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Abstract

Seed dispersal by fruit-eating animals is a pivotal ecosystem function in tropical forests, but
the role that frugivores have played in the biogeography and macroevolution of species-rich
tropical plant families remains largely unexplored. This project investigates how frugivory-
relevant plant traits (e.g. fruit  size, fruit  color, fruit  shape etc.) are distributed within the
angiosperm family  of  palms  (Arecaceae),  how this  relates  to  diversification  rates,  and
whether  and  how  it  coincides  with  the  global  biogeographic  distribution  of  vertebrate
frugivores (birds,  bats,  primates,  other frugivorous mammals)  and their  ecological  traits
(e.g. diet specialization, body size, flight ability, color vision etc.). Palms are particularly
suitable because they are well studied, species-rich, characteristic of tropical rainforests,
and dispersed by all groups of vertebrate seed dispersers. Using newly compiled data on
species distributions and ecological traits in combination with phylogenies we will test (1)
how fruit trait variability relates to palm phylogeny and other aspects of plant morphology
(e.g. leaf size, plant height, growth form), (2) whether geographic variability in fruit traits
correlates with geographic distributions of animal consumers and their traits, and (3) to
what extent interaction-relevant plant traits are related to palm diversification rates. This
combined macroecological and macroevolutionary approach allows novel insights into the
global ecology and the evolution of a tropical keystone plant family. This is important for the
conservation and sustainable management of tropical rainforests because palms are often
key components of subsistence economies, ecosystem dynamics and carbon storage and
therefore help to enhance nature’s goods, benefits and services to humanity.
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Scientific background

A pivotal  ecosystem function in tropical  forests is animal-mediated seed dispersal,  with
about 90% of tropical plant species requiring animals to disperse their seeds (Howe and
Smallwood 1982).  Frugivorous birds and mammals are the most diverse and important
seed  dispersers  in  tropical  forests  and  are  essential  for  forest  structure  and  plant
population dynamics by dispersing seeds to sites distant from the mother tree, to previously
unoccupied sites, and to sites with suitable environmental conditions. Frugivore-mediated
seed dispersal  is  thus  crucial  for  vegetation  structure,  ecosystem dynamics,  and plant
responses to  anthropogenic  disturbances and environmental  change because it  affects
plant colonization ability, gene flow, and the genetic structure of plant populations (Fleming
and Kress 2013).  Tropical  rainforests are particularly  sensitive to climate and land use
change (Sala et al. 2000) and play an important role in the global carbon cycle because
they  store  a  large  proportion  of  the  world’s  carbon  pool  (Brown  and  Lugo  1982).
Understanding the role of plant-frugivore interactions in ecosystem dynamics is thus crucial
for the sustainable governance of our biological resources and the goods and services they
provide to humanity (Sekercioglu 2006). This is recognized as a key priority not only by the
scientific  community  (Cardinale  et  al.  2012)  but  also  by  several  relevant  policy  bodies
including the Convention on Biological Diversity (CBD) and its Aichi targets for 2020 (http://
www.cbd.int/sp/targets/).
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Studies of functional and interaction diversity are almost exclusively conducted at small
spatial scales, and knowledge on multispecies interactions at macroecological scales is
largely lacking (Kissling and Schleuning 2015). However, frugivores and their movement
behaviors are important at broad spatial scales, e.g. via the frequency of long-distance
dispersal  events  (Fleming  and  Kress  2013).  This  can  potentially  influence  allopatric
speciation of plants (the dominant speciation mode) through their effects on seed dispersal
distances and the geographic pattern of seed rain (Fleming and Kress 2013). Specific traits
of both plants (e.g. fruit size, fruit color, fruit shape, and understory/canopy growth form)
and their dispersers (e.g. diet specialization, body size, flight ability, color vision etc.) can
affect this plant-animal interaction. For instance, the relationship between fruit  size and
frugivore body size is of particularly importance (Burns and Lake 2009, Jordano 1995, Lord
2004) because frugivore body size correlates with gape width and sets the limits to the
ingestion of fruits by relatively small-sized seed dispersers. It  has been suggested that
plant genera in regions with many large-bodied frugivores (e.g. mammals in Australia or
Africa) have evolved larger seeds than their counterparts in regions where large-bodied
frugivores are less dominant (e.g. no mammalian frugivores in New Zeeland, few large-
bodied  frugivores  in  the  Neotropics)  (Mack  1993,  Lord  2004).  Similar  trends  can  be
observed  for  other  morphological  and  chemical  fruit  traits  (e.g.  Dominy  et  al.  2003,
Lomascolo et al. 2010, Voigt et al. 2004), but comprehensive biogeographic comparisons
of fruit trait variation in relation to phylogeny and the geographic distribution of frugivores at
large spatial scales are lacking.

Aims, objectives and hypotheses

The aim of this project is to understand the macroecology and diversification of a tropical
plant family in relation to frugivory-relevant plant traits and the biogeographic distribution of
vertebrate consumers (Fig. 1). The palm family (Arecaceae) is a good model system for
understanding  the  ecology  and evolution  of  tropical  rainforests  because (1)  palms are
representative of the tropical rainforest biome, (2) their biology, taxonomy and geographic
distributions  are  well-documented,  (3)  comprehensive  phylogenetic  hypotheses  are
available,  and  (4)  the  historical  timeframe  coincides  with  that  of  the  rainforest  biome
(Couvreur and Baker 2013, Eiserhardt et al. 2011). Palms are often hyper-dominant (ter
Steege et al. 2013) and therefore also of key importance for ecosystem dynamics, forest
structure and carbon storage. Moreover, palms are an attractive plant group for studying
plant-frugivore interactions (e.g. Galetti et al. 2013, Jansen et al. 2012) and ideally suited to
explore the global ecology of species interactions because they are species-rich (ca. 2500
species), globally distributed (pantropical), diverse in their ecological traits (e.g. fruit sizes,
fruit colors, growth forms etc.), and attractive to a wide variety of animal seed dispersers,
including all major groups of frugivorous vertebrates (birds, bats, primates, other mammals)
(Dransfield et al. 2008, Fleming and Kress 2013, Zona and Henderson 1989).
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Using palms as a model system, the specific objectives of this project are:

1. to quantify the variability of fruit traits (e.g. fruit size, colour, shape) across a tropical
plant family in relation to phylogeny and other aspects of plant morphology (e.g.
leaf size, plant height, growth form, etc.)

2. to test how geographic variability in palm fruit traits is related to the macroecological
and biogeographic distribution of avian and mammalian frugivores and their traits
(e.g. body size, degree of fruit eating etc.)

3. to test whether macroevolutionary diversification rates of palms are related to fruit
size or other interaction-relevant traits such as plant growth form (e.g. understory
vs. canopy).

 
Figure 1.  

Global functional trait distributions of palms (n = 2469) and frugivorous consumers (n = 3835,
incl. birds and mammals), showing large-scale co-variation between (a) palm fruit size (length
in cm) and (b) consumer body size (mass in kg). Symbols are plotted for the mass centroids of
geographic units ('botanical countries', TDWG level 3 units) and represent mean values across
all  species  in  a  given  unit.  Values  are  calculated  across  a  total  of  29,032  species-level
occurrences (5,218 for palms, 23,814 for consumers).
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These  specific  objectives  were  chosen  because  previous  studies  on  plant-frugivore
interactions allow to formulate a number of hypotheses about how the variability in fruit
traits can be related to phylogeny, plant allometry, diversification, and geography or the
biogeographic distribution of animal disperser. More specifically, the following hypotheses
will be tested:

H1 (‘allometric constraints hypothesis’):  Fruit traits (e.g. size, shape, colour etc.) are
non-randomly distributed across phylogeny because they are phylogenetically conserved
(Jordano 1995; but see Stournaras et al. 2013) and because specific fruit traits (e.g. fruit
size) do not evolve independently from other aspects of plant morphology such as leaf
size, plant height or growth form (Herrera 2002, Herrera 1992). This could be interpreted as
phylogenetic conservatism or adaptive divergence that is independent from seed dispersal
agents ('allometric constraints'; Herrera 2002, Niklas 1994).

H2 (‘consumer biogeography hypothesis’):  Geographic  variability  in  fruit  traits  (size,
colour, shape) is correlated with the biogeographic distribution and trait variability of animal
consumers (Fig. 1) because the evolution of fruit traits depends on the regional presence-
absence and commonness of frugivores and their traits (Dominy et al. 2003, Mack 1993,
Lord 2004, Voigt et al. 2004). Specifically, it  will  be tested whether H2a:  the mean and
range of fruit sizes is larger in regions that have many large-bodied frugivores (Mack 1993)
or larger variability in consumer body sizes (Burns and Lake 2009); H2b: the distribution of
fruit  colours  coincides  with  the  biogeographic  occurrence  and  dominance  of  birds  vs.
mammals (Voigt et al. 2004) or the colour vision of primates (Dominy et al. 2003); and H2c:
large fruits are more elongated than small fruits because gape size of animal dispersers
could have influenced the evolution of fruit shape (Lord 2004).

H3 (‘diversification rate hypothesis’):  Fruit  characteristics or other interaction-relevant
traits have an influence on diversification rates (Fig. 2), especially via the frequency of long-
distance  dispersal  events  (Fleming  and  Kress  2013,  Givnish  2010).  The  following
hypotheses will be tested: H3a: Fruit size is negatively related to net diversification rates
because  high  rates  of  long-distance  dispersal  by  large-bodied  frugivores  should  limit
allopatric speciation of large-fruited plants due to high gene flow among plant populations
(Fleming and Kress 2013). Hence, diversification (especially speciation) is higher in clades
with small fruit sizes than for clades with large fruit sizes, particularly in regions where long-
distance  dispersal  is  challenging  (e.g.  island  environments  in  Southeast  Asia).
Alternatively, long-distance dispersal and large geographical range sizes of large-fruited
plants  may  decrease  extinction  rates  and  therefore  increase  net  diversification  rates
(Goldberg et  al.  2011).  H3b:  Tropical  understory plants diversify  more extensively than
other plant growth forms because gene flow is restricted by short-distance dispersal  of
sedentary understory frugivores (Givnish 2010). This restricted dispersal (combined with
occasional  long-distance  dispersal  events)  promotes  the  divergence  of  isolated  plant
populations and hence increases the probability of speciation (Fleming and Kress 2013).
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Impact

The unprecedented and comprehensive assessment of interaction-relevant palm functional
traits in relation to phylogeny, geography and animal consumers will shed new light on the
evolution  and  biogeography  of  tropical  rainforests.  These  findings  will  have  important
scientific impact by contributing to the overall assessment of what determines biodiversity
(Pennisi  2005),  especially  in  relation  to  the  potential  role  of mutualistic  plant-frugivore
interactions. This will also be important for conservation and global change management
because changes in climate and land-use might reshuffle biotic interactions across large
spatial scales and we need to understand whether functional links between consumers and
their  resources  are  crucial  (Kissling  et  al.  2012d,  Wisz  et  al.  2013).  Our  approach  of
integrating macroevolutionary and macroecological approaches will be also innovative and
promote  further  progress  in  merging  the  quantitative  analytical  tools  in  these research
fields Jetz et al. 2012, Kissling et al. 2012b, Morlon 2014). We will also make an important
step forward in advancing the newly emergent field of ‘functional biogeography’ (Violle et
al. 2014) which bridges the often highly separated fields of ecology, evolution, and physical
geography. Besides this scientific relevance, our research has societal impact because it
contributes  to  the  Aichi  targets  of  the  Convention  on  Biological  Diversity  (CBD).  For
instance, palms are often particularly abundant and dominant in tropical forests (ter Steege
et al. 2013) and therefore represent a key component of ecosystem dynamics and carbon

 
Figure 2.  

Global diversification of palms. Branches are coloured by mean diversification rates across the
time-calibrated  generic-level  phylogeny  of  palms  estimated  using  Bayesian  Analysis  of
Macroevolutionary Mixtures (BAMM).
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storage. Simple palm traits (e.g. stem height) allow to estimate palm biomass (Goodman et
al. 2013) and our global palm trait dataset can therefore contribute to global carbon storage
estimation (Aichi target 15 of CBD). Moreover, our research is relevant for the sustainable
management  of  forest  ecosystems  (Aichi  target  7  of  CBD)  because  trait-dependent
changes in plant-animal interactions (e.g. the defaunation and functional extinction of large-
bodied  frugivores;  Galetti  et  al.  2013)  can  have  dramatic  ecological  and  evolutionary
consequences, including effects on diversity, ecosystem processes, phenology and genetic
structure Galetti and Dirzo 2013. If fruit traits (e.g. size) are allometrically related to plant
size (e.g. stem height), the functional extinction of frugivores can also influence ecosystem
services such as carbon storage. Finally, palms are widely used in subsistence economies
or traded in local, regional or international markets and therefore are of major economic
importance  (http://www.fp7-palms.org).  A  deeper  understanding  of  the  origin  and
functioning of palms and their interdependencies with other organisms will therefore help to
contribute to enhancing the benefits, goods and services that palms provide to humanity
(Aichi target 14 of CBD).

Scientific approach

We  will  use  a  range  of  quantitative  analytical  tools  for  macroecological  and
macroevolutionary  inference  with  large  datasets,  including  phylogenetic  comparative
analyses (Dodd et al. 1999, Jordano 1995, Onstein et al. 2014), phylogenetic regression
(Barnagaud  et  al.  2014),  advanced  spatial  modelling  (Kissling  and  Carl  2008),  and
diversification rate analyses (Couvreur et al. 2015, Onstein et al. 2014). We thereby apply
innovative  informatics-based  approaches  to  integrate  phylogenetic,  species  distribution,
and functional trait data with the aim of advancing our understanding of the role of frugivory
in the macroevolution of palms. For phylogenetic data, we have access to a complete and
time-calibrated genus-level phylogeny of palms (Couvreur et al. 2011), already used by us
for diversification analyses (Baker and Couvreur 2013, Couvreur et al. 2015) and global
community-level phylogenetics (Kissling et al. 2012b). We further have a new species-level
phylogeny available using a super tree approach, with similarities to the bird supertree
(Jetz  et  al.  2012)  and based on the approach we recently  published for  all  mammals
(Faurby and Svenning 2015). Regarding species distribution data, we have an exceptional
and unique global dataset (see preliminary data) covering all palms (> 2500 species) as
well as all birds and all mammals (>15,000 species). Range maps of birds and mammals
(Kissling et al. 2009, Kissling et al. 2012a, Sandom et al. 2013, Barnagaud et al. 2014) will
be intersected with palm distribution data as available from the exhaustive and authoritative
World Checklist of Palms at the resolution of ‘botanical countries’ (Kissling et al. 2012c).
The combined dataset includes all >29,000 occurrence records for palms and frugivorous
vertebrates  at  this  resolution.  Regarding  traits,  we  have  compiled  comprehensive  trait
datasets for both palms and frugivores (see preliminary data). This covers all relevant palm
traits (e.g. fruit characteristics, leave sizes, stem heights etc.) as well as diet and body size
information for all birds and mammals (Barnagaud et al. 2014, Kissling et al. 2009, Kissling
et  al.  2012a,  Kissling et  al.  2014,  Sandom et  al.  2013.  Missing trait  data is  filled with
hierarchical methods (e.g. Kissling et al. 2014, Shan et al. 2012).
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Hypothesis 1: For addressing H1 (allometric constraints and variation in fruit traits), we
quantify variation in fruit traits (e.g. length, width, diameter, color, shape etc.) in relation to
phylogeny and allometry (leaf size, stem height, stem diameter etc.) and test for correlated
evolution.  We  will  reconstruct  ancestral  states  of  traits  on  the  phylogenetic  tree  to
investigate the effects of topology and branch-length variation on results. We will further
test for phylogenetic signal in traits using Pagel’s λ  and Blomberg’s K (Blomberg et al.
2003, Pagel 1999) to indicate whether related species are more similar in traits than at
random. Quantitative analyses will be based on phylogenetic comparative methods using
‘BayesTraits’,  ‘SIMMAP’,  and  the  ‘geiger’,  ‘phytools’,  ‘caper’,  ‘ape’  or  other  similar  R
packages.

Hypothesis 2: We will implement novel co-occurrence analyses (Barnagaud et al. 2014,
Villalobos  et  al.  2013)  in  which  the  structure  of  species  assemblages  (e.g.  palm
phylogenetic  relatedness,  variation in  body sizes of  co-occurring consumers,  presence/
dominance of large-bodied or volant/non-volant species etc.) will be quantified across the
geographic  distribution of  each individual  palm species.  This  species-centred approach
allows us to incorporate species distributional and phylogenetic information with ecological
traits  and  environment  (Barnagaud  et  al.  2014).  Hence,  we  will  link  species-level
information on functional traits of palms (e.g. fruit size [H3a], fruit colour [H3b], fruit shape
[H3c]) to the phylogenetic structure of palm co-occurrences and the diversity and functional
structure  of  bird  and  mammal  assemblages.  We  will  use  ArcGIS  and  spatial  and
phylogenetic  methods in  R,  using the packages ‘spdep’,  ‘picante’,  'phylolm',  ‘OUwie’  or
other similar R packages.

Hypothesis 3: We will use the newly developed Bayesian Analysis of Macroevolutionary
Mixtures (BAMM; Rabosky 2014) or  similar  tools to quantify  time-varying diversification
processes of palms in relation to fruit  size (H2a). The ‘tip-rates’ can then be related to
mean (or variability) in fruit sizes and disperser traits (e.g. body size) using phylogenetic
generalized least  squares regression (Rabosky et  al.  2013).  We will  further  implement
diversification analyses for binary traits (e.g. BiSSE or ClaSSE; Maddison et al. 2007; or
newer  methods  if  available;  Goldberg  and  Igić  2012)  to  test  whether  lineages  with
understorey growth forms (binary  trait:  yes/no)  have had faster  speciation rates  and/or
lower extinction rates than lineages with non-understorey growth forms. To test whether
biogeography plays an (additional) role in the diversification process, we will test whether
diversification rates differ between geographical regions (e.g. Old World vs. New World,
continents, botanical countries). The R packages 'BAMMtools', 'diversitree', 'ape', 'picante'
etc.  will  allow  these  macroevolutionary  analyses.  We  are  also  open  to  apply  newer
methods to estimate diversification rates if they become available.
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Innovative aspects

The project has a number of unique and innovative aspects:

• Using an unprecedented global dataset on functional plant-animal traits we explore
for the first time the global trait (co-)variation in palms and frugivores, a keystone
tropical plant-animal interaction. To our knowledge, this dataset is exceptional as
there  is  no  other  large  tropical  plant  group  for  which  such  a  complete  set  of
resources is available. Little work has been done on quantifying functional traits at a
global scale in general, and on combining trait and distribution datasets of species-
rich plant and animal taxa involved in plant-frugivore interactions in particular. This
will provide novel insights into the functioning of tropical ecosystems, especially into
the role that mutualisms play for the origin and maintenance of tropical rainforests.

• To date, the world of macroecology and the world of macroevolution have largely
operated separately. However, the great potential to combine macroecological with
macroevolutionary  approaches  at  large  and  temporal  spatial  scales  has  been
recognized (e.g. Jetz et al. 2012, Morlon 2014, Kissling et al. 2012b). This offers a
substantial step forward in advancing our knowledge on the drivers of biodiversity,
incl.  functional  biogeography  (Violle  et  al.  2014).  We  will  use  an  integrative
approach by taking advantage of  cutting-edge developments in  data availability,
computing  power  and  new software  tools  to  address  complex  large-scale  eco-
evolutionary questions with  informatics-based approaches.  To date,  nobody has
applied  this  integrative  approach  to  the  study  of  plant-frugivore  interactions
worldwide.

• Palms are a typical and important component of tropical rainforests worldwide. For
instance,  six  out  of  the ten most  abundant trees in the Amazon are palms (ter
Steege et  al.  2013).  Together with the availability  of  global  datasets on species
distributions,  phylogeny and traits,  the palm family  offers a unique possibility  to
establish a worldwide model system for understanding the ecology and evolution of
tropical rainforests and the transfer and recycling of biomass from primary producer
diversity to other trophic levels (Cardinale et al. 2011). This is not only important
from  an  scientific  point  of  view,  but  also  for  the  conservation  and  sustainable
management of this highly threatened ecosystem, and the goods and services it
provides to humanity.

Preliminary data

For palms,  we have established a global  dataset  of  traits  covering fruit  characteristics,
leave size, stem height, stem diameter, climbing, and acaulescence (from herbaria, floras,
monographs, botanical gardens etc.). The current dataset (February 2015, unpublished)
has trait information for the majority of species (73-100% coverage) and will be finalized in
this project.  Distribution data of all  palms have been processed before (Couvreur et al.
2015, Kissling et al. 2012b, Kissling et al. 2012c), but will be updated with a new download
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(all scripts ready and available). The complete and time-calibrated genus-level phylogeny
of palms is available (Couvreur et al. 2011) and has been used by us in backbone analyses
with terminally unresolved clades of known diversity (Couvreur et al. 2015, Kissling et al.
2012b). A new maximally resolved palm phylogeny that covers all species with available
genetic data will be available via collaborator Svenning. For animals, we have access to
unprecedented  amounts  of  species  geographic  and  trait  data  for  birds  and  mammals
worldwide. This includes (i) species distribution data (range maps) for all birds (ca. 10,000)
and all mammals (>5,000) worldwide; (ii) diet information (to define the degree of frugivory)
for all birds (Kissling et al. 2009, Kissling et al. 2012a) and all mammals (Kissling et al.
2014); and (iii) body sizes for ca. 60% of all birds (Barnagaud et al. 2014) and ca. 70% of
all mammal species (Sandom et al. 2013).

Timetable of the project

The timetable of the project is provided in Fig. 3.

Scientific embedding of the proposed research

The applicant Dr. W. Daniel Kissling (http://www.danielkissling.de) is an internationally well-
known macroecologist and biogeographer with an expertise in handling and analysis of
large ecological and taxonomic datasets. In January 2014, he has been newly appointed
as an Associate Professor (UHD) of Quantitative Biodiversity Science at the Institute for
Biodiversity  and  Ecosystem Dynamics  (IBED),  University  of  Amsterdam (UvA).  Dr.  W.
Daniel  Kissling  is  currently  establishing  a  new research  group at  IBED which  aims at
integrating  large  datasets  of  species  distributions  and  ecological  traits  together  with
environmental data and phylogenies to better understand the distribution of life on Earth
(the past, present, and future of biodiversity). Dr. W. Daniel Kissling currently coordinates
the BSc course ‘Biodiversity & Global Change’, contributes to the UvA special research
cluster  'Global  Ecology',  and  is  the  scientific  coordinator  and  PI  of  the  newly  funded
Horizon  2020  project  on  ‘GLOBal  Infrastructures  for  Supporting  Biodiversity  research
(GLOBIS-B)’ (2015-2018). Dr. W. Daniel Kissling is currently a (co-)supervisor of 5 PhD
students  and  2  MSc  students  and  he  additionally  collaborates  in  several  large-scale

 
Figure 3.  

Overview of project timetable
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biodiversity projects with postdocs, early- and late-career scientists from various countries,
including Germany, Denmark, the Netherlands, Brazil,  Colombia, New Zealand, the UK,
and the USA. He was handling editor for the journal The Condor (2009-2010), is currently
handling editor for Ecography and Journal of Biogeography, and has been appointed since
2014 to the organising committee of the Netherlands Annual Ecology Meeting (NAEM). Dr.
W.  Daniel  Kissling  has  published  multiple  scientific  papers  in  both  multi-disciplinary
scientific journals  (e.g.  PNAS,  Proc.  Roy.  Soc.  B,  Phil.  Trans.  Roy.  Soc B)  as well  as
ecological high-impact journals (e.g. Biol. Rev., Ecol. Lett., Ecology, Glob Ecol. Biogeogr.,
J.  Biogeogr.,  Ecography,  Glob.  Change  Biol.,  etc.).  He  has  obtained  several  grants
(totalling ca. 2 Mio EUR) including the prestigious ‘Steno’ stipend from the Danish Council
for Independent Research | Natural Sciences (similar to the Dutch VENI personal grant).
Since his postdoc (2010-2011) and subsequent Assistant  Professorship (2012-2013) at
Aarhus  University  (Denmark),  he  has  collaborated  closely  with  three  international
collaborators  mentioned  in  this  proposal.  Prof.  dr.  Jens-Christian  Svenning  at  Aarhus
University (Denmark) is an international leader in plant biogeography and has successfully
established  a  highly  productive  ecoinformatics  research  lab  with  a  focus  on plants
(including palms) and mammals.  Dr.  William J.  Baker,  Head of  Comparative Plant  and
Fungal  Biology  at  the  Royal  Botanic  Gardens,  Kew  (UK),  heads  the  world’s  leading
research group in global systematics and taxonomy of palms. Dr. Thomas L.P. Couvreur,
researcher  at  the  Institut  de  Recherche  pour  le  Developpement  (IRD)  in  Montpellier,
France, is internationally known for his work on macroevolution of tropical plants, especially
palms and their role for understanding the evolution of tropical rain forests. This fruitful
collaboration has already resulted in several  joined publications in high impact journals
such as PNAS, Glob Ecology & Biogeography, Ecology, Ecology Letters, and Frontiers in
Genetics. Together, the members involved in the proposed research cover a broad range of
methods, experience and expertise, which will guarantee the successful implementation of
the proposed research.

Knowledge utilisation

To provide the knowledge of palm traits to beneficiaries, we will collaborate with Bertrand
Duval,  the developer of  Palmworld.org, an online platform to share detailed information
about palms with non-scientific people in a playful and modern way. Palmworld is available
for free on a website (http://www.palmworld.org/)  as well  as an iPhone/iPad App in the
Apple  Store  (Android  devices  are  included  soon).  The  App  has  been  downloaded  by
almost 3000 people and knowledge utilization currently amounts to 30-40 distinct people
every day, totalling >13,000 accessions annually across the whole world (>180 countries).
Beneficiaries  include  horticulturists,  palm  growers,  field  biologists,  taxonomists,
conservation  managers,  staff  from  botanical  gardens,  ethno-botanists,  policy  makers,
people working in biotechnology, genomics and agronomy, and the general public. We will
implement the species-level information about palms into Palmworld which will allow palm
knowledge to  be accessible  in  an easy and attractive format  to  a wide (non-scientific)
audience.
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In addition to providing palm trait data in Palmworld to stakeholders and the general public,
the dataset will be made available to scientific research via an open-access repository. This
follows  the  suggestions  from  the  “datamanagementbeleid”  of  the  NWO  (letter  from  9
December  2014).  The  proposed  research  further  follows  the  standards  in  biodiversity
informatics for accessibility and documentation of data (Hardisty et al. 2013).
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