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Abstract

Background: Many Puerto Rican ecosystems evolved without a regular fire regime. As such, many native
plants lack adaptations necessary to survive even low-intensity fires. Human-caused fires are increasing in
frequency, in part promoted by the presence of invasive grasses. During the afternoon of 19 February 2014, a
wildfire burned a large portion of the dry forest in El Faro Natural Reserve, Cabo Rojo, Puerto Rico. Using a
previously monitored population, we documented the mortality and morphological damage on three
columnar and semi-epiphytic cactus species (Pilosocereus royenii [L.] Byles & Rowley, Harrisia portoricensis
Britton, and Leptocereus quadricostatus Britton) and one globular species (Melocactus intortus [Mill.] Urb.) in
relation to canopy cover and cactus growth strategy.

Results: Our results suggest that M. intortus and H. portoricensis were more susceptible to fire damage. Cacti
growing in areas dominated by grasses and shrubs were significantly more likely to burn than those growing
under a closed tree canopy. Apart from L. quadricostatus, cacti that survived at least one year after the fire
had lost spines, developed scarring tissue in some or all ribs, and few were able to regrow.

Conclusions: Because extensive tissue damage and environmental alterations were observed during the post-
fire survey, which occurred between 14 to 19 months after the fire, we argue there will be significant
delayed mortality and that the mortality estimates presented here are conservative.
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Resumen

Antecedentes: Muchos ecosistemas de Puerto Rico evolucionaron sin un régimen de fuegos regular. Como
consecuencia, a muchas plantas nativas les faltan las adaptaciones necesarias para sobrevivir aún a fuegos de
baja severidad. Los incendios causados por humanos han incrementado sus frecuencias, en parte promovidos
por la presencia de pastos invasores. Durante la tarde del 19 de febrero de 2014, un incendio quemó una
gran parte del bosque seco en la Reserva Natural del Faro, en Cabo Rojo, Puerto Rico. Usando una población
relevada previamente, documentamos la mortalidad y daños morfológicos sobre tres especies de cactus
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columnares y semi epifíticas (Pilosocereus royenii [L.] Byles & Rowley, Harrisia portoricensis Britton, and
Leptocereus quadricostatus Britton) y una especie globular (Melocactus intortus [Mill.] Urb.), en relación a la
cobertura del dosel y las estrategias de crecimiento de los cactus.

Resultados: Nuestros resultados sugieren que M. intortus y H. portoricensis fueron más susceptibles al daño
por fuego. Los cactus creciendo en áreas dominadas por pastos eran significativamente más probable que se
quemaran que aquellos creciendo debajo del dosel cerrado de árboles. Aparte de L. quadricostatus, los cactus
que sobrevivieron al menos un año después del fuego habían perdido las espinas, desarrollado tejido
chamuscado en algunas o todas sus nervaduras, y unos pocos fueron capaces de rebrotar.

Conclusiones: Dado el extensivo daño y alteraciones ambientales que fueron observadas durante el
relevamiento post-fuego, que ocurrió entre 14 y 19 meses posteriores al incendio, argüimos que habrá una
significativa mortalidad retrasada y que las estimaciones aquí presentadas son conservadoras.
Introduction
Fire influences virtually all terrestrial ecosystems and, in
many cases, regular fires are needed to maintain com-
munity structure, productivity, and biodiversity (Bond
and Keeley 2005). However, the alteration of a fire re-
gime can also radically alter ecosystem function and
composition resulting in habitat loss (Janzen 1988; Miles
et al. 2006; Jolly et al. 2015; Monmany et al. 2017). In
many ecosystems on the island of Puerto Rico, fires are
almost exclusively the direct or indirect result of recent
human activity (Burney et al. 1994; Méndez-Tejeda et al.
2015; Monmany et al. 2017) and cause severe impacts
on ecosystems and negatively affect public health (Aide
et al. 1995, 2000; Grau et al. 2003; Miles et al. 2006;
Thaxton et al. 2012b; Wolfe et al. 2014; Jolly et al. 2015).
For example, fire delayed the recovery of forests in aban-
doned agricultural fields and landslides by promoting the
presence of grasses and delaying colonization by woody
species (Walker and Boneta 1995; Grau et al. 2003).
Tropical dry forests are especially threatened by an in-

creased fire frequency that promotes the persistence of
invasive species (Janzen 1988; Miles et al. 2006). The dry
forests of Puerto Rico are located in the south and
southwestern lowland regions of the island (Murphy and
Lugo 1995; Murphy et al. 1995) and are generally con-
sidered biological hotspots (Monsegur Rivera 2009).
They are also susceptible to the deleterious effects of
fire. In these ecosystems, native woody plant species lack
the morphological adaptations necessary to survive even
low-intensity fire events (Wolfe et al. 2014). Further-
more, fires in the dry forests of Puerto Rico can also
promote the invasion of exotic fire-promoting grasses
like Megathyrsus maximus (Jacq.) B.K. Simon & S.W.L.
Jacobs and Cenchrus ciliaris L., suppressing native
grasses (Thaxton et al. 2012b). Megathyrsus maximus in-
vasions in Puerto Rico are associated with the decline of
native flora diversity and richness (Rojas-Sandoval and
Meléndez-Ackerman 2012; Rojas-Sandoval et al. 2012;
García-Cancel and Thaxton 2018). In particular, M.
maximus on Mona Island could drive some populations of
the endemic columnar cacti Harrisia portoricensis Britton
to extinction in less than 60 years (Rojas-Sandoval et al.
2016). In addition, when compared to invasive grasses,
Puerto Rican native grasses generate limited fuels, generally
not enough to naturally combust (Thaxton et al. 2012b).
Tropical dry forests in Puerto Rico are home to 24

species of cactus, of which five are native columnar,
semi-epiphytic, or globular cactus inhabiting the main
island (Liogier 1994; Carrera-Martínez et al. 2018).
These dry forests are more likely to ignite under normal
climatic conditions than tropical wet or rain forests
(Monmany et al. 2017) and, at least in Puerto Rico, fire
frequency in these forests is expected to increase (Van
Beusekom et al. 2018). Cactus species are historically
considered fire intolerant (Benson and Walkington
1965), with average mortality considerably higher than
other succulent species (Thomas 1991). Previous studies
on Central and North American cactus taxa have shown
mixed post-wildfire cactus survival varying from >90% to
<30% within the same species (Benson and Walkington
1965; Bunting et al. 1980; Thomas 1991, 2006; Thomas
and Goodson 1992; Vermeire and Roth 2011; Thomas
et al. 2017). This is likely due to the inherent variability
in wildfire behavior. However, no studies have focused
on the effects of fires on Puerto Rican cacti, even though
they are generally referred to as keystone species
(Valiente-Banuet et al. 2002; Carrera-Martínez et al.
2018), and at least two species (H. portoricensis and
Leptocereus quadricostatus Britton) are considered to be
endangered (US Fish and Wildlife Services1990; Gann
and Taylor 2013). Protections were extended to H. por-
toricensis after it was extirpated from the main island
(US Fish and Wildlife Service 1990), and it has been re-
cently reintroduced in Los Morrillos Peninsula in south-
western Cabo Rojo (O. Monsegur, US Fish and Wildlife
Service, Puerto Rico, USA, personal communication).
The objective of this study was to document the impact

of the El Faro fire on four cactus species (Pilosocereus
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royenii [L.] Byles & Rowley, Melocactus intortus [Miller]
Urban, L. quadricostatus and H. portoricensis). Here, we:
(1) provide observations on the morphological conse-
quences of fire injuries; (2) confirm the negative effects of
fire on cacti survival; (3) determine which habitats (closed
canopy versus grass-dominated open canopy) had the
highest cacti mortality; and (4) determine if morphology
(globular versus columnar cacti) affected post-fire mortal-
ity. We expected to observe a higher mortality on areas
dominated by grasses and shrubs than under closed can-
opies, as the latter have lower fuel reserves (Thaxton et al.
2012b) and may function as refugia for succulents
(Thomas 1991). Additionally, we expected to detect a
higher mortality rate for globular cacti (M. intortus) than
the columnar cacti species, due to their preference for
bare soils and open canopy areas (Carrera-Martínez et al.
2018). Because this is an observational study as a result of
an unforeseen event, we do not aim to link or distinguish
between direct (e.g., burned cactus) or indirect interac-
tions (e.g., erosion, habitat, and microclimate change) on
cacti mortality as a result of fire damage, although we
recognize the importance of these parameters in the sur-
vivorship and restoration of the population.

Methods
Study site
Los Morrillos Peninsula is a historic and natural reserve
located in the most southwestern point of the island of
Puerto Rico, in the municipality of Cabo Rojo (latitude:
17.9349°, longitude: −67.1943°). It is divided into two
mostly isolated land masses that are protected by the
Puerto Rican government as part of the Boquerón State
Forest. The most western land mass includes the Los
Morrillos Lighthouse (known as El Faro, the name we
use herein to refer to Los Morrillos Peninsula), which
was built in the 1880s by the Spanish government.
Before the fire event, the El Faro section seemed to be
dominated by native flora, with Uniola virgata (Poir.)
Griseb. as a dominant grass. Croton discolor Willd.,
Cocoloba diversifolia Jacq., Melochia tomentosa L., and
Lantana L. sp. appeared to be the most abundant
shrubs, and the somewhat patchy tree community in-
cluded different life stages of Exostema caribaeum (Jacq.)
Schult., Pisonia aldida (Heimerl) Britton ex Standl., Tabe-
buia heterophylla (DC.) Britton, and Bucida buceras L.
The fire-promoting invasive grass Cenchrus ciliaris was
abundant, and M. maximus was also present, but at an ap-
parent lower frequency (personal observations). Cacti flora
was dominated by Pilosocereus royenii (L.) Byles & Rowley
and Melocactus intortus (Mill) Urb., while Leptocereus
quadricostatus, Opuntia triacantha (Willd.), and Opuntia
cf. stricta (Haw.) Haw. were present but not abundant.
The endemic Harrisia portoricensis Britt. was reintro-
duced onto the peninsula with the planting of close to 40
juveniles (O. Monsegur, personal communication). The
site soils are mostly shallow, with many patches of ex-
posed limestone typical of coastal dry forests. For more
details on Puerto Rican dry forests, including the El Faro
site, refer to Murphy and Lugo (1995) and Murphy et al.
(1995), and for Puerto Rican columnar cacti habitat pref-
erences, refer to Carrera-Martínez et al. (2018).

Wildfire
The wildfire at El Faro occurred on the afternoon of 19
February of 2014 and burned under extreme fire weather
conditions. The afternoon mean wind speeds on the day
of the burn were 29 to 35 km hr−1 out of the east, with
gusts up to 58 km hr−1; relative humidity was 48%, the
air temperature was approximately 30 °C; and it had
been 20 days since the last measurable precipitation.
Fuels in the area consisted of cured grasses with scat-
tered shrubs interspersed with areas of sparse fuels
under small trees and over scattered exposed rock
(Fig. 1). The fire burned approximately 11 ha within the
reserve before firefighters were able to extinguish it
(Fig. 1). The cause of the fire is unknown but was almost
certainly human caused as there were no other plausible
ignition sources and the site had many visitors on the
day of the fire. While we lack direct observations of the
fire, we can infer that it was likely intense and fast mov-
ing due to the fuels and weather conditions. Heat expo-
sure to several of the cacti was indicated by melted
aluminum tags. However, the fire consumed only the
finest fuel particles in most of the area, leaving even
small-diameter woody stems intact.

Surveys
The El Faro site was initially selected and monitored for
another study on the effects of Hypogeococcus Rau sp.
(Hemiptera: Pseudococcidae) cacti infestation (Carrera-
Martínez et al. 2015, 2019). As such, we refer to pre-fire
surveys as those conducted as part of that project but
which were not explicitly designed to measure the impact
of fire. Sampling occurred between March and May 2013,
and included a total of 308 specimens of four species: P.
royenii (161 specimens), adults M. intortus (126 speci-
mens), H. portoricensis (18 specimens), and L. quadricos-
tatus (3 specimens or stem clusters) (Carrera-Martínez
et al. 2015, 2018; Carrera-Martínez et al. 2019). Prior to
the fire, Carrera-Martínez et al. (2015) and Carrera-
Martínez et al. (2019) tagged all cacti and neighboring
plants (within ~1 m distance) were identified at least to
functional groups (grasses, shrubs, and trees) and classi-
fied in terms of canopy habitat as closed (e.g., cactus found
growing under trees) or open (e.g., cactus found in gaps
between trees) canopy habitat. A set of Global Positioning
System coordinates was also obtained for each cactus spe-
cimen. Each cactus specimen was revisited between April



Fig. 1 Images from El Faro, Puerto Rico, of entire burn (A) pre fire in January 2014, (B) post fire in January 2015, (C) pre fire in April 2013, and (D)
post-fire conditions in February 2014. The fuels seen in (C) are representative of the burned area. The red outline in (B) represents the fire
perimeter. (D) highlights that the fire consumed only the finest fuels such as grasses. Photos by R. Carrera Martinez
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and November 2015 to determine the survival of each spe-
cimen after the fire of February 2014. However, com-
pletely mature cacti in the center of the burned area were
never found during the revisits and presumed dead, as no
living vegetation other than grasses were observed at this
location. Cacti were resurveyed post fire and observations
taken on survival, damage to ribs or cephalia, spine condi-
tion, the presence of any new growth, and nearby habitat
conditions.
Statistical analyses
Because of the rarity of H. portoricensis and L. quadri-
costatus in our survey, we analyzed the data in two ways:
(1) by grouping these species with P. royenii by growth
form (columnar cacti); and then (2) by excluding H. por-
toricensis and L. quadricostatus, as these species appear
to have different habitat preferences from that of M.
intortus and P. royenii (Carrera-Martínez et al. 2018). To
determine the direct or indirect effects of burning on the
survival of each cactus specimen, we applied a binomial
logistic regression using habitat preferences (open versus
closed canopy) and cactus growth strategy (globular
versus columnar) as explanatory variables: (Mortality ~
Burned + Canopy Cover + Growth Strategy + [Canopy
Cover × Burned] + [Growth Strategy × Burned] +
[Growth Strategy × Canopy Cover]). To explore fire ef-
fects on cacti in gaps, we applied another binomial logistic
model: (Burned ~ Canopy Cover + Growth Strategy +
[Canopy Cover × Growth Strategy]). All statistical
analyses were performed in Rstudio version 3.3.1 (R
Core Team 2016).
Results
Of the 308 tagged cacti, 220 (71.4%) were burned, of
which 154 (50.0%) were dead in the 2015 census. About
58.4% of P. royenii (94 of the 161 recorded), 86.5% of M.
intortus (109 of the 126 recorded), 83.3% of H. portori-
censis (15 of the 18 recorded), and 66.7% of L. quadrico-
status stem clusters (2 of the 3 recorded) were burned.
M. intortus had the highest mortality (86 specimens, or
68.3% of the species total), followed by H. portoricensis
(12 or 66.7%), and P. royenii (56 or 34.8%). Both groups
of burned L. quadricostatus survived (Fig. 2). Only four
cacti (two M. intortus, one H. portoricensis, and one P.
royenii) died without evidence of being burned, and their
deaths were attributed to Hypogeococcus sp. infestation
(see Carrera-Martínez et al. 2019).
Mortality of the cacti was strongly associated with the

absence of a canopy and burning (Fig. 2), whether Har-
risia and Leptocereus were included in the model or not.
A burned cactus was 60 to 70 times more likely to die
than an unburned cactus (P < 0.001; Table 1, Fig. 2).
While the data showed that Melocactus intortus was 13
times more likely to die when burned compared to P.
royenii, these results were not significant, even when L.
quadricostatus and H. portoricensis were excluded from
the analysis (P > 0.05, Table 1). Burning was strongly
correlated with the absence of a canopy as cacti were al-
most five times more likely to have some fire damage
when growing in open canopy compared to those grow-
ing in closed canopy (P < 0.001, Table 2), whether Har-
risia and Leptocereus were included or not. Although
not significant (P > 0.05), Melocactus intortus was 2.5
times more likely to be burned compared to all



Fig. 2 Proportions of burned and unburned cacti and survival rates of Pilosocereus royenii, Melocactus intortus, Harrisia portoricensis, and Leptocereus
quadricostatus divided with respect to habitat type (grasses-shrubs, closed canopy, all habitats), from data collected after the wildfire at El Faro, Puerto
Rico, in 2014 and 2015. Harrisia portoricensis and L. quadricostatus were found only in grasses-shrubs and closed canopy, respectively
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columnar species and 1.1 times more likely to be burned
when L. quadrcostatus and H. portoricensis were ex-
cluded from the analysis (Table 2).
Fire damage to cacti was characterized by most of the dis-

tal ribs and spines being burned. In the case of severe burn-
ing, specimens of P. royenii would lose turgor and have a
gelatinous texture. When an old and tall P. royenii was
burned, the burned area would be limited to the main
trunk and most distal branches, while the more internal,
Table 1 Results of the logistic regressions of cactus mortality, with b
on data collected in 2014-2015 at El Faro, Puerto Rico. The analysis w
Harrisia portoricensis data. Odds ratio is the probability of being killed
more than 62 times as likely to die as unburned cacti); Z-value is the
represents the probability of a Type I error

Parameter Odds ratio (±

Intercept 0.016 (2.7

Burned 61.868 (2.8

Open Canopy (Grasses and shrubs) 6.495 (4.0

Globular Cactus 1.428 (3.4

Burned x Open Canopy 0.623 (4.2

Burned x Globular Cactus 0.809 (3.6

Without Leptocereus quadricostatus and Harrisia portoricencis

Intercept 0.012 (3.0

Burned 69.200 (3.0

Open Canopy (Grasses and shrubs) 2.924 (5.3

Globular Cactus 13.131 (5.3

Burned x Open Canopy 1.632 (5.3

Burned x Globular Cactus 0.259 (5.2
central and taller branches would remain unburned (Fig. 3).
However, in many cases where this happened, the damage
suffered by the main trunk was severe enough to kill it. In
the case ofM. intortus, all ribs and the cephalium (or inflor-
escence) were also damaged, and in many cases completely
lost (Fig. 4). At least ten individuals (22.2%) of M. intortus
were able to regrow at least a second branch or cephalium,
but this was not commonly observed at the time of the sur-
vey (Fig. 4). The two clusters of L. quadricostatus were
urn, canopy type, and growth strategy as explanatory variables
as conducted with and without Leptocereus quadricostatus and
by the fire versus surviving the fire (e.g., burned cacti were
regression coefficient divided by its standard error; P-value

SE) Z-value P-value

5) −4.086 <0.001

3) 3.833 <0.001

1) 1.342 0.180

6) 0.287 0.774

6) −0.328 0.743

7) −0.162 0.870

3) −3.963 <0.001

9) 3.743 <0.001

1) 0.642 0.521

7) 1.533 0.125

7) 0.292 0.770

1) −0.819 0.413



Table 2 Results of the logistic regressions predicting probability of a cactus to burn, canopy type and growth strategy as
explanatory variables. The analysis was conducted with and without Leptocereus quadricostatus and Harrisia portoricensis data. Data
were collected in 2014-2015 at El Faro, Puerto Rico. Odds ratio is the probability of being killed by the fire versus surviving the fire
(e.g., burned cacti were more than 62 times as likely to die as unburned cacti); Z-value is the regression coefficient divided by its
standard error; P-value represents the probability of a Type I error

Parameter Odds ratio (±SE) Z-value P-value

Intercept 0.983 (1.20) −0.092 0.927

Open Canopy (Grasses and shrubs) 4.807 (1.46) 4.141 <0.001

Globular Cactus 2.542 (2.39) 1.089 0.276

Open Canopy x Globular Cactus 0.577 (2.61) −0.574 0.566

Without Leptocereus quadricostatus and Harrisia portoricencis

Intercept 0.967 (1.21) −0.186 0.853

Open Canopy (Grasses and shrubs) 4.792 (1.54) 3.626 <0.001

Globular Cactus 2.588 (2.36) 1.109 0.267

Open Canopy x Globular Cactus 0.579 (2.66) −0.556 0.578

Fig. 3 Examples of Pilosocereus royenii (A, C) pre fire in April 2013,
and (B, D) post fire in February 2014, in El Faro, Puerto Rico. Photos
by R. Carrera-Martínez
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completely burned and top-killed, but at the time of the
final survey, many of these individual branches were
resprouting from the base of the burned trunk. All but two
H. portoricencis were completely burned and reduced to a
spineless stem, almost unrecognizable (Fig. 5).

Discussion
Cacti located in a burned site were almost 62 times more
likely to have died one year after the fire. Also, cacti lo-
cated in the open were more likely to burn and die than
those found under closed canopies. Although M. intortus
had a relatively higher probability to be burned and die
than the columnar species, this effect was not significantly
different. Melocactus intortus was abundant on the bare
calcic rocks with limited shrubs and higher grass cover,
while P. royenii was naturally present at both closed and
open canopy habitats (Carrera-Martínez et al. 2018).
Unfortunately, we cannot discriminate between direct
and indirect fire, but nonetheless, it is likely that both
mechanisms, together with cactus life history strat-
egies, explain their mortality in our study (Thomas
1991). Closed canopy forests reduce growth of the in-
vasive fire-promoting grasses found on the site, thus
reducing fuels (Thaxton et al. 2012b), and can create
fire refugia for succulents (Thomas 1991). The inva-
sive grasses are commonly found in bare soils to-
gether with M. intortus, increasing the risk of fire
damage, while P. royenii can be found in fuel-free ref-
uges within the woody vegetation.
Different cactus habitat preferences and growth strat-

egies may explain the effects seen in our second model,
in which M. intortus was more likely to be burned than
P. royenii (Table 2). Melocactus intortus is much shorter
than P. royenii, which also exposes it and its apical meri-
stem to more fire damage than P. royenii. Failure to pro-
tect the apical meristem tissue during a wildfire usually



Fig. 4 Melocactus intortus (A, D) pre fire in April 2013, and (B, C, E) post fire in November 2015: (B) burned ribs and damage to cephalium and
branch regrowth; (C) fire damage with no branching or regrowth; (E) heavily damaged specimen with apical growth. Photos taken at El Faro,
Puerto Rico, by R. Carrera-Martínez
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directly results in death (Thomas 1991; Thomas and
Goodson 1992).
Melocactus mortality in this study should be regarded as

conservative estimates, as some specimens had most or all
of their ribs completely burned (Fig. 3). This may have lim-
ited or eliminated their capacity to recover, as the auxiliary
buds are located at the spiny node rows in each rib.
If all auxiliary buds were destroyed during the fire,
then the cactus would be unable to recover from the
injuries and eventually die. This delayed mortality in
Fig. 5 Stems of Harrisia portoricensis (A) unburned in 2013, and (B) burned
R. Carrera-Martínez
burned cactus and succulent species has been re-
ported for Central and North American arid ecosys-
tems (Thomas 1991; Thomas and Goodson 1992),
with long-term consequences (Thomas 2006).
H. portoricensis is the least fire-tolerant species as its

mortality was highest, with only two burned specimens sur-
viving. Additionally, like L. quadricostatus, Harrisia stems
are thin, providing little to no resistance to fire damage
(Fig. 4). Differing from L. quadricostatus, H. portoricensis
was not able to regrow during our study. The regrowth
, dead specimen in 2014. Photos taken at El Faro, Puerto Rico, by
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ability of L. quadricostatus might be an adaptation to rely
more on clonal reproduction and to inhabit disturbed areas,
rather than a fire tolerance. A similar post-fire root-
resprouting response has been seen in some deciduous suc-
culents and a few Opuntia species, depending on fire inten-
sity and the degree of exposure (Thomas 1991).
Puerto Rican forests evolved with infrequent fire as have

many other dry forest ecosystems, with nearly all fires dir-
ectly or indirectly associated with anthropogenic ignitions
(Burney et al. 1994; Méndez-Tejeda et al. 2015; Monmany
et al. 2017). Native grasses in sites like El Faro produce too
little fuel to support fires (Thaxton et al. 2012b). Because of
this, many native plants lack the morphological adaptations
to survive fire (Wolfe et al. 2014). With the introduction of
more frequent ignitions through a variety of human activ-
ities, combined with the presence of introduced fire-adapted
and fire-promoting grasses, the recovery of native vegetation
in disturbed areas is inhibited (D'Antonio and Vitousek
1992; Ellsworth et al. 2013, 2014). This has the potential to
limit the regeneration or restoration of natural forests in the
area (Janzen 1988; Aide et al. 2000), resulting in species loss.
Furthermore, fire frequencies are higher in the southern re-
gion of the island dominated by dry forests, and, in general,
are projected to increase in the future (Monmany et al.
2017). Given that many of the species are fire sensitive, high
fire frequencies could potentially drive the ecosystem to a
grass-dominated state with a concomitant loss of plant diver-
sity (Hoffmann et al. 2009).
A commonly suggested habitat management strategy to

mitigate wildfires and invasive grasses is to promote regener-
ation of secondary forests (e.g., Weaver and Schwagerl 2008;
Wolfe and Van Bloem 2012). Invasive grasses are not able to
dominate the understory of a closed canopy forest, which re-
duces the fuels and limits fire spread (Santiago-García et al.
2008; Weaver and Schwagerl 2008; Thaxton et al. 2012b;
Wolfe and Van Bloem 2012). Similar effects were observed
in a Hawaiian dry forest after planting three woody bushes,
restoring functionality to the ecosystem (Ammondt and Lit-
ton 2012; Ammondt et al. 2013). However, regenerating for-
ested habitat may not be convenient for the establishment of
Stenocereus fimbriatus (Lam) Lourteig, M. intortus and H.
portoricensis (the former is a species of conservational con-
cern), as these species prefer open habitats or shrublands
(Rojas-Sandoval and Meléndez-Ackerman 2012; Rojas-
Sandoval et al. 2016; Carrera-Martínez et al. 2018).
Indeed, conservation, regeneration, and restoration of

the Puerto Rican dry forests after a fire event is not a
simple task and deserves more attention in future re-
search. Fire-induced changes in the ecosystem may also
have lasting effects on cactus populations (Thomas
2006). Because our research was not intended to study
the effects of fires in cactus species, our study did not
track the fate of juveniles and seedlings of P. royenii and
M. intortus. Cactus seedlings and juvenile stages are
important for population maintenance and conservation
(Valiente-Banuet et al. 2002), and future research should
focus on these life stages during and after a fire event.
For our data, we cannot determine if the fire was directly
responsible for observed cactus mortality (e.g., through
tissue damage, meristem death), or if cactus mortality
was the result of an indirect effect of fires in the ecosys-
tem (e.g., erosion, higher exposure to solar irradiation,
microclimate changes, pathogen infection). Nonetheless,
we observed a significant increase in mortality on cacti
that were located on burned areas (Fig. 3) and observed
much direct damage attributable to fire. Fires ignited by
lightning in Puerto Rican forests are rare (Burney et al.
1994; Méndez-Tejeda et al. 2015; Monmany et al. 2017),
and native flora lack the necessary adaptations to survive
such disturbances (Wolfe et al. 2014). These fire events
can significantly delay natural succession (Walker and
Boneta 1995; Grau et al. 2003) and facilitate the invasion
of fire-promoting grasses (Thaxton et al. 2012b), which
also has negative effects on native biodiversity (Thaxton
et al. 2012a; Rojas-Sandoval and Meléndez-Ackerman
2012; Moreno et al. 2014; Rojas-Sandoval et al. 2016;
García-Cancel and Thaxton 2018). Our results, com-
bined with the previously cited literature, confirm the
negative effects of fire on the conservation of Puerto
Rican cactus species and tropical dry forests.
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