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(A) ABSTRACT

(B) Aim. Life history traits and range size are key correlates of genetic diversity invifees.
used a standardized sampling protocol to exploreltiewistory traits and range size relate to
the magnitude, variance and structuring (both between and within population) of geneticydiversit
in Neotropical tree species

(B) Locatien. The Neotropics

(B) Methods. We presena metaanalysis of newpopulation genetidata generatefr 23
Neotropical tree specid€s 2966trees 86 populations) across a shared and broad geographic
area. Wecomparedestablishegbopulation genetic metrics across these spéeigsgenetic
diversity, population structure, fireeale genetic structUreplus weestimated thearely used

variance in genetic diversity among populatioNe used anultivariate, maximum likelihood,
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68 multi-model inference approach to expltine relative influence of i history traits and range
69 size on patterns of neutral genetic diversity.
70  (B) Results. We found that pioneer and narrow range species had lower levels but greater
71 variance in genetic diversity signs of founder effects and stronger genetic drift. Animal
72 dispersed species had lower population differentiation, indicating extensivéagene
73 Abiotically dispersed and pioneer species had strongestiake genetic structure, suggesting
74  restricted seed dispersal and family cohort establishment.
75 (B) Main conclusions. Our multivariable and multspecies approach allows ecologically
76  relevant conclusions, since knowing whether one parameter has an effect, or one species shows a
77  response injisolation, is dependent onabmbination of traitexpressed by a speci€ur study
78 demonstratesithe influence of ecological processes on the distribution of ganation in
79  tropical trees, andill help guide genetic resource managemanticontribute tgpredicing the
80 impacts of laneluse change.
81
82 Keywords:. effective population size, founder effeaiene flow, genetic resource management,
83 seed dispersal
84
85 (A) INTRODUCTION
86 The lfe historytraitsandrange size of tree specipky critical roles in defining the magnitude
87 andspatial arrangemewf their genetic diversityDuminil et al., 2007 Meirmanset al., 2017,
88 Breedet al., 2015 Broadhurskt al., 2017). Consequentlyraits and geographic rangeave
89 become keyiconsiderations for planning genetic resource management (Mebeiqy2008
90 Breedet al., 2013), the next generation of species distribution mo8elalfet al., 2012
91 Fordhamet al., 2014), andor underpinningstudiesof ecosystenfunction, conservation and
92 restoration strategig§AO, 2014 IPBES, 2014 Sudinget al., 2015).
93 For-over-30 years, researchers have debated the relativenadfloka range of life history
94 traitsand geographipatterns a populationgenetic variation irtree specieflLoveless &
95 Hamrick, 1984 Hamricket al., 1992 Hamricket al., 1993 Hamrick & Godt, 1996Nybom &
96 Bartish, 2000Degenet al., 2001 Hardyet al., 2006 Duminil et al., 2007 Montoyaet al., 2008
97 Meirmansetal., 2011 Harataet al., 2012 Broadhursgt al., 2017. Previous metanalyses have
98 shown that rangessize, growth form and mating systmbemportant predictors ahe
99 magnitude ofjenetic diversityandthatgrowth form,seed dispersal vectandmating system
100 are associatewith specieswide geneticstructure While theseprevious metanalyss have
101 advanced our understanding of patterns of population genetic variation, most have explored
102  single life historytraitsor geographigatternsn isolation(but see Hamrick & Godt, 1990
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Hamrick & Godt, 1996Broadhurset al., 2017) Multivariate approaches aseperior to single
variableapproachesvhen attempting to rank the importancese¥eral competingredictor
variables Additional work is warranted to explore predictors of population genetic structure
within populations, andrhether patterns of population genetic variation within populations scale
up to speciegevel patterns.

In this study, we preseatmetaanalysis of new datgenerated by a collaboration of
researcherBom tepinstitutions Our study ugdstandardized sampling of 23 tree species across
ashared antbroad geographic areahe Neotropics- to explore how key life historyaits (seed
dispersal vector and successional stagelyange size associated witie magnitude and
structure of genetidiversity.We also estimatethe standard deviatiofs) andcoefficientof
variation CV =w/X) of genetic diversity among populations, which have rarely been used to
compare differences among speaegetheywerefirst proposed by Brown and Weir (1983)
and further developed by Schoen and Brown (199%) eMpecthatvariationin genetic diversity
among populations withe higher irspecieghat have traits that increase tisk of episodic but
dramaticlossessinsgenetic diversitguch agpioneer species that undergo strong founder effects
(Davieset al 5:2010).

We used a multivariablestatisticalapproach thagxploreshe relative influence dife
historytraitsandrange sizen patterns oheutral genetidiversity, while accounting fopotential
correlationsmongcharactersOur multi-variableandmulti-speciesapproactallows more
ecologically.relevantonclusionssinceknowing whether one parameter has an effect, or one
species shows a response in isolatisdependent on the combination of traits expressea by
speciesWe investigated the following questions: (1) howlitdohistory traitsandrange size
relate tothe magnitudevarianceandstructuring (both between and within population) of genetic
diversityin 23 Neotropical tree specie$2) arethese patternsonsistentvith findings from
previousmetaanalysesFinally, we interpret our results in termsrefevance tahe management

of Neotropicaltree genetic resources

(A) METHODS

(B) Study species

Our 23 studyspeciesre all trees that largebccur in tropical and sutvepicalforest with some
extending into seasonally dry forests, are taxonomically resolved, and either dsceamomed

to strongly outcrossing @btropical treegbetween 6QE00% outcrossing Waret al., 2003,

which limited variation in mating system and plant habiating system and life form are
charactershathave been identified as confounding variables in previous studies, as both have
been shown to have strong effects on patterns of neutral genetic diversity (Han@omk &
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1996 Duminil et al., 2007). To further minimize confounding effects, we used a consistent
approach to study each specigsefig. S1 in Supporting Information). Where possible, w
standardized population samplifgean + SD populations per species = 3.7 £+ 1.7, range = 2 to
9), focusing our efforts on populations of individually mapped trees (one population per;species
mean £ SD n 67 £ 18, range = 320 89), together with one or more populations close to (50-
100 km) and distant from (>500 km) the mapped population, and focusing on a single geographic
area (i.ethe Neotropicswhich incorporated a significant proportion of the species’ range in each
case (Figl, Tablel). We usedtandardized laboratory protoca@isdgenetic marker6AFLPs
Voset al., 1995) (details of laboratory protocols in Meth&I9to achieve consistency and
comparabilityof the estimates of population genetic param@tefsemans & Hardy, 2004
Caverset al., 2005 Kremeret al., 2005 Petitet al., 2005 Hardyet al., 2006 Jump & Pefiuelas,
2007 Dick et ali, 2008).

Species were stratified by three varialdestral to standing hypotheses, based on data
available at the time of our analy¢iveless & Hamrick, 1984Hamricket al., 1992 Hamrick
et al., 1993 Hamrick & Godt, 1996Duminil et al., 2007) range size, seed dispersal vector and
successionalstage (Talde Pollination syndroméas beemn important factor to consider in
studying genetic diversity, however we had insufficient variation in this paratoetelude it in
our study (18"0f23 were insect pollinatetihese categories were used as predictor variables of
patterns of variation in population genetic parameters. The 23 study specid¢ome2@
different genera and 15 families, indicating that our species do not share paitfgspslation
genetic variation due to recent ancestry, as might conceivably be the case for recently diverged
sister species. For all study species, the magnitude and spatial distribijeret€ variation is
independently.acquired.

Species were defined as having wide (>50,008 ks 15) or narrow (<50,000 kinn =
8) rangeslfcalrendemics, sensu Gentry, 1986 theory, range size should have a positive effect
on genetiediversity because larger ranges shmrietlate witharger effective population sizes
(assuming-effective density is constant) and reduce the influence of random genetic drift
(Loveless & Hamrick, 1984). This hypothesis has been generally supported by empigical dat
(Hamricket al., 1992 Hamrick & Godt, 1996Broadhurset al., 2017). Rangsize has also been
hypothesized t0 have a negative effect on population differentiation becausedaggesize
should correlate with greater dispersal ability and hence greater levelsedige (oveless &
Hamrick, 1984 Hamricket al., 1992). However, several studies found conflicting patterns in
empirical datgLoveless & Hamrick, 1984Hamricket al., 1992 Hamrick & Godt, 1996
Duminil et al., 2007) a patterrthat may be explained by sampling over geographic barriers
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within wider ranging species, or a greater age of some widespread gpécke& Heuertz,
2008 Dick et al., 2013), allowingime forgenetic differentiation to accrue.

Species were grouped as either late successional (n = 11) or pioneer (n = 12) based on
functional trait data (traits included wood density, seed size and specific leaf area; s&l),able
plus field observations reported in primary literat{iferget, 1992Hucet al., 1994 Jone<t al.,
2005 Floreset al., 20086 Silva & Pinheiro, 2009)Pioneer species have been hypothesized to
have lower genetic diversity (Loveless & Hamrick, 1984Jl stronger spatial genetic structure
(Davieset al., 201Q Harataet al., 2012), reflecting the habit of copious reproductive output and
recruitment following disturbancevith few overlapping generationshich results in elevated
genetic drift andfounding of family grouptus anarrower window of opportunity for incoming
gene flow {orexception, see Borat al., 2008) Expectations of successional stage effects on
population differentiation are mixdtloveless & Hamrick, 1984), but generally, pioneer species
are expected to exhibit higher levels of population differentiation because fotiedées and few
overlapping generationacrease genetic drift, leading to rapid divergence among populations,
andreduce opportunities fancoming gene flow.

We classified species according to their primary seed dispersal vector and sampled 13
animatdispersedeg. bird, bat, monkey, rodent) and 10 abiotically dispersed spexies (
gravity, explosive capsules, water, wind). Two species are known to undergo both abiotic and
biotic seeddispersai(aucaria angustifolia, Calophyllum brasiliense) but were grouped into the
abiotically dispersed group in our analysis. Species with ablbtidispersed seeds are generally
expected to have more limited seed dispersal than species with animal dispersddaseeds
Smallwood,1982), hence the former have been found to exhibit stronger population
differentiation(Loveless & Hamrick, 1984Hamricket al., 1992 Hamrick & Godt, 1996
Duminil et al.;, 2007)and stronger spatial genetic struct(lreveless & FHamrick, 1984 Hamrick
et al., 1993 Harataet al., 2012). The same reasoning suggests that population differentiation
should correlate:with spatial genetic structure due to the similar influence of seed d{§peksal

et al., 2008, but'this remains largely untested.

(B) Genetic analysis

We performed a genome scan of an average of 228 AFLP loci (+ 30 SE, range = 61 to 673
across our uniform sampling design of 23 Neotropical tree species from 96 pogu 28566
trees in total (@blel; for details of AFLPlaboratory methodsee Methods S1). We estimated
the percentage of polymorphic loci (P; n = 23 species), mean expected heterozygos#ty a
populations (H; n = 23 speciespand total expected heterozygosity within species (H= 23

species)and differentiation among populations;{Fn = 21 species) in AFLPsurVé¢kemans,
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207 2002). Mean and total expected heterozygosity were tightly correlated®@5), and to

208 minimize redundancy in our results, our analysis will focus on mean expecteaziigtsity.

209 We also calculated the standard deviation of P an@Pland cHg) andthe coefficientof

210 variation of P and H(cvP andcyHg) among populations, whicdreunderutilized metris to

211  explore the variance in diversity across populations (and derived from a parfursiepeoposed

212 by Brown and Weir in 1983, and further developed by Schoen and Browh T@@&lvariance of
213 population genetic diversity is rarely estimated in tree species because they usually exhibit very
214 low differentiaton for allelic frequencies and correspondingly low differentiation for diwersit

215 across populations. However, the variammcgenetic diversity may be an important metric to

216 observe in trees'hecause it could, for example, be impacted by the strengtidef feffects.

217 Older, better-eonnected populations would be expected to have higher diversity thég rece
218 founded populations, as the latter may suffer from genetic bottlerieakeetet al., 2010 ).
219 Spatial genetic structure was arsgl in SPAGeD{Hardy & Vekemans, 2002),

220 following the procedure described in (Vekemans & Hardy, 2004), and using the Loisslisga
221 kinship coefficients between individuals; (Eoiselleet al., 1993. To define the slope of the

222 relationship between averagg &nhd geographic distance, we defined distance classes following
223 the authors’/recommendations, where,dach distance class, 50% of all individuals were

224  represented at least once and the coeffigémariation of the number of times each individual
225 represented'was <1. Meap Was plotted over the logarithm of the distance class. Pairwise

226  kinship coefficents were regressed on the logarithm of pairwise distance to estimate the

227 regression slopda, and the significance of this slope was tested with 10,000 permutations. The
228 strength of spatial genetic structure was then quantified by calculatinge®pnjans & Hardy,

229 2004). Sp =b/(Fs=1), where k was the average kinshgoefficientbetween individuals within

230 the first distance.classl{ speciesmeant SE= 316 + 137m,n= 19, pioneer: mean = SE = 232
231 £ 130 m,n=/7;late successional: mean + SE = 364 + 206 m,13) andb was the regression

232  slope of Fregressed on the logarithm of pairwise distance. Sp is a reciprawigbbourhood

233 size, wherdow Sp indicates that theeighbourhoodize is large and therefore weaker spatial

234  genetic structure is observed.

235

236 (B) Statistics

237  We usedyeneral linear models in a maximum likelihood, multi-model inference framew

238 (Burnham & Andersen, 2002n R v. 3.4.1 (2017) to test for hypothesized relationships between
239 the thredife history and geographjaredictor variables (range size, seed vector, successional
240 stage) and theightgenetic response variables &P, cvP,Hg, cHg, cvHEg, Fst, Sp)at the

241 species leveWe estimated Akaike’s Information Criterion corrected for small sample sizes
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(AICc; calculated in the MuMIn packagenttps://cran+
project.org/web/packages/MuMin/index.hjrahd Akaike weights,AIC) for each model

(Burnham & Andersen, 2002To select predictor variables of greatest importance to each
response variable, we derived the index of the relative importance of predicatteiaAICC;),
the sum of Akaike weights for all models that included paraméBarrnham & Andersen, 2002
Giam & Olden, 2016). W also calculated ratiad the absolute value of thetatistic for each
variable to judge variable importance, as suggested by Cade (2015).

We_ usedh square root transformation fogFandcyHe, cube root transformation for Sp,
and log base,10 transformation &dr andcyP to meet the assumption of normality of residuals.
We verified that the models met the statistical assumptiogsradral linear modelsy (1) testing
the normality“efiresiduals ditted models by examining gaéle-quantile plotgCrawley, 2007)
and running Shapir@vilk tests(Shapiro & Wilk, 1965), and (2) checking for heteroscedasticity
by examining plots of the residuals versus fitted values andlscaton (Crawley, 2007 as
well as running BreuselPagan tests in the Imtest library (https://cran.r
project.org/web/packages/Imtest/index.Ht@@Ereusch & Pagan, 1979). None of the top-ranked

models hadP»>.0:05 for ShapWéik or BreuschPagan test but thenultivariateFst and Sp
models showed signs béteroscedasticity the residuals vs. fitted values pld&r P, wealso
used binomial generalized linear modelth polymorphic loci as the successes and-non
polymorphieseci as failures. The response varidtd® was created by taking the sum of the
loci that werespolymorphic and not polymorphic for each species across all populations.
We ran our main analysevith the species thate known to undergo both abiotic and
biotic seed dispersé&hraucaria angustifolia andCalophyllum brasiliense) classified as biotic
rather than abietic seed dispersémsaddition to speciekevel analysis, we alsanalysedhe
effects of the same predictor variabtespopulationevel H: and P dataFor P,we used
binomial generalized linear mixegffect models with théme4 packagehttps://cran+
project.org/web/packages/Ime4/citation.htmith species as the random effdedr Heg, we used

Gaussian mixe@ffect models with species as ttaexdom effect.

(B) Data accessibility

Thegenetie'summary statistissipporting the findings of this study are available within the
Supporting Information. The raw AFLP data will be uploaded to a data repository (e.g. Dryad)

our paper is accepted for publication.

(A) RESULTS
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276  We foundgenetic diversityifferenceghat correlatd with range size (large vs. small range:

277 mean P = 88.66 vs. 80.09, mean+0.31 vs. 0.25AICc; P =1.00;|t| ratioP = 0.97AlICc; He

278 =0.67; |tatio He = 1.00Q as well as successional stage (late successional vs. pioneer: mean P =
279  90.98 vs. 80.82, meangH= 0.30 vs. 0.28AICc; P = 1.00]t| ratioP = 1.00AICc; He = 0.67;|t|

280 ratio Hg = 0.36), whergoioneer and range restricted species had lower genetic divéigity?(

281 Table3; Table S2, SB These trends were largely consistent when comparisons were run

282 individually within our three main study regions (soetkst Brazil, Costa Rica, and French

283 Guyana —inset maps in Fig. 1; Table S4), wih@omial generalized linear models were used for
284 P (TableSH, when nixed-effects models at the populatitevel were run(for P but not H;

285 TableS6), and when univariate modedsere run(for both P and ig; TableS7, S§. The

286 percentage ofspolymorphic loci was positively correlated with expéetetozygosityKig. S2,

287  S3 coefficientof determinations= 0.51).

288 Thestandard deviatiom the perceraigeof polymorphic loci (6P) and thecoefficientof

289 variation for both percentage of polymorphic lagj®P) and expected heterozygosity,He)

290 were each affected by successional stage (late successional vs. pioneei? mda3b vs.

291  10.70;AlICci0P-=:0.87 |t| ratiocP = 1.0Q cHg did not differ meancyP = 15.30 vs. 41.24

292  AICci cvP=0.881t| ratiocyP = 1.00; meargyHg = 0.04 vs. 0.01AICc; cvHe = 0.98 |t] ratio

293 cvHe = 1.00),'and pioneer species generakifibited greatevariation of genetic diversity

294  across populations within species than late successional spgégie?; (Table 3Table S2, SB

295 These trendsswere consistent when we ran univariate m@dadleS7). Variationin the

296 percenage of polymorphic loci was correlated with the variance in expected heterogygosit
297  (coefficientof determination” = 0.58), but neithestandard deviatiometricwas correlated with
208  the corresponding.mean estimate (6P ~ P: coefficientof determination= 0.07; cHg ~ He:

209  coefficientof determination” = 0.07) orpopulation differentiationo ~ Fsr: coefficientof

300 determination®=0:03; cHe ~ Fst: coefficientof determination? < 0.01).

301 Population-differentiation was associated with range size (large vs. small range:gnean F
302 =0.126 vsr0:04AICc; Fst = 0.86;|t| ratioFst = 1.00 and seed dispersal vector (animal vs.

303 abiotic dispersal: meansi-= 0.072 vs.0.131AICc; Fst = 0.65 |[t| ratioFst = 0.83), and mimal

304 dispersed and narrow range species had lower population differentiation (Fig.e23 Tadile

305 S2, S3. When we ran univariate models, range size remained as a strong predictor whereas seed
306 dispersal vector was nofdble S7)Population differentiation did not correlate with mean

307 geographic distance between populatiaefficientof determination? = 0.04).

308 We observed marked differences in fewale spatial genetic structiaesociateavith

309 seed dispersal vector (animal vs. abiotic dispersal: mean Sp = 0.011 vsAM@2&p = 0.71

310 |t| ratioSp =1.00 as well as successional stage (late successional vs. pioneer: mean Sp = 0.010
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311 vs. 0.030AICc; Sp = 0.62]t| ratioSp = 0.75), where abiotically dispersed and pioneer species
312 had stronger finscale spatial genetic structure than biotically dispersed and late successional
313 specieskig. 2; Table 3Table S2, SB These trends wetlargely consistent when univariate

314 models were runT@ableS7). We also observed that population differentiation and spatial genetic
315 structure were positively correlatgabtentially driven by two specieBifus oocarpa and

316 Vochysia ferruginea), althoughour resultsvererobust to bootstrapping (Fig. S3,;%6efficient

317 of determination = 0.40, B = 0.133; n = 17; 2.5 and 97.5 percentiles of slope distribution of
318 10,000 bootstrap iterations = 0.003 and 0.232).

319 Our results wergenerally robust, bwereless clearwhen thewo specieshatare

320 known to underge,both abiotic and biotic seed dispearsetswitched from abiotic to biotic seed
321 dispersatlassification(Araucaria angustifolia, Calophyllum brasiliense) (TableS9, S10.

322

323 (A) DISCUSSION

324  We show that with consistent sampling and analysis, range size, successional stage and seed
325 dispersal veetor-are useful predictors of the magnitude, variance and stgiofugenetic

326 diversity. Ounstandardized approach included using the same genetic marker type, focusing our
327 sampling to the same geographic region — the Neotro@osl -sampling across a significant

328 proportion of the'species’ rang&hich are factors that hawet been controlled in previous

329 studies Duminil et al., 2007). Our results should be interpreted with some caution as our study
330 region does.eross known biogeographeaa(Cavers & Dick, 2013), but our results appear

331 robust to this sampling design. Further, sineeanalged allcharacters together in a muilti

332 variable, maximum likelihood, multi-model inference framework, which alloweck madyust,

333 ecologically relevant conclusions to be made by decoupling potential camslatnong

334 characters. We used a rarely used population genetic métrcpopulation genetic diversity

335 standard deviatiooP, cHg) — that proved sensitive to tkaccessional stage our study

336 speciesTogether;our study provides the first consistently designed, multi-species study to

337 explore whether'species characteristics can predict the magnitude and structuring of genetic
338 diversity.

339 Among our 23 study specigapneer specielsad lower genetic diversity than late

340 successional species. These findings support the hypothesis that pioneer species colonize gaps in
341 sibling cohorts, leading to bottlenecks and the loss of genetic diveMsiyp & Bartish, 2000

342 Davieset al., 201Q Harataet al., 2012). These findings indicate that pioneer species either risk
343 losing adaptive variation during colonization due to genetic drift, which could impact the

344  adaptive potential, or that these species are intrinsically well equippepdavithreduced

345 genetic diversity. Our findings are consistent with the revieMylyom and Bartish (2000but
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346  several other reviews did not observe an effect of successiaga on genetic diversity,

347 potentially due to the limitations or level of variance of previous styt@eeless & Hamrick,

348 1984 Hamricket al., 1992 Meirmanset al., 2011).

349 Pioneer species also had higher variatiogenetic diversity (fosP, but not cHg). There
350 has been little discussion in the literature on the drivers of variation ingdnetrsity, but our
351 findings provide justification for further investigation of this parameter, andateltbat

352 succession and founder effects during galmnization are potentially important characters

353 influencing this variable. This was most likely due to stronger population sampfegseduring
354 gap-<olonization and scalingp of genetic turnover from withipepulation to intepopulation

355 levels(Dick et'al.;"2008, as supported by the positive association we observed betweand-
356 Sp.ltis perhapssexpected thatfFand Sp associate as both are measurements of isolation by
357 distance pracesseandas suchboth are likely to be impacted bye same factors (e.g. limited
358 seed dispersalHowever, the strength of our conclusiammited by thevariable numbeof

359 populatiors per speciesvhich could adversely affect variance estimaaesl wewere unable to
360 test dternativesfactors that could potentiaihfluence variation in genetic\ersity(e.g.

361 historical demegraphysymmetrical gene flowAs such, & suggest that simulation studies
362 should be undertaken to develop testable hypotheses to better understand the causes and
363 consequences ofvariation in genetic diverstyd the assaaifions between fingeale and

364 population‘genetic structure.

365 We observed thatnge restricted species had lower genetic diversity than wide range
366 species, which is consistent with the theory that large range sizes buffer genetic diversity
367 (Loveless &Hamrick, 1984 Species with larger range sizes should also, at least in part, have
368 greater dispersal capacity or maintairgx effective population sizes, and both would result in
369 reduced effects of random genetic drift on genetic diversity. Our findings wereteohgigh

370 some previousreviewslamricket al., 1992 Hamrick & Godt, 1996Broadhurskt al., 2017),

371 but not others«(Nybom & Bartish, 2000). As previously reported, we also found redundancy in
372 the differentmeasures of genetic diversitjamrick & Godt, 1990Meirmanset al., 2011

373 Broadhurset al., 2017) where the percentagé polymorphic lociwas highly correlated with

374 Hg.

375 Population genetic differentiation was strongly associated with seed dispestal

376  supporting previous theoretical expectations that animals have the capactyaiceliseeds

377 further, on average, than abiotic meéag. wind, water;  Loveless & Hamrick,, Xo84aricket
378 al., 1992 Hamrick & Godt, 1996Duminil et al., 2007) (for exceptions, see Nybom & Bartish,
379 2000 Meirmanset al., 2011). Furthermore, population genetic differentiation was strongly

380 associated with species range size. Species with wider ranges had stronger population genetic
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differentiation than species with smaller ranges, which is contrary exglextation that species
with larger ramges have greater capacity to disperse and thus havedopdation genetic
differentiation(Loveless & Hamrick, 198Duminil et al., 2007). We suggest that this result
reflects our speciewide sampling efforts, where, despite the absence ofagdographic
distance correlation, species with wider ranges are likedystospan biogeographic barriers (e.qg.
mountains, rivers), increasing isolation by distance. Future studies should exgloesualtiin
more detail by, for example, conducting multi-species studies within areas thatatmtain

major dispersabarriersand sampling many populations per species.

The strength of spatial genetic structure within populations appeared to be most
influenced byseed,dispersal vector and successional sédgjetically dispersed plants and
pioneer speciesshad strongerefscale spatial genetic structure than biotically dispersed and late
successional species, most likely due to restricted seed dispersal and family cohorts establishing
together. These findings are largely consistent with previous findioygless & Hamrick,

1984 Hamricket al., 1993 Davieset al., 201Q Harataet al., 2012), and support these of these
categorical traits'to predict levels of gene flow at local sq@8lek et al., 2008§.

(A) CONCL USIONS

Protecting and managing forest genetic resources is an urgent priority, particularly as the extent
of forest continues to be reduced and fragmented in the face of ongoing land cleagdance a
climate change. Forest genatisources provide the raw material underpinning population

genetic health, adaptive potential, restoration and breeding. A recent iotehetitiative by the

FAO developed. the Global Plan of Action on forest genetic resourttps/(vww.fao.org/3/a-

i3849e.pdf designed to promote their protection and sustainable management, and regional

consortia such.as EUFORGENp://www.euforgen.org/have made great stridesidtentifying

and protecting temperate forest genetic resources. Yet a huge task remains, even in well

resourced regions such as Western Europe, in finding effective proxies for preitietiegels

and distribution of genetic diversity in tree species as manual characterizalbfordst genetic

resources is not tractable. The task, and need, is greatest in titbveigdity forests of the

tropics. Currently;sproxy prediction is most commonly done using abiotic environmental

predictors-and little bioti knowledge is built in to forecasting where genetic diversity lies.
Understanding how ecology relates to genetic diversity can provide importantigeadic

power for the management of tree species. For example, knowing the relatioeshigesnbkey

characteristics and genetic parameters allows prediction of tree species’ capacity to overcome

gaps in distribution or to reonnect fragmented populationoyeless & Hamrick, 1984 which

could be used to inform the spatial arrangement of conneatimiglors. Patterns of neutral
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416  genetic diversity can also provide a baseline against which studies of adaptivpateint

417 adaptation can be set, where populations with higher levels of ingemetic diversity may also

418 be those with higher levels of adaptive potentagrpet al., 2011 Broadhurskt al., 2017, and

419 for seed collections, where diversity sampling can be better tar@etedor seed banking, seed-
420 based restoration; Broadhuesil., 2016 should be adjusted based on species characteristics
421  While it would be preferable to assign species to continubarsacter statesnd to incorporate

422  phenotypic trait variation for analytical purposes, and new evidencealhoaythis usingthe

423 categorical assignment and neutral genetic piat@ed a powerful standpoint on which to make
424  informedgenetic resourcmanagement decisions.

425 The relationships we established between species characters and the magnitude, variance
426  and structure'ef:genetic diversity can be directly used to make nagzted genetic resource

427  management recommendatioRAQ, 2014 IPBES, 2014). Our results on the magnitude of

428 population genetic diversity indicate that pioneer and narrow range species havgdustier

429  diversity, suggesting that species with these characters may eitherdbechpoor adaptability

430 due to low genetie diversity or that they are intrinsically well suited to adapt with low genetic
431  diversity. It maystherefore be required to use mpldtseed sources when undertaking deseskd

432  restoration for these pioneer or narrow range species, to augment their genetic {Brersdgt

433 al., 2013 Breedetal., 2016). We also implement an infrequently used metric that describes the
434  variance in‘genetic diversity across populations, and showed that pioneer bpddiggher

435 variance thanslate successional species. Thus, more populations of pioneer species arbdikely to
436  required if representative speciwgle sampling is desire@.g. for seed banking, seed

437  production areas; Broadhusstal., 2016).

438 Our findings for population genetic differentiation indicate that it is possible to predict
439  species responses to biogeographic barriers based on seed dispersal vector, which can be
440 integrated withmother data to delineate seed z(Be®det al., 2013), or used to optimize

441  sampling ef.database collections for tracking timber stocks (Dorrecaitf 2015) Spatial

442  genetic structure'was most affected by successional stage and seed dispersal vector, and this
443  knowledge can be used to inform seed collection strategies on how to avoid closely related
444  individuals and to ensure representative sampling of populksi@hvariation(Lowe et al.,

445  2015). Ourfindings can also hedpgvance species distribution models by allowing the

446  incorporation of these population genetic functional group classifications intogxsgtiulation

447  frameworks (Fordharet al., 2014 McCallumet al., 2014), which are now an important basis for
448  improving predictions of how landse changes alter biodiversity and ecosystem services for
449  forest tree species more generdlRBES, 2014).

450
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650 Tablel Family, rame size, seed dispersal vector, successional stage, number of AFLP loci scobeut,ofypupulations sampled and total numbe

651 of samples across all populations of the study species.

Species Family Rangesize Seed dispersal vector Successional stage LoCi N populations (N total samples)

Anacardium occidentalis Anacardiaceae Wide Biotic (birds) Pioneer 181 2 (89
Araucaria angustifolia Araucariaceae Wide Mixed (gravity, birds) Shade tolerant 673 9 (190)*
Bocoa prouacensis Fabaceae Narrow Biotic (monkeys, bats) Shade tolerant 88 2 (123)*
Calophyllumbrasiliense Clusiaceae Wide Mixed (gravity, water, bats)Shade tolerant 519 4 (159)*
Chrysophyllumisanguinolentum Sapotaceae  Wide Biotic (monkeys) Shade tolerant 149 3 (121)
Dicorynia guianensis Fabaceae Narrow Abiotic (gravity) Shade tolerant 134 3 (92)*
Eperua falcata Fabaceae Narrow Abiotic (gravity) Shade tolerant 107 4 (169)*
Eperua grandiflora Fabaceae Narrow Abiotic (gravity) Shade tolerant 173 3 (113)*
Eugenia uniflora Myrtaceae Wide Biotic (birds) Pioneer 205 5 (71)*
Hyeronima alchor neoides Euphorbiaceae Wide Biotic (birds) Shade tolerant 213 5 (244)*
Jacaranda copaia Bignoniaceae Wide Abiotic (wind) Pioneer 125 3(92
Lecythis ampla Lecythidaceae Wide Biotic (rodents) Shaddolerant 242 6 (157)*
Lonchocarpus costaricensis Fabaceae Narrow Abiotic (wind) Pioneer 487 6 (114
Pinus oocarpa Pinaceae Wide Abiotic (wind) Pioneer 383 3 (132)*
Sderoxylon capiri Sapotaceae  Narrow Biotic (monkeys, bats) Pioneer 254 4 (86)*
Smaroubaamara SimaroubaceaeWide Biotic (monkeys, birds) Pioneer 157 5 (136)*
Swietenia macrophylla Meliaceae Wide Abiotic (wind) Pioneer 242 2 (106)*
Symphonia glebulifera Clusiaceae Wide Biotic (monkeys, bats) Shade tolerant 184 3 (153)*
Tapirira guianensis Anacardiaceae Wide Biotic (monkeys, birds) Pioneer 198 4 (173)*
Tetragastris panamensis Burseraceae Wide Biotic (monkeys, birds) Shade tolerant 208 2 (115)*
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Virola michelii

Vochysia ferruginea

Vouacapoua americana

Myristicaceae Narrow
Vochysiaceae Wide

Fabaceae Narrow

Biotic (monkeys, birds)
Abiotic (wind)

Biotic (rodents)

Pioneer

240

Pioneer 61
Shade tolerant 92

2 (55
4 (183)*
2 (93)*

*The larger population was spatially mapped for fivale spatial genetic structure analysible 2 Predicted effects of three species characteristics (range size,

seed dispersal, succession stage) on the levels, variance and structure of popukimdigersity. The process, support for and against these

predictionsfrom the literature are indiedt as are the findings from our study.

Characteristie Prediction Process Support for Support against This study
Rangesize Species with larger ranges have highe Weaker genetic drift (Hamrick & Godt, 1990 (Nybom & Bartish, Species with larger ranges hac
genetic diversity Hamricket al., 1992 2000 higher genetic diversity
Hamrick & Godt, 199%
No predicted effect on genetic diversit No effect detected
standard deviation
Species with larger ranges have weak Greater colonizing (Hamrick & God, 199Q (Loveless & Hamrick, Species with larger ranges hac
population genetic differentiation ability connects Hamricket al., 1992 1984 Duminil et al., stronger population genetic
populations Hamrick & Godt, 1995 2007 differentiation
No predicted effect on spatial genetic No effect detected
structure
Seed dispersal No predicted effect on genetic diversit No effect detected

No predicted effect on genetic diversit

standard deviation

Species with biotically dispersed seed Wider seed dispersal
have weaker population genetic

differentiation

Species with biotically dispersed seed Wider seed dispersal
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(Loveless & Hamrick,
1984 Hamricket al.,
1992 Hamrick & Godlt,
1996 Duminil et al.,
2007

(Loveless & Hamrick,

(Nybom & Bartish,
200Q Meirmanset al.,
201)

No effect detected

Species with biotically
dispersed seeds had weaker
population genetic

differentiation

Species with biotically



have weaker spatial genetic structure

Successionalistage  Pioneer species have lower genetic ~ Founder effecteading

diversity to genetic bottlenecks

Pioneer species have larger genetic ~ Stronger population

diversity standard deviations sampling effects during
colonization

Pioneer species have stronger Founder effects increas

population genetic differentiation genetic drift, leading to

rapiddifferentiation
Pioneer species have stronger spatial Founder effects leading
genetic structure to family group

establishment

1984 Hamricket al.,
1993 Harataet al.,
2012

(Nybom & Bartish,
200Q Davieset al.,
201Q Harataet al.,
2012

(Dick et al., 2009

(Davieset al., 201Q
Harataet al., 2019

(Loveless & Hamrick,
1984 Hamricket al.,
1992 Meirmanset al.,
201))

(Bornetal., 2009

dispersed seeds had weaker

spatial genetic structure

Pioneer species had lower

genetic diversity

Pioneer species had larger

variance in genetic diversity

No effect detected

Pioneer species had stronger

spatial genetic structure
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655 Table 3 Population genetic patterns investigated with general linear models. % DE, pgecent
656 deviance explained by the mod&RICc, indicator of difference between moddtaike’s

657 Information Criterion corrected for small samples s{#&d€c) and the minimum AICin the

658 model setwAlCc, weight that show the relative likelihood of mogé, the number of parameters;
659 only modelswith aAAICc less than the null model (~ 1) are shown.

Model % DE AAICe WAICc k

Population expected heterozygosity:jH

He ~ range 29.53 0.00 0.39 2
He ~ range +,succession 38.02 0.01 0.39 3
He ~ range +/seed 29.74 2.89 0.09 3
He ~ range + seed + succession 38.19 3.25 0.08 4
He~1 0.00 5.39 0.03 1
Expected heterozygesity variance (cHg)

oHg~1 0.00 0.00 0.32 1
Expected heterazygosigoefficientof variation ¢yHEg)

cvHe ~ succession 37.48 0.00 0.63 2
cvHEe ~ seed #succession 38.61 2.54 0.18 3
cvHEe ~ range™ succession 37.48 2.96 0.14 3
cvHe ~ range + seed + succession 38.63 5.84 0.03 4
cvHe~ 1 0.00 8.14 0.01 1
Percentage of pelymorphic loci variance (cP)

oP ~ succession 24.56 0.00 0.43 2
oP ~ seed #'succession 30.81 0.97 0.27 3
oP ~ range +'succession 25.04 2.81 0.11 3
oP~1 0.00 3.82 0.06 1
Percemagerofpolymorphic locicoefficientof variation ¢yP)

cvP ~ succession 24.37 0 0.47 2
cvP ~ seed + succession 29.79 1.25 0.25 3
cvP ~ range + succession 24.45 2.94 0.11 3
cvP~1 0 3.76 0.07 1
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676

Population differentiation (§7)

Fst~ range + seed 38.52 0.00 0.48 3
Fst ~ range 23.35 1.54 0.22 2
Fst ~ range + seed + succession 39.97 3.00 0.11 4
Fst~1 0.00 4.38 0.05 1
Fine-scale spatial genetic structure (Sp)

Sp~ succession + seed 38.30 0.00 0.29 3
Sp~ range + seed + succession 46.62 1.01 0.17 4
Sp~ range + seed 34.77 1.06 0.17 3
Sp~ succession 19.29 1.84 0.11 2
Sp~ seed 15.97 2.61 0.08 2
Sp~range 15.02 2.82 0.07 2
Sp~1 0.00 3.07 0.06 1

NB: Model results*for effects of the species characters on P are inS&dilece we ranibomial
generalized linearrmodels.

Figure Legends

Fig. 1 Maps showing the location of sampled populationsfor all species. Inset maps show
greater detailof.Costa Rica (CR), French Guyana (FG) and southeast BE&)il PSpulations of
each speciessare represented by unique symbols, and the population in which treescualindivi
mapped is underlined.

Fig. 2 Partitioning,of population genetic metricsfor Neotropical trees acrosslife history traits

and geogr aphic distribution. In plots A-C and OF, two parameters per plot are shown for each
column: AC ¢perecentage of polymorphic loci (P, filled squares, on left) andotege

heterozygosity (ldyopen squares, on right); - standard deviatioof polymorphic loci (cP,

filled squares, on left) and expected heterozygosity (cHg, open squares, on right). In plotsl @nd

J1 a single parameter per plot is shown for eealamn: G-I = population differentiation £§p); J-

L = spatial genetic structure (Sp). Range size shown in columns A, D, G, J: seed dispersal vector in
columns ByE, H, K: and successional stage in C, F, |, L. The index of the relative impaftanc

each pedictor variable AICc;) is shown. All samples sizes are in Table
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