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Do anti-herbivore defenses facilitate dominance by legumes in tropical wet forests?
KURSAR THOMAS1, 2

1University of Utah, Department of Biology, 84112, Salt Lake CIty, USA
2Smithsonian Tropical Research Institute, Biology, 00006, Panama City, Panama

One factor that could explain the high abundance and high species diversity of legumes is superior defense against herbivores. A 
hypothesis that has received particular attention is that nitrogen fixation in legumes is linked to the production of N-containing toxins, 
including amines, alkaloids, peptides and proteins, that exceeds the abundance and diversity found in other clades.
Inga, a genus that is diverse and highly abundant and, as such, is emblematic of tropical forest legumes, may not fit this pattern. Aside 
from some exceptional species, diversity among the most abundant secondary metabolites is generated by combinatorial chemistry 
using building-block compounds that are widely distributed in plants and that do not contain nitrogen. Most, if not all, Inga contain low 
levels of derivatives of amino acids. Some species contain high levels of tyrosine, a proteogenic amino acid that is toxic, and peptides 
that inhibit proteases. Although some species of Inga do contain N-based defenses, it is not clear that these play a more critical role 
than the carbon-based defenses.
Rather than N-fixation, other traits of legumes could lead to ecological dominance. Genetic or genomic properties may allow more 
rapid trait divergence or more rapid speciation. For example, legumes may have rapid evolution of regulatory genes and much slower 
evolution of enzyme-coding genes. Or, legumes may evolve novel enzymes and metabolites, although it is unclear what genetic or 
genomic property might lead to this.
In addition to constitutive chemistry, other defenses include facultative mutualisms with ants and induced responses. Under field 
conditions on Barro Colorado Island, we studied induced responses to an herbivore in expanding leaves of Inga spp. and found limited 
evidence for chemical induction. Herbivory induces longer spines in Acacia, mechanical damage or herbivory induces secretion by 
extra-floral nectaries in some tropical forest legumes and Euphorbiaceae, although not for Inga. Although these data for tropical forest 
tress are quite limited, legumes do not stand out as being especially well defended.
In summary, although the evidence is limited, we suggest that legume dominance does not derive from superior defenses against 
herbivores.
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The legumes of a Mexican tropical dry landscape: a success story based on their high ecological 
divergence
JORGE A. MEAVE, EDUARDO A. PÉREZ-GARCÍA, RODRIGO MUÑOZ, I. EUNICE ROMERO-PÉREZ, 
MARCO ANTONIO ROMERO-ROMERO
Universidad Nacional Autónoma de México, Departamento de Ecología y Recursos Naturales, Facultad de Ciencias, 04510, Mexico 
City, Mexico

Background: The tropical seasonally dry landscape of Nizanda (Mexico) hosts a rich flora that comprises > 900 vascular plant species 
in ca. 100 km2. Such richness has been related to a complex geomorphology that creates steep soil fertility and moisture gradients. 
This results in a vegetational mosaic that encompasses major structural and compositional differences. Here we assess legume success 
in this landscape from floristic, functional and community perspectives.
Methods: For over 20 years floristic and ecological surveys have been conducted in this region. An insight on the role of its legumes 
relies on copious herbarium specimens, more than 250 vegetation sampling quadrats, and functional data measured at the individual 
level, including leaf morphology, growth form and wood density. Vegetation surveys include non-permanent and permanent plots, both 
for old-growth and successional forest.
Results: We found 129 legume species (14 % of the flora) distributed in 54 genera. They occur in most vegetation types but are most 
diverse in tropical dry forest (69 species). Legumes are a major community component in all stages of secondary forests, accounting 
for 81 % of the community basal area in young stands and 67 % in older ones; in old-growth forest they contribute with as much as 33 
% of the total basal area and 45 % of aboveground biomass. Most taxa are trees, followed by shrubs, forbs, and lianas, and these growth 
forms are unevenly distributed across communities. Legumes also display huge differences in size, ranging from the smallest herbs like 
Zornia reticulata in savannas to large upper canopy trees like Lysiloma divaricatum. Leaf sizes range from notophylls and nanophylls to 
macrophylls, with sizable variation in leafleat size and degree of blade division.
Discussion: Despite phylogenetic constraints among legumes, such as the pervasive compound configuration of the leaf blade, members 
of this family exhibit a strong dominance in Nizanda’s plant communities. Their occurrence in contrasting habitats, from the most 
xeric and least fertile to the benign conditions of the moist riparian environments, confirms their ecological breadth. Although we 
lack information on their N-fixing abilities or the photosynthetic rates under highly limiting water conditions, our results allow us to 
conclude that ecological divergence within the family is an important factor contributing to their success as a group in this complex 
landscape.
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Temporal diversity dynamics of mimosoid legumes, a key ecological component of global 
tropical biomes
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Background – The mimosoid legumes (Leguminosae-Mimosoideae) are a pantropically distributed clade of c. 3300 species of large 
rainforest trees and lianas, savanna and seasonally dry forest trees and shrubs, and creeping and geoxylic fire-adapted subshrubs. 
They occupy a wide ecological amplitude spanning the whole lowland tropics and often constitute abundant or dominant elements in 
tropical rain forests, seasonally dry forests and savannas. Here we analyse the temporal origins and evolutionary dynamics of extant 
mimosoid diversity in modern tropical biomes, to gain insights into the origins of tropical biodiversity.
Methods – We construct the largest phylogeny for the group to date by adding densely sampled phylogenetic trees of subclades in a 
hierarchical fashion onto a well-resolved time-calibrated backbone phylogeny based on Next-Generation Sequencing (NGS) of plastid 
and nuclear genes. We correct for unsampled diversity by simulation and estimate speciation, extinction and net diversification rates 
across the phylogeny.
Results – While the clade dates back to at least the Early Eocene, most of the extant diversity is derived from later episodes of 
diversification from the Early Miocene onwards. Exceptionally high diversity is found in the genus Mimosa (c. 550 spp.) and in a large 
clade comprising the tribes Ingeae and Acacieae p.p. (c. 2000 spp.), which includes multiple nested radiations.
Discussion – We propose that the temporal diversity dynamics of mimosoid legumes are best explained by punctuated extinction 
and radiation, which leads to episodic species turnover through time. Our findings are important for a general understanding of the 
temporal assembly of floras, and indeed whole biotas across – and perhaps beyond – the global tropics.
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Tropical dry forest legumes aren’t just different—they are better
Jennifer Powers1, Erick Calderon2, Maria Gabriela Gei1, Christina Smith1, German Vargas-G1, Bonnie Waring1

1University of Minnesota, Ecology, Evolution & Behavior and Plant Biology, 55108, Saint Paul, USA
2Universidad Nacional, Escuela de Ciencias Biológicas, 86-3000, Heredia, Costa Rica

Background: Trees and lianas from the family Fabaceae are abundant and diverse in many Neotropical dry forests. Possible explanations 
for this pattern include biogeographic factors and/or traits that allow legumes to flourish under conditions of highly seasonal water 
availability. While it is well established that legumes typically have higher foliar nitrogen concentrations compared to co-occuring taxa, 
it is also possible that they differ in other ways. We asked whether legumes have traits that confer competitive advantages in tropical 
dry forest in northwestern Costa Rica, where legumes comprise ~18% of trees.
Methods: We used shadehouse experiments to compare germination, growth, morphology, and physiology of a large number of 
tropical dry forest legume tree and liana species to diverse, co-occurring non-legume species. In three experiments we manipulated 
germination treatment, light and soil conditions, or water and/or nutrient additions to compare legumes to non-legumes across a 
range of environmental conditions.
Results: In a germination experiment, legume seeds from 9 species germinated twice as fast and had higher final percentages than 25 
non-legume species. Legume tree seedlings in a pot experiment with two light levels (25 and 50% full sun) on two soil types (fertile, 
wet soil versus infertile, dry soil) had higher height growth rates and final biomass, and were more responsive to light availability than 
14 species of non-legumes from 11 different families. To distinguish whether soil water or nutrients are more important for early 
performance of legumes and non-legume seedlings, we grew four species of each in a common soil, and pots received added nutrients, 
water, both, or no additions. Photosynthetic rates of legumes were twice those of non-legumes, while transpiration rates increased 
with water addition, but did not differ between legumes and non-legumes. Height growth in legumes was much more responsive to 
added nutrients or nutrients plus water, compared to the non-legume taxa. 
Discussion: These studies suggest that legumes have a distinct regeneration niche in this forest. They germinate and grow quickly. This 
initial height advantage is maintained over time. Moreover, legume seedlings are more responsive to variations in light, soil moisture, 
and soil nutrients compared to non-legumes. This may be an adaptive strategy in tropical dry forests, where resource availability varies 
dramatically between wet and dry seasons.


