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Seed rain is critical to plant population and community dynamics.  Knowledge of where seeds arrive is a prerequisite for understanding the influences of post-dispersal processes such as seed predation, microhabitat requirements for establishment, and density-dependent survival.  This is especially true in tropical forests, where seeds of any given tree species reach only a small minority of potential regeneration sites. 


Seed rain studies are underway within four Forest Dynamics Plots (FDP):  Barro Colorado Island (BCI), Panama; Luquillo, Puerto Rico; Yasuní, Ecuador; and Pasoh, Malaysia.  At each site, an array of 120-300 seed traps is censused weekly or biweekly, with all seeds, fruits and other reproductive parts in each trap counted and identified to species.  In addition, information on species’ seed masses and seed dispersal syndromes is being collected or compiled from the literature.  These data and the associated seedling plots compliment the core FDP data, together providing information on the complete life cycle of trees at each site.  Further, the standardized sampling design makes it possible to compare results not only among multiple species within plots but also among multiple sites.  


The Forest Dynamics Plots offer a unique opportunity to study seed production and seed dispersal because they provide a large area in which tree locations and sizes are precisely known.  We have combined data on seedfall with data on the sizes of trees and their locations relative to the traps to estimate seed production and seed dispersal distances of individual tree species.  We have also used the seed trap data alone to quantify seed limitation (limited seed arrival) and its components.   

One striking and consistent result across all four plots is the high degree of seed limitation in tropical forests.  In every site, over 50% of the species that are present as trees greater than 10 cm dbh have seeds arrive at fewer than 1% of traps per year (Figure 1).  At Pasoh and Yasuní, over 80% of the tree species reach fewer than 1% of the traps per year.  Among-species and among-plot differences in seed limitation are explained in part by differences in adult abundance – more abundant species have higher population-level seed production and their seeds reach more traps.  However, seed limitation is stronger at Pasoh and Yasuní than at BCI and Luquillo even after correcting for differences in abundance.  


At all four sites, variation in total seed fall among species is strongly negatively related to seed mass (Figure 2).  Within each site, there is a wide range of seed masses and seed production among species, indicating species niche differentiation along this life history axis.  The relationship between seed mass and seed fall among species is broadly similar at different sites, except that the intercept is significantly higher at Yasuní than at Pasoh and Luquillo, suggesting higher seed production for a given seed mass at Yasuní (Figure 2).  
Estimated mean dispersal distances are not consistently related to seed mass or other species characters within or among sites.  Seed mass and dispersal distance are negatively related among wind-dispersed species on BCI, consistent with the idea that heavier seeds have a higher terminal velocity and disperse shorter distances.  However, in Pasoh, there is a positive association between seed mass and dispersal distances, possibly reflecting the greater importance of variation in other characters influencing dispersal distances, especially tree height and seed aerodynamic properties.  Among animal-dispersed species (the majority in tropical forests), there is no relationship between seed mass and dispersal distance at any site.  

In addition to general questions of tree life history strategies that we are addressing on all plots, we are also pursuing site-specific questions involving seed dispersal and production.  In Puerto Rico, we are investigating to what degree seed dispersal properties explain which species are common in secondary forests of different ages.  In Pasoh, we are investigating how seed production and dispersal distances differ between a large and a small masting event.  In BCI, we have investigated inter-annual variation in seed dispersal and its relationship to windspeed and animal abundances, and we’re now working with collaborators to develop and apply mechanistic models of seed dispersal by wind.  

As the amount of available seed rain data continues to grow with additional years of study and additional sites, we will be able to increase our understanding of seed production, seed dispersal, and their roles in tropical forests.  
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Figure 1.  Seed limitation among Forest Dynamics Plots species having at least one individual > 10 cm dbh.  The average percent of traps hit per year is calculated for the last 3 years of seed trap data available. Trap sizes are 0.5 m2 at all sites except Luquillo, where they are 0.25 m2. The number of traps is 200 at BCI and Yasuní, 247 at Pasoh, and 120 at Luquillo. 
Figure 2.  Total seed fall per cm2 basal area versus seed mass for tree species in four tropical forests.  Total seed fall per ha for each species is calculated from the seed and fruit fall into traps, the species-specific number of seeds per fruit, and the trap area per ha, and is then divided by the total basal area of individuals greater than 1 cm dbh per ha .  






