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Forest dynamicandtreespecies compositiovary substantially betweeRaleotropical and
Neotropical forestsbut these broad biogeographic regianstreatd uniformlyin many land
models.To assess whether these regional differetre@slate into variatiom productivity and
carbon(C) storag, we compiled a database of climate, steen growth, litterfall, aboveground
net primaryproduction (ANPP), and aboveground bioraassss tropical rainfest sites
spanning 33 countries throughout Central and South America, Asiaustichlasiabut
excludingAfrica'due to a paucity of available dafehough thesum of litterfall and stem growth
(ANPP) did'not'differ between regions, both stem growth thwedatio of stemgrowth to

litterfall werehigherin Paleotropical forestsompared to Neotropical forests acrtss full
observed range of ANPBreaterC allocation to woody growth likelgxplainsthe mucHharger
aboveground biomass estimates in Paleotropical forests (~29%, or ~80 Mg DWelater than
in the Neotropics). [Bnate was similar in Pale@and Neotropical forests, thus the observed
differences in C likely reflect differences in the evolutionary history of species and forest
structure and function between regio@sir analysis suggests that Paleotropical foregigh
can bedominated by tall-statured Dipterocarpaceae species, may be dispropetiiotspots for
abovegroundtsstorage. Land models typically treat these distinct tropical forests with
differentiakstructures as a single functional unit, but our findings sudgeshis may overlook

critical biegeographic variation in C storage poterdialong regions.

Keywor dsgsAmazon Basin; biomass, carbon allocation, carbon cycle; climate; NPP; southeast

Asia; synthesis, tropical rainforest

I ntroduction

Tropicalrainforess exhibitrelatively high rates afiet primaryproductivity(NPP)andsequester
more atmaspheric C4nto plant biomasthanmost other terrestrial biom¢Bonan 2008, Beer

et al. 2010, Pan et al. 2011). This productive biome also shows considerable state factor

heterogeneitye.g, climate, topography, and biological diversity) relative to most other biomes,

which contributes to highly variable rates of aboveground net primary productiorP(/dxd
patterns bcarba (C) allocation Townsend et al. 200&ragéao et al. 2009, Banin et al. 2014,
Hofhansl et al. 2014, Doughty et al. 2015, Taylor et al. 2017).vHniation in turn, could

create substantial heterogeneity in aboveground biomass — and C stacages-the tropics
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Ultimately, spatial variationinNPPandC allocation likelyreflect the influence of many
factors orforestgrowth and turnoverates(Stephenson and van Mantgem 2005, Malhi et al.
2011, Banin et al. 2014lror example, diffeneces in stem growth rates att@ fractional
allocation of ANPP to stem growth versus litterfall influence the amount of C stored in
alboveground.biomass (AGB), and previous work documents that both NPP and C allocation vary
with climate(Malhi et al. 2009, Hofhansl et al. 2013, 20hdt seeAragao et al. 2009).

Similarly, productivity and allocation to aboveground (stems, leaves) versus belowground (roots)
biomassarealso'stronty influenced by climate ansbil fertility (Giardina et al. 2003, Doughty

et al. 2014, Reich et al. 2014). For exampdgtively warmsiteswith fertile soilsoftenachieve
relatively highsrates of ANPRyhereagelatively coolsites with infertilesoilsachieve much

lower rates+of plangrowth(Quesada et al. 2012, Taylor et al. 20Dijferences in stem

turnover rates could also help explain biogeographic variation in aboveground biomasnbetw
Paleotropical and Neotropical forests, but there is little evidence for strong differences (Banin et
al. 2014 and references therein). Finally, previous work from the Amazon Basintblabws
forestresidence time correlates with changeA@B (Brienen et al. 2015kuggesting thdbrest

stand longevitylsoinfluences C storagéf. so, AGB may, in turn,reflect the influence dfctors
thatregulate forest residence time, such as landscape staulitfertility, disturbance regime,
forestdemographicsand species composition, among otl{@albraith et al2012, Becknell and
Powers 2014, Finegan et al. 2014, Urrutia-Jalabert et al. 2015).

A growingbody ofevidencepoints to substantial biogeographiiéferencesn forest
composition“and function thatayalso stronglynfluencetropical forest C fluxes and stocks.

For example;here appear to systemiadifferences in forest storage and turnover attributes
between Paleotropical (i.e., Asia afwdstralia)and Neotropical (Central,dath American and
Caribbeapforests.Some evidence suggests that Paleotropical foheste higher stem growth
rates than Neotropical forestéth comparable soil fertility and climate conditiofganin et al.
2014). Additional lines of evidensaiggest thain generalwhencompared to Hotropical
forests, lowland forests of southeAsia are characterized by trees that arawerage taller
(Feldpausch et al. 2011hvest a greater fractn of photosynthate into wood verdaaf
production (Paoli and Curran 2007), less into roots (Malhi et al. 2011)hanchayachieve
greateraboveground Gtorage(Slik et al. 2013). In addition, large biogeograptiiterencesn
forest C cycling betweeRaleotropical and Neotropical forests might reflect differencése
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evolutionary history of species behavior and forest function. One ndtableamily, the
Dipterocarpaceaés widely distributed across much of the Asian lowland tropics and includes
memberknownfor their tall statureand rapid woody biomass aaal (Slik etal. 2003, Banin et
al. 2014) .t has been suggested that the dominance of Dipterocarpaceae has also created a
competitive.environment that promotes theezistence of a diversity of largstatured species

in the region (Banin et al. 2012).

Here;"'we report findings fromdata synthesisffort conducted to explore potential
biogeographic'differences in aboveground C cycling between Neotropical and dpadedbtr
forests.Such differences, if they existould have important implications for our understanding
of the C cyclesat global scalmdeed, maniand models currently assume a strong, continuous
increase obiomass C storagaith increases in tropical forest NPRegrénJuarez et al. 2015),
despite evidence to the contrary (Keeling &millips 2007) highlightinguncertainties in
simulating plant productivity, allocation, and mortality across the tropics. At the same time,
ecosystem.demography models are only beginning to consider potential biogeographi
differencessinsplant traits and plant commuséyel dynamics that will determine which species
— and thus'whie set of forest traits may emerge in the transient scenarios of a shifting
environment (Reichstein et al. 2014, Butler et al. 2017, Feng et al. 2018, Fisher et al. 2018).
Methods

We synthesizedataavailablein the peeireviewed literaturéhrough 2016 to explore
biogeographic patterns ofimate,plant productivity C allocation, and standing biomass in
tropicalforestsglobally (Appendix S2)The database includes fietdeasured climate
(temperaturesand rainfalnd ANPP (the sum of two other measured variables, litterfall and
stem growth) collected in primary tropidarests with no reported evidence of recent lssgale
natural or human disturbance, and is explained in det@yor et al.(2017).For example,
work that specifically focused @uccessiondbrest dynamics in sites immediatély— 2 y)
following largescale natural (e.g., cyclongsteason et al. 2008) or anthropogenic events (e.g.,
clearcuts; Davidson et al. 2004¢re na included in the analysi¥Ve expanded this database t
include measurements of aboveground biomass (AGB), typically quantified byrapplyi
allometric scaling equations to census data that may include information on DBH as well as
metrics of wood densitgnd tree heighfChave et al. 2005, Feldpausch et al. 2011). Consistent
with other recent synthes@galhi 2012, Hofhansl et al. 2014, Taylor et al. 2017), we did not
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attempt to standardize allometric models for estimating woody growth, primarily due to the
impracticality of coalescing raw plot data.

Altogether, thdinal database containdot measurements from 30 countries (Appendix
S1: Figure S1) anohcludesmeasurements of totahnual net primary productiviggNPP (=
98, litterfall_+.woody growth)litterfall (n = 440) andstemgrowth (1 = 254) and ABGr = 421)
(Appendix S1:Figure S1However ourextensive literature search only reveadedandful of
sitesin Africa'where standevel C cycling data were available. We deentedsufficient to
include thesefew sites in our assessmeldrgescale regional differences, and thegcludel
African sitesfrom theanalysesSince the database was assemhbladianalyzecht least on@ew
analyses of farest dynamics in Africa Heesen published (Moore et al. 2017), faw of those
data are publicly accessiblEhus, for the purposes of this analysis, Neotropical forests include
those found in Central and SowWimerica (and include the Caribbean and Hayyvamd
Pdeotropical forests include thogseAsia and Austraksia

Estimates of ANPP are most commonly generated using estimates of stem growth and
litterfall. Litterfall estimates were generateddmymmon methods (Clark et al. 20@di}h data
collection spanning a minimum of 12 months. For most styliites collections ocarred at ~ 2
week irtervals, though in certaicaseséspecially atropicd dry forest sites), greater collection
intervals reflectededuced risk olitter decomposition during the dry seas@vhen reported,
twigs (<2 mm diameter)fruits, flowers,and other plantnaterial accumulated in traps were
classedas fine litterfall and included in estimatgark et al. 2001). Subsequent C kss
resulting fromrherbivory, leaching, volatile organic compound emissionsatd
decompositieraretypically not accounted for in field measurements (Clark et al. 2001¢hwhi
may lead to systmatic underestimates of total ANRMetcalfe et al. 2013). However, since
these fluxesare rarelyestimatecand arghought to account for onlyralativelysmall portion of
ANPP (Greenberg et al. 2004, Kuhn et al. 2007), we diccagectfor them Stem growth
estimates are. typically generated by repeated measurements of tree bidieaspliots. Inthe
majority of easesdatais collected only fostems>10 cmdiameter at breasieigh (DBH),
which typically.account for >90% of the standing biomass in a field(flita and Kitayama
1999). Because branch fall is a poorly defined component of woody growth and data are seldom
available(Malhi et al. 2011)we did not attempt to correct for it in ANPP calculations.

Research has shown that belowground production (e.g., via coarse and fine roots) may
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154 represent 20 — 30% of total forest NPP (Malhi et al. 208ibjyilarly, branchfall represents a

155 smaller but still important component of ANPP (Malhi et al. 20idhis study we did not

156 account for either as published data on these important but rarely measured congidwieRts

157 were scarceUnfortunately, a truly comprehensive description of the C cycle has only been

158 produced for.a very small number of sites (e.g., Malhi et al. 2009). Several new (&fgrthe

159 RAINFORRnetwork and published studies (e.g., Malhi et al. 2011) are beginning to address this
160 shortcoming; but given the paucity of data from nsit&ts— especially Paleotropical forestave

161 excluded belowground NPP and instead focused on aboveground NPP as is commonly done
162 elsewherde.g., Banin et al. 2014; Hofhansl et al. 2015).

163 Satistical Analyses

164 Thewdata used in this analysis were derived from 62 unigue publications. We compared
165 publication dates of studies conducted inNl@etropics against those conducted in the

166 Paleotropics to assess if there were biases associated with publication date. Because these data
167 were skewed, we used a WilcoxeMannWhitney two sampléest (unpaired samples)

168 assess whether the publication dates shared similar distributions.

169 We similarly used Wilcoxor MannWhitneytestto assess whether the distribution of

170 mean annual temperature (MAT), mean annual precipitation (MAP), ANPFalitteroody

171 biomass.and allocation ratios varied between Neotropical and Paleotropical. fdfesthose

172 non{parametric tests because mosthef variables had skewed distributiadghatwould have

173 required data transformations to meet the assumptions of parametric tests.

174 Nextywe used standardized major axis estimation (SMA) to explore the bivariate

175 relationshipssbetween ANPP, litterfall, stgmowth and AGB and assessed whether these

176 relationships varied between the Paleotropics and the Neotropics in termis sibfhess and

177 interceptqe.g., Reiss 1989, Warton et al. 2Q18)all cases, we initially tested for differences in
178 slopes betweerné biogeographic regions. If no difference was found in slope we then tested for
179 differences.in.intercepts between the bivariate relationships by region. SMA assumes Ilmearity i
180 the relationship between covariates and normally distributed residuals gGensg, we

181 transformedmost of the covariates using a square root transformation and thighasseased

182 whether our models met the assumptions of the approach using plots of residuatiwsalfite

183 and normal-quantile plots (Warton et al. 2012). Miplemented SMA using the SMATR

184 package in R (Warton et al. 2012).
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185 Results

186 The data containeid the database span more than five degdda®s the 1960s through
187 the early2010s. Wile we were unable to specifically evaluateen data from Paleotropical and
188 Neotopical forest sitesverecollected, we did confirm the absencebas resulting from

189 possible differences in publication dates of the Paleotropical and Neotropatiab§P =0.58

190 data not shown)Vith respect to climatenean annual temperature (MAWgSs slightly higher in
191 Neotropicalforeststhan in Paleotropical forests (by an average of 0.B°€0.01), but MAP did
192 not differ among regions (Table B;= 0.57).

193 Our analysishowed no overatlifferences in ras of ANPP between Neotropical (10.8
194 +4.8 Mg DW:hd y'; mean + 1S. D) and Paleotropical forests (12.4 + 5.7 Mg DW &)

195 (Table 1 P<0:). Of the components of ANPRttérfall did not differ significantly between

196 biogeographic regions (TableR= 0.46), and frequency plots of litterfall values indicate

197 roughly similar distribution of litterfall rates in Neotropical and Paleotropical forests (&)g. 1
198 By contrast, Bleotropical foresteadhigher rates of stem growth than Neotropical forests (6.4
199 +4.2 Mg DW-h& y'and5.1 + 2.7 Mg DW ha y?, respectively(Table 1 P < 0.07). This was
200 alsoindicated'bythe higher mode aftem growth in Paleotropical versus Neotropical forests
201 (Fig. 1B).

202 Differences in stem growtfirig. 1B; Table 1) resulted in large differendagheratio of
203 stem growth to litterfalbetween Paleotropical and Neotropiftaksts(P < 0.001;Table 1 Fig.
204 1C). On averagePaleotropical forests alloaata much greater proportiaf photosynthate to

205 stem growih'than litterfathan Neotropical fores{satio 1.13 + 0.74 ersis 0.73 £ 0.750r

206 Neotropicakferests; Table P < 0.001). Higher allocation of C to stem growth persisted across
207 the entirerange of litterfall inputs and ANPP rateBaleotropical forests compared to

208 Neotropical forestsHig. 2A). For example, for a given litterfall amount, Paleotropical forests
209 have significantly higher stem growth than Neotropical forests (FigTaBle2). Similarly, for
210 any given ANPP ratdRaleotropical forests showed a higher ratio of stem growth:litterfall in
211 Paleotropicalforests relatively to Neotropical for€Big. 2B; Table?).

212 Reflecting their greater allocation to stem growth agerage, Paleotropical forests have
213 substantially lgheraboveground biomass (~ 80 Mg DW*haore,a difference of ~29%

214 relative to Neotropicalforests (Table 1)Combined, this results in distinct biogeographic patterns

215 in biomass—productivity relationships observed across Palecdt@yid Neotropicdbrests (Fig.

This article is protected by copyright. All rights reserved



216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

2C).Thehighes levels of aboveground biomass occur in Paleotropical forests, wizde
values in excess of 400 Mg havere commor{Fig. 2C). By contrast, none of tieotropical
forest sites achieveslich high biomasgalues includingsiteswhere ANPPateswere as high as
the highestatesobserved in Paleotropical foresi8d. 2C). In addition, our analysis showed that
the slope of.the relationship between ANPP and aboveground biomass was greater in
Paleotropical forest§ < 0.001; Table 2 That is, as ANPP increases, a greater amount of
woody biomass'accumulates in Paleotropical versus Neotropical forests.
Discussion

Although ANPP did not differ significantly between major biogeographic foregingg
(Table 1), euranalysis revealsdme important nuancPBaleotropical foresteave higher stem
growthandallocate a greatgroportion of fixed C to stem growth thanliiberfall compared
with their Neotropical counterpar(able 1; Fig. 2B). @er time,theserelatively high stem
growth:litterfall ratios likelycontribute tahehigher levels of aboveground biomass — both in
absolute terms and per unit ANPh-Paleo versus Motropical forest§Table 1; Fig2C).
Though notrassessed in thisalysis, a recent survey of African Paleotropical forests suggested
that they alsommaintain greater AGB than their Neotropical countefpentss et al. 2013).
Thus, airresultsadd to this emerging body e¥idencesuggesting thatin a per area basis,
Paleotropicatainforess may be importanhotspots oferrestrialC storage

In generalstem growth and litterfalt the lattera proxy for canopy productionsealed
together in.similar waybiogeographicallyi.e., had comparable slopes)though for ay given
litterfall valueystem growtlwvas greater in Paleotropical forests (nad differeninterceptsFig.
2A). Robustrelationships between litterfall and stem growth have been observed pyemiousl
individual(siteg(Clark et al. 2001, Malhi et al. 2004)ere weshow that the relationship between
the two camponents of ANPP is fairly constrained at large sdalésvith higher stem growth
per unit litterfallin Paleotropical forests (Fig 2Ahis greater allocation of PaleotropicaNRP
to stem growtl{Fig. 2B) mirrors observations ofalatively high rates oivoodygrowth
documentedracrosipterocarpdominated lowland forests Borneo(Paoli and Curran 2007).
More recentlyBanin et al. (2014) compared forest woody growth rates in Northern Borneo and
northawestern Anazonia ginga standardized methodological approach (Feldpausch et al. 2012,
Quesada et al. 2012) askbwedthat SE Asian foresthad muclnigher rate of woody growth
thanNeotropicalforestsunder generally similar climate and soil fertildggnditions. hedistinct

This article is protected by copyright. All rights reserved



247 differences we observamovidestrongadditional evidence in support of a brdadgeographic
248 difference in allocatiotbetween Neotropicdbrests and their woodeh Paleotropical

249  counterparts.

250 Our analysis showed only small differences in MAT between Paleotropital a

251 Neotropical forest sites (Table 1). Previous studies hawershorrelations between AGB and/or
252 tree height.and'specific climatic variablesludingmaximum and minimum temperature,
253 precipitation'seasonality and degree of solar radiation (Banin et al. 2012, $IiRGt3), but
254  broad biogeographidifferences persist even after these factors are corrected for (Banin et al.
255 2012). Instead, local-, regional- and continestatedifferences in allocation and AGB may
256 morestronglysreflect biogeographic differencescenters of species origiphylogenetic history
257 disturbance‘regimeand/orselective pressures over geologic timescgfetdpausch et al. 2011,
258 Lewis et al. 2013, Banin et al. 2014). In Southeast Asembers of the Dipterocarpacese
259 renowned for their high biomass atadl, emergent architectuand include the world’s tallest
260 tropical tree genusShorea in Borneo, G. Asnepers. comm.). In someof thesesoutheasAsian
261 sites,dipterocarpdominate the composition of forests, and by virtue of their large size,
262 contribute'® AGB levels that are among thaghest observed itmopical forest{Slik et al. 2008,
263 2013). The.contributioof tall trees has been documentedbiomassasessnents in the field
264 (Slik et al+2013), which show thAsian Paleotropical forests are generally taller than their
265 African and New World counterpartFeldpausch et al. 201 Banin et al(2014)attributed

266 differences.in woody growth between Borneo and Amazonia to the almendglarge trees and
267 different heightdiameter allometry in dipterocarp foregisBorneo.The speciegffect of

268 dipterocarpssmay be similar to the influenceSeduioa, Fitzroya, and Gilbertiodendron in

269 supporting C-rich forests in Northe@alifornia Patagoniaand Africa (Busing and Fujimori
270 2005, Djuikouo et al. 2010, Makana et al. 2Qddrutia-Jalabert et al. 2b), respectivelywith
271 the addition,of potentialompetitivefactors that may promote greater average haitjbo-

272  existing species non-mono-dominant stands (Banin et al. 2012).

273 The differential partitioning of NPP t&tem growth versugterfall that we observed
274 (Table 1; Fig2B) alsohasimportantimplications forunderstanding the biogeographic

275 differences inAGB. Proportionallygreater allocation of NPP g&tem growtlcreates more

276 woody biomass, which servesasuchlongerterm terrestrial sink for atmosphef@©; (ca.

277 60-100y in the Amazon/ieira et al. 2005)whereas litterfalturns over on much sher
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timescalesn tropical forestg1-2 y; Brown and Lugo 19825tandlevel AGB integrates the
combined effectsf woody growth rates, as well as tree recruitnaamt forest mortality

(Johnson et al. 2016). Forests that allocate proportionally more NPP to wood growth and live
longer(i.e. have a higher C residence tirshpuld, in theory, accumulate greater amounts of
AGB (Johnsen et al. 2016), which is indeagke for Paleotropical forests (Table@albraith et

al. 2012, Banin‘et al. 2014).

Previousresearcthas pointed to residence tiraedforestmortality rateasbeing more
important ‘drives of AGB thanstem growth(Johnson et al. 201,63t leaswithin Amazonia.
Elsewheregreater biomass in some African forests, even those with low stem densitgriseay
from longer biemass residence time compared with Amazon forests (Lewis et al.Q@13)
resultssuggestithan addition to forest residence tim&pad biogeographic differences in
aboveground Callocaticalsohaveimportant implicationgor tropical forest biomass. Thus,
accurate informatin of whole-plant function mastill be critical to understanding forest C
cycling. For example, while dipterocarps and dipterocarp-dominated forestsahatively high
above groundwood:leaf allocation they also may allocate far less NPP toawti gran other
tropical forestgNiiyama et al. 2010, Malhi et al. 2011), thus contributing to higher aboveground
biomass'stacks in the Paleotropics (Table 1). Though thiseadtoot traleoff would alignwith
expectations of resourgevestment along a traitadeoff spectrunfReich 2014)it remains
unclear how a large tremuld live long and grow tall and simultaneously redangestment in
its root system. Finally, some uncertainty in analysis is introduced Ipati®ty of accurate
heightbased allometric equations for estimating biomagsch haseen a significant obstacle
in the field(Hunter et al. 2013)Although much progress has been made on this issue in the past
5-10 yearsespeciallyia the RAINFOR networkd.g, Feldpausch et al. 2011psufficient
geographic data precluded the use of more sophisticated standalidizedrac scalingn this
study.On balancestrong regional differences in woody C allocation and biorfledde 2)
highlight clearbiogeographidieterogeneityn forestC cycling.

It remains unclear why thetructureand function of Paleotropical Asian forests differ
from tropical forests elsewher@ome hypothesize thtte relativelyplentiful waterin the region
hasled to the evolutionargmergencef specieshat maximize height because letegm
hydraulic constrints on tree growth are redug@tlklas 2007). Evidence for this comes from

positive correlations between forest stem densities and AGB in Amazonia areb Botin
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309 wetter conditions. Feldpausch et al. (2011, 2012)Bamin et al(2014)alsofound that forest

310 height for a given tree diametemmaximizedin wet regionsRegional differences in AGB

311 across the Amazon are linked to spatial variation in forest architecture and allometry associated
312  with distinct floristic communities that inhaldifferentenvironmental zones of the basin

313 (Johnson et.al. 2016%imilar foresdynamics are also likely important, though connection

314 Dbetween species composition and forest function is far less undeirstésidn and especially

315 African'Paleotropical forests

316 Implicationsfor'Modeling Tropical Forest C Cycling

317 Broadly, regional variations in NPP allocation to woody versus canopy growthariné
318 AGB stocks, and this has implications for understanding, mapping, and predictingivagétat
319 stocks. Forexample, the biogeographic differences in aboveground C allocatiordrapogte

320 suggest that lowland forests in Asia have a greater potential for C storage on a peistkearbas
321 do forests in the New World. Such knowledge could shape conservation goals for maximizing
322 areas of high C storage, as well as our fundamental understanding of how to repop®ait t
323 rainforest insland models.

324 Recentsstudies suggehat it is critically important to parameterize elements of forest
325 functionte.accurately model the behavior of the tropical C dy@étbart et al. 2010, Castanho
326 etal. 2013)"Yet, NPP, allocation of NPP to stenwding forest residence time, and mortality are
327 often treated as fixed values mtstd modelgNegronJuarez et al. 2015 espite the increasing
328 availability.of parameterizing field data from pantropical observationshiMaal. 2009,

329 Feldpauschretal. 2012, Lewis et al. 20B)ildingin biogeographic differences in forest C

330 dynamics iswvery likely to be important for characterizing the behavior apdnse of different
331 forest regions to future change (Fisher et al. 2018). For example, whiletateds typically

332 assume a.strong positive correlation betwid®® and biomagdegronJuarez et al. 2015),

333 observational support for this relationship is weak, at least across the Amazordbdasso( et
334 al. 2016). Though we find evidence for a positive relationship in our study, we provide strong
335 evidenceahatitheslope of this relationship is distinddetween geographic regions (Fig.)28s

336 ANPP increases, AGB increases more rapidly in the Paleotropics than in the Neotropics,
337 although the mechanisms underpinning this difference remain uriélealty, under climate

338 change scenarioany smulated gainsn NPP €.g., from CO, fertilization) thatare allocatedo

339 woody biomass would increase the strength of the land C sink, making allocatiomadkely
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340 considerationWe acknowledge these dynamics remain highly uncertain (Koven2ét&), but
341 our results suggest that in the Paleotropics, a greater proportion of this C isdikelgllocated
342 to slow-turnover woody pools wittelatively longresidence times.

343 Overall, aur analysisadds to emerging evidence for important biogeographic differences
344 intropical forest C allocation that influence abovegrounst@age. These differences seem to
345 be rootedin patterns of floristic composition tbliimatelyinfluencepatterns ofropical forest

346 C cyclingand'storagd-dowever, ve argue that future research ef$oshould focus on

347 quantifying the"variation, spatial distribution and controls over NPP allocation with explicit
348 consideration of floristic control of forest function (Asner et al. 2013, Doughty 20&7).In

349 particular,/more information is needed for Africa, to investigate the \ariahd central

350 tendencieswof forest C dynamicsiteextensive tropical forests. Nextboveground C cycling

351 tells only part of the storyBelowground measurements of NPP and biomass are notably lacking,
352 but can represent upwards of 30% of total NPP in some tropical forests (Malt2@&tHl. More

353 data are needed to examyegterns and variation in belowground C allocation in this productive,
354 heterogeneous biomerdchfallalsorepresert arelatively minor but still ginificant portion of

355 ANPP, butiis'seldom measured or reported (Malhi et al. 280Mdre comprehensiveynthesiof

356 informationfrom a larger, representative sample of sites across the tropicstimad for more

357 accurate representation of tropical forests in a range of modeling applications.

358
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Table 1. Carbon cycling metrics in Neotropical and Paleotropical forests. ABIBBoveground

net primaryproduction, and SG:LIT is the ratio of stem growth to litterfalu&ébre means £ 1

S.D, with sample sizen) in parentheses. ANPP, litterfall, stem groywahd aboveground

biomass are"expressed as megagranfsg)ldry weight (DW) of biomass. Differences in the

distributions'of'the variables between geographic regions were assesse/ilsign rank

sum tests/(equivalent to a ManWWhitney test) withP-values presented below.

Neotropical Paleotropical P-value
Forests Forests

MAT 23.6+4.0 23.0+4.3 0.01
(°C) (n = 476) (n = 203)
MAP 2617 + 1062 2828 + 1742 0.57
(mm y?) (n=511) (n = 216)
Litterfall 71.4+27 7.3+2.8 0.46
(Mg DW haty™) (n=248) (n=192)
Stem Growth 5.1+27 6.4+4.2 0.07
(Mg DW ha*yi) (n=196) (n=58)
ANPP 10.8+4.8 124 +5.7 0.10
(Mg DW.haly?) (n=98) (n=51)
Stem 0.73+0.75 1.13+0.74 <0.001
growthLitterfall (n = 96) (n=51)
Aboveground 277.3+94.9 356.7 £ 200.3 <0.001
Biomass (n= 349) (n=72)
(Mg DW ha?)
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Table 2. Summary of Standardized Major Axis modédMA) including formulas, limits,
goodness of fits, ané-values for relationships depicted in Figure 2. AGB = aboveground
biomass; ANPP = aboveground net primary production; sqrt = square root; geogy apHen
region (i.e., paleotropical or neotropical).

Model Slope/Elevation Lower Upper R?®  P-value
Limit Limit
sgrt(stem growth) ~ litterfall + Slope
geog
Elevation
Elevation
Neotropical -0.21 -0.58 0.15 0.16 <0.001
Paleotropical 0.474 0.07 0.87 1.10 0.02
sqgrt(stem growtHo-litterfall Slope 0.55
ratio) ~ sqrt(ANPP) + geog
Elevation 0.07
Elevation
Neotropical 0.46 0.40 0.54 0.02 0.16
Paleotropical -0.58 -0.86 -0.31 0.26 <0.001
sqrt(AGB) ~ sqrt(temp$ANPP) * Slope <0.001
temp$geog
Elevation
Slope
Neotropical 5.31 4.57 6.16 056 <0.001
Paleotropich 8.28 6.93 9.89 0.66 <0.001
Figure Legends

Fig. 1. Frequency distributions and rug plotsA) litterfall; B) stem growth; and C) stem growth

to litterfall ratio in neotropical and paleotropical forests in the datalias#iersin the
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Neotropics with exceptionally higstem growth and stem growth:litterfalle fromthree sites in

Hawaii.

Fig. 2. Bivariaterelationships between aboveground carbon fluxes (litterfall and stemhgrowt
the components of aboveground net primary productivity (ANPP), and aboveground biomass
(AGB) differs between Neotropical (red) and Paleotropical (blue) forieatsels show the: (A)
Relationship“between litterfall and stem growth; (B) Ratio of stem growth:littarfdliANPP;

and (C) Relationship between AGB and ANPP for each region. Slopes, interoeptseia

confidence intervals for the bivariate relationships by region are presentatle 2.
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