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HURRICANES STIMULATE CONE
PRODUCTION IN LONGLEAF PINE
WOODLANDS
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EXTENDED ABSTRACT

Many trees exhibit a reproductive strategy known as masting where seed
production is highly variable in time (Janzen 1971, Koenig 2021, Koenig
and Knops 2005). Variability in weather patterns can trigger seed
production leading to synchrony over large geographic areas (Pearse and
others 2014). Disturbances such as drought and fire are known to
stimulate masting, but little is known about whether hurricanes also
stimulate seed production (Vacchiano and others 2021). Hurricanes may
trigger cone production through multiple environmental stimuli
associated with windstorms such as additional precipitation, neighbor
removal, and sublethal mechanical damage (fig. 1).

Figure 1—Hurricane damage to a longleaf pine forest in Newton, GA, following 2018 Hurricane Michael.
(Photo courtesy of The Jones Center at Ichauway)
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LONGLEAF PINE



Longleaf pine (Pinus palustris) is considered a weakly masting species
with sporadic seed production and is concentrated in the hurricane-
prone Southeastern United States (Chen and Willis 2023, Guo and others
2016), making it suitable for testing whether intense winds stimulate seed
production. In addition, longleaf pine is a primary focus for restoration
efforts, as the species is expected to be resilient to future climate changes
such as increased drought and hurricane intensity (Bigelow and others
2021, McLaughlin and others 2013, Noss and others 1995, Qi and others
2022, Rutledge and others 2021).

Due to widespread interest in restoration and management of longleaf
pine, long-term records of cone production are available that can

provide valuable insights into the dynamics of cone production (Willis
and Brockway 2022). We combined these cone records with hurricane
records to test the hypothesis that hurricanes stimulate cone production
in longleaf pine. A record of cone production is available for 12 mature
longleaf pine sites throughout the Southeastern United States with

record lengths ranging from 8 to 67 years (1958 to 2022). At each of these
sites, scientists with the U.S. Department of Agriculture, Forest Service
conducted annual cone counts using 8- to 10-power binoculars between
April and May each year (Willis and Brockway 2022). Annual information
on cone production is available for each site as the mean number of cones
per tree based on the averaged counts from a set of 10 to 17 trees per site
for most sites, and 50 trees at one site. Initially, trees were selected as
dominant healthy trees after a shelterwood cut, and consistently sampled
each year. The death of a sampled tree was replaced with a nearby healthy
tree in a dominant canopy position.

Using the hurricane tracks available from the National Oceanic and
Atmospheric Administration [Best Track Data (HURDAT2)] (Landsea and
Franklin 2013, NOAA 2022), we identified 96 instances where hurricane
winds approached monitored sites, and 34 cases where cone count data
was available 1 year before and each of 3 years after a hurricane. To test
the hypothesis that hurricanes influence cone production, we assessed
changes in cone production based on lag time since a recent hurricane
ranging from 1 year before to 3 years after a hurricane. This sampling
provided a means to compare the years after a hurricane to the baseline
1 year prior. Over the 4 years, repeated measures analysis of variance
was used to test whether time since hurricane had a significant impact on
cone production.

Preliminary results reveal that cone production increased by 31 percent
in the first year after a hurricane, and 71 percent higher in the second
year, before returning to prestorm levels in year three (P = 0.028). This
suggests that hurricanes may stimulate reproduction in longleaf pine, and
more generally provides evidence that intense winds may trigger masting
in some tree species. Longleaf pine was once a dominant tree in forests of
the hurricane-prone Gulf Coastal Plain (Cannon and others 2023; Dahal
and others 2014; Keim and others 2007). Thus, it should not be surprising
that the species exhibits a reproductive response to hurricane winds. The
posthurricane environment provides opportunities for successful longleaf
pine germination, such as bare mineral soil within tip-up mounds
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(Beatty1984, Sobhani and others 2014, Ulanova 2000). Large downed logs
from wind storms may also temporarily reduce fire continuity (Cannon
and others 2017) and provide a fire-free period needed for successful
longleaf pine establishment (Robertson and others 2019).

Our results demonstrate that hurricanes can increase reproduction,

but the mechanism of this effect remains unknown. Hurricanes may
increase cone production by increasing precipitation, freeing up resources
from competing vegetation, or by stimulating reproduction via stress
mechanisms. For example, anomalous precipitation typically accompanies
hurricanes, and can be significant especially in the late summer and

early fall (August through September) when precipitation is low in the
region (Schwarz 1970). Severe winds can topple trees, thinning forests

and providing greater access to resources for surviving mature trees
(Brockway and others 2006, Croker and Boyer 1975). Intense winds

cause sublethal mechanical damage to trees such as leaf stripping,

broken branches, or stem torsion (Doyle and others 1995, Rutledge and
others 2021). These disturbances may elicit a physiological response that
increases reproduction—similar to what is sometimes observed after
other disturbances such as wildfire and drought (Lauder and others

2019). Further research into how cone production may vary with each of
these factors is underway and may shed light on the specific mechanism
responsible for hurricane-triggered masting events.

There is widespread interest in promoting conservation, management,
and restoration of longleaf pine forests and woodlands (McIntyre

and others 2018). Highly variable cone and seed production make it
challenging for managers of longleaf pine to regenerate the species
naturally. Often, prescribed burns must be timed with masting events for
successful seedling establishment. Increasing the understanding of the
factors driving seed production at stand and regional scales can promote
natural regeneration of the species. Further, understanding population
dynamics in the face of threats from increasing climate-related
disturbances will be critical for formulating silvicultural prescriptions
for adapting to anticipated changes.
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