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ABSTRACT
One of the consequences of global warming in the Caribbean is an increase in the 
frequency and intensity of hurricanes. Little is known on the impact of this natural 
phenomenon on forests, particularly for dry tropical forests. Understanding this impact 
in terms of structure and species richness is important for forest management. Slow 
moving Hurricane Beta, a category 1, struck Old Providence island, Colombia, in 
October 29, 2005. Before Beta woody vegetation was characterized by 88 2 x 50 m 
plots (0.01 ha) established throughout the island following the protocol by Gentry 
(1982); 59 plots were studied fi ve years earlier and 29 plots four to fi ve months 
earlier. The impact of hurricane Beta was assessed within 11 plots located in the Dry 
Tropical Forests of Old Providence, six months after the hurricane. The These plots 
were measured in species composition, diameter at breast height (DBH), and height 
were measured within these plots. There was a considerable reduction in the number 
of individuals, stems, height, basal areas, and there was no signifi cant difference 
between DBH. Height damage was positively associated with increasing DHB class. 
Furthermore, based on the results of species richness, even after controlling for the 
different number of individuals, through rarefaction, there was no major difference 
before and after Beta. 
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RESUMEN
Una de las consecuencias del calentamiento global en el Caribe es el aumento de la 
frecuencia e intensidad de los huracanes. Poco se sabe del impacto de este fenómeno 
natural en los bosques, particularmente para el bosque seco tropical (BsT). Entender 
este impacto en términos de estructura y riqueza de especies es importante para la 
gestión del bosque. El huracán Beta, categoría 1 y con lento movimiento, azota a 
Providencia el 29 de octubre de 2005. Antes de Beta, se contaba con una caracterización 
de la vegetación leñosa en 88 cuadrantes de 2 x 50 m (0.01 ha) establecidos por toda 
la isla siguiendo el protocolo de Gentry (1982); 59 cuadrantes estudiados cinco años 
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INTRODUCTION

Neotropical woody fl ora is being lost before 
it is understood. The Gentry (1982) blue print  
is one of the most commonly used protocols 
in the study of neotropical forests (Phillips 
& Raven, 1996) and researchers usually aim 
for 10 2 x 50 m (0.01 ha) of these plots for a 
total area of 0.1 ha. There are great advantages 
of this protocol; Phillips et al. (2002) claim 
its efficiency for floristic assessment in 
neotropical forests. Furthermore, given scarce 
resources, no wonder, the total number of 0.1-
ha inventories exceeds 650 (Phillips & Miller, 
2002). This database is of great research 
value, particularly with the current scenario 
of rapid global climate change, if one is able 
to resample.

One of the consequences of global warming in 
the Caribbean is an increase in the frequency 
and intensity of hurricanes (Emanuel 2005, 
Tompkins 2005, Knutson & Tuleya 2004 ). 
Little is known on the impact of this natural 
phenomenon on forests, particularly for Dry 
Tropical Forests (DtF). Dry tropical forests 
of the Caribbean islands are among the 
most threatened tropical ecosystems both as 
a result of human and natural disturbances 
(Imbert & Potercup 2008). While hurricanes 
are an important natural disturbance (Boose 
et al. 1994), nevertheless, it is diffi cult to 
assess hurricane damage on forests due 
to the lack of previous ecological data, 
as well as differences and timing of the 

antes y 29 cuadrantes cuatro o cinco meses antes del paso de Beta. El impacto del 
huracán es medido en once cuadrantes seis meses más tarde del paso del huracán. 
Estos cuadrantes se censaron en composición de especies, diámetro a la altura del 
pecho (DAP) y altura. El estudio revela una reducción considerable en el número de 
individuos, de fustes, área basal y altura; sin diferencia signifi cativa en DAP. El daño 
en la altura se encuentra positivamente asociado al incremento en la clase de DAP. 
Adicionalmente, con base en los resultados de riqueza de especies, aun controlando 
por el distinto número de individuos, a través de la rarefacción, no hay una diferencia 
mayor antes y después de Beta.

Palabras clave. Bosque seco tropical, Caribe, Colombia, huracanes, Providencia.

studies (Tanner et al. 1991). Lugo (2000) 
argues that the hurricanes’ impact on forests 
are 1) sudden and massive tree mortality 
2) delayed patterns of tree mortality, 3) 
alternative methods of forest regeneration, 
4) opportunities for a change in successional 
direction, 5) high species turnover and 
opportunities for species change in forests; 
diversity of age classes 6) faster biomass 
and nutrient turnover 7) species substitutions 
and changes in turnover time of biomass and 
nutrients, 8) lower aboveground biomass 
in mature vegetation, 9) carbon sinks 10) 
selective pressure on organisms, 11) and 
convergence of community structure and 
organization. The purpose of this paper is to 
assess the impact of hurricane Beta on tree 
mortality, sprouting ability, above ground 
biomass and species richness.

2005 was the year with the highest upper 
sea-surface temperature on record, and was 
unprecedented in hurricane activity (Shein, 
2006). For example Katrina, Rita and Wilma, 
were all three category fi ve hurricanes. This 
hurricane season will be remembered for 
breaking records in the Atlantic hurricane 
activity that completely exhausted the 
alphabet, thus, subsequent storms are named 
by the National Hurricane Center (NHC) 
following the Greek alphabet. Caviedes 
(1991) argues that hurricanes in the Caribbean 
are more common in El Niño years, yet based 
on Oceanic Niño Index (ONI) 2005 was not 
one of them. 
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Slow moving hurricane Beta at 6 km/hr, a 
category one hurricane on the Saffi r-Simpson 
Hurricane Scale, struck Old Providence 
Island (Providencia), on October 29, 2005 
(National Hurricane Center, 2005). This was 
the thirteenth and fi nal major hurricane of the 
season. Even if the category of this hurricane 
was not high, it is worth underlying that the 
island was battered for hours with 140 km/hr 
winds. When it struck the Miskito coast of 
Nicaragua, it had escalated to a category 
three hurricane (Figure 1). Most of the 
damage occurred to the west and south of the 
island. Hurricane Beta followed a path with 
noticeably less hurricane frequency than its 
northerly counterparts. In fact, the island was 
last struck by a hurricane, Hattie, 44 years 
before Beta, on October, 1961. 

We used data gathered by the authors, before 
the hurricane from 88, 2 x 50 m (0.01 ha) plots, 
initially 59 plots studied fi ve years earlier 
(Ruiz et al. 2005a) and 29 additional plots 
established four to fi ve months earlier (Ruiz 
and Fandiño, 2006) where all live woody 
vegetation, >2.5 cm DBH  was measured, 
following the Gentry (1982) protocol, thus 
enabling to assess the damage on the forest. 
An analysis of eleven of these plots before 
and after the hurricane is reported, using an 
identical protocol. 

According to some authors, taller and larger 
trees are more severely damaged by hurricanes 
that their smaller counterparts (Oswalt & 
Oswalt 2008, Van Bloem et al. 2005, 2006, 
Reilly 1991, Dittus, 1985). However, after 

Figure 1. The location of Providencia and the path of Hurricane Beta.
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Katrina, a category fi ve hurricane, Chapman 
and colleagues (2008) found that damage did 
not vary according to tree size. In the present 
study it was hypothesized that the hurricane 
had a signifi cant effect on species richness, 
basal area, tree density, number of stems and 
tree height before and after the hurricane.

SITE DESCRIPTION

Old Providence, or Providencia, is a very 
small and rugged Colombian island, 22 km2

in area, about 7.5 x 4.5 km at its maximum 
dimensions, located in the southwestern 
Caribbean (13◦21´North and 81◦21´West, 
Figure 1). The island is situated 230 km 
east of Nicaragua and 714 km northwest 
of Cartagena, Colombia. The island is an 
extinct volcano of andesite and basalt (Dunn 
& Saxe 1950, Proctor 1950, Kerr 1978) 
and some coral limestone (Parsons 1956), 
with the highest summit reaching over 365 
meters. Today the archipelago is comprised 
of Providencia and Santa Catalina, the latter 
is 1 km2 and are both united by a bridge, 190 
m in length. 

Alwyn H. Gentry from the Missouri Botanical 
Garden visited the island in 1993 and 
collected some specimens deposited at 
the Missouri Botanical Garden Herbarium 
(MO). In Gonzalez et al. (1995) prologue, 
citing Gentry´s fi eld notes, the vegetation of 
Providencia is described as a subset of those 
species shared by the Yucatan Peninsula and 
the Caribbean, but with greater affi nity with 
the latter. The woody vegetation of the DtF 
of Providencia is in good condition since 
the relative abundance curve follows a log-
normal model, suggesting this forest hosts 
a large, mature and varied community (Ruiz 
& Fandiño 2009). The archipelago hosts the 
Old Providence and McBean Lagoon National 
Park, mostly in a shallow maritime zone. 
UNESCO declared the archipelago, together 
with San Andrés, a Man and the Biosphere 
reserve in November 2000. 

The island contains, based on a 2005 
QuickBird satellite image, approximately 46 
ha of mangroves, and approximately 1,100 
ha of forests. Overall, ca. 50% of the island 
is forested. The dominant ecosystem is dry 
tropical forest. 

The simplest defi nition of what constitutes 
a dry tropical forest refers to forests located 
in the tropical regions that are affected by 
several months of draught, including moths 
with absolute draught (Mooney et al. 1996).
According to the Colombian Meteorological 
Institute`s (IDEAM) meteorological station 
located at the airport, for 1973-2006, the mean 
annual precipitation for the archipelago was 
1,681 mm and the mean annual temperature 
was 27.6° C, both show a historical positive 
trend. The archipelago experiences an annual 
dry period of fi ve months, January through 
May, four of which precipitation is below 100 
mm while 90% of the precipitation occurs 
between July and December. 

MATERIALS AND METHODS

In April, 2006, eleven 2 x 50 m (0.01 ha) 
plots were established, following the Gentry 
(1982) protocol, as close to the original site as 
possible, nine originally established between 
December 2000 and January 2001, and two in 
August, 2005. The plots chosen were located 
in the west and south of the island, which 
was most severely impacted by the hurricane 
and for secondary forest 17 years and older, 
including old growth forest. Young forests, 
i.e. under 17 years of age were not chosen. 
Therefore it was hypothesized that younger 
trees were less likely to be damaged.

Previous to the hurricane, for each of the 11 
plots, differentially corrected GPS coordinates 
were recorded at the beginning and end of 50 
m tape. After Beta, the aim was to go back as 
close as possible where the initial plot was 
measured. For two plots assessed fi ve years 
before the hurricane, all trees >2.5 cm DBH, 
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were individually tagged before the hurricane 
thus permitting its exact relocation; the other 
nine plots are not at the exact same location 
but at the same property, given a navigation 
error and the fact that in Old Providence 
most owners have micro properties ca. 1 
ha. Navigation to the selected plots was 
done using as 12 channel GPS receiver 
(MAGELLAN), initially using a map with 
a plastic cover in the Universal Transverse 
Mercator (UTM) coordinate system and the 
World Geodetic Survey 1984 datum (WGS 
84), but once close to the plot, the “Inquire 
cursor” tool in ERDAS IMAGINE 8.7 on a 
laptop computer was used to ease navigation. 
The map, GPS receiver and software used 
the same datum and coordinate system. Once 
at the original site, an eight channel GPS 
receiver was located at both ends of the tape, 
with 15 second logging intervals. While the 
rover receiver was running, a base station 
was taking readings at the northwest of the 
island with identical logging interval in order 
to perform once more differential correction 
of the GPS readings and thus estimate the 
accuracy of the site sampled after Beta.

Following Gentry (1982) each plot was a 
rectangle measuring 2 x 50 m, set by laying 
a 50 meter fi berglass tape on the ground. All 
live woody vegetation >2.5 cm diameter at 
breast height (DBH) at 1.37 meters (Four feet) 
was censused. Following Condit et al. (1996) 
and Gentry (1982) some trees such as cotton 
tree (Ceiba pentandra, Bombacaceae), were 
measured at the nearest lower point where the 
stem was cylindrical, or above the buttress 
on large trunks. Following Gentry (1982) if 
a plant overlapped the quadrant boundary, the 
location of its diameter midpoint determined 
whether or not it was included. Once the two 
points of a plot were established, all woody 
vegetation that was alive, 1 m to each side 
of the 50 m tape and if the tree or stem had 
>2.54 cm or one inch DBH were included. For 
each tree, DHB, height and common name 
was recorded. For marginal trees in DBH, an 

aluminum piece with a 2.54 diameter hole 
was used. If the stem fi tted in the hole, the 
stem was not included. DBH was measured 
using a LUFKIN Diameter tape that provided 
diameter when circumference was measured. 
The same procedure was applied for multiple-
stemmed trees, i.e., each stem contributed 
to DBH and height but only once as an 
individual. Height was calculated using a 4 m 
pole and if higher estimated visually. 

For each tree its common name was recorded. 
About 30 specimens were collected, with 
fruit or fl ower in order to reduce the number 
of species to be determined based on the 
unfertile previously collected specimens to be 
determined. Furthermore, considering that the 
same species can have more than one common 
name, all collected samples and common 
names were compared to the previously 
collected ones by Ruiz and Fandiño (2006), 
Morales (2005) and Ruiz and colleagues 
(2005a), which rest at the FSB Herbarium of 
the Humboldt Institute of Biological Research 
in Villa de Leyva, Boyacá, Colombia. More 
detail of the materials and methods used is 
available from Ruiz & Fandiño (2009, 2007, 
2006) as well as Ruiz et al. (2005 a, b). Data 
on structure were analyzed in SPSS v. 12.0, 
specifically the paired T-Test statistic (2-
tailed). Species diversity was measured in 
EstimateS for WINDOWS v. 7.5 (Colwell, 
2009), specifically, two nonparametric 
estimators of species richness the Abundance-
based Coverage Estimator (ACE) and Chao1. 
Chao 1 is based on the number of singletons 
(species with one individual) and doubletons 
(species with two individuals), while ACE 
is based on the number of species found 
with ten or fewer individuals (Chazdon et 
al. 1998); the rational is that rare species are 
more useful when estimating overall richness 
(Magurran 2004). Furthermore, in EstimateS 
7.5. the individual based Mao Tau expected 
number of species and their 95% confi dence 
intervals were calculated. Furthermore, in 
the same software, the Shannon (H) index 
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was computed, as a measure that refl ects the 
species richness element of diversity, and 
the Simpson Index that expresses the degree 
of dominance (evenness) in the data; the 
latter is reported as 1/D considering that as 
D increases, diversity decreases (Magurran, 
2004).

RESULTS

The 22 points of the differentially corrected 
GPS fi les at each extreme of 50 m tape for 
the 11 plots after Beta, in comparison to 
before beta exhibited a mean of 7.36 m, with 
a minimum of 0.64 m a maximum of 23.3 
m and a standard deviation of 6.58. For the 
eleven plots, 544 stems were found before the 
hurricane compared to 390 after the hurricane 
(Table 1). The number of individuals was 
reduced from 344 to 250, while the mean 
number of stems per individual dropped from 
1.58 to 1.53. Both, the number of individuals 
as well as the number of stems show a highly 
statistical signifi cance, in the paired T-Test, 

before and after the hurricane. There is no 
signifi cant change in DBH before and after 
the hurricane after controlling for DBH class, 
at the 5% probability (Table 1). However, 
tree basal area was reduced by 16.6 % and 
this result was highly statistically signifi cant. 
Moreover, mean stem height between both 
dates is substantially different, reduced by 
one-fi fth from 6.86 m to 5.40 m before and 
after the hurricane respectively. This result 
is significant at the 1% probability level. 
As expected, the standard deviation in stem 
height before the hurricane was higher than 
after the hurricane. When controlling for 
DBH class, stems >10 cm DHB were most 
affected in comparison to smaller trees. 
Thicker trees experienced a 34.6% reduction 
in height, intermediate thickness trees 5 to ≤ 
10 cm DHB suffered a reduction of 11.95% 
while the >2.5 to < 5 cm DHB 10.9%. Species 
mostly affected by a reduction in height were 
canopy species such as Hog plum (Spondias 
mombin L.) or cotton tree (Ceiba pentandra 
(L.) Gaertn.).

Table 1. Number of individuals, number of stems, mean number of stems per individual, mean 
DBH, basal area and mean stem height and results of T-Test paired samples in 11 replicated 
plots of 2 x 50 m of dry tropical forest, before and after hurricane Beta, Providencia Island, 
Colombia.

Variable Before Beta After Beta
Number of Individuals** 344.00 250.00
Number of Stems** 544.00 390.00 
Mean number of stems per individual** 1.58 1.53
Mean DBH in cm 
standard deviation 

7.95 
10.33

8.05 
10.61

Percentage of stems >2.5 to <5 cm DBH 50.67 48.70
Percentage of stems 5 to ≤ 10 cm DBH 30.20 30.10
Percentage of stems ≥ 10 cm DBH 19.13 21.20
Basal area (G) m2ha-1** 719.95 600.20
Mean Stem height m*All DBH classes
Standard deviation

6.88 
4.77

5.40
2.80

Mean Stem height m >2.5 to <5 cm DBH** 4.67 4.16
Mean Stem height m 5 to ≤ 10 cm DBH** 7.11 5.43
Mean Stem height m ≥ 10 cm DBH** 12.89 8.41

*p<0.05
** p<0.01
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In spite of the work done augmenting the 
number of fertile specimens, 21 species 
remained to be determined; three before 
Beta and 18 after beta. Nevertheless, this 
did not affect species richness which are 
based on morphospecies. There is no major 
difference in species richness between both 
dates (Table 2). This is clearly seen in the 
overlapping 95% confi dence intervals of 
rarefaction at 250 individuals as well as the 
overlapping confi dence intervals of Chao 1. 
Nevertheless, ACE increased from 62.1 to 
67.4. It is concluded that species richness 
appears not to be altered due to hurricane 
disturbance. 

DISCUSSION

A careful GPS work enabled the establishment 
of paired plots, as surrogates of permanent 
ones. The use of differential correction 
and careful navigation bestows data to be 
gathered before and after the hurricane not 
at the exact location, plus or minus seven 
meters, but defi nitely the same property. 
This procedure could be used in other plots 
that followed the Gentry (1982) protocol 
were impact assessment on forest structure 
and composition is needed, particularly 
in a scenario of rapid climate change. The 
fact that some of the plots were established 
four years before the hurricane undoubtedly 
introduced some noise in this research 
but not to the extent of compromising the 

results, considering that dry tropical forests 
has a slower growth rate than its moister 
counterparts.

The number of individuals, stems, stem 
height and basal area declined signifi cantly 
after the hurricane.  The drop in basal area is 
probably due to the reduction in the number of 
individuals as well as stems. Height damage 
increased with DHB class, with older trees 
showing the greatest damage in comparison 
to their smaller counterparts. Our results agree 
with those reported by Van Bloem et al. (2005) 
and Oswalt & Oswalt (2008) that documented 
increasing damage with escalating DHB and 
height and challenge the results by Chapman 
et al. (2008) that found no differential damage 
according to tree size. Other studies such as 
Tovilla & Orijuela (2004) have found greatest 
damage on intermediate size trees. Likewise 
the species richness and diversity indicators 
proved that was no major difference before 
and after the hurricane. Our results agree with 
those by Imbert & Portecup (2008), hurricanes 
appear to affect dry tropical forest structure 
but not species richness.

Hurricanes have been, are and will continue 
to be an important natural disturbance in 
Caribbean forests. While it is sad to see 
trees more than one hundred years fl at on 
the ground with no evidence of sprouting, 
other species, while on the ground are alive 
have exploded in the number of new stems. 

Table 2. Species observed, rarefaction at 250 individuals and diversity indices before and after 
hurricane Beta on Providencia Island assessed in 11 0.01 ha plots.

Indicator Before Beta After Beta
Species observed 53,0 55.0

250 individual-based rarefaction Mao Tau 95% CI lower bound
 upper bound

38.7
52.9

46.3
63.7

Abundance Coverage Estimator (ACE) 62,1 67,4
Chao 1 
Chao 1 standard deviation

65,1
8,6

66,7
7,0

Shannon (H) 3,5 3,5
Simpson (1/D) 24,1 23,1
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It is recommended that nothing should be 
done with respect to the large amount of 
trees on the trails of the island, and one 
should permit nature take its course. This fact 
will undoubtedly prove to be an obstacle to 
cattle grazing in this very vulnerable island; 
considering that cattle need to be moved 
from ranch to ranch for water and grass, 
particularly in the dry season. In other words, 
in the long run, the hurricane could mean 
a positive disturbance for the perpetuation 
of this forest, indeed Ganzhorn (1995) 
claims that windfalls and excessive rains 
are an important factor for sustaining forest 
biodiversity. Nevertheless, the reduction in 
stem height has proven a threat to the endemic 
iguana (Iguana iguana rhinolophaiguana (Iguana iguana rhinolophaiguana ( ) since it is 
far easier now for locals to hunt it.
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