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Received: 19 February 2016 / Accepted: 23 August 2016 / Published online: 1 September 2016

� Springer Science+Business Media Dordrecht 2016

Abstract Mauritia flexuosa is a keystone species

with a broad geographic distribution throughout the

Amazon. Environmental changes can impact the

reproductive success in a keystone species such as

M. flexuosa, which results in a cascade of events that

impacts many other species. The present study exam-

ined the reproductive phenology in the palm M.

flexuosa between December 2010 and November

2012. A 1-ha plot was established in the central

Amazon and all palms C14 m tall were labelled for

measuring. The following five phenophases were

recorded monthly for each labelled palm: (i) spadix

formation; (ii) buds; (iii) open flowers; (iv) infructes-

cences with green fruits; and (v) infructescences with

ripe fruits. ANOVA andmultiple range tests were used

to evaluate significant differences among variables for

each year. The phenological activity index for each

phase was related with regional climate variables,

including maximum and minimum daily temperature,

monthly accumulated precipitation, cloudiness, flood

and water table levels in the plot using a redundancy

analysis. Overall, fruiting and flowering AIs exhibited

significant differences; however, increased syn-

chronous flowering was recorded during the first year

associated with maximum temperatures and a drought

period; the second year indicated precipitation suffi-

cient for higher fruit production. Climate also influ-

enced seedling mortality, recruitment, and

establishment.

Keywords Activity index � Drought � ENSO �
Amazon � Flooding

Introduction

Mauritia flexuosa L.f. is one of the most widespread

palm species in the Amazon (Ter Steege et al. 2013)

and Orinoquia (Lasso et al. 2013) regions of South

America. Most populations are concentrated along

flooded and poorly drained zones of fluvial plains;

these sites are known as várzea forest (white water)

and igapó forest (black water) (Prance 1979; Hender-

son et al. 1995). Flooding cycles, geomorphological

processes, and soil features restrict and shape the

species local environment, which are determined by

river dynamics (Junk et al. 2013). M. flexuosa often

form dense, monospecific stands. Stand density

increases due to prolonged flooding periods and poor

soil drainage conditions, resulting in impoverished

soils, which impede colonization of intolerant species

to hydromorphic soil conditions (Urrego 1997;
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Galeano et al. 2015). Therefore, population persis-

tence depends in part on maintenance of these specific

environmental conditions and the role of specific

animal dispersers. M. flexuosa is vital in feeding

several wildlife species, and is therefore recognized as

a keystone species (Rodrı́guez et al. 2006; Holm et al.

2008).

The reproductive cycle of M. flexuosa transitions

from annual to supra annual (Urrego 1987; Khorsand-

Rosa 2013). Urrego (1987) reported that the species

was influenced by climatic variables, including the

number of sunshine hours per day and extreme air

temperatures, which might trigger the current season’s

flowering or fruiting. Higher flood levels with longer

flooding times might also negatively influence repro-

ductive cycles, including seed germination and

seedling establishment (Urrego 1987; Khorsand-Rosa

2013; Galeano et al. 2015). Despite reports of

moderate seed germination percentages (50 %), seed-

ling survival might drop (23–44 %) after 6 months of

flooding (Urrego 1987; Galeano et al. 2015), likely

related to density dependent factors and anthropogenic

disturbance intensity among sites (Isaza et al. 2013;

Khorsand-Rosa 2013; Galeano et al. 2015).

Mauritia flexuosa has multiple uses and therefore

high economic potential (Sampaio et al. 2008; Trujillo

et al. 2011) in the Amazon. However, despite the

species wide geographic distribution and dense stands,

M. flexuosa is seriously threatened by management

practices, which involves cutting down female palms

to harvest fruits (Holm et al. 2008; Isaza et al. 2013).

Moreover, according to the local people of the

Colombian Amazon, M. flexuosa stands exhibit

changes in fruit crop frequency, which might be

related to current global climate change, recorded by

Phillips et al. (2010) in Amazon vegetation.

Climate fluctuations related to El Niño Southern

Oscillation (ENSO) frequencies induced longer dry

seasons (Phillips et al. 2010), prevalence (Laurance

et al. 2004), and flood intensity in the Amazon, which

might affect M. flexuosa stands as follows: (i) increase

adult and seedling mortality (Bradsmith and Bravo

2006) due to heightened sedimentation rates associated

with river overflows covering fluvial plains during

extreme precipitation events; (ii) water table and soil

humidity changes due to alterations in floristic compo-

sition by invasion of upland plant species (Phillips et al.

2009; Galeano et al. 2015); and (iii) phenological cycle

modifications in plant species due to enhanced dry

seasons, which extend the flowering period, shorten

fruiting, and/or diminish fruit production, as reported in

other Amazon species (Clark 2007). Studies showed

changes in fruit production affected local fruit con-

sumption and played an integral role in animal trophic

chains, as animals feed on M. flexuosa fruits (Bright-

smith and Bravo 2006; Holm et al. 2008).

Current climate change effects on plant species

populations are widely recognized, however to

achieve an accurate understanding of such complex

effects for individual species represents a long-term

task, particularly when addressing species phenology.

Data related to long-term phenological and extreme

climate event data and relationships with phenological

changes are largely absent.M. flexuosa is the dominant

species in the Amazon (Ter Steege et al. 2013);

therefore, it is important to assess the species response

facing climate change. In the present study, we

examined the following two questions: (i) what are

the main environmental features influencing M. flex-

uosa reproductive phenology; and (ii) how does the

inter-annual climate variability affect reproductive

phenology of a well-preserved stand of M. flexuosa in

two consecutive years in the Colombian Amazon.

Study area

The study area was established in a M. flexuosa stand

located on a poorly drained low terrace of the Calderón

River watershed in the Colombian Amazon (3�560
48.900S, 69�5301.8300W), 28 km from Leticia city

(Fig. 1). A 1 ha permanent plot was established in the

M. flexuosa stand and the Calderón River and some of

its tributaries flood over the plot during the rainy

season. The zone is classified as tropical rain forest (Af)

in the köppen climate classification (Rubel 1884).Mean

annual temperature and precipitation are 26 �C
(15–36 �C) and 3335 mm, respectively (IDEAM

2010–2012), which excluding the Andean piedmont,

corresponds to the Amazon basin zone with the highest

recorded precipitation (Espinoza et al. 2009). Intertrop-

ical convergence zone (ITCZ) displacements modulate

precipitation in the basin; however, inter-annual vari-

ations are influenced by ENSO (Espinoza et al. 2009).

November to May represents the rainy season, with a

maximum in April; and the dry season extends from

June to October, with August recorded as the driest

month (IDEAM 2010–2012). Notable drought
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conditions were recorded in the Amazon from July

2010 to April 2011 (IDEAM 2011), despite predomi-

nant ‘‘La Niña’’ like conditions across the country,

particularly in the Andes and Caribbean regions. In the

northwestern Amazon, the most severe drought since

1998 was recorded; the drought was influenced by the

meridional sea surface temperature (SST) gradient in

the tropical atlantic (Espinoza et al. 2009; Xu et al.

2011; Marengo 2013). Galeano et al. (2015) docu-

mented that precipitation and flooding levels increased

and reached 4 cm of the mean flooding level following

the second half of 2011 to the first of 2012.

Methods

Phenological measures were obtained from 154 palms

with heights C14 m; the minimum height at which

flowering palms were identified in a 1 ha permanent

plot. Reproductive phenology observations were con-

ducted between December 2010 and November 2012

on 89 individuals that flowered and/or fruited during

this period. The following five phenophases were

recorded monthly: (i) spadix formation; (ii) buds; (iii)

open flowers; (iv) infructescences with green fruits;

and (v) infructescences with ripe fruits. Phenophase

duration for the population was calculated by averag-

ing phenophase duration for all measured palms in the

plot. Phenological patterns and population synchrony

were calculated using the activity index (AI) (Bencke

and Morellato 2002). Seven palms from 35 (20 %)

produced fruit in December 2010 and February 2012

and were measured to evaluate fruit production.

Infructescence number was counted and one infructes-

cence per palm was randomly chosen to evaluate the

number of fruiting branches per infructescence as

Fig. 1 Map of the study area. Location of the sampled M. flexuosa stand in the Colombian Amazon
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follows: (i) fruit number/branch; (ii) fruit number/

infructescence; (iii) length of 40 % of infructescence

fruits; (iv) width of 40 % of infructescence fruits; and

(v) weight of 40 % of infructescence fruits. The 40 %

was considered representative based on fruit size

variance. The number of fruits/palm was estimated

based on these measurements. Flooding and water

table levels were measured every month close to each

adult female palm using a marked stick (cm).

Maximum and minimum daily air temperatures

(TMax and TMin, respectively), cloudiness, and precip-

itation data were obtained from the (IDEAM 2010–

2012) meteorological station located at the Vásquez

Cobo Leticia (Amazonas) airport (Figs. 2, 3). Inter-

annual differences in climatic variables and fruit

production were established using a one-way ANOVA

and multiple range tests (MRT) in STATGRAPHICS

(Centurion XV, Version15.1.02). A principal compo-

nent analysis (PCA) was applied to identify any

phenological data structure that best explains the data

variance and whether each reproductive phenophase

was restricted to a specific time of year. The relation-

ship between phenological phases and climate

variables was established through a redundancy anal-

ysis (RDA) performed with CANOCO 4.5 (Ter Braak

and Smilauer 2002). Fruit production differences

between 2011 and 2012 were examined using

ANOVA and MRT.

Results

Climatic setting

The maximum difference between extreme tempera-

tures (range 11–17 �C) was recorded during the dry

period in August of both years, when precipitation,

cloudiness, and flood levels were lowest (Figs. 2, 3).

In addition, flood levels were lower in 2011 than in

2012, from February to August (Fig. 2). Whereas

precipitation exhibited a positive, significant relation-

ship with cloudiness (R = 0.58; F1,22 = 11.09;

P\ 0.05), it showed a weak, non-significant relation-

ship to flood levels. Following the maximum temper-

ature amplitude and drought period recorded in

August 2011, precipitation, cloudiness, and flood

Fig. 2 Monthly

distribution of mean

cloudiness, precipitation,

and flooding levels between

December 2010 and

November 2012 in the

Colombian Amazon
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levels increased progressively, reaching maximum

values in March 2012. A comparison of climatic

variable distribution among 2010–2012 study years

was used to identify extreme climate conditions. One-

way ANOVA and MRTs showed significantly lower

maximum (F2,33 = 16.58; P B 0.000) and higher

minimum temperatures (F2,33 = 19.82; P B 0.000)

in 2010 (Tmax = 33.6 �C, Tmin = 21.5 �C), when

compared to values recorded in 2011 (Tmax = 35.4 �-
C, Tmin = 18.1 �C) and 2012 (Tmax = 35.9 �C,
Tmin = 18.0 �C).

Phenology

The flowering phase, from spadix formation until

flowers opened, occurred during the dry season in both

years (2011–2012). However, in 2011 the beginning of

the flowering phase was observed in April, which was

earlier than during the normal dry season (Fig. 4); in

2012, the phase began in June. The 2011–2012 period

exhibited inflorescences in different developing stages

concurrently within the population. However, flower-

ing synchrony was significantly higher in 2011 (42 %)

than 2012 (26 %). Fruit development, from green to

ripe fruits, occurred over an *10 month period, from

July 2011 to April 2012 (Fig. 4). Contrary to flower-

ing, fruiting synchrony reached a higher value (23 %)

in 2012 compared with 2011 (16 %); 14 % of adult

palms flowered during both years.

PCA (Fig. 5) showed phenophase development

occurred concurrently in 2011 and 2012. The first

two PCA axes explained 90 % of the variance, with

eigenvalues of 0.65 and 0.25. Flowering phases were

grouped in the upper right quadrant of the biplot, with

maximum values in September and October of both

years, although open flowers in 2011 initiated earlier,

i.e., in August (Fig. 5). The green fruit phase was

grouped to the left upper and lower quadrants of the

biplot and included samples from January to Novem-

ber of 2011 and 2012. These results represented the

long development period for green fruits. The ripe fruit

phase, lower right quadrant of the PCAbiplot, occurred

in June and July of both years, although in 2012 the

phase lasted until August.

RDA results of the relationships between AI and

climatic variables (Fig. 6; Table 1) explained 52 % of

the variance along the first two RDA axes, with

eigenvalues of 0.41 and 0.11. Cloudiness and maxi-

mum air temperature exhibited the highest regression

coefficients and interset correlations (Table 1). Max-

imum AI values for flowering phases (spadix forma-

tion, flower buds, and open flowers) were associated

with TMax recorded from August to November 2011

and 2012, when precipitation and cloudiness were

lowest, and the amplitude between TMax and TMin was

greatest. Green fruit development was related to the

highest cloudiness and precipitation values. Increased

TMin values in June and July of both years showed a

relationship with ripe fruits.

Fruit production

Fruiting-associated parameters were higher in Febru-

ary 2012 compared with December 2010 (Table 2).

Significant differences between both years were

detected in the number of infructescences/palm

Fig. 3 Distribution of

monthly extreme

temperatures between

December 2010 and

November 2012 in the

Colombian Amazon
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Fig. 4 Fluctuation of the

activity index of flowering

and fruiting of M. flexuosa

between December 2010

and November 2012 in the

Colombian Amazon

Fig. 5 Biplot

corresponding to the first

two axes of the principal

component analysis of the

activity index of flowering

and fruiting phenophases of

M. flexuosa between

December 2010 and

November 2012 in the

Colombian Amazon
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(F1,8 = 8.33; P B 0.05); weight of fruit/infructes-

cence (F1,8 = 6.78; P B 0.05); and weight of fruits/

palm (F1,22 = 13.40, P B 0.01).

Seedling recruitment and mortality

Seedling recruitment and survivorship comparisons

between both years were based on data from Galeano

et al. (2015). Primary results are shown in Fig. 7.

Significant differences were detected between years in

seedling recruitment (F2,170 = 14.25, P B 0.00);

mortality (F2,170 = 4.18; P B 0.05), and seedling

height (F2,337 = 7.155, P B 0.000); however, signifi-

cant differences were not observed in survivorship

between 2011 and 2012.

Discussion

Results showed that climate variability throughout the

2-year study period was associated with the reproduc-

tive phenology of M. flexuosa. Observed interannual

Fig. 6 Biplot

corresponding to the first

two axes of the redundancy

analysis between the activity

index of flowering and

fruiting phenophases of M.

flexuosa between December

2010 and November 2012

and the climate variables.

MINT Minimum

temperature,

MAXT Maximum

temperature in the

Colombian Amazon

Table 1 Statistical results from the first two redundancy analysis (RA) axes, based on environmental variables measured in the M.

flexuosa stand in the Colombian Amazon study area

Interset correlations Regression coefficients

Environmental variables Axis 1 Axis 2 Axis 1 Axis 2

TMax 0.553 20.339 0.533 20.753

TMin -0.451 20.380 -0.168 0.485

Monthly precipitation 20.569 0.039 -0.126 0.306

Cloudiness 20.688 -0.290 20.464 20.708

Flooding -0.222 0.065 -0.199 0.521

Bold values represent the coefficients of the most important variables for each axis
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differences related to ENSO were identified, despite

the modulation effects of ITCZ in Amazon rainfall

distribution (Nobre et al. 2010). A substantial La Niña

affected the neotropics from July 2010 to May 2011

and was recorded as the strongest in several decades in

Colombia (IDEAM 2011). A La Niña causes increased

precipitation rates and reduced air temperatures

(Poveda and Mesa 1997), although in over one-half

of the Colombian Amazon, precipitation deficits were

reported, consequently lower river flood levels

occurred during this period (IDEAM 2011) (Fig. 2).

Precipitation, flood levels, and the water table were

lower than historical averages at the study site

(Espinoza et al. 2011). The drought of 2010–2011

was recorded as the most extreme in the major part of

the Amazon since 1998 (Espinoza et al. 2011; Xu et al.

2011; Marengo et al. 2013) and was related to the

tropical Atlantic north–south SST gradient (Marengo

et al. 2011), that caused the 2005 drought (Phillips

et al. 2009). From July to December 2011, regional

precipitation showed an increased trend and reached

maximum values during the rainy season, whereas

during the same period in 2010, precipitation exhibited

a notable decrease in this region of the Amazon

(Espinoza et al. 2011; IDEAM 2011; Marengo et al.

2011).

Thus, the harsh climate conditions recorded in

2010–2011 might result in earlier flowering (in April

2011) initiation and the highest AI in the recorded

flowering, as documented in several tropical species

(Haugaasen and Peres 2005; Sakai et al. 2006)

interpreted based on global climate change. Sakai

et al. (2006) attributed mass flowering in aseasonal

Asian tropical forests with extreme droughts related to

ENSO, Li et al. (2011) reported El Niño effects were

the main drivers of interannual climatic variability

Table 2 Fruit production

parameters in M. flexuosa

for period 1 and period 2

Parameter Period 1 (2010–2011) Period 2 (2011–2012)

Average fruit size: length 9 width (cm) 5 9 4

N = 778

5 9 4

N = 1423

Average fruit number infructescence-1 315 527

Average infructescence number palm-1 2.6

N = 19

3.6

N = 24

Average fruit number palm-1 846 1849

Number palms fruiting ha-1 24 35

Number palms flowering ha-1 (flowering) 65 40

Total population fruit number ha-1 9154 19,475

Fruit production (ton ha-1 year-1) 0.93 2.22

Fig. 7 Fruit production and

seedling regeneration of M.

flexuosa in 2010 and 2012 in

the Colombian Amazon.

The number of fruits was

divided by 100 in order to

reduce the scale of the bar
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causing increased temperatures and declined rainfall.

However in our study region, Marengo et al. (2011)

found that La Niña conditions were obscured by an

intensified Atlantic north–south SST gradient, which

caused decreased precipitation and increased maxi-

mum temperatures, which triggered M. flexuosa

flowering in 2011. Observations recorded in other

Amazon-flooded forests (Parolin et al. 2002) reported

strong drought conditions increased soil dissolved

carbon and nutrient concentrations, which might

facilitate a higher carbohydrate load in M. flexuosa

palms, required for gregarious flowering and result in

profuse flowering at the end of the drought.

We only obtained 2 years of phenological data for

our study area, which indicated the climate was

atypical; however, PCA results showed synchrony

(sensu Newstrom et al. 1994) in the M. flexuosa

flowering pattern for both years in seasonal and

aseasonal forests (Ervik 1993; Storti 1993; Ponce

2002; Isaza 2013; Nuñez and Carreño 2013). Similar

to other annual flowering species differences in

flowering time and duration were recorded. Seasonal

forests (e.g., savannahs) in the Llanos Orientales,

Colombia and the eastern Amazon, Brazil (Storti

1993; Khorsand-Rosa 2013; Nuñez and Carreño

2013), with annual precipitation\2200 mm, sup-

ported M. flexuosa individuals that flowered during

or at the beginning of the wet season. Aseasonal

forests of the central Amazon experience annual

rainfall[3000 mm; however, these forests do exhibit

a drier season, and M. flexuosa flowered at the end of

this season (Ervik 1993; Cabrera and Wallace 2007;

Isaza et al. 2013). However, during January to June

2011 drier conditions prevailed, a pattern similar to

stands of seasonal forests in Llanos Orientales,

Colombia (Nuñez and Carreño 2013).

Mauritia flexuosa fruiting at the study site also

exhibited an annual pattern (Figs. 4, 5), consistent

with other Amazon M. flexuosa stands (Storti 1993;

Ponce 2002; Isaza 2013; Nuñez and Carreño 2013),

although green fruit production was observed for *9

months. Results showed that fruit production was

associated with precipitation, increased cloudiness,

and minimum air temperatures. Haugaasen and Peres

(2005) reported that lengthy green fruit production

was more common in flooded Amazon forests and

particularly in M. flexuosa (Da Silva 2009; Tobler

2010; Khorsand-Rosa 2013). However, ripe fruits

exhibited a peak between June and July in both years.

In 2011 ripe fruits started earlier and in lower

proportion than in 2012. M. flexuosa maximized

fruiting during the rainy season and under high water

levels, comparable to many other species from flooded

forests (Parolin et al. 2002; Ferreira and Parolin 2007).

Parolin (2010) showed increased fruit maturation at

the onset or during the rainy season, which maximized

dispersal syndromes, i.e., hydrochory and ictiochory

(Haugaasen and Peres 2005), and attracted

notable numbers of birds and mammals that feed on

the fruits (Mendieta-Aguilar et al. 2015).

However, significant differences in fruiting AI

between the two consecutive years (Fig. 4) might be

related to a water deficit and the strong drought

recorded during the first study period (2011) (IDEAM

2011; Marengo et al. 2013). Ponce (2002) reported

similar observations for seasonalM. flexuosa forests in

the eastern Amazon (Brazil). Here, these conditions

affected not only the number of females shedding fruit

(24 females ha-1 in 2010–2011 compared to 35

females ha-1 in 2012), but also fruit production, which

was much lower in the first (0.9 ton ha-1 year-1)

compared with the second (2.2 ton ha-1 year-1) year.

Haugaasen and Peres (2005) showed interannual

fruiting variation in species from Amazon flooded

forests and in many other tropical forest species due to

strong changes in rainfall and temperature, with ENSO

responsible for the most notable variability in the

Amazon (Phillips et al. 2010; Khorsand-Rosa 2013).

However, new data now indicate other climate forces,

such as the Atlantic SST (Espinoza et al. 2011;

Marengo et al. 2013), might also influence Amazon

plant phenology.

Mauritia flexuosa fruit phenology and production

exhibited temporal and spatial variation. Urrego

(1987) generated preliminaryM. flexuosa fruiting data

from a várzea forest in the northern Colombian

Amazon and recorded fruit production (9.1 tons ha-1 -

year-1) much higher than our 2011–2012 igapó forest

fruit production (average 1.6 tons ha-1 year-1).

However, our production result was spatially and

temporally similar to another M. flexuosa stand, and

subsequently production was comparable (1.45 ton

ha-1 year-1; Isaza et al. 2013). Fruit production

comparisons among M. flexuosa stands within the

Amazon are challenging, even within years, due to

spatial variation in rainfall and species distribution.

Khorsand-Rosa (2013) characterized Roraima (north-

ern Amazon) during 2010 as an abnormally wet year
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and the Central Amazon as extremely dry; however,

fruiting was related to the wet season, and fruit

production was higher during wetter years. In the

present study, we also found that fruit production was

higher during the wetter year (2012). In addition,

increased fruit production was recorded in the forest

rather than the ecotone and the disturbed savannah

(Khorsand-Rosa 2013). Fruit production in 2012 was

higher in our study area (2.2 tons ha-1year-1), where

forest conservation is considerably better due to an

increased distance to human settlements, compared to

fruit production reported by Isaza et al. (2013)

(1.45 ton ha-1 year-1) in more disturbed forests,

where evidence of harvested and cut down palms were

discovered.

Galeano et al. (2015) showed that M. flexuosa

seedling germination and recruitment were highly

influenced by climatic fluctuations. Suitably wet

conditions for fruiting might also be required for seed

germination and seedling establishment. In addition,

extreme dry conditions increased seedling mortality.

December 2010 indicated seedling mortality was

highest, with the lowest fruit production and seedling

recruitment (Fig. 7). February 2012 exhibited the

highest fruit production and seedling recruitment. Due

to high seedling mortality in December 2010, seedling

growth measures were not possible; however, the

highest mean seedling height was recorded 2 months

after the increased rainfall in September 2011. Wil-

liamson and Ickes (2002) reported that ENSO associ-

ated droughts showed increased effects in southeast

Asian forests, where post-drought seedling recruit-

ment was also very high, based on the post-ENSO

seedling release hypothesis. Therefore, flooding and/

or soil water availability clearly affected seedling

establishment, consistent with several species dis-

tributed in frequently flooded forests (Kubitzki and

Ziburski 1994). Our results also showed that pro-

longed drought conditions might cause high M.

flexuosa seedling mortality congruent with other

floodplain species (Parolin et al. 2010), but benefits

the colonization of species from terra firme forests,

which might occur at the expense of M. flexuosa

seedling establishment (Galeano et al. 2015). Ferreira

and Stohlgren (1999) suggested that M. flexuosa

establishment was influenced by the species estab-

lishment strategy under flooding conditions, but we

also showed phenological pattern was strongly driven

by climatic fluctuations.

Our data provided evidence that short-term climatic

fluctuations influenced M. flexuosa flowering and

fruiting patterns. According to climate change projec-

tions (IPCC 2013) in the Central Amazon, tempera-

tures will increase between 0.6 and 2 �C by 2100,

under the most conservative scenario, and precipita-

tion will decrease between 20 and 30 %. These

projections imply disturbing climate and subsequent

environmental changes will occur, which will likely

impact the phenological response of M. flexuosa, a

keystone Amazon plant species and therefore a vital

resource for many other species. While massive

flowering might occur more frequently, fruit produc-

tion could diminish if late season precipitation is not

sufficient to compensate soil water scarcity. Alterna-

tively, changes in soil water availability might restrict

M. flexuosa seedling establishment and promote

colonization of adjacent species from terra firme

forest sites. These changes could affect M. flexuosa

dispersal and subsequent distribution patterns, but

most importantly, survival of this species integral to

the Amazon.
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Bogotá, pp 243–273

Junk WJ, Piedade MTF, Lourival R, Wittmann F, Kandus P,

Lacerda LD, Bozelli RL, Esteves FA, Nunes Da Cunha C,
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