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ABSTRACT

The aim of this study was to evaluate the effect of island area and isolation on species richness and abundance, and
vegetation structure of Isla Palma by comparing these parameters with those of the continental location, Playa Chu-
cheros. By sampling vegetation at each locality using Gentry transects (10 50x2 m) we found 204 species of plants
at Playa Chucheros, and 103 on Isla Palma. Species richness and abundance of woody plants was higher for Playa
Chucheros (472 individuals) compared to Isla Palma (349 individuals). Richness estimators indicate that the plant
species richness of Playa Chucheros is almost twice as high as that of Isla Palma. Rarefaction curves suggest that Playa
Chucheros had a significantly greater richness than Isla Palma. Furthermore, physiognomic parameters were higher
for Playa Chucheros than those observed for Isla Palma, showing that the former supports tree vegetation with higher
DBH and greater height. These results indicate that the size and isolation of the island is reflected in a diminished
richness and vegetation structure, which can be of significant assistance in the development of better conservation

strategies for plants and other groups of organisms on islands.
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Introduction

The study of past and present distribution of organisms
and the factors that regulate them is known as biogeography.
This discipline aims to define, characterize and understand
the history of communities of flora and fauna patterns to
make predictions about how biodiversity will respond to dif-
ferent changes. For this, islands have been great tools because
they can be used as laboratories, since they represent real
systems of a small size that are replicated around the world
(Kueffer & Fernandez-Palacios 2010). This theory has also
had a huge impact on conservation biology, highlighting the
importance of reserve size and connectivity in maintaining
species diversity and stimulating countless investigations on
fragmented ecosystems (Laurance 2008). However, the model
of island biogeography focuses only on the effect of area
and isolation on species richness, but ignores other factors
such as fragmentation, edge effects, the underlying matrix,
among others (Laurance 2008). These factors have a strong
influence on diversity, but they have been evaluated only in
fragmented systems, and not in islands.

For several years two theories of island biogeography
have coexisted. In 1967, MacArthur & Wilson proposed
that the number of species in an island reflects a dynamic

balance between immigration and extinction rates, in-
fluenced by the size and isolation of the island. Larger
islands have more niches and resources, allowing entry
and sustenance of a greater number of species; moreo-
ver, islands closest to the mainland have more species to
increase the probability of colonization from the source.
On the other hand, some authors such as Rosen (1976),
Nelson & Platnick (1981) using several models, suggested
anew one called vicariance biogeography. They assumed
that speciation events are caused by isolation with little or
no colonization and extinction. However, recent publica-
tions have documented patterns that include no just the
two models but also new aspects, shaping the beginnings
of a new paradigm (Heaney 2007).

Currently, this theory has been extended to the design
of nature reserves, which can be understood as patches
or “islands” of natural habitats to preserve among a less
favorable matrix: eg. agriculture or urban areas (Higgs
1981). It has also been proposed to test new methods to
restore biotic interactions in ecosystems affected primarily
by anthropogenic activity (Kaiser-Bunbury et al. 2010).
Nevertheless, few studies have been done to analyze the
patterns of richness, abundance and structure of vegeta-
tion on islands and the factors that control them, and
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even in the Choco Region, a renowned area for being one
of the twenty-five biodiversity hotspots in the world for
its great diversity and endemism (making it a priority for
conservation efforts), such studies are still lacking (Myers
et al. 2000).

Using Gentry’s method (Gentry 1982a), which uses a
belt transects divided into ten rectangular plots of 50 m
x 2 m for a total area of 1000 m?, the diversity, abundance
and structure of woody plant community with a diameter
at breast height (DBH) greater than 2.6 cm was sampled in
Isla Palma, located on the Pacific Ocean coast of Valle del
Cauca and compared with Playa Chucheros, a very close
town in Malaga Bay, in order to assess the effects of the area
and isolation of the island on its plant community.

Materials and methods

Study Area

The two sampling sites belong to the Chocé region, spe-
cifically the Pacific coast of Valle del Cauca, Colombia. The
vegetation of this region is mainly tropical rainforest (Rangel
& Arellano 2004). In Bahia Malaga Bay region there are two
annual periods of high rainfall, the first one in September
to November and the other one with less intensity in April
to May. The average annual rainfall is 6000 mm and the
relative humidity is 90% (Amaya 2004; Castellanos 2003).
Isla Palma is located in Malaga Bay (3° 53> N, 77° 21> W),
north of the port of Buenaventura, it has an area of 138 ha
and it’s surrounded by rocky cliffs evenly distributed with
heights between 6 and 15 m. It also has sandy beaches that
are exposed to low tide. Due to high rainfall in the area
and the topography of the island there are several outputs
of freshwater towards the sea, where these have a slight
mixture with salt water (Giraldo et al. 2012). On the other
side, Playa Chucheros is located at the entrance to Malaga
Bay opposite to Isla Palma (3° 53’ N; 77° 21> W). This place
is dominated by tropical rainforest, with some mangrove
areas. Playa Chucheros is surrounded by cliffs up to 18 m
high, which are separated from the sea by a sandy beach
(Cantera et al. 1998).

Sampling

Ten belt transects (50 m x 2 m) were made in the two
locations (Gentry 1982a; b): Isla Palma in November 2008
and Playa Chucheros in January 2014. Only woody plants
with a diameter at breast height (DBH) greater than 2.6
cm were considered. For each tree DBH and total height
were measured. Specimens were identified in field at the
lowest possible taxonomic level (Gentry 1993) and those
that could not be identified were collected and brought for
identification to the CUVC Herbarium of the University
del Valle. Fertile specimens were included in the collection
of the CUVC Herbarium.

Data Analysis

Based on the records, abundance, DBH, average height
and average species richness (alpha diversity) per transect
were estimated. Beta diversity for each locality was also
calculated as the average Serensen index of all comparisons
per couple among the ten transects. These parameters were
compared for the two locations using Student’s t-tests.
Gamma diversity was obtained as the total number of
species per locality and the first order richness estimators
Jackknife, Chao 1 and Bootstrap were also used (Gotelli &
Graves 1996; Colwell 2005). These estimators were used
because they allow to evaluate the sampling effort, to cor-
rect the effect of very large differences in the abundance
of plants between two locations on comparisons of species
richness, rarefaction curves were made with respect to
the lowest number of individuals (Gotelli & Graves 1996).
Analyzes were performed using Statistica 7.0 (StatSoft
2004) EstimateS 8.2 (Colwell & Elsensohn 2014) and PAST
(Hammer et al. 2001).

Results

Floristic composition

We found 204 species of plants in Playa Chucheros, and
103 in Isla Palma. The dominant species in Playa Chucheros
were Attalea sp.1, Faramea sp.3, and Miconia aponeura,
while in Isla Palma Brosimun cf. utile, Palicourea sp.1,
Miconia sp.1 and Piper rio-cajambrense were dominant.
Regarding to families, those with the biggest abundance in
Playa Chucheros were Rubiaceae, Arecaceae, Lecythidaceae
and Melastomataceae, while in Isla Palma they were Mel-
astomataceae, Rubiaceae, Moraceae, Piperaceae, Arecaceae
and Fabaceae (Tab. 1). In terms of number of species, the
dominant families in Playa Chucheros were Rubiaceae (17),
Sapotaceae (14), Annonaceae (13), Clusiaceae, Fabaceae,
Lauraceae and Lecythidaceae (10), while in Isla Palma
they were Melastomataceae (nine), Fabaceae (seven), An-
nonaceae (six) and Arecaceae (five).

Diversity for Locality

Species richness and abundance of woody plants was
higher for Playa Chucheros (472 individuals) than for Isla
Palma (349 individuals). The species accumulation curves
show a non-asymptotic pattern for the two locations, al-
though the slope is steeper for Playa Chucheros (Fig. 1).
The richness estimators indicate that the species richness
of plants for Playa Chucheros is almost twice times greater
than that of Palma Island (Tab. 2). The sampling efficiency
was similar for the two locations. Because in Chucheros
more individuals were sampled than in Isla Palma, richness
was compared by rarefaction according to the number of
individuals found in Isla Palma. Rarefaction curves suggest
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Table 1. Dominant plant species and families in Playa Chucheros and Isla Palma.

Playa Chucheros Isla Palma
Species Families Species Families
Attalea sp. 43 Rubiaceae 84  Brosimum cf. utile 27  Melastomataceae 34
Faramea sp.3 32 Arecaceae 83 Palicourea sp.1 26 Rubiaceae 31
Miconia aponeura 24 Melastomataceae 42 Miconia sp.1 26  Moraceae 30
Manicaria saccifera 21 Lecythidaceae 21  Piper rio-cajambrense 22 Piperaceae 27
Mabea occidentalis 10  Euphorbiacea 18  Cecropia cf. alvareziana 19  Arecaceae 23
Faramea sp.4 9  Sapotaceae 18  Pouteria sp.1 12 Fabaceae 22
Faramea sp.6 9  Chrysobalanaceae 15 Quararibea sp.1 12 Cecropiaceae 19
Lecythidaceae sp.1 9  Annonaceae 13 Bactris aff. gasipaes 11  Annonaceae 17
Clusiaceae 13 Annona sp.2 11 Bombacaceae 12
Lauraceae 12 Cyclanthaceae sp.1 10 Flacourtiaceae 12
Malvaceae 12 Sapotaceae 12
Fabaceae-Mimosoidea 11 Cyclanthaceae 10
Myrtaceae 11 Euphorbiaceae 10
Meliaceae 10
Myristicaceae 10
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Figure 1. Species accumulation curves for Chucheros (A) and Isla Palma (B), and rarefaction curve (C).
Table 2. Species richness and richness estimators for Playa Chucheros and Isla Palma.
Locality Morphospecies Jackknife 1 Efficiency(%) Chao 1 Efficiency(%) Boostrap Efficiency(%)
Chucheros 204 339.90 60.02 461.88 44.17 260.43 78.33
Isla Palma 103 166.90 61.71 246.59 41.77 129.22 79.71
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that Playa Chucheros had a significantly greater richness
than Isla Palma (Fig. 1C).

Comparison diversity alpha, beta, abundance and structure

Alpha diversity on average, was found to be higher for
Playa Chucheros (30 species) against Isla Palma (ca. 19 spe-
cies) (P <0.01), although the last one showed a greater range
of variation (SD = 7.87 vs. DS = 4.85) (Fig. 2). The richness
per transect was more homogeneous in Playa Chucheros
(Chi square p = 0.93), whereas in Isla Palma it was adjusted
to a Poisson distribution (Chi square P = 0.38). It was also
observed that the abundance per transect was significantly
higher for Playa Chucheros (P = 0.01), but the variation in
abundance between transects was higher for Palma Island
(DS = 11.51 vs. SD = 5.81). Beta diversity was higher for
Playa Chucheros (P <0.01) and the variation of this was the
same for both locations (Tab. 3).

Furthermore, physiognomic parameters were higher for
Playa Chucheros than those observed for Isla Palma, show-
ing that the former supports tree vegetation with higher
DBH and height (Tab. 3). The diameter classes have mark-
edly different patterns with greater dominance of small trees
and a few large trees in Isla Palma (Fig. 3), while in Playa
Chucheros, although dominated by relatively thin trunks of
trees, more individuals were found in other diameter classes
compared to Isla Palma (Fig. 3).

36

Discussion

Floristic composition

Patterns of species richness and abundance in islands
have been widely studied throughout history for various
groups of organisms. However, there have been few in-
vestigations of island biogeography for vegetation, and
how the structural parameters of vegetation vary in these
systems has never been evaluated. Moreover, in the Chocd
biogeographic region this kind of research has never been
conducted, despite the fact that the region is an area of high
diversity and high endemism (Rangel & Rivera-Diaz 2004).

Several plants found in study are threatened. One of
these species is Magnolia chocoensis, which is classified
as Endangered B1 by IUCN (2001), because their known
populations in this region are scarce and are decreasing.
This is an endemic species of the Chocé region and it is
used as timber. Other species to some extent threatened are:
Eschweilera sclerophylla (Vulnerable B1) and Licania velata
(Endangered B1). We also found species that usually inhabit
lowland forests in good conditions

Richness of plants

Richness of tree and shrub species found in Playa
Chucheros is similar to the one found in Bajo Calima (265
species) (Gentry 1982b), Gulf of Tribuga (208 species)
(Galeano 2002) and Piangiiita (407 species with DBH > 1
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Figure 2. Comparison of richness, beta diversity and abundance between the two locations.
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Table 3. Summary of alpha and beta diversity, abundance, height and DBH, and t-tests.

Chucheros Isla Palma Chucheros Isla Palma )
Moan Moan t-value df P oS s, F-ratio P
Beta diversity 0.16 0.22 -4.26 88.00 0.00 0.07 0.07 1.04 0.91
Abundance 47.20 34.90 3.02 18.00 0.01 5.81 11.51 3.93 0.05
Richness 30.00 19.30 3.66 18.00 0.00 4.85 7.87 2.63 0.17
Height 10.03 7.18 7.12 802.00 0.00 547 5.77 1.11 0.29
DBH (cm) 9.50 8.12 2.14 819.00 0.03 8.44 10.08 1.43 0.00
200
18077
160 A B
- ’
g 100 %% g’_
i & / / i
2%%%@
5 10 15 20 25 30 35 40 45 50 55 0 20 30 40 50 60 70 80 90 100110 120 130
DAP (cm) DAP (cm)
4 6
: D
4

Frequency

23 26 29 32 35 38
Richness per transect

Frequency
w

.

9,0 14,6 202 258 31,4 37,0
Richness per transect

Figure 3. Histograms of DBH (cm) for Playa Chucheros (A) and Isla Palma (B), to the richness per transect with a homogeneous pattern for Playa Chucheros (C)

and Poisson pattern Isla Palma (D).

cm) (Vasquez-Vélez et al. 2013). Species richness per tran-
sect for Playa Chucheros is also similar to that reported by
other authors for the area (30 species Chucheros: 42-48 Bajo
Calima species: 29 species Tribuga) (Gentry 1982b; Galeano
2002). On the other hand, plant richness in Isla Palma is
considerably lower (103 species, ca. 20 per transect) than
what is expected in lowland forests, suggesting that the area
may be responsible for these low levels of richness. The
richness of plant species on islands is determined by the
combination of factors such as isolation from the source
of plants, the size of the island, geology, geomorphology,
soil characteristics, age and disturbance regime (Mueller-
Dombois & Fosberg 1998; Leigh et al. 2007). These factors
also have a strong influence on structure of vegetation in
islands (Leigh et al. 2007).

Acta bot. bras. 29(4): 509-515. 2015.

The area and isolation affect immigration rates (isola-
tion), extinction and formation of new species (area) (Mac-
Arthur & Wilson 1967): as a result, the smaller and more
isolated the island is, the smaller the number of species it
will have. The diversity that supports an island is the result
of a dynamic balance between immigration and extinction
rates (MacArthur & Wilson 1967). On the other hand, the
area itself is a determining factor in the number of spe-
cies that an island can have: the greater the area, the more
individuals may be present on an island, and consequently
the more likely it is to contain more species (MacArthur &
Wilson 1967; Rosenzweig 1995). This area effect seems to
have a very important role in determining the richness of
plants (Ames et al. 2012). Thus, the size of Isla Palma can
be the cause of a lesser richness than in Playa Chucheros.
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Laurence (2008) found that sample size affects both size
and richness of trees, due to a disturbance regime that is
higher in smaller fragments, which eliminates larger trees
and reduces richness. Because of this, the most disturbed
areas tend to have lower richness and density of trees (Laur-
ance et al.1997; Larance et al. 2000; Laurance 2008). Thus,
it is likely that a larger disturbance regime of Isla Palma
compared to Chucheros causes this decrease in richness.
As for richness variation in Isla Palma, it is likely to be
caused by the cone shape of the island, which increases the
effect of the wind and heavy rain in its narrowest part. This
implies that the vegetation is not disturbed homogeneously
throughout the island.

Abundance and structure of vegetation

The structure of vegetation of both locations was similar
to those found in other locations in the region (Gentry 1986;
1993; Balslev et al. 1987; Gentry & Terborgh 1990; Faber-
Langendoen & Gentry 1991; Ferreira & Rankin-de-Mérona
1998), although the structural parameters were significantly
higher for Playa Chucheros. The pattern of dominant trees
with small DBH, diametric classes j-shaped inverted, is
common in these areas, which is due to the high dynamics
of the flora as a result of the fall of large trees by heavy rains
(Gentry 1986; 1993; Faber-Langendoen & Gentry 1991).
These areas are also characterized by a high density of trees,
although this may vary as a result of the disturbance and
soil unstability (Gentry 1986; 1993; Galeano 2002). Another
factor that has been proposed to explain changes in these
parameters, is the presence of bodies of water (Galeano et
al. 1998), which decrease the density and richness of plants.

The vegetation structure is indirectly affected by island
size. Tropical rainforest areas are characterized by rain dur-
ing most times of the year, whichin times of high rainfall,
tends to be very strong (Rangel & Arellano 2004) becoming
a disturbance factor in these ecosystems. High precipitation
causes soil instability, which also promotes falling trees, es-
pecially at the edges (Gentry 1986; 1993; Faber-Langendoen
& Gentry 1991). In addition, the inlet water “washes” soil
seeds, which decreases the turnover of individuals on the
island. Increased windshear forces near edges can cause
elevated rates of tree mortality that alter forest structure and
composition (Chen et al. 1992; Laurance et al. 1997; 2000;
Laurance 2008).This combination of effects causes small
size (height and diameter) trees with a lower densityin their
distribution. The smaller the island is, this effect becomes-
more notorious, so in small islands it is expected to find a
lower plant structure compared with the mainland. Edge
effects may be especially important in fragments of dense
forest, where the dark, humid microclimate contrasts noto-
riouslywith the dry, harsh, windy conditions of surrounding
open habitats (Harper et al. 2005). Edge phenomena tend to
increase in intensity as fragment size diminishes, creating a
confounding intercorrelation between edge and area effects

in fragmented landscapes (Laurance 1991). Because of this,
the vegetation of Isla Palma present structural characteristics
of secondary forest, but contains species of primary forest.

Conclusions

To our knowledge, this study is the first to address the
Island effect on the richness and vegetation structure in
the Chocé. By showing that island size and isolation are
reflected in a diminished richness and vegetation structure,
these results can significantly contribute to the development
of better conservation strategies for plants and other groups
of organisms. It is likely that both the area and a higher rate
of disturbance in Isla Palma contribute to explain the lower
richness and the presence of smaller trees in this island.
Further research isrequired in these unexplored areas,
given their importance as reservoirs of great diversity and
endangered species, and that can be used to assess the real
impact of high deforestation occurring in this region.
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