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ABSTRACT — The forests of the Pacific Coasts of Choco are timber suppliers for Colombia. The floodable
plant associations have been poorly investigated. To contribute with ecological basis for their management,
the aim of this study was to learn about the differences between the forests of three physiographies and how
the flood level explains them, comparing these forests with other of the neotropic. Three parcels of 0.5
ha were stablished y and individuals with DBH > 10 cm were measured. The most common species is Oenocarpus
bataua in well drained zones and Campnosperma panamensis in permanently flooded or swamp. The principal
components analysis separated the three communities; the first and the second components explained 48%
and 26% of the total variation, respectively. There is a high species richness and density of small and medium
tall trees in the terrace and hill, in contrast with the low richness in the swamp zone with hyperdominance
of one species and a bigger basal area. The dominance of species well adapted to stress caused by hydric excess
in the swamp evidenced an environmental filter, that determines a composition and structure particular in
the swamp. The studied forests have particular characteristics that differentiate them from other forests of
low tropical lands, in particular, a high tree density, less species richness and lower mean wood density compared
with Amazonia forests.

Keywords: Forests structure; Flooding; Environmental filter.

ESTRUTURA E DIVERSIDADE DE TRES ASSOCIACOES VEGETAIS NO
DELTA DO RIO SAN JUAN, CHOCO, COLOMBIA

RESUMO — Associagodes de plantas de varzea ndo tem sido foco da pesquisa. Para contribuir com as bases
ecologicas para manejo, objetivou-se conhecer as diferencas entre florestas de trés fisiografias e como o
nivel de inundagdo explica sua ocorréncia, comparando-as com outras florestas neotropicais. Foram estabelecidas
trés parcelas de 0,5 ha e foram medidos os individuos com DAP>10 cm. A espécie mais comum foi Oenocarpus
bataua para a area bem drenada e Campnosperma panamensis para a drea de pdntano. A andlise de componentes
principais separou as trés comunidades, o primeiro componente explicou 48% da variagdo total e o segundo
26%. Teve uma grande riqueza de espécies, assim como também uma alta densidade de arvores pequenas
e medianas no terraco e colina, contrastando com a baixa riqueza na area do pantano com hiper domindncia
de uma espécie e maior darea basal. A domindncia de espécies bem adaptadas ao excesso hidrico no pdantano
mostrou um filtro ambiental que determina a composi¢do e estrutura particular do pantano. As florestas
estudadas tém carateristicas particulares diferentes de outras florestas tropicais de terra baixa; particularmente,
uma alta densidade de arvores, menor riqueza de espécies e menor densidade média da madeira do que
florestas da Amazonia.

Palavras-chave: Estrutura da floresta; Inundagées; Filtro ambiental.
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1. INTRODUCTION

The biogeographic Choco in Colombia contains
the rainiest forests in the planet, with sites with
precipitations higher than 10,000 mm/year (HIIMANS
etal., 2005). Is aregion recognized because of its high
floristic richness and a conservations hotspot (GENTRY,
1982; GALEANO tal., 1998; MYERS etal.,2000; RANGEL,
2004). Despite its physiographic diversity, the studies
of plant diversity in the Colombian Chocd have been
focused to forests in solid ground (GARCIA etal., 2002;
MOSQUERA etal., 2007; QUINTO; MORENO, 2014).

The abiotic factor determine the communities
configuration at a local scale, creating assembling patterns
according the gradient of available or limiting resources
(TILMAN; PACALA, 1993). These conditions are known
as niches, showing functional complementarity between
species that share a niche (FINEGAN etal., 2015). The
niche models include specialization to abiotic conditions
and predict that similar floristically parcels share soil,
humidity or temperature conditions (STEVENSON;
RODRIGUEZ, 2008). For various communities’
configurations of the west Amazonia, it has been shown
that floristic similarities obey to abiotic factors
(TUOMISTO etal. 1995).

The plant communities existent in the floodable
areas of the biogeographical Choco have not been
studied yet (DEL VALLE, 2000). Where special soil
and resources conditions generate dominance of some
species more adapted to periodic flooding conditions.
Itis very important to investigate this to generate forest
management and conservation measures, and also for
understanding and modelling the response of these
communities to the climate change, in particular to the
sea level rise that is expected in the coming decades.
Only some general dominance patterns have been
described denominating these forests as guandal; mixed
guandal and cuangarial, dominated by the cuangare
(Otoba gracilipes); sajal: characterized by the sajo
(Camnosperma panamensis); and naidizal, dominated
by the naidi palm (Euterpe oleracea), determined by
a waterlogging ascending order (DEL VALLE, 2000).

In this study, the information regarding floristic
composition, diversity and structure of the low San
Juan River forests is presented, in three physiographic
units: hill, terrace and swamp. The aim was to answer
three questions: 1) Which are the differences among
the forests in the three physiographic units contrasting
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the San Juan river delta? 2) In what way does the flooding
level explain these differences? and 3) How are these
forests similar to others in the neotropic? Contributing
to the knowledge to these patterns in a local scale,
generates useful information for the good management
of these forests that are widely used as timber source
for the Colombian commerce.

2. MATERIALS AND METHODS

The San Juan river delta is located in the Colombian
pacific coast between (4°13’N; 77°11°W) and (4°23°N;
77°23' W y 4°04°N; 77°28’W) coordinates, conforming
the alluvial cone of various river branches. Mean
temperature 28°C, relative humidity higher that 90%
and mean year precipitation of 7600 mm (FABER-
LAGENDOEN; GENTRY, 1991; HIIMANS etal., 2005).
The life zone is a transition from a tropical very humid
forest (bmh-T) to a premontane pluvial forest (bp-Pm)
(HOLDRIDGE, 1971;IGAC, 1988).

These forests are located in the San Juan river
alluvial plain with dissected terraces, hills and swampy
floodable zones that belong to the pacific physiographic
region, subregion RPb (Pacific Plain) formed as a fluvio-
deltaic plain (IGAC, 1988) with alluvial and lacustrine
soils with low to medium organic contents (1.0-1.5%
a 1.5-2.5% organic carbon). Extremely acid soils due
to the abundant pluviosity, lixiviation and high phreatic
level, with a Al saturation higher than 60% and low
available P (<30 ppm). Composed by ALFAPQ (Altereds,
Feldspars, Amphiboles, Pyroxenes and Quartzes) sands
and KMI clays (Kaolinite, Mica and Integrates) (IGAC,
1982).

In the Cuangare foundation biological station in
the low San Juan, contrasting physiographic units were
determined: 1) Hill: low hills well drained with and altitude
of 30-50 masl and superior tertiary geological origin,
free of flooding effects; 2) Terrace: in the superior tertiary
alluvial plain, with altitude of 10-17 masl, moderately
drained and undulated topography, with sporadic
floodings during river risings related to tides and 3)
swamp: permanently flooded plain.

In each physiographic unit a parcel of20x250 m
was stablished, divided in five quadrants of 20x50 m,
subdivided in 10x10 m quadrants where all individuals
with DBH>10 cm were measured. Botanical samples
were collected and determined in the JAUM and HUA
herbariums from Medellin and COL from Bogota. The
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families are listed under the APG I11 (2009) classification
and their scientific names were consulted in IPNI, W3
tropics and The Plant List.

The list of species, genera and families for each
parcel was made; the importance value index (IVI) was
calculated: in order to evaluate the differences in floristic
composition a correspondence analysis DCA was
performed in the three physiographies. For the structural
analysis, it was calculated, per subparcel 20x50 m (0.1)
ha, the following variables for each physiography: number
of species (ne), total number of individuals (ni), number
of individuals in five diametric classes as: DBH 10-
20 cm (r1), 20-30 cm (12), 30-40 cm (r3), 40-50 cm (14),
>50 cm (r5), basal area m? (ab), wood density (g/cm?)
(WD), dominant height of the five most tall trees (m)
(ad) and maximum diameter (cm) Dmax. The density
ofthe WD wood was extracted de from the Global Wood
Density database (GWD) (ZANNE et al., 2009). For
the most known species the specific WD value was
assigned; in the case of non-common species the mean
WD at the genus level was used, and for the genus
not registered in the GWD the family WD mean value
was used.

With all the structural and richness variables, it
was evaluated if differences existed among the three
physiographies, by means of Kruskall-Wallis (K-W)
non parametric ANOVA test, and a least significant
difference (LSD) multiple ranges test. By means of a
Principal Component Analysis (PCA) and Ward method
grouping analysis, the parcels that shared a similar
combination of structural characteristics were identified;
the analyses were done with PAST software (HAMMER
etal., 2001). To compare this study with others in the
neotropics, a table was made with data of the reviewed
literature that was analyzed and discussed (Table 1).

3. RESULTS

A total of 173 species (118 genera and 50 families)
were found, from which 161 trees, 10 palms and 2 lianas
were present (the complete list of species can be obtained
from the first author of this study). The major taxa
richness was found in the hill, followed by the terrace,
and the less richness was that of swamp. The richness
of species, genera and families is similar for the hill
(100-79-41) and terrace (93-77-40) with non-significant
differences in the number of species (Figure 1), but
the mixture quotient (number of species/number of
individuals) is higher in the hill (0.37) that in the terrace

SIIF

835

(0.28). In the swamp a richness inferior to nine species,
eight genera and six families was found and there are
significant differences among the species richness in
the swamp and the other two landscapes (Figure 1).

The species abundance shows a more homogeneous
composition in the swamp forest, underscoring the
low species richness and the presence of a hyper-
dominant species: Campnosperma panamensis. There
is low dominance in the hill and terrace, with an IVI
of 7.2 and 4.5, respectively, for the most dominant species
(Oenocarpus bataua) in both cases; in the swamp,
C. panamensis, is the most important with an IVI of
65%. This species is not one of the 10 most dominant
in the hill and terrace, on the contrary, is rare. The
10 species with a higher IVI represent the 16.8%, 34.8%
and 100% in the hill, terrace and swamp, respectively,
indicating an increment in dominancy at higher flooding
level (Figure 2).

Only one species, dominant in the hill and terrace
was found: Zapirira guianensis, and there are no common
dominant species in the swamp with respect to the
hill and terrace (Figure 2). The quadrant correspondence
analysis of 0.1 ha, shows the separation or each landscape
according to the floristic composition (Figure 3).

The totality of individuals was 1331, 83% trees,
16% palms and 1% lianas. The number of trees per
hectare was 766 in the hill, 986 terrace and 910 swamp.
From the 11 structural variables for the 1 ha quadrants,
significant differences were found for the number of
species (ne), number of individuals in superior diametrical
classes (DBH>20), basal area (ab) and wood density
(Figure 1). For the rest of the variables the differences
were not significant.

The structural typification analysis shows that
the first three components of the PCA explain the 86.7%
of the variation in the forests’ structure (Figure 4A).
In particular, the first component with 46.5%, clearly
separates the 0.1 ha quadrants of the swamp forest
from the rest of quadrants. Among terrace and hill it
is observed a similar but less important effect. The
first component is highly correlated with the flooding
level (R Pearson =0.89; p = 0.000) evidencing that the
forests are structured along a gradient, with the swamp
forest having a low species richness, low wood density
and a high number of individuals with a DBH > 40 cm
in a clearly and structuraly differentiated group, grouping
the terrace and hill parcels (Figure 4B)

Revista Arvore, Vicosa-MG, v.40, n.5, p.833-843, 2016
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Figure 1 — Kruskal-Wallis analysis with a 95% confidence to compare structural variables in the three physiographies of
San Juan river Delta, Choc6, Colombia. Physiographic Unit 1 = hill, 2 = terrace and 3 = swamp.

Figura 1— Anadlise de Kruskal-Wallis, com 95% de confianca para comparar variaveis estruturais em trés fisiografias do
Delta do rio San Juan. Choco, Colombia. Unidade fisiogrdafica: 1 = Colina, 2 = Terrago, 3 = Pdntano.

4. DISCUSSION
4.1. Hill and Terrace

Contrary to the species richness for the 0.5 ha
units, the mean per 0.1 ha quadrant is superior in
the terrace than in the hills, which can be related
to the fact that there is a higher diversity of habitats
in the terraces as product of sporadic flooding and
the relief that generates microsites with better draining

Revista Arvore, Vicosa-MG, v.40, n.5, p.833-843, 2016

than others. The hyperdominance of sajo
(Campnosperma panamensis) in the swamp agrees
with other reports on waterlogging areas in tropical
regions (DUIVENVOORDEN, 1996; GRAUEL, 2004).
The number of trees per hectare (766 for the hill,
986 terrace and 910 swamp), represent a higher value
than the reported previously for other tropical forests
(Table 1). The forest structure of the hill and terrace
of the San Juan river delta have similar characteristics
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Structure and diversity of the three plant...

Clenacarpus hatater I
Poriterta bracteaia — I
Progiwm spd = |
Osteaphiloen plalvspermum I
Welfia regia ___ EEES-
Fevemrlrera ifed -
Virola calophvila —-_—
Eschweifera pittieri  — T Colina
Powteria capacifolia I I LR YR
T T — |
Oenocarpus bataua I

Aspidosperma desmanthum |
Cecropia obtusifolia | G
Gustavia sp | I
Oroba latiglara [ W0
Irvanthera jurnensis [ T
Tapirira guianensis [
Wettinig quingrig | SN Terraza
Protiwm sp2 | B
| -

Otoha gracilipes

0 20 40 60 80

Campnosperma pangmense [ I
Mauritiefie macrocloda I
Fieussp 1
Firola sehifera |0
Powrouma bicolor [0
Hapirira guianensis I
Eupharbiacea sp M Pantano
il
F]

Hasseltia flovibunda

Compsonenra aiopa

Figure 2 — Importance value index (IVI) for the dominant
species in the three physiographies in the San
Juan river delta, Choco, Colombia.

Figura 2 — Indice de Valor de Importancia para as espécies
dominantes em trés fisiografias do delta do Rio
San Juan. Choco, Colombia.

to what has been reported by other studies on Choco
forests (Table 1). Nevertheless, the literature review
showed the few existing knowledge regarding the
ecology of pluvial forests in the north of the South
American pacific, and that is why references to other
similar forests in the Amazonia and Asian southeast
were included.

It is noteworthy the few representation of big trees,
with just 180 individuals with DBH 20 cm and 68 with
DBH>30. This numbers can be compared with those
of other Neotropical sites, using the index developed
by Uhl: Murphy (1981), suggested by Faber-Lagendoen;
Gentry (1991). This index determines the relation between
the number of individuals with DBH between 10-20
cm divided by the number of individuals with DBH>20
cm, where the high values indicate that the majority
of trees are found in the least size classes Uhl; Murphy
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Figure 3 — DCA for the species composition in the three
physiographies of San Juan river delta, Choco,
Colombia.
Figura 3—DCA para composi¢do de espécies em trés fisiografias
do Delta do rio San Juan. Choco, Colombia.

(1981) report the higher index value of 3.4 in two sites
with soils poor in nutrients close to Belem, Brazil and
San Carlos, Venezuela. In Borneo, it has been reported,
for a low land forest in poor soils, an index of 3.46
(PROCTOR et al., 1983). In comparison, the hill and
terrace parcels index value in the present study was
3.3 and 2.7; the hill value is similar to the one of forests
studied in a nearby site by Faber-Lagendoen; Gentry
(1991) with values between 3.4 and 3.7

The low number of big trees in the San Juan river
delta is also evident from the comparisons of trees
with DAP > 30 in six sites of 1 ha studied by Gentry
(1988) in the Amazonia. The minimal number of trees
with DBH>30 cm reported by Gentry (1988) was 80,
a medium value compared with the one found in this
study in the San Juan River delta, with a range between
68 and 98. Faber-Lagendoen; Gentry (1991) found 74
to 83 individuals with DBH > 30 cm. The low density
of big trees in our site agrees with other reports for
the same region, in concordance with a forest inventory
made by Smurfit Carton de Colombia, that covered a
total area 0f 24 ha, in which only 8 individuals/ha (0.56%)
with DBH > 82 cm and only 16 witha DBH > 62 cm
were reported (Faber-Lagendoen; Gentry 1991). In present
study case, we did not find trees with values higher
than 80 cm and just one higher than 62 cm, also an
inferior value of that reported by Faber-Lagendoen;
Gentry (1991).

In the terrace 90% of the trees with DBH<30 cm
were found and in solid ground 91%, and the number
of individuals and basal area showed no significant

Revista Arvore, Vicosa-MG, v.40, n.5, p.833-843, 2016
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Figure 4 — Structural types of three physiographies of San Juan river delta, Chocd, Colombia. (DBH>10 cm). A. Principal
components analysis. B. Grouping analysis. Squares = hill, Triangles = terrace; Circles = swamp.

Figura 4 — Tipos estruturais de trés fisiografias do Delta do rio San Juan. Choco, Colombia (DAP>10 cm). A. Andlise
de componentes principais. B. Andlise de agrupamento. Quadrado = Colina; triangulo = Terrago,; Circulos

= Pdntano.

differences among them; the same happens with the
structural typification by means of PCA (Figure 4),
that groups some of the solid ground subparcels with
those of the terrace, which are characterized by having
a low number of total individuals and a low number
of trees with values higher than 40 cm at DBH.

The species richness in the hill and terrace forests,
within the range of 81-152 species per 0.5 ha reported
in other solid ground forests in Chocd, is lower than
the mean for Amazon forests, but higher than those
of African and Asiatic forests (Table 1). The most
abundant species for both parcels is the palm O. bataua,
arecognized solid ground generalist in the north Amazon
(DUQUE; CARDENAS, 2003) and in some places in
Choc6 (GENTRY, 1986; FABER-LANGENDOEN;
GENTRY; 1991) and other sites of the neotropic like
mid Magdalena in Colombia (YEPES-QUINTERO et al.,
2007) and the Darien region (ZULUAGA, 1987).

Besides palms, in general for both physiographies,
it is noticed a high density of arboreal individuals per
hectare; higher than the mean reported for Amazon,
Asian and African forests, as well as a less tree size
mean (HUNTINGFORD et al., 2013) (Tablel).

4.2. The Swamp Forest

Regionally known as “sajal” is in constrast with
the other physiographies because of the few species,
genera and therefore families with a mixture quotient

Revista Arvore, Vicosa-MG, v.40, n.5, p.833-843, 2016

0f 0.02 species/individual. The floristic differences with
the hill and terrace is highlighted in the structural
typification graphic (Figure 3) where the number of
species (ne) vector is determinant in the forest type
separation. Additionally, el sajal, has a high number
oftrees with intermediate sizes (DBH 20-30 cm), and
high basal area, compared to the other two parcels.
The Uhl index; Murphy (1981) was of 1.4 indicating
a higher proportion of big trees in contrast with the
hill and terrace.

In this parcel the dominance and abundance belongs
almost exclusively (92% and 82%, respectively) to C.
panamensis. The DCA analysis (Figure 3) clearly
separates the sajal composition from that of the hill
and terrace. These differences can be explained by
this parcel flooding level, which determines the
development of sajo dominant populations (C
panamensis) a swamp riparian tree, endemic to the
biogeographical Choc6 (GENTRY, 1993) and of Mauritiella
macroclada a gregarious palm that although is comprised
of populations of many individuals, are not usually
dominant, but rather associated to other dominant species
(GALEANO, 1991). Both sajo and M. macroclada are
adapted to the extreme flooding conditions (DEL VALLE,
2000). In terms of species richness, the tree density
and basal area, of this forest is similar to the “sajo
forest” of the Patia river delta in Chocd, but different
to other (““Cuangarial” y “Guandal”) studied by Del
Valle (1996) (Table 1). When it is compared with the
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Table 1 — Diversity and structure studies made in the neotropical region for plants with DBH > 10 cm (Flooded Forests *).

a = 16 parcels mean of Van Gemerden et al. (2013); b = Figures and tables mean of Gentry (1988): ¢ = mean
with respect to the real parcel size: d = 0.1 ha parcels mean; Nsp = Number of species per hectare; Nind = Number
of individuals per hectare; Basal A. = Basal area; WD prom = mean wood density: Tree Basal A. mean = mean
basal area per tree. Sources: 1 = Galeano (2001), 2 = Faber-Langendoen y Gentry (1991), 3 = This study, 4
= Garcia et al. (2002), 5 = Del Valle (2000), 6 = Lewis et al. (2013), 7 = Londoiio (2011), 8 = Urrego-Giraldo
(1997), 9 = Koehler et al. (2002), 10 = Carvalho et al. (2006).

Tabla 1 — Estudos de diversidade e estrutura realizadas na regido Neotropical para plantas com DAP > 10 cm (florestas

inundadas *). a = média de 16 parcelas de Van Gemerden et al. (2013); b = media de figuras e tabelas de
Gentry (1988); ¢ = média com respeito ao tamanho real da parcela; d = media a partir de parcelas de 0,1
ha,; Nsp= numero de espécies por hectare; Nind = numero de individuos por hectare; A.basal = Area basal;
DM prom = densidade de madeira média; Abasal arbol prom = drea basal media por arvore. Fontes: 1 = Galeano
(2001), 2 = Faber-Langendoeny Gentry (1991), 3 = Esse estudo, 4 = Garcia et al. (2002), 5 = Del Valle (2000),
6 = Lewisetal. (2013), 7 = Londorio (2011), 8 = Urrego-Giraldo (1997), 9 = Koehler et al. (2002), 10 =
Carvalho et al. (2006).

Region Site Site Size Nsp Nsp0,5 Nind Basal A Mean WD Tree Basal A. Source
(ha) ha ha ha m?ha pgt/cc mean m’
Choco Tribuga Gulf Solid ground 1.0 127 81 481 26.5 0.530 0.055 1
Choco Low Calima Solid ground 1.0 258 152 664 25.0 0.595 0.038 2
Choco Low San Juan Terrace 0.5 95 976 31.6 0.588 0.032 3
Choco Low San Juan Solid ground 0.5 101 760 232 0.605 0.031 3
Chocod Low San Juan *Swamp (sajal) 0.5 9 910 37.8 0.355 0.042 3
Choco Low San Juan Terrace+TF 1.0 257 868 27.4 0.596 0.032 3
Choco Quibdo Solid ground 1.0 219 140 709 28.1 0.639 0.040 4
Choco Quibdo Solid ground 1.0 177 121 638 24.3 0.622 0.038 4
Choco Low Patia *Swamp (sajal) 1.0 9 9 898 33.8 0.362 0.038 5
Choco Low Patia *Swamp (guandal) 1.0 37 30 639 17.9 0.480 0.028 5
Choco Low Patia *Swamp (cuangarial) 1.0 29 24 709 32.0 0.420 0.045 5
Afiica Africa Solid ground 1.0 127a 75b 425 31.5 0.650 0.074 6
Asia Asia Solid ground 1.0 152b 94b 602 37.1 0.600 0.062 6
Amazonia Amazonia Solid ground 1.0 204b 138b 597 29.0 0.660 0.049 6
Amazonia Amazonia Col *sporadically flooded 1.0 141 89 667 20.6 0.665 0.031 7
Amazonia Amazonia Col Solid ground 1.0 228 155 865 30.5 0.708 0.035 7
Amazonia Amazonia Col *Swamp 1,0 75 41 1074 32,7 0,633 0,030 8
Brazil SE Parana *Periodic flooding 0.4 78¢ 1085 40.1 0.618 0.037 9
Brazil SE Parana *Periodic flooding 0.3 26¢ 1384 48.7 0.623 0.035 9
Brazil SE Rio de Janeiro *Periodic flooding 0.7 3le 873 36.6 0.646 0.042 10

swamp Amazon forest, it is observed a similitude with
in the high stem density and basal area, but the species
richness is significantly lower (Table 1). An important
characteristic is the wood low mean density in the swamp,
in comparison with the hill and terrace forests, which
can also be explained because of the dominance of
C. panamensis. A similar characteristic is found in other
floodable forests in Choc6, with wood density equally
low (<0.48 gr/cc), which is contrast with the high density
of the floodable Amazon forests (>0.618 gr/cm?) (Table
1). In the swamp floodable Amazon forests is common
to find a higher species richness, with the abundant
presence of some species that have a high wood density
(>0.8 gr/cm?), like Brownea coccinea subsp. capitella
y Zigya latifolia (LONDONO, 2011).

SIIF

4.3. Flooding as a determinant of forest structure.

Numerous studies show that the flooding cycles
determine in a significant way, the structural and floristic
variation in the low neotropical lands (BALSLEV et
al., 1987; CONDIT etal., 1996, DUIVENVOORDEN, 1996;
STEVENSON et al., 1999; PITMAN etal., 2014) generally
demonstrating that the forests with low diversity are
associated with frequent or permanent floodings
(PETERS et al., 1989; HART, 1990). Duivenvoorden
(1996) found that in forests near to Caqueté river in
the Colombian Amazon, the number of trees species
diminishes to the extent that the drainage is more limiting:
higher in the landscapes without this limitation,
intermediate in the landscapes with moderately well

Revista Arvore, Vicosa-MG, v.40, n.5, p.833-843, 2016



840

drained soils and low when the soils are badly drained,
in agreement to what URREGO-GIRALDO (1997) found
in the same region.

During the floodings, oxygen depletion in the
rhizosphere generates a reduction in the stomatal
conductance, low photosynthesis rates, hormonal
imbalance, water and nutrient deficient absorption,
affecting the growth, development and survival of
species that are not adapted to these conditions
(PARENT et al., 2008). In this sense, the low species
richness in the tropical swamp forests is generally
due to the inability of solid ground species to face
the stress conditions that result from the permanent
floodings (BLACK etal., 1950; CAMPBELL etal., 1986;
1992; DUIVENVOORDEN 1996; LOPEZ; KURSAR et
al. 2003).

The environmental filter that flooding represents
for many tropical forest species, determinant of the
associated trees community composition, has been
recognized since several decades ago (HAWES et
al., 2012). Recently, Fortunel et al. (2014) demonstrated
that the filter generated by the flooding also determines
the species and functional composition in a large scale
in the low land forests in the Amazon, where the solid
ground species present a greater wood density than
the floodable forest, as a generalization similar to the
one shown in the present study, among other key
functional features of the leaves, confirming the
importance of the niche related processes. Nevertheless,
the findings of Fortunel et al. (2014) and Baraloto
etal. (2011) in relation to the higher number of stem
and basal area in the solid ground forests do not agree
with the results presented here for the San Juan river
delta, where the flooding intensity is correlated with
a higher tree density and basal area.

In spite of the evident permanent flooding effect
in the species richness and composition in the tropical
forests, some studies show that forests with sporadic
flooding may harbor a high species richness, but lower
than those of solid ground. Londofio (201 1) reported
that number of species of trees with DBH > 10 cm
in 1 ha parcels in the Amazonia, varied among 94-
300 species for solid ground forests and between 36-
165 species for varzea forests. In the varzea forests,
also in the Amazon, another study reported a high
vascular plants richness, with close to 511 species
in a 1.8 ha parcel (LONDONO; ALVAREZ, 1997).
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5. CONCLUSIONS

There is a high species richness, and in the same
way a high density of small and intermediate size trees
in the terrace and the hill, in contrast to the low richness
in the swamp zone with hyperdominance of one species
and a higher basal area.

The dominance of species well adapted to hydric
stress in the swamp shows a strong environmental
filter comparable to the floodable zones in the Amazonia,
which determines a particular composition and structure
in the swamp.

The forests studied here have particular
characteristics that differentiate them of other low land
tropical forests; in particular, a high tree density, less
species richness and less mean wood density than
the Amazon forests.
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