation 
database established by the German Centre for Integrative Biodiversity Research (iDiv), with a 
major contribution of the European Vegetation Archive for Europe and nearby regions. We 
complemented such data with new records from different alpine regions to create the first dataset 
of global alpine vegetation, including several hundreds of plots in tropical and subtropical 
mountains. We estimated regional diversity in different alpine ecoregions using extrapolation and 
modelled it against current and past environmental and biogeographical predictors. We also 
modelled community richness measured ata the plots level and explored the relationships 
between diversity at the two spatial scales. Our results provide the first global assessment of the 
distribution and drivers of plant diversity in high mountain ecosystems based on vegetation 
relevés. 
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Contrasting elevational patterns of taxonomic, phylogenetic and functional 
diversity of woody plants reveal the asymmetry of community assembly 
mechanisms on a mountain in Southwest China 

Fu Zhao, Zehao Shen 
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he contributions and interaction of biotic and abiotic processes in community assembly are crucial 
for understanding the elevational patterns of biodiversity, and planning biological conservation 
measurements in response to global warming. The combined analyses of taxonomic, phylogenetic, 
and functional diversity are necessary to resolve this issue. By investigating vegetation in 24 
transects sampled on Hongla Snow Mountain, in the central Hengduan Mountain Ranges in 
Southwest China, we delineated the elevational vegetation spectrum on the eastern and western 
slopes, analyzed the elevational variation in taxonomic, phylogenetic, and functional diversity of 
woody plant species, and compared the community structures of phylogeny and functional traits 
in the low-elevational shrubs and grasslands, mid-elevational forests, and alpine shrubs and 
meadows. The species richness, phylogenetic diversity, and functional diversity of woody plants 
showed nonstandard hump-shaped patterns with two peaks along the elevational gradient. The 
community structures of phylogeny and functional traits (including tree height, leaf area, specific 
leaf area, leaf thickness, bark thickness, and wood density) clustered in the low-elevation shrub 
and grass communities, being random and over-dispersed in mid-elevational forests. The 
phylogenic structure was over-dispersed in alpine communities, whereas the functional trait 
structure was clustered. Elevational patterns in taxonomic, phylogenetic, and functional diversity, 
together with the mean and variation in woody plant functional traits, suggested drought stress 
and freeze stress as environmental filters dominating the assembly of low and high elevation non- 
forest communities, and a conspicuous effect of biotic facilitation was also suggested for alpine 
habitats. By contrast, interspecific competition dominated in the community assembly of forests at 
mid-elevations. The difference in biodiversity indices between the west and east slopes reflected 
the effects of the Indian Monsoon on the geomorphical patterns of ecosystem structure. These 
results increased our understanding of biodiversity patterns and underlying mechanisms in the 
Hengduan Mountains of Southwest China, and highlighted 
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What do we know about the effects of environmental gradients on tropical canopy 

ants? Synthesis from the forest plot-based approach 

Petr Klimes 
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Forest canopies are often called the last frontier due to their low accessibility, high diversity and 

habitat complexity. Ants are one of the keystone groups in tropical forests and they are often 

studied as a model in order to reveal the effects of environmental changes on invertebrate 

communities. Despite this, relatively less studies have focused on canopy ants and only a few 

explored them beyond the level of individual trees. 

In my talk, I will summarize a decade of findings by my lab from New Guinea forests, where canopy 

ant communities were studied using a plot-based approach. A census of species and their nests 

from all trees (dbh > 5 cm) within replicated forest plots was conducted. The approach enabled us 

to build a comprehensive knowledge base of ant biodiversity and community ecology on individual 

trees, but also to make conclusions on the effects of two environmental gradients (elevational and 

successional) at the plot level. While both gradients mediate significant changes in vegetation, the 

effects on ants are more complex. In the lowlands, ants respond strongly to forest succession, with 

species diversity measures and species composition changing from secondary forest to primary 

forest. At the high elevation, the effects of succession are surprisingly weaker, despite greater 

structural shifts in vegetation. In response to elevation itself, canopy ants exhibit a mid-elevational 

peak, mediated by changes in nest microhabitat use and by a lower intensity of interspecies 

competition with increasing elevation. 
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The tropical alpine Andean Paramos are home to an enormous diversity of plants. One of their 
most emblematic groups is the Espeletiinae subtribe belonging to the family Asteraceae. This 
group has undergone a very rapid radiation and comprises around 148 species with variable 
growth forms, including trees, shrubs and caulescent rosettes. Previous attempts to reconstruct its 
evolutionary history failed to resolve the relationships among the group, i.e. none of its 8 
constituting genera appear to be monophyletic even though they are morphologically well- 
defined. Two well supported clades, a Venezuelan clade and a Colombian clade were retrieved, 
backing the hypothesis of a very reduced gene flow between them due to lowland barriers. Using 
HybSeq and plastome data, we estimated the phylogeny for this group, including 67 accessions (60 
sp.) and addressing different causes of phylogenetic discordance, like hybridization. We found that 
differentiating paralogs and removing species with above 5% introgression events resulted in a 
better resolution of the internal nodes of the species tree. Our phylogeny supports previous 
evidence that some of the genera in the group are not monophyletic. We further retrieved the 
genera Espeletiopsis and Libanothamnus as monophyletic, contradicting previous results. Future 
work will elucidate if biogeographic barriers played a role for speciation and/or if previously 
isolated populations came into contact following the climatic oscillations of the Pleistocene. 
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[1] Senckenberg Gesellschaft für Naturforschung 
[2] Goethe Universität Frankfurt 

The soil carbon sink is a dynamic, long-term, large and relevant CO2 pathway, which is dependent 
on the aboveground vegetation processes like litter deposition, but also on roots and their 
symbiotic partners mycorrhizae. These fungal partners in turn provide through their unique 
physiology essential nutrients for plants in exchange for C-rich compounds, an important 
interaction especially in limited environments. CO2 enrichment experiments have showed 
complex responses of soil C to plant and mycorrhiza species, highlighting the importance of 
biodiversity in being shaped and shaping nutrient limited environments. 
In this study, we use a trait-based dynamic vegetation model (LPJ-GUESS-NTD) with improved 
varying root traits and mycorrhiza symbiosis to explore the current theoretical root-mycorrhiza 
tradeoff framework, and the importance of this interaction and trait variability for soil and 
vegetation carbon along a gradient of nutrient limitation in an Ecuadorian tropical mountain 
forest. Root trait variation in the model is based on specific root length (SRL), which influences 
total root absorption area and mycorrhiza colonization rates. 
Simulations from the LPJ-GUESS-NTD model, which includes the soil C, N and P cycles and the leaf, 
wood and root collaboration spectrum of traits show a significant filtering of root traits along the 
elevation gradient, with lower average SRL values (thicker roots and higher mycorrhiza 
colonization) at higher, more nutrient limited conditions. This pattern is in line with field 
observations for the sites as well. Constraining the variation of root traits has a significant impact 
on vegetation carbon, reducing total storage especially for the higher elevation site. The results 
suggest varying root traits may improve observational agreement and response of dynamic 
vegetation models for regional simulations and future climate change projections. 

 

 
 

 
 
 

 
 

 
 

The influence of root trait variation and mycorrhizal collaboration on 
vegetation and soil carbon processes along a tropical mountain gradient 
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Plot-based studies on canopy ants, with replicates distributed across different forest ages 

and elevations, provided a much better understanding of communities and assembly mechanisms 

than had been possible using snap-shot studies of trees. The next step is to extend the plot-based 

approach to the functional and phylogenetic structure of the ant communities, and compare their 

ecological roles using manipulative experiments. 
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Eastern Asia and the Himalayas are rich in mountains and harbor rich plant diversity. We 
examined correlations between the phylogenetic relatedness, geographic distributions, 
and niche factors across environmental gradients of the Asian grape (Vitis) and ginseng 
(Panax) species, two lineages widely distributed in mountainous areas in eastern Asia and 
the Himalayas. The well resolved phylogenomic framework demonstrates sympatric 
parallel diversification among major clades of eastern Asian Vitis. Shifts in geographic 
distributions and ecological niches have driven the rapid diversification of the eastern 
Asian Vitis and are responsible for a major North/South divide on species richness within 
Asian Vitis. The distinct diversifications within and among the seven main clades of the 
eastern Asian Vitis can be explained by geographic isolation and niche differentiation, 
even though there are overlapping distributions. For Panax, the eastern Himalayas and 
Hengduan Mountains represent a diversification center. Southeastern Yunnan and its 
adjacent areas are a corridor for genetic exchanges and a major refugium. The 
populations in eastern, central, and western China, and the eastern Himalayas show clear 
geographic patterns and can be sorted into several geographic groups. Both ginseng and 
grape lineages experienced evolutionary radiations and diversifications in the Oligocene 
and Miocene. Our results suggest that the evolutionary radiations of Panax and Vitis in 
eastern Asian and Himalayan mountains were driven by geographic barriers, especially 
the mountain ranges of the Himalayas, Hengduan Mountains, Nanling Mountains, 
Qinling-Daba Mountains, and Wuyishan Mountains, altitudinal shifts, and ecological 
heterogeneity associated with the orogenies and the Asian monsoon development. Our 
analyses further contribute to the mechanisms of the uneven species richness between 
eastern Asia and North America in the broader framework of the Northern Hemisphere 
biogeography. 
 

Jun Wen 
 

Department of Botany, National Museum of Natural History, Smithsonian 
Institution, Washington, D.C. 20013-7012, USA (wenj@si.edu) 
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Ginsengs and grapes as a window into temporal and spatial species 
diversification in the mountains of eastern Asia and the Himalayas 
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African voices in the wild meat debate: putting conservation efforts on the 
right track 

Eric Djomo Nana1,2, Kevin Yana Njabo3, Francis Nchembi Tarla4, Eric Kaba Tah4,5, Krossy 
Mavakala6, Donald Midoko Iponga7, Bocuma Meñe Demetrio8, Lude Kinzonzi9, Luc Evouna 
Embolo10, Serge Mpouam10 

1Department of Zoology, University of Oxford, U.K 
2Agricultural Research Institute for Development (IRAD), Cameroon 
3Congo Basin Institute, Cameroon 
4Central African Bushmeat Action Group, Cameroon 
5LAGA – Last Great Ape Organization, Cameroon 
6ERAIFT, Democratic Republic of Congo 
7Institut de recherche en écologie tropicale, Gabon 
8Central African Bushmeat Action Group, Equatorial Guinea 
9Wildlife Conservation Society, Republic of Congo 
10TRAFFIC - wildlife trade monitoring network, Cameroon 

Interventions designed to stop biodiversity decline in recent decades in Africa have failed because 
they were largely based on a top-down approach to management and focused on enforcing 
restrictive rules and imposing bans. They were equally misaligned with the values and needs of 
local actors. This stury presents an African perspective in the discourse on the bushmeat crisis and 
shows that bushmeat in Africa is beyond a source of livelihood and has a multifaceted use that 
must be considered when designing interventions. It shows that current conservation initiatives 
often do not address the right issues by marginalizing non-monetary dimensions of bushmeat use, 
inadequately planning interventions, failing to align wildlife laws with realities on the ground and 
ineffective law enforcement characterised by poor governance and corruption. We recommend a 
revision of current legal frameworks to enhance local ownership, tenure rights, and the 
sustainable economic empowerment of local communities to reduce hunting frequency. We also 
call for development of regionally led innovative programs that invest in nature-based solutions 
and payment for environmental services. Finally, we identify where more research is needed to 
understand why wildlife use in Africa is overlooked in national development policies and not 
considered in national accounting. 
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Evaluating the impact and legacy of a wildmeat demand reduction 
campaign in Pointe-Noire, Republic of Congo. 

Lude Kinzonzi, Juliet H. Wright, Liliana Vanegas, Robert Mwinyihali & Diogo Verissimo 

Wildlife Conservation Society (WCS) & Oxford University 

Across Central Africa, forest animals are being hunted to satisfy the demands of large urban 
centers. This level of removal of wildlife to meet urban demand for wildmeat is considered 
unsustainable. To cope with this problem, the Urban Bushmeat Project launched the first large- 
scale campaign aimed at reducing wildmeat consumption in a Central African city. To understand 
what impact did the Pointe-Noire campaign have on wildmeat consumption over the longer term, 
we conducted a qualitative legacy evaluation study more than two years after the campaign ended 
to determine to what extent different stakeholders recalled being exposed to the campaign, how 
different stakeholder groups reacted to the campaign at the time and what are their longer-term 
perceptions of it are, whether there has been a change in wildmeat consumption behaviour in 
Pointe-Noire that can be attributed to the campaign, whether there has been any change in 
knowledge around the impacts of wildmeat consumption, and finally, how could a similar 
campaign be improved in the future. The conducted study involved qualitative, face-to-face 
interviews. An interview guide was used to ensure that the main discussion topics are covered 
with each respondent. The data will be analysed using a qualitative data analysis software called 
NVivo. Since one of the aims of this research is to determine the long-term impact of the campaign 
as perceived by different actors, the views of different stakeholders will be compared and 
contrasted during the analysis process. The research results will help to better understand the 
longer term impacts of the campaign as perceived by different stakeholders and this will help us to 
gain a more nuanced picture of its strengths and weaknesses, which will inform WCS's campaign 
implementation processes moving forward. 
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Advertissement Bushmeat on Facebook in some Central and West African 
Countries 

Divin V. Malekani1, Juliet H. Wright1, Fiona Maisels1,3 , Dan Challender2, Lauren Coad2 

We conducted our research on the online advertissement bushmeat on Facebook. Our sample 
consists of images posted in marketing of bushmeat on Facebook accounts located in West and 
Central Africa. The database collected consists of images from the keywords (in English and 
French): bushmeat, hunting meat, bushmeat, wildmeat on Facebook search engine. The images 
are collected in an exhaustive way (from November 2013 to September 2021). 
The main results of this Facebook search show that : 
- 58 accounts are identified across 7 countries. The most active countries in bushmeat marketing 
are Cote d'Ivoire with 67% of accounts followed by Nigeria with 11% of accounts. 
- 42 accounts are administered by men and 11 by women, 5 accounts did not mention their 
gender. 
- A total of 516 images posted for the marketing of bushmeat were found. 446 images are posted 
by men and 70 by women. In 2019, 187 images are posted. In 2020, 128 images posted and in 
2021, 88 images posted. 
- A total of 54 species identified out of the 516 images posted for bushmeat marketing on 
Facebook. The top ten most advertised species are Thryonomys swinderianus (n=218), Atherurus 
africanus (n=53), Cricetomys gambianus (n=50), Cephalophus sp. (n=23), Phataginus tricuspis 
(n=23), Cephalophus rufilatus (n=17), Tragelaphus scriptus (n=15), Philantomba maxwellii (n=14), 
Phataginus tetradactyla (n=13), Python sebae (n=12). 
- We coded 5 categories of comments from the collected images, 130 concerning price and 
delivery, 72 concerning species identification, 27 with positive characters, and 25 with negative 
characters. 
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Political economy analysis of the urban wildmeat supply chain in DRC 

Krossy Mavakala 

ERAIFT (Ecole Régionale postuniversitaire d'Aménagement et gestion Intégrés de Forêts et 
Territoires tropicaux) 

In Central Africa, the consumption of wildmeat in cities is a subject of interest to researchers and 
workers in several fields, particularly that of wildlife conservation. The demand for wildmeat in the 
cities is considered to be one of the main factors which stimulates hunting in rural areas. To meet 
this demand and to raise money for household needs, hunters tend to decimate wildlife regardless 
of state laws and customs meant to conserve species. This study on the political economy of 
wildmeat in Kinshasa is part of the search for solutions to protect wildlife. More specifically, it 
involves examining the city's wildmeat supply chain by identifying the key players operating at the 
different stages and determining the economic characteristics that define it. We believe that 
understanding the mechanisms of supply and the actors involved is necessary for the design and 
implementation of policies to reduce the flow of wildmeat to urban centres in a way that is 
sensitive to the livelihood needs of the actors involved. This study was conducted at three ports 
along the Congo River in the peri-urban commune of Maluku, in the periphery of Kinshasa, the 
capital of the Democratic Republic of Congo (DRC). The objective was to identify the main stages 
of the wildmeat marketing chain in Kinshasa, the actors involved, their roles and motivations, and 
which actors derive the most profits. This will make it possible to consider specific actions 
appropriate for different actors in the trade chain, which can ultimately lead to a reduction in 
overexploitation of wildlife for urban sale and consumption. In DRC, wildmeat actors sometimes 
adopt multiple roles within the supply chain, with hunters also functioning as transporters and 
traders. We present insights into the connections and relationships between actors in this dynamic 
and complex rural to urban trade system. 
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From the forest to the folk: a multimedia campaign to reduce the 
consumption of wildmeat in Kinshasa, D. R. of the Congo 

Robert Mwinyihali, Michelle Wieland, 
Juliet Wright, Divin Malekani, Liliana Vanegas, Lude Kinzonzi -- Urban Bushmeat Project 

Widlife Conservation Society 
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In Central Africa, population growth and urbanization are driving increased urban wildmeat 
demand. The unsustainable harvesting of wildmeat to satisfy such demand, represents one of the 
greatest threats to wildlife in the region. Previous efforts to reduce urban wildmeat supply and 
demand have thus far had variable results. It was from the need to implement new innovative 
approaches that WCS and the Congolese governments decided to create the first large-scale 
wildmeat demand-reduction campaigns in Central Africa. 
Leveraging the support of key stakeholders, a wildmeat demand reduction campaign was launched 
in Kinshasa through the Congolese Ministry of Environment and a local coalition with technical 
lead from WCS. This was the second large-scale wildmeat demand reduction campaign launched 
by a government in Central Africa with support from WCS, after a pilot campaign launched in 
Pointe Noire in 2019, The campaign targeted three audiences based on extensive consumer 
research involving quantitative and qualitative methods. The campaign design aimed to ‘reframe 
conservation’ by moving away from negative, nature-focused conservation messaging and instead 
encourage citizens to be part of a new Congolese trend: Célébrons la cuisine Congolaise sans 
viande de brousse - Yoka Pimbo! (Let’s celebrate Congolese cuisine without wildmeat – it’s 
delicious!)” 
The campaign began in March 2021 and will run up to June 2022, with a website, a digital strategy 
supported by local influencers (Facebook, Instagram, YouTube and TikTok), alternative recipe 
videos for dishes usually prepared with wildmeat, TV and radio spots in French and Lingala, 
billboards, posters, and promotional materials. A logo, slogan, tagline and song were developed to 
build the identity of the campaign 
An impact evaluation protocol using a matching algorithm to build a counterfactual analysis was 
designed. Due to COVID-19 restrictions, baseline data collection was completed through mobile 
phones using an Interactive Voice Response (IVR) format. The survey 
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Pangolin exploitation in Cameroon 

Franklin T. Simo 

The University of Yaoundé 1 

Bushmeat is a major source of protein for people across sub-Saharan Africa, yet some species 
suffer unsustainable levels of exploitation often to meet the demands of increasing urban 
populations. Cameroon has a long history of bushmeat exploitation and pangolins have been one 
of the many groups of species exploited for food and income. Three species of pangolin occur in 
Cameroon, among which two are listed as endangered (white-bellied, Phataginus tricuspis, and 
giant, Smutsia gigantea) and one as vulnerable (black-bellied, Phataginus tetradactyla) on the IUCN 
Red List of Threatened Species. Information about harvesting and trafficking patterns in pangolin is 
lacking for some regions although they have good potential to inform conservation interventions 
and enforcement measures. We investigated the hunting techniques, the trading and trafficking 
patterns of pangolins in local communities. We also investigate market availability and trends of 
African pangolin sales since the changes in the Cameroonian national legislation and during the 
COVID-19 outbreak, in one of the main bushmeat markets in the capital city of Cameroon, 
Yaoundé. Our work shows that in rural areas, pangolins are purposely targeted by local hunters 
using experienced driven techniques and pangolin scales is also trafficked to enter a small local 
chain to further destinations while in urban areas, we observe a continue availability of pangolin 
on market in spite of the national bans in the trade and also the COVID-19 outbreak. Our work 
highlights the targeted hunting and continue pressure from market demand facing pangolins in 
Cameroon. 
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Juliet H. Wright, Divin Malekani, Jenny Ntshila, Robert Mwinyihali, Michelle Wieland 

Wildlife Conservation Society 

Central Africa cities are major centres of demand for wild meat, even when affordable alternative 
proteins are widely available. Many people eat wild meat in restaurants, therefore restaurateurs 
are well placed to provide insights into the wild meat trade and consumer preferences. We 
surveyed 326 restaurants in Brazzaville and Kinshasa, the adjoining capital cities of the Republic of 
Congo and Democratic Republic of the Congo, to determine which types of restaurants sell wild 
meat, how sales of wild meat dishes compare to those containing other proteins, and the 
importance of wild meat to these businesses. The majority of wild meat-selling restaurants are 
informal establishments owned by women. Although most only sell wild meat dishes weekly, we 
estimate that nearly 10,000 wild meat dishes are consumed daily in restaurants across Brazzaville 
and Kinshasa. Its wide availability reinforces the social norm around eating wild meat, yet few 
restaurateurs considered wild meat to be central to the viability of their business. It is important to 
distinguish between restaurants reliant on wild meat sales and those that offer it to diversify their 
menus. Forging partnerships with restaurateurs offers untapped potential to develop mutually 
beneficial allegiances to further wild meat demand reduction efforts. 

 
 
 

 
 
 

 
 

 
 

Profiling the types of restaurants that sell wild meat in Central African cities 
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Addressing the Southeast Asian snaring crisis: impact of ten-years of snare 
removal in a biodiversity hotspot 

Andrew Tilker1,2, Jürgen Niedballa2, Jesse F. Abrams3, An Nguyen1,2, Julie Louvier2, Lucile 
Marescot4, Hung Luong Viet5, Benjamin M. Rawson6, and Andreas Wilting2 

1 Re:wild, Austin, Texas, USA 
2 Leibniz Institute for Zoo and Wildlife Research, Berlin, Germany 
3 University of Exeter, Exeter, United Kingdom 
4 CIRAD-CBGP, Montpellier, France 
5 WWF-Viet Nam, Hue, Viet Nam 
6 WWF-International, Canberra, Australia 

Preventing tropical defaunation is important to ensure the health of tropical ecosystems and for 
biodiversity conservation. In Southeast Asia, indiscriminate snaring is the key driver of 
defaunation. Few studies have evaluated the impact of sustained snare removal in the region’s 
protected areas. Here, we evaluated the efficacy of intensive snare removal using 10 years of 
ranger-collected Spatial Monitoring and Reporting Tool (SMART) data in two contiguous protected 
areas in central Viet Nam. In total, teams collected 108,355 traps across the protected areas. We 
then used Bayesian occupancy models to assess the factors influencing snare occurrence and 
estimate snare occupancy. We found that snaring levels declined substantially, with mean percent 
area occupied (PAO) of traps across both reserves decreasing by 58% from 2011 to 2019. 
Nonetheless, even after a decade of intensive snare removal, overall snaring levels remained at a 
worrisome level (36%). To assess the long-term sustainability of intensive snare removal in these 
sites, we also evaluated patrol costs and possible financing opportunities. We found that to 
achieve this level of snare reduction, it was necessary to invest an annual average of 220,000 USD, 
and an average cost of 14USD per patrolled ha; the cost of snare removal was in stark contrast to 
the estimated opportunity cost for poachers to set a snare. Overall, our results are encouraging in 
that they show that sustained snare removal can be an effective method for reducing snaring. 
However, our findings also underscore the importance of viewing snare removal as one 
component of a wider and multi-faceted conservation response that addresses the underlying 
drivers of snaring. 
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Davy Fonteyn 

CIRAD, Montpellier , France 
 

The hunting of wild animals and the consumption of wild meat constitutes one of the 
major drivers of animal diversity loss in the tropics, especially in west and central Africa. 
Hunting- induced changes in wildlife community structure and composition are 
detrimental with knock- on impacts that can potentially initiate trophic downgrading of the 
entire ecosystem and alter its resilience to current and future climatic fluctuations. In this 
study, we proposed a theoretical framework of species and community response to 
hunting and tested it along a gradient of hunting pressure in eastern Gabon, ranging from 
the village proximity up to the most remote and protected areas of the Ivindo National 
Park. By combining information on species community composition from camera traps 
and on hunting pressure from hunting bag data, we were able to identify the loser and 
winner species of current hunting regimes. We discussed the application of this 
framework in the light of the development of sustainable hunting practices and proposed 
recommendations and research prospects to improve community-led hunting 
management in central Africa. 
 

CIRAD, Montpellier, France 
 

Disentangling the trajectory of mammal species response to hunting pressure in 
eastern Gabon for the development of sustainable hunting practices 
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The impact of COVID-19 on public perceptions of wildmeat in Central Africa 

Paul Londou 
 
IRET,Libreville,Gabon 

Wildmeat is a common food source in Central Africa, while it has also been identified as a vector of 
transmission of infectious diseases between wildlife and humans. This study examines how the link 
between COVID-19 and wildmeat has been communicated, and the impacts this has had on public 
perceptions. Our research consisted of two components - a discourse analysis of media articles and 
mobile phone surveys. For the discourse analysis, we systematically collected and analysed 264 
articles from media outlets in the Democratic Republic of Congo (DRC), Gabon, Republic of Congo 
as well as in the international media. Our results indicate that infectious disease risks, wildlife 
conservation and livelihoods associated with wildmeat were the primary media foci. Overall, media 
articles reported more on the perceived positive impacts of COVID-19 on wildlife conservation than 
on the negative ones, but the claim that COVID-19 could reduce wildmeat consumption has mainly 
been documented by international media. Bats and pangolins were frequently reported to be the 
potential hosts of COVID-19 in line with academic hypotheses at that time. A bat and pangolin 
consumption ban in Gabon was widely reported on in Gabon and internationally, with articles 
published both in support of and against this measure. Additionally, mobile phone surveys were 
conducted in DRC and Cameroon to understand public perceptions around wildmeat and infectious 
diseases in response to COVID-19 and influences on consumption behaviours. The results from 
these studies can inform future policymaking and projects focused on public health and wildlife 
conservation in Central Africa. 

 



 

46 
 

 

Germain Aimé MAVAH 

 
Session : 3. Sustainable hunting 

Sustainable community hunting and fishing management in logging concessions, Republic of the 
Congo 

Germain Aimé  MAVAH 

WCS, Brazzaville, Congo 
 

In northern Congo, logging concessions act as ecological corridors between protected areas that 
serve as refuges for large populations of elephants, gorillas and chimpanzees. However, 
unsustainable hunting is a major threat to biodiversity, both through illegal hunting of fully 
protected species and over-exploitation of wildlife to feed populations in traditional villages but 
also to feed illegal trade routes to forest camps, secondary towns such as Ouesso, and larger, 
more distant cities (Brazzaville, Bangui). With population growth and the relatively high 
purchasing power of forestry employees, the demand for wild meat (wildlife and fish) is 
increasing and this trend is growing with the expansion of the road network. Combined with the 
degradation of forest habitats in hitherto isolated areas, hunting could rapidly reduce wildlife 
abundance. 

 
Wildlife depletion primarily weakens remote rural populations, including indigenous and 
traditional Bantu populations. These populations depend heavily on natural resources, 
particularly hunting and fishing, for food, income, and cultural identity. As legitimate traditional 
beneficiaries in terms of access to and use of natural resources, they compete directly for these 
resources, including wildlife, with employees of logging companies and migrant populations 
attracted to logging camps by indirect employment opportunities. These non-native populations, 
as well as populations in nearby secondary towns, also depend significantly on wildlife and fish 
for their food, especially since access to domestic protein sources is limited due to isolation, low 
local production of livestock products and the lack of reliable systems for preserving fresh food. 
Conversely, in large cities, people consume wild meat, particularly bushmeat, as a treat and do not 
depend on it for their food security. 
In this context, hunting cannot be maintained at current uncontrolled levels without 
compromising the food security and livelihoods of rural populations and the survival of locally 
vulnerable wildlife species. 
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Project Biomonitoring Lopé-Waka by the method of the cameras traps 

Momboua  BRICE ROXAN 

 
Agence Nationale des Parcs Nationaux,    Libreville ,Gabon 
 

 
 
The Lopé and Waka National Parks have high conservation value for the biodiversity of Central 
African forests. Both parks are relatively inaccessible and only a small portion of their combined 
area, totaling about 7,000 km², including the intervening corridor, has been systematically surveyed 
ecologically.  
 
The Lopé-Waka Biomonitoring Project aims to address this problem and evaluate methods for 
large-scale biodiversity monitoring in Gabon, and to improve our understanding of the ecology of 
data-poor species for sound conservation management. This report presents the work conducted 
between May 2018 and February 2021. A total of 200 phototraps were deployed, 45,000 images 
collected and staff training was successfully completed. Customized software (Mbaza AI) adapted to 
the management of phototrap data has been developed to the prototype stage, and is currently in 
permanent use by field technicians. The various successes reported above provide a solid 
foundation for future biomonitoring programs in the Lopé-Waka complex. 

 



: Project Biomonitori ng Lopé-Waka by the method of the ca meras traps  
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Paulo Wilfred 

 
Open University of Tanzania , Dar Es Salaam, Tanzania 

 

 
 

Unauthorised use of natural resources is one of the challenges facing protected areas in Africa. 
Understanding factors influencing this behaviour can help improve the efficiency of conservation 
efforts. We conducted focus group discussions with authorised resource users and managers in 
the Ugalla ecosystem of western Tanzania to determine factors facilitating and motivating 
unauthorised hunting. The two groups of study participants had different perspectives on the 
subject. Resource managers dwelt on factors facilitating hunting, for example, inadequate 
patrol resources and impassable patrol roads. On the other hand, resource users discussed 
both motivating factors, for example, limited income-generating opportunities; and facilitating 
factors, some of which were also mentioned by resource managers (e.g., poorly managed 
hunting cases). There was also variability in how study participants perceived the importance of 
different factors. Some factors were perceived as highly important but mentioned less 
frequently and others were mentioned often but ranked low. Some were mentioned by both 
resource managers and users with the same frequency but ranked differently (e.g., the 
management of unauthorised hunting cases). Overall, we suggest considering the views of 
people with different interests in natural resources to comprehensively understand the factors 
that influence unauthorised hunting for improved conservation outcomes. 
 

Resource managers' and users' perspectives on factors contributing to unauthorised 
hunting in western Tanzania 
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Towards more sustainable options of coastal management in small tropical 
islands using spatial prioritisation 

Laure Vaitiare André 1,2, 
Simon Van Wynsberge 3, 
Mireille Chinain 4, 
Clémence Mahana iti Gatti 4, 
Vetea Liao 5, 
Serge Andréfouët 1 

1. IRD Institut de Recherche pour le Développement – France, UMR 9220 Entropie (Institut de Recherche 
pour le Développement – France, Université de la Réunion, Université de la Nouvelle-Calédonie, Ifremer, 
Centre National de la Recherche Scientifique), BP A5, 98848 Nouméa cedex, New Caledonia 

2. SU Sorbonne Université, 21, rue de l'école de médecine, 75006 Paris, France 
3. Ifremer Institut Français de Recherche pour l’Exploitation de la Mer, UMR 9220 Entropie (Institut de 
Recherche pour le Développement – France, Université de la Réunion, Université de la Nouvelle-Calédonie, 
Ifremer, Centre National de la Recherche Scientifique), BP A5, 98848 Nouméa cedex, New Caledonia 
4. ILM Institut Louis Malardé, Laboratoire des Biotoxines Marines, UMR 241 EIO (Ifremer, Institut Louis 
Malardé, Institut de Recherche pour le Développement, Université de la Polynésie française), BP 30, 98713 
Papeete, Tahiti, French Polynesia 
5. DRM Direction des Ressources Marines, Fare Ute, BP 20, 98713 Papeete, Tahiti, French Polynesia 

In small tropical islands, potential for new coastal activities and management options are often spatially 
limited. To promote sustainable and resilient societies in the face of global changes, a recommended 
pathway consists in diversifying the activities, accounting for artisanal fisheries to ensure local food security, 
besides international market-oriented activities that generate unstable income, while reserving space for 
ecosystem conservation to sustain their functions. In this study, we used systematic prioritisation tool with 
single and multi-objective zoning to explore the feasibility of various levels of spatial diversification scenarios 
in Gambier Island lagoon (French Polynesia). The island black pearl culture activity from Pinctada 
margaritifera oysters is world-famous and economically critical, but stakeholders are also committed to 
economic, livelihood and environmental sustainability. At their request, the scenarios allowed foreseeing 
diversification options in marine management including optimised reallocation of the marine farms, 
identification of conservation areas for the wild oyster stock and for remarkable live coral communities, 
while accounting for the juvenile spat collection zone and oyster restocking zones defined within historically 
traditional management zones. Various types of costs were applied to minimize the impacts of the different 
solutions, including surface area and artisanal fisheries. In addition, ciguatera seafood poisoning risk was 
also accounted for, since it drives fishing ground selection by fishers. The solutions robustness was analysed 
with different boundary penalty and costs layers. The resulting management options were compared and 
quantified, which allows setting sound quantitative baselines for further discussions among stakeholders 
and with management governance entities. The Gambier case study shows that exploring diversification 
options in small islands using systematic prioritisation tools is possible and can efficiently provide local 
managers with tailor-made plans adapted to very specific island development questions to face the 
challenges of our times. 
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Termite mounds in Cambodian paddy fields. Are they always kept for 
improving soil quality? 

Ratha Muon1,2, Chenda Lai1, Eve Bureau-Point3, François Chassagne4, Frank Wieringa5, Jacques 
Berger5, Kimchhin Sok6, Martine Audibert7, Pascal Podwojewski2, Sebastien Marchand7, Vannak 
Ann1, Pascal Jouquet2 
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The utilization of termite mounds for the improvement of soil fertility is a worldwide practice and 
usually explained by the specific properties of this biogenic material. In Cambodia, farmers also 
use termite mound soils as amendments with the aim to improve the fertility of paddy fields. The 
first objective of this study was, therefore, to describe the physical and chemical properties of this 
material and, consequently, to determine its potential for improving soil fertility. A second 
objective was to consider farmer’s perception and to quantify the diversity of services provided by 
termite mounds. We confirmed the specific soil properties of termite mounds but showed that 
their positive influence on soil chemical fertility and water retention are only significant in very 
sandy soil (>80% sand) while they remain limited in less sandy soil (~40 and 60% of sand). 
However, termite mounds are considered useful by farmers independently of the soil condition, 
mostly because this soil material is considered to positively increase soil fertility but also because 
they host a specific biodiversity which can be used for medicinal purposes or because consumed, 
then increasing population livelihood. Our work shows the discrepancy between the perception of 
farmers and the real impact of termite mounds on soil fertility as well as the diversity of services 
delivered by biodiversity in paddy fields. 
Key words: Paddy field, termite mounds, soil fertility, utilization, ecosystem services 
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The use of native arbuscular mycorrhizal fungi (nAMF) can be considered as one efficient, 
sustainable and applicable way to enhance agricultural productivity and reafforestation programs. 
Their employment can also reduce the need for pesticides and artificial fertilization. In the tropics, 
nAMF often make spontaneous symbioses with plants, or they are inoculated by the farmers in 
various agricultural practices. As a result, in many important crop species health and yield could be 
enhanced and the need for chemical inputs decreased. Some studies showed that nAMF can be 
more efficient than commercial strains (cAMF) which are less specific and not naturally related to 
the local soils. Selected case studies will be presented for agricultural systems and degraded lands 
which employ nAMF for common crops in tropical climates. 

 
 
 

 
 
 

 
 

 
 

Effects of native AMF on crop health and yield – case studies from the 
tropics 



Luke Powell - Portugal 

Session : 4. Managing tropical agricultural land systems more sustainably for people and nature 

 

53 
 

Luke L. Powell1,2,3 , Crinan Jarrett1,3, Diogo F. Ferreira1,2, Tabe T. R. Claire 1,4 , Melanie 
Tchoumbou1 , Kowo Cyril1,4, Andreanna J. Welch5 

1Biodiversity Initiative, 2BIOPOLIS/CIBIO, 3University of Glasgow, 4University of Buea, 5Durham 
University 

Cocoa, which fuels the multi-billion dollar chocolate market, is grown in tropical rainforest— 
mostly in Sub-Saharan Africa on family owned farms. African farmers typically rely nature for pest 
insect removal and pollination, but neither farmers nor biologists know which birds, bats or 
arthropods provide these services. 
Here we will provide an overview of the Sustainable Cocoa Project in Cameroon. Specifically, the 
project seeks to understand: 
1) How cocoa management affects bird and bat diversity 
2) Which birds and bats consume cocoa pests and malaria-transmitting Anopheles mosquitos (via 
diet DNA metabarcoding) 
3) How much these insectivores save farmers (via exclusion experiments), and finally 
4) Which insects pollinate cocoa flowers (via eDNA on flowers) 
Alpha diversity of birds in cocoa was, similar to that of primary forest; however, insectivores, 
forest specialists and ant-followers were far less common in cocoa—particularly sunny cocoa. We 
have found 11 bird and six bat species that eat the primary coca pest in Africa: brown capsids. 
Further, one bird and 10 bat species eat Anopheles mosquitos—the genus that transmits human 
malaria. Exclusion experiments show that in the shadiest farms, birds and bats save farmers 
almost $500 per ha per year—probably through mealybug consumption; but this pattern was 
reversed in the sunniest farms—birds and bats may contribute disservices. 
Well-managed cocoa agroforestry can be a valuable component of an ecologically functional 
landscape but not a substitute for primary rainforest. As the demand for cocoa increases, we seek 
a win-win framework in which both biodiversity and African farmers benefit through sustainable 
and profitable management of cocoa. 

 
 
 

 
 
 

 
 

 
 

How birds, bats and “bugs” give it away for free: Ecosystem service findings 
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Social management of genetic diversity from rural areas to the cities: the 
case of a tropical perennial crop, the African plum (Dacryodes edulis), in 
Cameroon 
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Lausanne, 1015 Lausanne, Switzerland 
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Urban expansion, notably in developing countries, calls for a better understanding of the links 
between rural and urban patterns of agricultural production. In urban systems, home gardens 
contribute to food production, thus constituting an important buffer strategy for urban dwellers. 
We acquired original data on the management of agricultural diversity in different urbanization 
contexts (from rural to urban areas), focusing on the morphological and genetic diversity of an 
indigenous fruit tree species common in home gardens, the African plum tree (Dacryodes edulis). 
To do so, we developed an interdisciplinary approach, involving ethnoecology and genetics, along 
an urbanization gradient composed of Yaoundé urban area, its peri-urban periphery, and the main 
rural sites supplying Yaoundé. We examined how exchange networks of planting material (i.e. 
seeds) of African plum trees were structured along the gradient, and its influence on the 
distribution of the species’ genetic diversity. By characterizing this latter through time, using trees 
of different age cohorts, we also explored the temporal dynamic of diversity. 
Our results demonstrate that tree owners in rural sites primarily used seeds from their village to 
propagate African plum trees, whereas tree owners from urban and peri-urban sites primarily 
relied on distant seed sources (from the market or their home village). These patterns have direct 
consequences on the distribution of species genetic diversity, with rural sites showing some signal 
of genetic differentiation, and urban sites acting as a sink of genetic diversity, merging the genetic 
diversity of varied rural source populations. This underscores the potential and untapped role of 
urban areas as conservation centers of crop genetic diversity. Genetic diversity was found to be 
stable over time, suggesting no negative effect of human management practices (variety 
selection). 
Our study highlights the need to integrate urban lands as important systems in diverse and 
sustainable agricultural food landscapes. 
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The effects of landscape and agroecological practices on biodiversity and 
ecosystem services in smallholder farms in sub-Saharan Africa 
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Department of Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden. 
Cellular and Organismic Networks, Ludwig-Maximilians-Universität, Munich, Germany. 
Environmental Studies Department, St. Lawrence University, Canton, USA. 
Department of Global Development, Cornell University, Ithaca, USA. 
Department of Entomology, Cornell University, Ithaca, USA. 

The conversion of (semi-)natural habitats for agriculture and the consequent unsustainable 
management of these landscapes has wide-spread negative effects on biodiversity and the 
ecosystem services on which that same agriculture depends. Smallholder farming communities in 
the Global South exist within some of the world’s most biodiverse landscapes, but these 
landscapes are rapidly changing. Agroecology as a pathway to sustainable agriculture has been 
proposed and implemented, but their effects on biodiversity and ecosystem services on 
smallholder farms are still largely unknown. Across three studies in smallholder communities in 
northern Malawi we investigated the effect of land-use differences and of agroecological pest- and 
soil management practices on various taxa (birds, carabids, spiders, ants, parasitoids, bees, 
butterflies, and soil bacterial communities) and ecosystem services (pest control and pollination) 
on various crops cultivated by smallholders. We show that land-use differences and agroecological 
practices have inconsistent effects on biodiversity and ecosystem services. However, our work 
reveals 5 important results: (1) maintaining semi-natural habitats is essential to preserve the 
species richness of bees, butterflies and carabids, (2) we find evidence of pollinator limitation on a 
pollinator-dependent crop, and this limitation seems to be driven by low species richness, (3) 
despite not using synthetic pesticides, agroecological pest management practices had negative 
effects on pollinators and pollination services, (4) legume cultivation improved the activity 
densities of pest-control taxa and reduced pest damage and finally (5) increasing soil 
agroecological practices had positive effects on bees, butterflies and the soil microbiome. Overall, 
we urge stakeholders to increase efforts to maintain remaining semi-natural habitats. In tandem, 
smallholder farmers should be encouraged to implement soil agroecological practices to mitigate 
the negative effects of landscape change, whilst also benefitting the livelihoods of vulnerable 
smallholder farmers. 
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Entering the UN Decade on Ecosystem Restoration, large knowledge gaps persist on how to 

increase biodiversity and ecosystem functioning in cash crop dominated tropical 

landscapes. Here, we present findings from a large-scale, five-year ecosystem restoration 

experiment in an oil palm landscape enriched with 52 tree islands, encompassing 

assessments of ten indicators of biodiversity and 19 indicators of ecosystem functioning. 

Tree enrichment enhanced multidiversity by 250% and ecosystem multifunctionality by 

75% compared to conventional monocultures. Therein, larger tree islands led to higher 

multidiversity and multifunctionality gains via changes in vegetation structure. Tree 

enrichment did not significantly decrease landscape-scale oil palm yield. Our results 

demonstrate that enriching oil palm dominated landscapes with tree islands is a promising 

ecological restoration strategy. 
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Not all farms are created equal: Cameroonian cacao farms with high shade 
cover have higher abundance, richness, and diversity of insectivorous bats. 
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Bats are the second most diverse group of mammals in world and are known to provide key 
ecosystems services, with some studies showing that bats can save cacao farmers millions of 
dollars through pest suppression. Even though 68% of cacao comes from Africa, few studies have 
focus on the impacts of cacao management on bat communities in this part of the world. In this 
study, we investigated how bat abundance, richness and diversity varied between farms with 
different levels of shade tree cover, shade tree communities and cacao characteristics. We 
sampled bats using 20 ground-level mist-nets across 28 cacao farms over a three-year period in 
Cameroon, Africa. Our GLMMs showed that shade tree cover explained more than 50% of the 
variance for the abundance and 80% for richness of insectivorous bats. For Shannon diversity 
shade tree cover explained only 45% while shade tree height explained the remaining variance. 
Frugivores and nectarivores were positively associated with the presence of fruit shade trees. 
Finally, bat assemblages varied significantly between high shade and low shade farms, with mixed 
shade farms showing an intermediary bat community. The insectivorous Hipposideros fuliginosus 
was strongly associated with high shade, being captured 51 times only in this system. Our findings 
show that sunny African cacao farms are less able to support insectivorous bats, lacking some of 
the rare and more specialised species. To counterbalance the expected increase of cacao 
production in next decades, policymakers should adopt wildlife-friendly cacao management 
systems that maintain bat insectivorous diversity and thus maximize their potential pest 
suppression services. 
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A community-wide approach to understanding the relationship between 
biodiversity and yields in tropical agroforestry 
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Agroforestry, the practice of planting crop trees under a canopy of shade trees, has the potential 
to combine high yield and high biodiversity in the tropics. However, the evidence for this has thus 
far been mixed, with some studies showing win-win scenarios of biodiversity and productivity, and 
others the opposite. The main impediment to understanding the trade-offs and synergies between 
biodiversity and yields is the multi-dimensionality of the system; agroforestry contains a range of 
species across different trophic levels that interact with their environment and with each other, 
potentially affecting yield in different ways. We tackle this issue using a community modelling 
approach, with the objective of understanding how farm management interplays with animal 
community composition to influence yields. Over 2 years in 28 varyingly managed cocoa farms in 
Cameroon, we surveyed birds using mist-nets and acoustic devices and insects using a 
combination of common sampling techniques (sweep nets, malaise traps, visual surveys). We 
characterized the trophic links between these species by metabarcoding bird faecal samples, and 
by observing consumption of cocoa by pests. We propose a Bayesian hierarchical modelling 
framework that combines these data and, in a mechanistically-explicit way, determines the effect 
of management on community states (i.e. species compositions). We evaluate the different states 
in terms of productivity and biodiversity outcomes, and we identify management regimes that 
result in win-win scenarios. Our results provide novel insights into the dynamics of complex 
communities in these agricultural habitats; most importantly, they illustrate how tropical 
agroforestry systems can be managed to influence animal community composition, pest control, 
and yield. 
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First approach to the participation of mangroves in biosphere-atmosphere 
exchanges: study of Halogenated and isoprenoid compound emissions by 
mangroves 
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- 3 place Victor Hugo - Case 29 - 13331 Marseille, France 

Little is known about VOCb emissions in mangroves, although these compounds play a major 
environmental role on atmospheric air quality and, indirectly, on climate. Mangroves grow in 
extreme environmental conditions that are conducive to the production and emission of 
specialized volatile molecules. Mangroves could therefore be an important source of bVOCs and 
thus play a significant role in biosphere/atmosphere exchanges, given that they cover 
approximately 75% of the coasts and estuaries of tropical countries. Moreover, a recent study 
showed that mangroves emit several halogenated compounds. Among these compounds, methyl 
iodide (CH3I) is likely to play an important role on the tropospheric ozone budget, via the 
production of chlorine radicals through photolysis. Methyl bromide (CH3Br), CH3I, methyl chloride 
(CH3Cl), dibromomethane (CH2Br2) and bromoform (CHBr3) are emitted from the ocean. 
Macrophytes in coastal waters and phytoplankton in the open ocean are also important sources of 
these compounds. Unlike the isoprenoids, emissions of halogenated compounds have hardly been 
explored in woody species in mangroves or elsewhere. Therefore, in addition to the ecological 
functions and ecosystem services that mangroves provide, these ecosystems could be a major 
source of both halogenated and non-halogenated VOCs. A better quantification of bVOC emissions 
from mangrove ecosystems could therefore allow, in the medium term, to update bVOCs 
emissions registers at the global scale that are used for air quality and climate change modelling. 
As a result, the objective of this study is to quantify the bVOC emissions of the main mangrove 
species present in French Guiana and Martinique to determine the extent to which mangroves 
could participate in biosphere/atmosphere relations and thus in air quality. From the results of our 
investigations, it can be said that mangroves are low emitters of isoprenoids and total emissions. 
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Differential adaptive potential and vulnerability to climate-driven habitat 
loss in Brazilian mangroves 
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Geographic and environmental differences have been identified as factors influencing Brazilian 
mangrove trees’ genetic diversity. Geographically, distinct species have convergent spatial genetic 
structures, indicating limited gene flow between northern and southern populations. 
Environmentally, genomic studies and common garden experiments have found evidence of local 
adaptations along the latitudinal gradient of the Brazilian coast. However, little is known about 
how such adaptive heterogeneity could be affected by a rapidly changing climate in the coming 
decades, and the combination of deforestation and climate-induced habitat loss may affect these 
forests and their genetic diversity. Here, we applied two genomic-environmental association 
methods to model the turnover of potentially adaptive alleles for two dominant mangrove trees: 
Avicennia germinans and A. schaueriana. We analyzed a total of 134 individuals from six 
populations of A. germinans and ten populations of A. schaueriana spanning the Brazilian coast 
from 1 °S to 28 °S. Gradient forest models identified temperature-related variables as the most 
important predictors for A. germinans outlier loci, whereas both temperature and precipitation 
were important for A. schaueriana. We modeled allele frequencies and projected them to future 
climatic scenarios to estimate adaptively driven vulnerability. We assessed climate-driven habitat 
loss through climate-only distribution models, and calculated annual deforestation rates for each 
sampled region. Finally, to assess individual population vulnerability, we combined the 
environmental suitability, the deforestation data, and the adaptive vulnerability projections. For 
both species, subtropical populations presented a higher vulnerability than equatorial populations 
to climate-driven habitat loss. We also identified deforestation rates at the sites we sampled that 
were alarmingly higher than the global average mangrove deforestation rates. Our results provide 
improved estimates of the impacts of ongoing climate change and human-caused habitat loss on 
the distributions of mangroves and highlight the importance of site-based conservation strategies 
that consider individual subtropical and equatorial mangrove forests. 
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Within the framework of the mangrove succession in the mouth of the Red River, the allelopathic 
potential of two pioneer mangrove species (Avicennia marina and Sonneratia caseolaris) was 
evaluated in situ. The effect of substrates derived from monospecific stands of these two species 
was tested on the establishment success of three successional species (Kandelia obovata, 
Aegiceras corniculatum and Rhizophora stylosa), also used in restoration operations. We 
hypothesize that allelochemicals would be released into the soil via the underground parts of 
these species, or via the leaching of their leaf litter. For each target species, young seedlings were 
planted in mesocosms placed in situ containing four types of substrates: from a monospecific 
stand of A. marina with (i) and without (ii) added leaf litter, or from a stand of S. caseolaris with 
(iii) or without added litter (iv). The height, diameter, number of leaves and internodes, biomass 
and survival of the seedlings were monitored for 6 months, and the chemical quality of the 
substrates was assessed at the beginning and end of the experiment. Our results show a 
stimulating effect of the substrates (i. and iii.) on the growth of K. obovata only, and an inhibiting 
effect (i.) on its survival, indicating that A. marina could release compounds into the soil that 
would specifically limit the survival of certain target species, despite the enrichment in organic 
matter linked to the presence of its leaf litter. Further comparison of the chemical contents of 
these soils with and without litter is planned to test this hypothesis. 
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The microbial communities inhabiting the Atlantic-East Pacific (AEP) mangroves have been poorly studied, 
and mostly comprise chronically polluted mangroves. In this study, we characterized changes in the 
structure and diversity of microbial communities of mangroves along the urban-to-rural gradient of the 
Cayenne estuary (French Guiana, South America) that experience low human impact. The microbial 
communities were assigned into 50 phyla. Proteobacteria, Chloroflexi, Acidobacteria, Bacteroidetes, and 
Planctomycetes were the most abundant taxa. The environmental determinants found to significantly 
correlated to the microbial communities at these mangroves were granulometry, dieldrin concentration, pH, 
and total carbon (TC) content. Furthermore, a precise analysis of the sediment highlights the existence of 
three types of anthropogenic pressure among the stations: (i) organic matter (OM) enrichment due to the 
proximity to the city and its wastewater treatment plant, (ii) dieldrin contamination, and (iii) naphthalene 
contamination. These forms of weak anthropogenic pressure seemed to impact the bacterial population size 
and microbial assemblages. A decrease in Bathyarchaeota, “Candidatus Nitrosopumilus”, and Nitrospira 
genera was observed in mangroves subjected to OM enrichment. Mangroves polluted with organic 
contaminants were enriched in Desulfobacteraceae, Desulfarculaceae, and Acanthopleuribacteraceae (with 
dieldrin or polychlorobiphenyl contamination), and Chitinophagaceae and Geobacteraceae (with 
naphthalene contamination). These findings provide insights into the main environmental factors shaping 
microbial communities of mangroves in the AEP that experience low human impact and allow for the 
identification of several potential microbial bioindicators of weak anthropogenic pressure. 
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The sustainability of mangrove ecosystems requires a knowledge of their spatiotemporal 
variability as a function of regional properties. The unique coastal ecosystems of the mangrove 
belt along the coast of the Guianas in South America are influenced by cycles of a massive 
accretion of mud supplied by the Amazon River and wave induced erosion. This study 
characterized, for the first time, how benthic infaunal assemblages, as proxies of mechanisms of 
mangrove resilience, were structured by the natural growth track of Avicennia germinans 
dominated mangroves in French Guiana. We sampled 4 mobile mud stations and 27 consolidated 
mud stations distributed over 9 tidal transects from bare to vegetated mudflats colonized by 
young mangroves during the dry season. We collected a complete dataset of sediment and 
vegetation variables together with the benthic meso- (>0.25 mm) and macrofauna (>1 mm). We 
used a combination of eigenvector based multivariate analyses and variance partitioning on this 
multiple set of variables to identify which environmental variables likely drive the benthic 
diversity patterns. Mangrove early development increased the alpha and beta diversities of the 
infaunal communities for the two size classes. A total of 20–30% and 7–12% of the beta diversity 
are explained by linear and nonlinear spatial variables, respectively. However, 7% to 9% of the 
variance partioning could be determined by other biotic/abiotic variables, biological interactions 
or neutral processes, not described here. This study has highlighted the necessity of taking into 
account mangrove dynamics at suitable spatial scales for benthic biodiversity evaluation and 
mangrove management or restoration plans. 
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Tropical forests include periodically inundated forests, such as mangroves. Mangroves are among 
the world's most carbon-dense ecosystems, but they are threatened by rapid climate change and 
rising sea levels. The accumulation and decomposition of soil organic matter (SOM) are closely 
tied to mangroves' carbon sink functions and resistance to rising sea levels. However, few studies 
have investigated the response of mangrove SOM dynamics to likely future environmental 
conditions. We quantified how mangrove SOM decay is affected by predicted global warming 
(+4°C), sea level changes (simulated by altering of the inundation duration to 0, 2,and 6 hr/day), 
and their interaction. Whilst changes in inundation duration between 2 and 6 hr/day did not affect 
SOM decay, the treatment without inundation led to a 60% increase compared to the 2 and 
6hr/day inundation duration treatment. A warming of 4°C caused SOM decay to increase by 21%, 
but longer inundation moderated this temperature-driven increase. Our results indicate that (a) 
sea level rise is unlikely to decrease the SOM decay rate, suggesting that previous mangrove 
elevation gain, which has allowed mangroves to persist in areas of sea level rise, might result from 
changes in root production and/or mineral sedimentation; (b) sea level fall events, predicted to 
double in frequency and area, will cause periods of intensified SOM decay; (c) changing tidal 
regimes in mangroves due to sea level rise might attenuate increases in SOM decay caused by 
global warming. Our results have important implications for forecasting mangrove carbon 
dynamics among carbon budgets and the persistence of mangroves and other coastal wetlands 
under future scenarios of climate change. 
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Mangrove Social-Ecological Systems (MSES) around the world are under increasing pressure from 
climate change, coastal development, and other anthropogenic drivers. There are numerous 
studies carried out each year leading to new scientific knowledge regarding MSES. Facilitating the 
translation of scientific knowledge into tangible action is a crucial step to the sustainable 
management of MSES. Knowledge co-production has gained importance in natural resource 
management as a means of bridging the gap between knowledge and action but has yet to be 
incorporated into MSES management. Co-produced knowledge, building on the inputs of a wide 
range of stakeholders including local communities, is key to sustainable natural resources 
management. We carried out ethnobiological surveys in Sri Lanka and in the Southern Andaman 
Islands in India. These surveys, conducted among mangrove fringing communities (n=350), and 
mangrove management stakeholder surveys (i.e., government, non-government, private, etc.) 
reveal that there is still a considerable gap between the knowledge generated by scientists and 
the knowledge generated and held by other mangrove management stakeholders. We identified 
numerous knowledge-action gaps in the management of mangrove SES such as lack of 
communication, language barriers, political influence, lack of funding, and motivation. There 
were no proper channels to knowledge exchange between researchers and communities and 
other stakeholders even though such connections were considered highly desirable and useful. It 
is difficult and undesirable to propose a single way or solution to fill this gap due to the high 
diversity of MSES. We suggest that action research methodologies can be used in MSES to 
understand and close the knowledge-action gap and to foster the application and creation of co-
produced knowledge. We also recommend that certain stakeholders (e.g. scientists, non-
governmental organizations, governmental organizations) should act as ‘brokers’ and seriously 
take the responsibility of knowledge co-production so that the sustainable management of MSES 
would be ensured. 
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Conservation and restoration initiatives are lacking in reporting approaches that 
engender themselves towards easy implementation, short-and long-term impact and 
cost- effectiveness. Composing an interdisciplinary perspective for reporting on and 
evaluating ecosystem health is expected to help close the gap from knowledge 
generation to management action. The objective of this research is to identify a new 
score-based methodology to assess ecosystem health through biodiversity, socio-
economic and public awareness metrics. This will be done through a combination of an 
extensive literature review and the surveying of academics and conservation 
professionals. 

 

Six pillars of conservation impact have been identified as; fauna and flora, biotic and 
abiotic factors, threat management, community involvement, public awareness, and 
ecosystem services. Several indicators will be developed for each pillar based on the 
results of the literature review and survey responses. The indicators will then be analysed 
to receive a low, medium or high score in relation to optimal conservation or restoration 
outcomes. The indicator scores will be added together to generate a pillar score and an 
overall ecosystem health score that is project-specific. As a result, we expect to find a 
general consensus among professionals and academics for indicator use in this 
methodology. We hope to see an increase in understanding of conservation and 
restoration challenges among the general public who have interacted with this new 
assessment methodology. 
 

management 
 

 
 

Layla  OLEFS  

 
  Session : 5. Mangrove ecosystems in the Anthropocene 
 
 
 

 
 

 

Conservation and restoration project impact assessment through the use of ecosystem 
health indicator scoring system 



 

69 
 

Significance of Mangrove Biodiversity Conservation 
in Fishery Production and Living Conditions of 
Coastal Communities in Sri Lanka 

Chaya Sarathchandra 

Sri Lanka is an island nation where ~59% of the population live in coastal regions. The main 
income source in these areas is fishing, which contributes to ~44% of the national GDP. Fishery 
resources depend on mangroves, especially in estuaries and lagoons, as mangroves provide the 
best 
nursery grounds for both brackish and marine species that are significant for the island’s fishing 
industry. However, growing pressures from an increasing population and development are causing 
substantial damage to mangroves resulting in loss of mangrove diversity. We analyzed whether 
variation in mangrove diversity within a lagoon system affects fishery production and livelihoods. 
Along the lagoon we selected three sites, which were 5 km apart from each other, for the survey. 
We used three 50 m long transects at each site for faunal and floral diversity assessments. The 
fishery 
catch was recorded from three crafts in each side. The socio-economic survey was conducted 
in 30 households per site using a standard questionnaire. In the site with the highest floral and 
faunal diversity, we also recorded the highest fish catch, but not the highest crab or shrimp 
catches. 
Our results confirm that higher mangrove diversity—and not just area—supports higher income 
generation. Thus, future development should prioritize biodiversity conservation in coastal 
regions. 
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Across the globe, diverse groups of people value forests for many different aspects. Existing forest 
definitions that describe forests from structural aspects to perspectives of human activity and 
value reflect such diversity. Definitions linked to the value(s) of forests are particularly difficult to 
grasp because they differ between viewpoints and normative systems and can vary over time. 
Examples of such terms include definitions related to the degree of human influence such as 
‘intact forests’ as well as ‘ancient forests’ and ‘primary forests’. Different institutions and 
stakeholders use these terms differently. However, oversimplified forest definitions can lead to 
the risk of obscuring substantial losses in what most people value as forest. 
Here we discuss various definitions linked to the term ‘forests of high value’. We focus on terms 
commonly associated with biodiversity conservation. We outline the different terms that are 
found in literature, how common they are and where they come from. We discuss differences and 
commonalities between the definitions and look at them from the perspectives of different actors. 
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Measuring the values that matter: using place-based social science 

to inform just integrated landscape management 

 

Integrated landscape approaches (ILAs) are gaining momentum, broad interest in their 

potential stems from the possibility of reconciling climate, conservation and development 

imperatives. A number of ILAs have already been implemented around the world, including 

the forested tropical landscapes of Latin America. These landscapes are often home to 

traditional communities, including small-scale farmers living closely to the land. The 

potential of ILAs to contribute to the values that matter most to the rural populations 

impacted by them, depends on first understanding what values are most salient to 

traditional communities. However, the plurality of values – that is the material, subjective 

and relational types of values - that exist has not been given full acknowledgement in ILA 

implementation, or evaluation. Rather, a tendency to focus on pre-determined, externally 

defined, and material values dominates research and practice. Crucially these tendencies 

risk undermining the potential contribution of ILAs to local communities because they can 

invisible the values that matter most, and in worse cases, can generate social-cultural 

harms. This empirical work sought to bring visibility to the place-based values that matter 

most. Using questionnaire data from >300 rural traditional peoples living across four types 

of landscape intervention in the Brazilian Amazon (two extractive reserves, one protected 

area and one intensified agriculture landscape), we present data on how local people 

define well-being and identify the types of values that matter most. Using these place-

based worldviews as a starting point, we use perception-based impact assessment to 

understand how distinct interventions, across a land-sparing, land-sharing spectrum, 

contribute to locally prioritised values and well-being. This research is geared to inform ILA 

design that can enhance what matters most to local communities, and offers a method 

that can be used to gather local perceptions and views that are essential to justice and 

equity in ILA implementation. 
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Possible, plausible, preferable futures – how to move beyond values to build 
agreement on forest landscapes. 

A forest of value is a forest that people attribute value to. The values people attribute to forests 

are beliefs about the relationship between these forests and the people – themselves and others. 

More specifically they relate to the contribution the forests have directly or indirectly to their well-

being. Some of these beliefs will be accurate, others less so. Some of these beliefs serve external 

goals, others have value in themselves. All are held with more or less strength by the people in the 

landscape. 

Given the fact values and worldviews are the core of the definition of forests of value, we explored 

them using the Q method within the members of the Forest Stewardship Council, a community 

supposedly sharing the same vision of “Forests For All Forever”. The questionnaire was sent to 68 

volunteers. From the survey, two distinct narratives emerged. One group of respondents saw 

forests more from anthropogenic perspective whereas the other was aligned with existence value 

statement and the concept of conservation. However, there was a consensus that climate change 

and biodiversity loss are pressing problems. Interestingly, both worldviews are linked to different 

expectations of how forests landscapes will evolve in the future. 

In view of the differences in worldviews about future scenarios and rather than trying to reconcile 
them under a common vision that risks being a façade devoid of political traction, we propose to 
adopt a structured process to analyse the distribution of forest values among different groups in a 
landscape, and how this distribution changes as a consequence of management decisions to 
secure the delivery of particular forest services. This framework provides a structured way of 
thinking about resource management and allows diverse groups of people, linked to the forest 
landscape on which they depend, to negotiate with each other to identify and assess trade-offs 
arising from different management strategies, and more importantly, to imagine synergies. We 
present this framework as a way to have more pragmatic and hands-on discussions as illustrated 
by a case study in Gabon 

C. Garcia, J-F. Bastin, M. Bourey, A. Dray, Ida N. Djenontin, F. Kleinschroth, M. Karman, N. 
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Experimenting game-based dialogues to identify consensual, 
effective, and sustainable participatory governance arrangements 
in concession landscapes 
 

Since 2001, Gabon has embraced participatory forest management (PFM), following several 
African countries, albeit with nuances in articulated governance models. Insights from PFM 
impediments in Gabon suggest various socio-institutional barriers and shortcomings. One issue is 
that the dominance of forest concessions as prominent management choice creates conflictual 
land uses and rights with some PFM provisions. Many forest concessions overlap with rural 
territories where customary rights prevailed. The conundrum is to determine appropriate, 
effective, and equitable landscape governance arrangements. This problem, though previously 
raised with some theoretical propositions (Nguinguiri et al, 2016; 2017; Karsenty & Vermeulen, 
2017), remains less/not addressed. This research concept proposes to address such gap in 
knowledge and practice using the concession landscape and context offered by the Grande 
Mayumba Development Company (GMDC), in Nyanga Province. The objective is to: (1) experiment 
a practical operationalization of landscape approach to contribute evidence on its potential as an 
innovative process to address management conflicts and (2) examine consensual participatory 
governance arrangements addressing overlapping land uses and rights within concession forests. 
We will conduct dialogues shaped by role-playing games (RPGs), where participating stakeholders 
will engage in real-world landscape governance action-situations and express their behaviors. 
Through the co-designed RPGs, we will examine the viability of different landscape governance 
arrangements, explore necessary enabling policy changes, elicit potential challenges and conflicts 
that may jeopardize their sustainability, and observe and understand stakeholders’ behaviors on 
display during the RPGs and simulations. We expect this research in progress to illuminate ways to 
achieve consensus on competing social, economic, and environmental interests and needs in 
managing forest landscapes. The research will also identify sustainable landscape governance 
arrangements and enabling policy options, with applied contribution to support GMDC’s 
integrated sustainable development endeavors. The research will further contribute to promote 
social learning among stakeholders within the GM concession landscape. 
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Many countries producing agricultural commodities have signed up to “zero-deforestation” 

agriculture. Large agribusinesses have also committed to ban products involved in deforestation 

from their supply chains. To do this, several of them have set up "sustainability programs" aimed at 

tracing the origin of products from the plot. This attempt is hampered by difficulties related to the 

cost of traceability with dispersed and small producers, who are not in direct contact with buyers 

and must go through intermediaries. One of the consequences of this policy is the exclusion of 

small producers from the most remunerative supply chains, those of the large firms. 

To avoid these effects of exclusion and the high costs of this traceability in the supply chains, the 

concepts of "landscape approach" or "jurisdictional approach" are frequently put forward. The 

first stems from an ecological vision of the actions necessary for the proper functioning of an 

ecosystem at the most relevant scale (e.g. a watershed). The second stems from a political vision, 

considering that it is at the level of an administrative jurisdiction (a province, a federated state, 

etc.) that the capacity to activate public policy instruments lies. It is rare that the landscape 

corresponds to a jurisdiction. Nevertheless, both approaches can be described as “territorial”. 

Are territorial approaches able to guarantee the same level of environmental integrity as sectoral 

approaches? The answer depends on the objective: value chain approaches are more likely to 

bring about agro-ecological transitions at the producer level, while the success of territorial 

approaches will be judged on outcome indicators, for example in terms of reduced deforestation, 

which may result from political decisions on the creation of protected areas without modifying 

agro-sylvopastoral practices. These different aspects will be analyzed in the paper. 

 

Landscape, jurisdictional or value chain approach for fulfilling zero-

deforestation commitments ? 
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A mixing board to break down the complexities of integrated landscape 

approaches 

 

Integrated landscape approaches (ILA) aim to reconcile multiple, often competing, interests across 

agriculture, nature conservation, and other land uses, especially in tropical regions. Recognized 

design principles provide guidance for implementation, yet application and assessment remain 

challenging. To account for inherent complexities and improve design and evaluation, ILAs require 

tools that can provide transparency on who has agency, whose priorities are considered, and how 

different stakeholders are affected. We present a conceptual tool for guiding decision-making on 

how to apply and assess ILA. Following a comprehensive literature review and focus group 

discussions within the CGIAR network, we developed an “ILA mixing board” to support the 

applications of ILAs and enable the fine-tuning of ILAs by project planners and managers. The 

mixing board constitutes a set of seven qualifiers to guide self-reflection of planners and 

stakeholders involved in landscape management. Overall, the qualifiers indicate the level of 

complexity captured by an ILA, based for example on the project flexibility, the inclusiveness of the 

dialogue, and the centrality of the power distribution. Each qualifier consists of five non-normative 

buttons that can be switched on and off depending on associated outcome indicators. All possible 

combinations of these qualifiers serve to illustrate the multitude of ways in which ILA can be 

implemented. We apply the mixing board to three cases in Nicaragua, Madagascar and the Congo 

Basin. The cases demonstrate how the tool increases the transparency of practical planning, 

enabling informed choices about the allocation of available resources and can support comparative 

analyses to strengthen the evidence base for ILAs. 
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The systematic increase in species diversity from temperate to tropical latitudes is 

one of the most widely studied patterns in ecology, but its underlying causes are still 

unclear. Recent work combining tree spatial data, spatial statistics and dynamical 

theory suggests that spatial patterns in the neighbourhood of individual trees can play 

an important role for the dynamics and coexistence in tree communities. The key 

quantity that links spatial patterns with theoretical models of community dynamics 

are individual-based neighbourhood competition indices (NCI) that consider, within a 

given distance, the number of neighbours, their size, and a species-specific interaction 

strength to the focal individual, represented here by phylogenetic similarity. 

We conducted a detailed spatial analysis to quantify spatial neighbourhood patterns 

for 737 species in 21 large ForestGEO forest dynamics plots, ranging from temperate 

to subtropical and tropical forests, to find out if and which aspects of the 

neighbourhood patterns change in a predictable way along latitude, and to assess their 

consequences for species coexistence. We propose a novel approach to dissect the 

mean NCI for a given species into terms NCI_C and NCI_H describing con- and 

heterospecific interactions, respectively, and we further dissect these terms into 

factors describing the mean neighbourhood density, the mean size of a neighbour, and 

the mean individual-level interaction strength of a neighbour. To assess the strength 

of spatial patterns we compared the species means of NCI_C and NCI_H and their 

components for all species with > 50 individual to predictions from stochastic null 

models that randomize the locations of the individuals of the focal species but keep all 

other individuals unchanged. 

We find strong increases with latitude in the proportion of species in a forest 

community that showed  

(i) conspecific aggregation, (ii) segregation to heterospecifics, (iii) smaller than 

expected conspecific neighbours, (iv) smaller than expected heterospecific 

neighbours, and 

(iv) and more similar than expected heterospecific neighbours. Overall, the mean 

strength of spatial patterns to heterospecifics became much weaker with decreasing 

latitude, even when correcting for sample size (i.e., lower species abundances). Thus, 

multiple dimensions of the complex spatial patterns in large forest plots change 

systematically with latitude, and all of them point to weaker patterns in tropical 

compared to temperate forests. We discuss the consequences of these findings for 

coexistence. 
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Intraspecific variability (IV) is often viewed as a random noise around species mean 

attributes (e.g. functional trait or performance proxy). However, it can also be the result of 

environmental variation to which plants respond. These variations often being spatially and 

temporally structured, IV would then also be structured in space and time. These different 

types of IV could have different consequences on species interactions, and thus on 

community dynamics and species coexistence. 

To examine these consequences, we built a theoretical setup using two consecutive 

theoretical models of community dynamics. 

The first model does not include any random IV: all conspecific individuals respond in 

the same way, to several spatially structured environmental variables. A species can 

persist in a given environment if it has no superior competitor in the pool of present 

species. 

The second model includes a random IV as a stochastic noise around species parameters, 

i.e. a spatially unstructured IV. This IV is inferred from the outcomes of the first model, 

using a statistical model including only some of the environmental variables as explanatory 

variables, as is the case in statistical analyses of ecological datasets when some 

environmental variables are unobserved. 

Consequently, this inferred (or observed) IV results mainly from spatially structured 

variation in unobserved dimensions of the environment, but is treated as noise. In this 

second model, another way for a species to outcompete superior competitors in a given 

environment is to benefit from an inversion of the competitive hierarchies due to 

stochasticity. 

Outcomes of these two models are compared, enabling to discuss the level and stability of 

coexistence in both models. We hypothesise that when IV is treated as a noise, species 

coexistence is less stable, demonstrating in a simple framework the importance of the 

nature (in addition of the magnitude) of IV in community dynamics models. 
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What are the consequences of different types of intraspecific variability on 
community dynamics? 
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Deriving tree size distributions of tropical forests from lidar 

Franziska Taubert (1,2), Rico Fischer (1), Nikolai Knapp (1) and Andreas Huth (1,2,3) 

1 Helmholtz Centre for Environmental Research – UFZ Leipzig, Department of Ecological Modelling 
2 German Centre for Integrative Biodiversity Research (idiv) Halle-Leipzig-Jena 

3 University of Osnabrück, Institute of Environmental Systems Research 

Remote sensing is an important tool to monitor forests, especially due to global change and with 
increasing threats posed to them. Here, we focus on light detection and ranging (lidar) 
measurements for quantifying forest structure and present a novel methodology to infer the tree 
size distribution from lidar profiles. Our approach is based on a theoretical leaf-tree matrix that 
can be derived from tree allometric relations. We used the leaf-tree matrix to estimate how many 
trees of a certain size could occur in a forest to match the measured lidar profile. On the example 
of a tropical site in Panama, we compared lidar-derived stem diameter distributions with the 
inventoried distributions at different spatial scales (e.g., 50, 1 and 0.25 ha). We obtained a high 
accuracy for the derived tree size distribution at the 50-ha scale (root mean square error (RMSE) 
22.8 trees ha-1, normalized RMSE (nRMSE) 6.2%, R² 0.89) and at scales of 1 ha (RMSE 67.6 trees 
ha-1). The basal area was estimated well at the 1-ha scale (bias 0.8 m² ha-1); however, the bias 
increased at smaller scales (e.g., 0.25-ha or 0.04-ha scale). Stem diameter distributions were 
estimated the most reliably at smaller scales (1-ha to 0.04-ha) for forests with low height, dense 
canopy or low heterogeneity in terms of tree height. In perspective, by testing the presented 
approach for further sites, our methodology provides a powerful framework to derive the tree size 
distribution of forests by integrating the available information on tree allometries. 
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Importance of the forest state in estimating biomass losses from tropical 
forests: combining dynamic forest models and remote sensing 

Ulrike Hiltner1,2,3, 
Andreas Huth1,4,5, 
Rico Fischer1 

1Department of Ecological Modelling, Helmholtz-Centre for Environmental Research GmbH - UFZ, 
04318 Leipzig, Germany 
2Institute of Geography, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, 91058 
Germany 
3Forest Ecology, Institute of Terrestrial Ecosystems, Department of Environmental Systems 
Science, ETH Zurich, 8092 Zurich, Switzerland 
4German Centre for Integrative Biodiversity Research – iDiv Halle-Jena-Leipzig, 04103 Leipzig, 
Germany 
5 Institute for Environmental Systems Research, University Osnabruck, 49076 Osnabruck, Germany 

Disturbances can have strong impacts on the dynamics and structures of tropical forests. In the 
future, the intensity of disturbances will likely further increase, which may have more serious 
consequences for tropical forests than those we have already observed. Thus, quantifying 
aboveground biomass loss of forest stands due to stem mortality is important for the estimation of 
the role of tropical forests in the global carbon cycle. So far, the long-term impacts of altered stem 
mortality on rates of biomass loss have been described little. 
We aimed to analyse the consequences of long-term elevated stem mortality rates on forest 
dynamics and biomass loss rates. We applied an individual-based forest model and investigated 
the impacts of permanently increased stem mortality rates on the growth dynamics of terra firme 
forests in French Guiana with focus on biomass, LAI, forest height, productivity, and biomass loss 
rate. Based on our simulations, we developed a multiple linear regression model to estimate 
biomass loss rates of forests in different successional states from the various forest attributes. 
Our findings indicated that increased stem mortality altered the succession patterns of forests in 
favour of fast-growing species, which increased the old-growth forests’ gross primary production, 
though net primary production remained stable. We observed a strong influence of a change in 
stem mortality on biomass loss rate. We also obtained a multidimensional relationship that 
allowed for the estimation of biomass loss rates from forest height and LAI. Via an example, we 
applied this relationship to remote sensing data of LAI and forest height to map biomass loss rates 
for French Guiana. We estimated a countrywide mean biomass loss rate of 3.0% per year. 
The approach described here provides a novel methodology for quantifying biomass loss rates, 
taking the successional state of tropical forests into account. Quantifying biomass loss rates may 
help to 
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Tracking tree mortality rate in a tropical moist forest using multi-temporal 
LiDAR 

Claudia Huertas1 (claudia.huertasgarcia@ird.fr), Daniel Sabatier1 (daniel.sabatier@ird.fr), 
Géraldine Derroire2 (geraldine.derroire@cirad.fr), 
Bruno Ferry3 (bruno.ferry@agroparistech.fr), Toby. D. Jackson4 (tj312@ cam.ac.uk), Raphaël 
Pélissier1 (raphael.pelissier@ird.fr), Grégoire Vincent1 (gregoire.vincent@ird.fr) 

1. AMAP, Univ Montpellier, CIRAD, CNRS, INRAE, IRD, Montpellier, France. 
2. Centre de Coopération Internationale en Recherche Agronomique pour le Développement 
(CIRAD), 22 UMR EcoFoG (Agroparistech, CNRS, INRAE, Université des Antilles, Université de 
Guyane). 
3. UMR SILVA, AgroParisTech, INRAE, 54280 Champenoux, France. 
4. Department of Plant Sciences, University of Cambridge, Downing Street, Cambridge, CB2 3EA 

Measuring tree mortality rates is crucial to reducing uncertainties in the contribution of tropical 
forests to the carbon budget. Several studies have shown an increase in mortality in tropical 
forests in the last decades. However, we remain uncertain about the overall behavior because 
most studies are based on restricted areas or networks of plots. Hence, technological 
developments such as LiDAR (Laser Imaging Detection and Ranging) that promote the 
understanding of abiotic factors at local scales are critical, allowing us to identify specific spatial 
patterns in line with vulnerable areas, as identifying areas with more significant dynamics over 
time. This study aims to evaluate the potential of repeated airborne LiDAR scanning ALS (Airborne 
Laser Scanning) to map forest structure over large areas with high accuracy to detect landscape- 
level patterns of mortality. We combined surveys over 100 ha of permanent plots in a wide range 
of undisturbed and selectively logged dense forest structures and dynamics in French Guiana, 
sampled (> 1 ha) and compared them with gap fraction dynamics from canopy height models 
derived from three (2009-2015-2019) ALS datasets. In this study, we have demonstrated that 
multitemporal LIDAR (using gap fraction indicator) can produce reliable estimates of relative basal 
area loss (R²=0.74) and mortality rates in natural forests and the ability to detect patterns related 
to local topography and their association with soil wetness and canopy height. This study 
contributes to our comprehension of spatial and temporal patterns of mortality at the landscape 
scale, identifying limitations and generating recommendations for extrapolating this information 
to larger areas, supporting the accurate measurement of the carbon budget, as well as guiding 
policy and conservation actions in areas vulnerable to or at risk from climate change. 
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Remote sensing-supported mapping of fossorial landscape engineers’ 
activity across an afro-alpine ecosystem 

Luise Wraase 1, Victoria Reuber 2, Philipp Kurth 1,3, Mekbib Fekadu 3,4, Sebsebe Demissew 4, 
Georg Miehe 5, Lars Opgenoorth 3,6, Ulrike Selig 1, Zerihun Woldu 4, Dirk Zeuss 1, Nina Farwig 2, 
Dana G. Schabo 2, Thomas Nauss 1 

[1] Department of Geography, Environmental Informatics, Philipps-Universität Marburg, 
Deutschhausstraße 12, 35032 Marburg, Germany 
[2] Department of Biology, Conservation Ecology, Philipps-Universität Marburg, Karl-von-Frisch- 
Straße 8, 35034 Marburg, Germany 
[3] Department of Biology, Plant Ecology and Geobotany, Philipps-Universität Marburg, Karl-von- 
Frisch-Straße 8, 35034 Marburg, Germany 
[4] Department of Plant Biology and Biodiversity Management, College of Natural and 
Computational Sciences, Addis Ababa University, Addis Ababa, Ethiopia 
[5] Department of Geography, Vegetation Geography, Philipps-Universität Marburg, 
Deutschhausstraße 10, 35032 Marburg, Germany 
[6] Swiss Federal Research Institute WSL, Zürcherstrasse 111, 8903 Birmensdorf, Switzerland 

Fossorial animals act as ecosystem engineers through e.g. soil perturbation and herbivory, shaping their 
environments worldwide. As the occurrence of animals is often linked to above-ground features like plant 
species composition or landscape textures, remote sensing-based approaches can be used to predict even 
the distribution of fossorial species. Here, we combine in-situ collected vegetation composition data with 
remotely sensed data for improving the prediction of a fossorial species across a large spatial scale. We 
compared three machine-learning-based modeling strategies, which included field- and remote sensing data 
to a different extent, for predicting the distribution of the fossorial giant root-rat (Tachyoryctes 
macrocephalus), an endangered rodent species endemic to the Bale Mountains in South-East Ethiopia. We 
included no, some, and extensive fieldwork data in the modeling to test how these data improved prediction 
quality. We found that the prediction quality was particularly dependent on the spatial coverage of the 
training data. Species distributions were best predicted by using texture metrics and eyeball-selected data 
points of fossorial landscape marks. Vegetation composition as predictor showed the lowest contribution to 
model performance and lacked spatial accuracy. Our results suggest that the time-consuming collection of 
vegetation data in the field is not necessarily required for the prediction of fossorial species that leave 
traceable above-ground landscape marks like the giant root-rat. Instead, remotely sensed and spatially 
eyeball-selected presence data of fossorial species could profoundly enhance predictions. The usage of 
remote sensing-derived texture metrics has a great potential for improving the distribution modelling of 
fossorial species. 
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Mapping the central Congo peatlands using extensive field data and 
machine learning 

Simon L. Lewis1,2, Bart Crezee1, Greta C. Dargie1, Corneille E.N. Ewango3, Edward T.A. Mitchard4, 
Ovide Emba B.5, Joseph Kanyama T.3, Pierre Bola5, Jean-Bosco N. Ndjango3, Yannick Bocko6, Ifo S. 
Averti6 

1 University of Leeds, Leeds, UK 
2 University College London, London, UK 
3 University of Kisnagani, Democratic Republic of the Congo 
4 University of Edinburgh, Edinburgh, UK 
5 Mbandaka Higher Education Institute, Mbandaka, Democratic Republic of the Congo 
6 Marien Ngouabi University, Brazzaville, Republic of the Congo. 

In 2017 the first field-based map of the central Congo Basin peatlands revealed them to be the 
world’s largest tropical peatland complex. However, peat was only sampled in largely rain-fed 
interfluvial basins in northern Republic of the Congo. Here we present the first extensive field 
surveys of peat in Democratic Republic of the Congo, which contains two-thirds of the estimated 
peatland area, including from previously undocumented river-influenced settings. We present new 
peat extent maps, and the first ever peat depth and carbon density maps, determined by 
combining extensive field data with remotely sensed data and machine learning. We show that the 
central Congo peat swamp forests are some of the most carbon dense ecosystems on Earth, and 
store approximately one-third of the world’s tropical peat carbon. But our analyses show that only 
a few percent of this peat carbon lies within areas with some formal protection, suggesting 
vulnerability to future land-use change. 
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Accelerated forest fragmentation leads to critical increase in tropical forest 
edge area 

Rico Fischer, Franziska Taubert, Michael Müller, Jürgen Groeneveld, Thorsten Wiegand, Andreas 
Huth 

Helmholtz Centre for Environmental Research – UFZ, Department of Ecological Modelling, Leipzig, 
Germany 

Large areas of tropical forests have been lost through deforestation, resulting in fragmented forest 
landscapes. However, the dynamics of forest fragmentation are still unknown, especially the 
critical forest edge areas which are sources of carbon emissions due to increased tree mortality. 
We analyzed the changes in forest fragmentation for the entire tropics using high-resolution forest 
cover maps. We found that forest edge area increased from 27% to 31% of the total forest area in 
just 10 years, with the largest increase in Africa. The number of forest fragments increased by 20 
million with consequences for connectivity of tropical landscapes. Simulations suggest that 
ongoing deforestation will further accelerate forest fragmentation. By 2100, 50% of tropical forest 
area will be at the forest edge causing additional carbon emissions of up to 500 Mt Carbon per 
year. Thus, efforts to limit fragmentation in the world’s tropical forests are important for climate 
change mitigation. 
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MONITORING FOREST DEGRADATION IN CENTRAL AFRICA: DETECTION OF 
SELECTIVE LOGGING DAMAGES WITH MACHINE LEARNING APPLIED TO 
SENTINEL-1 SAR TIME SERIES 

Chloé Dupuis 
Philippe Lejeune 
Adeline Fayolle 

Gembloux Agro=Bio Tech, University of Liege 

Selective logging is one of the major causes of tropical moist forest degradation worldwide. 
Efficient and sustainable management of selective logging is now crucial, not only reliable but also 
accessible monitoring systems are needed. Sentinel-1 Synthetic Aperture Radar (SAR) time series 
offer great opportunities for the monitoring of selective logging as it goes through clouds, allows 
near real-time detection and is open source data. Here, we investigated the potential of Sentinel-1 
SAR time series (resolution of 10m) and machine learning to detect disturbance caused by 
selective logging in a timber concession located in south-east Cameroon, for the period 2017- 
2021. Training and validation data were produced by photo-interpretation of very high resolution 
Unmanned Aerial Vehicle (UAV) imageries. We used textural indices (Haralick) and Random Forest 
model to detect 300*300m disturbed area as well as canopy gaps inside these pre-defined zones. 
We compared our results and the gaps size distribution to the new RADD forest disturbance alerts 
system for the Congo Basin (Reiche et al., 2021). Preliminary results are promising with a global 
accuracy of 96% for the detection of disturbed area. The detection of canopy gaps is less accurate 
with only 43% of the gaps detected, which is still better than the RADD system that detects 24% of 
the gaps. Our model is more sensitive to small gaps under 0.1ha, the MMU of the RADD system, 
which represents 95% of the gaps distribution. However, it overestimates their size (RMSE = 
2039m²). These results show that Sentinel-1 SAR time series and machine learning applied on 
textural indices can locally improve the detection of disturbance caused by selective logging in 
moist tropical forests. 
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The dynamics of the Amazon forests and the role of forest structure- linking 
vegetation modelling and remote sensing 
 
A. Huth*1, R. Fischer1, L. Bauer1, N. Knapp1, F. Taubert1, F. Bohn1, E. Roedig1 

1Helmholtz Centre for Environmental Research UFZ, Leipzig Germany 
 

 
Precise descriptions of forest productivity, biomass, and structure are essential for understanding 
ecosystem responses to climatic and anthropogenic changes. However, relations between these 
components are rarely investigated, in particular for tropical forests. 
We developed an approach to simulate forest dynamics of around 410 billion individual trees 
within 7.8 Mio km² of Amazon rainforest (using the FORMIND forest model). We then integrated 
remote sensing observations from Lidar in order to detect different forest states and structures 
(caused by small-scale to large-scale natural and anthropogenic disturbances). 
Under current conditions, we identified the Amazon rainforest as a carbon sink, gaining 0.56 Gt C 
per year. We also estimated other ecosystem functions like gross primary production (GPP), 
woody aboveground net primary production, aboveground biomass, basal area and stem density. 
We found that successional states play an important role for the relations between productivity 
and biomass. Forests in early to intermediate successional states are the most productive and 
carbon use efficiencies are non- linear. Simulated values can be compared to observed values at 
various spatial resolutions (local to Amazon-wide, multiscale approach). Notably, we found that our 
results match different observed patterns (e.g., MODIS GPP). We conclude that forest structure has 
a substantial impact on productivity and biomass. It is an essential factor that should be taken into 
account when estimating carbon budgets of the Amazon rainforest. 
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Optimizing tropical forest bird surveys using passive acoustic monitoring 

Oliver C. Metcalf, Jos Barlow, Stuart Marsden, Nargila Gomes de Moura, Erika Berenguer, Joice 
Ferreira & Alexander C. Lees 
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MCTIC/Museu Paraense Emilio Goeldi, Belem, Para, Brazil 
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Environmental Change Institute, University of Oxford, Oxford OX1 3QY, UK 
Programa de Pos-Graduacao em Ciencias Ambientais, Universidade Federal do Para/Embrapa Amazonia 
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Estimation of avian biodiversity is a cornerstone measure of ecosystem condition. Surveys conducted using 
autonomous recorders are often more efficient at estimating diversity than traditional point-counts. 
However, there is limited research into optimising sample design of passive acoustic surveys for surveys of 
avian communities, in particular establishing how often, and for how long, to sample audio files. This is 
despite survey design potentially having a significant impact on species detected during acoustic surveys, 
and the capacity to conduct short surveys repeated often being a key advantage of using autonomous 
recorders. 
We test two acoustic sampling designs using a dataset collected from a region of very high avian 
biodiversity—the eastern Brazilian Amazon. We assess whether the additional temporal coverage from high 
temporal resolution (HTR) sampling, consisting of 240 15-s samples spread randomly across a survey window 
detects higher alpha and gamma diversity than low temporal resolution (LTR) sampling of four 15-min 
samples at the same locations. 
We find HTR sampling outperforms LTR sampling in every metric considered, with HTR sampling detecting 
approximately 50% higher alpha diversity, and 10% higher gamma diversity. This effect is primarily driven by 
increased coverage of variation in detectability across the morning, with the earliest period containing a 
distinct community that is often under sampled using LTR sampling. LTR sampling produced almost four 
times as many false absences for species presence. LTR sampling incorrectly found 70 species (34%) at only a 
single forest type when they were in fact present in multiple forest types, compared to just two with HTR. 
We conclude that the survey sampling design for passive acoustic monitoring can significantly impact the 
effectiveness of avian species surveys. High temporal resolution sampling of passive-acoustic monitoring- 
based surveys should be considered the primary method for estimating the species richness of bird 
communities in tropical forests. 
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“Adding animal arboreal traits and vegetation structure to a global 
mechanistic trait based model” 
 

Camille Gaillard, Mike Harfoot, Andrew Abrahams, Patrick Jantz, Patrick Burns, Tobias 
Jackson, Alexander Shenkin, Luca Santini, Scott Goetz, Christopher Doughty 
 

Keywords: GEDI, TLS, LIDAR, Functional trait, Madingley, Mechanistic model, Trait-based 
model, Arboreality 
 

Recent analysis of traits databases provide key insights into arboreality in birds and mammals. We 
introduce these results as a functional trait in a global mechanistic trait based model (Madingley). 
In this model we add vegetation structure by integrating near global LIDAR data (GEDI) and 
terrestrial LIDAR data (TLS). The first dataset provides the model with measured vegetation 
density profile, while the second allows us to infer structural equations about branch dimensions 
and weight bearing capacity relative to tree height. We benchmark our simulations against 
datasets of empirically measured animal abundance data, discriminated by body mass. Simulated 
arboreal populations are in better agreement, compared with previous version of Madingley 
model, showing performance is improved. 
Following the results of Jantz et al (in this issue) resource availability is the main simulated driver 
of arboreality. Adding arboreal traits and vegetation structure improves simulations of future 
climate change and biodiversity scenarios. 
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Mapping tree communities in tropical forests using joint species 
distribution models 

1. Jeanne Clément 
2. Ghislain Vieilledent 
3. Pierre Couteron 

1. UMR AMAP, CNRS, Montpellier 
2. UMR AMAP, Cirad, Montpellier 
3. UMR AMAP, IRD, Montpellier 

Species distribution models (SDMs) are commonly used in ecology to predict the ecological niche 
of species. However SDMs do not take into account interactions between species to estimate 
species distributions. Joint Species Distribution Models (JSDM), which have recently emerged in 
ecology, allow to take into account co-occurrences between species to predict their distribution. 
This approach provides a conceptual framework for integrating functional traits to explain 
differences in occurrence between species. 
Here, we present the recently developed jSDM R package (https://ecology.ghislainv.fr/jSDM) for 
fitting joint species distribution models. Parameter inference is done in a hierarchical Bayesian 
framework and uses optimized C++ code to allow the analysis of large data-sets, with a high 
number of parameters, in a limited amount of time. 
We used this package for fitting JSDMs for tree species in French Guiana and Madagascar. To do 
so, we combined tree occurrences from forest inventory data, functional traits and environmental 
data. 
We used our model to derive distribution maps both at the species and community level. At the 
community level, we obtained maps of species richness and beta diversity maps. Such models can 
be used to understand better the environmental filtering based on species functional traits. Also, 
community maps can be used for systematic conservation planning identifying priority areas for 
conservation based on species richness or uniqueness. 
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The role of intra-specific variation in coexistence: Modeling methods and 
application Puerto Rican tropical forest 

Eva Arroyo, Robert Muscarella, Maria Uriarte 

Background/Question/Methods: There is significant evidence that there is a large degree of 
intraspecific variation in plant characteristics or traits. This intraspecific trait variation is a recently 
debated mechanism for promoting plant coexistence. The hypothesis is that such variation allows 
individuals to avoid direct competition by having slightly different trait values than their neighbors 
while better matching their environments. Specifically, theory predicts that if intraspecific 
variation declines as site favorability increases for any one species this will lead to increases in 
coexistence. We test this hypothesis using data for intra-specific variation in wood density (WD) 
and specific leaf area (SLA) in 20 species across 24 forest plots in Puerto Rico. Species abundance 
and basal area are measured in plots along precipitation (10-3170 mm/yr), soil (limestone and 
volcanic), and elevation gradients (5-985 meters). We construct three Bayesian joint models of 
species occurrence and basal area as predicted by different environmental factors. These are 
paired with maximum entropy models on habitat favorability. The different modeling frameworks 
answer how these traits are distributed across environmental gradients. 
Results and Conclusions: Preliminary results show that the mean traits are correlated with 
environmental variables. Wood density positively responds to precipitation (β=0.031 ± 0.014) and 
negatively to elevation (β=-0.022±0.008). We also see significant within-species variation in these 
traits. Intraspecific variation in wood density is only an order of magnitude higher than 
interspecific variation (0.081 versus 0.153 g cm-3), though there is much more inter- than 
intraspecific variation for specific leaf area (27.4 m2.kg−1 versus 14559.79 m2.kg−1). Future 
research on trait response to the environment should incorporate this within-species variation into 
their predictive models. Our work provides modeling frameworks to incorporate this variation 
rigorously in predictive models. 
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Tropical forest recovery on abandoned lands; underlying drivers, 

and implications for restoration 

Lourens Poorter, Dylan Craven, Catarina C. Jakovac, Masha T. van der Sande, Bruno Hérault 

and the 2ndFOR network 

Wageningen University (WUR), the Netherlands 

Tropical forests disappear rapidly because of deforestation, yet they have the potential to regrow 
naturally on abandoned lands. We analyze how 12 forest attributes recover during secondary 
succession, and assess the underlying biophysical and social drivers, using 77 chronosequence 
sites across the Neotropics and West Africa,. Tropical forests are highly resilient to low-intensity 
land use; after 20 years, forest attributes attain 78% (33-100%) of their old-growth values. 
Recovery to 90% of old-growth values is fastest for soil and plant functioning, intermediate for 
structure and species diversity, and slowest for biomass and species composition. We show how 
biophysical drivers (rainfall, temperature, pH) and social drivers (landscape forest cover, previous 
land use) affect forest recovery and discuss the implications for ecosystem restoration. 
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Érica Rievrs Borges, Maxime Réjou-Méchain, Sylvie Gourlet-Fleury, Gregoire Vincent, Xavier 

Bry, Frederic Mortier, Félix Allah-Barem, Fidèle Baya and Raphaël Pelissier 

Érica Rievrs Borges (Institut de Recherche pour le Développement), Maxime Réjou-Méchain 
(Institut de Recherche pour le Développement), Sylvie Gourlet-Fleury (Centre de coopération 
internationale en recherche agronomique pour le développement), Gregoire Vincent (Institut 
de Recherche pour le Développement), Xavier Bry (Université de Montpellier), Frederic Mortier 
(Centre de coopération internationale en recherche agronomique pour le développement), Félix 
Allah-Barem (Institut Centrafricain de la Recherche Agronomique), Fidèle Baya (Institut 
Centrafricain de la Recherche Agronomique) Raphaël Pelissier (Institut de Recherche pour le 
Développement). 

Although the importance of biodiversity in supporting biomass productivity has motivated 
numerous research efforts, previous studies ignored that forest biomass is a composite variable 
that may be built through different pathways, i.e., through a higher number of trees, with larger 
trees or with higher wood density. Likewise, the effect of diversity may thus act separately through 
different ecological mechanisms on these pathways: complementary effect (CE; plant communities 
consisting of functionally dissimilar species can occupy different environmental niches and 
partition limited resources more efficiently, thus increasing biomass productivity) and selection 
effect (SE; hyper-diverse communities have a greater chance of containing particularly productive 
species). CE is expected to play a role in forest biomass and productivity through maximizing the 
number and the size of coexisting trees and SE is expected to increase functional traits that 
promote forest biomass, thus favouring hard-wooded or large-size species. Here we aimed at: 1) 
disentangling the separate effects of diversity on biomass components to better understand how 
selection and complementarity mechanisms determine the diversity-productivity relationship in 
hyper-diverse tropical forests, and 2) testing whether disturbance influence the effect of diversity 
on biomass and biomass productivity. In disturbed plots, we found large negative relationships 
between diversity and biomass productivity soon after the silvicultural treatments (~ 5 to 8 years) 
via the complementarity effect, and positive effect of diversity on productivity via selection 
effects. Right after disturbance, diminished competition can lead to overwhelming fitness 
differences in the tree community, with the subset of better-adapted species (light demanding and 
low wood density species) increasing productivity. Also, this scenario changed fast, with diversity 
showing a neutral effect on productivity ~25 years after disturbance and in undisturbed plots. In 
general, there is no consistent effect of diversity on biomass and biomass productivity, unless 
some level of disruption causing instability was present. 

 
 
 

 
 
 

 
 

 
 

Aboveground biomass disaggregation reveals the effect of evolutionary 

diversity on biomass and productivity through different pathways 
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N. Keller (1), T. Marfil (1), J. García-Ulloa (1), P. Niklaus (2), F. Kleinschroth (1), J. Ghazoul (1), 

E. Godoong (3) , C.D. Philipson (1) 

(1) ETH Zurich, D-USYS, Zürich, Switzerland, (2) University of Zurich, Zurich, Switzerland, 

(3) Universiti Malaysia Sabah, Kota Kinabalu, Malaysia 

Forest restoration ranks high on the global environmental agenda, but the limitation to the 
success of restoration projects due to tree mortality is often not tracked. We investigated the 
long-term effects of active forest restoration following selective logging on tree and liana seedling 
communities in the tropical rainforest of Sabah, Malaysian Borneo. We assessed whether active 
restoration can help to create self-sustaining and species-rich forests by measuring whether 
restoration measures conducted two decades ago are now showing in the forest structure through 
regrowth and reproduction. To this end, we compared tree and liana communities in previously 
logged forest plots that underwent active forest restoration about 20 years ago (in the form of 
tree planting and removal of lianas), with comparable plots where only natural regrowth of 
vegetation occurred. We found that the diversity of seedling communities, as well as the relative 
abundance of seedlings from the most-commonly planted tree family Dipterocarpaceae did not 
show a direct dependency on active or passive restoration management. However, seedling 
diversity and Dipterocarp seedling abundance did depend on adult tree diversity, which, in turn, 
had increased with active restoration. Our results suggest that active restoration has indirect 
effects on seedling diversity and abundance through changes in forest stand composition and can, 
thus, promote long-term forest recovery in previously selectively logged forests. 
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Variability of past human legacies in north-western Amazonian forest plots 

B. M. Heijink, Q. A. Mattijs, R. Valencia, C. N. H. McMichael 

University of Amsterdam, Pontificia Universidad Católica del Ecuador 

Forest plots are vital in understanding Amazonian biodiversity, carbon dynamics, and species 
composition. Past humans have impacted vegetation composition for thousands of years in 
Amazonian rainforests and might have left ecological legacies on modern vegetation. We explore 
these potential ecological legacies at one of the most biodiverse and heavily studied places on 
Earth, the Yasuní Forest Dynamics Plot in Ecuador. Yasuní is believed to be an old-growth, 
undisturbed forest. We reconstruct past vegetation history by analyzing phytoliths (silica-based 
microfossils) that can detect past agriculture, canopy openings, and changes in palm composition. 
We used charcoal to reconstruct past fire occurrences and radiocarbon-dated any fragments to 
get an age on past fire events. Yasuní showed no evidence of past agriculture, large-scale fire 
events, or wide-spread canopy openings. Yasuní displays evidence of localized and intermittent 
canopy openings, which may be the result of past people activities. We found minor ecological 
legacies heterogeneously distributed across the Yasuní plot. We compared our results to 
Amacayacu, a forest plot in Colombia, where no legacies are present. The difference between 
forest plots in ecological legacies indicates that past human impact on forest composition is not 
homogenous across Amazonian rainforests. Understanding and mapping ecological legacies is 
crucial for understanding carbon dynamics and mitigating the effects of climate change. 
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The past human population played a major role in the regeneration of 

an important timber species: Cylicodiscus gabunensis Harms 

Despite the implementation of management plans, timber species densities are declining in the 
Central African forests. Cylicodiscus gabunensis is one such species. It is one of the most exploited 
species in the region. The rarity of its regeneration in evergreen forest suggests that the conditions 
that allowed populations to become established are no longer present. Using a combined 
archaeobotanical and pedological approach, the aim of this study is to identify the factors 
explaining the current distribution of C. gabunensis individuals on a fine scale in a forest 
concession in south-eastern Gabon. We installed 40 archaeological pits equally divided between 
sites with and without C. gabunensis. The artefacts encountered were collected and analysed. 
Charcoal masses were quantified and 18 charcoals were dated. These ages were compared with 
the average age of the tree population using growth data from 50 individuals. Finally, an analysis 
of the physico-chemical properties of the soil was carried out. Pottery shards were found in two 
pits while charcoal was present in all pits, suggesting widespread human occupation and fire 
throughout the study area. Human occupation occurred in two phases: between 2480 and 1010 
BP and from 590 to 80 BP. The abandonment of agricultural land at the end of this second phase 
could coincide with the establishment of the C. gabunensis cohort whose average age has been 
estimated at 148 years. Soil analyses showed that C. gabunensis individuals were located on soils 
that were comparatively more fertile in exchangeable cations and nitrogen. The current scarcity of 
young trees argues for the implementation of a silviculture that integrates the light requirements 
of the species as well as the chemical fertility of the soil. 
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The role of pyrodiversity in tropical savanna 

Oliveras I, Stevens N., Scalon M. 

In this talk I will present the results from a review on the concept of pyrodiversity and its role 

on tropical savannas. 
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The role of pyrodiversity in ecosystem functioning 
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Pyrodiversity portrays that the variation in the components of fire regimes (i.e. fire size, 

frequency, intensity, season and extent) over a landscape impacts on its biological 

diversity, with the broad assumption that the greater the variation in the components of 

the fire regime the higher the biodiversity that will be supported in that given landscape. 

This concept is closely related to the hypothesis ‘pyrodiversity begets diversity’, and the in 

the last years it has received increasing attention in the research community due to its 

potential management applications for biodiversity conservation. This talks reviews the 

current state-of-art on pyrodiversity and highlights that: i) most pyrodiversity studies have 

a strong taxonomic (alpha-diversity) bias, with under- representation of structural and 

functional components of ecological communities; 

ii) studies should use well-defined definition of pyrodiversity that account for several axes 

of variation of fire regimes, iii) research should work at medium to long temporal ( > 10 

years) and spatial scales (> 100 ha); iv) urgent research is needed in tropical savannas, 

specially from South-America, Asia and Africa where this concept has the potential to be 

utilised as a tool to maintain or restore ecosystem integrity through restoring ecosystem 

function. 
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Masha van der Sande, Maximilian Hartung, Geovana Carreño-Rocabado, Marielos Peña-Claros 

Forest Ecology and Forest Management Group, Wageningen University & Research, 

Wageningen, Netherlands 

Wildfires are becoming increasingly frequent and devastating in many tropical forests. Although 
seasonally dry tropical forests are among the most fire-threatened ecosystems, their long-term 
response to wildfires remains largely unknown. Here, we assess fire resilience (resistance and 
recovery) of the Chiquitanía dry forest in Bolivia. First, we use remote sensing to assess at a large 
regional and temporal scale (two decades) how fire frequency and environmental factors 
determine fire resistance and recovery. Second, we use plot data to understand the on-the- 
ground influence of fire intensity on fire resistance. We show that, generally, fire resilience is high 
and forests recover rapidly. Resilience decreases with a second recurring fire, but starts increasing 
again after a third recurring fire, indicating potential adaptation to fire. Furthermore, resilience 
was generally higher in drier areas, probably because of a higher abundance of drought-tolerant 
species that are also more likely to survive fire. Plot-level data confirm the generally high 
resistance of tropical dry forest to fire, but also show a potential tipping point in the effect of fire 
intensity on forest resistance beyond which mortality steeply increases and resprouting steeply 
decreases. Hence, although recurrent fires may enhance fire resilience, increased intensity and 
severity of fires may cause forest dieback. The future fate of these forests, therefore, remain 
unknown. Further research needs to assess the combined effects of fire frequency, intensity and 
severity, climate and species composition of tropical forest resilience to fire. 
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Dr Shalom Addo Danso 2 
Jonathan Dabo 2 
Dr Paul Lunt 1 
Dr Sophie Fauset 1 

1 - university of Plymouth 

2- Forestry Research Institute of Ghana 

In 1983 El Nino events, following a multi-decadal trend of drought, devestated Ghana's 
ecosystems and resulted in fires in many moist forests that were previously immune. 38 years on 
from fire we explore the different elements of forest recovery, carbon dynamics, biomass 
recovery, forest structure, mortality and recruitment rates and floristic diversity. Our results 
extend current recovery trends for this region and show again that although biomass may 
recover in this time, structure and diversity are still lagging behind. 

 

 
 

 
 
 

 
 

 
 

Ghanaian forest post-fire recovery: 38 years post fire 



Nicola Stevens - Royaume-Uni 

Session : 8. Tropical ecosystems response to disturbances 

 

102 
 

Nicola Stevens (1), Jenia Singh (2), Andrew Davies (2) 

(1) Environmental Change Institute, School of Geography and the Environment, University 

of Oxford, Oxford, UK 

(2) Department of Organismic and Evolutionary Biology, Harvard University, 
Cambridge, Massachusetts, USA 

Understanding how disturbance impacts the life history of savanna trees allows us to predict what 
processes shapes species ranges are shaped and allows us to assess the health of our tree 
populations. Our current working model assumes that once tree seedlings are established, saplings 
will respond to disturbance induced top-kill by vigorous resprouting. We assume that if the 
resprouting saplings are left undisturbed for a sufficiently long interval following top kill they will 
eventually grow into recruiting adults by when they have escaped the disturbance trap. However 
in African savannas, we have observed an additional demographic hurdle that suggests when 
disturbance exceeds a critical threshold of intensity or frequency the top-killed saplings experience 
permanent shifts in height and architecture and shift from single-stemmed tall trees to short 
multi-stemmed shrubs. Importantly the short, multi-stemmed shrubs are below the height 
threshold (4m) at which they can produce seeds and are effectively sterile. Using existing long- 
term burning experiments in the Kruger National Park we quantified the what thresholds of 
disturbance induce sterility in a tropical monodominant tree- Colophospermum mopane. Tree 
height (as a proxy for sterility) was mapped in the burn plots using high-resolution LIDAR. We 
show that frequent burns result in high levels of sterility where the proportion of trees capable of 
producing seeds are extremely low resulting in landscapes that are reproductively sterile. We 
show how disturbance has an underappreciated significance in understanding of savanna tree 
dynamics and hence distribution ranges. 
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Trisha Gopalakrishna, Sami Rifai, Nicola Stevens, Jayashree Ratnam, Yadvinder Malhi 

University of Oxford, University of New South Wales Sydney, University of Oxford, National 

Centre for Biological Sciences Bangalore, University of Oxford 

Indian savannah landscapes (ISL) are explained by two contrasting paradigms of sparse tree cover. 
ISL has a tangled colonial narrative of deforestation and continued forest degradation caused by 
anthropogenic activities. An alternate perspective on ISL is that these are ancient ecosystems 
formed by a complex interplay of fire and herbivory pressures over evolutionary time scales. 
Additionally, the alternate bistable state theory (ABS) has widely been used to explain the 
presence of savannahs in areas that climatically could support forests, especially in African and 
southern American landscapes. However, there is no consensus about the mechanisms or 
patterns of ISL, considering that India’s climatic envelope supports forested systems. Here, for the 
first time, we test the ABS theory to explain the pattern of ISL, explicitly considering India’s distinct 
seasonality, fire regimes and herbivory pressure of domestic livestock. We did not find any 
evidence of bistability of savannahs and forests indicated by a wide range of tree cover across 
precipitation and water deficit gradients. Also, fire regimes and herbivory pressure did not 
significantly explain the wide range of tree cover, but India’s distinct seasonality is significant. We 
posit that India’s fragmented and highly transformed land uses and cover has led to decoupling of 
the ecological signals from fire and herbivory drivers. Considering India’s ambitious forest 
restoration targets in the UN Decade of Ecosystem Restoration, we recommend caution of 
afforestation and forest expansion activities. Instead, we emphasize research and implementation 
activities emphasizing maintenance and reintroduction of natural disturbance regimes, as 
opposed to tree planting initiatives. 
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Altered cyclone–fire interactions are changing ecosystems 

Thomas Ibanez (1), William J. Platt (2), Peter J. Bellingham (3), Ghislain Vieilledent (1), Janet 

Franklin (4), Patrick H. Martin (5), Christophe Menkes (6), Diego Rafael Pérez Salicrup (7), 

Jeremy Russell-Smith (8,9), Gunnar Keppel (10) 

(1) AMAP, Univ Montpellier, CIRAD, CNRS, INRAE, IRD, Montpellier, France, (2) Department of 
Biological Sciences, Louisiana State University, Baton Rouge, LA, USA 70803, (3) Manaaki Whenua - 
Landcare Research, Lincoln 7640, New Zealand and School of Biological Sciences, University of 
Auckland, Auckland, New Zealand, (4) Department of Botany and Plant Sciences, University of 
California, Riverside CA 92521, (5) Department of Biological Sciences, University of Denver, 
Denver, CO 80208 USA, (6) ENTROPIE, UMR 9220, IRD, Univ. de la Réunion, CNRS, 101 Promenade 
Roger Laroque, Nouméa, New Caledonia, (7) Instituto de Investigaciones en Ecosistemas y 
Sustentabilidad, Universidad Nacional Autónoma de México, 58190, Morelia, Michoacán, Mexico, 
(8) Darwin Centre for Bushfire Research, Charles Darwin University, Darwin, 0909, Northern 
Territory, Australia, (9) International Savanna Fire Management Initiative (ISFMI), Level 4, 346 Kent 
Street, Sydney, 2000, New South Wales, Australia, (10) UniSA STEM and Future Industries Institute, 
University of South Australia, GPO Box 2471, SA 5001, Adelaide, Australia 

Interactions among disturbances that influence Earth’s ecosystems are being modified by global 
changes. We review interactions involving two major disturbances, tropical cyclones and fires, 
that are historically important drivers of ecosystem states, especially on islands and coastal 
systems. Tropical cyclones can alter the frequency, size, and intensity of fires. Fires can alter wind 
resistance in trees and ecosystem response trajectories. Together, these disturbances can produce 
and maintain alternative stable states. We present conceptual models of tropical cyclone–fire 
interactions that indicate changes in interactions when disturbance regimes are altered by 
humans. Resulting shifts in ecosystems away from historical states may create novel ecosystems 
with negative impacts on biodiversity; trends that will be exacerbated by climate change. 
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Canopy structure mediates the influence of edge effects on tropical 

forest diversity, function and microclimate 

Grégoire Blanchard 1.2., Nicolas Barbier 1., Vanessa Hecquet 1. 2., Ghislain Vieilledent 

1.3., Philippe Birnbaum 1.4. 

1. AMAP, Univ Montpellier, CIRAD, CNRS, INRAE, IRD, Montpellier, France 

2. AMAP, IRD, Herbier de Nouvelle-Calédonie, Nouméa, Nouvelle Calédonie 
3. CIRAD, UMR AMAP, F-34398 Montpellier, France 
4. CIRAD, UMR AMAP, F-98848 Nouméa, Nouvelle-Calédonie, France 

Widespread habitat loss and fragmentation entails critical changes in tropical forest landscapes, 

significantly extending the proportion of forests affected by edge effects. Yet, uncertainties remain 

about how edge effects impact multiple fundamental forest properties, such as physical structure, 

microenvironmental attributes, and different facets of biodiversity. By combining airborne laser 

scanning (ALS) with field data from a fragmented forest of New-Caledonia, we investigated the 

influence of edge effects on forest structure, composition, function and microclimate. Field data 

included plot-level monitoring of temperature and relative humidity, tree species composition and key 

functional traits associated with drought resistance and resource-use strategies. We analyzed the 

direct and indirect relationships between distance to edge, ALS-derived canopy structural metrics, 

understory microclimate, and species diversity and functional composition, while accounting for the 

potential influence of fine-scale variation in topography. We found significant influence of edge vicinity 

on canopy structure, understory microclimate, taxonomic diversity and functional composition. Plots 

located near the edge exhibited a lower canopy with more gaps, higher microclimate extremes, lower 

species richness as well as denser wood and lower specific leaf area. However, ALS-derived canopy 

structural metrics were stronger predictors of both understory microclimate and taxonomic and 

functional composition, indicating that the influence of edge effects on forest biodiversity and 

microenvironmental conditions is mainly mediated by changes in canopy structure. Overall, the direct 

and indirect impacts of edge effects on forest attributes overcome the influence of topography. In 

fragmented tropical forests, edge effects have a strong and pervasive influence on multiple key forest 

properties related to structure, diversity and function. Our study highlights how the integration of fine- 

scale ALS-derived metrics can foster our understanding of cascading and interacting impacts of 

landscape fragmentation on tropical forest ecosystems, and may provide insights for improving 

conservation strategies. 
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1. Talk: Wood anatomical response to a major hurricane. 

2. Poster: How much sapwood conducts water? 

1. Kasia Zieminska, Silvia Bibbo, Sam Farrar, Emanuele Ziaco, Maria Uriarte, Jess K 

Zimmerman, Robert Muscarella 

2. Kasia Zieminska, Camille Ziegler, Olivier Martin, Claire Fortunel, Raphael Pelissier 

TALK 

Extreme weather events, such as hurricanes, are predicted to increase in frequency and intensity 
under future climate. So, it is crucial to understand vegetation responses to such extreme events. 
We selected 10 common tree species growing in the rainforest in Puerto Rico and examined their 
wood anatomy before and after the hurricane, which devastated the island in 2017. Selected trees 

suffered limited hurricane-induced damage and grew relatively fast. Our findings show that the 
new wood tended to alter vessel properties so that overall theoretical water conductivity 
increased. This could be an adjustment to new conditions of more abundant light, water and 
nutrients, but these adjustments may pose a higher susceptibility to other disturbances, such as 
drought. In this talk, I will discuss changes in wood anatomical traits—vessels and other cell 
types—in response to hurricane and their functional implications, and how these anatomical traits 
are related to tree growth rates. 

POSTER 
Sapwood is typically defined as part of wood that transports water. Yet, the available evidence 
from dye perfusion and anatomical studies show that, in fact, not entire sapwood conducts water. 
More accurate estimates of conductive sapwood are crucial for calculating the biomass devoted 
to water transport and for estimating amounts of water that can be transported through stems 
(e.g, “conductive sapwood area” could replace “total sapwood area” in “leaf area to sapwood 
area ratio”—a trait indicating water demand relative to supply, which is commonly used in 
vegetation models). I will present results on conductive sapwood area and the ratio of sapwood to 
leaf area measured on branches from 18 species growing in the rainforest in French Guiana. I will 
assess the disparity between conductive and total sapwood area, and discuss functional 
implications of these traits. 
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Does tropical forest biodiversity stand on the shoulders of giants? Effect of 

disturbances by forest elephants on trees and insects on Mount Cameroon 

Altman(6), Ishmeal N. Kobe(5), Julie Desmist(1),(7), Eric B. Fokam(4), Tomasz Pyrcz(8), Robert 
Tropek(1),(5) 

 

(1)Institute of Entomology, Biology Centre, Czech Academy of Sciences, Ceske Budejovice, Czechia; 
(2)Faculty of Science, University of South Bohemia, Ceske Budejovice, Czechia; (3)Nicholas School 
of the Environment, Duke University, Durham, USA; 4Faculty of Science, University of Buea, 
Cameroon; (5)Faculty of Science, Charles University, Prague, Czechia; (6)Institute of Botany, Czech 
Academy of Sciences, Trebon, Czech Republic; (7)University Paris-Saclay, Orsay, France; 
(8)Institute of Zoology and Biomedical Research, Jagiellonian University, Krakow, Poland. 

Natural disturbances are essential for tropical forests biodiversity. In the Afrotropics, 
megaherbivores have played a key role before their recent decline. Contrastingly to savanna 
elephants, forest elephants’ impact on ecosystems remains poorly studied. Few decades ago, 
forests on Mount Cameroon were divided by lava flows, not being crossed by a local population of 
forest elephants until now. We assessed communities of trees, butterflies and two guilds of moths 
in the disturbed and undisturbed forests split by the longest lava flow. We surveyed 32 plots, 
recording 2,025 trees of 97 species, and 7,853 insects of 437 species. The disturbed forests 
differed in reduced tree density, height, and high canopy cover, and in increased DBH. Forest 
elephants’ selective browsing and foraging also decreased tree species richness and altered their 
composition. The elephant disturbance increased butterfly species richness and had various 
effects on species richness and composition of the insect groups. These changes were likely 
caused by disturbance-driven alterations of habitats and species composition of trees. Moreover, 
the abandonment of forests by elephants led to local declines of range-restricted butterflies. The 
recent declines of forest elephants across the Afrotropics probably caused similar changes in 
forest biodiversity and should be reflected by conservation actions. 
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How do terrestrial wildlife communities respond to small-scale 

Acacia plantations embedded in harvested tropical forest? 

Seth T. Wong (1,2), Roshan Guharajan (1,3), Azrie Petrus (3), Jaffly Jubili (3), Robin Lietz (1), Jesse 
F. Abrams (4), Jason Hon (5), Lukmann H. Alen (5), Nicholas T. K. Ting (6), George T. N. Wong (6), 
Ling T. Tchin (6), Nelson J. C. Bijack (6), Stephanie Kramer-Schadt (1,2), Andreas Wilting (1), 

Rahel Sollmann (1) 

(1) Department Ecological Dynamics, Leibniz Institute for Zoo and Wildlife Research, Alfred-Kowalke Str. 

17, 10315 Berlin, Germany 

(2) Institute of Ecology, Technische Universität Berlin, Rothenburgstr. 12, 12165 Berlin, Germany 
(3) Panthera Malaysia, 60000 Kuala Lumpur, Malaysia 
(4) Global Systems Institute and Institute of Data Science and Artificial Intelligence, University of 
Exeter, Exeter EX4 4PY, United Kingdom 
(5) WWF-Malaysia, 7th Floor Bangunan Banamas, Lot 138, Section 54 Jalan Padungan, 93100 
Kuching, Sarawak, Malaysia 
(6) Ta Ann Holdings Berhad, Ta Ann Building, No. 6, Jalan Rawan, 96000 Sibu, Sarawak, Malaysia 

Industrial tree plantations are expanding to offset a declining timber supply from shifting towards more 
sustainable forestry practices and to meet global demand for timber products. The conversion of natural 
forest to tree plantation is generally associated with loss of biodiversity and shifts toward more generalist 
and disturbance tolerant communities; but effects of mixed-landuse landscapes integrating natural and 
plantation forest remain little understood. Using camera traps, we surveyed the medium-to-large bodied 
terrestrial wildlife community across two mixed-landuse forest management areas in Sarawak, Malaysia 
Borneo which include areas dedicated for logging of natural forest and adjacent planted Acacia forests. We 
analysed data from a 25-wildlife species community using a Bayesian community occupancy model to assess 
species richness and species-specific occurrence responses to Acacia plantations at a broad scale, and to 
remote-sensed local (sampling location) habitat conditions within the different forest landuse types. All 
species were estimated to occur in both landuse types, but species-level percent area occupied and 
predicted average local species richness were slightly higher in the natural forest management areas 
compared to licensed planted forest. Similarly, occupancy-based species diversity profiles and defaunation 
indices for both a full community and only threatened and endemic species suggested the diversity and 
occurrence were slightly higher in the natural forest management area. At the local scale, forest quality was 
the most prominent predictor of species occurrence. These associations with forest quality varied among 
species, but were predominantly positive. Our results highlight the ability of a mixed-landuse landscape 
with small scale Acacia plantations embedded in natural forest to retain terrestrial wildlife communities 
while providing an alternate source of timber. Nonetheless, there was a tendency towards reduced 
biodiversity in planted forests, which would likely be more pronounced in plantations that are larger or 
embedded in a less natural matrix. 
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Environmental filters and pollution drive patterns of nematodes structural 

and functional diversity in Rhizophora mangroves of Guadeloupe (France) 

Adriana Spedicato1, Daniela Zeppilli2, Guillaume Dirberg3, Romain Walcker4, Philippe Cuny5, 

Cédric Hubas6, Guerric Barrière1, Ann Vanreusel7, Tania Nara Bezerra7, Gérard Thouzeau1, 

Emma Michaud1 

1.Univ. Brest, CNRS, IRD, Ifremer, LEMAR – UMR 6539, 29280 Plouzané, France ; spedicato@univ-brest.fr; 

emma.michaud@univ-brest.fr; gerard.thouzeau@univ-brest.fr; guerric.barriere@etudiant.univ-brest.fr 

2.IFREMER, Centre Brest, REM/EEP/LEP, Institut Carnot Ifremer-EDROME, ZI de la pointe du diable, 

CS10070, F-29280 Plouzané, France ; daniela.zeppilli@ifremer.fr 

3.Laboratoire Écologie Fonctionnelle et Environnement, Université de Toulouse, CNRS, Toulouse 
INP, Université Toulouse 3—Paul Sabatier (UPS), 31326 Toulouse, France; romain.walcker@univ- 
tlse3.fr 4.Muséum National d'Histoire Naturelle UMR 8067 BOREA - C.P. 53, Bât. des Arthropodes 
61 rue Buffon, 75231 PARIS Cedex 05, France ; guillaume.dirberg@mnhn.fr 
5.Laboratoire Écologie Fonctionnelle et Environnement, Université de Toulouse, CNRS, Toulouse 
INP, Université Toulouse 3—Paul Sabatier (UPS), 31326 Toulouse, France; romain.walcker@univ- 
tlse3.fr 6.Aix Marseille Univ., Université de Toulon, CNRS, IRD, MIO, 13288 Marseille, France; 
philippe.cuny@mio.osupytheas.fr 
7. Biologie des Organismes et Ecosystèmes Aquatiques (BOREA), Muséum National d’Histoire 
Naturelle, CNRS, Sorbonne Université, IRD, UCN, UA, Station Marine de Concarneau, 29900 
Concarneau, France; cedric.hubas@mnhn.fr 
8. Department of Biology, Marine Biology Section, Ghent University, Krijgslaan 281, S8, 9000 Ghent, Belgium; 
ann.vanreusel@ugent.be; tania.campinasbezerra@ugent.be 

Mangroves are one of the most productive ecosystems on earth and their ecosystem services, such as 
coastal protection, nursery, breeding, carbon transfer and pollutant detoxification are widely 
acknowledged. In the French Caribbean mangroves, anthropogenic pressures are increasing because of 
agricultural, industrial activities and urban development. Meiofauna (size between 32 µm and 1000 µm), 
which is mostly constituted by nematodes, plays an important functional role in mangrove benthic 
ecosystems overall. Knowing its potential as bio-indicator in several marine systems, its use in mangroves 
should be considered as well. This study aimed to describe the meiofauna (density, diversity, biomass), and 
more specifically diversity patterns and functional traits (trophic groups, body size, life strategies) of the 
nematode community, in the sediments of Rhizophora mangroves in Guadeloupe. 

Samples were collected by hand coring at five stations according to sources and levels of pollution. At each 
station, triplicate cores were sliced into three sediment layers (0-2 cm, 2-10 cm, 10-18 cm) for meiofauna 
and measurements of environmental parameters. Meiofauna was extracted from sediment by Ludox 
centrifugation and sorted under a stereomicroscope. Nematodes were mounted on permanent slides and 
identified at genus level. In the first sediment layer, meiofauna density and richness were both highest at 
the organically enriched station, showing significant differences with the less enriched ones. Nematodes 
genera showed a substantial shift in dominance at the most impacted sites towards Desmodoridae, a 
family with good colonizing capacity, tolerance to pollution and epistrate feeding behavior. Desmodora and 
Paradesmodora specimens were often found to be parasitized by ciliates, which may indicate a reduction 
of their fitness in these environmental harsh conditions. In comparison with other French overseas polluted 
mangroves, we hypothesize that Desmodoridae might be a potential bio-indicator of pollution in mangrove 
ecosystems. 
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Heterogeneity between semi-deciduous and evergreen forests 

modulates how anthropogenic activities predict biodiversity loss and 

ecosystem functioning in Neotropics 

Lisieux Franco Fuzessy, Laura Cardador, Daniel Sol 

CREAF - Centre de Recerca Ecològica i Aplicacions Forestals 

Edifici C Campus de, 08193 Bellaterra, Barcelona, Universitat Autònoma de Barcelona 

Biodiversity loss has a great potential to alter ecosystem functioning and reduce stability, and 
hence impact the long-term sustainability of ecosystem services. Here we firstly consider 
heterogeneity between vegetation types, as well as the proportion and type of land exploitation, 
when evaluating the effects of habitat conversion by human activities on bird biodiversity in the 
Brazilian AF. One of the main challenge in this sense is to understand what configurations are 
more effective in maintaining biodiversity, so as to inform decision-making policies that should 
guarantee the preservation of functions and services, with associated economic value. If 
variation in morphological traits filters avian species according to whether they are able or not to 
persist when the habitat changes, we expect important shifts in community composition (i. e. 
functional and phylogenetic diversities) and ecosystem functioning (i. e. functional uniqueness of 
communities) across gradients of human disturbance in terms of urbanisation, agriculture and 
pasture. The maintenance of ecosystem functions and evolutionary history will depend upon a 
certain pool of species able to persist in human-altered habitats, so functional relevance and 
evolutionary distinctiveness of species may also be affected by human impacts. 
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The effects of anthropogenic fires use on forest ecosystems in Madagascar 

Shawn M. Lehman (1) 

Tristan Frappier-Brinton (2) 

(1) Department of Anthropology, University of Toronto 

(2) Department of Biology, Duke University. 

Anthropogenic fire use is widespread across Madagascar and threatens the island’s 
unprecedented endemic biodiversity. The vast majority (96%) of lemur species are already 
threatened with extinction, and Madagascar has experienced considerable forest conversion. 
Previous conservation assessments have noted the role of fire in the rampant deforestation and 
habitat degradation across Madagascar, but there are few published, quantified data on fire use 
across the island. Here, we present the first quantification of spatiotemporal patterns in fire 
occurrence across Madagascar using VIIRS satellite fire detection data. We assessed which regions 
of Madagascar had the most prevalent fire use, how fire use changed over time, and what this 
means for Madagascar’s remaining forest ecosystems. An average of 356,189 fires were detected 
every year in Madagascar from 2012-2019, averaging 0.604 fires/km2. Fire use was near- 
ubiquitous across the island but was most prevalent in the western dry deciduous forests and 
succulent woodlands ecoregions. Fire frequency in the eastern lowlands was highest around the 
remaining humid rainforest, and fire frequency was increasing over time around much of the 
remaining humid and dry forest. We found that 18.6% of all remaining forest was within 500 m of 
a fire within a single year, and 39.3% was within 1 km. Approximately half of remaining forest was 
within 1 km of a fire in a single year in the dry deciduous forests, succulent woodlands, and 
mangroves ecoregions. However, fire frequency within national park protected areas was, on 
average, 65% lower than their surroundings. Only 7.1% of national park forest was within 500 m 
of a fire within one year, and 17.1% was within 1 km, suggesting that national parks are effective 
at reducing fire frequency in Madagascar’s tropical forests. 
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Ty Loft, Imma Oliveras Menor 

Environmental Change Institute, School of Geography and the Environment, University of Oxford 

Woody encroachment and agricultural expansion pose dual threats to fire-dependent tropical 
savanna ecosystems in the Anthropocene. Yet the extent of each threat is poorly documented 
across Angola’s 660,000 km2 miombo woodlands ecosystem, due to a history of war. Here, 
agricultural expansion since 1990 was mapped within Google Earth Engine, using supervised 
classification of Landsat imagery. Additionally, woody encroachment since 2000 was quantified 
under across land cover and burn frequency classes, using a trend analysis of the maximum late 
rainy season enhanced vegetation index, alongside satellite imagery of fires. We found that 
agriculture has expanded by 155% in Angola's miombo woodlands since 1990, with an 
especially rapid increase in the 2000–2013 post-war period, and with grasslands being 
converted more rapidly than woodlands. Significant evidence of woody encroachment was 
widespread in remaining natural vegetation, particularly in areas experiencing frequent 
burning. Our study suggests a new agriculture frontier is developing in Angola, and highlights a 
need for further research into the relationship between land use change, woody encroachment, 
and fire—in the miombo woodlands and mesic savannas broadly. 
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USDA Forest Service International Institute of Tropical 

Forestry Florida International University 

Although riparian areas are proportionally a small component of the forested landscape, they are 
significant contributors to ecosystem process, terrestrial and aquatic linkages, stream food webs, 
and plant community composition. We found that past land use directly affected species richness 
and composition but did not eliminate riparian vs upland differences. Because riparian areas in 
tropical climates are known to harbor significantly distinct species composition and vegetation 
structure, the effects of past land use are important to consider for comprehensive landscape 
management beyond river and riparian conservation as they are significant contributors to 
watershed scale terrestrial-aquatic linkages and plant community composition. 
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Tropical plant leaf traits across growth forms in early succession 

Tomonari Matsuo 

Lucy Amissah 

Jonathan Dabo 

Salim Mohammed Abdul 
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Lourens Poorter 

Tomonari Matsuo: Forest Ecology and Forest Management Group, Wageningen University, 

Wageningen, Netherlands. 

Lucy Amissah: CSIR-Forestry Research Institute of Ghana, KNUST, Kumasi, Ghana. 
Jonathan Dabo: CSIR-Forestry Research Institute of Ghana, KNUST, Kumasi, Ghana. 
Salim Mohammed Abdul: CSIR-Forestry Research Institute of Ghana, KNUST, Kumasi, Ghana. 
Masha T. van der Sande: Forest Ecology and Forest Management Group, Wageningen 
University, Wageningen, Netherlands. 
Lourens Poorter: Forest Ecology and Forest Management Group, Wageningen University, 
Wageningen, Netherlands. 

Justification: During tropical forest succession there is a rapid turnover in growth form composition from 
herbaceous species early in succession to woody species later in succession. Such changes are partly driven 
by leaf traits that allow plants to capture light while coping with extreme conditions such as heat and 
drought. Here, we analyze how successional growth forms differ in their leaf traits and strategies in dry 

and wet tropical forests. 

Methods: For six growth forms (i.e., herb, grass, vine, liana, shrub, and tree) and 266 plant species 11 
leaf morphological and nutrient traits were measured in Ghanaian tropical wet and dry forests. 
Results and Discussion: A principal component analysis shows that 44% of trait variation is captured by a 
two-dimensional spectrum of plant form and function; a leaf economics spectrum underpinning fast-slow 
growth strategies, and a leaf size spectrum related to plant size and heat balance. Herbaceous species had 
faster leaf economic traits and, hence, carbon gain explaining their success earlier in succession. In 
contrast, woody species had slower resource conservation traits, explaining their success later in 
succession. Wet and dry forests showed largely overlapping traits but the trait hyper-volume was smaller in 
the dry forest, indicating drought-related climatic filtering. 
Conclusion: This study advanced the successional theory of growth form replacement and climatic filtering 
in species composition in early succession by revealing the plant trait dimension across growth forms 
between species’ habitats. Successional shifts in growth form from herbaceous species to woody species 
may be driven by the shifts from resource acquisitive strategy to conservative strategy along with the 
successional declines in resource availability. Climatic conditions in a dry environment filter in species which 
can cope with heat and drought stress for their survival while capturing and utilizing light for their growth. 
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Temporal origin and diversifcation of the tropical lineage Magnoliid at the 
genus level 

Francis J. Nge, Andrew J. Helmstetter, Zacky Ezedin, Elton John de Lírio, Sylvia M. de Oliveira, Lars 
W. Chatrou, Roy H.J. Erkens, Isabel Larrison, Kevin Leempoel, Olivier Maurin, Shyamali Roy, 
Alexandre R. Zuntini, William J. Baker, Félix Forest, Hervé Sauquet; Thomas L.P. Couvreur 

IRD 

With over 10,000 species in fours orders (Canellales, Laurales, Magnoliales and Piperales), 
Magnoliids is the third most diverse clade of Angiosperms, after monocots and eudicots. This clade 
has a mainly pantropical distribution making it an excellent model to investigate how tropical 
lineages have diversified through time and space, and answer broader questions relating to 
tropical systems e.g. what are the major drivers of hyperdiversity in tropical rain forests? In order 
to address these questions adequately, comprehensive sampling across both taxonomic and 
genomic datasets are required. Here, we present a near-complete genus-level phylogenomic 
dataset of Magnoliids, obtained through a high-throughput sequencing hybrid capture approach 
using the Angio353 baiting kit. The resulting phylogenometic tree was then dated using a number 
of robustly placed fossils descrbed within Magnoliids. We performed a series of diversification 
analyses to investigate diversification history of this claade at a broad scale across the tropics. Our 
phylogenomic dataset provides a robust framework for further systematic and macroevolutionary 
studies of Magnoliids in general, and other important tropical lineages such as Annonaceae and 
Myristicaceae. The key phylogenomic and diversification results from this study, as well as 
implications and research prospects will be discussed. 
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Climatic niche lability in the African woody flora 

Anaïs-Pasiphaé Gorel (1) 
Olivier J. Hardy (2) 
Gilles Dauby (3) 
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Ricardo A. Segovia (6,7) 
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Adeline Fayolle (8) 
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University, Ghent, Belgium 
2 Evolutionary Biology and Ecology, Faculté Des Sciences, Université Libre de Bruxelles, Brussels, Belgium 
3 AMAP, Univ. Montpellier, IRD, CNRS, CIRAD, INRAE, Montpellier University, Montpellier, France 
4 Tropical School of GeoSciences, University of Edinburgh, Edinburgh, UK 
5 Tropical Diversity Section, Royal Botanic Garden Edinburgh, Edinburgh, UK 
6 Instituto de Ecologia y Biodiversidad (IEB), Chile 
7 Instituto de Ciencias Ambientales y Evolutivas, Facultad de Ciencias, Universidad Austral, Valdivia, Chile 
8 Gembloux Agro-Bio Tech, University of Liège, Gembloux, Belgium 

On the African continent and elsewhere, despite the prevalence of niche conservatism in plants, 
many clades have transcended major ecological barriers, such as the forest-savanna boundary, but 
the direction, timing, functional trait association of such shifts have not been characterized at the 
scale of a whole flora. To address this, we characterized the climatic niche of >4000 tropical 
African woody species, distinguishing two broad bioclimatic groups (forest and savanna biomes) 
and six subgroups. We quantified niche conservatism versus lability at the genus level with a 
simple taxonomic approach i.e dissecting the current distribution of clades in bioclimatic 
(sub)groups. Then, a genus-level phylogeny was used to infer the timing and origin of the woody 
flora in forest and savanna biomes. We found that, although niche stasis at speciation is prevalent, 
numerous clades individually cover vast climatic spaces suggesting a general ease in transcending 
ecological limits, especially across bioclimatic subgroups. The forest biome was the main source of 
diversity, providing many lineages to savanna, but reverse shifts also occurred. We identified 
clades that have been particularly successful in diversifying in savanna, such as the Fabaceae 
family. In addition, we showed that forest-savanna shifts were not consistently associated with a 
change in growth form, with clades mostly retaining their ancestral form, though we found 
evolutionarily labile clades whose presence in forest or savanna is associated respectively with 
climbing or shrubby species diversification. 
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Precipitation is the main axis of tropical phylogenetic turnover across space 
and time 

Jens J. Ringelberg 
Erik J.M. Koenen 
Benjamin Sauter 
Niklaus E. Zimmermann 
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JJR, EJMK, BS, CEH: Department of Systematic and Evolutionary Botany, University of Zurich, 
Switzerland 
EJMK: Evolutionary Biology & Ecology, Université de Bruxelles, Belgium 
NEZ: Swiss Federal Research Institute WSL, Switzerland & Environmental Systems Science, ETH, 
Switzerland 

Although the uneven distribution of biodiversity across the globe is well-known, the processes 
shaping this distribution pattern are poorly understood, and detailed macroecological and 
macroevolutionary analyses of species-rich lineages that are both geographically and ecologically 
widespread are rare. Here we study spatial and temporal phylogenetic turnover of mimosoid 
legumes, a large morphologically and functionally diverse pantropical clade of trees occurring 
across all major lowland tropical biomes, and often forming abundant or even dominant elements 
in rainforests, tropical dry forests and savannas. We combine two newly-created datasets: an 
occurrence dataset with over 400,000 quality-controlled records for nearly all c. 3,400 mimosoid 
species, and a metachronogram, consisting of a robust generic backbone phylogeny, based on 
phylogenomic analysis of 997 nuclear genes, onto which 15 molecular phylogenies have been 
bolted to produce an ultrametric species-level phylogeny with 1863 mimosoids species. Our 
analyses reveal that mimosoid phylogenetic beta diversity is primarily structured by continents on 
a pantropical scale, but that within continents phylogenetic turnover is largely associated with 
rainfall gradients, implying considerable phylogenetic niche conservatism. The resemblance of the 
outcome of phylogenetic regionalisation of mimosoids with major vegetation types, and the 
correspondence between isohyets and borders between mimosoid phyloregions, further 
demonstrate the large impact of precipitation on tropical turnover patterns. Furthermore, we find 
that the fraction of niche shifts per speciation event is remarkably constant through time, 
indicating the importance of the balance between conservatism and evolvability for producing 
evolutionary successful lineages. These results suggest that mimosoid legumes obtained their 
pantropical dominance through a combination of phylogenetic niche conservatism and 
evolvability, which allowed them to repeatedly adapt across rainfall gradients and subsequently 
radiate within these new niches. 
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In the diverse tropical rainforests, large scale description is very challenging. Focusing on dominant 
species (those that together account for 50% all individuals in a region) is necessary to characterize 
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Exploring the relationship between plant functional traits and traditional 
uses by indigenous communities in western Amazonia 
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and make predictions of these ecosystems. Yet not all dominant species behave the same. 
Recognizing and defining the different strategies is essential to understand how dominance is 
achieved. The main aim of this research was to analyse different patterns of woody plant 
dominance in four forest types of Western Amazonia: terra firme, floodplain, swamp, and white 
sands. We tested: 1) whether the composition of dominant species differs across distance and 
within forest types and 2) whether dominant species showed different strategies across habitats. 
All woody plant species with a diameter at breast height ≥ 2.5 cm were inventoried in small plots 
(0.04-0.5 ha). Permutational multivariate analysis of variance was conducted to explore the effect 
of forest type in the composition of dominant species. Beta regression models were used (1) to 
test the relationship between floristic similarity and geographic distance, and (2) to analyse 
possible correlation between the mean abundance and frequency of dominant species across 
forest types. Different composition of dominant species was found in the four forest types. The 
main variation was shown between white sand, swamp, and the cluster between terra firme and 
floodplain. Overall, the similarity regarding dominant species decreased across geographic 
distances, except in the case of swamp forests. The mean abundance of dominant species 
decreased with the increase of their frequency in all forest types. Our analysis revealed that, in 
general, being both very abundant and frequent is uncommon in Western Amazonia. Dominant 
species tend to stick to one strategy: achieving high densities at local scales or dominating at larger 
scales but with lower densities. 

To understand the functioning of Amazonian rainforests it is important to explore the interaction 
between plant communities and human populations. Long-settled populations have historically 
relied on plant ecosystem services to fulfill their needs. Plant functional traits play a major role in 
species selection for different uses since they capture both plant form and function. Nonetheless, 
we still do not know which traits are associated with different traditional uses. Here, we aim to 
understand 1) whether different traits are associated with specific plant uses, and 2) whether 
different indigenous communities rely on the same functional traits to fulfil their needs. 
We collected floristic, functional, and ethnobotanical data in 119 0.1-ha plots in Bolivia, Ecuador, 
and Peru, measuring all woody plants with a diameter at breast height ≥ 2.5 cm. We collected 
functional traits for each species present in the plots: leaf area, leaf area per leaf dry mass, leaf 
thickness, stem specific density, maximum diameter, and habit type (with a minimum of three 
replicates per species). We also compiled additional functional traits for these species from other 
databases: latex presence, resin presence, fleshiness of fruits, and seed mass. Additionally, we 
interviewed expert participants of different indigenous communities in their forests to record the 
traditional uses they give to woody plants. 
Results showed that different human communities select plant species based on a specific range of 
functional traits. For instance, high wood density determines timber and labour uses, while the 
presence of large seeds with fleshy fruits is decisive for medicine, food or accessories, whereas 
lianas are related to hunting poisons and medicines. However, other uses such as rituals, rely on 
the idiosyncrasy of each indigenous community, therefore these species are selected by other 
characteristics not linked to functional traits. Thereby, preserving both floristic and functional 
diversity of Amazonian forests is crucial to guarantee 
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The hidden evidence of hybridization in tropical alpine plants 
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2 Institute of Botany, The Czech Academy of Sciences, Pruhonice, Czechia 

Rapid radiations seem to explain, in part, the exceptional species diversity found in tropical alpine 
regions, and hybridization is discussed as one possible major driver. In tropical alpine regions, 
hybridization could have been facilitated during Pleistocene climate fluctuations, when 
geographically isolated species established secondary contact. However, given the complexity of 
measuring and dating gene flow events, it remains unclear at which stage of the speciation process 
gene flow occurred, and whether gene flow events were indeed prompted by Pleistocene climate 
oscillations. We used phylogenomic and microsatellite data of several genera of the family 
Asteraceae and population-level data of Lupinus microphyllus (Fabaceae) to estimate the relative 
contribution of hybridization to their diversification. We found that gene flow between 
populations was hindered during phases of archipelago-like distribution of populations, but 
facilitated during past cold periods when the tropical alpine habitats were connected at lower 
elevations. In addition, we revealed potential zones of secondary contact in the high Andes. 
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Comparative architectural study of the genus Cerberiopsis (Apocynaceae): 
what distinguishes a monocarpic species? 

Camille Salmon, Sandrine Isnard and Patrick Heuret 

UMR AMAP, Univ. Montpellier, CIRAD, CNRS, INRA, IRD. 34000 Montpellier, France. 

The genus Cerberiopsis endemic to New Caledonia includes three species of branched woody 
plants. C. candelabra is a monocarpic pioneer tree (that flowers only once before dying) 
emblematic of forests in the south of the main island. Monocarpy in trees is rare worldwide. This 
intriguing life strategy is known for fewer than thirty tree species. 
This study aims to compare the growth strategy of Cerberiopsis species through an architectural 
analysis and understand which life history traits is associated with monocarpy in Cerberiopsis 
candelabra. The architecture of twenty individuals of each species has been described in different 
ontogenical stages under various natural conditions. 
Our results show that the architectural unit of all the species is based on three categories of axes: 
the trunk, the branches and the twigs. The construction of the three species varies mainly 
according to (i) the synchronism of terminal flowering within the axes of the crown, (ii) the ratio of 
elongation and node production between the trunk and the branches, (iii) the capacity of the twig 
to continue branch construction after their terminal flowering, leading to the establishment of 
mixed axes constructed by substitution. C. candelabra is mainly distinguished from sister species 
by its massive and synchronous flowering which concerns all axes categories, thus preventing the 
branches to continue their development from the twigs. 
In most cases, all three species maintain this architectural unity throughout their lives. 
Nevertheless, for C. candelabra and C. neriifolia some branches acquire the characteristics of the 
trunk by immediate total reiteration. 
Regardless to its development strategy, which may seem risky, C. candelabra is the most 
ubiquitous species capable of colonizing both forest and disturbed open environments. This study 
shows how the variation of simple architectural traits can not only generate phenotypic plasticity 
but also a diversity of life history strategies. 
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10,000-year Amazon fire history shows scarce burning in the most 
biodiverse and carbon rich forests 

William D. Gosling1, S. Yoshi Maezumi1, Britte M. Heijink1, Majoi N. Nascimento1, Marco F. 
Raczka2, Masha T. van der Sande3, Mark B. Bush4 & Crystal N.H. McMichael1 

1 = Institute for Biodiversity & Ecosystem Dynamics, University of Amsterdam, Netherlands 
2 = Department of Geography & Environmental Science, University of Reading, UK 
3 = Forest Ecology & Management Group, Wageningen University & Research, Netherlands 
4 = Institute for Global Change, Florida Institute of Technology, USA 

Over recent decades fire has been observed to have a detrimental impact on biodiversity and 
carbon storage in Amazonian forests. However, comparable histories of fire activity across 
Amazonia on timescales relevant to the life cycles of tropical trees (100s years), and the assembly 
of tropical vegetation associations (1000s years), are currently lacking. This absence of data means 
that the degree to which fires in the past could have shaped the Amazonian forests of today 
remains unknown. To fill this knowledge gap, we present the long-term (multi-millennial) fire 
histories of Amazonian forests through the collation and standardization of all available charcoal 
data from continually deposited lake sediments (n=31). These data allow us to characterize the fire 
history of three Amazonian regions over the last 10,000 years: (i) north and north-western, (ii) 
south-western, and (iii) eastern. We found evidence for past fires (sedimentary charcoal) across 
Amazonia throughout this time period, but the north and north-western region yielded notably 
less charcoal than other regions, suggesting relatively less sever (biomass consuming) fires. 
Throughout the last 10,000 years we also note regionally distinct periods of elevated fire severity: 
north and north-western ca. 2500–2000, south-western ca. 3000–1000, and eastern ca. 4000 and 
1500 years ago. These data suggest that while the forests in south-western and eastern Amazonia 
have developed alongside an active fire regime, the forests in north and north-western Amazonia 
have become established under conditions largely free of fire. Consequently, we see that the 
biodiverse and carbon rich forests in north and north-western Amazonia have been the least 
exposed to fire, and consequently hypothesize that they are therefore the most vulnerable to the 
introduction of fire in modern times. In contrast the forests of eastern and south-western 
Amazonia maybe preconditioned by a long history of fire to be relatively more resilient. 
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Fire dynamics, climate and humans in Sub-Saharan Africa during the last 
20,000 years: A context for modern fires 

Laurent Bremond1, Julie C. Aleman2, Charly Favier1, Olivier Blarquez2,3, Daniele Colombaroli4, Simon E. 
Connor5, Carlos E. Cordova6, Colin Courtney-Mustaphi7, Graciela Gil-Romera8,9, William D. Gosling10, 
Tamryn Hamilton11, Andriantsilavo H.I. Razafimanantsoa12, Mitchell J Power13, Estelle Razanatsoa12, 
Ibouraïma Yabi14, GPD contributors, Boris Vannière15,16 

1- Institut des Sciences de l’Évolution de Montpellier (ISEM), EPHE, PSL Research University, Université de 
Montpellier, CNRS, IRD, Place Eugène Bataillon, CC 065, 34095 Montpellier, France. 
2- CNRS, Aix Marseille Univ, IRD, INRA, CEREGE, Aix-en-Provence, France. 
3- Département de Géographie, Université de Montréal, Montréal, QC, Canada. 
4- Centre for Quaternary Research (CQR), Department of Geography, Royal Holloway University of London 
(RHUL), Egham, Surrey TW20 0EX, United Kingdom. 
5- School of Culture, History & Language, Australian National University, Canberra ACT-2601, Australia. 
6-Department of Geography, Oklahoma State University, Stillwater OK 74078, USA. 
7- Geoecology, Department of Environmental Sciences, University of Basel, Klingelbergstrasse 27, 4056 Basel, 
Switzerland. 
8- Department of Ecology, Philipps-Marburg University, Marburg, Germany 
9-IPE-CSIC, Avda. Montañana, 1005, 50054, Zaragoza, Spain. 
10-Institute for Biodiversity & Ecosystem Dynamics, University of Amsterdam, Amsterdam, The Netherlands. 
11-Department of Animal, Plant and Environmental Sciences, University of Witwatersrand, Johannesburg, 
South Africa. 
12-Plant Conservation Unit, Department of Biological Sciences, University of Cape Town, South Africa. 
13-Natural History Museum of Utah, Department of Geography, University of Utah, Salt Lake City, Utah, 
USA. 
14- Département de Géographie et Aménagement du Territoire (DGAT), Université d’Abomey-Calavi, 
République du Bénin. 
15- Chrono-environnement, Maison des Sciences de l’Homme et de l'Environnement, CNRS, Université 
Bourgogne Franche-Comté, Besançon, France. 
16- Institute of Plant Sciences, Oeschger Centre for Climate Change Research, University of Bern, Switzerland. 

Fire is a dominant force shaping ecosystems of Africa today and for millions of years. Long-term 
understandings of past fire regimes, human-fire interactions, and fire-induced greenhouse gases are needed 
to unpack the past, present and future trajectories of these ecosystems. Only palaeoecological data can 
reconstruct past fire regimes on decadal-to-millennial time scales. In this study we provide an overview of 
the sedimentary charcoal records available from the beginning of the Holocene to the present from Sub- 
Saharan Africa. We use the charcoal data currently available through the Global Paleofire Database to 
reconstruct past biomass burning across the continent. The analysis of standardized fire history data 
grouped according to region (central Africa, eastern Africa, southern Africa, and Indian Ocean) and 
vegetation type (forest, shrubland, and savanna) suggests past changes in biomass burning were multi- 
faceted and cannot be simply linked to either climate- or human-driven changes. We conclude from this 
analysis each sub-Saharan sub-region and vegetation type responded with varying trajectories in time and 
space. We find spatially and temporally explicit evidence of the significant role human-environment 
interactions and how these practices are embedded in natural climate variability. Above all, this study 
highlights the crucial lack of quality data to reconstruct the past fire regimes in Africa. 
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Past vegetation from the South West Ethiopian Highlands: firsts insights 
given by anthracology 

Stéphanie C. Bodin1, Jennifer Markwirth1, Karen Hahn2, Katharina Neumann1 

1 Department of Palaeoanthropology, Senckenberg Research Institute and Natural History 
Museum Frankfurt, Frankfurt am Main, Germany 
2 Institut für Ökologie, Evolution und Diversität der Goethe-Universität in Frankfurt am Main, 
Frankfurt am Main, Germany 

The highlands of South West Ethiopia are part of the Eastern Afromontane biodiversity hotspot. 
They host more than 5200 vascular plant species of which about 10% are endemic. Nowadays, the 
vegetation of the highlands is highly impacted by human pressure and in particular unsustainable 
agropastoralist activities which have led to a dramatic deforestation. At lower altitudes (up to 
1800 m asl), the highlands are characterized by woodlands and wooded grasslands dominated by 
Acacia and Commiphora species, which are then gradually replaced by either dry Afromontane 
forests or moist Afromontane forest (between 1800 and 3000 m asl) depending on complex 
climatic regimes. As the highlands capture a higher rainfall than the lowlands, they may have acted 
as a refugium during dry periods such as the Late Glacial Maximum or after the African Humid 
Period. So far, no paleoecological data are available in the highlands to test this hypothesis. Yet, 
archaeological excavations led in rock shelters in the last decade have provided abundant and 
well-preserved paleobotanical remains dated from the Late Pleistocene to the Holocene, including 
phytoliths and macroscopic wood charcoals. Here, we present the first results of the wood 
charcoal analysis from the Sodicho rock shelter, 1900 m asl, which indicate the persistence of the 
dry Afromontane forest at least during the Holocene. In particular, the charcoal assemblage is 
dominated by Syzygium guineense, a Proteaceae and Acacia sp., which suggest a secondary forest. 
These first results also suggest that the wood taxa collected were selected by the inhabitants of 
the rock shelter as these three taxa represent about 60% of the assemblage. As such, this 
vegetation opening can be linked to the past people activities as well as to climatic variations; 
inputs from ethnobotany and palynology will help us to better understand the past vegetation of 
the South West Ethiopian highlands. 
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Holocene fire, vegetation change, and ecological novelty in the high 
Colombian Cordillera Oriental 

1) Ismael G. Espinoza 
2) Dolors Armenteras 
3) Felipe Franco-Gaviria, 
4) Ivonne Castañeda, 
5) Alex Room, 
6) Juan Carlos Berrío, 
3) Dunia H. Urrego 

1) Laboratorio de Ecología del Paisaje y Modelamiento de Ecosistemas - ECOLMOD, Departamento de 
Geografía, Facultad de Ciencias Humanas, Universidad Nacional de Colombia, Bogotá, Colombia. 
2) ECOLMOD, Departamento de Biología, Facultad de Ciencias, Universidad Nacional de Colombia, Bogotá, 
Colombia. 
3) Geography, Global Systems Institute, College of Life and Environmental Sciences, University of Exeter, 
Exeter, United Kingdom 
4) Independent consultant, Medellin, Colombia 
5) School of Mathematics, Cardiff University, Abacus, Senghennydd Road, Cathays, Cardiff, Wales, UK, CF24 
4AG. 
6) School of Geography, Geology and the Environment, University of Leicester, Leicester LE1 7RH, UK 

Rapid climate changes and the increasing presence of humans define the Holocene Epoch (11.6 ka BP to 
present), encompassing the most recent and abrupt environmental changes that biological systems have 
faced. Understanding how biodiversity copes with extrinsic factors requires determining the effects of 
varying climatic conditions, disturbance regime shifts, and increasing anthropogenic impacts. Despite being 
one centre for biodiversity, how tropical ecosystems respond to those environmental stressors remains an 
open question. Here we present pollen and charcoal records from the eastern flank of the Colombian 
Cordillera Oriental (CCO) at 3000 metres above sea level (masl) to document relationships between climate, 
vegetation and fire through the Holocene. 
We found compositional transitions at 8.7, 6.1, and 4.2 ka BP resulting from the interplay of climate, fire and 
human occupation. Rising temperatures caused a compositional shift in Páramo vegetation from 8.7 ka BP. 
Mid-Holocene drier and warmer conditions favoured fire activity, which coincided with abrupt changes in 
vegetation at ca. 6.8 ka BP. Fire occurrence increased sharply throughout the last four millennia, with 
synchronous changes in vegetation at 3.8 ka BP and the establishment of novel communities composed of a 
mosaic of Subpáramo, Páramo and High Andean Forest vegetation. This shift in fire activity was likely 
associated with more severe ENSO events and subsequently intensified by human activities after 3.8 ka BP. 
Although high climatic sensitivity explains most changes in the eastern flank of the CCO vegetation through 
the Holocene, our study gives insights into the relevance of fire events, uneven climatic variables 
distribution and human intervention to the composition of the vegetation we see today. 
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The last 5000 yr BP in the Central Cerrado, Brazil (Lake Feia) 

Katerine ESCOBAR-TORREZ, 1 
Marie-Pierre LEDRU, 1 
Raquel FRANCO CASSINO, 2 

1. Institut des Sciences de l’Evolution de Montpellier-Université de Montpellier CNRS IRD EPHE 
2. Departamento de Geologia-Universidade Federal de Ouro Preto 

The Central Cerrado is an important center of species diversity in tropical South America. The 
rainfall seasonality plays an important role in the hydric stress of this region, thus, its susceptibility 
highlights the potential to evaluate their response to climate changes in palynological studies. At 
Lake Feia (Goias, Brazil), palaeoecological reconstruction for the interval between 13 000 and 5000 
cal yr BP (core LF-15) showed that vegetation and fire responded to global climatic changes. Here, 
we performed a high-resolution pollen and charcoal analysis the last 5000 years (core LFB1), 149 
samples have been analyzed along the 310 cm core of LFB1. Our results show alternate vegetation 
dominance, from Gallery forest, semi-deciduous forest, woody physiognomy of the Cerrado and 
open savanna. Alternate drier and wetter episodes were observed all along the record, however 
not always in phase with fire records. Thus, we infer that fire would be rather human-related than 
climate-related. 

 
 

Escobar Torrez Katerine - France 
 

 
Session : 10. Tropical paleovegetation dynamics: cross-disciplinary research to understand ecosystem 

responses to past environmental changes 
 

 

 
 

 
 

 



 

130 
 

Ecological response on environmental change in tropical South America 
during the late Quaternary 
 

Hermann Behling, Lisa Schüler-Goldbach 

Detailed records on vegetation and environmental changes during the late Quaternary, 
based on pollen, charcoal and multivariate data analyses, provide insights on past 
ecological response on environmental changes. Several examples from South America will 
be presented. Studies from the Ecuadorian Andes as well as from the lowlands and 
highlands of Brazil reflect interesting ecological responses to climate change, fire and 
human impact. Results from continental records from the lowlands and highlands in Brazil 
as well as marine records show that the response of ecosystems on large scale climate 
change can be within centuries or decades. Studies from different regions indicate how 
tropical ecosystems evolved to what they are today. Furthermore they show how sensitive 
ecosystems are to climate change and how ecosystems responded to natural and 
anthropogenic environmental changes during the past. This knowledge will help us to 
understand how ecosystems might change under the ongoing Global Change. 
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Vegetation dynamics in northern Madagascar during the past millennia: 

Intensified Human impact and climate influence result into Rain Forest 

Fragmentation on Nosy Be Island. 

 
Antonia L. Reinhardt1, Thomas Kasper2, Maximilian Lochner2, Marcel Bliedner2, Kim J. 

Krahn3, Torsten Haberzettl4, Lyudmila Shumilovskikh1, Jean-Jacques Rahobisoa5, Roland 

Zech2, Charly Favier6, Hermann Behling1, Laurent Bremond5, Gerhard Daut2b*, Vincent 

Montade5 

v 

Madagascar houses one of the Earth’s biologically richest, but also one of most endangered, 

terrestrial ecoregions. Although it is obvious that humans substantially altered the natural 

ecosystems during the past decades, the timing of arrival of early inhabitants on Madagascar as 

well as their environmental impact is still highly debated. Our research aims to study the 

beginning of early human impact on Malagasy natural ecosystems on Nosy Be Island (northern 

Madagascar) by using a sediment core from a deep volcanic lake as a paleoenvironmental recorder. 

Based on paleoecological and sedimentological data, environmental changes during the past 

millennia indicate an abrupt transformation of natural rain forest into a grass dominated and fire 

disturbed landscape at ca. 1300 cal BP. This abrupt change (within less than 100 years) is 

attributed to locally intensified human impact with development of pastoralism and agriculture. 

As climatic conditions suggest that natural vegetation on Nosy Be should be dominated by rain 

forest, our results indicate that humans over the last 1000 years continuously impacted the 

landscapes surrounding the lake. These alterations of natural ecosystems certainly occurred due 

to population expansion coupled with development of herding/farming at a local scale. However, 

a precise regional synthesis is challenging, as high-resolution multi-proxy records from continuous 

sedimentary archives as well as records located further in the hinterland from northern 

Madagascar are still scarce. The lack of such regional synthesis also prevents precise comparison 

between different regions in Madagascar to detect potential (dis)similarities in climate dynamics, 

ecosystem responses and anthropogenic influences at the island’s scale during the Holocene. 

 

1Department of Palynology and Climate Dynamics, Albrecht-von-Haller-Institute for Plant 

Sciences, Univ of Goettingen, Untere Karspüle 2, 37073 Göttingen, Germany 

2Physical Geography, Institute of Geography, Friedrich Schiller Univ Jena, Löbdergraben 32, 07743 

Jena, Germany 

3Institute of Geosystems and Bioindication, Technische Univ Braunschweig, Langer Kamp 19c, 

38106 Braunschweig, Germany 

4Physical Geography, Institute for Geography and Geology, Univ of Greifswald, Friedrich-

Ludwig- Jahn-Str. 16, 17489 Greifswald, Germany 

5Department of Earth Sciences, Faculty of Sciences, Univ of Antananarivo, Post Box 906, 

Antananarivo, Madagascar 

6ISEM, Univ Montpellier, CNRS, IRD, EPHE, Place Eugène Bataillon, Montpellier, France 

 

Antonia L. Reinhardt – Germany 

 
Session : 10. Tropical paleovegetation dynamics: cross-disciplinary research to understand ecosystem 

responses to past environmental changes 
 

 



 

132 
 

The timing and ecological consequences of Pleistocene megafaunal collapse 
in high Andean Colombia 

Felix C. Pym, Felipe Franco-Gaviria, Ismael G. Espinoza, Dunia H. Urrego 

University of Exeter 

Research over the timing and ecological consequences of the functional extinction of Pleistocene 
megafauna is geographically concentrated. A major challenge that is intensified by incomplete 
records based on a single fungal spore as a proxy for their demise. We present the first multi-proxy 
palaeoecological record from the high Andean forests of Colombia that looks to determine the 
timing of Pleistocene megafaunal decline and its ecological consequences. We reconstruct 
megafauna abundance across the late Pleistocene and into the Holocene using the record of 
coprophilous and semi-coprophilous spores, fossilised pollen and sedimentary charcoal data. We 
examine the effects extinctions had on the Monquentiva ecosystem during a period of major 
climatic oscillations and human expansion. Enhanced by the incorporation of additional dung 
fungal spores (including A. imitans and Sordaria), Monquentiva recorded an absence of 
Sporormiella and other key (coprophilous/semi-coprophilous) spores from ~22,900 yr BP. This 
inferred the first of a two-wave decline in megafaunal populations, with the local functional 
extinction of most species occurring by ~11,680 yr BP. Megafaunal declines corresponded with 
warm and wet periods and resulted in novel plant communities, increases in palatable and woody 
species and fire activity. The data revealed that a synergy between climatic oscillations and 
Monquentiva’s megafaunal population collapse triggered habitat-specific ecological repercussions 
surrounding the site. 
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Influence of the African Humid Period on environmental changes in 
northern Madagascar 

Vincent MONTADE1, Helena TEIXEIRA2, Jordi SALMONA3, Julia METZGER4, Laurent BREMOND1, 
Thomas KASPER5, Gerhardt DAUT5, Sylvie ROULAND1, Sandratrinirainy RANARILALATIANA6, 
Romule RAKOTONDRAVONY7, Lounès CHIKHI3, Hermann BEHLING8, Ute RADESPIEL2 

1ISEM, Univ Montpellier, CNRS, EPHE, IRD, Montpellier, France 
2Institute of Zoology, Univ of Veterinary Medicine Hannover, Germany 
3Laboratoire Évolution & Diversité Biologique, Univ of Paul Sabatier, Toulouse, France 
4Institute of Animal Breeding and Genetics, Univ of Veterinary Medicine Hannover, Hannover, Germany 
5Friedrich-Schiller-Univ of Jena, Department of Physical Geography, Jena, Germany 
6Univ of Antananarivo, Laboratoire de Palynologie Appliquée, Antananarivo, Madagascar 
7Faculté des Sciences, de Technologies et de l’Environnement, Univ of Mahajanga, Mahajanga Be, 
Mahajanga, Madagascar 

8Univ of Goettingen, Department of Palynology and Climate Dynamics, Göttingen, Germany 

Quaternary climatic changes have been invoked as important drivers of species diversification worldwide. 
The impact of such changes on vegetation and animal population dynamics in tropical regions remains a 
matter of debate. Madagascar constitutes a highly suitable region to study these relationships due to its high 
habitat diversity and late human impact. However, studies on paleoecological dynamics in Madagascar are 
rather scarce. A multi-proxy approach including pollen, charcoal, grain size and geochemical analyses has 
been applied to a lacustrine sediment record from Lac Maudit, a crater lake in the Montagne d’Ambre 
National Park. To test the ecosystem dynamic responses to climate fluctuations we further compared 
paleoecological and paleoenvironmental data with demographic inferences based on genomic data of a 
forest-dwelling primate (Microcebus arnholdi) based on genomic data. Our results revealed five major 
climatic periods during the past 25,000 years with distinct environmental characteristics. In particular, our 
study demonstrates the impact of the African Humid Period in northern Madagascar (15.2 – 5.5 kyr) with 
enhanced erosional input driven by higher moisture availability. Further, it is shown, that progressively drier 
conditions after 5.5 kyr shown as reduced erosional input associated with a distinct change in the vegetation 
composition affected the entire ecosystem, and can be related to modelled lemur population dynamics even 
before humans significantly impacted the island. Our results demonstrate that demographic fluctuations or 
changes in connectivity between lemur populations are substantially predating any significant human 
impact, and are likely related to climatic and habitat changes. However, the more recent population 
dynamic (past millennium) was likely shaped by a combination of both, climatic changes and human 
activities. This interdisciplinary study reveals that understanding extant biodiversity requires a critical 
knowledge of natural, climatically driven environmental and ecological changes during the past and 
particularly beyond the late Holocene when significant human impact started on 
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Tropical vegetation trends during glacial-Interglacial cycles inferred from 
pollen analysis: a review 

Olga Aquino Alfonso, Marie-Pierre Ledru 

Institut des Sciences de l’Evolution de Montpellier-Université de Montpellier CNRS IRD EPHE 

Pollen fossil archives from the Quaternary period are key for understanding ecosystem responses 
to current climatic crisis. In temperate forests, glacial-interglacial cycles are defined by alternance 
of forest regression and expansion. How do tropical forests behave during the glacial interglacial 
cycles is still poorly known due to scarce long-term pollen sequences? Here, we reviewed the 
vegetation response over a minimum of two glacial-interglacial cycles in the tropics. For this 
purpose, relevant papers were selected from Web of Science and Scopus databases based on the 
following criteria: being located within the intertropical band 23 °N to 23°S; containing long-term 
and continuous pollen sequence, covering at least two glacial-interglacial cycles. 21 well 
documented long records were extracted mostly from PANGEA, 6 are terrestrial and 12 are marine 
pollen records distributed all over the intertropical band. From these 21 pollen records, we 
considered an average temporal resolution of less than 4 ka which left 18 pollen records available. 
Then we compared Arboreal Pollen and Non Arboreal Pollen frequencies between sites to define 
the long-term pattern of evolution of tropical forests and to examine differences between South 
America, Africa and Australasia. 
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Responses of the atlantic forest diversity to glacial - interglacial cycles, the 
pollen record of Colônia São Paulo Brazil 

Marie-Pierre Ledru, Paula Rodriguez-Zorro, Rudney de Almeida Santos, Charly Favier and 
TROPICOL team members 

ISEM Université MontpellierCNRS IRD EPHE, Montpellier France 

A major challenge of testing the responses of tropical diversity richness through climate changes is 
the scarcity of continuous long sediment records associated to the succession of glacial-interglacial 
cycles. The COL17c record was taken from the Colônia basin in 2017 (23˚52‘03”S and 46˚42‘27”W, 
ca. 700 m a.s.l.), São Paulo, in southeastern Brazil within the atlantic rainforest. It is 51 m deep and 
covers the last 1.5 Ma. Colônia is a crater-like structure with an annular ring of hills reaching up 
125 m and an inner depression characterized by a wetland and alluvial plain that is mainly filled by 
alluvial sediments. Chronological frame was obtained from radiocarbon dating, luminescence, 
paleomagnetism authigenic 10Be/9Be dating and tuning at Milankovitch-scale. We analyzed the 
pollen, charcoal, geochemistry (XRF), and biomarkers from the last three glacial-interglacial cycles 
at the 100-kyr period (MIS 1 to MIS 7) and from four glacial-interglacial cycles at the 40-ka period 
(MIS 45 to MIS 51) in order to reconstruct climatic and vegetation changes of the southern Tropics. 
Differences in fire activity and floristic composition between the two types of cycle and from one 
interglacial to another relate to changes in insolation, Antarctic ice volume, temperature gradient 
which drove the expansion and diversity of the southern tropical forests. 
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Disentangling the impacts of Holocene climate change versus pre- 
Columbian land use upon Bolivia’s ecotonal Amazonian rainforests 

Frank Mayle 

Department of Geography and Environmental Science, University of Reading, UK 

There is a long-standing debate over the relative importance of natural factors versus humans in 
shaping the ecology and biodiversity of Amazonia’s rainforest ecosystems through the Holocene. 
Disagreement stems, in large part, from a lack of cross-disciplinary engagement and difficulties in 
integrating different types of data – spatially, temporally, and taxonomically. 
I draw upon several case studies from ecotonal Amazonian Bolivia to illustrate how – with careful 
site selection (closely integrating palaeoecological, palaeoclimatic, and archaeological data) – 
important insights can be gained into the separate and interactive effects of climate change and 
pre-Columbian land use upon Amazonian ecosystems through the Holocene. Fossil pollen and 
charcoal records from large lakes record broad-scale, climate-driven, rainforest-savanna ecotonal 
shifts and associated changes in natural fire regime over the past 6,000 years. However, nested 
within this regional-scale pattern, palaeoecological records from small ox-bow lakes close to 
archaeological sites reveal the dominant role of humans in controlling forest cover and fire regime 
at the local scale near centres of human occupation and land use. In the seasonally-flooded 
environment of the ‘Llanos de Moxos’ (LM), pre-Columbian ‘earth-moving’ societies domesticated 
much of the physical landscape via a diverse range of artificial earthworks – monumental 
habitation mounds, causeways, canals, raised fields, forest islands, and ring ditches. The extent to 
which these ancient societies also directly impacted their forests – via deforestation or selection of 
useful species – is as yet unclear and an area of ongoing research. However, the creation of 
causeways, raised fields, and habitation mounds has facilitated expansion of flood-intolerant trees 
across the LM following their abandonment, thereby creating novel, anthropogenic forest-savanna 
mosaics, at least at fine spatial scales. This cross-disciplinary research highlights the need to 
consider long-term ecological change, not solely through the lens of natural factors (e.g. 
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An Agent-based model of pre-Columbian land-use in the Monumental 
Mound Region of Amazonian Bolivia 

Joe Hirst 
Joy Singarayer 
Frank Mayle 

University of Reading 
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For decades, the extent to which pre-Columbian (pre-1492 AD) societies were able to modify 
Amazonian environments has been heavily debated. Some of the strongest evidence for landscape 
domestication comes from the Monumental Mound Region of the rainforest-savanna mosaic 
(Llanos de Moxos) of Amazonian Bolivia. Between 400 – 1400 AD, pre-Columbian people 
undertook landscape engineering in this region to produce >150 large habitation mounds, 
interconnected by a complex network of causeways, canals, and lakes. However, little is known 
about how this Monumental Mound Culture utilised and modified the surrounding rainforest and 
savanna ecosystems, as well as the population size that could be supported. Although traditional 
palaeoecological techniques (e.g., fossil pollen analyses) can provide important insights into past 
human activity, only a modelling approach can attempt to quantify the scale of human land-use 
(e.g., deforestation, arboriculture, maize cultivation), estimates of population size, and processes 
underlying human-environment interactions on the landscape. 
Here, we present an exploratory Agent-based model which we developed to generate hypotheses 
regarding the nature and extent of pre-Columbian land-use within the Monumental Mound 
Region. This model primarily focuses upon the extent and spatial distribution of anthropogenically 
altered land under multiple population and land-use scenarios, such as altering the size of human 
populations and enabling/disabling the cultivation of open savanna. To do this, the model 
produces a representation of the pre-Columbian Monumental Mound Region within a virtual 
landscape, parameterised using archaeological, ecological, ethnographic, and topographic data. 
Agent-based simulation approaches are ideal for exploring such human-environment interactions 
because system characteristics (e.g., population, landscape modification) are treated as the 
products of human behaviour operating at the individual scale. As such, model outputs can be 
compared to empirical observations to improve our understanding of the processes underlying the 
system. These outputs can also act as a foundation to guide future palaeoecological and 
archaeological research. 
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A history of plants and people in the rainforests of Surinam 

N.H.Witteveen, C. White, C.N.H. McMichael 

Department of Ecosystem and Landscape Dynamics, Institute for Biodiversity and Ecosystem 
Dynamics, University of Amsterdam, Science Park 904, 1098 GE Amsterdam, Netherlands 

Surinam is the most forested country in the world, but deforestation due to mining activities and 
logging are big threats. Studying the impact of past human activities on the forest will help us 
understand forest recovery dynamics and the long-term effects of past human activities (ecological 
legacies), which is needed for successful forest conservation. Insight into past human activities will 
also increase our understanding of the cultural heritage of the local community, strengthening 
their position to acquire land rights, and protect the forest through a sustainable livelihood. 
Therefore, our ongoing research is the first to study the vegetation history of a Surinamese 
rainforest, near an archaeological site of Maroons – groups descended from escaped slaves. 
Saramaka Maroons have been living in the forests of the Upper Suriname region since the late 
1600s, after escaping coastal plantations. Europeans, Indigenous and Maroons interacted 
frequently during this colonial period. Little is known about the Tropical Rainforest Culture (TRC) 
from Surinam during the pre-Columbian period. To reconstruct the vegetation history, phytoliths 
are studied, which are silica microfossils that remain in the soils after plants decay. Charcoal will 
be analysed to assess the fire history. By June, all data will have been gathered and analysed. 
Preliminary results show Maroon and pre-Columbian human activities, indicated by charcoal from 
past forest fires, an increase of grass phytoliths and phytoliths from disturbance taxa, and the 
presence of cultivars. The fire and vegetation history of 14 forest plots up to 10km away from the 
archaeological site will also be reconstructed and used for comparison, all located nearby the 
Maroon village Botopasi. 
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Late Holocene peatland palm swamp (aguajal) development, carbon 
deposition and environment changes in the Madre de Dios region, 
southeastern Peru 

Wang, B., Hapsari, K.A. , Horna, V. , Zimmermann, R. , Behling, H. 
 

Peatlands in the tropics are an important but unstable carbon pool. They are vulnerable to climate 
change, fire events and human disturbances, and can become a significant carbon source if 
degraded. Therefore, it is important to understand how tropical peatland palm swamps developed 
and identify the drivers of development. We investigated the vegetation dynamics, peat and C 
accumulation in a Mauritia palm dominated swamp (locally called “aguajal”) in the Madre de Dios 
region in southern Peru where thousands of small peatland areas exist. The studied aguajal 
developed probably in shallow water on impervious substrate, perhaps of an abandoned river 
channel or oxbow lake located next to a steep escarpment with terra firme (upland) rainforest and 
floodplain forests. The study site with shallow a open water body between 1380 and 820 cal yr BP, 
changed to a marsh (820–640 cal yr BP). A Mauritia flexuosa–dominated palm swamp that was 
closed–canopy established afterwards (640–300 cal yr BP) which later changed into an open 
canopy and mixed species Mauritia palm swamp (300 cal yr BP to present). Two main changes of 
peat and C accumulation rates were observed:  
 
(1) onset of peat and C accumulation at 820 cal yr BP and 
(2) decrease of peat and C accumulation after 520 cal yr BP. Comparisons of our results with 
palaeoecological records from aguajales in northern Peru suggest that the dynamics of Aguajales 
was different. The peat and C accumulation in our study core in southern Peru was fast, similar to a 
few sites in northern Peru. 
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Tropical burning between paleoecology and ethnoecology: lacustrine 

charcoal x local knowledge to understand the recent evolution of fire 

regimes in response to human and plant migrations in the mesic savannahs 

of Cameroon 

 

In recent years, tropical fire ecology has driven a paradigm shift around burning: the pejorative 

subjectivity of destructive fires has been progressively supplanted by the recognition of fire as a 

livelihood and landscape management tool for local communities and as a key element in the 

evolution and maintenance of fire-prone biodiversity. However, today in Africa, bushfires are still 

considered in terms of environmental degradation and regarding the material and human risks 

they cause. The use of fire thus crystallises conflicts between local communities and institutions, 

herders and farmers, peasants and conservationists, ethnic groups living together on the same 

territory. 

This is the case of the burning practised in the dry season by the semi-nomadic Mbororo 

pastoralists in the mesic savannahs of Adamawa in northern Cameroon, which allows them, 

among other things, to stimulate the regrowth of herbaceous vegetation to feed their cattle. 

Conflicts related to these fires overhang a cultural and identity gap, since the Mbororo are 

considered marginalised by the rest of Cameroon's ethnic groups. This divergence is currently 

tending to fade with the gradual sedentarisation of the Mbororo and the abandonment of 

extensive pastoralism, in reaction to the invasive Chromolaena odorata which has massively 

replaced the herbaceous pastoral resource of the savannah, and to the growing insecurity in the 

bush linked to the conflicts in the north and west of the country. This raises the question of changes 

in fire regimes over the last 50 years in the Adamawa savannahs and their consequences on the 

landscape’s evolution, between migrations and settlements of humans, cows and plants in a post-

colonial context of condemnation of burning. 

In the era of interdisciplinarity, this research proposes to study the evolutionary interactions 

between tropical socio-ecosystems and fire regimes through an approach based on the 

complementarity between paleoecology and ethnoecology, enriched by the contributions of 

remote sensing. The confrontation of lacustrine sedimentary charcoal archives with local 

ecological knowledge related to landscape burning proposes an innovative opening of 

paleoecology to environmental humanities towards the fields of political ecology and conservation 

ecology. 
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Forest dynamics and land-use history in the highland of Sumatra since AD 
200: palaeoecological evidence from Danau Kecil in the Kerinci Seblat National 
Park 
 

Understanding the vegetation dynamics and agroforestry history can provide insight into 
sustainable forest management, local livelihoods, and biodiversity conservation. This study aims to 
provide an understanding of forest dynamics and land-use history in the highland of Sumatra for 
the last 1800 years. Palaeoecology is a helpful tool to reveal the history of vegetation and forest 
transformation. In our study, pollen and spores, non-pollen palynomorphs of glomus spore, macro-
charcoal and XRF scanning analyses were carried out on a sediment core collected from the central 
lake of Danau Kecil in the submountainous area of the Kecinci Seblat National Park in Sumatra, 
Indonesia. The palaeoecological results reveal the evidence of forest transformation from initial 
shifting cultivation to permanent agroforestry system with persistent human-opening forest 
activities for the last 1800 years (since AD 200). Our results show three main phases of tropical 
forest transformation exhibited human-induced activities. The initial human activities in the forest 
were demonstrated by the dominant regrowth pioneer trees Trema and Macaranga along with 
initial Dipterocarpaceae agroforestry since AD 200 followed by Arenga cultivation in AD 400. Since 
AD 500, the agroforestry system with forest-like gardening practices integrating natural forest have 
been established by the presence of Dipterocarpaceae, Arenga and reintroducing substantial 
timbers such as Lithocarpus/Castanopsis and Bischofia. Later, since the mid-18th century (AD 
1760), the permanent agroforestry has been dominated with the expansion of Dipterocarps 
agroforestry (e.g Shorea javanica) for its resins together with some cash crops such as Sugar Palm 
(Arenga). 
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Modern Pollen-Vegetation Relationships in Lowland Rainforest and 
Agricultural Landscapes in Sumatra, Indonesia 

The interpretation of fossil pollen assemblages requires a thorough understanding of pollen- 
vegetation relationships. However, due to high diversity in pollen types and various dispersal 
strategies, tropical pollen data is complex. Although, studies on modern pollen rain in the tropics 
are needed to address paleoecological questions, such studies are still sparse, and none have been 
conducted on pollen-vegetation relationships in lowland Sumatra. Pollen and plant species diversity, 
measured with standard indices, are strongly correlated. Hence, changes in pollen composition 
reflect vegetation change. Pollen traps have been installed in 32 plots of four different land use 
systems as part of the CRC990 EFForTS project. Pollen data of three consecutive years has been 
compared to vegetation data raised in the same plots. Co- correspondence analysis has been 
applied to discover general correlations between both datasets. Furthermore, individual pollen taxa 
have been correlated with their vegetation equivalents to estimate their representativeness. 
Shannon diversity, Bray-Curtis dissimilarity and individual rarefaction have been computed for both 
datasets to allow direct comparison. We found correlations between compositional changes in both 
datasets. The representation of most taxa however was insufficient, with numerous over- or 
underrepresented taxa. Only four pollen taxa showed sufficient correlations with their vegetation 
equivalents and have been well represented in the pollen rain. Strong correlations however could 
be detected between diversity measures of different land use systems, indicating diversity measures 
to be a helpful tool, not only to assess past but also present diversity in the tropics, to monitor 
changes in diversity through time and space. The effect of land use intensity is conspicuous, 
demonstrating reduced palynological geneflow and phenological limitations, especially in oil palm 
plantations. 
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eDNA as tool for environmental impact assessments in tropical ecosystems: 
challenges and opportunities 

eDNA brings the opportunity to integrate unseen diversity such as bacteria and fungi into 
environmental impact assessments projects where this taxa could have a major potential as 
bioindicators of contamination than other taxa. Following an oil spill in an aquatic system in 
Colombia we assessed in two times the impact on diversity of bacteria and fungi in soils, water and 
sediments with a two years delay between surveys. We found a significant diFerence in bacteria 
composition in soils near the accident while no diFerence was found in water and sediments or in 
the diversity of fungi. Some of the bacteria groups that changed significantly have been previously 
reported in polluted soils with oil. This study opened the possibility for national environmental 
authorities to integrate eDNA as a way to generate baselines and monitoring of diversity in 
environmental licenses. Still, major challenges remain to understand how microbial diversity 
changes in space and time, in order to propose accurate sampling designs and refined workflows 
analyses are needed to identify impact bioindicators. 
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Neotropical freshwaters and their associated riparian communities are extremely diversified but 
remain among the most imperilled ecosystems worldwide. Riverine ecosystems are particularly 
sensitive to anthropisation because hydrologic connectivity transfers disturbances downstream by 
transporting matters and pollutants over long distances. Hence, catchment-scale disturbances 
affect local aquatic biodiversity. In addition, terrestrial biodiversity can also suffer from aquatic 
disturbances due to the lateral connectivity between rivers and terrestrial habitats. 
Understanding how anthropogenic disturbances alter biodiversity requires characterizing local 
assemblages, be they aquatic or terrestrial. However, biodiversity measurements often rely on 
selective and destructive methods providing incomplete inventories. This applies especially in 
tropical freshwater ecosystems, where water turbidity, depth, or current velocity impede 
exhaustive assessment of biodiversity. Over the last decade, however, eDNA metabarcoding has 
demonstrated an extensive potential to enhance biodiversity monitoring. 
In Northern Amazonia, we conducted methodological studies to assess the quality, and improve 
aquatic eDNA-based inventories in freshwaters. We first determined the optimal eDNA sampling 
effort and showed that sampling eDNA from 30 litres of water provided more exhaustive pictures 
of the fish fauna than capture-based methods. We then demonstrated the robustness of the eDNA 
metabarcoding method, which was highly replicable even with two distinct sampling protocols. 
We also demonstrated that eDNA inventories allow to retrieve spatial patterns of fish assemblages 
along rivers. Inventories of each site accounted for the local fish fauna, indicating a short travelling 
distance of eDNA in the water and providing similar inventories to those using net capture. We 
finally, extended the aquatic eDNA metabarcoding application to tropical mammals and revealed 
that our sampling protocol is relevant to retrieve the spatial distribution of aquatic and terrestrial 
mammals. 
These methodological improvements of aquatic eDNA-based inventories now invite the design of 
multi-taxa ecological studies, re-assessing the contribution of deterministic drivers to freshwater 
biodiversity assembly rules, and especially anthropisation.. 

Optimising and extending the application field of aquatic eDNA in 
Neotropical freshwaters 
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Thanh V. Nguyen, Andrew Tilker, Jan Axtner, Jörns Fickel, Andreas Wilting 

Thanh V. Nguyen, Andrew Tilker, Jan Axtner, Jörns Fickel, Andreas Wilting: Leibniz Institute for Zoo 
and Wildlife Research, Berlin, Germany 
Thanh V. Nguyen, Andrew Tilker: Re:wild, Austin, TX, USA 
Thanh V. Nguyen: Central Institute for Natural Resources and Environmental Studies, Vietnam 
National University, Hanoi, Vietnam 
Jörns Fickel: Institute for Biochemistry and Biology, University of Potsdam, Potsdam- Golm, 
Germany 

Environmental DNA (eDNA) and invertebrate-derived DNA (iDNA) have been used widely to detect 
species of interest or to assess species diversity in both aquatic and terrestrial ecosystems. The 
main reason for the great increase in eDNA/iDNA studies over the last decade is that it is easy to 
collect samples, so that often thousands of samples can be collected across large spatial scales. 
However, so far, these studies have primarily focused on species detection, and mostly based on 
short barcode fragments. Here, we present opportunities of eDNA/iDNA that go beyond the 
simple detection of species. For this, we collected 651 terrestrial leech bulk samples, including 
4,877 leeches, from multiple tropical forests of the Annamite mountain range in mainland 
Southeast Asia. We first use metabarcoding to screen leech bulk samples for mammalian nucleic 
acids. We then amplified 223– 694 bp fragments of mt- Cytb and/or mt- Dcr for those samples 
which contained DNA of six species which are frequently found in Indochina’s illegal wildlife trade. 
These genetic sequences will improve the current genetic reference database of these often- 
traded species. Due to spatial information of the leech sampling localities, these reference 
sequences can be used to directly support forensic work to determine the origin of confiscated 
wildlife products. For the Annamite striped rabbit Nesolagus timminsi, an endemic and highly 
threatened lagomorph found only in the Annamites, we also sequenced DNA of up to 3,000 bp of 
six mitochondrial DNA loci. These data provide the first insights into the species' genetic diversity – 
information that is urgently needed as conservation stakeholders currently plan to establish a 
conservation breeding population for this endangered lagomorph. In summary, our study provides 
additional applications of eDNA/iDNA that go beyond the detection of species of interest and, 
therefore, can enhance a range of conservation efforts. 

 
 
 

 
 
 

 
 

 
 

Beyond species diversity: potential of eDNA to support against illegal 
wildlife trade and assess genetic diversity 
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Genomic tools for gorilla population dynamics and conservation 

Ettore Fedele 
Dr Jon Wetton 
Prof Mark Jobling 

University of Leicester 

Non-human great ape species are key to the maintenance of healthy ecosystems that support 
millions of people. Despite their ecological importance, great apes are globally under threat due to 
habitat loss and fragmentation, hunting, and illegal wildlife trade. Therefore, monitoring changes 
in populations is of primary importance in order to develop effective action plans and assess the 
effectiveness of current conservation measures. The development of novel techniques for 
individual identification in population studies represents a cornerstone in ecological research. In 
this context, field genomics, as a relatively new discipline, has the potential to effectively support 
the conservation and monitoring of the species around the world. 
This project aimed to develop a portable laboratory system for DNA analysis for in situ gorilla 
individual and sub-species identification. Owing to the difficulties inherent in studying elusive 
species such as gorillas in the wild, we developed a robust autosomal SNP marker panel that is 
suited for analysis of degraded DNA in non-invasive samples (e.g. faeces and hair). This, used in 
tandem with the Oxford Nanopore Technology™ (ONT) MinION™, facilitates rapid in-field 
sequencing, validated using samples provided by collaboration with Twycross Zoo and the Aspinall 
Foundation. The simplicity, portability, and affordability of this technology, should allow 
researchers to conduct non-invasive DNA analysis virtually anywhere and assess population 
dynamics and structure in wild gorillas while offering support to the fight against poaching and 
illegal wildlife trafficking. 

 

 
Session : 11. e-DNA in the tropics 

 

 

 
 

 
 

 
 



Johan Pansu - France 

 

148 
 

Fecal DNA metabarcoding reveals cryptic niche differentiation structuring 
diverse large-herbivore assemblages in African savannas 

Johan Pansu [1,2] 
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T. Michael Anderson [3] 
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Ecological niche differences are necessary for stable coexistence, yet nature is full of 'apparently' 
ecologically similar species. Diet is a likely source of cryptic niche differentiation but high- 
resolution dietary data remain scarce—even for the world’s best-studied species—clouding our 
understanding of how communities are organized. We used fecal DNA metabarcoding to conduct 
the first taxonomically explicit large-scale analysis of large-herbivore diets in Africa, analyzing 
~4,000 fecal samples of 30 species from 10 savanna ecosystems. We explored this dataset for 
general patterns in herbivore diet composition and diversity. Our study showed multiple evidences 
supporting the overarching hypothesis that food-plant partitioning is a general mechanism 
stabilizing herbivore coexistence and governing trophic-network structure in savannas. 
We detected 893 food-plant taxa from 124 families, but just two families—grasses and legumes— 
accounted for the majority of most herbivores’ diets. Nonetheless, species almost always 
partitioned food-plant taxa. This pattern manifests not only among distant relatives, but also 
between ecologically similar species: diet composition differed significantly in 97% of pairwise 
comparisons between sympatric species. However, food-plant partitioning is weakest in 
nonequilibrial systems marked by severe perturbations because of a weak predation risk and/or 
strong competition within a few numerically dominant species that lead to intraspecific niche 
expansion and thus to high interspecific overlap. Finally, we showed that browsers exhibit stronger 
food-plant partitioning than grazers which affects food-web architecture: grazer-dominated food- 
web typically exhibited lower modularity and higher level of nestedness. 
By using DNA metabarcoding to quantify the diets of large herbivores across 10 southeastern 
African ecosystems, we identify several generalities in diet composition and trophic-network 
structure. Our high-resolution study revealed cryptic but robust patterns governing community 
organization. Chiefly, we demonstrated that interspecific differences in diet composition are 
consistent in space and time, and that such dietary niche differentiation contribute to stabilizing 
coexistence in diverse tropical assemblages. 

[5] Centre for African Conservation Ecology, Nelson Mandela University, Port Elizabeth, South Africa 
[6] Niassa Carnivore Project, Niassa National Reserve, Mozambique 
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[9] School of Natural Resources, Dept. of Zoology & Aquatic Sciences, Copperbelt University, Kitwe, Zambia 
[10] CEFE, Univ. de Montpellier, CNRS, EPHE, IRD, Montpellier, France 
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Sweden 
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[14] Mpala Research Centre, Nanyuki, Kenya 
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Dissecting an ecosystem inside an ecosystem: organisms associated to an 
ant-plant mutualism 

Verónica Barrajón-Santos (1,2), Maximiliam Nepel (1,2), Bela Hausmann (2), Dagmar Woebken (2) 
and Veronika Mayer (1) 

(1) Division of Structural and Functional Botany, Department of Botany and Biodiversity Research, 
University of Vienna 
(2) Division of Microbial Ecology, Centre of Microbiology and Environmental Systems Science, 
University of Vienna 

Ant-plant associations have turned out to be multi-species networks involving different organisms. 
One of the most widespread associations in the Neotropics is the pioneer Cecropia tree and its 
partner Azteca spp. ants. Like other tropical ant species, Azteca ants continuously make patches of 
accumulated organic matter in the nest chambers inside the hollow stem of the tree. The founding 
colony queen forms the first patch and inoculates it with bacteria, fungi and nematodes brought 
from the mother colony. It is still unclear whether Azteca ants benefit from patch communities; 
however, it has been shown that fungi from patches are fed to larvae in other ant-plant 
associations. To elucidate their potential function in the system, a complete overview of organisms 
inhabiting patches is needed. In this investigation, we analysed the composition and diversity of 
patch communities from 65 colonies of three different Azteca species inhabiting Cecropia in 
Southern Costa Rica. By amplicon sequencing of 16S rRNA, ITS region and 18S rRNA markers, we 
observed that patches are inhabited by a notably high diversity of bacteria and fungi while a few 
genera of nematodes. Bacterial and fungal communities in patches alter along with the growth of 
the ant colony, represented by a significant increase of alpha diversity when comparing patch 
communities from initial and established colonies. Bacterial taxonomic profiles are more stable 
between ant colonies than fungal profiles, suggesting that fungal communities are influenced 
more by the environment. Based on taxonomy, we suggest close interactions between patch 
members, such as nematodes feeding on bacteria, predation of nematodes by fungi, and fungi and 
bacteria harbouring organic matter degradation capabilities that might release nutrients to other 
patch members. This study reveals complex community structures in ant-made patches and 
provides the bases for understanding ecological interactions between members of the 
macroscopic and microscopic ant-plant ecosystems. 
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Dung Beetle Diets and Forest Regeneration 

Karen Marie Pedersen, Jan Johann, Jörg Müller, 
Christoph von Beeren, and Nico Blüthgen 

Technischer Universität Darmstadt (Karen Marie Pedersen, Jan Johann,Christoph von Beeren, and 
Nico Blüthgen), and University of Würzburg (Jörg Müller) 

Dung beetles (Scarabeinae) are present on all continents except Antarctica, and provide many 
important ecosystem services such as, nutrient recycling, soil aeration, improved biodiversity of 
soil microbiome, improved nitrogen transport to soil, parasite and pathogen control, and they 
function as secondary seed dispersers. Scarabeaniae or the dung beetle subfamily has ~6000 
species and 200 genera, of those ~1,200 species are found in the Neotropics, though this number 
will likely increase with more comprehensive biodiversity studies. Dung beetles are sensitive to 
both deforestation because of their sensitivity to microclimatic changes and to defaunation 
because they depend on some of the more vulnerable mammals for food. Though the diets of 
dung beetles include dung, rotting fruit, carrion, among other things. The most common method 
used in dung beetle studies is pitfall trapping, which measures attraction but eliminates many 
natural variables, such as acceptance of dung, competition for dung, natural size of dung, and a 
limited number of bait types (e.g many fewer baits than mammal species in the forest). These 
limitations could be resolved with a more direct study of dung beetle diets. While pitfall trapping 
may not measure fine-scale diet it can be used to gain a rough understanding of the overall diet 
composition of dung beetles. We have measured the diet breadth of 12 dung beetle species, with 
baits of cow dung, rotten meat, rotten banana, and decomposing milliped. 
We also extracted mammal DNA from dung beetle guts to understand the role mammals play 
dung beetle diets more precisely. We wash and dissect the beetles then extract the DNA and 
amplify target mammal DNA from the guts using mammal specific primers for 12s and 16s 
mitochondrial genes. We captured a subset of the mammal community captured by a camera trap 
study, though there is a higher representation of terrestrial mammals. 
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Andreas Wilting 1, Niccolò Alfano 1,2, Anisha Dayaram 3,4, Jan Axtner 1, Alex D. Greenwood 3,5 

Environmental DNA (eDNA) and invertebrate-derived DNA (iDNA) are used to survey biodiversity 
non-invasively mitigating difficulties obtaining wildlife samples, particularly for rare species or in 
remote tropical rainforests. Recently, eDNA/iDNA were used to monitor specific wildlife 
pathogens. However, previous studies focused on known pathogens, however, most wildlife 
pathogens are unknown and often evolutionarily divergent. Particular in the tropics viral diversity 
remains poorly understood, while spillover opportunities are greatest because of the human- 
nature interfaces. Here we show that both waterhole eDNA and leech derived iDNA can be used to 
detect unknown viruses circulating in mammalian hosts. To detect and identify known and novel 
mammalian viruses from these eDNA/iDNA sources we used a curated set of RNA oligonucleotides 
as viral baits in a hybridization capture system coupled with high throughput sequencing. We 
detected multiple known and novel mammalian RNA and DNA viruses from multiple viral families 
from both waterhole eDNA and leech derived iDNA. Congruence was found between detected 
hosts and viruses identified in leeches and waterholes. One of the viruses detected is a novel clade 
in the Coronaviridae, associated in 14 of 16 leech samples with Southeast Asian deer species 
(Cervidae) represented in the extracted nucleic acids. Our results demonstrate that eDNA/iDNA 
samples represent a powerful and effective non-invasive resource for studying wildlife viral 
diversity and for detecting novel potentially zoonotic viruses prior to their emergence. 

1 Department of Ecological Dynamics, Leibniz Institute for Zoo and Wildlife Research, Alfred- 
Kowalke-Str. 17, 10315 Berlin, Germany 
2 Department of Biodiversity & Molecular Ecology, Fondazione Edmund Mach, Research and 
Innovation Centre, Via Edmund Mach 1, 38010 San Michele All'adige (TN), Italy 
3 Department of Wildlife Diseases, Leibniz Institute for Zoo and Wildlife Research, Alfred- 
Kowalke-Str. 17, 10315 Berlin, Germany 
4 Charité-Universitätsmedizin Berlin, corporate member of Freie Universitäts Berlin and 
Humboldt-Universität of Berlin, Institut für Neurophysiologie, Berlin, Germany 
5 Department of Veterinary Medicine, Freie Universität Berlin, Robert-von-Ostertag-Str. 7- 
13, Berlin 14163, Germany 
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Anthelme Fabien, Ibanez Thomas 

The study of the distribution of biota in tropical islands, including true islands (isolated 
by water) and terrestrial habitat islands (isolated by a matrix of dissimilar habitats) have 
historically provided considerable insights into ecology and evolution, as evidenced by 
the work of A. von Humboldt, C. Darwin, A. R. Wallace and S. Carlquist. In addition to 
fuelling new ecological theories and concepts, tropical islands feature rich, unique, and 
threatened biota that remain understudied when compared to continental or 
temperate systems. One of their specific features as tropical systems is to allow the 
coexistence of taxa of various biogeographic origins -north, south, local- in the same 
communities. Another feature is the presence of extended elevation gradients, from sea 
level to 4000 or even 5000 m a.s.l. at some places, where life can find long-term refuges 
during climatic oscillations and, thus, increase the isolation effects of islands on species 
diversity and speciation. The oceanic islands benefit from another type of refuge from 
climatic oscillations by the fact that their climate is buffered by the oceanic influence. 
The objective of this session is to present and discuss ecological processes and patterns 
shared by different island-like systems through the tropics. To do this, we want to bring 
together scientists working in tropical islands regardless of the scale at which they work 
and the type of organism they study. This session is twinned with the session entitled 
“mountain biogeography”. To promote the complementarity between the two sessions 
we focus here on isolation effects on biodiversity, primarily. 
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Taxonomic and functional diversity of African mountaintop bryophytes: 

a comparison between continent, continental Island and oceanic Island 

communities. 

Claudine Ah-Peng1, Nicholas Wilding1,2, Lovanomanjanahary Marline1, Terry Hedderson2, 

Itambo Malombe3, Henri Muchura5, Sarah Nekesa6, Min Chuah-Petiot6, Jacques Bardat4, 

Dominique Strasberg1, Olivier Flores1 

1 University of La Réunion, UMR PVBMT, Pôle de Protection des Plantes, 7 Chemin de l’ IRAT, La 

Réunion, France 

2University of Cape Town, Biological Sciences, Private Bag X3, 7701 Rondebosch 
3National Museums of Kenya, Nairobi 
4Muséum National d’Histoire Naturelle, UMR 7205, 57 rue Cuvier CP39, 75005 Paris, 
France 5Technical University of Kenya, Haile Selassie Ave, Nairobi, Kenya 
6University of Nairobi, Botany department, P.O. Box 30197, GPO Nairobi, Kenya 

Increasing temperature endangers tropical subalpine and alpine ecosystems around the world 
with the threat of mountaintop extinctions and a subsequent loss of biodiversity and 
ecosystem functions. In these high altitude habitats, bryophytes often dominate both plant 
diversity and biomass. Community assemblage in these harsh environments is the result of the 
positive or negative filtering of traits with some adaptive value. 

This study examines three summits in sub Saharan Africa: Mount Kenya, Marojejy summit in 
Madagascar and the Piton des Neiges in La Réunion. It provides the first assessment of bryophyte 
diversity and distribution in two major microhabitats: epiphytic and ground-dwelling. A 
presentation of the common species and a comparison of the species richness to their functional 
diversity will be characterized along the elevational gradients (continental, continental island and 
oceanic island). We expect bryophytes with specific leaf attributes and colouration, adapted to 
more xeric environments and a dominance of mosses over liverworts. A comparison of bryophyte 
species richness and functional diversity along this short latitudinal gradient (0° to 21° S), 
sampled from the standardized BRYOLAT methodology, will allow a better understanding of 
bryophyte community assemblage in the subalpine and alpine systems of the tropics. 
These afro-Alpine, non vascular plants are also under threat from global change as there will be 
nowhere to escape from the mountaintops if temperature and aridity increase. Their role in 
ecosystem functioning is important notably in soil erosion, soil temperature and as hosts for 
other organisms. This study will contribute towards the understanding of the resilience of these 
bryophyte communities, providing baseline information for their use as sensitive, early indicators 
of change. 
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Island plant functional diversity in resource use traits 

Kasey Barton and Claire Fortunel 

University of Hawaii at Manoa 

Island floras differ from continental floras due to biotic disharmony and high rates of endemicity. 
For some islands, low species richness is predicted to correspond to low functional diversity and 
relatively weak interspecific competition, leading to slow-growing and conservative resource-use 
strategies. This prediction has considerable indirect support from the widespread displacement of 
native island plants by vigorous invasive species from continents. Nonetheless, a trait-based 
approach could provide a more mechanistic understanding of island plant resource-use strategies, 
and potentially reveal functional dimensions poorly occupied by island species. We explore this 
predicted island plant syndrome through a global synthesis of resource-use functional traits in 
island plants. Using systematic review methods, we identified relevant literature, extracted island 
plant functional trait data, and analyzed the functional diversity and trait variation. Using these 
approach, we describe extensive variability in resource-use functional traits of island plants, 
revealing weak support for the prediction that island plants generally occupy the conservative end 
of the resource-use spectrum. 

 

Kasey Barton - États-Unis 

 
 

Session : 12. Biodiversity and ecology of oceanic and terrestrial tropical islands 
 

 

 
 

 
 

 
 



 

157 
 

Approaching inselberg biodiversity conservation through plant growth and 

dispersal strategies 

Luiz Bondi; Camila Maistro Patreze; Ricardo Pereira Louro; Laura Jane Moreira Santiago 

1- Luiz Bondi (Universidade Federal do Estado do Rio de Janeiro, Department of Botany, 

Brazil; Universität Rostock, Department of Botany, Germany); 

2- Camila Maistro Patreze (Universidade Federal do Estado do Rio de Janeiro, Department 
of Botany, Brazil); 
3- Ricardo Pereira Louro (Universidade Federal do Rio de Janeiro, Department of Botany, Brazil); 
4- Laura Jane Moreira Santiago (Universidade Federal do Estado do Rio de Janeiro, Department 
of Botany, Rio de Janeiro, RJ, Brazil) 
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Growth and dispersal strategies are expected to impact the fitness of plant species' individuals, 
influencing species geographical distributions and ecological niches. Functional traits are often 
used to describe those strategies, and the extent of the impact of traits in the organism's fitness is 
supposed to be highly context-dependent. For this reason, a deeper understanding of those 
strategies can be very useful for conservation efforts in threatened ecosystems, such as 
inselbergs. Inselbergs are conservation-neglected island-like rock outcrops, which drier 
microclimatic conditions distinguish them from the surrounding vegetation. This study aimed to 
examine the influence of species growth and dispersal strategies on their distribution and 
ecological niche, evaluating their potential use to assess inselberg plants' conservation. Here, we 
tested the hypothesis that lithophytes and autochoric species are related to narrower geographic 
distributions and niche breadths, thus exhibiting higher endangerment odds. Using the Sugarloaf 
Rock Complex inselbergs as a study model, species were classified according to their growth form 
and dispersal syndrome to describe their growth and dispersal strategies. The species' 
geographical range and niche breadth were estimated to assess their geographical distributions 
and ecological niche aspects. At last, the endangerment odds of inselberg species from different 
growth and dispersal strategies were calculated according to species inclusion on conservation 
lists. We observed significant differences in species geographical ranges, niche breadths, and 
endangerment odds when growth strategies were taken into account. That was because 
lithophytes were related to more restricted geographical ranges, narrower niche breadths, and 
positive endangerment odds. However, no significant differences could be observed when 
considering species' dispersal strategies. The results lead us to conclude that growth strategies are 
better proxies to evaluate inselberg plants' conservation than dispersal strategies. Besides, 
lithophytes should be viewed as critical species for conservation and should be protected by the 
establishment of integral protection areas on inselbergs. 
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Ant-associated plants are overrepresented on islands 

Yangqing Luo1, Amanda Taylor1, Patrick Weigelt123, Benoit Guénard4, Evan Economo5, 

Holger Kreft12 

1Biodiversity, Macroecology & Biogeography, Faculty for Forest Sciences & Forest 

Ecology, University of Göttingen, Büsgenweg 1, 37077 Göttingen, Germany. 

2Centre of Biodiversity and Sustainable Land Use (CBL), University of Göttingen, Büsgenweg 1, 
37077 Göttingen, Germany. 
3Campus-Institut Data Science, Göttingen, Germany. 
4Insect Biodiversity and Biogeography Laboratory, School of Biological Sciences, The University 
of Hong Kong, Pok Fu Lam Rd, Lung Fu Shan, Hong Kong SAR, China. 
5Biodiversity and Biocomplexity Unit, Okinawa Institute of Science and Technology 
Graduate University, 1919-1 Tancha, 36, Onna, Okinawa, 904-0495, Japan. 

Variation in the diversity and composition of species and functional traits on islands provides 
important insights into dispersal, environmental and biotic constraints acting on island plant 
assemblages. Indirect defence of plants mediated by domatia and extrafloral nectaries (EFNs), for 
example, are traditionally hypothesized to be underrepresented on islands compared to mainland 
regions, as plants are released from herbivory pressure and lack mutualist partners. However, 
recent studies have identified new records of domatium- and EFN-bearing plant species on 
islands. Based on a novel database linking species distribution and ant-plant mutualisms, we 
analyse the distribution and underlying drivers of native plants bearing domatia and EFNs across 
350 islands and 373 mainland regions. Domatium-bearing plants exhibited no differences in their 
proportional representation to all angiosperms between mainland and islands, while EFN-bearing 
plants were overrepresented on islands. The high prevalence of EFN plants on tropical islands was 
not affected by the presence of native arboreal ants that interact as a mutualist partner, possibly 
due to high herbivory pressure and the presence of alternative mutualist partners (e.g., wasps, 
beetles). We also found limited occurrences of domatium-bearing plants on islands without native 
ants, suggesting biotic filters might be strong constraint on obligate interactions. These findings 
highlight an overrepresentation of plant indirect defence on islands and the importance of biotic 
filters in shaping insular plant assemblages. 
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Latitudinal variation of temperature resistance in alpine plants - 

are mountain passes higher in the tropics? 

Petr Sklenar, Ricardo Jaramillo, Suzanne Sivila Wojtasiak, Rosa Isela Meneses, Priscilla Muriel, 

Adam Klimeš 

Charles University, Prague 

Universidad Mayor de San Andrés 

Pontificia Universidad Católica del Ecuador 
Institute of Botany, Czech Academy of ScŝĞŶĐĞƐ͕ dƎĞďŽŸ 

Mountains are centres of diversity and knowledge of how the thermal tolerance of high-elevation 
species varies in time and space is important for understanding how climate changes may affect 
species distribution and community composition. We examined seasonal variation of resistance to 
frost and heat in leaves of 82 vascular plant species from thermally aseasonal tropical (Ecuador, 
Bolivia) and thermally seasonal temperate (USA, Austria) alpine habitats. Temperate alpine 
species tend to be more resistant to both temperature extremes, i.e., frost and heat, and thus 
have moderately wider thermal tolerance breadth (TTB) compared to tropical alpine species. A 
moderate seasonal acclimation ability is observed in both groups of plants, although the greatest 
acclimation is observed in temperate alpine species against freezing. Temperate alpine species 
have significantly wider latitudinal distribution ranges than tropical alpine species, which is not 
related to the differences in TTB. Physiological constraints related to limited acclimation ability 
coupled with restricted geographic distribution of tropical alpine plant species suggest that the 
high-elevation flora of tropical mountains are particularly vulnerable to the effects of climate 
change. 
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Species richness and composition of Caribbean aquatic entomofauna: 

role of climate, island area, and distance to mainland 

Chevelie CINEAS and Sylvain DOLEDEC 

1- Université d'Etat d'Haiti and Université Claude Bernard Lyon 1 

2- Université Claude Bernard Lyon 1 

From a literature review, a database of >1000 aquatic insect species (especially Odonata, Coleoptera, 

Trichoptera, Ephemeroptera) was constructed in 26 Caribbean geographical units (Caribbean islands), 

and we quantified associated local filtering (climate heterogeneity, rainfall, temperature), 

geographical and geological variables (area, distance from the mainland, ontogeny). We further 

investigated the relative role of these variables on the species richness, endemism and composition of 

the units using generalised linear modelling and nonmetric multidimensional scaling. In addition, we 

analysed the spatial patterns of species richness and composition using Moran’s I index. SAR generally 

demonstrated one or two thresholds and continuous or discontinuous responses as a function of 

groups. SIE could be detected for the overall, Trichoptera and Ephemeroptera richness whereas other 

groups demonstrated differences in slope between smaller and larger highlands. In addition, area, 

climate heterogeneity and maximal rainfall and distance from mainland, were major drivers of species 

richness and composition whereas local climate variables were the main driver for the endemism rate. 

Due to the potential geological complexity of the Caribbean island ontogeny and contrasting with 

expectations, older islands had a higher richness than younger ones. Finally, the degree of colonisation 

of islands was found linked to the dispersal ability of species Odonata and Coleoptera having larger 

distribution than Trichoptera and Ephemeroptera. The high endemism found in the Caribbean 

freshwaters calls for the greatest care in managing such threaten environments. 
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Species richness and community structure of bats along a forest 

elevational transect in Papua New Guinea 

Elise Sivault (1,2), Pita K. Amick (3,4,5), Kyle N. Armstrong (6,7), Vojtech Novotny (1,2), Katerina 

Sam (1,2) 

(1) Faculty of Science, University of South Bohemia, Branisovska 1760, 370 05 Ceske Budejovice, 
Czech Republic, (2) Biology Centre of the Czech Academy of Sciences, Institute of Entomology, 
Branisovska 31, 370 05 Ceske Budejovice, Czech Republic, (3) Biological Science Division, 
University of Papua New Guinea, PO Box 320, Papua New Guinea, (4) The New Guinea Binatang 
Research Centre, PO Box 604, Madang, Papua New Guinea, (5) Amick Environmental Consulting, 
PO Box 1179 Mt Hagen, 511 Western Highlands Province, Papua New Guinea, (6) University of 
Adelaide, North Terrace, Adelaide, South Australia 5005, (7) South Australian Museum, North 
Terrace, Adelaide, South Australia 5000. 

Over the past decades, elevational gradients have become a powerful tool with which to 
understand the underlying cause(s) of biodiversity. The Mt. Wilhelm elevational transect is one 
such example, having been used to study the birds, insects, and plants of Papua New Guinea 
(PNG). However, a survey of mammals from this complete forest elevational transect was lacking. 
We thus aimed to investigate patterns in the community structure and species richness of bats 
(Chiroptera) along the transect, link the species to available regional data, and explain the 
observed patterns by including environmental characteristics. Bat communities were surveyed 
between 200 m and a timberline at 3,700 m a.s.l. at eight study sites separated by 500 m in 
elevation. We conducted mist-netting and acoustic surveys to detect and identify species at each 
site. Regional data were compiled to compare local with regional diversity. Finally, biotic (i.e. food 
availability, habitat features) and abiotic (i.e. temperature, available area) factors were included in 
our analyses to disentangle the ecological drivers underlying bat diversity. Results revealed that 
species richness decreases with ascending elevation and was best explained by a corresponding 
decrease in both available area and temperature. We also observed community turnover along 
the transect at local and regional scales, along with the increase of elevational ranges of the bat 
species. However, a few species were found only at high elevations, which might be a 
methodological issue or a recent acclimation to climate change. Consequently, despite the study 
was restricted to one mountain in PNG, it outlines how the results of basic inventory surveys can 
be used to address ecological questions in other similar and undisturbed tropical mountains. 
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Patterns, drivers, and implications of changing coral 

competitive performances across reef environments 

Mohsen KAYAL, Mehdi ADJEROUD 

IRD - UMR ENTROPIE 

Amidst global environmental changes, predicting species responses to future environments is a 
critical challenge for preserving biodiversity and associated human benefits. We explored the 
original idea that coral competitive performances, the ability of corals to preempt ecological 
space on the reef through territorial warfare, serve as indicators of species’ ecological niches and 
environmental windows, and therefore, responses to future environments. Our surveys indicated 
that coral performances varied with taxonomic-identity, size, and position along environmental 
gradients, highlighting complex interplays between life-history, warfare-strategy, and niche 
segregation. Our results forewarn that growing alterations of coastal environments may trigger 
shifts in coral dominance, with decline of major reef-building taxa like acroporids, and underscore 
the importance of restraining human impacts for coastal resilience. Our empirical approach 
untangles the complexity of species’ battle-like interactions and can help identify winners and 
losers in various communities caught in the interplay between ecological niches, environmental 
windows, and global changes. 
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Drivers of liana biogeographical patterns in tropical forests 

Geertje van der Heijden, Oliver Baines, Chris Chandler et al. 

University of Nottingham, UK 

Lianas (woody vines) are an abundant and diverse life form particularly in tropical forests, where 
they influence many ecosystem processes. There is now compelling evidence that lianas reduce 
the ability of tropical forests to absorb and store carbon. These liana-induced effects on the 
carbon balance of tropical forests probably differ across forests. However, although liana 
distributions vary considerably both spatially and temporally between forests, the drivers of 
broad-scale variation in liana distributions remain elusive. Making generalisations about the liana- 
induced effect on carbon dynamics of tropical forests is therefore difficult. Increasing our 
knowledge about what drives spatial and temporal distributions in liana abundance across tropical 
forests will therefore improve our understanding of liana ecology and biogeography and the 
functioning of tropical forests in the future. 
Using a pantropical dataset consisting of ~400 primary forest plots containing lianas, we assessed 
biogeographical liana distributions and their drivers across the tropics. Preliminary analyses 
indicate broad-scale differences in liana infestation (i.e. percentage of trees infested with lianas) 
between continents, with liana infestation being highest in South-East Asian forests compared to 
South American forests. Within South American forests, liana infestation appears to be most 
strongly related to tree mortality rates. These preliminary results therefore suggest that spatial 
variation in liana infestation may be driven predominantly by disturbance events. Future increases 
in tree mortality rates in tropical forests, as is predicted, may therefore increase liana pressures on 
tropical forests with potential knock-on effects on the tropical carbon balance. 
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Reach capacity and mechanical architecture of searcher shoots in climbing 
plants 

Tom Hattermann, Patrick Heuret, Nick P. Rowe 

UMR AMAP (CNRS & INRAe) 

Climbing plants need to reach supports and position their leaves for light capture. Vines and lianas 
develop a large diversity of self-supporting shoots among diverse species and different kinds of 
attachment. A searcher’s reach is a crucial trait for colonizing supports in complex 3-dimensional 
spaces. We explore the reach capacity and diversity of searcher shoots among representative 
temperate and tropical climbing plants. We investigate the overall range of variation between 
short- and long-reach searchers; the mechanical and anatomical organizations underlying reach 
capacities; how searcher architectures are linked to different climbing strategies such as stem 
twining, tendril climbing, root climbing and branch-angle-hook climbing. We investigated reach 
and mechanical and anatomical organizations (stem rigidity and stiffness, stem and tissue 
geometry) in 29 climbing plant species from temperate and tropical habitats. Searchers show a 
wide range of maximal reach per species from 0.1 to 2.5 m. Flexural rigidity (EI) at the base of 
searchers increased with reach length; overall this increase was proportional although some 
longest-reaching shoots develop proportionally thinner searcher bases with higher stiffness 
(structural Young’s modulus (Estr) than shorter-reach shoots. Bases of short-reach searchers rely 
more on primary tissues compared to long-reach shoots, which rely more on wood production. We 
identified different mechanical architectures for a given reach capacity across all species. These 
are linked to different kinds of attachment mechanism, support foraging and possibly leaf display. 
Plants attaching by twining of the main stem, showed a wide range of reach capacity. They also 
developed lighter, more slender, less rigid, but generally relatively stiff (higher Estr) shoots 
compared with tendril climbers and branch-angle-hook climbers. 
Differences in the mechanical architecture of searcher shoots in climbing plants are informative 
for understanding how diverse climbing plant species explore and colonize different kinds of three- 
dimensional spaces. This is a key feature that distinguishes different habitat 
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Non-random host colonization in the Neotropical liana Marcgravia longifolia 

(Marcgraviaceae) 
 

Eckhard W. Heymann, Sarina Thiel, Filipa M. D. Paciência, Milagros N. Rimachi 

Taricuarima, Ricardo Zárate Gómez, Ney Shahuano Tello, Katrin Heer, Holger Sennhenn-

Reulen, Roger Mundry 
 

Do tropical lianas colonize host trees randomly or do they exert host selection? This is not 

simply an academic question but has implications for the structure of tropical rainforests, 

particularly if colonization by lianas impacts host fitness. In this study, we present 

evidence that the Neotropical liana Marcgravia longifolia (Marcgraviaceae) colonizes 

hosts non- randomly. We identified host trees to species or genus level for 87 of the 100 

M. longifolia individuals found in the study are of the Estación Biológica Quebrada Blanco 

(EBQB) in north- eastern Peruvian Amazonia. Data on host availability were taken from two 

1-ha plots sampled at EBQB as part of a large-scale tree inventory in western Amazonia. Of 

the totally 88 tree genera with ≥2 individuals present in the inventory, 18 were 

represented amongst hosts. Host genera with a probability of colonization higher than 

expected by chance were Eschweilera (Lecythidaceae), Hymenaea (Fabaceae), Brosimum 

(Moraceae), and Pouteria (Sapotaceae). These findings suggest that M. longifolia exerts 

host selectivity at least to some degree, but he mechanisms for this are completely 

unknown. Given the large number of animal species (41 bird species, 3 primate species) 

that are dispersing the seeds of M. longifolia and that have diverse ecological strategies, 

directed seed dispersal is unlikely to account for the observed patterns of host 

colonization. 
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The contributions of lianas to tropical tree mortality 

Eva Arroyo, Marco Visser, Joseph Wright, Helene Muller-Landau 

Columbia University, Princeton University, Smithsonian Tropical Research Institute, Smithsonian 
Tropical Research Institute. 
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Background/Question/Methods 
Lianas are a distinguishing feature of tropical forests. Previous studies have found decreased 
growth and increased tee mortality in areas with high liana abundance, resulting in changes in 
forest structure such as lower biomass and tree height. Despite their demonstrated impact on tree 
growth and mortality, lianas remain largely unincorporated in many forest carbon models. We 
investigated the proportion of tree mortality that is attributable to lianas – specifically defined as 
the excess mortality among liana-infested trees, as a proportion of all tree mortality. We used data 
on species identity, liana infestation status and tree survival from repeat censuses within tropical 
forest dynamic plots in Pasoh Forest Reserve in Malaysia. Calculating the proportion of tree 
mortality due to lianas is complex for two reasons. First, liana infestation status and mortality rates 
are often confounded by other factors; for example, shade-tolerant tree species with low 
background mortality rates often have high prevalences of liana infestation. Second, liana 
infestation status of individual trees changes over time as trees gain and lose lianas, and datasets 
on tree mortality of infested vs. uninfested individuals often have long time lags between the 
observation of infestation status and the observation of survival or mortality. We addressed these 
challenges by applying a hierarchical Bayesian model with random effects for species, and 
incorporating a Markov transition model explicitly fitting the rates at which trees gain and lose 
lianas. 
Results/Conclusions 
Wre found that more than 25% of the total mortality of trees greater than 30 (Pasoh) cm in 
diameter was due to lianas. Interspecific variation in the proportion of mortality due to lianas was 
high in both forests. Species with higher baseline mortality rates also had higher liana-induced 
mortality rates, consistent with previous findings that light-demanding species are less tolerant of 
liana infestation. Given the high percentage of liana-attributable tree mortality, 
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Local forest structure drives liana community structure, functional and 
floristic composition in a moist forest of northern Congo 

Begüm Kaçamak, Maxime Réjou-Méchain, Nicolas Barbier, Samantha Bazan, Eric Forni, Daniel 
Guibal, Grace Jopaul Loubota Panzou, Vivien Rossi, Nick Rowe, Isaac Zombo, Sylvie Gourlet-Fleury 

- AMAP, Univ. Montpellier, IRD, CNRS, CIRAD, INRAE, Montpellier, France. 
- Cirad, UPR Forêts et Sociétés, Montpellier, France 
- Cirad, UMR Selmet, F-34398 Montpellier, France 
- Cirad-PERSYST-UPR BioWooEB, Montpellier, France 
- Faculté des Sciences et Techniques, Université Marien Ngouabi, Brazzaville, République du Congo 
- Plant Systematic and Ecology Laboratory, Department of Biology, Higher Teachers’ Training 
College, University of Yaoundé I, Yaoundé, Cameroon 
- CIB-Olam, BP 41 Ouesso, Republic of Congo 

Lianas are an important component of tropical forests. However, it is increasingly recognised that 
they are not an homogeneous group of plants and may therefore respond differently to 
environmental factors. Understanding how liana community floristic and functional compositions 
vary in space and along environmental gradients, can thus bring important insights on the 
differential responses of liana species to different environments. Here, we assessed the drivers of 
liana community structure and of their floristic and functional composition, using stem and leaf 
functional traits, focusing on the role of local topography, forest structure and tree composition in 
a tropical dense forest located in North Congo. We inventoried all lianas with a diameter ≥ 1 cm in 
144 quadrats of 20x20 m2, located in four 9-ha permanent plots where all trees ≥ 10 cm at 1.3 m 
are yearly censored. We acquired LiDAR data over the permanent plots using drone platforms to 
determine canopy openness and local topography. We additionally measured the specific leaf 
area, leaf thickness, leaf concentrations of C, N, PO4 and K, and the stem wood infradensity of 
most liana taxa. We found that liana abundance and composition significantly vary with forest 
structure. Liana abundance decreases with the relative abundance of large trees and the mean 
wood density of tree stands, while it increases in canopy openings that are not dominated by giant 
herbs. Liana floristic and functional compositions mostly vary according to the local forest 
structure and the mean wood density of tree communities. Thus, liana abundance, floristic and 
functional composition strongly depend on the local successional stage of the forest. 
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Faculty of Environment, Kasetsart University, 50 Ngamwongwan Road, Jatujak, Bangkok 10900, 
Thailand. 

Lianas may play a key role in arresting forest succession and carbon sequestration particularly 
during an early stage. Nonetheless, studies of liana succession remains relatively little compared to 
trees, and they are biogeographically bias toward Neotropical forests. Here, we present results of 
liana succession in a seasonal tropical forest of Southeast Asia. We carried out a liana census 
(diameter ≥ 1 cm) on permanent plots in a chronosequence (3-100 years old). Considering forest 
structure, these plots can be categorized into three stages of succession, i.e. stand initiation (SIS, 
3-20 years), stem exclusion (SES, 35-41 years) and old-growth (~100 years) stages. We 
hypothesized that the liana diversity of SES plots is lowest or as equal as that of SIS, because of 
dense and homogenous canopy with little light penetration. Our results showed the contradiction 
to our prior hypothesis. All diversity metrices and basal area increased non-linearly through time, 
and those metrics of SES were obviously higher than those of SIS. The size distributions of lianas in 
all plots and stages were the reversed J-shaped, implying no recruitment limitation of lianas even 
in SES. The results of non-metric multidimensional scaling with individuals grouped into large and 
small lianas (determined by the 75th percentile of liana size of each plot) showed an aggregation 
of plots with the same stage and size classes, implying similarity of species turnover between size 
classes with the same stage including SES. In summary, the pattern of liana succession in our site 
supports the original succession theory, predicting community turnover with an increase of 
diversity through time. None of recruitment limitation in SES suggested a paradox of liana 
advantage in a disturbed environment, requiring further investigation on a relevant mechanism. 
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Lianas (woody vines) are an integral part of tropical forests, as they contribute significantly to 
ecosystem health, productivity and dynamics. Despite their substantial contribution towards 
maintaining tropical forest function, there is increasing, but limited, evidence to suggest that 
through their dominance (competitive success relative to trees), lianas can impair the resilience of 
tropical forests. Recently, a threshold has been hypothesised, beyond which lianas might prevent 
the recovery of tropical forest from disturbance. As part of the Forest Restoration and Climate 
Experiment (FoRCE), our overall current research aims to improve understanding regarding the 
role of lianas in tropical forest recovery from disturbance. We are using temporal data from 
permanent sample plots, alongside liana removal trials, to test for tipping-point thresholds 
between liana dominance and tropical forest recovery, accounting for variation across elevation 
and disturbance gradients. Here we review and analyse drivers of liana-tree relative productivity 
using global datasets from the published literature. We report the impacts of liana removal on 
forest ecosystem health and resilience from a case study in the Kilombero Valley of Tanzania. 
Results show significant negative influence of lianas on the rate of forest recovery, but with 
biodiversity data suggesting that slow recovery might be beneficial for long-term forest health. 
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Vertical stratification is a key feature of tropical forests. Previous work has shown that this vertical 
structure also shapes plant–animal interactions, but it is unclear whether this is driven by 
differences in plant community composition among strata or inherent preferences of nectarivores 
and frugivores for specific strata. To test this, we conducted an in-depth analysis of community 
composition and interactions of nectarivores and frugivores feeding on a single liana species in a 
Peruvian rainforest. Marcgravia longifolia (Marcgraviaceae) produces flowers and fruits across all 
forest strata, which creates a quasi-experimental situation in which confounding effects of plant 
species and stratum are eliminated. We assessed identity and interaction frequency of nocturnal 
and diurnal nectarivores and frugivores, microenvironmental variables, and nectar and fruit 
quantity and quality. Frugivores were assigned to guilds according to their dietary specialization 
and, for frugivorous birds, we determined four morphological traits (body mass, bill length, bill 
width, wing shape). We found differing species composition and interaction frequencies between 
the understorey and higher strata. While avian frugivores remained within their preferred vertical 
niche irrespective of fruit availability, visits of nectarivorous bats and hummingbirds were strongly 
correlated with flower availability and nectar quantity and quality. Thus, our findings suggest that 
vertical stratification of plant-animal interactions is driven by a strong preference of frugivores for 
a specific vertical niche whereas for nectarivores, the availability of food resources is decisive for 
their vertical distribution. Overall, vertical stratification appears to be an important driver of a 
species' interaction niche and thus niche differentiation of species along the vertical forest 
gradient may be a key factor promoting tropical forest diversity. 
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Linking drone and ground-based liana measurements in a Congolese forest 
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Yorick van Hoef 2 , Maxime Réjou-Méchain 1 

1UMR AMAP, Montpellier, France 
2 Cirad, UPR Forêts et Sociétés, Montpellier, France 
3 Cirad-PERSYST-UPR BioWooEB, Montpellier, France 
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Lianas are abundant and diverse in tropical forests. They occupy part of the canopy, forming a 
layer of leaves overtopping tree crowns. Yet, their interaction with trees has been mainly studied 
from the ground. With the emergence of drone-based sensing, very high-resolution data may be 
obtained on liana distribution above canopies. Here, we assessed the relationship between 
common liana ground measurements and drone-determined liana leaf coverage over tree crowns, 
tested if this relationship is mediated by liana functional composition, and compared the signature 
of liana patches and tree crowns in our drone images. Using drone platforms, we acquired very 
high resolution RGB and multispectral images and LiDAR data over two 9-ha permanent plots 
located in northern Republic of Congo and delineated liana leaf coverage and individual tree 
crowns from these data. During a concomitant ground survey, we focused on 275 trees infested or 
not by lianas, for which we measured all lianas ≥ 1 cm in diameter climbing on them and estimated 
their crown occupancy index. We additionally measured or recorded the wood density and 
climbing mechanisms of most liana taxa. Contrary to recent findings, we found significant 
relationships between most ground- derived metrics and the top-of-view liana leaf coverage over 
tree crowns. Tree crown infestation by lianas was primarily explained by the load of liana climbing 
on them, and negatively impacted by tree height. Liana leaf coverage over individual tree crowns 
was best predicted by liana basal area and negatively mediated by liana wood density, with a 
higher leaf area to diameter ratio for light- ooded lianas. COI scores were concordant with drone 
assessments, but two thirds differed from those obtained from drone measurements. Overall, we 
illustrate that the joint use of ground and drone-based data deepen our understanding of liana- 
infestation pathways. 
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The impact of structural parasitism on tropical forest biogeochemical cycles: 
lessons learned from the implementation of a liana Plant Functional Type in 
a vegetation model 

Félicien Meunier, Marco D. Visser, Stefan S. Schnitzer, Geertje van der Heijden, and Hans 
Verbeeck 

Despite their important role in the dynamics of tropical forests, lianas remain largely 

overlooked in vegetation models. To better estimate the contribution of lianas to forest 

biogeochemical cycles, we built for the very first time a mechanistic representation of the 

lianescent growth form in a dynamic global vegetation model, namely the Ecosystem 

Demography model, version 2. In order to account for the functional and structural differences 

between lianas and trees, we implemented several liana-specific processes (e.g., climbing, 

resprouting) and integrated multiple liana-specific parameters into the modelling framework, 

according to multiple data sources. 

Model simulations in various Neotropical sites characterized by different rainfall regimes and 

levels of liana abundance successfully reproduced ecosystem gas exchange fluxes (GPP and 

latent heat), forest structural features (e.g. LAI, AGB), and multiple other benchmarking 

features of the simulated ecosystems and of the liana-tree interactions. In those simulations, 

lianas negatively reduced forest productivity and total carbon storage, by increasing tree 

mortality (+ 30% on average) and decreasing individual tree growth (-35%). The inclusion of 

lianas in the simulations reduced the forest net productivity by up to 0.5 tC ha
-1 

year
-1

. Taking 

lianas into account resulted in significantly reduced above-ground biomass by up to 20 tC 

ha
-1 

in regrowth forests. The negative impact of lianas on carbon storage almost 

disappeared in wetter, old-growth, aseasonal forest sites. Model simulations also confirmed 

that liana removal had a significant positive impact on forest carbon storage both below- 

and above-ground in short and longer terms. Finally, radiative transfer model simulations 

illustrated the impact of liana-specific optical traits on the energy balance of tropical 

forests: leaf traits make the lianas very efficient at light interception and increase forest 

albedo (+14% in the shortwave) while reducing light availability in the understory (-30% 

of the PAR radiation). 
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Cheaters among pollinators: Floral traits drive spatiotemporal variation in 
nectar robbing and thieving in Afrotropical rainforests 
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Robert Tropek1,2 

1 Department of Ecology, Faculty of Science, Charles University, Viničná 7, 12844 Prague, Czechia 
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3 Swiss Human Institute of Forensic Taphonomy, University Centre of Legal Medicine Lausanne- 
Geneva, Lausanne University Hospital and University of Lausanne, Chemin de la Vulliette 4, CH- 
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Flowers with open access to nectar can attract numerous nectar thieves that can feed on 
floral nectar through the corolla opening without touching the stigmas or anthers. 
Morphological specialisation through longer nectar tubes and fused petals can exclude 
nectar thieves, increasing the proportion of pollinators. Ironically, such flowers become 
susceptible to nectar robbers that pierce holes in flowers to reach floral nectar, 
suggesting a trade-off between preventing robbing or thieving. 
Examining this trade-off is difficult due to the scarcity of community-wide studies of 
nectar exploitation across space and time. However, the existing literature demonstrates 
that the frequency of cheaters varies spatiotemporally and might be influenced by floral 
traits. Along elevational and seasonal gradients, floral trait variation often mirrors the 
energetic requirements and preferences of pollinators. While floral traits might also be 
associated with nectar exploitation, their role in determining spatiotemporal variation in 
the frequency of cheaters has not been examined yet. 
Using an extensive dataset for all flowering plants (194 spp.) in Afrotropical rainforest 
communities along a complete elevational gradient (650 m – 2,250 m) in the wet and dry 
seasons on Mount Cameroon, we analysed spatiotemporal trends in the frequencies of 
cheaters and their floral trait associations. Our dataset resulted in a total of 14,391 
flower visits, which demonstrated that robbers and thieves were most frequent at mid-
elevations, with higher robbing in the wet season and thieving in the dry season. We 
explored how the floral trait composition and trait associations of visitor groups support 
the existence of a trade-off between preventing nectar robbing or nectar thieving. 
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Erosion of primate functional diversity in a human-modified landscape: 
consequences for the seed dispersal service 
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(2) São Paulo State University (UNESP), Programa de Pós-Graduação em Ecologia, Evolução e 
Biodiversidade, Rio Claro, SP, Brazil; 
(3) São Paulo State University (UNESP), Programa de Pós-Graduação em Ciências Biológicas 
(Zoologia), Rio Claro, SP, Brazil; 
(4) Federal University of São Carlos (UFSCar), Biological and Health Sciences Center, Department of 
Genetics and Evolution, São Carlos, SP, Brazil; 
(5) São Paulo State University (UNESP), Institute of Biosciences, Department of Biodiversity, Spatial 
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Primates play a key role in seed dispersal, but their populations are strongly affected by the 
intensification of land use and hunting. Species-specific responses to habitat disturbance leads to 
modifications of primate communities, ultimately affecting their ecological role on the ecosystem. 
Using a functional approach, we evaluate how primate assemblages and their potential ecological 
role change according to landscape modification in the Atlantic Forest of the State of São Paulo 
(Brazil), a highly human-modified landscape. We assessed the effects of patch size, mean inter- 
patch distance, functional connectivity, and matrix permeability on primate species richness, 
functional evenness and functional dispersion, using 38 primate assemblages. We distinguished 
response traits (sensitivity to habitat disturbance) from effect traits (effect on seed dispersal) and 
investigated which primate functional traits were retained in forest patches of different sizes. 
Primate species richness decreases with increasing inter-patch distance. Decreased patch size 
filters primates with similar strategies to cope with habitat loss (response traits), but displaying 
distinct roles as seed dispersers (effect traits), which is positive for the persistence of non- 
redundant services in disturbed landscapes. However, the long-term viability of primate seed 
dispersal role might be compromised by the reduced species richness in such isolated patches 
embedded into a movement-resistant landscape. Therefore, we encourage the development of 
biodiversity-friendly landscapes that protect not only species, but the ecosystem services they 
provide. 
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Frugivory network structured by megaflora and megafauna in Afrotropical 
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Frugivory networks between plants and animals in Afrotropical forests are poorly described, and 
the mechanisms shaping them are understudied. We addressed this deficiency by assembling a 
database of frugivory interactions from the literature that comprised >10,000 interactions. We 
analysed the network structure using a latent block model approach that groups species with 
similar interaction patterns and estimates interaction probabilities among them to investigate the 
species traits related to this grouping structure. This Afrotropical frugivory network was simplified 
into 14 tree and 14 frugivore blocks. Larger frugivores were the main dispersers of most trees and, 
larger trees were the primary fruit sources of most frugivores. As large frugivores are threatened 
by hunting and indirectly through logging, our findings have implications for plant-frugivore 
interactions and the integrity of Afrotropical forests structure and composition. 
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Parasitoids are ubiquitous in all tropical ecosystems, acting as surrogates for a much broader 
diversity of organisms as they mediate the populations of their herbivorous hosts causing trophic 
cascades to producer host plants. Previously, their diversity has been shown to follow an 
anomalous pattern, with less species occurring in the tropics than in temperate regions. Recently 
however, it has been disputed and it is now thought that we still know too little about parasitoid 
distributions to reach any conclusions regarding their broad latitudinal patterns. Parasitoid 
diversity would intuitively be linked to that of their most favoured hosts, the Lepidoptera, that 
host more parasitoids than all other arthropod orders combined, and whose diversity follows the 
expected pattern of increasing towards the tropics. As hosts evolve ways to defend or escape 
parasitism so too do parasitoids evolve ways to counteract them, and this evolutionary arms race 
is a driver of speciation. It is therefore curious that two groups with such interconnected diversity 
would follow diversity patterns that go in opposite directions. To date, there are currently no 
studies that specifically study the diversity of both parasitoids and their lepidopteran hosts 
simultaneously. This study rectifies that by looking at large-scale field studies from tropical sites in 
different continents from which lepidopteran caterpillars and, if present, their subsequent 
parasitoids were collected from host plants and reared to create tritrophic food-webs. The aim 
was to see if there is a connection between the diversity of parasitoids and that of their 
lepidopteran hosts on a local scale and if so, what implications this has for current theories on 
global parasitoid diversity. 
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The effect of predator exclusion on arthropod herbivores and herbivory 
along a vertical gradients in tropical forest. 
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Czech Republic 
B) Institute of Entomology, Biological Centre of the Czech Academy of Sciences, Branišovská 31, 
České Budějovice, CZ-37005, Czech Republic 

Top-down (predation) and bottom-up (plant defence) effects are both known to influence the 
plant herbivory and the composition of invertebrate communities. These forces can have a 
different impact in different latitudes and different forest strata. To study these differences, we 
performed 4 weeks long predatory exclosure experiment after which we surveyed herbivory at our 
two sites located close to Cairns and Sydney in Australia. At each of the sites, we selected 8 plant 
species per forest understory and canopy and exposed them to six different treatments (exclusion 
of vertebrates, vertebrates, and ants, birds, bats, ants, and control treatment). We collected the 
invertebrates before and after the experiment and identified them into orders and feeding guilds 
with the focus on beetles. We analysed the rate of herbivory on 30 marked leaves per each of the 
480 focal trees. 
We found a strong vertical gradient in the abundances and diversity of beetles and other 
arthropods, with some of the groups having directly opposite patterns in different strata. The 
exclusion of all predators led to the highest increase of arthropod abundances (increased by 50 to 
100%) while exclusion of ants did not lead to significant changes in arthropod abundances. The 
effect was stronger in canopy and mirrored by herbivory rate. 
Our data suggests that trees in the canopy experience lower herbivory pressure than in the 
understory (from 5 to ca. 10%). 
This preliminary result encourages us to further study the effect of absence of top predators on 
the individuals of different sizes and feeding guilds, as well as on ecological importance of various 
predators and plant defences in trophic interactions. 
In conclusion, our experiments point out complexity of interactions between predators and plants, 
where vertical stratification and environment productivity plays an important role. 
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Maternal effects represent a transgenerational form of phenotypic plasticity transmitted to the 
progeny via the seeds. These maternal effects, studied mainly in crop species, can enhance the 
development and resistance of progeny. In the contemporary world, it is especially important to 
consider these effects in wild species as they are predicted to be affected by global and local 
environmental changes. We explored how differences in the abiotic environment of the maternal 
plants impact their phenotypes, the seed provisioning, and progeny phenotypes. Seeds of a single 
Aechmea mertensii (Bromeliaceae) were sown in a greenhouse in French Guiana with two water 
supplies (dry and wet) and three substrates (from organic-rich to mineral rich). At fructification 
stage, seeds were sown in a common garden and a reciprocal transplantation design to 
decorrelate maternal effects from environmental effects on seedlings phenotype. The phenotype 
of the maternal plants and progeny were characterised by measuring some key functional traits 
related to resources acquisition and reproduction (e.g., SLA, carbon assimilation, leaf CNP 
content). Seed provisioning was characterised by means of chemical (CNP, soluble sugar, starch) 
and metabolomic approaches (e.g., hormones, secondary metabolites). Low water supply strongly 
reduced plant size, flowering and prevented the ripening of fruits and seeds. The fertility of the 
mothers substrate strongly modified nutrients, non-structural carbohydrates, and secondary 
metabolites of the seeds. Finally, the combination of current abiotic environment and maternal 
effects resulted in different phenotypes of the progeny .These results show that the maternal 
environment has a significant effect on the quantity of seeds produced, the quality of these seeds 
and the resulting phenotype of the progeny. Altogether, this study evidences that seeds carry, 
through generations, information and resources which are of critical importance for progeny 
response and adaptation to changing environmental conditions. 
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Insect herbivory plays an important role in shaping plant communities in terrestrial ecosystems. 
However, the herbivory pressure and groups of animals responsible for it are expected to differ 
across biomes. In African savannas, large mammals are typically perceived as dominant and insect 
herbivory as neglectable sources of leaf damage. We hypothesised that insect herbivory could 
represent an overlooked factor that further shapes the functioning of savannas, as we can expect 
trade off in plant defences against different types of herbivores. To test this, we studies insect 
herbivory on 864 woody plants belonging to 48 plant species at 38 sites in Hluhluwe-iMfolozi Park 
(HiP) in South Africa. Insect consumed in average 6% of leaf biomass in the park but the leaf 
damage was not uniformly distributed. Insect herbivore guilds were partitioned according to 
biome, with higher incidence of chewers in forest and miners more prominent in savanna. Yet, 
there was higher total herbivory in forest than in thickets and savannas overall. Herbivory differed 
also between plant species, and some species suffered herbivory damage as high as 80% of the 
standing leaf area. Some plant species were damaged mainly by chewers, other suffered high 
damage by miners. The observed insect herbivory in plant species correlated negatively with 
carbon and dry matter content and positively with specific leaf area, which makes the leaves 
tender and juicy. We however did not confirm expected trade-off between the defences against 
mammals and insects. Yet several species suffered high herbivory by insects and low herbivory by 
mammals, and many plant species seemed to be well protected against all types of herbivory. We 
showed that insect herbivory in savannas is not completely neglectable, as it affects some plant 
species, and some localities significantly and overall is comparable to the levels of herbivory in 
temperate regions. 
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Nitrogen fixation by diverse diazotrophic communities can support 
population growth of arboreal ants 

Maximilian Nepel1,2, Josephine Pfeifer2, Felix B. Oberhauser1,3, Andreas Richter2, Dagmar 
Woebken2, Veronika E. Mayer1 

1Department of Botany and Biodiversity Research, University of Vienna, Vienna, Austria; 
2Department of Microbiology and Ecosystem Science, Centre for Microbiology and Environmental 
Systems Science, University of Vienna, Vienna, Austria; 3Centre for the Advanced Study of 
Collective Behaviour, University of Konstanz, Konstanz, Germany 

Symbiotic ant-plant associations, in which ants live on plants, feed on plant-provided food and 
protect host trees against threats, are ubiquitous across the tropics, with the Azteca-Cecropia 
associations being amongst the most widespread interactions in the Neotropics. Upon colonization 
of Cecropia’s hollow internodes, Azteca queens form small patches with plant parenchyma, which 
are then used as waste piles when the colony grows. Such patches - found in many ant-plant 
mutualisms - are present throughout the colony life cycle, and may supplement larval food. 
Despite their initial nitrogen (N)-poor substrate, patches in Cecropia accommodate fungi, 
nematodes and bacteria, which may be beneficial for the ant colony. In our study, we investigated 
atmospheric N2 fixation as an N source in patches of early and established ant colonies, which 
potentially fuels the growth of patch organisms, or even ant populations. 
Via 15N2 tracer assays, N2 fixation was frequently detected in all investigated patch types formed 
by three Azteca ant species. Quantified fixation rates were similar in early and established ant 
colonies, and higher than in various tropical habitats. Based on amplicon sequencing, the 
identified microbial functional guild – the diazotrophs – harboring and transcribing the 
dinitrogenase reductase (nifH) gene was highly diverse and heterogeneous across Azteca colonies. 
The community composition differed between early and established ant colonies and partly 
between the ant species. 
Our data show that N2 fixation can result in reasonable amounts of N in ant colonies, which might 
not only enable bacterial, fungal and nematode growth in the patch ecosystems, but according to 
our calculations can even support the growth of ant populations. The diverse and heterogeneous 
diazotrophic community implies a functional redundancy, which could provide the ant-plant-patch 
system with a higher resilience towards changing environmental conditions. Hence, we propose 
that N2 fixation represents a previously unknown potential to overcome N limitations 
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Seed dispersal effectiveness: a meta analysis 

Omer Nevo 
Caitlynn Filla 
Kim Valenta 
Eugene Schupp 

ON: iDiv, Friedrich Schiller University Jena 
CF, KV: University of Florida 
ES: Utah State University 

Seed dispersal is a critical phase in plant reproduction and forest regeneration. In tropical systems, 
the vast majority of woody species rely on seed dispersal by fruit-eating animals. Animals differ in 
their size, movement patterns, seed handling, gut physiology, and many other factors which affect 
the number of seeds they disperse and the quality of treatment each individual seed receives. The 
Seed Dispersal Effectiveness framework (SDE) was developed to allow systematic and standardized 
quantification of these processes, offering a potential for understanding of large-scale dynamics 
of animal-plant interactions and the ecological and evolutionary consequences of animal behavior 
to plant reproductive success. Yet despite its wide acceptance, the SDE framework was primarily 
employed rather descriptively, and almost always in the context of local systems. We conducted 
meta-analysis of all studies that quantified SDE globally and offer an integrative examination of the 
factors driving variation in SDE. Specifically, we addressed four main questions: (a) is there a 
tradeoff between high dispersal quality and quantity?; (b) what drives more variation in SDE, seed 
dispersal quality or quantity?; (c) do some animal guilds systematically provide higher SDE?; (d) 
How does animal body mass affect SDE? 
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Interactions between forest elephants (Loxodonta cyclotis) and selective 
logging in central Africa 

Morgane Scalbert, Cédric Vermeulen, Sarah Tossens, Justin Holvoet, Marie d’Aspremont Lynden & 
Jean-Louis Doucet 

all : Université de Liège – Gembloux Agro-Bio Tech. Forest is life. Terra Teaching and Research 
Centre. Passage des Déportés 2, B-5030, Gembloux, Belgium 

With populations reduced by more than 80% over the last 93 years, forest elephants (Loxodonta 
cyclotis) are facing increasing human pressure. As observed in previous megaherbivore extinctions, 
the decline of forest elephants will have serious ecological consequences. Regularly referred to as 
ecosystem engineers, forest elephants shape tropical ecosystems, both in composition and 
structure, due to their enormous food requirements and the impact of their massive body size. 
They maintain the forest’s richness and diversity by dispersing the seeds of many species, create 
micro-habitats and maintain nutrient cycles and forest clearings. Given their extent, timber 
concessions could be a major actor in forest elephant conservation, but it is still necessary to 
better understand the impacts of logging on forest elephants and conversely the impacts of forest 
elephants on timber resources. Therefore, our study aims to (1) assess the impacts of logging 
activities on the presence, abundance and movement of forest elephants; (2) evaluate the 
importance of forest elephants in the regeneration of several timber species and (3) characterize 
the damage caused by forest elephants to trees and forest plantations. The methods applied are 
diverse and include among others the use of camera traps and acoustic sensors, dung count on 
transects and bark damage surveys on transects and in plots. Preliminary findings suggest that (1) 
under specific conditions, timber concessions can host large populations of forest elephants; (2) 
forest elephants are the main seed dispersers of Detarium macrocarpum and Bobgunnia 
fistuloides, two timber species, and (3) from branch breaking to bark stripping, forest elephant 
damage is diverse and affects a wide range of species, which seem to evolve over time. 
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Habitat use patterns suggest that climate-driven vegetation changes will 
negatively impact mammal community in the Amazon 

Daniel G. Rocha (1,2), Rahel Sollmann (1,3) 

1 Department of Wildlife, Fish, and Conservation Biology, University of California Davis, Davis, CA, 
USA 
2 Quetzal Education Research Center, Southern Nazarene University, Bethany, Oklahoma, USA 
3 Department of Ecological Dynamics, Leibniz Institute for Zoo and Wildlife Research, Berlin, 
Germany 

Climate change will affect species persistence and distribution around the globe, particularly in 
high diversity ecosystems such as the Amazon. Modeling studies predict that as temperature and 
deforestation increase in the Amazon, areas along its southern and eastern borders will suffer 
large-scale “savannization”. We aimed to identify the terrestrial mammal species potentially most 
at risk from climate-driven savannization in southern Amazonia by studying their use of natural 
forest and savanna habitats within four protected areas, using systematic camera trap surveys and 
community occupancy models. Specifically, we investigated the effect on species space use of 
savanna cover within a 100-m buffer, as well as the effect of the immediate habitat type 
(continuous forest, riparian forest, savanna) at the camera-trap location. Models showed that both 
savanna cover and savanna habitat type affected space use of most species strongly negatively. 
Only species whose global distribution is predominantly associated with the Cerrado savanna 
biome ever showed strong positive responses to savanna cover. These results suggest that most of 
the terrestrial mammal community is potentially vulnerable to the predicted climate-change 
induced savannization, including several species typically considered habitat generalists. Among 
the most negatively affected species were most large herbivores, the largest carnivore and several 
smaller species. Although less favorable than continuous forest, riparian forest had a strong 
negative effect on space use for only a small fraction of species, indicating that negative effects of 
savannization may be buffered to some extent by riparian forests, which are less sensitive to 
changing climates. Our results suggest that climate change induced vegetation changes may 
reduce the ability of protected areas in the southern Brazilian Amazon to safeguard populations of 
terrestrial mammals and should be considered when assessing potential climate change effects on 
these species. 
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Reproductive pattern of three frugivorous bats (Phyllostomidae) in a 
Caribbean Forest of Costa Rica, a preliminary approach. 
 

Pedro Alonso-Alonso & Xabier Salgado-Irazabal. 

 

CIBIO/InBio, Research Centre in Biodiversity and Genetic Resources, University of Porto,4485- 661 
Vairão, Portugal 

 

Food availability together with climate are known factors driving frugivorous bats 

reproductive patterns in tropical ecosystems. Their diets are very diverse, with different 

species specializing in consuming the fruits of different plant species and genera. 

Therefore, due to differential timing in fruiting, different species of bats can be expected 

to adjust their breeding season based on available resources. Using data from bat sampling 

in a Costa Rican Caribbean Forest of two Piper spp. specialists, Carollia castanea and C. 

perspicillata, and a species that feeds more frequently on Ficus spp., Dermanura watsoni, 

we report that not all are in the same breeding stage at the same time, while there seems 

to be high synchrony within species. At the same time, C. perspicillata females were 

lactating, ahead of the females of its smaller close relative C. castanea, that were mostly 

pregnant. Meanwhile most of the females of D. watsoni were also lactating. Therefore, it 

seems that females of C. castanea are breeding later than other ecologically similar 

species. More detailed studies at the community level could help to understand the role of 

trophic resources availability and intra-specific competition for those resources to 

generate the observed pattern. 
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Tropical tree growth sensitivity to climate is driven by species intrinsic 
growth rate and leaf traits 
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Raymond Dempsey (4) 
Brandon E. McNellis (11) 
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USA. 
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A better understanding of how climate affects growth in tree species is essential for improved 
predictions of forest dynamics under climate change. Long-term climate averages (mean climate) 
drives spatial variations in species’ baseline growth rates, whereas deviations from these averages 
over time (anomalies) can create growth variation around the local baseline. However, the rarity 
of long-term tree census data spanning climatic gradients has so far limited our understanding of 
their respective role, especially in tropical systems. Furthermore, tree growth sensitivity to climate 
is likely to vary widely among species, and the ecological strategies underlying these differences 
remain poorly understood. Here, we utilise an exceptional dataset of 49 years of growth data for 
509 tree species across 23 tropical rainforest plots along a climatic gradient to examine how 
multiannual tree growth responds to both climate means and anomalies, and how species’ 
functional traits mediate these growth responses to climate. We show that anomalous increases in 
atmospheric evaporative demand and solar radiation consistently reduced tree growth. Drier 
forests and fast-growing species were more sensitive to water stress anomalies. In addition, 
species traits related to water use and photosynthesis partly explained differences in growth 
sensitivity to both climate means and anomalies. Our study demonstrates that both climate means 
and anomalies shape tree growth in tropical forests, and that species traits can provide insights 
into understanding these demographic responses to climate change, offering a promising way 
forward to forecast tropical forest dynamics under different climate trajectories. 
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Cross-scale drivers of woody plant species commonness and rarity in the 
Brazilian drylands 

Bruno X. Pinho1,2*, Diego P.F. Trindade3, Carlos A. Peres4,5, Davi Jamelli1, Felipe. P. L. Melo1, 
Renato A. F. de Lima6, Inara R. Leal1, Elâine M.S. Ribeiro7 and Marcelo Tabarelli1 

1Departamento de Botânica, Universidade Federal de Pernambuco, Recife, Brazil 
2AMAP, Univ Montpellier, INRAe, CIRAD, CNRS, IRD, Montpellier, France 
3Institute of Ecology and Earth Sciences, University of Tartu, Tartu, Estonia 
4School of Environmental Sciences, University of East Anglia, Norwich, United Kingdom 
5Instituto Juruá, Manaus, Brazil 
6Departamento de Ecologia, Universidade de São Paulo, São Paulo, Brasil 
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Locally abundant species are typically widespread, while locally scarce species are geographically 
restricted – the so-called positive abundance-occupancy relationships (AORs). AORs help explain 
the drivers of species rarity and community assembly, but little is known about how variation 
around such relationship is driven by species traits and niche-based processes. We tested the 
hypothesis that AORs in tropical dryland woody plant species are positive across scales and 
mediated by niche attributes and functional traits along environmental gradients. We aggregated 
abundance and occurrence data into grid-cells representing local (10-km) to landscape scales (50- 
km), including over 500,000 individuals of 552 species across 330 plots in the Caatinga dry forest 
and Cerrado savannah, Brazil. We calculated species mean relative abundance at occupied grid- 
cells (local abundance) and the proportion of grid-cells occupied (occupancy), and estimated their 
niche breadth and marginality along multivariate environmental gradients. AORs were positive but 
weak across scales in both regions due to some locally abundant but geographically restricted 
species, with most species being locally and geographically rare. Local abundance was weakly 
related to niche attributes and functional traits. In contrast, occupancy was strongly driven by 
niche and traits, with a prominent negative effect of niche marginality. Geographically restricted 
species were frequently associated with rare habitats, such as wetter and less intensively used 
habitats across biome transition zones. Trait-mediated mechanisms in AORs were consistent with 
specific ecological filters at different scales and regions. Our results suggest that woody plant 
species across dry tropical biotas exhibit weak AORs, a pattern likely related to low habitat 
availability and dispersal limitation. Context/scale-dependent effects of functional traits on species 
occupancy, added to unpredictable local abundances, increase uncertainty around AORs. 
Nevertheless, the Caatinga and Cerrado biotas emerge as spatially structured along environmental 
gradients, with several habitat-specialist rare species relying on conditions threatened by climate 
change and land-use 
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Tropical plant leaf traits across growth forms in early succession 
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Justification: During tropical forest succession there is a rapid turnover in growth form composition from 
herbaceous species early in succession to woody species later in succession. Such changes are partly driven 
by leaf traits that allow plants to capture light while coping with extreme conditions such as heat and 
drought. Here, we analyze how successional growth forms differ in their leaf traits and strategies in dry 

and wet tropical forests. 

Methods: For six growth forms (i.e., herb, grass, vine, liana, shrub, and tree) and 266 plant species 11 
leaf morphological and nutrient traits were measured in Ghanaian tropical wet and dry forests. 
Results and Discussion: A principal component analysis shows that 44% of trait variation is captured by a 
two-dimensional spectrum of plant form and function; a leaf economics spectrum underpinning fast-slow 
growth strategies, and a leaf size spectrum related to plant size and heat balance. Herbaceous species had 
faster leaf economic traits and, hence, carbon gain explaining their success earlier in succession. In 
contrast, woody species had slower resource conservation traits, explaining their success later in 
succession. Wet and dry forests showed largely overlapping traits but the trait hyper-volume was smaller in 
the dry forest, indicating drought-related climatic filtering. 
Conclusion: This study advanced the successional theory of growth form replacement and climatic filtering 
in species composition in early succession by revealing the plant trait dimension across growth forms 
between species’ habitats. Successional shifts in growth form from herbaceous species to woody species 
may be driven by the shifts from resource acquisitive strategy to conservative strategy along with the 
successional declines in resource availability. Climatic conditions in a dry environment filter in species which 
can cope with heat and drought stress for their survival while capturing and utilizing light for their growth. 
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Land-use change affects habitat availability through time for tropical trees 

Laura Moro, Pascal Milesi, Robert Muscarella 

Plant Ecology and Evolution, Uppsala University 

Land-use change presents major threats to biodiversity with impacts typically outpacing those 
from climate change. Consequences of land-use change can, however, be cryptic and delayed, 
and can be particularly severe for islands and biodiversity hotspots, including tropical forests. In 
many tropical regions, abandonment of agricultural lands is leading to gains of naturally- 
regenerated forests. In Puerto Rico, for example, forest cover dramatically increased from ~6% in 
the early 1900’s up to ~55% today. We quantified the impacts of land-use change on the area and 
configuration of suitable habitat patches for 566 native tree species in Puerto Rico to understand 
how land-use dynamics have affected their current geographic distributions and population sizes. 

 

We built species distribution models (SDMs) for all native tree species in Puerto Rico (N=566) 
based on current geographic distribution and abiotic conditions. We then combined SDMs with 
available data on land-use change (based on historical aerial photos from the 1930s, 1950s, and 
1970s, combined with more recent satellite imagery) to estimate habitat availability through time. 
We used Plot based data from the Forest Inventory and Analysis (FIA) Program of the US Forest 
Service to estimate current population sizes and forest cover. Our results provide species-specific 
information on (i) the areal extent (km2) of climatically suitable habitat at different time points, 
(ii) fragmentation indices of suitable habitat at different time points and (iii) species responses to 
land-use change according to their life history strategies and phenotypic traits. 
As habitat availability changed, we observed both gains and losses across different species in the 
amount and configuration of suitable habitat according to the different types of land uses, the 
rate of forest clearance and gain. Species-specific responses varied according to the degree of 
fragmentation, as well as species’ life-history strategies and phenotypic traits. As land use is 
dynamic in many 
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Natural regeneration of tropical forests facing multiple land uses 

Donatien ZEBAZE1,2*, Adeline FAYOLLE2, Kasso DAÏNOU3, Moses LIBALAH1, 

Bonaventure SONKÉ1, Vincent DROISSART4, Jean-Louis DOUCET2. 
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3 Nature+ asbl / TERRA Forest Is Life, Gembloux Agro-Bio Tech, Université de Liège, Passage 
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4Institut de Recherche pour le Développement (IRD), Unité Mixte de Recherche AMAP, 
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Regeneration of tropical forest occurs naturally and mainly through early secondary succession by 
soil seed banks and seedling banks. In this study, we analyzed seed bank and seedling bank 
variation in density and diversity along a degradation gradient. We also explored the relationship 
between the seed bank, the seedling bank, the sapling bank and the forest stands. The 
investigated forests were located at Dja Fauna Reserve and its surroundings, south- eastern 
Cameroon. We sampled 33 one- ha forest plots scattered in a protected area, in a logging 
concession and in community forests. Within each plot, we inventoried the seed bank in the litter 
and in four successive soil layers of 5 cm depth interval. We also inventoried seedling bank 
represent by plants with dbh<1 cm, the sapling bank represent by plants with dbh between 1 and 
10 cm, then forest stand represent by trees with dbh>10 cm. For the seed bank, we found that the 
seed density significantly varied with sampling depth but not between land use types. A total of 
181 morphospecies were identified. Trees species accounted for 46% of seeds with pioneer 
species dispersed by animals dominating the seed bank. Species diversity and composition 
strongly varied with the sampling depth; the litter seed bank was more similar in composition to 
the soil seed bank than to the seedling bank, sapling, and forest stands. We highlighted the 
presence of a dense and diverse seed bank in each land use type. We also showed the 
differentiation of each sampling depth in terms of species composition, thus revealing their 
complementarity in the dynamics of natural regeneration. The dominance of pioneers in the seed 
bank and weak relationship with the overstory are universal for tropical forests and logically follow 
from forest succession after disturbance. 
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Post slash-and-burn agriculture recovery of humid forests in Madagascar 
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Cedex 05, France 

Tropical humid forests are rich in biodiversity. Intermediate disturbance hypothesis (IDH) has been 
used to explain the maintenance of woody species diversity in these rainforests. IDH is also linked 
to a secondary vegetation succession mechanism, the inhibition. The objectives of this work are 
(1) to test the IDH in the context of disturbances related to slash-and-burn agriculture (SBA) and 
(2) to analyse post SBA secondary vegetation recovery in humid forests, taking the case of the 
Ranomafana-Andringitra forested corridor, Madagascar. SBA disturbances are represented by (i) 
the intensity of agricultural use (IAU), which is the ratio between total cropping duration and age 
since the first clearing of the plot, and (ii) fallow age. One hundred and eleven post-SBA fallows of 
different ages (1-60 years) and 26 plots in mature forest were sampled. Species richness was 
highest at the middle fallow ages (6-29 years) and at the intermediate values of the IAU (0.1-0.24) 
and decreased significantly elsewhere. In contrast, species richness of shrubs and trees increases 
with fallow age and decreases overall with increasing IAU. The IDH therefore seems to be 
invalidated by our results. The species compositions of mature forests and that of fallows are not 
similar and a difference in physiognomy also remains: mature forests are associated with 
significantly higher maximum height, woody density and basal area. Post-SBA regeneration of 
fallows in our study sites appears to be closer to facilitation mechanism than to the inhibition. 
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Mimosa eurycarpa as a successional regulator of forest structure 

mediated by stem twisting 
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Fabaceae species dominate early successional tropical dry forest (TDF) due to their mechanisms to 

cope with the harsh environmental conditions at this successional stage. One of these dominant 

pioneer species is Mimosa eurycarpa. Trees of this species show stem twisting ultimately causing stem 

breakage, leading to crown destructuring and possibly to early tree death. We used 16 years of 

dynamic data gathered in 13 permanent secondary forest plots spanning a broad range of ages in a 

Mexican TDF. We analysed the occurrence of stem twisting, death risk of twisted and non-twisted 

trees, and the effect M. eurycarpa on the regeneration. From the M. eurycarpa trees that were 

observed, 47 % had twisted stems. We found that the probability of M. eurycarpa trees to get stem 

twisting increased with the increase of crown area and basal area. Twisted trees have higher risk of 

death than non-twisted trees. In plots with M. eurycarpa, the effective number of species is lower 

compared with the plots without M. eurycarpa. The twisted stems phenomenon play an important 

role as it is present in almost half of the M. eurycarpa trees that were observed causing an early death 

of M. eurycarpa. M. eurycarpa trees collapse due to twisted stems, this changes the structure of the 

forest, opening up spaces. The role that M. eurycarpa has in the secondary forest succession as an 

inhibitor of old-growth forest species on the understorey it is relevant to determine management 

practices to take place in the early stage of succession to accelerate the time in which old-growth 

forest species become dominant. 
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Lesser known timber species in the Est Cameroon: The Pentaclethra 
macrophylla Benth. case 
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Despite efforts implemented by Central African state in sustainable forest management, a progressive 
depletion of some timber flagship species has been observed. The timber species diversification might be a 
solution to fix it. However candidate species should: (i) have a wood that can substitute threatened species, 
(ii) present an efficient wood production chain from forest to lumber, (iii) have ecological features adapted 
to the actual logging system. Those 3 aspect where investigated for Pentaclethra macrophylla int the Est 
Cameroon region. The wood potential was assessed by measuring wood properties on 4 trees. The efficiency 
wood production was estimated by: (i) computing an allometric equation for predicting standing volume on 
90 trees, (ii) estimating the commercial rate and sawing yields on 23 trees. Ecological features where 
investigated by: (i) using standing trees repartition in diameter classes on the study site, (ii) measuring 
annual mean growth (AAM) with the “14C Bomb peak” method on 4 trees. Production results and ecological 
features were finally integrated in a Usher matrix model to predict population evolution and volume 
production according to different management scenarios. Those investigation shows that P. macrophylla 
wood present high potential in substitution of flagship timber species, especially Erythrophleum suaveolens 
(Tali) and Lophira alata (Azobe) and. The mean fresh lumber volume produced from a 85cm diameter tree is 
0.66 m³, which is quiet low but comparable to actual logged species such as Pterocarpus soyauxii (Padouk) 
and E. suavoelens. This species present high population proportion in lower diameter classes on the study 
site and an AAM of 3mm/years. Based on the modelling we recommend to fix the cutting diameter at 110 
cm and the logging rate at 40% to avoid threatening the population. The logging of this species can be 
therefore considered for a low but sustainable wood production on the study site. 
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How much sapwood conducts water? 
 

Kasia Zieminska, Camille Ziegler, Olivier Martin, Claire Fortunel, Raphael Pelissier AMAP lab, 

Montpellier France 
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Sapwood is typically defined as part of wood that transports water. Yet, the available evidence 

from dye perfusion and anatomical studies show that, in fact, not entire sapwood conducts 

water. These experiments, however, have been done only on a handful of species. Consequently, 

our understanding of structure that underpins water transport in trees is limited. More accurate 

estimates of conductive sapwood are crucial for calculating the biomass devoted to water 

transport and for estimating amounts of water that can be transported through stems. 

Moreover, sapwood area is a component of a commonly measured plant functional trait 

“sapwood area to leaf area ratio” which indicates water demand to water supply and is used in 

vegetation models. Therefore, better estimates of conductive sapwood area may be important 

for improving these models. 

The overall objective of this work was to better understand structural traits that underpin water 

transport in trees. Specifically, our aim was to more precisely map the amount of sapwood that is 

devoted to water transport in terminal shoots. An additional goal was to use “conductive 

sapwood” to estimate leaf area to conductive sapwood area ratio, and then compare to leaf area 

to total sapwood area ratio. 

 

We sampled branches from 50 trees of 18 angiosperm species belonging to 17 families. The trees 
grew in the rainforest near Paracou Field Station, northern French Guiana. The sampled branches 
were 2 m long and subsequently trimmed under water to 0.7 m long shoots. These shoots, while 
still containing leaves, were fed a crystal violet dye. Next, the area of sapwood stained with the 
dye (“conductive sapwood”) and the area of all leaves were measured. 

Our preliminary results indicate considerable species-specific differences in conductive 

sapwood area, from all sapwood to only small fragments of sapwood conducting water. 

Additional results are still being processed. 

Better understanding of structural properties underpinning water transport is crucial for 

improving our knowledge of tree functions. Moreover, our results have a potential to precisely 

illustrate the disparities between the common assumption that whole sapwood transports 

water and the sapwood area that actually transports water. These results can then be applied 

in vegetation models and large-scale ecological analyses. 
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Phylogeography of the critically endangered Gerp‘s mouse lemur has been 
shaped by rivers, altitude and paleoclimate 

Tobias van Elst (1) 
Dominik Schüßler (2) 
Valisoa S. T. Rovanirina (3) 
Romule Rakotondravony (3) 
Paul A. Hohenlohe (4) 
Anne D. Yoder (5) 
Ute Radespiel (1) 

(1) Institute of Zoology, University of Veterinary Medicine Hannover Foundation, Bünteweg 17, 
30559 Hannover, Germany 
(2) Research Group Vegetation Ecology and Nature Conservation, Institute of Biology and 
Chemistry, University of Hildesheim, Universitätsplatz 1, 31141 Hildesheim, Germany 
(3) Faculté des Sciences, de Technologies et de l'Environnement, University of Mahajanga, 5 Rue 
Georges V - Immeuble KAKAL, Mahajanga Be, B.P. 652, Mahajanga, 401, Madagascar 
(4) Institute for Bioinformatics and Evolutionary Studies, Department of Biological Sciences, 
University of Idaho, Moscow, ID 83844, USA 
(5) Department of Biology, Duke University, Durham, NC 27708, USA 

Madagascar has great potential to study the diversification of species due to its numerous 
endemic radiations and steep environmental gradients. Here, we reconstruct the phylogeographic 
history and patterns of gene flow in the critically endangered mouse lemur Microcebus gerpi to 
understand the principles underlying the diversification of small mammals in Madagascar’s 
rainforests. Using genome wide RADseq data of 67 individuals across seven locations, we infer that 
M. gerpi diversified in the Late Quaternary, potentially through cycles of connectivity and isolation 
during paleoclimatic fluctuations. Populations in different inter-river systems are well 
differentiated and do not show signs of admixture. The deepest divergence (~ 270 kya) is found 
between M. gerpi populations north and south of two major rivers with headwaters at high 
altitudes and is comparable to that between its two sister species. These rivers have likely long 
been a major barrier to gene flow that cannot be crossed by the lowland specialist M. gerpi. Two 
other rivers coincide with more recent divergences (< 50 kya), potentially because their smaller 
size or lower headwaters permitted higher migration rates at mid elevations. Our findings provide 
empirical evidence for the interacting effects of rivers, altitude, and paleoclimate in shaping the 
evolution of biodiversity in Madagascar. We further highlight important conservation implications 
considering extreme habitat loss and fragmentation in the region. 
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What population genetics tells us about northern Madagascar paleoenvironments? 

 

The relative effects of climate fluctuations and anthropogenic activities on current biome distribution are 

subject to increasing attention, notably in islands. In Madagascar, where humans arrived exceptionally 

recently, the causes of the demise of large vertebrates that cohabited with humans are yet unclear. The 

prevailing narrative held that Madagascar was covered with forest before human arrival. However, recent 

studies have shown that vegetation and fauna structure fluctuated since the Late Quaternary, long 

before the human started to impact the landscape and before the earliest evidence of its presence. In this 

talk, we review the paleaoenvironmental insights obtained in the past decades from population genetics and 

phylogenetics approaches. We also describe the main population genetic tools used - mostly demographic 

modelling - their promises, limits, and their complementarity with other approaches used to reconstruct 

paleoenvironments. Finally, we attempt to identify the new avenues and challenges associated with this 

discipline, in Madagascar and in the tropics. 

 

This talk will be presented at the “Tropical Molecular Ecology” symposium co-organized by Ute Radespiel and 
Pablo Orozco Ter Wengel. 
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Understanding the influence of forest fragmentation on amphibian 
phylogenetic diversity in Madagascar’s central highlands 

Katherine Mullin 

Cardiff University 
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Madagascar's forests are threatened by human activities and are becoming increasingly 
fragmented. The island's unique anuran fauna - with over 500 endemic frog species thought to 
be extant – are threatened by this habitat loss. Our research was focussed in the central 
highlands where little forest remains, and aimed to understand how the phylogenetic diversity 
present is impacted by forest fragmentation. Buccal swabbing of over 500 individual frogs was 
conducted across 9 forest fragments and three mitochondrial genes were barcoded for these 
individuals. Over 1,000 frogs were included in the analysis. Phylodiversity decreased with 
decreasing fragment size and increasing fragment isolation and community composition was 
also influenced by fragment size. Our results highlight the unique diversity in the central 
highlands, and the importance of maintaining fragments over 50 hectares in size for amphibian 
diversity. 
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Understanding the genetic consequences of habitat loss & fragmentation 
through spatial modelling 

Gabriele Maria Sgarlata, Ravi Vishwakarma, Tiago Maié, Rita Rasteiro, Lounès Chikhi 

IGC - Instituto Gulbenkian de Ciência, Oeiras, Portugal, EDB - Laboratoire Évolution & Diversité 
Biologique, Université de Toulouse, Midi-Pyrénées, Toulouse, France. 

Habitat Loss & Fragmentation (HL&F) poses a serious threat to the world’s biodiversity by altering 
species habitats. Ecological studies have revealed a pervasive negative effect of HL&F on, for 
instance, species richness and density. As far as genetics is concerned, several meta-analyses have 
recently revealed that HL&F has an overall negative influence also on species' genetic diversity. We 
still don't know the relative effects of different HL&F processes on genetic diversity, despite 
decades of investigation on endangered species genetics. In this talk, I will highlight some of the 
work done in our group using spatial simulation to understand the effect of HL&F on spatial and 
temporal genetic diversity. We undertake a local-scale approach by studying the effect of patch- 
size and edge-effect on the spatial distribution of genetic diversity within habitat patches. We next 
undertake a landscape-scale approach by investigating the impact of HL&F on among-habitat 
patches isolation by distance (IBD) pattern. This was motivated by the observation that present- 
day natural populations often exhibit significant IBD patterns, while clearly rejecting the 
assumption in the IBD model of continuous habitat. Finally, I will cover the ongoing work on the 
pattern and temporal dynamics of genetic diversity for various speeds of habitat range contraction 
that followed an initial period of habitat expansions. Overall, our work will contribute to a better 
interpretation of the spatial genetic patterns observed in natural populations and will provide 
intuition on the influence of present-day HL&F on the future genetic diversity of species. 
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Pronounced genetic structuring of a fossorial rodent across a small spatial 
scale, affected by landscape structure 

Victoria M. Reuber (a), 
Michael V. Westbury (b), 
Alba Rey-Iglesia (b), 
Addisu Asefa (a) 
Nina Farwig (a), 
Christian Lampei (c), 
Georg Miehe (d), 
Lars Opgenoorth (c) & (h) 
Radim Sumbera (e), 
Luise Wraase (f), 
Tilaye Wube (g), 
Eline D. Lorenzen (b) and 
Dana G. Schabo (a) 

(a) Department of Biology, Conservation Ecology, University of Marburg, Marburg, Germany 
(b) Section for Evolutionary Genomics, GLOBE institute, University of Copenhagen, Copenhagen, 
Denmark 
(c) Department of Biology, Plant Ecology & Geobotany, University of Marburg, Marburg, Germany 
(d) Department of Geography, Vegetation Geography, University of Marburg, Marburg, Germany 
(e) Department of Zoology, University of South Bohemia, České Budějovice, Czech Republic 
(f) Department of Geography, Environmental Informatics, University of Marburg, Marburg, 
Germany 
(g) Department of Zoological Sciences, College of Natural and Computational Sciences, Addis 
Ababa University, Addis Ababa, Ethiopia 
(h) Swiss Federal Research Institute WSL, Birmensdorf, Switzerland 

The spatial genetic structure and diversity of species is determined by a combination of 
environmental features (i.e. abiotic and biotic factors, landscape structure) and the species’ 
dispersal ability. Fossorial species, i.e. species living underground, usually show enhanced 
differentiation between sub-populations even on small spatial scales. Analysing the genetic 
structure and diversity of fossorial species with relatively limited dispersal capabilities, thus 
provides insights into a species adaptation towards its environment, particularly in harsh and 
heterogeneous ecosystems. The endemic giant root-rat (GRR, Tachyoryctes macrocephalus) is a 
fossorial rodent confined to the afro-alpine ecosystem of the Bale Mountains in southeast 
Ethiopia. The limited dispersal ability and the small distributional range of the species makes the 
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GRR a unique study species to understand genetic structuring in relation to environment features. 
In our study, we analyse the current population structure and phylogeography, spatial genetic 
diversity, and the association of these to geographic distance, vegetation, and landscape structure. 
We use complete mitochondrial and low-coverage nuclear genomes of 77 individuals sampled 
from eight localities across the entire distribution range of the species. Across the range, we reveal 
a pronounced structuring in two larger populations, with no indication for gene flow between the 
populations. On a local scale, we find genetic differentiation between sampling-localities, but no 
clear structuring in sub-populations or differences in genetic diversity. Landscape structure 
affected population genetic differentiation, presumably depicting a geographical barrier in the 
distributional range of the GRR. In contrast, isolation by distance was of minor importance. Our 
results indicate that in harsh and heterogenous ecosystems, reduced mobility can lead to 
pronounced genetic differentiation even on small spatial scales. Species with reduced mobility in 
such ecosystems therefore could be ideal model organisms to study microevolutionary processes 
and adaptive potential towards changing environmental conditions. 
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Understanding the dynamics and determinants of recovery in the 
mountain chicken frog following a chytridiomycosis epidemic” 
 

The Mountain Chicken Frog (Leptodactylus fallax) is one of the world’s largest amphibians 

and is endemic to the Caribbean islands of Dominica and Montserrat. Following an 

incursion of the fungal pathogen Batrachochytridium dendrobatidis (Bd) in 2002 and 2009 

in Dominica and Montserrat, respectively, the wild population suffered an 85% decline in 

size. The mountain chicken frog is now Critically Endangered. In 2014, a nascent recovery 

of mountain chickens was reported from Dominica. Mountain chicken frogs are surviving in 

areas with known presence of Bd, indicating they may have developed some form of 

tolerance to the fungus. 

 

My work uses molecular ecology techniques to study this surviving population and make 

comparisons with the mountain chicken frogs unable to survive infection with Bd. I focus 

on a multifaceted study of host immunogenetics, host skin microbiome, and pathogen 

population genetics. Together, these factors may provide some understanding of the 

mechanisms underlying Bd tolerance in the mountain chicken frog. The ultimate goal is to 

produce research that directly aids efforts to mitigate the impact of Bd in the wild.” 
 

 

           Nina White 
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eDNA-based survey of root-associated fungi in neotropical bromeliads 

C. Leroy (1,2), A.Q. Maes (3), E. Louisanna (2), N. Séjalon-Delmas (3), H. Schimann (2) 

(1) AMAP, Univ. Montpellier, CIRAD, CNRS, INRAE, IRD, Montpellier, France 
(2) ECOFOG, AgroParisTech, CIRAD, CNRS, INRAE, Université de Guyane, Université des Antilles, 
Campus Agronomique, Kourou, France 
(3) LRSV, Université de Toulouse, UPS, CNRS, France 

Because of their key role in the fitness and health of plants, it is crucial to better understand the 
host-microbiota interactions. In highly stressful habitats, root-associated fungi may be crucial for 
epiphytic (i.e. plants that grow on the surface of another plant) and lithophytic plants (i.e. plants 
that grow on rocks). However, in bromeliads, most of the root-associated fungal endophytes 
remain undescribed as well as the drivers that affect their interactions with the plants. We 
explored root-associated fungal communities in bromeliad species and their variations linked to 
plant ecology, ontogeny, and ant-plant interactions, by using ITS1 gene-based high-throughput 
sequencing and by characterizing fungal functional guilds. Overall, we found a dual association of 
mycorrhizal and non-mycorrhizal fungi. The ecology of the plant (epiphytic, lithophytic and 
terrestrial forms) among bromeliad species shaped both the taxonomic and the functional 
composition of fungal communities. Specifically, roots of epiphytic bromeliads had more 
endophytic fungi and dark septate endophytes and fewer mycorrhizal fungi than terrestrial and 
lithophytic bromeliads. In addition, we underlined changes in root-associated fungal communities 
linked to the ontogenic stage of bromeliads, with a prominence of mycorrhizal and lower dark 
septate endophyte fungi in the adults, as compared to juveniles. Finally, we evidenced that root- 
fungal community composition can be mediated by cross-kingdom interactions. Indeed, we found 
that the identity of the mutualistic ant species in ant-bromeliad interactions had a significant 
influence on the root-associated fungal diversity and community composition. Our results 
contribute to a fundamental knowledge base on different fungal groups in previously undescribed 
bromeliad plants. We evidenced that multiple biotic drivers had strong effects on root-associated 
fungal community that may enhance plant fitness in both stressful and nutrient-poor 
environments and give more flexibility to the plants to adapt to changing environmental 
conditions. 
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Just the Ten of Us: DNA metabarcoding reveals the dietary dynamics and 
interactions of an introduced ant community 

Max Tercel, Jordan Cuff, Nik Cole, Rouben Mootoocurpen, Ian Vaughan, Jane Memmott and 
William Symondson 

Max Tercel: Cardiff University and Durrell Wildlife Conservation Trust 
Jordan Cuff: Newcastle University 
Nik Cole: Durrell Wildlife Conservation Trust 
Rouben Mootoocurpen: Mauritian Wildlife Foundation 
Ian Vaughan: Cardiff University 
Jane Memmott: Bristol University 
William Symondson: Cardiff University 

Invasive ants are highly damaging introduced species capable of causing significant ecological 
damage. Our knowledge of how they mechanistically fit into ecological communities in their 
introduced range, however, is lacking in most contexts. Here, we present the results of an island- 
wide dietary analysis of ten species of introduced ants present on Round Island, Mauritius, a 
supposedly “pristine” island nature reserve supporting numerous endemic animals and plants 
found nowhere else. Using the power of dietary DNA metabarcoding, we reveal the trophic 
interactions of the ant community of Round Island, representing one of the most complete dietary 
analyses to date in any system. Moreover, our study compares the diet of the introduced ant 
community with two endemic species, the Telfair’s skink (Leiolopisma telfairii) and the Serpent 
Island centipede (Scolopendra abnormis), two ecologically dominant native consumers. Our 
comprehensive dietary analysis allows us to construct a massive trophic network of species 
interactions, showing the relative position of each ant species, competition between them, and 
the structure of the interaction network itself. We discuss how these patterns of network 
structure may be common to many ecological communities heavily invaded by ants, but how 
similar studies in different systems are needed to confirm this hypothesis. Our results are further 
discussed in the unique context of Round Island, Mauritius, and the consequences invasive ants 
may have for the future of endemic species there. 
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“Evolution and domestication of Water Buffalo” 
 

As climatic temperatures and pressures of food production increase, utilising productive and 
resilient livestock is vital. Domestic water buffalo are a well-adapted species to tropical Asia and 
remain productive in high temperatures and on low quality feed. Despite these clear positive 
characteristics, water buffalo remain understudied and fall short of their potential as a livestock 
species. Domestic water buffalo are found predominantly in Asia, and feature two subspecies: the 
river buffalo in India spreading West, and swamp buffalo in Southeast Asia. 
Both water buffalo subspecies are typically farmed by small-holding landowners as a source of 
milk and meat as well as a source of draught power. Recently, a buffalo specific SNP array has been 
produced making genomic research on water buffalo easily accessible. Here, we contribute two 
new populations to a global dataset: India the river buffalo domestication centre, and UK currently 
in its infancy of water buffalo farming. With this, we look to study water buffalo evolution through 
their domestication and detect genetic markers associated with production- (e.g. genes associated 
to milk yield) and adaptive-traits (e.g. to high temperature). This will provide new contributions to 
water buffalo breeding strategies to improve yields through genomic selection while maintaining 
important genetic variation of adaptive value. 
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Domestication history of an African tropical fruit tree species, Dacryodes 
edulis (Burseraceae): a genetic approach 

Franca Meguem(1,2), Marie-Louise Avana(1), Archange Boupoya(3), Marie Couderc(2), Jean-Louis 
Doucet(4), Charles Doumenge(5), Davy Ikabanga(6), Christian Moupela(6), Corsini Ngoye(4), Jean- 
Michel Onana(7,8), René Noël Poligui(6), Aurore Rimlinger(2,9), Jérôme Duminil(2) 

1 Research Unit of Fauna, Sylviculture of Wood Technology, Faculty of Agronomy and Agricultural Sciences, 
University of Dschang, Cameroon 
2 DIADE, IRD, University of Montpellier, CIRAD, France 
3 Institut de Recherche en Ecologie Tropicale (IRET), BP 13554, Libreville, Gabon 
4 TERRA, Forest is Life, Gembloux Agro-Bio Tech, University of Liège, Liège, Belgium 
5 UPR Forêts et Sociétés, CIRAD, Université de Montpellier, France 
6 Université des Sciences et Techniques de Masuku (USTM), BP 941, Franceville, Gabon 
7 University of Yaoundé I, Faculty of Science, Department of Plant Biology 
8 IRAD, National Herbarium of Cameroon 
9 Institute of Geography and Sustainability, Faculty of Geosciences and Environment, University of Lausanne, 
Switzerland 

Understanding the origin and spatio-temporal dynamic of plant species domestication is a fundamental step 
towards developing strategies for conservation and sustainable management of their genetic resources. Rain 
forests of the Congo Basin represent a hot spot of biodiversity, and a great source of non-timber forest 
products used by local populations for their daily needs. This includes food-based products from plant 
species such as African yams, oil palm, bush mango and bitter kola, that were/are exploited by hunter- 
gatherers since immemorial times. At a certain point in human history, hunting and gathering practices were 
progressively superseded by agricultural practices. Where, when and how this happened remains highly 
speculative. Molecular approaches, by characterizing the genetic signatures left by past demographic events 
on the genome of species, could improve the understanding of the spatio-temporal dynamics of plant 
species domestication. 
Our study focuses on Dacryodes edulis (Burseraceae), an African food tree species whose fruits are largely 
consumed across its distribution range in Central Africa. This species, indigenous to Central African rain 
forests, has been propagated by human in agroforestry systems, rural home gardens as well as in cities. A 
total of ca. 1000 individuals from forest (presumably wild) or agrosystems were sampled in Cameroon and 
Gabon, and characterized for their genetic diversity using a set of nuclear microsatellites and chloroplast 
DNA markers. Preliminary results obtained on cultivated individuals support the presence of an historical 
barrier to gene flow at the level of the meteorological equator, a likely consequence of past climate changes, 
as already observed in other species from the region. The in-depth genetic analyses will further shed light on 
the domestication history of the species, contributing to a better understanding of the historical 
development of agriculture in the region. 
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Evolutionary history of food tree species: case of the Papuan nutmeg 
(Myristica argentea) 

Jakty Kusuma, Victoria Malaval, Amalia Paramitha, John Watts, Nora Scarcelli, Jérôme Duminil 

IRD France and INOBU Indonesia 

Characterizing the distribution of genetic diversity of perennial crops is an important preliminary 
step to develop strategies of conservation and sustainable management and use. Patterns of 
distribution of genetic diversity are generally poorly documented in tropical species. We here 
focused on the distribution of the genetic diversity of a socio-economically important perennial 
crop, the Papuan Nutmeg (Myristica argentea, also known as FakFak nutmeg). This species is 
endemic to western Papua (Indonesia). It presents similar nut and mace properties to the common 
nutmeg (Myristica fragrans) and his often used as a substitute to this later. 
Using fifteen polymorphic microsatellites, we have characterized the genetic diversity of Papuan 
nutmeg from fifteen different localities corresponding to three different regions (FakFak, Raja 
Ampat and Manokwari regions) in West Papua. Our results suggest that FakFak region presents 
higher levels of genetic diversity than the other two regions. Our results also suggest that this 
region might be the region of origin of individuals found in the other two regions. At the level of 
the FakFak region, we also detected slight differences of genetic diversity among localities. 
Moreover, we observed the presence of a spatial genetic structure among localities from this 
region. These results are interpreted in relationships to past climate events and human uses. 
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Genetic diversity of wild fruits in Southeast Asia: case of Garcinia 
mangostana wild relatives 

Tze Leong YAO; Jérôme DUMINIL; Mohd NAZRE Saleh 

University of Montpellier; Institut de recherche pour le développement; Universiti Putra Malaysia 

Garcinia (Clusiaceae) is a pantropical genus represented by about 250 dioecious shrub or tree 
species and mangosteen (Garcinia mangostana var. mangostana) is the best-known species. The 
origin and evolution of the cultivated mangosteen is debatable with incongruous findings from 
cytological and phylogenetics studies. The greatest drawback in these previous studies is limited 
samples of wild species/populations and the samples were usually acquired from restricted 
distribution area, resulted in biased conclusion. Given the contentious surrounding the origin of 
mangosteen, studying the demarcation of species delimitation and evolutionary history using 
population genetic and phylogenetics methods are required. The current study aims to (i) clarify 
varietal/species delimitation of G. mangostana varieties and closely related species through an 
integrated approach involving complementary disciplines: botany, ecology and genetics; as well as 
(ii) to postulate the evolutionary history of G. mangostana using genetic analyses approaches. 
Clarification of the genetic diversities of the wild mangosteen relatives is indispensable to 
formulate the conservation programme to protect the wild populations facing land-use changes. 
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Root traits are not always highly constrained by ancestry: Wide diversity in 
tree root traits among hyperdiverse families in the Amazon Basin 

Monique Weemstra1, Oscar Valverde-Barrantes1, Jason Vleminckx1,2, Claire Fortunel3, Erick M. 
Oblitas Mendoza4, Alberto Vicentine4, Eduardo Prata4, Christopher Baraloto1,5 

1 Dept of Biological Sciences, Florida International Univ., FL, USA; 2 Yale Inst. for Biospheric 
Studies, New Haven, CT, USA; 
3 AMAP (botAnique et Modélisation de l’Architecture des Plantes et des Végétations), Univ. de 
Montpellier, CIRAD, CNRS, INRAE, IRD, Montpellier Cedex 5, France; 4 National Institute of 
Amazonian Research, Manaus, AM, Brazil; 
5 INRAe, UMR Ecologie de Forêts de Guyane, AgroParisTech, CIRAD, INRA, Univ. de Guyane, Univ. 
des Antilles, Kourou Cedex, France 

Deterministic mechanisms structure plant communities through their functional traits. Biotic interactions 
limit aboveground trait similarity, whereas environmental filtering permits the establishment of a subset of 
species bearing convergent leaf traits, thus explaining species distributions and diversification. Belowground, 
however, these mechanisms may operate differently. Unlike leaf traits, root trait variation consists of two 
independent axes: a “collaboration axis” separating species based on their dependence on mycorrhiza for 
nutrient uptake, and a “conservation axis” reflecting a tradeoff between investments in robust, long-lived 
roots or in short-lived roots with high metabolic activity. Also, compared to leaf traits, root morphology 
seems more phylogenetically constrained. Little information exists about the degree of root trait divergence 
within highly diverse tropical families and how much environment explains this variation. 
Here, we compiled an unprecedented root trait dataset covering 10 tropical tree families dominant in the 
Amazon basin. Specifically, we test i) the diversity of root traits within hyper-diverse families; ii) which axis of 
variation is more labile within families; iii) how edaphic factors influence such belowground variation at 
phylogenetic and spatial scales. 
Our results show that, similar to globally established patterns across species, root trait variation across 
families is multidimensional. However, within some families, genera varied largely along the collaboration 
axis, suggesting a strong selection on mycorrhizal dependency. Interestingly, family root traits varied little 
along local fertility gradients within sites but did shift across the Amazon basin. 
Contrary to common assumptions, closely related genera may thus display highly diverse root traits, 
reflecting multiple belowground uptake strategies – especially in terms of mycorrhizal dependence – across 
coexisting species in tropical forests. Unraveling these belowground patterns and drivers is important to 
understand species composition, especially in tropical forests that harbor a large diversity of coexisting 
species but where roots are understudied. 
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Kerstin Pierick, Roman M. Link, Selene Báez, Andre Velescu, Wolfgang Wilcke, Christoph 
Leuschner, Jürgen Homeier 

Universtiy of Goettingen, University of Wuerzburg, Escuela Politécnica Nacional del Ecuador, 
Karlsruhe Institute for Technology 

General patterns of trait-trait and trait-environment associations are the foundation for using 
functional traits for predicting ecosystem functioning and community responses to global change. 
Yet, the question if above- and belowground plant organs have coordinated strategies remains 
controversial. We aim to determine the leading dimensions of trait variation for leaf, stem and fine 
root functional traits, and test whether they represent spectra of adaptation along environmental 
gradients, for tree species in tropical montane forests of the Andes. In an unprecedented sampling 
effort, we measured functional traits and soil nutrient availability on the individual tree level on 
433 trees from 52 species and 3 elevational levels (1000 m - 3000 m). We found remarkable 
coordination of root, wood and leaf traits related to the trade-off between acquisition and 
conservation, whereas traits related to root diameter formed an independent axis, the 
collaboration gradient. Trait integration increased with elevation. The nutrient availability within 
sites was surprisingly variable, and the species’ position along the acquisition-conservation axis of 
the trait space was highly associated with the average N availability at which they occurred. In 
conclusion, functional traits can provide insight into different strategies of coexisting species and 
explain small-scale patterns of community assembly. 
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Trade-offs among hydraulic, mechanical and storage traits in stem-root 
xylem from different climate tree species 

Guangqi Zhang1, Zhun Mao1, Pascale Maillard2, Loic Brancheriau3, Bastien Gerard2, Julien Engel1, 
Claire Fortunel1, Jean-Luc Maeght1, Jordi Martínez-Vilalta4,5, Merlin Ramel1, Alexia Stokes1 

1 AMAP, Université de Montpellier, CIRAD, CNRS, INRAE, IRD, 34000 Montpellier, France 
2 SILVA, INRAE, Université de Lorraine, Agroparistech, Centre de Recherche Grand-Est Nancy, 
54280 Champenoux, France 
3 CIRAD, Université de Montpellier, UR BioWooEB, 34000 Montpellier, France 
4 CREAF, E08193 Bellaterra (Cerdanyola del Vallès), Catalonia, Spain 
5 Universitat Autònoma Barcelona, E08193 Bellaterra (Cerdanyola del Vallès), Catalonia, Spain 

Background and Aims: Xylem traits of trees play important roles in growth and possess multiple 
functions including water transport, mechanical support and carbohydrate storage. Intertwined 
xylem traits and distribution patterns of anatomical tissues therefore lead to trade-offs between 
structure and function. Studies on structure and function of xylem are numerous, but mainly focus 
on single organs and are limited to a relatively small number of species. It remains unclear how 
anatomical traits are linked to different functions in stem and root xylem, especially across a broad 
range of species and climates. 
Methods: We sampled 60 angiosperm tree species from temperate, Mediterranean and tropical 
climates, with 20 tree species in each climate forest. A total of 13 stem and root xylem traits linked 
to multiple xylem functions were measured and ray (RP) and axial parenchyma (AP) arrangement 
as well as vessel size were also determined, to examine their overall coordination and trade-offs. 
Key Results: We found wood density was positively correlated with total parenchyma fractions in 
both stems and roots, but was negatively correlated with vessel fraction and specific xylem 
hydraulic conductivity (SXHC). The AP was positively (and RP was negatively) correlated with SXHC. 
Species with paratracheal AP and ring-porous vessels tended to have higher SXHC. Moreover, 
there were contrary correlation patterns between non-structural carbohydrate content and SXHC 
in stems and roots. Xylem traits varied greatly across the three climates and phylogenetic trends 
also affected xylem traits, but was not the main factor affecting their relationships. 
Conclusions: Our results provide evidence that there is a trade-off between xylem mechanical 
support and hydraulic conductivity in both stem and roots and that is influenced by climate. Xylem 
AP and paratracheal arrangement are associated with enhanced hydraulic efficiency. However, the 
hydraulic-storage strategies differed between stems and roots, with more closer ties existing in 
the stem. 
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Changes of fine root dynamics and root functional traits with tropical 
rainforest conversion and native species enrichment in tree plantations 
 

 
 

 

Martyna KOTOWSKA -  Germany 
 
 
Session 17 : Tropical soil life 

 

 
 
 

 

 
  

 

Despite the substantial role fine roots play for plant resource uptake and soil fertility, our 
understanding on how their dynamics are influenced by environmental factors and anthropogenic 
management is still poor, particularly in tropical landscapes which are nowadays on the frontline 
of rapid land-use change. 
 
We investigated functional fine root traits such as morphology (diameter, specific root length, 
tissue density) and chemistry, as well as fine root dynamics (root lifespan) in different land- use 
systems in the tropical lowlands of Jambi, Sumatra; namely rainforest, rubber agroforest, rubber 
and oil palm monocultures. Additionally, we collected data from a native species enrichment 
experiment in oil palm plantations. The measurements were based on fine root inventories and 
observations from mini-rhizotrons. We found that specific root length and tissue density were 
significantly higher in forest trees, while fine root diameter was largest in rubber trees and root N 
content lowest in the oil palm system. Median fine root longevity was higher in rubber 
plantations than in jungle rubber, and more than 50% greater in rubber than in the forest and oil 
palm plantations. 
 
Conversion of tropical lowland forest to tree plantations significantly altered community-level 
fine root morphology and longevity, with likely consequences for soil carbon cycling and soil 
biological activity. However, land-use intensification in the observed systems did not consistently 
lead to overall more acquisitive fine root systems; likely driven by the distinctiveness of rubber 
and oil palm root systems. To understand the consequences of shifts in belowground functional 
trait assemblage and whether they can be mitigated with native species enrichment in 
monoculture plantations, a stronger focus on the functional variation in trait syndromes in 
tropical communities is needed. 
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Animal and plant functional diversity play a key role in the 
biogeochemical carbon cycle in the Amazon 

María Losada*1, Antonio M. Martínez Cortizas2 and Mar Sobral1 

1 EcoPast (GI-1553), Department of Functional Biology, Faculty of Biology, University of 

Santiago de Compostela, Santiago de Compostela 15782, Spain. 

2 EcoPast (GI-1553), Department of Soil Science and Agricultural Chemistry, Faculty of 

Biology, University of Santiago de Compostela, Santiago de Compostela 15782, Spain. 

 

Global diversity loss may be altering the functional diversity and composition of biotic communities 
and thus, affecting ecosystem services and functions, such as the ability of forests to sequester and 
store carbon from the atmosphere. We investigated the role of mammal and plant functional 
diversity in the quantity, type, and stability of soil organic carbon. For this aim, we combined 
observational abundance data of 48 mammal species and 171 plant species recorded across 
4,800,000 ha of Amazon Forest. Molecular soil composition was analyzed in 
532 samples using attenuated total reflectance Fourier-Transform Infrared (FTIR-ATR) 
spectroscopy. We assessed multidimensional functional diversity (FD) indices for 83 different 
mammal and plant communities. Soil organic carbon increased in mammal communities with higher 
functional richness and functional evenness. Moreover, soil microbial communities differed in 
carbon metabolism and carbon source consumption, and these differences were highly correlated 
with plant and mammal diversity from each community. Our results will help to better understand 
the mechanisms of the causal relationship existing between biodiversity and carbon storage in soil, 
and thus, help inform decisions about biodiversity conservation and ecosystem restoration in the 
context of global change. 
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Being left hard and dry: Edaphic engineering by leaf-cutting ants generate 
physico-hydrological soil barriers to forest regeneration 

Michelle Szyja, Marcelo Tabarelli, Inara R. Leal, Vincent J.M.N.L. Felde, Burkhard Büdel, Rainer 
Wirth 

Michelle Szyja, Rainer Wirth, Burkhard Büdel: Molecular Botany, University of Kaiserslautern, PO- 
Box 3049, 67663 Kaiserslautern, Germany 
Inara R Leal, Marcelo Tabarelli: Departamento de Botânica, Universidade Federal de Pernambuco, 
Av. Prof. Moraes Rego s/no, 50670-901 Recife, PE, Brazil 
Vincent J.M.N.L. Felde: Institute of Soil science, Leibniz University Hannover, Herrenhäuser Straße 
2, 30419 Hanover, Germany 

Leaf-cutting ants (LCA) have been recognized as key ecological players in human-modified 
habitats. As ecosystem engineers and herbivores they influence multiple aspects of plant 
performance and affect species composition, successional trajectories, and ecosystem functioning 
in general. However, the underlying mechanisms behind these impacts are poorly understood, 
particularly in the semiarid tropics. Here, we investigated the edaphic engineering role of Atta 
opaciceps LCA by exploring the persistence and relevance of their nests’ effects on soil physical 
parameters in the human-modified Caatinga dry forest (NE Brazil). Specifically, we explored (1) soil 
compaction along fine-scaled nest soil profiles via electronic micro-penetrometry on seven active 
A. opaciceps nests and (2) soil water availability and repellency with the disc infiltrometry 
technique on ten active, ten recently abandoned (< 2 years abandonment), and ten abandoned (> 
5 years) nests. Our findings revealed a stratified structure of increased soil compaction in A. 
opaciceps nest soils, with more than one compacted layer per cm depth and nest soils being 34% 
harder than non-nest soils. Nest soils are reaching very high values of penetration resistance that 
are considered limiting for most plant species (4.8 ± 2.5 MPa). Independent of the nests’ activity 
status, sorptivity and hydraulic conductivity were reduced by 40% and 50%, respectively, 
indicating increased runoff from nest mounds when compared to non-nest soils. The reduced 
water availability was a result of the compacted soils, as A. opacieps nests were 20% less water 
repellent than non-nest soils. Our findings indicate that reduced plant recruitment on A. opaciceps 
nests is likely attributable to physico-hydraulic alterations of the topsoil, turning them into long- 
term areas of unsuitable substrate for plant regeneration. In view of extrapolated effects resulting 
from the human-induced hyperabundance of their nests, edaphic engineering by LCA must be 
considered a key process in the regeneration of Caatinga dry forest. 
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Despite the implementation of anagement plans, timber species densities are declining in the 
Central African forests. Cylicodiscus gabuneis is one such species. It is one of the most 
exploited species in the region. The rarity of its regeneration in evergreen forest suggests that 
the conditions that allowed populations to become established are no longer present. Using a 
combined archaeobotanical and pedological approach, the aim of this study is to identify the 
factors explaining the current distribution of C. gabunensis individuals on a fine scale in a forest 
concession in south-eastern Gabon. We installed 40 archaeological pits equally divided 
between sites with and without C. gabunensis. The artefacts encountered were collected and 
analysed. 
Charcoal masses were quantified and 18 charcoals were dated. These ages were compared 
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Rhizosphere of okoumé (Aucoumea klaineana Pierre). When the tree 

feeds the stand 

Quentin Guidosse ; Jean-Louis Doucet ; Ludivine Lassois 

Univ. of Liège (Belgium) - Gembloux Agro-Bio Tech. TERRA. Management of Forest Ressources 

Aucoumea klaineana Pierre is the most harvested tree in Central Africa. As forest logging seems to 
be the best land-use compromise between maintaining the ecosystem and creating economic 
activity, the exploitation of this species is a major issue. Understanding A. klaineana ecology is a 
prerequisite to ensure its sustainable management. This light-demanding and fast-growing species 
forms monospecific stands in its young age. Pioneer, it grows in savannahs and in fallows. It can 
therefore "create" the forest in open environments. When the stand is established, exchanges of 
water and carbon between individuals are assumed through the survival of tree stumps that have 
been cut for decades and are kept alive by neighbouring trees. Aucoumea klaineana stand thus 
functions as a single entity, putting its resources to the benefit of the whole. Our study focuses on 
root grafting between individuals, for which current knowledge is limited to these living stumps, 
but also on microscopic connections between individuals, via the mycorrhizal network, whose 
fungal communities have yet to be characterised. Understanding the usefulness and potential 
complementarity of these two exchange channels at the stand level should make it possible to 
ensure the sustainable silviculture of the species and to optimise its artificial regeneration. Two 
main experiments are carried out to fill those gaps: (i) collection of fine roots in plantations in the 
DRC (outside the species' range), in colonising forests, intermediate forests and mature forests in 
Gabon and characterisation of mycorrhizal communities by metabarcoding (DNA sequencing); (ii) 
excavation of root systems from groups of A. klaineana, harvesting of root sections and grafts and 
analysis of rings by dendrochronology in order to determine the dynamics of growth and fusion of 
these structures. 
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