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ABSTRACT

Carapa guianensis is a multi-use tree species that is used for the production of timber and non-timber forest products
(NTFEPs) that are used and sold by rural Amazonian populations. Here we aimed to evaluate the phenophases of C.
guianensis in varzea forest and relate them to climatic seasonality. Phenophases of flowering (flower buds and open
flowers), fruiting (unripe and ripe fruits), and leaf flush and leaf fall were recorded for 30 individual trees during a
25 month period. Relationships between rainfall and the proportion of trees in each phenophase were tested using
Generalised Linear Models with quasi-binomial errors. Flowering was found to peak in the driest months of the
year (September to December), while fruiting peaked during the wettest months of the year when river levels are
at their highest (January to May). Leaf flush and leaf fall occurred simultaneously throughout the year, regardless
of seasonality. Strong seasonality in flowering and fruiting of C. guianensis likely represents a reproductive strategy
that maximizes pollination and hydrochorous seed dispersal. This study has the potential to aid in planning the
timing of seed collection and oil extraction activities, thus contributing to the sustainable exploitation of this tree.

Keywords: Amazon, Carapa guianensis, crabwood tree ecology, Florestam, Meliaceae, phenology, phenophases,

sustainable forest management

Introduction

The trees of varzea forest are an important source of
timber and non-timber forest products that are used and
sold by rural Amazonian populations (Wittmann et al. 2010).
Indeed, it has been shown that atleast 72 % of tree species
in these forests are used by local people, most of which are
used in popular medicine (Wittmann et al. 2010). Carapa
guianensis, a species from the family Meliaceae, popularly
known in the Amazon region as andirobeira (Ferraz et al.
2002), and in English as crabwood, is one such multiple-
use tree. C.guianensis has various medicinal properties: its

bark contains alkaloids such as carapina, which possess
antipyretic properties; the oil extracted from its seeds
contains tetranortriterpenoid limonoids which have anti-
inflammatory and anti-allergic properties (Henriques &
Penido 2014), and acts as a natural insect repellent; and
teas made from its leaves and fruits are used to relieve
itching and treat intestinal worms (Praciak 2013). In the
pharmaceutical and homeopathic industries, the oil is sold
as capsules to treat diabetes and rheumatism (Santos &
Guerra 2010).

While these products play a crucial role in the subsistence
of a large part of the population living within and around
Amazonian forests (Tonini et al. 2009), the species is also
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much valued for timber, with high market demand in Japan,
the USA and Germany, and subsequently the disappearance
of the species from logging frontiers (Ferraz et al. 2002;
Shanley & Londres 2011). Good management practices and
the development of plans for sustainable use are therefore
necessary to protect the natural resources these trees
provide. To do so requires an improved understanding of
the reproductive ecology of this species, and in particular
its phenology. A better understanding of phenology would
mean a clearer definition of the period of greatest seed
production, which would facilitate planning for sustainable
crabwood seed collection practices, and subsequent oil
extraction. At present there is no technology available in
the region that allows for longer-term storage of seeds, and
as such, crabwood oil extraction is an activity completely
controlled by the timing of seed production periods.

The species is found in both terra firme (not inundated
by flooded rivers) and varzea (inundated by flooded rivers)
forests, and is widely distributed in Africa and the American
Tropics (Pennington 1981). Individuals can reach 55 m in
height, have a cylindrical and straight trunk (20 - 30 m in
height) with buttresses at the base, and bark shed in pieces,
and the canopy is quite branched (Fournier 2003). The leaves
are alternipinnada, with between four and eigth alternate
leaves along the rachi. The species is monoecious, possessing
both male and female inflorescences in white or beige flowers
(Hiura & Sarquis 2008). The fruit is a spherical capsule,
dry and indehiscent, with four valves usually containing
between two and four brown seeds (Ferraz et al. 2002). Seeds
of C.guianensis are an important food source for various
animals, including armadillos, collared peccaries (Pecari
tajacu), pacas (Cuniculus spp.), deer and agoutis (Dasyprocta
spp.), and these species also contribute to seed dispersal.
Rodents are particularly important seed dispersers for
C.guianensis as the rate of seed predation by these animals
is relatively high (McHargue & Hartshorn, 1983). There
are also numerous insect seed predators associated with
C.guianensis, including grubs of Meliaceae, Hypsipyla
ferrealis and Hypsipyla grandella (Lepidoptera: Pyralidae),
that attack the fruit and can damage all or most of the seeds
inside (Jesus-Barros et al. 2015).

Varzea forests of the Amazon region are characterised
by high rainfall, climatic seasonality and highly dynamic
hydrology resulting from the flood pulses of the Amazon
river (Wittmann et al. 2006), which are mono-modal and
predictable (Junk 1989) resulting in a terrestrial and aquatic
phase during the year (Junk 1997). In the Amazon Estuary,
flood levels also vary daily in relation to semi-diurnal tides
(National Geospatial-Intelligence Agency 2014). Studies
have shown that many vdrzea trees show seasonal patterns of
flowering and fruiting, with most species flowering in the
dry season and fruiting in the rainy season, which is likely
an adaptation to the flood regime, facilitating hydrochorous
seed dispersal (Pires-O’Brien & O’Brien 1995; Cattanio et
al. 2004; Haugaasen & Peres 2005; Ferreira & Parolin 2007;
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Parolin et al. 2010). However, a study of 80 species in the
Central Amazon showed that 35 % of tree species flowered
in the rainy season, and 52 % produced fruits in the dry
season (Alencar 1998). Specifically for C. guianensis, there is
geographic variation in described phenology of flowering, in
both varzea and terra firme, across regions of the Amazon.
In populations in Acre (Boufleuer 2004), Para (Maués 2006),
Roraima (Pereira & Tonini 2012) and Amap4 (Freitas et
al. 2013) flowering occurs in the dry season. However, in
the southeast of Acre two peaks of flowering occur, one in
the dry season and one in the rainy season (Klimas et al.
2012). Plowden (2004) also report flowering in the period
of highest rainfall in the Tembé Indigenous Reserve in the
state of Pard. That being said, all of these studies concur
that fruiting of C. guianensis occurs in the rainy season. This
strategy, of producing fruits in the rainy season, appears to
be crucial for establishment and survival of C. guianensis,
especially in virzea forest, as the seeds are dispersed mainly
by hydrochory (Scarano et al. 2003).

The present study aims to evaluate the phenophases of a
population of Carapa guianensis in the Fazendinha Protected
Area in relation to climatic seasonality, in order to increase
our understanding of the reproductive phenology of this
species in tropical virzea, and to generate information to
aid in its conservation management in the region.

Materials and methods

Studly area

The study was conducted in the Fazendinha Protected
Area (136.59 ha, hereafter referred to as ‘Fazendinha PA),
consisting predominantly of Alluvial Rainforest (IBGE
2012), and located in the Amazon Estuary at 00°03°04,24”S,
51°07°42,72”W in the municipality of Macapa, Amapa,
Brazil (Fig. 1). The data were collected from trees in tidal
varzea forest which is directly influenced by the waters of
the River Amazon owing to seasonal, and twice daily tidal,
inundations. Soils in tidal virzea in this region, following the
Brazilian classification, are classified as Typical Eutrophic
Ta Melanic Gleysols (Embrapa 2006).

Data collection
Phenological data

From the six-hundred and eighty individual crabwood
trees of > 15 cm DBH registered in the Fazendinha PA
during a 2008 inventory (Abreu et al. 2014), 30 productive,
adult trees were selected to record phenological data for
the present study. The selection criteria used were: a
minimum distance of 30 m between trees; possession of a
wide canopy and excellent tree health; and ease of viewing
of phenological events. Phenological observations were
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Figure 1. Fazendinha Protected Area, located on the banks of the River Amazon in the state of Amapa, Brazil.

made fortnightly, using binoculars (Bushmaster R2050,  the inflorescence and ends when the flowers begin to open,
with 20x magnification) during the period from October  ii) flowering (open flowers), which is the phase in which the
2009 to October 2011. corolla opens, observed either in the tree canopy, on the

The phenophases observed were: i) flowering (flower  forest floor or in litter and seed traps installed underneath
buds), which begins when small reproductive buds appearin  the canopy, iii) , fruiting (unripe fruits), which begins
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when it is possible to see the first fruits on the stem of the
inflorescence, iv) fruiting (ripe fruits), when fruits fall to
the forest floor, v) leaf flush, which begins with the eruption
of small reddish-coloured leaflets at the tips of the stems,
and ends when the leaflets turn green, and vi) leaf fall, in
which the leaves change colour from green to yellow and fall
easily, leaving gaps in the canopy. These phenological phases
follow the classification used by Morellato et al. (2000).

In order to confirm that the species in the study area is
indeed C. guianensis, specimens including fertile material
were sent to the IAN herbarium at Embrapa Amazonia
Oriental (Belém, Par4, Brazil). The identification report
was released on 13™ May 2013, with the material registered
under the number 189029.

Climate data

Monthly rainfall (mm) data were recorded at the Macapa
weather station, located 1km from the study area (Instituto
Nacional de Metereologia 2015). Maximum daily flood level
data for the Amazon River were obtained from the tidal
monitoring station at the Port of Santana 6 km from the
study area, and were averaged across the month (Centro
de Hidrografia da Marinha 2016).

Data analysis

The proportion of trees expressing signs of each
phenophase was calculated for each fortnightly sample.
These values were then averaged to give a single value for
each month of the 25 month study period, which was used
as the response value for the analyses.

The relationships between proportion of trees in each
phenophase and total monthly rainfall (mm), and between
the proportion of trees with ripe fruits and river water levels,
were verified using univariate Generalised Linear Models
(GLMs) with quasi-binomial errors in the programming
language R (R Core Team 2015). The relationship between
the proportion of trees with ripe fruits and river water levels
was modelled to test the hypothesis that fruiting peaks
coincide with peak water levels in order to facilitate long-
distance dispersal via hydrochory. The relationship between
water levels and the other phenophases was not tested as
there was no theoretical basis upon which to hypothesise
that the seasonal changes in river level, and subsequent
inundations of the forest, would affect the phenology of
other ecological processes.

To estimate synchrony in the phases of flowering and
fruiting, Augspurger’s (1983) index of population synchrony
(Z) was calculated as follows:

n
2%

i=1

Z =

S|
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Where: n is the total number of individuals in the
sample and Xi is the synchrony between individual i and
its conspecifics, calculated using the following formula:

o) L,

j=1

Where: fi is the number of months in which individual
i flowered or fruited and ej is the number of months in
which individuals i and j flowered or fruited at the same
time (where i#j).

The intensity of synchrony was categorised on the
following scale: O - absence of synchrony; 0.1 to 0.27 -
minimal synchrony; 0.28 to 0.45 - low synchrony; 0.46 to
0.69 - medium synchrony; 0.70 to 0.99 - high synchrony;
and 1 - perfect synchrony.

Results

September, October and November were the driest
months, and the wettest months were from January to June
(Fig. 2 - INMET 2015). Tidal flooding occurs daily, reaching
its maximum amplitude in March and April, coinciding
with the equinox and the period of most intense rainfall
(Pereira et al. 2002).

In the following sections the results relating to the
phenophases of flowering, fruiting and leaf flush and fall
are reported.

Flowering

During the study period there were three peaks in
flowering (flower buds), firstly in November and December
2009 (83 % of trees), then in September and October of 2010
(90 % of trees), and finally in September of 2011 (100 %
of trees). There were also three peaks in flowering (open
flowers), in November of 2009 (52 % of trees), October of
2010 (76 % of trees), and finally in September of 2011 when
flowering peaked at 100 % of trees (Fig. 2). The peaks of
flowering (both buds and open flowers) coincide with the
driest months of the year (Fig. 2).

There is a significant negative relationship between the
proportion of trees flowering (flower buds - GLM: § =-0.017;
SE =0.0037; p<0.001), and flowering (open flowers - GLM:
B =-0.016; SE = 0.0043; p = 0.0011) and the total monthly
rainfall (Tab. 1, Fig. 3).

With regards to flowering (both buds and open flowers),
most individuals (80 % of trees) showed medium synchrony,
and most of the rest (16.6 % of trees) showed high synchrony.
The population as a whole showed intermediate synchrony
with regards to flowering (Z = 0.66; Tab. S1 in supplementary
material).
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Figure 2. Proportion of trees flowering (flower buds — diamonds, and open flowers - squares) within the study population of Carapa
guianensis in the Fazendinha Protected Area — Macap4, Amapa, Brazil, shown in relation to total monthly rainfall (bars) throughout

the study period (October 2009 to October 2011).

Table 1. Effect sizes (B), standard errors (SE) and significance levels (*significant at 0.05, **significant at 0.01, **significant at 0.001,
NSnot significant) of the relationships between phenological phases and rainfall (rain) and river water level (water), based on GLMs

with quasi-binomial error structures. NT = not tested.

Responsevarisl I O IO WO -

% trees flowering (flower buds) -0.017**
% trees flowering (open flowers) -0.016**
% trees fruiting (unripe fruit) 0.0091**
% trees fruiting (ripe fruit) 0.016 ***
% trees in leaf flush -0.0008"%
% trees in leaf fall 0.0014%s

Fruiting

During the study period there were three peaks in
fruiting (unripe fruits), firstly in March 2010 (93 % of
trees) and then in January 2011 (100 % of trees), with
a smaller peak occurring again from March to May 2011
at a level of 93 %. There were two peaks in fruiting (ripe
fruits), between March and May 2010 (93 % of trees) and
between March and May 2011 at a level of 93-97 % (Fig. 4).
The peaks of fruiting (both unripe and ripe fruits) coincide
with the wettest months of the year (Fig. 4).

There is a significant positive relationship between the
proportion of trees with unripe (GLM: § = 0.0091; SE =
0.0031; p = 0.008), and ripe (GLM: B = 0.016; SE = 0.0041;
p < 0.001) fruits and the total monthly rainfall (Tab. 1, Fig.
5). The relationship between the proportion of trees with
ripe fruits and river water level was also significant and
positive (GLM:  =10.16; SE = 2.96; p = 0.0023; Tab. 1, Fig. 6)

All but two individuals produced fruits during the
study period, and showed high synchrony in the fruiting

622

0.0037

0.0043 NT NT
0.0031 NT NT
0.0041 10.16** 2.96
0.0019 NT NT
0.0020 NT NT

phases, contributing to overall high synchrony of fruiting
at the population level (Z = 0.85; Tab. S2 in supplementary
material).

Leaf Flush and fall

Budding of new leaves (leaf flush) and leaf fall occurred
concurrently, and there was no clear seasonal pattern in
peaks throughout the study period (Fig. 7). There was also
no significant relationship between leaf flush or leaf fall,
and rainfall (Tab. 1).

Discussion

There is clear seasonal variation in the production of
flowers and fruits of Carapa guianensis in the study region.
Peaks of flowering occur between September and December,
the driest months of the year, and the proportion of trees
flowering is strongly and significantly negatively related to
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Figure 3. Relationship between proportion of individuals in the population of Carapa guianensis flowering (flower buds) — closed
circles, solid line, and flowering (open flowers) — open circles, dashed line, and rainfall (mm) in the Fazendinha Protected Area —
Macapd, Amap4, Brazil.
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Figure 4. Proportion of trees fruiting (unripe fruits - diamonds, and ripe fruits — squares) within the study population of Carapa
guianensis in the Fazendinha Protected Area — Macap4, Amapa, Brazil, shown in relation to total monthly rainfall (bars) throughout
the study period (October 2009 to October 2011).
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Figure 5. Relationship between proportion of individuals in the population of Carapa guianensis with unripe (closed circles, solid
line) and ripe fruits (open circles, dashed line), and rainfall (mm) in the Fazendinha Protected Area— Macapa, Amapa, Brazil.
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(m) in the Fazendinha Protected Area— Macapa, Amap4, Brazil.
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Figure 7. Proportion of trees with changing leaves (new leaves -diamonds, and leaf fall - squares) within the study population of Carapa
guianensis in the Fazendinha Protected Area — Macap4, Amapa, Brazil, shown in relation to total monthly rainfall (bars) throughout

the study period (October 2009 to October 2011).

total rainfall. Conversely, peaks of fruiting occur between
January and May, the wettest months of the year, and the
proportion of trees fruiting is strongly and significantly
positively related to total rainfall. Leaf flush and fall occur
concurrently, and did not show a strong seasonal pattern.

Flowering in the dry season, as shown in this population
of C. guianensis, is a sensible reproductive strategy in tree
species of the Amazonian virzea. Intense rainfall at other
times of the year could cause structural changes to the
flower, potentially affecting pollination through reductions
in viability of the pollen or receptivity of the stigma. This
could be particularly true for C. guianensis which has very
small, delicate flowers. Pires-O’Brien & O’Brien (1995)
further highlight that heavy rainfall could dilute nectar and
thus interfere with attraction and motility of pollinators,
such as micro-lepidoptera and meliponinae in the case of
C. guianensis (Maués 2006). In the Amazon region, the
period of heaviest rainfall is also associated with higher river
levels, and flooding of varzea forest. The concentration of
flowering in the period of lower river levels may therefore
also be part of a strategy to concentrate fruiting during
periods of higher water levels, facilitating hydrochory
(Ferreira & Parolin 2007). We found medium intensity
synchrony of flowering for C. guianensis, and other studies
have previously shown high (Pereira & Tonini 2012) and
no (Maués 2006) synchrony. High synchrony could help to
attract pollinators (Rathcke & Lacey 1985), though it could
also reduce overall movement of pollinators between trees,
potentially reducing genetic diversity. Furthermore, high
synchrony could attract beetles and larvae of lepidoptera,
increasing rates of flower predation.

The occurrence of fruiting during periods of highest
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rainfall, as found in this study, supports evidence from
other phenological studies of C. guianensis, carried out in
other parts of the Amazon, in both terra firme and varzea
(Boufleuer 2004; Plowden 2004; Maués 2006; Klimas et
al. 2012; Pereira & Tonini 2012; Freitas et al. 2013). Here
we show that the probability of fruiting is very low (<0.2)
when precipitation levels are less than 150 mm per month,
and the probability of appearance of ripe fruits increases
markedly when average monthly river water levels rise above
3.2m. This coincidence of fruiting with the rainy season
and high river levels facilitates hydrochoric seed dispersal
as torrential rain and high winds knock ripe fruits from
the trees, and seeds are then carried long distances by the
waters of the Amazon and its tributaries (Scarano et al.
2003). Furthermore, when river levels are higher more of the
varzea is inundated, more individual trees are reached, and
therefore more seeds will be dispersed. In tidal virzea, when
the tide falls, seeds accumulate in lower-lying areas, which
may help to maintain soil humidity and therefore facilitate
plant growth during the Amazonian summer (September to
November) when rainfall is low and the influence of the tides
do not reach as far in to the forest. While, in common with
a large proportion of riparian and wetland plant species,
C. guianensis displays hydrochorous seed dispersal, this
occurs in combination with other dispersal syndromes,
principally zoochory (dispersal by animals). This may help
to explain why synchrony was higher in the fruiting than
flowering phase, as a higher density of fruits may attract
larger numbers of dispersers (Rathcke & Lacey 1985).
Leaf flush and fall occurred simultaneously and gradually
throughout the year. Populations of C. guianensis in Acre,
Para, Roraima and in the south-east of the state of Amapa
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have also been found to show this perennial pattern in both
terra firme and varzea (Schongart et al. 2002; Boufleuer
2004; Maués 2006; Pereira & Tonini 2012). The fact that
the canopies of these trees are always green is advantageous
because it increases the area of photosynthetic uptake, and
therefore carbohydrates available during the reproductive
phase, leading to greater seed production (Farias & Hoppe
2004). Furthermore, it has been suggested that continuous
budding of leaves helps the tree to store greater quantities
of carbohydrates to be used during reproductive phases
(Klimas et al. 2012).

Strong seasonality in flowering and fruiting of C.
guianensis likely represents a reproductive strategy to
maximise pollination and hydrochorous seed dispersal.
The phenological information provided by this study,
particularly the identification of the exact period of highest
seed production, will facilitate the inclusion of crabwood
oil extraction in the management plan for the Fazendinha
PA. Furthermore, the results presented here contribute to
an improved understanding of the reproductive behaviour
of C. guianensis in tidal varzea, essential information for
planning for the sustainable use of this species.

Acknowledgements

We thank the Empresa Brasileira de Pesquisa
Agropecudria — Embrapa Amap4 and project Florestam
for financial and logistical support, and Universidade do
Estado do Amapa. This work was supported by the Florestam
project - Embrapa under grant number 02.09.01.012.00.00.

References

Abreu JC, Guedes MC, Lira-Guedes AC. 2014. Estrutura e distribuicdo
espacial de andirobeiras (Carapa spp.) em floresta de varzea do estuério
amazénico. Ciéncia Florestal 24: 1007-1016.

Alencar JC. 1998. Fenologia de espécies arbéreas tropicais na Amazonia
Central. In: Gascon C, Moutinho P. (eds.) Floresta Amazdnica:
dinamica, regenera¢io e manejo. Manaus, INPA. p. 25-40.

Augspurger CK. 1983. Phenology, flowering synchrony, and fruit set of
six neotropical shrubs. Biotropica 15: 257-267.

Boufleuer NT. 2004. Aspectos ecolégicos de andiroba (Carapa guianensis
Aublet., Meliaceae), como subsidio ao manejo e conservacdo. MSc
Thesis, Universidade Federal do Acre, Brazil.

Cattanio JH, Anderson AB, Rombold JS, Nepstad DC. 2004. Phenology,
litterfall, growth, and root biomass in a tidal floodplain forest in the
Amazon estuary. Brazilian Journal of Botany 27: 703-712.

Centro de Hidrografia da Marinha. 2016. Previsées de Marés (méximas
e minimas didrias). http://www.mar.mil.br/dhn/chm/box-previsao-
mare/tabuas/ 4 Apr. 2016.

Embrapa — Empresa Brasileira de Pesquisa Agropecudria. 2006. Sistema
Brasileiro de Classifica¢do do Solo. 2nd. edn. Rio de Janeiro, Embrapa
solos.

Farias JA, Hoppe JM. 2004. Aspectos ecoldgicos da produgio de sementes
florestais. In: Hoppe JM. (ed.) Producio de sementes e mudas florestais.
Santa Maria, UFSM. p. 1-18.

Ferraz IDK, Camargo JLC, Sampaio PDTB. 2002. Sementes e plantulas de
andiroba (Carapa guianensis Aubl . e Carapa procera D. C.): aspectos
botanicos, ecolégicos e tecnoldgicos. Acta Amazonica 32: 647-661.

626

Ferreira LV, Parolin P. 2007. Tree phenology in central Amazonian
floodplain forests: effects of water level fluctuation and precipitation
at community and population level. Pesquisas Botanica 58: 139-156.

Fournier LA. 2003. Carapa guianensis Aubl. In: Vozzo JA. (ed.) Tropical
tree: seed manual. Washington, USDA Forest Service. p. 360-363.

Freitas J, Santos AC, Lima RB, Rabelo FG, Santos ES, Lima Silva T. 2013.
Fenologia reprodutiva da espécie Carapa guianensis Aubl.(Andirobeira)
em ecossistemas de terra firme e varzea, Amapa, Brasil. Biota Amazoénia
3:31-38.

Haugaasen T, Peres CA. 2005. Tree Phenology in Adjacent Amazonian
Flooded and Unflooded Forests. Biotropica 37: 620-630.

Henriques M, Penido C. 2014. The therapeutic properties of Carapa
guianensis. Current pharmaceutical design 20: 850-856.

Hiura AL, Sarquis R. 2008. Caracteristicas morfolégicas de espécies arboreas
na floresta de varzea da APA da Fazendinha, Macapa/AP. Revista
Pesquisa & Iniciagdo Cientifica - Amapa 1: 35-39.

IBGE - Instituto Brasileiro de Geografia e Estatistica. 2012. Manual técnico
da vegetagio brasileira. Rio de Janeiro, IBGE.

INMET - Instituto Nacional de Metereologia. 2015. http://www.inmet.
gov.br 20 Dec. 2015.

Jesus-Barros CR, Lira-Guedes AC, Guedes MC, Ribeiro GG, Barbosa EDJ.
2015. Registro da ocorréncia de Hypsipyla ferrealis e Hypsipyla grandella
(Lepidoptera: Pyralidae) em frutos de andirobeiras (Carapa guianensis,
Meliaceae) em Macapa-AP, Brasil. Ciéncia Florestal 25: 765-769.

Junk WJ. 1989. Flood tolerance and tree distribution in central Amazonian
floodplains. In: Holm-Nielsen LB, Nielsen IC, Balslev H. (eds.) Tropical
forests: Botanical dynamics, speciation and diversity. London,
Academic Press. p. 47-64.

Junk WJ. 1997. Structure and function of the large central Amazonian
river floodplains: synthesis and discussion. The Central Amazon
Floodplain 126: 455-472.

Klimas CA, Kainer KA, Wadt LH, et al. 2012. Control of Carapa guianensis
phenology and seed production at multiple scales: a five-year study
exploring the influences of tree attributes, habitat heterogeneity and
climate cues. Journal of Tropical Ecology 28: 105-118.

Maués M. 2006. Estratégias reprodutivas de espécies arbdreas ea sua
importincia para o manejo e conservagio florestal: Floresta Nacional
do Tapajés (Belterra-PA). PhD Thesis, Universidade de Brasilia, Brazil.

McHargue LA, Hartshorn GS. 1983. Seed and seedling ecology of Carapa
guianensis. Turrialba 33: 399-404.

Morellato LPC, Talora DC, Takahasi A, Bencke CC, Romera EC, Zipparro
VB. 2000. Phenology of Atlantic Rainforest trees: A comparative
study. Biotropica 32: 811-823.

National Geospatial-Intelligence Agency. 2014. Publication 124, Sailing
Directions (en route): East coast of South America. 14th. edn. http://
msi.nga.mil/MSISiteContent/StaticFiles/NAV_PUBS/SD/Pub124/
Pub124bk.pdf 8 Mar. 2016

Parolin P, Wittmann F, Schéngart J. 2010. Tree phenology in Amazonian
floodplain forests. In: Junk WJ, Piedade MTF, Wittmann F, Schéngart
J, Parolin P. (eds.) Amazonian floodplain forests: ecophysiology,
biodiversity and sustainable management. New York, Springer. p.
105-126.

Pennington TD. 1981. A monograph of neotropical Meliaceae (with accounts
of the subfamily Swietenioideae by BT Styles and the chemotaxonomy
by DAH Taylor). Flora Neotropica 28: 470.

Pereira MRN, Tonini H. 2012. Fenologia da andiroba (Carapa guianensis,
Aubl., Meliaceae) no sul do estado de Roraima. Ciéncias Florestais
1:47-58.

Pereira VF, Congalton RG, Zarin DJ. 2002. Spatial and temporal analysis of a
tidal floodplain landscape-Amapa, Brazil-using geographic information
systems and remote sensing. Photogrammetric Engineering and
Remote Sensing 68: 463-472.

Pires-O’Brien MJ, O’Brien CM. 1995. Ecologia e modelamento de florestas
tropicais. Belém, Ministério da Educacio e do Desporto.

Plowden C. 2004. The ecology and harvest of andiroba seeds for oil
production in the Brazilian Amazon. Conservation & Society 2:
251-272.

Praciak A. 2013. The CABI encyclopedia of forest trees. Wallingfrod, CAB
International.

Acta Botanica Brasilica - 30(4): 618-627. October-December 2016



Phenology of the multi-use tree species Carapa guianensis
in a floodplain forest of the Amazon Estuary

R Core Team. 2015. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org/.

Rathcke B, Lacey EP. 1985. Phenological patterns of terrestrial plants.
Annual Review of Ecology and Systematics 16: 179-214.

Santos AJ, Guerra FGP. 2010. Aspectos econémicos da cadeia produtiva
dos 6leos de andiroba (Carapa guianensis Aubl.) e copaiba (Copaifera
multijuga Hayne) na Floresta Nacional do Tapajés—Para. Floresta
40: 23-28.

Scarano FR, Pereira TS, Ré¢as G. 2003. Seed germination during floatation
and seedling growth of Carapa guianensis, a tree from flood-prone
forests of the Amazon. Plant Ecology 168: 291-296.

Schéngart J, Piedade MTEF, Ludwigshausen S, Horna V, Worbes M. 2002.
Phenology and stem-growth periodicity of tree species in Amazonian
floodplain forests. Journal of Tropical Ecology 18: 581-597.

Acta Botanica Brasilica - 30(4): 618-627. October-December 2016

Shanley P, Londres M. 2011. Andiroba Carapa guianensis Aublet. In: Shanley
P, Cymerys M, Serra M, Medina G. (eds.) Fruit trees and useful plants
in Amazonian life. Belém, CIFOR. p. 29-38.

Tonini H, Costa P, Kamiski PE. 2009. Estrutura, distribuicio espacial e
producido de sementes de andiroba (Carapa guianensis Aubl.) no sul
do estado de Roraima. Ciéncia Florestal 19: 247-255.

Wittmann F, Schéngart J, Montero JC, et al. 2006. Tree species composition
and diversity gradients in white-water forests across the Amazon
Basin. Journal of Biogeography 33: 1334-1347.

Wittmann F, Schéngart J, Brito JM, et al. 2010. Manual of trees from
Central Amazonian vérzea floodplains: Taxonomy, ecology and use.
Manaus, INPA.

627



