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INTERACTIONS OF LARGE-SCALE DISTURBANCES: PRIOR FIRE
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Abstract. Differences in initial large-scale disturbances might change effects of sub-
sequent large-scale disturbances. We explored possible effects of prior fire regimes on
subsequent hurricane-related mortality of south Florida slash pine (Pinus elliottii var.densa)
in remnant Everglades pine savannas that were unburned, burned during the wet (lightning
fire) season, or burned during the dry (anthropogenic fire) season in the decade before
Hurricane Andrew (1992). We measured direct mortality during Andrew (snapped trees)
and extended mortality over the subsequent 24–30 mo (mainly insect attacks on damaged
trees). We used Bayesian model averaging to obtain probabilities of different models of
survival based on fire regime and site characteristics (remnant area, distance to the Atlantic
Ocean, depth to water table in the dry season, sustained wind speeds, tree sizes). Most
likely models for direct and extended mortality included large negative effects of tree size
and dry-season fire regime, and positive effects of stand area (direct mortality) and wet-
season fire regime (extended mortality). Depth to water table and distance to the ocean had
less certain effects. Our results, not predicted from fires or hurricanes alone, suggest that
anthropogenic changes to dry-season fires strongly influence the effects of subsequent
hurricanes on the mortality of pines in subtropical savannas.

Key words: direct and extended mortality; dry-season fires; fire regimes; hurricanes; multiple
disturbances; pine savannas; Pinus elliottii var. densa;south Florida slash pine; wet-season fires.

INTRODUCTION

Large-scale disturbances influence most ecological
systems (Turner and Dale 1998). If such disturbances
are juxtaposed, effects may not be predictable based
on each disturbance in isolation (Paine et al. 1998). A
prior disturbance might change effects of later distur-
bances, with the nature of interactive effects dependent
on the order of the disturbances (Robertson and Platt
2001). Moreover, alterations of initial disturbances by
humans might exacerbate the effects of a subsequent
natural disturbance (Paine et al. 1998).

Fires and hurricanes are large-scale disturbances that
frequently affect trees in coastal savannas of the south-
eastern United States. Lightning-initiated fires histor-
ically occurred in pine savannas more than once a de-
cade (Platt 1999). Humans have shifted fires outside
the lightning season (Platt 1999), but neither anthro-
pogenic nor natural fires cause substantial pine mor-
tality (Taylor 1981). Hurricanes affect most southeast-
ern coastal regions every 1–2 decades (Batista and Platt
1997). In old-growth stands, hurricanes kill 10–20%
of overstory pines and elevate mortality levels during

Manuscript received 11 May 2001; revised 20 November
2001; accepted 28 November 2001.

3 Present address: Department of Ecology and Evolution-
ary Biology, University of Tennessee, Knoxville, Tennessee
37996-1610 USA.

4 Present address: 1034 Gibraltar Road, Key Largo, Florida
33037 USA.

5 E-mail: btplat@unix1.sncc.lsu.edu

subsequent years (Platt and Rathbun 1993, Platt et al.
2000).

In this study, we examined effects of fire–hurricane
interactions on pines. Interactions have been proposed
on the basis that post-hurricane fuels increase the like-
lihood and intensity of fires and, thus, the mortality of
trees (e.g., Myers and Van Lear 1998). We explored a
different possibility: differences in prior fire regimes
might influence mortality of pines during and after hur-
ricanes. We examined mortality of south Florida slash
pine (Pinus elliottii Engelm. var.densa Little & Dor.)
directly caused by Hurricane Andrew in 1992 and over
the subsequent 24–30 mo in sites that differed in the
seasonal timing of fires during the prior decade.

METHODS

Study sites and data collection

Historically, subtropical pine savannas occurred on
consolidated oolitic limestone outcroppings 1–4 m
above mean sea level (a.s.l.) along the Atlantic Coastal
Ridge in southeast Florida, USA (Hoffmeister et al.
1967). The overstory was south Florida slash pine; the
ground cover was a diverse mixture of grasses, forbs,
and shrubs (Schmitz et al.,in press). Of the original
75 000 ha,�10% remains (Snyder et al. 1990). Some
Metro-Dade County remnants are 50–100 ha, but most
are small (2–5 ha). All remaining large remnants are
on outcroppings of several hundreds to thousands of
hectares separated by almost treeless transverse glades
in Everglades National Park (Olmsted et al. 1983). In
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TABLE 1. Characteristics of savanna pine sites used in study.

Site

Site
number
on map†

Area‡
(ha) No. plots

Density
(no. pine
stems/ha)

Mean
pine stem
diameter

(cm)

Fire season
prior to

Andrew§

Distance
from

Atlantic
Ocean
(km)

Estimated
sustained

1-min wind
speeds
(m/s)

Dry-season
depth to
ground-

water (m)

Biscayne Drive
Coast Guard Station

1
2

5
110

5
5

519
823

17.0
9.3

unburned
unburned

11.3
7.7

55–60
60–65

2.7
2.7

Florida City
Moody Drive
Owaissa Bauer Park
Palm Drive
East Long Pine Key
Moody Drive
Pine Island

3
4
5
6
7
4
8

50
15
24
10

300
15
50

5
5
5
5

10
5
5

603
632
568
603
294
539
372

9.6
10.8
14.0
19.2
20.2
12.0
21.8

unburned
unburned
unburned
unburned

wet
wet
wet

15.3
5.0

12.6
19.0
32.0
5.0

27.0

55–60
55–60
55–60
55–60
55–60
55–60
55–60

1.8
2.0
2.5
1.8
1.9
2.0
1.0

Pines West
West Long Pine Key
Biscayne Drive
Deering Estate
Moody Drive
Navy Wells
Tamiami Pineland
Thompson Park

9
10
1

11
4

12
13
14

150
400

5
47
25

101
49
89

8
11
5
5
5

10
5
5

863
808
730
975
338
394
211
255

12.3
13.5
16.0
16.0
19.5
16.8
22.6
21.7

wet
wet
dry
dry
dry
dry
dry
dry

44.0
36.0
11.3
1.3
5.0

12.0
12.3
9.2

50–55
55–60
55–60
60–65
55–60
55–60
55–60
60–65

0.6
1.5
2.7
2.2
2.0
2.1
2.3
2.7

† Numbers correspond to those in the Fig. 1 map; some sites had distinct areas with different fire management regimes,
and these are separated in the table.

‡ The size of remnant pine forests (metro-Dade County) or pine islands (Everglades National Park) in which plots were
located.

§ Sites are grouped according to fire regime during the decade prior to Hurricane Andrew.

these remnants, pine stands, most of which resulted
from regeneration after logging in the early 1900s, are
second growth and even aged (Doren et al. 1993).

Subtropical pine savannas historically experienced
lightning-initiated surface fires 2–3 times a decade
(Harper 1927, Taylor 1981). Such fires maintained an
incomplete canopy cover and a high-diversity ground
cover (Schmitz et al.,in press). Most fires were ignited
by thunderstorms during the wet/lightning season,
June–October (Doren et al. 1993). Fire management
practices have often differed from historical patterns.
We used fire records and information from land man-
agers to assign one of three fire regimes to each site
for the decade prior to Hurricane Andrew (Table 1).
First, some Metro-Dade County remnants had not
burned for�10 yr before Andrew. Second, pine sa-
vannas managed by the National Park Service had
burned 2–3 times during the wet season under pre-
scribed fires (Doren et al. 1993). One remnant outside
the park also had been burned in the wet season by
arson fires. Third, some Metro-Dade remnants had been
burned 2–3 times in the dry season by Florida Division
of Forestry prescribed fires. Some nonmanaged rem-
nants also were burned in the dry season by arson fires.

Hurricane Andrew made landfall along the southeast
coast of Florida on 24 August 1992 (Armentano et al.
1995). The eye wall crossed the region (Fig. 1) with
estimated sustained 1-min wind speeds of 50–65 m/s
(180–240 km/h; 115–150 mph; Powell and Houston
1996). Higher peak winds occurred in the eye wall;
local 3-s gusts were estimated as high as 80 m/s (290
km/h; 180 mph; Powell and Houston 1996).

We used 17 savanna remnants (hereafter, sites) in the

path of the eyewall (Fig. 1). Site characteristics that
might have influenced pine mortality associated with
the hurricane are presented in Table 1. More wind dam-
age might have occurred in smaller stands; we used the
sizes of sites or of local ‘‘habitat’’ islands of slash pines
if they occurred within Everglades National Park.
Ocean salt spray might have affected mortality; we
used distance to the ocean as a proxy for this potential
effect. Sustained 1-min wind speeds at sites were es-
timated from pressure models of Powell and Houston
(1996). Depth to the water table during the dry season
might have influenced site hydrology and potential dif-
ferences in pine stress (Oberbauer et al. 1997). We
averaged monthly groundwater depths (October 1989–
September 1994) for three hydrological wells in Ev-
erglades National Park and 17 wells in southern Metro
Dade County. Depths to groundwater for each site were
estimated from data at nearby wells.

We established 5–11 plots within each study site 24–
30 mo after Hurricane Andrew. We randomly located
plots (11.4 m radius) in sites, avoiding edges and hu-
man disturbances. For each tree, we recorded diameter
at breast height (dbh) and whether it died in the hur-
ricane (direct mortality), following the hurricane (ex-
tended mortality), or was still alive. We were able to
distinguish direct and extended mortality based on
study of damage in plots in two Everglades National
Park sites sampled 4–6 and 24–30 mo after the hur-
ricane. Trees directly killed were tipped up or snapped
off; standing trees retained green needles for�6 mo
(Platt et al. 2000). Hurricane-snapped trees had jagged
breaks, with large, long splinters and strips of bark that
had been torn loose when snapped in high winds. Pines
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FIG. 1. The path of the eyewalls of Hurricane Andrew across the southern tip of the Florida peninsula on 24 August
1992 (adapted from Armentano et al. 1995). Solid and dotted lines indicate outer and inner edges, respectively, of the north
and south eye walls. A solid line with arrows indicates the direction of movement of the center of the eye. Everglades
National Park and metropolitan Dade County are indicated by light and dark shading, respectively. Numbers indicate locations
of remnant pine savannas sampled (Table 1).

that survived but died over the next 24–30 mo were
still standing or had snapped. The latter trees had
breaks in the trunk that were perpendicular to the length
of the bole. There were no long splinters, and the bark
remained intact at the snap.

Statistical analyses

Our goal was to determine if prior fire regimes were
associated with survival of pines during or after Hur-
ricane Andrew. We adopted the philosophy that, al-
though observational relationships may suggest hy-
potheses, they do not establish causal relationships
(James and McCulloch 1990). When covariates are col-
linear, as in our study, demonstrating an association
between a response variable and a covariate is prob-
lematic. Selecting the ‘‘best’’ model is uncertain and
often depends on the selection method (Raftery 1995).
We address this problem by Bayesian model averaging,
in which probabilities of models being the ‘‘best’’ are
calculated instead of selecting a single ‘‘best’’ model.
Estimated magnitudes of individual covariates and
their probabilities of having a value other than zero are
computed by marginalizing over all likely models, giv-

en the covariates. This may be more reliable in gauging
the relative importance of covariates.

Bayesian analyses follow from Bayes’ rule, which
states that the distribution of a quantity of interest,�,
after observing the data is given by:

Pr(Data� �)Pr(�)
Pr(� � Data)� (1)

Pr(Data� �)Pr(�) d��
where Pr(� � Data) is the posterior probability of� (i.e.,
after having observed the data); Pr(Data� �) is the like-
lihood of the data given�; and Pr(�) is the prior prob-
ability of � (prior to seeing the data) (Gelman et al.
1997). The prior probability of� may be based on
previous research or subjective experience and may be
chosen to exert little influence on the posterior prob-
ability. We use Bayes’ rule (1) to calculate the posterior
probability of modelMj given the data:

Pr(Data� M )Pr(M )j jPr(M � Data)� (2)j
Pr(Data� M )Pr(M )� j j

where Pr(Mj) is the prior probability of modelMj and
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FIG. 2. The effect of prior fire regime (unburned, wet-
season burned, dry-season burned) on hurricane-related mor-
tality of south Florida slash pine (all sizes and sites com-
bined). Data are expressed as the percentage of trees alive
and dead after Hurricane Andrew (direct mortality) and the
percentage surviving the hurricane that were alive and dead
after 24–30 mo (extended mortality).

the summation is over allj models. When the prior
probabilities for all models are the same, the priors
exert no influence on the posterior model probabilities.
Pr(Data � Mj) is the integrated likelihood of the data
given modelj, where� is the vector of model param-
eters:

Pr(Data� M ) � Pr(Data� �)Pr(� � M ) d�. (3)j � j

We use the resulting posterior probabilities of the mod-
els to calculate the posterior distribution of each co-
variate ‘‘averaged’’ across models where it is nonzero:

Pr(B � Data,M )Pr(M � Data)i j jPr(B � Data)� . (4)�i Pr[B � 0 � Data]A ij

Bi is a parameter estimated from data on the effects of
covariates on�, andAj � { Mj: j � 1, . . . , J: Bi � 0}.
Similarly, we can calculate the probability, averaged
acrossj models, that an estimated parameterBi is dif-
ferent from 0:

Pr(B � 0 � Data)� Pr(M � Data). (5)�i j
Aj

We used this model-averaging approach. The re-
sponse was the status of each tree (alive or dead), mod-
eled as a Bernoulli trial. Potential variables were tree
dbh, fire regime, remnant area, sustained hurricane
wind speeds, distance from the ocean, and depth to
ground water in the dry season. We did not include
interactions between variables. We used bic.logit, an
Splus function written by Adrian Raftery and Chris T.
Volinsky at the University of Washington for model
fitting and averaging.6 Eq. 3 is calculated using the
Bayesian Information Criterion (BIC) approximation
to Pr(Data� Mj), assuming a standard multivariate nor-
mal prior for Pr(� � Mj) (Raftery 1995). Each model
had equal prior weight. The algorithm selects a subset
of models by excluding those 20 times less likely than
the most likely model, using the leaps and bounds al-
gorithm of Furnival and Wilson (1974).

We further investigated the adequacy of our model
fitting, as well as the potential for residual spatial au-
tocorrelation, by adding a random-effects term for sites
to the most probable models for direct and extended
survival. The random-effects term absorbs variability
not accounted for by fixed effects. A large variance
associated with the random effects would suggest that
we did not measure important covariates. Similar ran-
dom effects (e.g., similar sign and magnitude) in ad-
jacent sites might indicate residual autocorrelation.

RESULTS

Mortality was associated with prior fire regime (Fig.
2). Less than 30% of the trees in unburned or wet-

6 URL: �http//lib.stat.cmu.edu�

season burned sites, but�50% in dry-season burned
sites were directly killed during the hurricane. During
the next 24–30 mo,�35% of the trees that survived
the hurricane subsequently died in unburned and wet-
season burned sites, but�90% died in dry-season
burned sites. Such differences occurred even in adja-
cent sites that shared other covariates. Direct and ex-
tended mortality at the Moody Drive site were, re-
spectively, 23% and 31% for unburned portions, 25%
and 16% for wet-season burned portions, and 35% and
78% for dry-season burned portions, despite being sep-
arated by only several hundred meters. These values
are not very different from the overall percentages (Fig.
2).

Sources of mortality differed for direct and extended
mortality. Direct mortality was associated with the abil-
ity to withstand wind stress;�80% of trees that died
during the hurricane snapped 1–6 m above ground
(Platt et al. 2000). Extended mortality was associated
with lowered resistance to attacks by wood-boring bee-
tles. Collections from insect traps indicated that tur-
pentine beetles (Dendroctonus terebrans), pine en-
gravers (Ips sp.), and regeneration weevils (Pachylob-
ius picivorus, Hylobius pales) increased in abundance
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TABLE 2. Model-averaging results for probabilities that individual slash pines would survive during Hurricane Andrew
(left) and for the next 28–30 mo (right). The posterior mean and standard deviation indicate the effect of each variable in
the first column on survival.

Variable

Survival during hurricane (direct mortality)

Mean� 1 SD

Odds
ratio¶ Pr(B1 � 0)#

Model††

1 2 3

Dbh
Dry-season burn†
Wet-season burn†

�0.097
�0.793

0.000

0.007
0.124
0.000

0.91
0.45
1.00

�0.99
�0.99

*
*

*
*

*
*

Area‡
Wind speed§ 55–60 m/s
Wind speed§ 60–65 m/s

0.197
0.000
0.000

0.049
0.000
0.000

1.22
1.00
1.00

�0.99
�0.01
�0.01

* * *

Ocean distance
Depth to water

�0.001
�0.174

0.004
0.161

1.00
0.84

0.05
0.62 *

*
*

Model probability 0.57 0.38 0.05

† Effects of dry and wet fire seasons are expressed relative to effects in unburned sites.
‡ Changes in area are expressed per 100 ha.
§ Wind speed effects are expressed relative to effects at wind speeds of 50–55 m/s.
� For continuous variables, the mean expresses the effects of unit increase in the variable within the range of values

observed in the data.
¶ For fire season and wind speeds, the odds ratio describes the relative expected differences in probabilities of survival

that result from including the variable in column 1. For continuous variables, the odds ratio describes the differences in
probabilities of effects on survival of a unit increase in the variable.

# The probability that effects of each variable are not equal to zero, based on model-averaging results.
†† Component variables of models with significant probabilities (Pr� 0.05) are denoted by asterisks.

at all sites during the post-hurricane period (R. Snow
and J. Meeker,unpublished data).

Model-averaging results are presented in Table 2. All
most likely models for survival, during and after the
hurricane, included large estimated effects of tree size;
probabilities of nonzero effects [Pr(B � 0)] were
�0.99. A 1-cm increase in dbh was estimated to result
in 9% and 10% reductions in the probability of survival
during and after the hurricane. Such mortality resulted
in decreased average tree size; few large trees survived
in any site (Platt et al. 2000).

The effects of fire regime on survival during and
after Hurricane Andrew were expressed relative to ef-
fects in unburned sites (Table 2). Dry-season burning
reduced the probability of a tree surviving during and
after the hurricane by 55% and 94% compared to un-
burned sites, with probabilities of nonzero effects
�0.99. In contrast, the probability of survival in wet-
season burned sites (compared to unburned sites) was
not reduced during the hurricane, and increased by
281% after the hurricane, with a probability of a non-
zero effect of 0.97. Trees in wet-season burned plots
were estimated to be twice as likely to survive the
hurricane as trees in dry-season burned plots, and to
be nearly 47 times more likely to survive the 24–30
mo after the hurricane. All models for survival during
and after Andrew included effects of dry-season fires,
whereas only the most likely models for survival after
Andrew included effects of wet-season fires.

Model-averaging results indicated less certain ef-
fects of site characteristics other than tree size and fire
regime on survival during and after the hurricane (Table
2). The exception was remnant area. An increase in
area from 1 to 100 ha, for example, was estimated to

increase the probability of survival during the hurricane
by 22%; the chances of this effect being nonzero were
�0.99. Increased remnant size may have resulted in
reduced wind damage during Andrew, but did not affect
the likelihood of post-hurricane insect outbreaks. The
association between mortality and depth to the water
table during the dry season, estimated as a 16% de-
crease in the probability of survival during the hurri-
cane in sites with a 1-m increase in depth, had a prob-
ability of only 0.62 of being nonzero. No significant
effect of depth to the water table was estimated after
the hurricane. Distance to the ocean was estimated to
be associated with survival only after the hurricane;
the probability of survival was estimated to increase
by 1% with each kilometer of distance from a site to
the ocean, but the probability that this effect differed
from zero was only 0.51. The small differences among
sites in sustained wind speeds during the hurricane
were estimated not to have affected the odds of sur-
vival, during or after the hurricane.

The most likely models suggested that different com-
binations of variables influenced survival during and
after the hurricane (Table 2). All three most likely mod-
els for survival during the hurricane contained tree di-
ameter, dry-season fire regimes, and area; addition of
depth to groundwater during the dry season resulted in
the most likely model (P � 0.57), with a probability
1.5 times that of the other most likely model. All three
most likely models for survival after the hurricane in-
cluded tree diameter, dry-season fire regimes, and wet-
season fire regimes. The most likely model (P � 0.51)
also included distance to the ocean.

The standard deviation associated with the random
effects models was 0.48 for direct survival and 0.35
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TABLE 2. Extended.

Survival after hurricane (extended mortality)

Mean� 1 SD

Odds
ratio¶ Pr(B1 � 0)#

Model††

1 2 3

�0.105
�2.751

1.035

0.009
0.220
0.365

0.90
0.06
2.81

�0.99
�0.99

0.97

*
*
*

*
*
*

*
*
*

0.009
0.007
0.000

0.050
0.050
0.000

1.01
0.99
1.00

0.03
0.03

�0.01
0.012

�0.041
0.013
0.146

1.01
0.96

0.51
0.09

*
*

0.51 0.36 0.06

for extended survival, indicating that the random ef-
fects were of the same order of magnitude or smaller
than the fixed effects for both direct and extended sur-
vival. The magnitude and sign of the random effects
did not show any obvious spatial pattern, suggesting
that no residual spatial autocorrelation was present.

DISCUSSION

Prior fire regime, along with tree size and remnant
area, was strongly associated with hurricane-related
mortality of south Florida slash pine. Frequent fires
typically result in low mortality in Everglades pine
savannas, regardless of season (Taylor 1981, Doren et
al. 1993). Our analyses suggest that natural fires, his-
torically wet-season fires ignited by lightning (Platt
1999), do not increase mortality during hurricanes.
They also suggest that wet-season fires increase post-
hurricane survival relative to long-unburned sites, and
that anthropogenic dry-season fires result in increased
mortality during and especially after hurricanes. Pines
were essentially eliminated from many savanna rem-
nants by such anthropogenic changes in fire regimes.

The most likely models included depth to water table
during the dry season (direct mortality) and distance
to the Atlantic Ocean (extended mortality). Depth to
the water table might have influenced the ability of
trees to withstand high winds, but did not appear to
affect post-hurricane insect attacks. Increased distance
to the ocean, which could have resulted in less salt
spray, might have affected survival after the hurricane,
possibly as a result of lowered stress. Nonetheless, our
analyses indicated that tree size, area, and fire regime
were the variables most strongly associated with hur-
ricane-related mortality.

Proposed mechanisms for fire–hurricane interactions
should explain direct and extended mortality and,
hence, the ability to withstand both wind damage and
insect attacks. Dry-season fires (possibly in conjunc-
tion with water levels) might influence wood structure.
If dry-season fire regimes affect wood structure, what
effects might result in an increased likelihood that trees
will snap and that they will be attacked and killed by

insects? Menges and Deyrup (2001), working in the
sandy central ridge region of central Florida, suggested
that fires (especially those of higher intensity) may
damage the vascular cambium and rupture resin ducts
of south Florida slash pine. Path analysis in that study
suggested that fire intensity was higher in dry-season
fires and that insect attacks were greatest after such
fires (Menges and Deyrup 2001).

We propose a different effect of dry-season fires in
the Everglades region. Dry-season fires on metro-Dade
remnants prior to Hurricane Andrew were typically
backing and flanking fires of low intensity, unlikely to
cause sublethal cambium damage (maximum fire tem-
peratures typically�500	C; Taylor 1981; Joy Kline,
personal communication). Such low-intensity fires
might have resulted in increased diameter growth com-
pared to that on unburned and wet-season burned sites,
especially where greater distance to the water table
leads to reduced water stress compared to low-lying
sites subject to flooding during the growing season (Ob-
erbauer et al. 1997, Foster and Brooks 2001). Greater
growth was documented by Oberbauer et al. (1997) in
remnants that were dry-season burned and had greater
depths to the water table than in Everglades National
Park, where fires occurred during the wet season and
depths to the water table were lower. Faster growing
trees in dry-season burned sites might have had weaker
wood, making them more susceptible to wind damage
during the hurricane. Similar suggestions regarding
greater mortality in faster growing trees have emerged
from studies in other systems (e.g., Jenkins and Pal-
lardy 1995). In addition, surviving trees might have
had more extensive wind damage, including ruptured
resin ducts. They might have been unable to mobilize
pitch reserves in their crowns when attacked by insects,
resulting in elevated extended mortality. We noticed
that resin exuded from damaged, but surviving trees
was infrequent in dry-season burned plots, but was
common in wet-season burned plots.

In addition, extended mortality was higher in un-
burned than in wet-season burned sites. Dense woody
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vegetation, 4–5 m tall and dominated by the exotic
shrubSchinus terebethifolius, occurred in all unburned
sites. Pines may have been stressed by competing
woody vegetation, which may have reduced the growth
of trees (lowering the susceptibility to wind damage),
but also reduced the ability of damaged trees to mo-
bilize pitch reserves (increasing susceptibility to insect
attacks). Both dry-season and unburned fire regimes,
possibly in conjunction with effects of salt spray, might
have reduced the ability of wind-damaged trees to with-
stand insect attacks.

Our study supports the hypothesis that disturbances
can interact in ways not foreseen from the study of
individual disturbances (Paine et al. 1998). We extend
this idea: variation in characteristics of initial distur-
bances may influence not only direct, but also more
long-term extended effects of a subsequent disturbance.
In our study, dry-season fires were associated with in-
creased hurricane-related mortality of pines. Such mor-
tality should increase fuels and thus the intensity of
post-hurricane fires (Platt and Rathbun 1993, Myers
and van Lear 1998, Platt et al. 2000). Hot spots from
crowns and downed wood should affect the mortality
of both pines and the local ground cover, producing
cascading effects and changing the ecosystem. What
might appear to be innocuous alterations of ecological
processes by humans thus may produce very large ef-
fects during, and for some time after, subsequent large-
scale disturbances.
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