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Abstract

The census of vascular plants across a ten-year interval (1995-2005) at the fringe of a
neotropical rainforest (Nouragues inselberg, French Guiana, South America) revealed that
species richness decreased, both at quadrat scale (2 m?) and at the scale of the inselberg (three
transects, embracing the whole variation in community composition). Juvenile stages of all
tree and shrub species were most severely affected, without any discrimination between life
and growth forms, fruit and dispersion types, or seed sizes. Species turnover in time resulted
in a net loss of biodiversity, which was inversely related to species occurrence. The most
probable cause of the observed species disappearance is global warming, which severely
affected northern South America during the last 50 years (+2°C), with a concomitant increase

in the occurrence of aridity.

Introduction

Threats to biodiversity in tropical forests have largely been attributed to deforestation and
associated events such as habitat loss (Soares-Filho et al., 2006) and climate drift (Wright,
2005). Fires attributed to El Nifio Southern Oscillation (ENSO) dry climate anomalies have
also been invoked as a cause of present-day losses of biodiversity (Barlow et al. 2003),
similarly to fires involved in past extinctions (Charles-Dominique et al., 2001; Anderson et
al., 2007). In unmanaged tropical forests, major changes are expected to stem from global
warming as a chief result of the anthropogenic greenhouse effect (Rosenzweig et al., 2008),
but recent observations show divergences between continents, Africa being most and South
America least threatened by associated aridity (Malhi & Wright, 2004). However, recent

climate studies established that northern South America, which is still more or less preserved
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from massive destruction (Eva et al., 2004), was subject to altered precipitations resulting
from a southward switch in the location of the Inter-Tropical Convergence Zone (ITCZ),
possibly leading to severe biodiversity losses (Higgins, 2007). Moreover updated simulation
models predict a 4°C warming during the 21th century over Chilean and Peruvian coasts,

Central Amazon and Guianas Shield (Boulanger et al., 2006).

Forest fringes in the tropics (‘low forests’) are more prone to shifts in biodiversity than
adjoining environments such as savannas and tall-tree rain forests (Favier et al., 2004), even
without any marked advance of ecotone limits (Noble, 1993). Our aim was to compare across
a ten-year interval (1995-2005), encompassing a severe ENSO dry event in 1997-98
(Laurance, 2000; Paine & Trimble, 2004; Wright & Calderon, 2006), the botanical
composition of a neotropical forest fringe, free of human activity for centuries, embracing a
wide floristic and environmental gradient (Sarthou et al., submitted). Our main expectation
was that, as predicted by Jump & Pefiuelas (2005), present-day global warming in the wet
neotropics is too fast for the long-term maintenance of species-rich communities at the forest
limit, as this has been shown to occur in more temperate zones of South America (Villalba &
Veblen, 1998). Juvenile forms of plants are expected to suffer more than reproductive stages
from severe El Nifio years (Engelbrecht et al., 2002), resulting in a deficit of recruitment
directly related to scarcity of the species. If this hypothesis is verified, then threats to
biodiversity due to global warming itself (Thomas et al., 2004) should add to those stemming
from fragmentation and shrinkage of tropical forested areas (Curran et al., 1999; Laurance,

2000).

Materials and methods
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Study site

The study site is included in a forest reserve located in French Guiana (northern South
America, 4°5’N, 52°41’W) around the Nouragues inselberg, a granitic whaleback dome
(altitude 410 m) protruding from the untouched rain forest which covers the Guianas plateau
(Poncy et al., 1998). The climate is perhumid (4000 mm annual rainfall) and warm (mean
temperature 27°C). Climate data were recorded over fifty years in a nearby meteorological
station (Regina) and show seasonal changes in monthly precipitation, with a long rainy season
from December to June (more than 300 mm per month) and a short dry season from July to
November (Fig. 1). A regular increase in temperature was observed over the last 50 years
amounting to 1.6°C, corresponding to a mean increase of 0.32°C per ten-year period. No
decrease in annual precipitation was observed over the same period, but four years (1958,
1976, 1997 and 2005) experienced a severe water deficit during the dry season, as exhibited
by the Aridity Index which reached a value of 2 or more during the dry season (Fig. 1). The
year 1997 was in the range of our botanical record (1995-2005), but the strong drought
recorded in 2005 occurred several months after the completion of our study. The same
warming trend was depicted by other meteorological stations in French Guiana, including
coastal (open) as well as widely forested areas (Table 1), thus it could not be ascribed to

potential effects of deforestation upon local climate (Marland et al., 2003).

Soils are enriched in water and nutrients around the granitic outcrop (Sarthou &
Grimaldi, 1992; Dojani et al., 2007), supporting a lush species-rich vegetation in the low
forest, involving abundant epiphytes in the understory (Larpin, 2001). The low forest borders
the inselberg and is also established on its summit (Larpin et al., 2000). This vegetation has

been described as a specific community, comprised of plant species from adjoining
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communities (the savanna rock and the tall-tree rain forest) along with numerous species
exclusive to the low forest (Théry & Larpin, 1993). Multi-stemming and vertical stratification
of the vegetation are prominent features of the low forest, which was considered to be an
ecocline according to transient relationships between botanical composition and shift from

organic to mineral soil (Sarthou et al., submitted).

The rock savanna covers the southern and western sides of the inselberg. Vegetation
clumps of the rock savanna are sparsely distributed on slopes and become denser and taller in
the vicinity of the low forest (Sarthou & Villiers, 1998). The rock savanna is dominated by
epilithic wind- and bird-disseminated herb species and shrubs, which are established directly
on the granite (on medium slopes or pools) or in the organic matter accumulated under woody
vegetation (Sarthou, 2001; Kounda-Kiki et al., 2006). Primary and secondary successional
trends have been described in the savanna rock, fires followed by biological attacks (fungi,
termites) being mainly responsible for the destruction and renewal of shrub thickets (Kounda-

Kiki et al., 2008; Sarthou et al., 2009).

The tall-tree rain forest is comprised of a variety of late- and early-successional tree
species growing isolated or in small clumps (Poncy et al., 2001), mostly disseminated by
rodents (Dubost & Henry, 2006), monkeys (Julliot, 1997) and bats (Lobova & Mori, 2004).
Due to the absence of hurricanes, a peculiarity of the ITCZ (Liebmann et al., 2004), single
tree-fall gaps, rapidly invaded by pioneer plant species, are mainly responsible for the renewal
of the rain forest (Riéra, 1995; Van der Meer & Bongers, 2001). Dry periods, accompanied by
forest fires and severe erosion, occurred in the past three millenaries (Granville, 1982) and

shaped more open landscapes, the last dry event at the site of our study being dated around
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1000-600 years B.P. (Ledru et al., 1997; Charles-Dominique et al., 1998; Rosique et al.,

2000).

Sampling

Three gradient-directed transects (Gillison & Brewer, 1985) were established across the low
forest, located at the summit (T6) and along the southern slope (T4, T5). All transects started
in the rock savanna on bare rock and their length varied from 52 to 89 m, so that they ended
in the first metres of the tall-tree rain forest. The slope was nil or slight in the summit forest
(T6), but reached almost 40% in transects T4 or T5. In April 1995 and April 2005, the
vegetation was identified at the species level according to Funk et al. (2007) and surveyed
every metre in adjacent 1x2 m quadrats. For each woody species the diameter and height of
individual stems were measured as well as the number of specimens per quadrat. In case of
multi-stemming, stems were pooled for each individual for the calculation of species
abundance per quadrat. Woody species were classified into two groups according to their
height (higher or lower than 50 cm). The same species could fall within both size categories,
according to developmental stage or suppression state. The cover percentage of herb and
suffrutescent plant species was estimated visually in each quadrat area. Biological traits
(Raunkiaer’s life form, fruit type, dispersion mode, seed size) were established for the whole

set of 164 plant species (Appendix).

Data processing

Given that sampling was done along transect lines across variable environments,

autocorrelation was expected (Legendre, 1993; Legendre & Legendre, 1998). Paired t-tests
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were used for the detection of trends from 1995 to 2005, using a specific procedure in order to
keep pace with autocorrelation. First, signed differences between years were calculated for
each quadrat, and the normality of their distribution was verified using Shapiro-Wilk’s test
(Shapiro & Wilk, 1965). Second, product-moment (Pearson) autocorrelation coefficients of
increasing order (first-order = one lag, second-order = two lags, etc.) were calculated. If first-
order autocorrelation coefficients did not display any significant deviation from null
expectation at 0.05 level (tested by t-test) then all quadrats of the same transect were used in
further calculations. If the first-order autocorrelation coefficient was significant at 0.05 level,
then the lag was increased until non-significance was reached. According to the order of the
first non-significant coefficient, one or more quadrats were discarded for further calculations,
thereby increasing the distance between successive samples and decreasing the effective
sample size until autocorrelation was no longer found. This procedure, although prone to
some loss of information, was preferred over tedious calculations of the ‘effective sample
size’ (Clifford et al., 1989; Dutilleul, 1993; Dale & Fortin, 2002) which have been shown by

Wagner & Fortin (2005) not to be fully applicable to any kind of data.

Fractal dimensions were calculated for each transect using the slope of log-log curves
relating the semi-variance y (h) of the series to the lag (h) of autocorrelated data (Burrough,
1983; Gonzato et al., 2000; Dale et al., 2002). We used the linear portion of the log-log curve
to compute the fractal (Hausdorff) dimension according to the formula D = 2 — m/2, D being

the fractal dimension of the series and m the slope of the log-log curve.

Series of plant species present in both years were compared between 1995 and 2005 in
order to check for possible changes in density (trees and shrubs), percent cover (herbs and

suffrutex) and basal area over the whole set of 258 quadrats. Differences between both years
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were tested using the Wilcoxon signed-rank test (Sokal & Rohlf, 1995). The effect of
frequency of species on their disappearance expectancy was tested by logistic regression

(Sokal & Rohlf, 1995).

All abovementioned calculations were done using XLSTAT (Addinsoft®) statistical

software.

Species accumulation or rarefaction curves (Simberloff, 1978; Colwell & Coddington,
1994) were calculated for the whole set of quadrats, in order to check for the
representativeness of our sampling effort, using EstimateS version 8.0 for Windows

(http://viceroy.eeb.uconn.edu/estimates). The expected number of species was calculated

using the first-order jackknife richness estimator JACK1, which is considered as the most

precise estimator for large sample sizes (Palmer, 1990).

Results

Species accumulation curves of woody plant species for the years 1995 and 2005 show that (i)
threshold values were nearly reached in both years, (ii) woody species total richness
(inselberg scale) was lower in 2005 compared to 1995 (Fig. 2). Over the three transects, 205
quadrats (2 m? each, totalling 410 m?) harboured a total of 19,591 individuals belonging to
102 species in 1995, compared to 14,871 individuals and 80 species in 2005, representing a
decrease of 24% for individuals and 22% for species. The expected species richness (JACK1
estimator) was 116.9 species in 1995 and 89.95 in 2005, thus not much higher than the

cumulative species richness.
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Quadrat species richness (all species included) decreased from 1995 to 2005, whatever
the transect (Fig. 3). The mean decrease observed at the quadrat level was 12%, 17% and 16%
in transects T4, T5 and T6, respectively. This net decrease resulted from the combination of
additions and subtractions of species, as shown by Figure 4. It can be seen from this figure
that increases and decreases are not independent and that communities with many species per

quadrat seem to be less stable than poorer ones.

The semi-variance of species richness series was higher in 2005 than in 1995 at short
lags (1 to 3 m distance), but lower for longer distances, whatever the transect (Fig. 5). This
resulted in a higher fractal dimension in 2005 than in 1995 for all transects, which suggests
that the change in species richness between adjacent quadrats increased from 1995 to 2005

whereas the net loss of species caused homogenization at the transect scale.

All major species traits were affected by the observed decrease in plant species
richness (Fig. 6). Only minor species traits did not follow the general trend, which was not
judged significant: lianas and megaphanerophytes (among Raunkiaer’s life forms), climbing
plants (among growth forms) and follicles (among fruit types) marginally increased in mean
density per quadrat but all of them were poorly represented in the study area. Table 2 shows
that growth forms, life forms, fruit types, dispersion modes and seed classes did not display

any significant shift in species trait distribution.

At the quadrat scale, the observed trend of decreasing species richness affected mainly
juveniles and only to a weak and insignificant extent adults of the same woody species, and

basal area did not decrease significantly (Table 3). This result points to a deficit of
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recruitment rather than to adult increased mortality. Herbs and suffrutex were not affected at

all by this phenomenon.

The probability of disappearance of plant species was strongly dependent on their
abundance, as ascertained by logistic regression (Fig. 7). The model predicted that rarest
species (species present in only one quadrat in 1995) showed 50% disappearance, while the

rate of disappearance of species present in more than 60 quadrats was nil.

Discussion

The decrease in plant species richness observed in ten years at the scale of three transects
representative of the Nouragues inselberg as well as at the scale of individual quadrats was
accompanied by a small-scale instability of species richness, thereby indicating a severe
disturbance. The distribution of species traits was not affected, but most concern was on
juveniles of woody species, pointing to a random process at species level and to a non-random
process at individual level. The recruitment of species was affected all the more they were
scarcely distributed. Neutral models (Hubbell, 2001; Ulrich, 2004; Gotelli & McGill, 2006)
make similar predictions but it can be postulated that in the long term the higher sensitivity of
juvenile stages would affect the composition of the whole plant community, by privileging
species with a low turnover rate (Gourlet-Fleury et al., 2005). The warming trend observed in
northern South America can be invoked to explain our results, in particular the severe dry
season which occurred two years after the first census done in 1995. We suspect that
following a wave of moisture deficit, known to affect more seedlings and saplings than adult
trees and shrubs (Poorter & Markesteijn, 2008), further recruitment by seed production

(Wright & Calderon, 2006), seed dispersal to safe sites (Janzen, 1970; Julliot, 1997; Dalling et
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al., 2002) and germination of the soil seed bank (Dalling et al., 1998) never compensated for
impoverishment of the plant community, which did not recover its original level at the end of

the following eight years.

Other hypotheses for the observed collapse in plant species richness could be
proposed, but none is satisfactory. From the last dry period with wildfire events, which ended
600 years ago, the forest ecosystem could be in a phase of development, still far from
equilibrium (Odum, 1969). A decrease in plant species richness is commonly advocated in
late stages of ecosystem development, following competition for light and nutrients by a few
dominant species (Connell, 1979). In this case, development of the forest ecosystem
following a major disturbance is accompanied by an increase in basal area (Chazdon et al.,
2007), which was not supported by our data. It would also be accompanied by a change in the
distribution of species traits, in particular shade-tolerant tall tree species, with big seeds and
autochory, should be increasingly represented (Swaine & Whitmore, 1988; Whitmore, 1989;
Ter Steege & Hammond, 2001), which was not the case. The effects of CO? fertilization
issued from fossil fuel combustion would be similar, by stimulating the growth of dominant
species and increasing the basal area (Laurance, 2000). This hypothesis can be discarded too,
for the same reasons. Interestingly, recent results by Wardle et al. (2008) showed that
retrogression of forest ecosystems could occur in the absence of disturbance, displaying a
pronounced decrease in basal area, accompanied, or not, by concomitant changes in plant
species richness. Such a decrease in basal area was not observed, thus retrogression is not

supported by our data either.

Another possible cause for the observed phenomenon could be the worldwide increase

in infectious diseases and parasite outbreaks caused by climate warming (Harvell et al., 2002;



267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

12

Rosenberg & Ben-Haim, 2002; Mouritsen et al., 2005). This can be thought to affect juvenile
stages of all plant species, a number of which currently die from damping-off (Hood et al.,
2004). Such an explanation cannot be considered as antagonist to the hypothesis of a severe
moisture deficit affecting all plant species. Rather, it should be considered as an additional
cause of mortality, affecting indiscriminately the whole array of plant species living in the

low forest.

Dramatic declines in plant species diversity were observed in temperate, boreal and
mountain areas, following forced or actual climate warming (Klein et al., 2004; Walker et al.,
2006), but such trends had not been demonstrated in species-rich neotropical forests yet,
where most changes in tree growth, mortality and recruitment were attributed to rising CO?
(Laurance et al., 2004) and only more recently to global warming (Feeley et al., 2007).
Studies done at Barro Colorado, Panama, concluded that seedlings of common tree species
were not affected by the severe 1997-98 ENSO dry event (Engelbrecht et al., 2002), although
previous studies on the same sites demonstrated long-term effects of severe El Nifio years on
drought-sensitive species (Condit et al., 1995). However, the same 1997-1998 ENSO event
was shown to be a main cause of biodiversity loss in tropical rain forests of Southeast Asia
(Harrison, 2001), and decelerating growth rates of tropical trees are now recorded worldwide
(Feeley et al., 2007). Experimental studies showed that warming trends could result in
changes in species trait distribution, by privileging species better adapted to warmer climate
(Post et al., 2008) or reaching dominance through increased growth (Harte & Shaw, 1995),
and it is now admitted that the rapidity of present-day climate warming is likely to affect the
capacity of adaptation of most plant communities (Walther, 2003; Jump & Pefiuelas, 2005). In
American and African rain forests lianas have been shown to increase in species trait

representation (Phillips et al., 2002; Wright & Calderon, 2005; Swaine & Grace, 2007; but
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see Caballé & Martin, 2001). Neither increase nor decrease in lianas species could be
demonstrated in our study because of the poor abundance of this growth form in the low
forest. We suspect that none of the low forest species are clearly adapted to drought, except
for those composing the rock savanna (Sarthou & Villiers, 1998). Surprisingly, no shift
towards a better representation of rock savanna species was observed along our three transects
(Sarthou et al., submitted). Species typical of rock savanna are always associated with the
presence of organic soil and the concomitant absence of any mineral soil, even when
established within the low forest (Sarthou et al., submitted). Thus, it is possible that any
displacement of the whole plant community, as reported in other transition areas (Camill et
al., 2003; Sanz-Elorza et al., 2003; Shiyatov et al., 2005), is prevented by the absence of
adequate soil conditions, which may constitute an ecological barrier to community drift in the
presence of a rapid environmental change (Higgins, 2007). In this case, erosion events with
total removal of the mineral soil (Rosique et al., 2000), as may have occurred in the past,
should be a prerequisite for any development of a community better adapted to dry

environments.

Acknowledgements

We want to acknowledge the staff of the Nouragues Research Station (CNRS UPS 656, dir.

Pierre Charles-Dominique) for accommodation and technical help. Temperature and rainfall

data were provided by Michel Magloire (Méteo France). English language has been revised

by Carole Chateil, who is warmly acknowledged, too.

References



317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

14

Anderson D, Maasch K, Sandweiss D (2007) Climate Change and Cultural Dynamics: a

Global perspective on Mid-Holocene Transitions. Academic Press, New York.

Barlow J, Peres CA, Lagan BO, Haugaasen T (2003) Large tree mortality and the decline of

forest biomass, following Amazonian wildfires. Ecology Letters, 6, 6-8.

Boulanger JP, Martinez F, Segura EC (2006) Projection of future climate change conditions
using IPCC simulations, neural networks and Bayesian Statistics. I. Temperature mean

state and seasonal cycle in South America. Climate Dynamics, 27, 233-259.

Burrough PA (1983) Multiscale sources of spatial variation in soil. 1. The application of

fractal concepts to nested levels of soil variation. Journal of Soil Science, 34, 577-597.

Caballé G, Martin A (2001) Thirteen years of change in trees and lianas in a Gabonese

rainforest. Plant Ecology, 152, 167-173.

Camill P, Umbanshowar CE Jr, Teed R, Geiss CE, Aldinger J, Dvorak L, Kenning J, Limmer
J, Walkup K (2003) Late-glacial and Holocene climate effects on fire and vegetation
dynamics at the prairie-forest ecotone in south-central Minnesota. Journal of Ecology,

91, 822-836.

Charles-Dominique P, Blanc P, Larpin D, Ledru MP, Riéra B, Rosique T, Sarthou C, Servant,
M., Tardy C (2001) Palaeoclimates and their consequences on forest composition. In:

Nouragues: Dynamics and Plant-Animal Interactions in a Neotropical Rainforest (eds



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

15

Bongers F, Charles-Dominique P, Forget PM, Théry M), pp. 35-44. Kluwer,

Dordrecht.

Charles-Dominique P, Blanc P, Larpin D, Ledru MP, Riéra B, Sarthou C, Servant M, Tardy C
(1998) Forest perturbations and biodiversity during the last ten thousand years in

French Guiana. Acta Oecologica, 19, 295-302.

Chazdon RL, Letcher SG, Van Breugel M, Martinez-ramos M, Bongers F, Finegan B (2007)
Rates of change in tree communities of secondary neotropical forests following major
disturbances. Proceedings of the Royal Society of London, Series B, Biological

Sciences, 362, 273-289.

Clifford P, Richardson S, Hémon D (1989) Assessing the significance of the correlation

between two spatial processes. Biometrics, 45, 123-134.

Colwell RK, Coddington JA (1994) Estimating terrestrial biodiversity through extrapolation.
Philosophical Transactions of the Royal Society of London, Series B, Biological

Sciences, 345, 101-118.

Condit R, Hubbell SP, Foster RB (1995) Mortality rates of 205 neotropical tree and shrub

species and the impact of a severe drought. Ecological Monographs, 65, 419-439.

Connell JH (1979) Tropical rain forests and coral reefs as open non-equilibrium systems. In:
Population Dynamics (eds Anderson RM, Turner BD, Taylor LR), pp. 141-163.

Blackwell, Oxford.



366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

16

Curran LM, Caniago |, Paoli GD, Astianti D, Kusneti M, Leighton M, Nirarita CE, Haeruman
H (1999) Impact of El Nifio and logging on canopy tree recruitment in Borneo.

Science, 286, 2184-2188.

Dale MRT, Dixon P, Fortin MJ, Legendre P, Myers DE, Rosenberg MS (2002) Conceptual
and mathematical relationships among methods for spatial analysis. Ecography, 25,

558-577.

Dale MRT, Fortin MJ (2002) Spatial autocorrelation and statistical tests in ecology.

Ecoscience, 9, 162-167.

Dalling JW, Muller-Landau HC, Wright SJ, Hubbell SP (2002) Role of dispersal in the

recruitment limitation of neotropical pioneer species. Journal of Ecology, 90, 714-727.

Dalling JW, Swaine MD, Garwood NC (1998) Dispersal patterns and seed bank dynamics of

pioneer trees in moist tropical forest. Ecology, 79, 564-578.

Dojani S, Lakatos M, Rascher U, Wanek W, Littge U, Bldel B (2007) Nitrogen input by
cyanobacterial biofilms of an inselberg into a tropical rainforest in French Guiana.

Flora, 202, 521-529.

Dubost G, Henry O (2006) Comparison of diets of the acouchy, agouti and paca, the three
largest terrestrial rodents of French Guianan forests. Journal of Tropical Ecology, 22,

641-651.



391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

17

Dutilleul P (1993) Modifying the t test for assessing the correlation between two spatial

processes. Biometrics, 49, 305-314.

Engelbrecht BMJ, Wright SJ, de Steven D (2002) Survival and ecophysiology of tree
seedlings during El Nifio drought in a tropical moist forest in Panama. Journal of

Tropical Ecology, 18, 569-579.

Eva HD, Belward AS, de Miranda EE, di Bella CM, Gond V, Huber O, Jones S, Sgrenzaroli
M, Fritz S (2004) A land cover map of South America. Global Change Biology, 10,

731-744.

Favier C, Chave J, Fabing A, Schwartz D, Dubois MA (2004) Modelling forest-savanna
mosaic dynamics in man-influenced environments: effects of fire, climate and soil

heterogeneity. Ecological Modelling, 171, 85-102.

Feeley KJ, Wright SJ, Nur Supardi MN, Kassim AR, Davies SJ (2007) Decelerating growth

in tropical forest trees. Ecology Letters, 10, 461-4609.

Funk V, Hollowell T, Berry P, Kelloff C, Alexander SN (2007) Checklist of the plants of the
Guiana Shield (Venezuela: Amazonas, Bolivar, Delta Amacuro; Guyana; Surinam;

French Guiana). Contributions from the United States National Herbarium, 55, 1-584.

Gillison AN, Brewer KRW (1985) The use of gradient directed transects or gradsects in

natural resource surveys. Journal of Environmental Management, 20, 103-127.



416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

18

Gonzato G, Mulargia F, Ciccotti M (2000) Measuring the fractal dimensions of idela and
actual objects: implications for application in geology and geophysics. Geophysical

Journal International, 142, 108-116.

Gotelli NJ, McGill BJ (2006) Null versus neutral models: what’s the difference? Ecography,

29, 793-800.

Gourlet-Fleury S, Blanc L, Picard N, Sist P, Dick J, Nasi R, Swaine MD, Forni E (2005)
Grouping species for predicting mixed tropical forest dynamics: looking for a strategy.

Annals of Forest Science, 62, 785-796.

Granville JJ de (1982) Rain forest and xeric flora refuges in French Guiana. In: Biological
diversification in the tropics (ed Prance GT), pp. 159-181. Columbia University Press,

New York.

Harrison RD (2001) Drought and the consequences of El Nifio in Borneo: a case study of figs.

Population Ecology, 43, 63-75.

Harte J, Shaw R (1995) Shifting dominance within a montane vegetation community: results

of a climate-warming experiment. Science, 267, 876-880.

Harvell CD, Mitchell CE, Ward JR, Altizer S, Dobson AP, Ostfeld RS, Samuel MD (2002)
Climate warming and disease risks for terrestrial and marine biota. Science, 296, 2158-

2162.



441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

19

Higgins PAT (2007) Biodiversity loss under existing land use and climate change: an
illustration using northern South America. Global Ecology and Biogeography, 16,

197-204.

Hood LA, Swaine MD, Mason PA (2004) The influence of spatial patetrns of damping-off
disease and arbuscular mycorrhizal colonization on tree seedling establishment in

Ghanaian tropical forest soil. Journal of Ecology, 92, 816-823.

Hubbell SP (2001) The Unified Neutral Theory of Biodiversity and Biogeography. Princeton

University Press, Princeton.

Janzen DH (1970) Herbivores and the number of tree species in tropical forests. The

American Naturalist, 104, 501-528.

Julliot C (1997) Impact of seed dispersal by red howler monkeys Alouatta seniculus on the
seedling population in the understorey of tropical rain forest. Journal of Ecology, 85,

431-440.

Jump AS, Pefiuelas J (2005) Running to stand still: adaptation and the response of plants to

rapid climate change. Ecology Letters, 8, 1010-1020.

Klein JA, Harte J, Zhao XQ (2004) Experimental warming causes large and rapid species
loss, dampened by simulated grazing, on the Tibetan Plateau. Ecology Letters, 7,

1170-1179.



466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

20

Kounda-Kiki C, Vaculik A, Ponge JF, Sarthou C (2006) Humus profiles under main
vegetation types in a rock savanna (Nouragues inselberg, French Guiana). Geoderma,

136, 819-829.

Kounda-Kiki C, Ponge JF, Mora P, Sarthou C (2008) Humus profiles and successional
development in a rock savanna (Nouragues inselberg, French Guiana): a micro-

morphological approach infers fire as a disturbance event. Pedobiologia, 52, 85-95.

Larpin D (2001) The low forest (Nouragues inselberg). In: Nouragues: Dynamics and Plant-
Animal Interactions in a Neotropical Rainforest (eds Bongers F, Charles-Dominique

P, Forget PM, Théry M), pp. 47-63. Kluwer, Dordrecht.

Larpin D, Sarthou C, Tardy C (2000) Dynamique de la végétation sur l’inselberg des
Nouragues (Guyane francaise) a différentes échelles de temps (pluriannuelle a
plurimillénaire). In: Dynamique & Long Terme des Ecosysttmes Forestiers

Intertropicaux (eds Servant M, Servant-Vildary S), pp. 189-197. UNESCO, Paris.

Laurance, WF (2000) Mega-development trends in the Amazon: implications for global

change. Environmental Monitoring and Assessment, 61, 113-122.

Laurance WF, Oliveira AA, Laurance SG, Condit R, Nascimento HEM, Sanchez-Thorin AC,
Lovejoy TE, Andrade A, D’Angelo S, Ribeiro JE, Dick CW (2004) Pervasive
alteration of tree communities in undisturbed Amazonian forests. Nature, 428, 171-

175.



491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

21

Ledru MP, Blanc P, Charles-Dominique P, Fournier M, Martin L, Riéra B, Tardy C (1997)
Reconstitution palynologique de la forét guyanaise au cours des 3000 dernieres
annees. Comptes Rendus de I’Académie des Sciences de Paris, Série II, Sciences de la

Terre et des Planetes, 324, 469-476.

Legendre P (1993) Spatial autocorrelation: trouble or new paradigm? Ecology, 74, 1659-1673.

Legendre P, Legendre L (1998) Numerical ecology, 2™ English ed. Elsevier, Amsterdam.

Liebmann B, Vera CS, Carvalho LMV, Camilloni IA, Hoerling MP, Allured D, Barros VR,
Baez J, Bidegain M (2004) An observed trend in central South American precipitation.

Journal of Climate, 17, 4357-4367.

Lobova TA, Mori SA (2004) Epizoochorous dispersal by bats in French Guiana. Journal of

Tropical Ecology, 20, 581-582.

Malhi Y, Wright J (2004) Spatial patterns and recent trends in the climate of tropical
rainforest regions. Philosophical Transactions of the Royal Society of London, Series

B, Biological Sciences, 359, 311-329.

Marland G, Pielke RA Sr, Apps M, Avissar R, Betts RA, Davis KJ, Frumhoff PC, Jackson
ST, Joyce LA, Kauppi P, Katzenberger J, McDicken KG, Neilson RP, Niles JO, Nyogi

DS, Norby RJ, Pena N, Sampson N, Xue Y (2003) The climatic impacts of land



515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

22

surface change and carbon management, and the implications for climate-change

mitigation policy. Climate Policy, 3, 149-157.

Mouritsen KN, Tompkins DM, Poulin R (2005) Climate warming may cause a parasite-

induced collapse in coastal amphipod populations. Oecologia, 146, 476-483.

Noble IR (1993) A model of the responses of ecotones to climate change. Ecological

Applications, 3, 396-403.

Odum EP (1969) The strategy of ecosystem development. Science, 164, 262-270.

Paine RT, Trimble AC (2004) Abrupt community change on a rocky shore: biological
mechanisms contributing to the potential formation of an alternative state. Ecology

Letters, 7, 441-445,

Palmer MW (1990) The estimation of species richness by extrapolation. Ecology, 71, 1195-

1198.

Phillips OL, Vasquez Martinez R, Arroyo L, Baker TR, Killeen T, Lewis SL, Malhi Y,
Monteagudo Mendoza A, Neill D, Nufiez Vargas P, Alexiades M, Cer6n C, Di Fiore
A, Erwin T, Jardim A, Palacios W, Saldias M, Vinceti B (2002) Increasing dominance

of large lianas in Amazonian forests. Nature, 418, 770-774.

Poncy O, Riéra B, Larpin D, Belbenoit P, Jullien M, Hoff M, Charles-Dominique P (1998)

The permanent field research station ‘Les Nouragues’ in the tropical rainforest of



23

540 French Guiana: current projects and preliminary results on tree diversity, structure,
541 and dynamics. In: Forest Biodiversity in North, Central and South America and the
542 Caribbean: Research and Monitoring (eds Dallmeier F, Comiskey JA), pp. 385-410.
543 UNESCO, Paris.

544

545  Poncy O, Sabatier D, Prévost MF, Hardy | (2001) The lowland high rainforest: structure and

546 tree species diversity. In: Nouragues: Dynamics and Plant-Animal Interactions in a
547 Neotropical Rainforest (eds Bongers F, Charles-Dominique P, Forget PM, Théry M),
548 pp. 31-46. Kluwer, Dordrecht.

549

550  Poorter L, Markesteijn L (2008) Seedling traits determine drought tolerance of tropical tree
551 species. Biotropica, 40, 321-331.

552

553  Post ES, Pedersen C, Wilmers CC, Forchhammer MC (2008) Phenological sequences reveal
554 aggregate life history response to climatic warming. Ecology, 89, 363-370.

555

556  Riéra B (1995) Rdle des perturbations actuelles et passées dans la dynamique et la mosaique
557 forestiére. Revue d’Ecologie (La Terre et la Vie), 50, 209-222.

558

559  Rosenberg E, Ben-Haim Y (2002) Microbial diseases of corals and global warming.
560 Environmental Microbiology, 4, 318-326.

561

562  Rosenzweig C, Karoly D, Vicarelli M, Neofotis P, Wu Q, Casassa G, Menzel A, Root TL,

563 Estrella N, Seguin B, Tryjanowski P, Liu C, Rawlins S, Imeson A (2008) Attributing



564

565

566

567

568

569

570

571

572

573

574

575

576

S77

578

579

580

581

582

583

584

585

586

24

physical and biological impacts to anthropogenic climate changes. Nature, 453, 353-

358.

Rosique T, Pous F, Charles-Dominique P (2000) Evolution morphogénique holocéne d’un
bassin versant de la forét guyanaise: la Nourague occidentale (Guyane francaise).

Comptes Rendus de ’Académie des Sciences de Paris, Série 2, Sciences de la Terre et

des Planétes, 330, 333-340.

Sanz-Elorza M, Dana ED, Gonzalez A, Sobrino E (2003) Changes in the high-mountain
vegetation of the Central Iberian Peninsula as a probable sign of global warming.

Annals of Botany, 92, 273-280.

Sarthou C (2001) Plant communities on a granitic outcrop. In: Nouragues: Dynamics and
Plant-Animal Interactions in a Neotropical Rainforest (eds Bongers F, Charles-

Dominique P, Forget PM, Théry M), pp. 65-78. Kluwer, Dordrecht.

Sarthou C, Grimaldi C (1992) Mécanismes de colonisation par la végétation d’un inselberg

granitique en Guyane francaise. Revue d’Ecologie (La Terre et la Vie), 47, 329-349.

Sarthou C, Kounda-Kiki C, Vaculik A, Mora P, Ponge JF (2009). Successional patterns on
tropical inselbergs: a case study on the Nouragues inselberg (French Guiana). Flora

(in press online first).



587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

25

Sarthou C, Larpin D, Fonty E, Pavoine S, Ponge JF (submitted) Dynamics of plant
communities at the fringe of a tropical rainforest on a rocky outcrop (French Guiana,

South America).

Sarthou C, Villiers JF (1998) Epilithic plant communities on inselbergs in French Guiana.

Journal of Vegetation Science, 9, 847-860.

Shapiro SS, Wilk MB (1965). An analysis of variance test for normality (complete samples).

Biometrika, 52, 591-611.

Shiyatov SG, Terent’ev MM, Fomin VV (2005) Spatiotemporal dynamics of forest-tundra

communities in the polar Urals. Russian Journal of Ecology, 36, 69-75.

Simberloff D (1978) Use of rarefaction and related methods in ecology. In: Biological Data in
Water Pollution Assessment: Quantitative and Statistical Analyses (eds Dickson KL,
Cairns J Jr, Livingston RJ), pp. 150-165. American Society for Testing and Materials,

Philadelphia.
Soares-Filho BS, Nepstad DC, Curran LM, Cerqueira GC, Garcia RA, Ramos CA, Voll E,
McDonald A, Lefebvre P, Schlesinger P (2006) Modelling conservation in the

Amazon basin. Nature, 440, 520-523.

Sokal RR, Rohlf FJ (1995) Biometry, 3" ed. Freeman, New York.



611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

26

Swaine MD, Grace J (2007) Lianas may be favoured by low rainfall: evidence from Ghana.

Plant Ecology, 192, 271-276.

Swaine MD, Whitmore TC (1988) On the definition of ecological species groups in tropical

rain forests. Vegetatio, 75, 81-86.

Ter Steege H, Hammond DS (2001) Character convergence, diversity, and disturbance in

tropical rain forest in Guyana. Ecology, 82, 3197-3212.

Théry M, Larpin D (1993) Seed dispersal and vegetation dynamics at a cock-of-the-rock’s lek

in the tropical forest of French Guiana. Journal of Tropical Ecology, 9, 109-116.

Thomas CD, Cameron A, Green RE, Bakkenes M, Beaumont LJ, Collingham YC, Erasmus
BFN, Ferreira de Siqueira M, Grainger A, Hannah L, Hughes L, Huntley B, Van
Jaarsveld AS, Midgley GF, Miles L, Ortega-Huerta MA, Peterson AT, Phillips OL,

Williams SE (2004) Extinction risk from climate change. Nature, 427, 145-148.

Ulrich W (2004) Species co-occurrences and neutral models: reassessing J.M. Diamond’s

assembly rules. Oikos, 107, 603-609.

Van der Meer PJ, Bongers F (2001) Tree falls and canopy gaps: patterns of natural
disturbance. In: Nouragues: Dynamics and Plant-Animal Interactions in a Neotropical
Rainforest (eds Bongers F, Charles-Dominique P, Forget PM, Théry M), pp. 243-250.

Kluwer, Dordrecht.



636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

27

Villalba R, Veblen TT (1998) Influences of large-scale climatic variability on episodic tree

mortality. Ecology, 79, 2624-2640.

Wagner HH, Fortin MJ (2005) Spatial analysis of landscapes: concepts and statistics.

Ecology, 86, 1975-1987.

Walker MD, Wahren CH, Hollister RD, Henry GHR, Ahlquist LE, Alatalo JM, Bret-Harte
MS, Calef MP, Callaghan TV, Carroll AB, Epstein HE, Jonsdéttir IS, Klein JA,
Magnusson B, Molau U, Oberbauer SF, Rewa SP, Robinson CH, Shaver GR, Suding
KN, Thompson CC, Tolvanen A, Totlandt &, Turner PL, Tweedie CE, Webber PJ,
Wookey PA (2006) Plant community responses to experimental warming across the
tundra biome. Proceedings of the National Academy of Sciences of the United States of

America, 103, 1342-1346.

Walther GR (2003) Plants in a warmer world. Perspectives in Plant Ecology, Evolution and

Systematics, 6, 169-185.

Wardle DA, Bardgett RD, Walker LR, Peltzer DA, Lagerstrom A (2008) The response of
plant diversity to ecosystem retrogression: evidence from contrasting long-term

chronosequences. Oikos, 117, 93-103.

Whitmore TC (1989) Canopy gaps and the two major groups of forest trees. Ecology, 70, 536-

538.



660

661

662

663

664

665

28

Wright SJ (2005) Tropical forests in a changing environment. Trends in Ecology and

Evolution, 20, 553-560.

Wright SJ, Calderon O (2006) Seasonal EI Nifio and longer term changes in flower and seed

production in a moist tropical forest. Ecology Letters, 9, 35-44.



666
667

29

Table 1. Mean warming trends on the longest possible record period in ten meteorological stations of French

Guiana

Meteorological station

Recording period

Mean 10-yr increase

Coefficient of determination R?

Cacao

Camopi

Kourou

Maripasoula

Regina

Rochambeau
Saint-Georges
Saint-Laurent du Maroni
Saul

Sinnamary

1981-2005
1955-2005
1967-2005
1955-2005
1955-2005
1950-2005
1956-2005
1950-2003
1955-2005
1955-2006

0.78°C
0.26°C
0.33°C
0.26°C
0.32°C
0.16°C
0.30°C
0.19°C
0.36°C
0.13°C

0.71%+
0.47%
0.71%
0.64%
0.67%
0.44%
0.73%
0.44%
0.6
0.16**
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Table 2. Variation in species trait distribution from 1995 to
2005 on the whole study area

1995 2005
Woody 100 78
Herb 33 22 x> = 0.88
Suffrutex 4 5 P= 0.83
Palm 2 2
Therophyte 1 0
Geophyte 1 1
Chamaephyte 4 5
Hemicryptophyte 28 20 2
Liana 9.5 7 L= 2.18
Nanophanerophyte 5 5 P= 0098
Microphanerophyte 31.5 29
Mesophanerophyte 37 27
Megaphanerophyte 8 8
Berry 34 33
Capsule 35 23
Achene 5 5
Drupe 24 20
Fleshy 7 7 v* = 2.09
Pod 9 8 P= 0.99
Follicle 3 4
Samara 3 2
Caryopsis 7 5
Sporangium 2 1
Zoochorous 81 71
Anemochorous 42.5 31 2
Barochorous 2 1.5 r = 092
Autochorous 6 3 P=0.92
Hydrochorous 0.5 0.5
Creeping 4 2
Rosette 8 7
Erect 79 67.5 x> = 0.79
Leaning 21 19.5 P= 0.98
Climbing 10 7
Multi-stemmed 13 13
Seed class 1 48 34.5
Seed class 2 47.5 46.5
Seed class 3 18.5 15 v¥ = 1.23
Seed class 4 8 8 P= 0.94
Winged seed 8 7
Plumose seed 3 2
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Table 3. Variation in mean number of adults and juveniles (trees and
shrubs), mean percent cover (herbs and suffrutex) and basal area per
plant species from 1995 to 2005 on the whole study area

1995 2005 Wilcoxon signed test
Adults (> 50 cm) 23.5 20.8 P =0.13
Juveniles (<50 cm) 261 192 P = 0.0006
Herbs and suffrutex 1.2 1.2 P =0.53
Basal area (m?) 250 202 P =0.99
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Figure legends

Figure 1. Climate data at Regina meteorological station (nearest from study site). Left: mean
annual temperature over the previous 50 years. Right: mean monthly aridity index
(mean temperature in °C divided by monthly rainfall in mm) over the previous 50
years and individual curves for the four most arid years, i.e. years with a monthly

aridity index higher than 2

Figure 2. Species accumulation curves of woody plant species for 1995 and 2005. These
curves being based on a random resampling of all individuals, only species which

were recorded at the individual level (woody species) were accounted for

Figure 3. Mean plant species richness (trees, shrubs, herbs and suffrutex included) at quadrat
scale in the three transects. Comparisons between census years (1995 vs 2005) were
done by t-test. The number of degrees of freedom (d.f.) takes into account

autocorrelation (see text for more details). n = number of quadrats in each sample

Figure 4. Increases and decreases in the number of plant species in each quadrat in the three
transects (left scale). The broken line indicates the total number of species in 1995

(right scale)

Figure 5. Semivariogram of species richness on the three transects. Abscissa (lag) and
ordinate (semivariance) were in logarithmic scale, in order to show the straight line

used for the calculation of fractal distance (see text for more details)
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Figure 6. Changes in plant species traits (in mean number of species per quadrat) from 1995

to 2005

Figure 7. Logistic regression modelling the relationship between the disappearance of species
from 1995 to 2005 (0 = persistence, 1 = disappearance) and their frequency (number
of quadrats where the species was present) in 1995. Black dots indicate the species

which were still present (bottom line) or had disappeared (upper line) in 2005



34

29 4 5
45
y=0.032x - 36
2 _ 0,675 .
R*=0.67 4 —8— Mean 1955-2005

| ° o ® --©-- 2005
28 --0--1997
35 --0--1976
#-- 1958

Mean annual temperature (°C)
Aridity index
N
@

05

25 T

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

705
706 Fig. 1

707



35

120 1
100 4 /
8
®
[=8
2]
S
@
Qo
£
5
z
0 T T T T T T T T T T ]
0 20 40 60 80 100 120 140 160 180 200 220
Number of samples
708
709  Fig. 2

710



711

712

713

25 -

N
o
1

[y
(6]
1

10 A

Species richness per quadrat (2 n12)

Fig. 3

W 1995
2005

t=-3.04
P <0.01
d.f.=44

Transect 4
n =389

36

t=-6.09
P<10®
d.f. =63

Transect 5
n==64

t=-3.19
P<0.01
df.=17

N

Transect 6
n=>52




37

(S66T) SSauyoll saloads (S66T) SSauyoll saloads (G66T) SSauyoll saloads

0

[To} o Yol o n o o [Te} o n o 1o} o Te} o 1o} o
(2] o™ N N — — [fe) o ™ N N — — n o ™ o™ N N — — [Te]
L ! ! ! J L ! L J L ! ! L

= [— ]

I .

[
— "
L aam——
o
C—
| e— ]
— ——
— = [ ——
[—] ———
——
—— ==
e — =
———— C—
S
| — ] —— 0 |
— C—
— ——
== O —— ——
— C——
——

| IIIl

|”|I|

———m= = 1
. C— I
— —
C———— [
[—] — —
—_ — — ]
C—————— = —
CC  e— — © —>
C  — = ° =
< — 0 2 —
- o — — —3 0
o [&] — c —
] e —— (] C————— © —
0 — ) o
c C— 2 —Z = 4
@ e — I —1 —
— C— — —
= — = 3 —
C— | e— ]
C— = [C—
n o n o [To) o 0 0 o 0 o [To) o n 0 o o o [To] o
— - L 1_. ol I - i ~ i — - v —
(S00Z-G66T) @Se8108p/asealoul Ssauydll saloads (5002-G66T) @SEaI08p/8SLaIdUl SSBUYDII S810ads (S002-S66T) @Seal0ap/asealdul ssauyoll saloads

-15 -

Fig. 4

714
715
716



717
718

719

1000

100

g (lag)

1000

g (lag)

38

°
1995 ° i
02005
D =1.80
' 10 100
Lag (m)

L
1995

02005

[ T [T

D=1.94

10
1 . ,
' 10 100
Lag (m)
1000 1
®
®
©1995 P
02005
=)
8
o
l ) 1
' 10 100
Lag (m)
Fig. 5



39

r

A

7]

L

TSI T TS TTES

il A i A A

FFFEEEEFFEF.

14 4

T
(qV}
—
G

=z

Ty sss

P

r

g

d

rrrerrees

A LA LA LA EE S L L L E L L LT LT

q

rara

g

3

2

Zz

Errr

e

e ess

T

Z]

L& g

o

o

7l

Prereses

g
ToJTs)
o O
o O
—
]

O

wrreaers

T

T T T T T 1

o © © < o~ ()

—
w g) redpenb Jad saloads jo JaquinN

paas asown|d
paas pabuip

¥ SSe|d paas

€ SSe|0 pass

Z Sse|0 pass

T SSe|0 pass
pawwals-nINA
Buiquiio

Buiuea

19313

211950y

Buidasip
SN0J0Y204pAH
snoloyooiny
snoloyooseg
snoJoydowauy
snoJoyoooz
wnibuelods
sisdoAred

elewes

8[aljjo4

pod

Aysal4

adnig

auayoy

a|nsden

Allag
a1Aydosaueydebapy
a1Aydosaueydosapy
a1Aydosaueydoloin
a1AydoisueydoueN
euel]
a1AydoidA1oiwaH
a1hydeewreyn
a1Aydoao
a1Aydolay

wied

Xa1n1yns

qJeH

Apoop

720

Fig. 6

721

722



40

09

Y — l/(1+e0.04+0.09X)
XZWaId = 10*

0.6 T

05t

03

0.2 +

Disappearance expectancy from 1995 to 2005

01 + N

04---—‘0-—‘—‘\4;:“ . PPN - oo .

0 50 100 150 200

Number of quadrats where the species was censused in 1995

723
724 Fig.7

725



41

Appendix. List of latin names and traits of plant species found i the three studied transects. Species which totally disappeared in 2005 (compared to 1995) are indicated by (")

Trees and shrubs Family Raunkiaer's life forms  Fruit types Dispersion modes Seed size :lea'nb‘ss and suffrutescent ., Za""k‘ae' s life Fruittypes  Dispersion modes ~ Seed size
Alibertia myrciifolia Rubiaceae ‘microphanerophyte berry zoochory 05-1cm ‘Aechmea melinoni Bromeliaceae hemicryptophyte berry zoochory <0.5cm 0.5-1 cm
Antonia ovata () Loganiaceae mesophanerophyte capsule anemochory unknown (winged) Aganisia pulchella (*) Orchidaceae hemicryptophyte capsule anemochory <05cm
Apocynaceae sp. () Apocynaceae uninonn unicnonn unknown unknown Anthurium jenmani Araceae hemicryptophyte berry Zo0chory <05em
Asclepiadaceae sp. Asclepiadaceae  liana follicle ‘anemochory unknown AXonopus ramosus. Poaceae hemicryptophyte caryopsis anemochory <05cm
cruentum folicie anemochory >2.cm (vingec) Bromelia sp. Bromeliaceas  hemicrypiophyte bery 2o0chory <05cm05-1cm
follicle anemochory >2 cm (winged) Calathea squarrosa Marantaceae geophyte berry zoochory or myrmechory  0.5-1 cm 1-2 cm
. folicle anemochory >2 om (vingec) Chamaecrisa desvauii Fabaceae chamaephyte od anemochory <05cm
Bignoniaceae sp. (') Bignoniaceae lana capsule anemochory unknown Chelonanthus alat capsule anemochory <05em
Brosimum guianense Moraceae megaphanerophyte fleshy ‘endozoochory 05-1cm capsule anemochory <0.5cm
Burseraceae sp. 1 (' Burseraceae mesophanerophyte dupe endozoochory unknown Cleistes rosea (1) Orchidaceae therophyte capsule anemochory <0scm
Burseraceae sp. 2 (*) Burseraceae mesophanerophyte drupe. ‘endozoochory unknown ‘Cuphea blackii Lythraceae chamaephyte capsule anemochory <0.5cm
Calyptranthes lepida. Myrtaceae mesophanerophyte berry zoochory <0.5cm 0.5-1 cm Cyperaceae sp. Cyperaceae hemicryptophyte achene autochory or anemachory  <0.5 cm
Casearia sp. Flacouriaceae  mesophanerophyte capstle zo0chory unknown Disteganthus lateralis Bromeliaceas  hemicryptophyte ber zoochory 051cm
capsule zoochory 05-1cm Elleanthus brasiliensis (*) Orchidaceae hemicryptophyte capsule anemochory <0.5cm
¢ w0 c drupe endolsynzoochory unknown Encycliaionosma Orchidaceae hemicrypiophyte capsule anemochory <05cm
Clusia grandifiora Clusiaceae ‘mesophanerophyte capsule zoochory 0.5-1cm 1-2 cm Episcia sphalera (%) Gesneriaceae hemicryptophyte capsule autochory <0.5cm
Clusia minor Clusiaceae microphanerophyte capsule zoochory <05cm Guzmania lingulata Bromeliaceae hemicryptophyte capsule anemochory <05cm
Clusia nemorosa Clusiaceae microphanerophyte capsule Zoochory 051cm Ichnaninus nemoralis Poaceae hemicrypiophyte caryopsis  anemochory <05cm
Coccoloba sp. Polygonaceae liana fleshy zoochory/hydrochory 05-1cm Jessenia bataua \recaceae microphanerophyte drupe barochory or zoochory >2cm
Cordia sp. Boraginaceae microphanerophyte drupe. 200chory 051cem Lindsaea sp. (*) Dennstaedtiaceae hemicryptophyte sporangium  anemochory <05cm
Croton tafelbergicus Euphorbiaceae microphanerophyte capsule auto/barochory <0.5cm Ludovia lancifolia Cyclanthaceae hemicryptophyte berry zoochory <0.5cm
Croton sp. (%) Euphorbiaceae microphanerophyte capsule auto/barochory <05cm capsule anemochory <05cm
Cupania diphylla Sapindaceae mesophanerophyte capsule endozoochory 051cm Olyraoblquiolia Poaceae hemicrypiophyte caryopsis  anemochory <05cm
Cybianthus guianensis Myrsinaceae microphanerophyte drupe zoochory 05-1cm Paradrymonia campostyla (*) ~ Gesneriaceae liana capsule autochory <0.5cm
Daphr it drupe zo0chory 051cem Paradrymonia dens: Gesneriaceae liana. capsule autochory <05cm
Dileniaceae sp. () Dileniaceae liana unknown zo0chory unknown (arilled) Pariana campestris Poaceae hemicryplophyte caryopsis  anemochory <05cm
Duroia s Rubiaceae phanerophyte zoochory 051cm Phramipedium lindleyanum () Orchidaceae hemicryptophyte capsule anemochory
Eriotheca surinamensis Bombacaceae  microphanerophyte capsule anemochory 051cm Picairia geyskesi Bromelaceas  hemicrypiophyte capsule anemochory <0.5 cm (winged)
capsule-like barochory or anemochory <0.5cm Poaceae sp. 1 Poaceae hemicryptophyte caryopsis anemochory <0.5cm
drupe zoochory 051cm Poaceae sp. 2 (*) Poaceae hemicryptophyte caryopsis anemochory <05cm
Erythroxylum ligustrinum Erpthroxylaceae  mesophanerophyte dupe zo0chory 051cm Poaceae sp. 3 () Poaceae hemicryptophyte caryopsis  anemochory <0scm
drupe zoochory 05-1cm Poaceae sp. 4 Poaceae hemicryptophyte caryopsis anemochory <0.5cm
Eugenia albicans Myrtaceae microphanerophyte berry z00chory 051cm Poaceae sp. 5 (*) Poaceae hemicryptophyte caryopsis anemochory <05cm
Eugenia florida Myrtaceae microphanerophyte berry zoochory 0.5-1cm 1-2 cm Poaceae sp. 6 Poaceae hemicryptophyte caryopsis anemochory <0.5cm
Eugenia marowynensis Myrtaceae mesophanerophyte berry zoochory 12em Sauvagesia aliciae Ochnaceae chamaephyte capsule anemochory <05cm
Eugenia ramiflora Myrtaceae microphanerophyte berry Zoochory 051cm Schizea pennuia Schizacaceae  hemicrypiophyte sporangium  anemochory <05cm
Eugenia sp. 1 (*) Myrtaceae mesophanerophyte berry zoochory 05-1cm Scleria cyperina Cyperaceae hemicryptophyte achene anemochory <0.5cm
Eugenia sp. 2 (") Myrtaceae microphanerophyte berr 200chory 051cm Scleria secans Cyperaceae liana. anemochory <05cm
Euplassa pinata Proteaceae ‘mesophanerophyte drupe. zoochory 1-2cm Selaginella sp. Selaginellaceae hemipcryptophyte sporangium anemochory <0.5cm
Guapira eggersiana Nyctaginaceae mesophanerophyte fleshy zoochory 051cm lestyl berry oochory <05cm
Hebepetalum sp. Linaceae mesophanerophyte drupe Zoochory 051cm Stylosanthes guianensis Fabaceae chamaephyte pod anemochory <05cm
Henriettea sp. (*) Melastomataceae ‘mesophanerophyte berry zoochory <0.5cm Syagrus stratincola Arecaceae micro-mesophanerophyte  drupe zoochory >2cm
Heteroperi sp. Malpighiaceae  liana samara anemochory 051 cm (winged) Vanill ovata (" Orchidaceae liana capsule anemochory <0scm
Himatanthus bracteatus () Apocynaceae. mesophanerophyte capsule anemochory >20m Vriesea gladiiflora Bromeliaceas  hemicryptophyte capsule anemochory <0.5 e 0.5-1 cm (plumose)
p. () liana or unknown zoochory or anemochory unknown leiostica (*) capsule anemochory <0.5cm 0.5-1 cm (plumose)
Hinelaracemosa Chysobalanaceae  mesophanerophyte drupe Zoochory 051cmizem riesea splenden: capsule anemochory <05 ¢ 0.5-1 cm (plumose)
Humiria balsamifera (*) Humiriaceae ‘mesophanerophyte drupe zoochory 05-1cm 1-2em
Inga lateriflora () Mimosaceae mesophanerophyte pod endozoochory 120m
Inga stpularis Mimosaceae mesophanerophyte pod endozooshory 12em
Inga umbellifera Mimosaceae microphanerophyte pod ‘endozoochory 1-2cm
Inga virgutosa Mimosaceae mesophanerophyte pod endozoochory 051cmi2em
Inga sp. (*) Mimosaceat ‘mesophanerophyte pod ‘endozoochory 1-2cm
Licania irwinii rysobalanaceae  mesophanerophyte drupe zoocho >2cm
Manilkara bidentata Sapotaceae megaphanerophyte bery Zoochory S2cm
Maytenus myrsinoides Celastraceae mesophanerophyte capsule Zoochory 12em
s.1() unknown autochory or zoochory <0scm
sp.2(Y) unknown autochory or zoochory <0.5cm
erry Zoochory <0scm
Miconia holosericea Melastomataceae  mesophanerophyte bery Zoochory <0scm
Micrandra sp. Euphorbiaceae mesophanerophyte capsule autochory or myrmechochory 05-1cm
jorinda sy Rubiaceae microphanerophyte fleshy zoochory <0.5cm 0.5-1 cm
Myreia ctrfolia Myraceae mesophanerophyte bery Zoochory 051cm
tyrcia fallax Myrtaceae mesophanerophyte berry zoochory 05-1cm
Myrcia guianensis Myriaceae microphanerophyte bery Zoochory 051cm
Myrcia quitarensis Myrtaceae mesophanerophyte berry zoochory 05-1cm
Myrcia saxatiis Myrtaceae microphanerophyte berry zoochory 051cm
Myrcia syatica Myraceae microphanerophyte berry zoochory 051cm
Myrciaria floribunda Myrtaceae mesophanerophyte berry zoochory 0.5-1cm 1-2 cm
Myrciaia sp. Myrtaceae phanerophyte bery Zoochory 05
Myrciaria sp. 2 Myrtaceae phanerophyte berry zoochory 05-1cm
Myrtaceae sp. 1 (1) Myrtaceae phanerophyte fleshy zoochory 05-1cmor1-2cm
Myraceae sp. 2 Myrtaceae phanerophyte fleshy Zoochory 051cmor12em
Myrtaceae sp. 3 (*) Myrtaceae phanerophyte fleshy zoochory 0.5-1cmor 1-2cm
Myrtaceae sp. 4 Myriaceae phanerophyte feshy Zoochory 051cmor12cm
Myrtaceae sp. 5 Myrtaceae phanerophyte fleshy zoochory 0.5-1cmor 1-2cm
Myrtaceae sp. 6 Myrtaceae phanerophyte fleshy zoochory 05-1cmor1-2cm
Neea ovalfolia Nyctaginaceae  mesophanerophyte drupe-ike Zoochory 12cm
drupe-like zoochory unkng
Ocotea sp. Lauraceae microphanerophyte bery Zoochory 051cm12em
Ouratea candollei () Ochnaceae mesophanerophyte crupelet Zoochory 051cm
Ouratea leblondii ‘Ochnaceae microphanerophyte drupelet zoochory 05-1cm
Oxandra asbecki Annonaceae mesophanerophyte fleshy Zoochory 120m
Parinaria excelsa Chrysobalanaceae  megaphanerophyte. drupe zoochory >2cm
Parka sp. Mimosaceae megaphanerophyte pod Zoochory 12cm
Peltogyne paniculata Caesalpiniaceae  megaphancrophyte pod Zoochory s2¢cm
Petrea volubilis fer liana wing-like calyx lobes anemochory 05-1cm
Phyllanthus attenuatus Euphorbiaceae microphanerophyte capsule probable autochory <05cm
berry zoochory 0.5-1cm 1-2 cm
Piptocoma schomburgkii Asteraceae microphanerophyte achene ‘anemochory <05cm
P a capstle autochory <05cm
Polygala spectabils Polygalacea nanophanerophyte capsule anemochory or mymechochory  05-1.cm
Pourouma sp. Cecropiaceae mesophanerophyte drupe-lie Zoochory 051cm
Protium heptaphyllum Burseraceae ‘mesophanerophyte irupe zoochory 0.5-1cm 1-2 cm
Psychotria ctenophora Rubiaceae microphanerophyte erry zoochory 05-1cm
Psychotria cupularis Rubiaceae microphanerophyte drupe Zoochory <05cm05-1cm
Psychotria hoffmannseggiana ~ Rubiaceae nanophanerophyte drupe Zoochory <0sem
Psychotria moroidea Rubiaceae microphanerophyte drupe zoochory <0.5cm 0.5-1 cm
Roupala montana Proteaceae mesophanerophyte folicle anemochory 051cm
Rubiaceae sp. 1 (*) Rubiaceae phanerophyte unknown zoochory or anemochory unknown
Rubiaceae sp. 2 (') Rubiaceae phanerophyte unknown Zoochory or anemochory unknown
Rudgea crassiloba Rubiaceae microphanerophyte dupe Zoochory 051cm
Sagotia racemos: Euphorbi mesophanerophyte capsule autochory 051cm
‘Sapium montanum Evphorbiaceae  microphanerophyte capsule Zoochory <05cm051cm
Schefflera decaphylla (*) Araliaceae megaphanerophyte drupe zoochory 05-1cm
Jobium albif c anemochory >2 om (winged)
‘Securidaca uniflora () Polygalaceae liana samara anemochory 0.5-1 cm (winged)
Smilax sp. Smilacaceae liana erry zoochory 051cm
Souroubea guianensis Marcgraviaceae liana bery Zoochory <05cm
Tabebuia capitata Bignoniaceae microphanerophyte capsule anemochory >2cm
Tapiia guianensis Anacardiaceae  mesophanerophyte drupe Zoochory 051cm
Terminalia amazonia ‘Combretaceae ‘mesophanerophyte drupe anemochory 0.5-1 cm (winged)
Ternstroemia dentata Theaceae mesophanerophyte berry zoochory 1-2cm
o drupe endozoochory 12cm
Zygia tetragona Mimosaceae mesophanerophyte pod endozoochory: 1-2cm
Undetermined 1 (*) phanerophyte unknown unknown unknown
Undetermined 2 (‘) phanerophyte unknown unknown unknown
Undetermined 3 (*) phanerophyte unknown unknown unknown

Undetermined 5 () unknown unknown unknown unknown

7 2 6 Undetermined 4 () phanerophyte unknown unknown unknown




