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Abstract

The large rivers in central Amazonia show annual water level fluctuations of
about 14 m. The life cycles of the trees growing in this environment are closely
linked to the periodicity of the hydrological regime, but there are differences
depending on tree position in the flooding gradient. To study the effect of flooding
and precipitation on tree reproductive phenology at community and population level,
we surveyed the phenological events of 29 species in a black water floodplain forest
in Central Amazonia, Brazil. At community level, peak of number of trees with
flowers occurred in the falling river phase and dry season, while the peak of fruiting
occurred in the period of rising river level and rainy season. At population level, 72%
of the species had their flowering periods significantly related with the variation of
water level or precipitation, and 85% had their fruiting periods significantly related
with the variation of water level or precipitation. In both cases, the trigger of
reproduction was more correlated with precipitation level than with the variation of
the water level. For some species there were individual variations of the onset of
flowering and fruiting, and of mean flowering or fruiting periods in relation to tree
position in the flooding gradient. This can indicate that the beginning of flooding—as
related to the position in the flooding gradient— is one very strong trigger to explain
variation.

Key words: Amazonia, floodplain forest, flooding, flowering, fruiting, tree
phenology

Introduction

Amazonian floodplains are subjected to annual water level fluctuations of up
to 14 m, which result in annual flood periods of up to 210 days in the forested
wetlands (Junk, 1989). In these forests, duration and predictability of the river level
fluctuation and flooding have strong effects on the reproductive phenology of trees:
regeneration strategies seem to be responses to variations in habitat seasonality and
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predictability (Scarano, 1998). Similar to the hypothesis formulated by Janzen
(1967) inrelation to the dry season in lowland Central America, trees in Amazonian
floodplains appear to have evolved the timing of their flowering and fruiting period to
maximize vegetative competitive ability of individuals, and to maximize use of
pollinating and dispersal agents in relation to the flooding periodicity. In fact, many
tree species have evolved hydrochoric or ichthyochoric dispersal mechanisms
(Ayres, 1993; Gottsberger, 1978; Goulding, 1983; Kubitzki & Ziburski, 1994;
Moegenburg, 2002). Fruit maturation occurs mainly at high water levels, when water
and fish enhance seed dispersal, but the onset of flowering and fruiting may vary
between species and along the flooding gradient. Several autecological,
ecophysiological and phenological studies have been performed in Amazonian
floodplain forests (Ayres, 1993; Ferreira, 1998; Kubitzki & Ziburski, 1994; Parolin et
al., 2002; Piedade, 1985; Schongart et al., 2002; Williamson et al., 1999; Williamson
& Costa, 2000; Wittmann et al., 2006; Ziburski, 1991, 2002). These studies report
that — at community level — tree flowering and fruiting periods are related to the
fluctuation of river level, with peak flowering in the phase of falling to lowest river
levels, and peak fruiting in the phase of rising river levels.

In Central Amazonian floodplains, in only one case (Ayres, 1993) the effect
of river level fluctuation and precipitation was analysed over tree population, and
showed the same results of the community levels of the formerly mentioned studies.

The synchronization of flowering and fruiting with river levels at the
community level are expected patterns for this environment, but none of these
studies considered the variation of phenology at population level.

The present study aims at analysing the different influence of river level
fluctuation and precipitation on the reproductive phenology of Amazonian floodplain
trees differentiating between community and population levels to show that the first
approach can be biased and decrease the natural variation which can be shown by
the population level.

Methods

Study area. We conducted this study in a black water floodplain forest
(seasonal igap6, Prance, 1979) on the lower course of the Rio Tarum&-Mirim, on the
left bank of Rio Negro (3° 02'S; 60° 17'W), 20 km Northeast of Manaus, Brazil. The
climate of the area is hot and humid (Radambrasil, 1978). Mean monthly
temperature ranges from 26.3° to 27.2°C, and total annual precipitation ranges from
1800 to 2300 mm. Rain is irregularly distributed throughout the year, with a dry
season between June and September, and a rainy season from December to May
(Figure 1 + 2).

Variation in river level at the study area is markedly seasonal, with a mean
annual amplitude of 14m. The rising period occurs between late December and
early July, while the receding period occurs from the end of July to early December
(Ferreira, 1991) (Figure 1 + 2).

The study area is situated between 21 and 28 m above sea level (asl)
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resulting in annual inundations of 6 meters at the peak of the rising period in June,
and a mean flooding period varying between 0.5 and 8.7 months per year (Adis,
1984). River level data for RioTaruma-Mirim were calculated based on the
maximum river level measured in 1989 in the Rio Negro at the Manaus harbor.
Hydrological data collected by Schmidt (1976) in the Rio Solimdes, 60 km from
Manaus, showed only a few centimeters difference compared to those recorded in
Manaus harbor. We assume that river level differences between Rio Taruma-Mirim
and Rio Negro in Manaus were negligible. To calculate the mean flooding period for
each tree, we used the data from Junk (1989) who determined the relation between
river level and the duration of flooding period of the Rio Negro over the last 80 years.
For each tree of the study plot, a measurement of the previous year's watermark on
the stem was taken to calculate individual flooding height and duration.

Data collection. Reproductive phenology was monitored monthly on 468
tagged trees with DHB =5 cm belonging to 29 species (Table 1). The species were
selected according to their abundance on the different river levels along the flooding
gradient of the study area (Ferreira, 1991). The monitored reproductive
characteristics were onset and duration of flowering (buds and flowers) and fruiting
(unripe and ripe fruits). Flowering and fruiting periods were defined in this study as
the interval between the appearance of the first and the last bud, flower or fruit on a
tree. The 29 species were divided in two groups, according to their distribution along
the flooding gradient of the study area: group L consisted of 14 species situated in
lower region between 21 and 24.9 m asl and group H consisted of 15 species in
higher region situated between 25 and 28 m asl (Table 1).

Results

The peak of the flowering period occurred from July to September 1989,
which corresponded with the beginning of the receding river phase (Fig. 1) and
middle of the season with low precipitation (Fig. 2).

The fruiting period rose from a low number of individuals in August to a peak
of individuals in March and April, and declined from April to August (Fig. 1, 2).

The number of trees in flower was positively correlated with the variation of
the river level, (r -O 35, F1,117=5.91; P<0.05, n=11, Fig. 3), and negatively correlated
with precipitation (r =-0.67, Fj111;=22.01; P<0.001, n=11, Fig. 4).

The number of trees in fruit was not correlated with the variation of the river
level (r =0.16, Fy, 11]-2 15; P>0.05, n=11, Fig. 5), and was positively correlated with
mean precipitation (r =0.91, F1,11)=112.64; P<0.0001, n=11, Fig. 6).

Of the 29 species, 8 species (27%) had their flowering periods significantly
correlated to the variation of water level, and 17 species (59%) to the variation of
precipitation. The fruiting period was significantly correlated with variation of water
level in 17 species (55%) and to precipitation in 16 species (55%) (Table 2).

Some species (Acmanthera latifolia, Aldina latifolia, Caryocar microcarpum,
Parkia discolor, Tabebuia barbata and Talisia elefantiase) had their flowering period
from November 89 to May 90, differing from the community pattern with flowering
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peaks in August 89 (see Appendix). Other species (Erisma calcaratum, Eschweilera
parvifolia, Hevea spruceana, Swartzia polyphylla, and Virola elongata) had their
fruiting period concentrated between September and January thus differing from the
community pattern which was concentrated between March and April (see
Appendix).

Of the 29 species of this study, five species (Acmanthera latifolia,
Aspidosperma nitidum, Mabea nitida, Pentaclethra macroloba and Virola elongata)
showed individual variation in mean flowering periods in relation to the position of the
trees along the flooding gradient. Three species (Albizia marginata, Erisma
calcaratum and Laetia sauveolens) showed individual variations in mean fruiting
period. Two other species (Eschweilera parvifolia and Parkia discolor) had individual
variation in both mean flowering and fruiting period (Table 3).

Three species had individual variation in the beginning of the flowering
period in relation to tree position along the flood gradient, Aspidosperma nitidum
(X?=9.55, P<0.001), Mabea nitida (X*=3.82 P<0.05) and Pentaclethra macroloba
(X2=5.92, P<0.01) while two species had individual variation in the beginnin% of the
fruiting period, Laetia sauveolens (X2=4.29 P<0.05) and Albizia marginata (X =4.95,
P<0.05).

Two species showed individual variation in both the beginning of the
flowering and fruiting periods, Eschweilera parvifolia (X2=18.0 and X°=18.0,
P<0.001, respectively) and Virola elongata (X°=4.26 and X’=4.26, P<0.05,
respectively).

Discussion

Duration and predictability of the flood cycle in tropical floodplain forests
have a strong impact on reproductive phenology (Ayres, 1993; Kubitzki & Ziburski,
1994, Piedade, 1985; Revilla, 1981). However, this impact is variable, showing
different patterns when examined at community and population levels.

At the community level, the flowering period predominantly occurred during
the phase of receding water level, and the fruiting period occurred during the phase
of rising water, showing that periodic changes in flowering and fruiting are not
attributed to endogenous control but to changes in external conditions in the
analysed species (Alvim & Alvim, 1978). These results reinforce those of other
studies performed in Brazilian floodplain forests (Ayres, 1993; Gottsberger, 1978;
Goulding, 1983; Kubitzki & Ziburski, 1994; Moegenburg, 2002; Williamson et al.,
1999; Williamson & Costa, 2000), in other neotropical floodplains (Colonnello, 1991)
and tropical floodplain forests for example in Ghana, Africa (Kinnaird, 1992).

The season of flowering is related to the season of fruit dispersal, as was
described also for upland forests on Barro Colorado Island, Panama (Foster, 1982).
The concentration of flowering during the receding river level phase may be a
natural strategy to permit species to complete fruit maturation and drop their fruits or
seeds during the periods of maximum river level. Water, directly or indirectly

PESQUISAS, BOTANICA



TREE PHENOLOGY IN CENTRAL AMAZONIAN FLOODPLAIN FORESTS... 143

combined with fish, is the main dispersal agent in Amazonian floodplain forests
(Gottsberger, 1978; Goulding, 1980). Of the 29 species analyzed in this study, 28
species have their seed or fruits dispersed by water (Ferreira, 1991). Only
Pentaclethra macroloba (Mimosaceae) has its seeds dispersed by autochory
(explosion of fruits). This species occurs in the transition between upland and
floodplain forest and the seeds do not tolerate submersion in water.

Kubitzki & Ziburski (1994) extended this pattern demonstrating that seed
biology, particularly germination, is closely integrated into the framework determined
by inundation. Establishment strategies differ on different positions in the flooding
gradient. Seeds of igap6 species from the high community were significantly larger
and heavier than in species from the low-lying tree community (Parolin, 2000). This
was interpreted as a need, at sites with short periods of flooding in igap6 forests, for
rapid height growth which may have selected for species with larger seeds which
enable seedlings to grow fast, independently from the availability of soil nutrients
which in igap0 forests is extremely low (Furch, 1997; Sioli, 1954; Sombroek, 1984).
In igapd high seed mass compensated the lack of nutrients of the environment
(Parolin, 2000). In 31 tree species, those from high levels in the flooding gradient
germinated earlier and had longer leaves and taller seedlings than those from low
levels (Parolin & Junk, 2002). Two hypothesized strategies enable efficient seedling
establishment on different levels in the flooding gradient: tolerance of prolonged
submergence vs. escape from submergence (Parolin, 2002). Where submergence
is unavoidable, on the lower sites in the flooding gradient, seedlings had significantly
lower shoot extension than on the higher sites. Large and small seeds produced
seedlings with high shoot elongation, enhancing the chances of non-submergence
for the seedlings at high elevations. Thus, tree zonation observed at community level
(Ferreira & Stohlgren, 1999) may be at least partly related to different establishment
strategies of the species occurring in the floodplains, which are linked also to
phenological patterns.

Almost all species of this study, 92%, flower once per year (corresponding to
the “annual class”, Newstrom et al., 1994). This flowering event in the majority of
species is closely associated with the regular flood cycle. However, only 8 species
(27%) had their monthly flowering, and 16 species (55%) their monthly fruiting
periods significantly correlated with variation in mean river level. On the other hand,
17 species (59%) had their flowering, and 16 species (55%) their fruiting periods
significantly correlated with the variation in mean precipitation, with the peak of
flowers concentrated in the dry and the peak of fruiting in the rainy season. Similar
patterns are described for adjacent Amazonian non-flooded forests (Araujo, 1970;
Alencar, 1979, 1994, Ducke & Black, 1953), and other tropical forests (Dulmen,
2001, Figueroa & Fournier, 1995, Frankie et al., 1974, Kinnard, 1992, Rathcke &
Lacey, 1985). The higher number of species flowering and fruiting in association with
precipitation rather than with river level is surprising when one would expect a strong
influence of the flood cycle on the reproductive phenologies. However, the evolution
of adaptations in trees in floodplain forests may require a longer period of
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association with flooding (Kubitzki, 1989). More important, flowering, like vegetative
phenology (leaf shedding), is strongly correlated with seasonal changes in tree water
status (Borchert, 1994, Eamus & Prior, 2001), which appears to be the principal
determinant of phenology, and may be less linked to selection for optimum tree-
pollinator interaction than to drought and / or waterlogging of the trees (Borchert,
1983). This stands in contrast to studies, which found that flowering phenology of a
plant is not linked to moisture availability (Wright & Cornejo, 1990), and may be the
outcome of competition for pollinators (Proctor et al., 1996). Only two autecological
studies deal with pollination of Amazonian floodplain trees (Pseudobombax
munguba and Ceiba pentandra, Bombacaceae, Gribel et al., 1999; Gribel & Gibbs,
2002), which state that flowering was related to the dry season. Further studies are
urgently needed to get further insights into the selection for timing of flowering in
Amazonian floodplains.

Naturalists have recognized variation within species, but its ecological and
evolutionary role is still poorly understood (Keeley, 1979). In some species of this
study, both the beginning and length of the flowering and fruiting periods varied
among individuals in relation to the tree position along the flooding gradient. Keeley
(1979) reported that natural selection can produce within the same species
genetically differentiated populations specifically adapted to particular conditions,
such as flooding duration. She also suggested that the evolution in temperate
floodplain forests in the USA has selected intermediate strategies thus preserving
genotypes capable of acclimating to either drained or flooded conditions.

The lower number of species which had their individual phenologies
affected by tree position along the river level, may indicate that flooding is not the
only abiotic factor to explain changes in individual reproductive phenologies. The
seven species in this study which showed variation in the initiation of the flowering
or/and fruiting periods in relation to tree position along the flooding gradient belong
to seven different families, indicating that this pattern may occur independently of
phylogeny. Ferreira (1998) also showed an interesting phenological pattern in
Eschweilera parvifolia (Lecythidaceae) in a floodplain forest in central Amazonia
with great differences in the initiation and mean length of flowering and fruiting
periods in relation to tree position on the flooding gradient. The trees situated in the
lower positions had a significantly longer flowering period than the trees situated in
the higher positions. The same was true for the fruiting period.

As shown by Ferreira (2002) for Himatanthus sucuuba, a species occurring
both in Terra Firme and in Varzea, different populations show different tolerance to
flooding. 64 % of submerged seeds of a Terra Firme population germinated,
compared to 98 % of submerged seeds of a Varzea population. The differences
were even bigger when comparing seedling survival to flooding: waterlogged
seedlings survived to 100 % when the seeds originated from a Varzea population,
and to 70 % when they were collected in the Terra Firme population. When
completely submerged, 70 % of the Varzea seedlings survived, but 0 % of the Terra

PESQUISAS, BOTANICA



TREE PHENOLOGY IN CENTRAL AMAZONIAN FLOODPLAIN FORESTS... 145

Firme. This gives a good idea of population differentiation along the inundation
gradient.

In conclusion, the influence of river level and precipitation on the trees in the
floodplain forests in the study area occurred at community and population levels.
However, the number of species involved and the length of this study are still very
limited. Given that the actual understanding of the evolutionary role of abiotic factors
on the phenological events in this heterogeneous environment is still poorly studied,
a clear prediction about the responses of trees at these levels is difficult. We suggest
that further studies involving phenological events at the population level at different
points along the flooding gradient are needed, ideally combined with physiological
and genetical studies giving insight into the nature of the different phenological
patterns observed.
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Table 1 - Number of individuals per species and occurrence in the flooding gradient
of 29 species utilized in this study. Lower = trees situated between 21 and 24.9 m
ASL; upper = trees situated between 25 and 28 m ASL.

Species Family N Flooding
Acmanthera latifolia Malpighiaceae 16 lower
Albizia marginata Mimosaceae 15 lower
Aldina latifolia Fabaceae 19 upper
Amphirrox surinamensis Violaceae 15 upper
Aspidosperma nitidum Apocynaceae 15 upper
Banara guianensis Flacourtiaceae 15 lower
Caraipa grandiflora Guttiferae 18 upper
Caryocar microcarpum Caryocaraceae 16 upper
Couepia paraensis Chrysobalanaceae 17 lower
Erisma calcaratum Vochysiaceae 15 upper
Eschweilera parvifolia Lecythidaceae 18 upper
Eschweilera tenuifolia Lecythidaceae 16 lower
Ferdinandusa rudgeoides Rubiaceae 15 lower
Hevea spruceana Euphorbiaceae 18 lower
Humiriastrum cuspidatum Humiriaceae 16 upper
Ixora ulei Rubiaceae 15 lower
Laetia suaveloens Flacourtiaceae 15 lower
Licania apetala Chrysobalanaceae 17 lower
Mabea nitida Euphorbiaceae 15 upper
Macrolobium acaciaefolium Caesalpinaceae 15 lower
Maprounea guianensis Euphorbiaceae 16 upper
Parkia discolor Mimosaceae 18 lower
Pentaclethra macroloba Mimosaceae 16 upper
Pouteria elegans Sapotaceae 18 lower
Swartzia argentea Caesalpinaceae 16 lower
Swartzia polyphylla Caesalpinaceae 16 upper
Tabebuia barbata Bignoniaceae 16 lower
Talisia elefantiase Sapindaceae 16 upper
Tovomita macrophylla Gulttiferae 16 upper
Virola elongata Myristicaceae 18 upper
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Table 2 - Simple regression analysis of the phenological events of the species in
this study in relation to river level and precipitation

RIVER LEVEL PRECIPITATION

flowering period fruiting period flowering period fruiting period
Species R2 F R2 F R2 F R2 F
Acmanthera latifolia 0,12 ns 0,57 14.91* 0,32 5.23* 0,04 ns
Albizia marginata 0,37 6.37 * 0,52 11.88* 0,7 25.88** 0,44 8.76 **
Aldina latifolia 0 ns 0,09 1,12 0,48 10.16* 0,1 ns
Amphirrhox surinamensis 0,29 ns 0,58 15.07* 0,001 ns 0,27 ns
Aspidosperma nitidum 0,13 ns 0,45 9.01* 0,77 37.77** 0,68 23.34**
Banara guianensis 0,29 ns 0,36 6.22* 0,001 ns 0,67 22.54 ***
Caraipa grandifolia 0,17 ns 0,01 0,15 0,1 ns 0,73  30.00 ****
Caroycar microcarpum 0,76 34.37 **** (0,19 2,53 0,1 ns 0,67 2257 ***
Couepia paraensis 0,31 4.99 * 0,88 81.09** 0,76 34.86*** 0,1 ns
Erisma calcaratum 0 ns 0,72 27.95** 0,37 6.42 * 0,51  11.47*
Eschweilera parvifolia 0,27 ns 0,68 22.88** 0,78 39.34** (0,001 ns
Eschweilera tenuifolia 0,24 ns 0,05 0,62 0,03 ns 0,6 16.22 **
Ferdinandua rudgeoides 0,02 ns 0,71 22.76** (0,62 18.08** 0,01 ns
Hevea spruceana 0,16 ns 0,67 2248** 0,8 ns 0,1 ns
Ixora ulei 0,63 18.36** 053 12.42* 055 13.58* 0,57 14.70*
Laetia suaveloens 0,003 ns 0,28 4,21 0,52 12.05* 0,17 ns
Mabea nitida 0,18 ns 0,37 6.51* 0,39 6.94 * 0,42 7.84*
Macrolobium acaccifolium 0,19 ns 0,57 14.76* 059 15.76* 0,14 ns
Maprounea guianensis 0,13 ns 0,7 25.76** 0,2 ns 0,54 13.07 *
Parkia discolor 0,4 7.34* 0,11 1,35 0,46 9.48 ** 0,38 6.76 *
Pentaclethra macroloba 0,05 ns 0,33 5.31* 0,18 ns 0,82 48.46 ****
Pouteria elegans 0,004 ns 0,44 8.73 * 0,26 ns 0,71 26.26 ****
Sacoglotis amazonica 0,54 13.17* 0,53 1256* 0,23 ns 0,1 ns
Swartzia polyphylla 0,16 ns 0,03 0,31 0,36 6.27* 0,001 ns
Swartzia argentea 0,03 ns 0,11 1,29 0,45 891* 0,81 47.05 ***+*
Tabebuia barbata 0,04 ns 0,08 0,1 0,47 9.83 ** 0,21 ns
Talisia elefantiase 0,61 17.52* 0,005 0,05 0,1 ns 0,67 22.60 ***
Tovomita macrophylla 0,29 ns 0,2 2,78 0,84 55.80** 0,7 ns
Virola elongata 0,4 7.32* 0,16 2,03 0,69 24.69*** 0,36 6.28 *

**+ P>0.0001, *** P>0.001, ** P>0.01, * P>0.05, and ns= not significant
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Table 3 - Nine species occurring in both lower and upper regions, with variation of
mean length of phenological events related to position of the trees in the flooding
gradient.

Phenological events ~ Mean length of phenological event [months]?

Species low position high position
Acmanthera latifolia flowering 1.50 (1.00) 3.33(1.41)
Aspidosperma nitidum flowering 5.00 (0.00) 4.25 (0.50)
Mabea nitida flowering 2.00 (1.00) 1.10 (0.38)
Pentaclethra macroloba flowering 5.00 (1.15) 1.90 (0.88)
Virola elongata flowering 4.00 (1.07) 3.20 (0.45)
Albizia marginata fruiting 9.57 (0.54) 8.83 (0.41)
Erisma calcaratum fruiting 7.50 (0.93) 6.33 (0.58)
Laetia suaveloens fruiting 4.00 (0.58) 5.00 (0.54)
Eschweilera parvifolia flowering 3.67 (1.50) 2.17 (0.41)
fruiting 7.92 (1.31) 4.17 (0.41)
Parkia discolor flowering 4.00 (0.00) 3.57 (0.54)
fruiting 5.30 (0.46) 4.43 (0.98)

NUMBER IN PARENTHESIS ARE STANDARD DEVIATION (* P>0.05, ** P>0.01, *** P>0.001)
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Figure 1: Monthly number of trees in flowers and fruits, and river level.
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Figure 2:  Monthly number of trees in flowers and fruits, and precipitation.
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Figure 3: Relation between the number of individuals in flower and river level
(=0.35, P<0.05, n=11).
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Figure 4: Relation between the number of individuals in flower and precipitation
(r*=-0.67, P<0.001, n=11).

PESQUISAS, BOTANICA



TREE PHENOLOGY IN CENTRAL AMAZONIAN FLOODPLAIN FORESTS...

300

200

100

Number of individuals

18 22 26 30

Figure 5: Relation

300

250

200

150

Number of individuals

100

50

River level (m)

155

between the number of individuals in fruit and river level (r2
=0.16, P>0.05, n=11).
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Figure 6: Relation between the number of individuals in fruit and precipitation
(= 0.91, P<0.0001, n=11).
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