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Abstract — For the first time, fire effects on Pinus tropicalis Morelet (an endemic tree of Cuba) forest is studied. In January 2002, an
experimental fire was carried out on a mature Pinus tropicalis forest in the Guaniguanico Mountain Range (W Cuba). Three permanent plots
were set and vegetation composition and structure was studied before and one year after fire. The ecological parameters considered were:
floristic richness, diversity, abundance, life forms and reproductive strategies of the vegetation. Results showed an increase in floristic richness
and abundance of several species. Three endemic species appeared after fire and changes in life form rates were recorded, although pine
regeneration was poor. Seeders showed a significant decrease and the number of phanerophyte species with both strategies (seedling and
sprouting) increased. Results suggest that fire can be used as a tool to prevent great forest fires if avoiding soil losses and the status of
surrounding vegetation is taken into consideration.
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Résumé — Premiere étude sur la dynamique de la végétation des foréts de Pinus tropicalis Morelet de Cuba occidental apres un feu
expérimental. Pour la premiére fois, on étudie les effets du feu sur des foréts de Pinus tropicalis (un arbre endémique a Cuba). En janvier 2002,
on a effectué un brilage expérimental dans une forét adulte de P. tropicalis dans le massif de Guaniguanico (Ouest de Cuba). Trois placettes
permanentes ont été installées dans la zone a étudier et on a analysé la composition et la structure de la végétation une année apres le feu. Les
parametres écologiques considérés ont été : la richesse floristique, la diversité, I’abondance, les formes de vie et la stratégie reproductive de la
végétation. Les résultats indiquent une augmentation de la richesse floristique et de I’abondance d’especes différentes. Trois especes
endémiques sont apparues apres le feu et un changement significatif s’est produit dans les pourcentages des formes de vie, méme si la
régénération de la forét a été tres pauvre. Le nombre d’especes se reproduisant par graines a diminué significativement tandis que le nombre
d’especes également drageonnantes a augmenté. Les résultats indiquent qu’on pourrait considérer le feu comme un outil sylvicole pour prévenir
la propagation d’incendies forestiers si on considére 1’état de la végétation des alentours.

Pinus tropicalis / endémique / foréts tropicales de pins / feux

1. INTRODUCTION

Pine forests are located on the east and west sides of Cuba.
Here they are abundant in the province of Pinar del Rio, occu-
pying the northern and southern plains which surround the
Sierra de los Organos and the northern half of the Isla de la
Juventud. The Cuban Pine Forest ecoregion is divided into sev-

species in Cuba (3 324 species in Cuba [18]), the Cuban pine
ecoregion is typically poor in endemic species due to the com-
bination of soil characteristics and climatic conditions [11].
According to [21] and [38], about 70% of the original habitat
in the Cuban pine forest ecoregion has been lost, with only three
or more areas of intact habitat larger than 250 km? remaining.

eral community types [30]: pure forests of Pinus caribaea
Morelet, mixed forests of Pinus caribaea and Pinus tropicalis,
pure Pinus tropicalis forests, Pinus cubensis Griseb., and Pinus
maestrensis Bisse [9]. In the west, this ecoregion is well rep-
resented in the Mil Cumbres Integrated Management Area
(166 km?2, TUCN category VIII), which includes the Cajlbana
plateau and the Preluda mountain region. This last area is espe-
cially well preserved and has a high number of endemic and
endangered species [7]. In spite of the great number of endemic
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The degree of fragmentation is relatively low and half of the
fragments are grouped together to some extent. The rate of con-
version from original to disturbed habitat is low, with a loss of
about 0.5% each year [13] and more than 100 km? of intact pine
forest habitat have some degree of protection [21]. The most
serious threat comes from fires that can spread rapidly through
the resiniferous and xeromorphic vegetation. This could be min-
imized by planting latifoliate plant species that would act as a
barrier and also by creating firebreaks in the forest.

http://dx.doi.org/10.1051/forest:2005074
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Figure 1. Distribution of Pinus tropicalis and location of the study site.

The pine forests of Pinar del Rio in western Cuba represent
one of the three most distinctive centers of plant diversity and
endemic species in the island [28]. Despite this importance, no
studies have been carried out on the vegetation dynamics of
these communities after fire. However, landscape shows a
mosaic of fire scars throughout the pine forests of the island.
The importance of fire in tropical ecosystems outside of Cuba
is also well-known [4, 16, 17, 23, 32]. As an example, [29]
observed that fluctuations in Central and South-America trop-
ical forests biomass burning are at least partly controlled by
orbital forcing, although extra-tropical climate influences and
human activity are also very important. Cochrane [15] stated
that the growing prevalence of fragmentation and fire in trop-
ical forests makes it imperative to quantify changes in these dis-
turbances and to understand the ways in which they interact
across the landscape.

The aim of this paper is to provide, for the first time, data
dealing with changes in floristic composition and vegetation
structure after experimental fire on a Pinus tropicalis mature
forest. Dynamics of several soil parameters will be also given.

2.STUDY SITE

The study site is located in the Guaniguanico Mountain
Range (22° 41’ N, 83° 27 W; Fig. 1). This interconnected
upland region, which reaches 699 m in elevation and comprises
two mountain chains: the western chain (Sierra de los Organos)
with its northern (Alturas Pizarrosas del Norte) and southern
(Alturas Pizarrosas del Sur) adjoining ranges, is primarily com-
posed of eroded limestone block with underlying metamorphic
rocks dating from the Jurassic age [31]. It is dominated by pine
forests with two dominant species (Pinus tropicalis and Pinus
caribaea) with dry scrub forest in the Mogotes (limestone hill-
ocks). The resulting “haystack” karst physiography is unique
in the West Indies and resembles some karst regions of southern
China [31]. The zone has a typically ferralitic-quarzitic and
very deep (> 100 cm) desaturated soil (< 40%). Organic matter
average is 2—4% and soils present a loam-sandy texture [10].

Annual precipitation is 1450 mm with a dry season from
November to April and a rainy season from May to October.
Average annual temperature is 25 °C, although somewhat less
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athigher elevations. August is the warmest month with an aver-
age temperature of 28 °C and January is the coldest month with
an average of 21.5 °C [18].

Pinus tropicalis Morelet (pino blanco; pino hembra) is an
endemic Cuban conifer, naturally distributed on sandy soils,
with a preference for dry areas, in the province of Pinar del Rio
(Cuba’s western extremity) and the municipality of Isla de la
Juventud (in southeastern Cuba). In this province, there is a
total surface of 67 700 ha of P. tropicalis forest [1]. According
to Price et al. [40] this two-needles per bundle species belongs
to the subgenus Pinus, section Pinus, subsection Pinus. Trees
grow to 20 m in height [8]. Trees with straight, cylindrical boles
may reach heights of 30 m and an aboveground diameter of
30 cm at breast height, with rough bark and deep fissures. The
trees flower from January to May, with the peak period in late
March-early April. Development continues throughout the
remainder of the year, with maturity in July-August of the fol-
lowing year, at which time dehiscence and seed release took
place. Mature trees aged 10 to 20 years exhibit some needle fall
and the needles sprouting between March and June. Its charac-
teristic pattern of herbaceous growth in the first three years after
planting followed by an accelerated process of vertical growth
sometimes associated with the appearance of “fox tail” pheno-
types, have induced a tendency among forest companies in
western Cuba to replace this species by P. caribaea var. car-
ibaea after felling in its natural areas. This has justifiably
aroused national and international concern over the risk of
genetic erosion of this fast-growing tropical conifer [40].

Vegetation of the study site is made up of a 20 years old
Pinus tropicalis tree canopy with 12 m average height of and
18 cm average diameter. The pine stand in the study zone was
> 70 years old. Vegetation associated to the pine canopy was
primarily composed of shrub species, grasses and liana species.
However, floristic richness was significantly low in compari-
son to that recorded for other pine tropical forests of Central
America and Caribe [27].

3. MATERIALS AND METHODS

Three 50 x 100 m? permanent plots were set in the study zone.
Location of each plot was selected considering similar vegetation and
soil homogeneity, low slope (average slope was 13%), same exposure
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Table I. Experimental burning conditions. Data are average values
of each plot.

Plots Litter layer depth Litter layer depth A Flame length Flame speed

B (cm) (cm) (cm) (ms™H)
1 11 3.01 0.78 0.0102
2 11.63 3.2 2.12 0.0524
3 7.95 3.7 0.74 0.0061

(N) and altitude (200 m a.s.l.). Average cover of vegetation was: 70%
tree layer, 80% scrub layer and 90% herbaceous layer. Density of pine
stands was 223 trees ha=1. A 25-m separation was left between plots
in order to prevent border effects. Plots were submitted to three exper-
imental fires in January 2002 after a five-day period with no precipi-
tation. During fire, flame length and speed was measured using metal
pins distributed each meter along two borders of every plot, (burning
conditions can be seen in Tab. I).

Burning was carried out using a backing fire line of 50 m, while
total burnt surface was 2 ha.

Before burning, six soil samples were randomly taken from two
layers in each plot: 3 samples from 0—10 cm depth and 3 more form
10-20 cm depth below the previous. Several soil parameters were ana-
lysed: pH (in saturated soil water paste); P available [44]; soil organic
matter (OM) using the wet digestion with acid-dichromate and heat;
Ca2+, Mg2+, Na* and K* (atomic absortion spectrometry). This soil
sampling was also carried out one year after fire and the same soil
parameters were analysed. Climate conditions (relative moisture and
temperature) during burning can be seen in Figure 2.

After experimental burning, vegetation was completely killed.
Prior burning (December 2001) and after burning (February 2003)
vegetation was studied. For this study, five 25 m lines were set in each
plot and vegetation sampling was carried out using the line intercept
method [12]. To take the field data, 25 m length ropes, wooden pins,
1 mlength needles (for vertical measures) and a field metre, were used.
With field sampling, several ecological parameters were obtained, i.e.,
floristic richness, species abundance and diversity index (using the
Shannon-Weaver index). Furthermore, [41] life forms and reproduc-
tive strategies considering seeders, sprouters and both were also stud-
ied. Fire effect on dynamics of endemic flora was also considered.

Data was subjected to Anova treatments in order to determine sig-
nificant differences between data groups and the method used to dis-
criminate among the means was the Fisher least significant difference
(LSD) for p < 0.05. To ensure that data were normally distributed,
standarized skewness and standarized kurtosis values were checked.
Percentage values corresponding to the cover value for each species
were arcsin transformed. A PCA analysis was carried out considering
average species abundance as variables. The purpose of the analysis
was to obtain a small number of linear combinations of 16 variables
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Figure 2. Temperature (°C) and relative humidity (%) during burning.

(species with abundance value < 5% were removed from the analysis)
which account for most of the variability in the data. In this case, the first
2 components account for 58.17% of the variability in the original data.

Taxa nomenclature is based on Gledhill [26], Greuter [28].

4. RESULTS

4.1. Soil

Consumption of litter layer during fire was up of 50% in the
three plots (Tab. I). Significant differences were obtained
between upper layers of soil (0—10 cm depth) at different sites
when they were compared before and after fire (Tab. II). Thus,
a significant increase in P available, MgZ* and Nat were
detected in this layer. However, no significant variations
occurred for pH and organic matter content. In the case of the
deeper layer (10-20 cm depth), an increase in the organic matter
content and a decrease in the P available were recorded. Cations
studied did not vary significantly in this layer with the excep-
tion of Mg2+ content. Nat showed differences in content in
lower layer. As a monovalent cation, it would sink deeper into
soil relative to divalent cations.

4.2. Floristic richness and diversity

Before fire, average floristic richness was significantly
homogeneous in the three study plots (6 + 1.96). A total of

Table II. Soil parameters analysed for samples taken from two layers (0—10 cm depth and 10-20 cm depth) in the study zone. BF: Before fire.
AF: One year after fire. Different letters mean significant differences between layers compared before and after fire (at p < 0.05) among the

three plots.

BF (0-10 cm) BF (10-20 cm) AF (0-10 cm) AF (10-20 cm)
pH 3.64+0.11a 3.74 £0.12a 3.65 £ 0.09a 3.72+0.12a
OM (%) 327+0.12a 2.4 £0.09a 2.87+0.01b 3.36 £0.07b
P available (mg/kg) 0.83 £0.01a 0.51 £0.02a 1.5+0.01b 1.05+0.01b
Ca** (mg/kg) 0.66 £ 0.01a 0.69 £0.01a 0.54 £0.01b 0.90 £ 0.02b
Mg+t (mg/kg) 0.21£0.01a 0.19 £0.01a 0.31+0.01b 0.34+0.01b
Na* (mg/kg) 0.026 +0.001a 0.032 £ 0.001a 0.08 = 0.01b 0.117 £ 0.007b
K* (mg/kg) 0.13+0.01a 0.09 +0.01a 0.157 £0.01a 0.113 +0.01b
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Figure 3. Average species life forms before and after fire in the study
plots. Different letters mean significant differences at p < 0.05.

18 species was recorded, the most frequent being Pinus tropi-
calis, which was present in all recorded samples. The shrub can-
opy was represented by Curatella americana L. (66.67% of
total samples), Amaioua coryimbosa H.B.K. (33.33%), and
Clusia rosea L. (33.13%) and the tree fern Cyatea arborea
(33.3%) among others. The most abundant species in the her-
baceous layer were Byrsonima spicata (Cav.) DC. (66.6% but
present also in the shrub canopy), Clidemia hirta (L.) D. (50%)
Xylopia aromatica (Lam.) Mart. (50%), Eragrostis pilosa (L.)
P. Beauv. (33.33%) and Matayba apetala (Macfad.) Radlk.
(50% but also recorded as a shrub). It is important to note the
high presence of liana species such as Cuscuta americana
L. (50%) and Davilla rugosa Poiret (16.67%).

After fire, the tree canopy was killed although the flame
length did not reach the tallest tree crowns such as those of
Pinus tropicalis and only seedlings coming from the seed bank
or surrounding areas could be recorded in the herbaceous can-
opy. This is the case of Pinus tropicalis (11.1%), Cyrilla
racemifolia L. (11.37%) and Rondeletia correifolia (Griseb.)
Borhidi & Ferndndez (11.1%). The number of recorded species
was higher than that before fire (22) and homogeneous in the
three plots (9 £1.9). It is important to note the high presence
of several species that were not recorded before fire, i.e.,
Sorghastrum stipoides (Kunth) Nash (55.6% of total samples),
Odontosoria writghiana Maxon. (33.3%) and Erigeron spp.
(33.32%).

As for endemic species, Tetrazigia coreacea Urb. increased
its presence after fire (from 16.67% to 100%) and two endemic
plants absent in unburnt plots (Rondeletia correifolia and Mit-
racarpus glabrescens (Griseb.) Urb.) appeared after fire with
different percentages (44.4% and 11.1% respectively). Pinus
tropicalis, present in 100% samples, was also recorded after
fire (11.1%).

The Shannon-Weaver diversity index was not significantly
different before and after fire (1.19 £0.12 and 1.12 £0.15
respectively).
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Figure 4. Principal Component Analysis considering average species
abundance as a variable. Species with an abundance value < 5% were
previously removed from analysis. The two first components account
for 58.17% of the variability in the original data. pt: Pinus tropicalis;
ca: Curatella americana; tl: Tabebuia lepidophylla; cyr: Cyrilla race-
mifolia; ch: Clidemia hirta; bs: Byrsonima spicata; xa: Xylopia aro-
matica; ma: Mataiba apetala; rc: Rondeletia correifolia; cr: Clusia
rosea;, dr: Davilla rugosa; eb: Erigeron bellatroides; ow: Odontosoria
wrigthiana; tc: Tetrazigia coreacea; ss: Sorghastrum stipoides; co:
Coccocypselum hirsutum.

4.3. Abundance

PCA analysis (Fig. 3) showed a significant tendency marked
by Component 1. Higher positive values correspond to those
species with abundance decrease after fire (Curatella ameri-
cana, Pinus tropicalis, Tabebuia lepidophylla, Cyrilla racemi-
folia L. and Xylopia aromatica among others). However, high
negative values of the component 1 correspond to those species
with a significant abundance increase after fire (Tetrazigia
coreacea, Rondeletia correifolia, Coccocypselum hirsutum
Bartl. ex DC. Sorghastrum stipoides and Odontosoria wrigth-
iana). The two first components account for 58.17% of the var-
iability in the original data.

4.4. Life forms and reproductive strategies

Vegetation changes dealing with life forms were intense. In
plots before fire, 87% of the total species corresponded to phan-
erophytes, 9% to hemicryptophytes and 4% to epiphytes. How-
ever, after-fire epiphytes were absent and phanerophytes
increased (93%). The hemicryptophyte average rate was 7%.
No significant differences were found between average hemic-
ryptophyte species before and one year after fire (Fig. 4).

Inrelation to dynamics of reproductive strategies, only seed-
ers decreased significantly (Fig. 5). Presence of seeders and
species with both strategies (seeders and sprouters) did not vary
significantly.

5. DISCUSSION
The effects of fire on vegetation and soil dynamics depend

on several factors. Among these, fire intensity and frequency
have shown to be significant variables that act on seed survival,
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Figure 5. Average of the number of species recorded before and after
fire in considering their reproductive strategies (seeders, sprouters and
both strategies). Different letters mean significant differences at p <
0.05.

density, mortality, height, crown area, plus basal diameters of
seedlings and sprouts in tropical forests [33]. On the other hand,
site quality and vegetation structure and composition before
fire have to be considered as very important factors to deter-
mine the early stages of secondary succession [20, 22, 45].

Studies dealing with tropical soil dynamics after fire note a
significant increase in nutrient levels, pH and also a decrease
in heavy metals such as aluminium when soil samples are taken
a few days after fire [32]. However, after one year, losses by
lixiviation result in lower nutrient reserves in the soil than
before the fire. In this study, nutrient reserves in the upper layer
(0-10 cm depth) one year after fire, were similar to levels
obtained before fire. These results are more in accord with those
obtained in pine forests of temperate and Mediterranean zones
than in tropical forests [19]. Furthermore, [24] noted that fire
affected microbial activity by means of both soil heating and
chemical changes in tropical deciduous forests, although these
effects were only shown a few years after fire.

The total consumption of vegetation in the experimental fire
carried out in this study did not eliminate the majority of species
composing the plant communities in the early stage of succes-
sion. Total mortality of species in the tree canopy could be
explained by the absence of survival strategies. In this sense [4,
5] noted that trees surviving the fire had significantly thicker
bark than living trees in unburnt forest plots, indicating that
thin-barked trees are more prone to selective mortality induced
by heat stress. In the study zone, floristic richness increased and
50% of species recorded before fire were also found one year
after fire. In this sense, several species such as Cassyta fili-
formis L., Andropogon gracilis Spreng., Amaioua corymbosa
Kunth., Pulchea rosea Godfrey and Coccocypselum hirsutum
among others appeared after fire for the first time in the study.
In this sense, floristic composition one year after fire is related
to that of Pinus elliotii var. densa Little & KW Dorman and
Pinus palustris Miller ecosystems in central Florida, with a
known fire regime, although fire response of Cuban pine forests
present significant differences as can be seen in the present
study [37]. Furthermore, 3 endemic species appeared after fire:

Mitracarpus glabrescens, Tetrazigia coreacea, Rondeletia
correifolia whereas only T. coreacea was found before fire.
This can be explained for several ecosystems well adapted to
fire [20]. Relative frequencies of plant species occurrence are
changed by fire, and plant species representing earlier succes-
sional stages are introduced into burnt ecosystems [34, 42].
Communities of postfire plant species, therefore, are often sim-
ilar to prefire communities or communities existing on adjacent
unburnt areas [20]. Fire—stimulated germination of seeds that
have been stored in the soil can contribute to the regeneration
of many species. In the case of the main tree species (Pinus tropi-
calis) asignificant decrease in its frequency was noted after fire.
It seems that the most part of mature seeds in the cones and those
in the soil bank died during fire, so regeneration came primarily
from trees located in surrounding unburnt areas. In mature for-
ests with pine species that have serotinous cones, large scale
pine regeneration is frequent one year after fire [27]. Marod
etal. [36] suggested that different species have adaptations
related to the season of seedling emergence and resistance to
drought in tropical seasonal forest communities. Most species
in seasonal tropical forests have adapted to fire and/or drought
by resprouting, seed bank or a combination of both.

In relation to abundance and diversity variations, diversity
values were low and very different to those obtained in mature
pine forests from other ecosystems from temperate and Medi-
terranean climate zones [3] but also to those of tropical forests
[6, 25]. Results obtained in this study agree with those found
by i.e., in [14] tropical pine forests, diversity index may
decrease due to climate change, but it increases significantly
with a combination of climate change, logging and/or fire.
Removing all individuals of each single species significantly
affects the diversity of the ecosystem. After the removal of
shade tolerant species, the diversity index experiences a signif-
icantchange. In any case, diversity values depend on work scale
and results have to be considered merely as a reference [39].

The more significant changes were obtained in the case of
life forms and reproductive strategy rates. Intolerant plants
released from a relatively shaded position to one that is sud-
denly fully-exposed may show a decrease in growth (cover) or
may actually die. In sites where prescribed fires are used on
clear-cuts, diversity value increases during the early stages
after silviculture operations, and after a few years, it decreases
to the values before perturbation [35].

Dominancy of therophytes during the early stages of suc-
cession after fire and their scarcity in mature stages have been
observed in Mediterranean forests. Gonzalez-Ochoa et al. [27]
noted that this pattern is favoured by an increase in light, an
absence of humus and a nutrient increase in the upper soil lay-
ers. Furthermore, therophyte dynamics are related to germina-
tion mechanisms [2]. The majority of species that appear
immediately after fire have seeds whose germination capability
is induced by high temperatures during fire. Verroios and
Georgiadis [43] noted that therophytes present in young Pinus
halepensis stands can reach 50% of all species recorded during
the first two years after fire. In the study zone, therophyte role
is played by phanerophytes with both reproductive strategies:
seedling and sprouting. Significant seeders decrease one year
after fire, thus determining the high dependence of plant regen-
eration from surrounding unburnt areas. Regeneration capability
of many species of obligate seeders suffered the effects of fire.
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As a conclusion, considering both soil and vegetation
results, experimental fire affected vegetation structure and flo-
ristic composition of Pinus tropicalis forests, while the effect
of fire on the soil parameters considered was also significant.
One year after fire diversity they did not vary significantly, and
the presence of endemics even increased. Regeneration of
Pinus tropicalis forests after fire depends on surrounding
unburnt areas. In this sense, prescribed fire could be used to pre-
vent great fires if surrounding vegetation status (pine canopy
age, diversity and structure), is taken into consideration. How-
ever, further studies must be realized dealing with dynamics of
P. tropicalis forests vegetation and soils after fire to consider
firmly fire as a silviculture tool in those ecosystems of Cuba.
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