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Wind dispersed tree species have greater maximum height

Running title Emergent tree species are more likely wind dispersed

Abstract

Aim Here we test the hypothesis that wind dispersal is more common among emergent tree species as

being tall ensures effective seed dispersal.

Location Americas, Africa and the Asia-Pacific.

Time period Between 1970-2020.

Major taxa studied Gymnosperms and Angiosperms (excluding Monocots and Cactaceae).

Methods We use a dataset of tree inventories from 2821 plots across three biogeographic regions
(Americas, Africa and Asia-Pacific), including dry and wet forests, to determine the maximum height and
dispersal strategy of 5314 tree species. A web search was used to determine whether species were wind
dispersed. We explored differences in tree species maximum height between biogeographic regions and
determined the relationship between tree species maximum height and wind dispersal using logistic
regression. Finally, we tested whether emergent tree species, i.e., species with at least one individual
taller than the 95% height percentile in one or more plots for each region-forest type combination, were

disproportionally wind dispersed.

Results Our dataset provides maximum height values for 5314 tree species, 2,914 of which had no
record of this trait in existing global databases. We found that, on average, tree species in the Americas
have lower maximum heights compared to Africa and the Asia Pacific. The probability of wind dispersal
increased significantly with tree species maximum height and was significantly more common in

emergent than non-emergent tree species in dry and wet forests in all three biogeographic regions.

Main conclusion Wind dispersal is more prevalent in tall, emergent tree species across three
biogeographic regions and may thus be an important factor in the evolution of tree species maximum
height. By providing the most comprehensive dataset of the tree species maximum height and wind
dispersal strategies across most of the (sub-)tropics, this study also paves the way for advancing our

understanding of the eco-evolutionary drivers of tree size.
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Introduction

Tree species maximum height should be closely linked to competition for light; a fundamental resource
for tree growth, survival and reproduction. If light were the predominant selection pressure on trees in
closed canopy forests, one would expect to find little variation in tree species maximum height as
smaller species should be shaded out and eventually disappear from the community (Scheffer & van
Nes, 2006; D’Andrea, Riolo & Ostling, 2019; D’Andrea et al. 2020), while emergent tree species would be
exposed to wind, lightning and elevated levels of evaporation, thus also limiting their abundance
(Larjavaara 2014; Margrove et al. 2015; Olson et al. 2018; Jackson et al. 2021). However, maximum
heights of co-existing tree species vary considerably, reflecting a range of life history strategies
(Kohyama 1993; Kohyama, Suzuki, Partomihardjo, Yamada & Kubo, 2003; Riiger et al. 2020; Souza
2021), with some species seemingly completing their entire life cycle in the forest understorey while
others tower above their neighbours as 2mergent (Banin et al. 2012; lida et al. 2014). Thus, selective

pressures on maximum tree height in addition to light must account for this variation.

In this study we explore the hypothesis that emergent tree species — those capable of growing taller
than the surrounding canopy — are more likely to be wind dispersed than non-emergent species. For
dispersal to be effective, seeds must generally be carried away from the parent tree to avoid negative
distance- and density-dependence, and to colonize favorable sites for regeneration (Comita et al. 2014).
Thus, it should be advantageous for wind-dispersed species to be tall because wind speeds increase
logarithmically with height above the canopy (Smith et al. 2015, 2016; Santana, Dias-Junior, Vale, Tota &
Fitzjarrald, 2017). Release of wind dispersed fruits and seeds at elevated heights increases the
probability of long-distance dispersal, which can facilitate successful establishment (Nathan et al. 2002;
Heydel, Cunze, Bernhardt-Romermann & Tackenberg, 2014; Wu et al. 2023). Therefore, wind-dispersed
tree species likely have an evolutionary advantage by being emergent, which may offset the increased

mortality risks that result from their size (Larjavaara 2014; Margrove et al. 2015; Olson et al. 2018;
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Jackson et al. 2021). However, the relationship between emergence and wind dispersal has not been

examined for a large group of species at a global scale.

Here we test this relationship using a dataset of tree surveys with height measurements that covers
most of the (sub-)tropics and some temperate forests in the Americas, Africa and Asia-Pacific, thus
encompassing a wide variety of tree species in three more or less independent biogeographic regions
(Slik et al. 2015; Gatti et al. 2022). We also provide an appendix containing maximum heights for more
than 5,000 tree species to promote further study on the ecology and evolution of tree species maximum

height.

Material and Methods
Tree height data

We used tree inventory data (diameter at breast height > 10 cm, excluding monocots and Cactaceae)
from 2821 individual old-growth forest plots varying in size from 0.003 to 18 ha, which covered 246 one-
degree latitude/longitude grid cells across the Americas, Africa and Asia Pacific (Fig. 1; Appendix 1).
Species’ taxonomy was updated using the Taxonomic Name Resolution Service
(https://tnrs.biendata.org/). We used the Plants of the World Online database

(https://powo.science.kew.org/) to resolve any remaining taxonomic issues.

The dataset contained heights for a total of 7,913 tree species. To ensure an adequate sample of each
species, we only considered those with a minimum of 10 reported height values, which reduced the
number of species for analysis to 5,314 (Appendix 2). To reduce measurement errors and outliers, we
used the upper 10-percentile height value as a proxy for the maximum height of each species (Appendix
2). We compared these values with tree height data available in the two largest global plant trait
databases: TRY (Kattge et al. 2020) and BIEN (Maitner et al. 2018). These two databases contained 2,400
of the species found in our dataset, of which 926 had lower and 1,474 had higher maximum height than
the 90-percentile height value (Appendix 2). Our dataset thus provided maximum height values for an
additional 2,914 tree species with no record of this trait in either TRY or BIEN. For consistency, all
analyses were done using our 90-percentile height values as a proxy for maximum height. Maximum

height values reported in TRY and BIEN are shown in Appendix 2.

Wind dispersal syndrome data
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We considered species that have fruits or seeds with wings, hairs or other structures that aid flight, as
well as minute (< 1 mm) seeds released from dehiscent dry fruits as being wind dispersed. To determine
the fruit or seed types for each species included in our dataset, we used the search string [species name
+ fruit] in Google images. If no images were found, we scanned through the first 20 hits that provided
textual information on the species to see if there were species descriptions that included fruit or
dispersal type. If that did not resolve the issue, we used the search string [genus name + fruit] to
determine the dispersal type at the genus level, and assigned that to the species because dispersal type
is a phylogenetically conserved trait that is generally shared among congenerics (Chazdon, Careaga,
Webb & Vargas, 2003). In cases where the fruit type was a dehiscent dry fruit (e.g., pods, follicles,
capsules), we repeated the same search method using the search string [species name + seed], and so

on. In this way we classified all species in a binary format as either wind dispersed or not (Appendix 2).
Comparisons of species maximum tree height among biogeographic regions

We used a Kruskal-Wallis test followed by Dunn’s post-hoc test to determine if there were any
differences in species maximum tree heights between the three main biogeographic regions (Africa,
Americas and Asia-Pacific). Since the Americas contain more dry forests than Africa and the Asia-Pacific
region (Miles et al. 2009), and dry forests tend to have smaller trees, we repeated this analysis including
only the 10% tallest tree species in each biogeographic region. To map patterns in tree species
maximum height across sample locations, we used the tree species lists of each location in combination
with the species’ 90-percentile maximum height values to determine the median maximum height value

for each location in our dataset.
Tree species maximum height and wind dispersal

We applied generalized linear models with binomial (Bernoulli) distribution and the logit function to
conduct logistic regressions of wind dispersal (binary variable) as a function of maximum tree height
(continuous variable) for trees with a maximum height > 15 m. Because dry forests differ in
physiognomic structure from wet forests, especially with regard to canopy cover and tree sizes,
analysing them together might bias results, especially when study regions differ in amount of dry versus
wet forests. We therefore analysed these two forest types separately in each biogeographic region.
Using climatic information from WorldClim version 2.0 (Fick & Hijmans, 2017), we defined dry and wet

sites as those with mean annual precipitation lower or higher than 1,800 mm, respectively (Fig. 1).
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Figure 1. Location of the 246 one-degree latitude/longitude grid cells comprising 2821 forest plots with
tree height data used in this study. Sites were classified as wet (annual rainfall > 1800 mm, blue dots)

and dry (< 1800 mm, red dots) forests.
Emergent tree species and wind dispersal

We defined emergent species as those with at least one individual taller than the 95% height percentile
in one or more sample plots for each region-forest type combination (Appendix 3). Pearson’s Chi-

squared tests with Yates’ continuity correction were used to test whether emergent species had higher
proportions of wind dispersal than non-emergent species in wet and dry forests for each biogeographic

region.

All statistical analyses were performed with PAST (paleontological statistics software package for

education and data analysis) v4.06b (Hammer, Harper & Ryan, 2001) and R 4.3.1.

Results
Maximum tree height differences among biogeographic regions

Tree species maximum height was highest in the Asia-Pacific region (median = 23.9 m) when all species
were included in the analysis, followed by Africa (median = 22.0 m) and the Americas (median = 18.0 m)
(Kruskal-Wallis test H = 377.8, n = 5290, p < 0.0001) (Fig. 2). According to Dunn’s posthoc test the three
biogeographic regions differed significantly from one another in median maximum tree height with
Bonferroni corrected p < 0.0018 for the least significant comparison. In the comparison of the 10%
tallest species in each region, species maximum height was highest in Africa (median = 40.6 m), followed

by the Asia-Pacific (median = 38.7 m) and the Americas (median = 30.0 m) (Kruskal-Wallis test H = 272.0,



138 n =529, p <0.0001) (Fig. 3). The three biogeographic regions were again significantly different from one
139 another in median maximum height of the 10% tallest species with Bonferroni corrected p = 0.0165 for

140  the least significant comparison.
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141
142  Figure 2. Distribution of species maximum heights across the three biogeographical regions for all tree

143  species (left) and the 10% tallest tree species (right). The middle line represents the median and the
144  lower and upper boxes represent the first and third quartiles, respectively. Number of tree species

145  included in the analysis: Africa 769; Americas 1879, Asia-Pacific 2642.

146  When mapped across locations, the equatorial regions of Africa and the Asia Pacific as well as sites in
147  southern Australia showed higher median tree species maximum heights than forests in the Americas

148  (Fig. 3).
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Figure 3. Median of tree species maximum height based on species lists per location.
Wind dispersal and tree species maximum height

The percentage of wind dispersed tree species increased towards higher maximum height classes in all
biogeographic regions, despite the declining number of species in these classes. Percentage of wind
dispersed species also increased slightly towards the smallest maximum tree heights, especially in the

Americas (Fig. 4).
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Figure 4. Comparison of the percentage of tree species in 5 m maximum height intervals (in orange) and
the percentage of those species that are wind dispersed (in blue). Number of tree species included in the

analysis: Africa 769; Americas 1879, Asia-Pacific 2642.

Using only tree species with a maximum height 2 15 m, we found a strong and significant increase in the
probability of being wind dispersed with increasing species maximum height in each of the three
biogeographic regions in dry and wet forests (Fig. 5). This pattern was strongest in the Asia-Pacific

region, followed by Africa and the Americas.
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Figure 5. Logistic regression of the probability of being wind dispersed as a function of tree species
maximum height for the three biogeographic regions in dry and wet forests, for species with a maximum
height > 15 m. Asia-Pacific dry: Estimate 0.141, Std. Error 0.017, z-value 8.525, Pr(>|z]) <2e-16, R2 0.177;
Asia-Pacific wet: Estimate 0.140, Std. Error 0.010, z-value 14.650, Pr(>[z[) <2e-16, R2 0.137; Americas
dry: Estimate 0.074, Std. Error 0.022, z-value 3.391, Pr(>[z]) <0.0007, R2 0.022; Americas wet: Estimate
0.092, Std. Error 0.015, z-value 6.157, Pr(>[z[) <7.42e-10, R2 0.044; Africa dry: Estimate 0.112, Std. Error
0.020, z-value 5.698, Pr(>[z]|) <1.21e-08, R2 0.128; Africa wet: Estimate 0.122, Std. Error 0.020, z-value
6.179, Pr(>[z[) <6.46e-10, R2 0.140.

Emergent tree species and wind dispersal in dry versus wet forests

When tree species were classified into emergent versus non-emergent based on their actual height as
observed over all locations, emergent tree species were significantly more likely to be wind-dispersed

than non-emergent species in both dry and wet forests across all three biogeographic regions (Fig. 6).
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Figure 6. Comparison of the number of emergent species among non-wind and wind dispersed tree
species for dry and wet forests in the Asia-Pacific, Africa and Americas. Emergent species were
significantly more likely to be wind-dispersed in all three regions and forest types (Pearson’s Chi-squared

test with Yates’ continuity correction).

Discussion
Comparisons of tree species maximum height among biogeographic regions

The Americas differed from their African and Asian-Pacific counterparts in having tree species with
smaller maximum heights. This difference was especially pronounced when only the 10% tallest tree
species in each biogeographic region were compared, with the median height of these species
approximately 10 m taller in the Asia-Pacific and Africa than the Americas. This does not appear to be
related to the proportion of wind dispersed tree species in the three continents, which is 10.4% in
Africa, 14.0% in the Americas and 17.5% in the Asia-Pacific. It does, however, correspond to earlier
findings that tropical American forests are generally less tall, show less variation in tree height and
contain less tree biomass than their African and Asian-Pacific counterparts (Dudley & DeVries, 1990;
Dial, Bloodworth, Lee, Boyne & Heys, 2004; Banin et al. 2012; Slik et al. 2013). Banin et al. (2012) found
that even after accounting for environmental differences between the three biogeographic regions, the

maximum tree height differences persisted, with the Americas having shorter trees.

Explaining why maximum tree heights are generally lower in the Americas remains an intriguing
problem. Studies comparing canopy and tree heights along environmental gradients have found that
these were highest in areas with stable climates that have sufficient rainfall to offset transpiration

(Banin et al. 2012; Larjavaara, 2014; Givnish, Wong, Stuart-Williams, Holloway-Phillips & Farquhar, 2014;
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Marks, Muller-Landau & Tilman, 2016; Venter at al. 2017; Mao et al. 2020; Gorgens et al. 2020), i.e.,
areas where hydraulic vulnerability is lowest (Olson et al. 2018), as well as fertile, stable soils that are
not located on alluvial sites (Margrove et al. 2015; Gorgens et al. 2020; Jackson et al. 2020). Tall forests
also tend to occur in areas with the lowest wind speeds and number of lightning strikes and at least 130
sunny days per year (Gorgens et al. 2020; de Lima et al 2023). Differences in the distribution of
maximum tree heights among biogeographic regions may thus be related to environmental conditions
conductive for growing tall, suggesting that American forests generally lack such conditions compared to
their African and Asian-Pacific counterparts. Further research is needed to determine how the
relationship between tree species maximum heights and particular environmental conditions has played

out at both the continental scale and over evolutionary time scales.
Tree species maximum height and wind dispersal

A positive association between tree species’” maximum height and wind dispersal has long been
suspected and observed at local scales in closed canopy forests (Hughes et al. 1994; Suzuki & Ashton,
1996; Yamada & Suzuki, 1999; Chazdon et al. 2003; Slik et al. 2013). We found that there is indeed a
strong and positive association between tree species’ maximum height and being wind dispersed, and
that this pattern is present in dry and wet forests of three large biogeographic regions that have limited
species overlap (Slik et al. 2015; Gatti et al. 2022). The detected association makes sense ecologically as
tree height is physically linked to dispersal distance in wind dispersed tree species, even in the absence
of wind (Hughes et al. 1994; Smith et al. 2015, 2016; Augspurger, Franson & Cushman, 2017). Being
emergent also aids wind dispersal as the trees would be better exposed to wind, especially during
storms (Heydel et al. 2014). Wind dispersed seeds can be lifted to great heights during storms and be
dispersed over long distances of at least several hundred meters, but possibly much farther (Heydel et
al. 2014). Although the chance of this happening may be low, most trees live for hundreds of years and
thus only a few such storm events over the reproductive lifespan of a tree might be enough for

successful dispersal over long distances.

Interestingly, we also detected an increase in the proportion of wind dispersed tree species in species
with the smallest maximum heights, especially in the Americas. This may reflect species in more open,
savannah-like vegetation types. In savannas the maximum tree height is often limited to 5-15 m and
trees are spaced far apart. Under such conditions wind dispersal may be a successful strategy as

individual trees, despite their relatively short stature, would still be exposed to wind.
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Emergent tree species are disproportionately wind dispersed in dry and wet forests

Emergent tree species were significantly more likely to be wind-dispersed than non-emergent species in
both dry and wet forests across the three biogeographic regions. Based on the p-values from our chi-
squared tests, the association between emergent species and wind dispersal was stronger in wet than
dry forests in the Asia-Pacific and Americas. This is not surprising given that being emergent is probably
not as important in dry (especially deciduous) forests where wind is not as hindered by a dense canopy
compared to wet forests. Other factors like water stress in tall trees, strong winds, and the relative
scarcity of animal frugivores are also likely to affect the strength of this relationship in dry forests
(Correa, Alvarez, & Stevenson, 2015). Nevertheless, the consistency of the association across forest
types and regions is probably a result of the fact that height is positively related to dispersal distance in
wind dispersed tree species (Hughes et al. 1994; Thomson, Moles, Auld, & Kingsford, 2011; Smith et al.
2015, 2016; Augspurger et al. 2017).

Further research

Our results raise several questions for further research. First, they suggest that wind dispersal may be an
important factor in the evolution of maximum tree height. The three biogeographic regions have
negligible species overlap and also differ considerably in their generic compositions (Slik et al. 2015; Slik
et al. 2018; Gatti et al. 2022), implying largely independent evolutionary histories. Borrowing from work
on traits impinging on tree height, like hydraulic efficiency (Liu et al. 2019) and those related to seed
dispersal, like terminal velocity and seed release timing (Wright et al. 2008), phylogenetic comparative
analysis could provide a more integrated picture of the evolution of different life-history traits and
reproductive associations in trees. A related question is how this association evolved, for example,
whether wind dispersal facilitated the evolution of emergence or vice versa? Phylogenetic methods
using tests of contingent evolution could trace the evolutionary pathways that led to this association in
different wind dispersed lineages (Larson-Johnson 2016). Another area of inquiry is how maximum
height and wind dispersal covary across finer biogeographic and environmental gradients than those
explored here, for example in habitats with different canopy structures. We hope that this study and the
large list of tree species maximum heights provided will stimulate research to address these and other

open questions.

References



260
261

262
263
264

265

266
267

268
269

270
271
272

273

274

275
276
277

278
279
280

281
282

283
284

285
286

Augspurger, C. K., Franson, S. E. & Cushman, K. C. (2017). Wind dispersal is predicted by tree, not

diaspore, traits in comparisons of Neotropical species. Functional Ecology, 31, 808-820.

Banin, L., Feldpausch, T. R., Phillips, O. L., Baker, T. R., Lloyd, J., Affum-Baffoe, K., ... Lewis, S. L. (2012).
What controls tropical forest architecture? Testing environmental, structural and floristic drivers. Global

Ecology and Biogeography, 21, 1179-1190.

Chazdon, R. L., Careaga, S., Webb, C. & Vargas, 0. (2003). Community and phylogenetic structure of

reproductive traits of woody species in wet tropical forests. Ecological Monographs, 73(3), 331-348.

Comita, L. S., Queenborough, S. A., Murphy, S. J., Eck, J. L., Xu, K., Krishnadas, M., ... Zhu, Y. (2014).
Journal of Ecology, 102(4), 845—856.

Correa, D.F., Alvarez, E. & Stevenson, P. R. (2015). Plant dispersal systems in Neotropical forests:
availability of dispersal agents or availability of resources for constructing zoochorous fruits? Global

Ecology and Biogeography, 24(2), 203—-214.
D’Andrea, R., Riolo, M. & Ostling, A. M. (2019). Generalizing clusters of similar species as a
signature of coexistence under competition. PloS Computational Biology, 15, 1-19.

D’Andrea, R., Guittar, J., O’'Dwyer, J. P., Figueroa, H., Wright, S. J., Condit, R. & Ostling, A. (2020).
Counting niches: Abundance by trait patterns reveal niche partitioning in a Neotropical forest. Ecology,

101, e030109.

de Lima, R. B., Gorgens, E. B., da Silva, D. A. S, de Oliveira, C. P., Batista, A. P. B., Ferreira,R. L. C,, ...
Phillips, O. L. (2023). Giants of the Amazon: How does environmental variation drive the diversity

patterns of large trees? Global Change Biology, 17, 4861-4879.

Dial, R., Bloodworth, B., Lee, A., Boyne, P. & Heys, J. (2004). The distribution of free space and its

relation to canopy composition at six forest sites. Forest Science, 50(3), 312-325.

Dudley, R. & DeVries, P. (1990). Tropical rain forest structure and the geographical distribution of gliding

vertebrates. Biotropica, 22,432—-434.

Fick, S. E. & Hijmans, R. J. (2017). WorldClim 2: new 1-km spatial resolution climate surfaces for global

land areas. International Journal of Climatology, 37, 4302-4315.



287 Gatti, R. C., Reich, P. B., Gamarra, J. G. P., Crowther, T., Hui, C., Morera, A,, ... Liang, J. (2022). The
288 number of tree species on Earth. Proceedings of the National Academy of Sciences of the United States

289 of America, 119(6), e2115329119.

290  Givnish, T. J., Wong, S. C., Stuart-Williams, H., Holloway-Phillips, M. & Farquhar, G. D. (2014).
291 Determinants of maximum tree height in Eucalyptus species along a rainfall gradient in Victoria,

292  Australia. Ecology, 95(11), 2991-3007.

293 Gorgens, E., Nunes, M. H., Jackson, T., Coomes, D., Keller, M., Reis, C. R., ... Ometto, J. P. (2020).
294  Resource availability and disturbance shape maximum tree height across the Amazon. Global Change

295  Biology, 27, 177-189.

296  Hammer, O., Harper, D. A. T. & Ryan, P. D. (2001). PAST: Paleontological statistics software package for

297 educational and data analysis. Palaeontologia Electronica, 4, 1-8.

298 Heydel, F., Cunze, S., Bernhardt-Romermann, M. & Tackenberg, O. (2014). Long-distance seed dispersal
299 by wind: disentangling the effects of species traits, vegetation types, vertical turbulence and wind

300 speed. Ecological Research, 29, 641-651.

301 Hughes, L., Dunlop, M., French, K., Leishman, M. R., Rice, B., Rodgerson, L. & Westoby, M. (1994).
302 Predicting dispersal spectra: a minimal set of hypotheses based on plant attributes. Journal of Ecology,

303  82,933-950.

304 lida, Y., Poorter, L., Sterck, F., Kassim, A. R., Potts, M. D., Kubo, T. & Kohyama, T. S. (2014). Linking size
305 dependent growth and mortality with architectural traits across 145 co-occurring tropical tree species.

306  Ecology, 95(2), 353-363.

307 Jackson, T. D. Shenkin, A. F., Majalap, N., Jami, J. bin, Sailim, A. bin, Reynolds, G., ... Malhi, Y. (2021). The

308 mechanical stability of the world’s tallest broadleaf trees. Biotropica, 53, 110-120.

309 Kattge, J. Diaz, S. Tautenhahn, S., Werner, G. D. A., Aakala, T., Abedi, M. ... Zotz, G. (2020). TRY plant trait

310 database —enhanced coverage and open access. Global Change Biology, 26, 119-188.

311 Kohyama, T. (1993). Size-structured tree populations in gap-dynamic forest — the forest architecture

312  hypothesis for the stable coexistence of species. Journal of Ecology, 81, 131-143.



313
314
315

316
317

318
319

320
321

322
323
324

325
326
327

328
329
330

331
332

333
334

335
336

337
338
339

Kohyama, T., Suzuki, E., Partomihardjo, T., Yamada, T. & Kubo, T. (2003). Tree species differentiation in
growth, recruitment and allometry in relation to maximum height in a Bornean mixed dipterocarp

forest. Journal of Ecology, 91, 797-806.

Larjavaara, M. (2014). The world’s tallest trees grow in thermally similar climates. New Phytologist, 202,

344-349,

Larson-Johnson, K. (2016). Phylogenetic investigation of the complex evolutionary history of dispersal

mode and diversification rates across living and fossil Fagales. New Phytologist, 209, 418—435.

Liu, H., Gleason, S. M., Hao, G., Hua, L., He, P., Goldstein, G. & Ye, Q. (2019). Hydraulic traits are

coordinated with maximum plant height at the global scale. Science Advances, 5, eaav1332.

Maitner, B. S., Boyle, B., Casler, N., Condit, R., Donoghue Il, J., Duran, S. M., ... Enquist, B. J. (2018). The
BIEN R package: A tool to access the Botanical Information and Ecology Network (BIEN) database.
Methods in Ecology and Evolution, 9, 373-379.

Mao, L., Swenson, N. G., Sui, X., Zhang, J., Chen, S., Li, J., ... Zhang, X. (2020). The geographic and climatic
distribution of plant height diversity for 19,000 angiosperms in China. Biodiversity and Conservation, 29,

487-502.

Margrove, J.A., Burslem, D. F. R. P., Ghazoul, J., Khoo, E., Kettle, C. J. & Maycock, C. R., (2015). Impacts of
an extreme precipitation event on dipterocarp mortality and habitat filtering in a Bornean tropical rain

forest. Biotropica, 47(1), 66-76.

Marks, C.0O., Muller-Landau, H. C. & Tilman, D. (2016). Tree diversity, tree height and environmental

harshness in eastern and western North America. Ecology Letters, 19(7), 743-751.

Miles, L., Newton, A. C., DeFries, R. S., Ravilious, C., May, |., Blyth, S., ... Gordon, J. E. (2006). A global

overview of the conservation status of tropical dry forests. Journal of Biogeography, 33(3), 491-505.

Nathan, R., Katul, G. G., Horn, H. S., Thomas, S. M., Oren, R., Avissar, R, ... Levin, S. A. (2002)

Mechanisms of long-distance dispersal of seeds by wind. Nature, 418, 409-413.

Olson, M.E., Soriano, D., Rosell, J. A., Anfodillo, T., Donoghue, M. J., Edwards, E. J., ... Mendez-Alonzo, R.
(2018). Plant height and hydraulic vulnerability to drought and cold. Proceedings of the National
Academy of Sciences of the United States of America, 115(29), 7551-7556.



340
341

342
343
344

345
346
347

348
349
350

351
352
353

354
355
356

357
358
359

360
361

362
363

364
365

366
367

Riger, N., Condit, R., Dent, D. H., deWalt, S. J., Hubbell, S. P., Lichstein, J. W., ... Farrior, C. E. (2020).

Demographic tradeoffs predict tropical forest dynamics. Science, 368(6487), 165-168.

Santana, R.A. S de, Dias-Junior, C. Q., Vale, R. S. do, Tota, J. & Fitzjarrald, D. R. (2017). Observing and
modeling the vertical wind profile at multiple sites in and above the Amazon rain forest canopy.

Advances in Meteorology, 2017, 5436157.

Scheffer, M., & van Nes, E.H. (2006). Self-organized similarity, the evolutionary emergence of groups of
similar species. Proceedings of the National Academy of Sciences of the United States of America, 103,

6230—-6235.

Slik, J.W.F., Paoli, G., McGuire, K., Amaral, |., Barroso, J., Bastian, M., ... Zweifel, N. (2013). Large trees
drive forest aboveground biomass variation in moist lowland forests across the tropics. Global Ecology

and Biogeography, 22, 1261-1271.

Slik, J.W.F., Arroyo-Rodriguez, V., Aiba, S., Alvarez-Loayza, P., Alves, L. F., Ashton, P., ... Venticinque, E.
M. (2015). An estimate of the number of tropical tree species. Proceedings of the National Academy of

Sciences of the United States of America, 112, 7472-7477.

Slik, J.W.F., Franklin, J., Arroyo-Rodriguez, V., Field, R, Aguilar, S., Aguirre, N., ... Zang, R. (2018).
Phylogenetic classification of the world’s tropical forests. Proceedings of the National Academy of

Sciences of the United States of America, 115, 1837-1842.

Smith, J.R., Bagchi, R., Ellens, J., Kettle, C. J., Burslem, D. F. R. P., Maycock, C. R., ... Ghazoul, J. (2015).
Predicting dispersal of auto-gyrating fruit in tropical trees: a case study from the Dipterocarpaceae.

Ecology and Evolution, 5, 1794-1801.

Smith, J.R., Bagchi, R., Kettle, C. J., Maycock, C., Khoo, E. & Ghazoul, J. (2016). Predicting the terminal

velocity of dipterocarp fruit. Biotropica, 48(2), 154-158.

Souza, A. F. (2021). A review of the structure and dynamics of araucaria mixed forests in southern Brazil

and northern Argentina. New Zealand Journal of Botany, 59(1), 2-54.

Suzuki, E. & Ashton, P.S. (1996). Sepal and nut size ratio of fruits of Asian Dipterocarpaceae and its

implications for dispersal. Journal of Tropical Ecology, 12, 853-870.

Thomson, F.J., Moles, A. T., Auld, T. D. & Kingsford, R. T. (2011). Seed dispersal distance is more strongly

correlated with plant height than with seed mass. Journal of Ecology, 99, 1299-1307.



368
369
370

371
372
373

374
375

376
377

378

379

380

381

382

383

384
385
386
387
388
389
390

391
392
393
394

Venter, M., Dwyer, J., Dieleman, W., Ramachandra, A., Gillieson, D., Laurance, S., ... Bird, M. I. (2017).
Optimal climate for large trees at high elevations drives patterns of biomass in remote forests of Papua

New Guinea. Global Change Biology, 23, 4873-4883.

Wright, S.J., Trakhtenbrot, A., Bohrer, G., Detto, M., Katul, G. G., Horvitz, N., ... Nathan, R. (2008).
Understanding strategies for seed dispersal by wind under contrasting atmospheric conditions.

Proceedings of the National Academy of Sciences USA, 105(49), 19084—-19089.

Wu, Z.-Y., Milne, R. ., Liu, J., Nathan, R., Corlett, R. T. & Li, D. Z. (2023). Trends in Ecology & Evolution,
38(3), 289-300.

Yamada, T. & Suzuki, E. (1999). Comparative morphology and allometry of winged diaspores among the

Asian Sterculiaceae. Journal of Tropical Ecology, 15, 619-635.

Data Accessibility Statement

All data used in this study are provided in Appendices 1 & 2.

Appendices
Appendix 1: List of locations with tree heights used in this study.

Appendix 2: Listing of the following information per species: Family, Genus, Species, Region (Region
where species was observed), Region.native (the native region of the species), Wind.dispersed..1.
(whether a species was wind dispered (1) or not (0)), N (sample size), X90.percentile.dbh..cm. (90-
percentile diameter (cm)), X90.percentile.height..m. (90-percentile height (m)), max_dbh..cm.
(maximum diameter reported (cm)), max_height..m. (maximum height reported (m)), Hmax_TRYBIEN
(maximum height reported in TRY or BIEN (m)), Hmax_higher (talles height reported in either TRY, BIEN

or our data set (m)), emerg_loc (whether a species is emergent (1) or not (0)).

Appendix 3: Listing of the following information per species: Region (Americas, Africa, Asia-Pacific), Type
(dry (mean annual precipitation < 1800 mm) versus wet (MAP >= 1800 mm)), Species (Scientific species

name), emerg_loc (Classification as emergent (1) or non-emergent (0)), WDisp (Wind dispersal (1) or not

(0)).



