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Abstract: Hurricanes are becoming more frequent
and intense, so understanding the consequences for
biodiversity, including migratory species, has become
critical. Studies suggest that migrants may avoid most
of the direct harm of hurricanes by shifting their flight
trajectories to less-impacted regions, but the majority
of this research has focused on birds. We review the
literature on migratory bird responses to hurricanes and
also describe other taxa likely to be affected. We then
focus on the monarch butterfly (Danaus plexippus),
whose fall migratory pathway goes through Texas during
hurricane season. Like birds, monarchs may be able to
avoid direct damage from hurricanes. However, it may be
more important to determine how they respond to shifts in
availability of critical resources during migration. In fall,
when a storm-triggered flush of out-of-season vegetation
growth is especially likely, hurricanes could reasonably
cause indirect impacts that could be positive (increased
nectar) or negative (out-of-season host plants that could
disrupt migration), or both. The monarch butterfly is
an especially good target for this research because of its
distinct migratory phases, the importance of hurricane-
impacted zones to its annual cycle, and the large quantity
of data available through an extensive network of citizen
science programs.
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1 Introduction

Increased frequency and intensity of extreme weather
events, including droughts, heat waves, severe rainfall,
and tropical cyclones, are critical outcomes of global
climate change [1]. Here, we consider the impact of
hurricanes on long-distance, round-trip migrants with
a particular focus on monarch butterflies (Danaus
plexippus). Tropical cyclones (hereafter, hurricanes, as
they are known when they form in the Atlantic Ocean) are
relatively more predictable than other extreme events if
only because they are restricted to specific coastal regions
and exhibit regular seasonality (Fig. 1). Not surprisingly,
e focus is often on the intense damage that hurricanes
cause directly [2], including destruction of local habitat
through both extreme wind and rainfall (which can
inundate resources). Both have the potential to transform
landscapes, at least temporarily; although research
suggests that hurricanes naturally shape ecosystems to
be adaptive and thus resilient to repeat disturbances [3-4].
Less is known about the impacts on faunal communities,
yet research on resident communities within hurricane
zones suggest they too are resilient to these regular
disturbances. For instance, local (non-migratory) bird
communities shift composition in response to changes
in forest canopy but generally revert to pre-hurricane
composition within a few years [5-7] (but see [8] for a study
where a similar recovery did not occur for resident bats).
The zone ofimpact and timing of the Atlantic hurricane
season (Fig. 1) coincide with the fall migration for birds,
bats, and insects (Fig. 2). Hurricane impacts on migrants
may be fundamentally different from those of resident
species [9]. Importantly, migrating species are known to
be particularly sensitive to climate and weather patterns
since they integrate changes in multiple regions which can
carry over from season to season [10-11]. Migratory phases
are especially risky periods, and many species have the
highest mortality rates during this period of their annual
cycle [10]. Thus, migratory species may be particularly
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Figure 1. North America has been separated into four primary flyways based on migratory bird flight paths. Strong Atlantic hurricanes
(Categories 3-5) are most common in September (inset), a peak of migration season for many species (See Fig. 2). Atlantic hurricanes are
concentrated along the gulf coast and the Southeastern coast of Florida (b). Hurricane data from the National Hurricane Center. Flyways
shapefile obtained from United States Geological Survey website (downloaded January 2018).

prone to declines as a result of increasing threats from
storms [12]. Another challenge for understanding the
ecological impacts of hurricanes on migrants is that fall
migration, when hurricanes occur, is generally less well-
studied compared to spring migration [13]. As hurricanes
increase in both frequency and intensity with the rise of
global warming [14], understanding the various ecological
impacts of hurricanes on both resident and migratory
species should be a focus of global change research.

Impacts to individuals along a migratory route can
either be direct (when individuals encounter active
storms) or indirect (where storms impact habitat structure,
resource distribution or interacting species along
migratory flyways). While the direct impacts of hurricanes
are likely to be negative (e.g., halting migratory progress,
injuring or killing individuals or blowing them off-course),
the outcome of indirect effects on resource distribution is
less clear. This is because ecological changes in habitat,
resources, or community structures can have variable
effects depending on the ecological needs and specific
interactions of each species [9].

Texasisacritical corridor for many species that migrate
between North America and Central/South America (Fig.
1). For many of these species, the timing of fall migration
specifically through Texas (Fig. 2) coincides with peak
hurricane season in the Atlantic (Fig. 1, inset). Texas also
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Figure 2. Migratory timing for different species groups in Texas.

The number of non-resident bird-species that show peak migration
during each month are shown by the black bars (data from e-bird,
see Appendix 1). Peak migration timings (thick lines) are also shown
for monarchs, migratory dragonflies, and Mexican free-tailed bats.
Migratory dragonflies and Mexican free-tailed bats are also resident
in Texas (as shown by the thin solid lines). Although a small popula-
tion of monarchs resides in Texas throughout the summer (indicated
by the dotted line), the vast majority breed much further north.

has the driest climate compared to other states that are
impacted by hurricanes (e.g., Louisiana, Mississippi,
Alabama, Florida, the Carolinas) and so the availability of
biotic resources there may be disproportionately affected
by increased rainfall. Hurricanes that make landfall in
Texas are fairly common (Fig. 1, Fig. 3); as such, any lag
effects of hurricanes are likely to overlap, especially for
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Figure 3. Texas rainfall during August-September (black line, averaged across weather stations, values from noaa.gov/cag, retrieved October
2017) compared to local records of highest rainfall during extreme precipitation events (here, defined as local rainfall above >10”) associated

with hurricanes (black circles, data from National Hurricane Center).

effects where recovery times are long (e.g., forest damage).
Thus, it may be particularly challenging to tease apart the
long-term effects of multiple, overlapping hurricanes on
regional ecosystems.

One of the most severe hurricanes to hit Texas was
Hurricane Harvey, which made landfall near Houston,
Texas in late August 2017. Harvey was the largest rainfall
event recorded in the United States [15]. Harvey-related
rainfall covered a substantial portion of eastern Texas,
with the highest rainfall totals near Houston (Fig. 4a).
Harvey caused extensive flooding (Fig. 4b), much of
which continued for several weeks after Harvey dissipated
[15]. The impacts of Harvey on primary productivity were
profound, with a substantial increase of green vegetation
evident in the period immediately after (Fig. 4c,d), even
though this would normally be a time of vegetative
senescence.

Most of the research on the effects of hurricanes
has focused on birds; we review that literature and also
present basic information about other groups that exhibit
regular, round-trip migrations and are thus also likely to
be impacted by hurricanes. We then present a case study
focused on the eastern migratory monarch butterfly to
evaluate the potential hurricane impacts along their
migratory route. Monarchs famously migrate south
through Texas in the fall to overwinter in a restricted set
of mountains in central Mexico. The following spring,
monarchs fly north where they stop in the Texas region
to produce a single generation, which then continues
the migration north to their summer breeding grounds
[16]. Thus, individuals may be affected either directly
by hurricanes as they fly through Texas in the fall, or
indirectly (in either fall or spring) by alterations to
resource distributions within their migratory corridor.

2 The impacts of hurricanes on
migratory birds

Most research on the effects of hurricanes on migration has
focused on birds. Species using the Central, Mississippi,
and Atlantic flyways are most likely to be impacted by
hurricanes (Fig. 1). Cyclones (the hurricane equivalent in
the Pacific) are much less likely to make landfall since they
move from east to west and thus impacts to species using
the Pacific flyway are much rarer. Of course, the most
direct type of impact is that a hurricane can physically
alter the flight path and/or injure or kill individuals.
Individuals may be blown off-course during hurricanes,
sometimes spectacularly out-of-range (see [17] for many
examples) and, interestingly, the eye of a hurricane has
been known to trap thousands of individuals and move
them slowly along within the interior of a hurricane [18].
Despite this, as a group, migratory species are generally
resilient to the impacts of hurricanes; they appear to be
able to modify their routes to avoid affected areas during
storms and return relatively quickly after storms have
passed [17]. For instance, after Hurricane Rita in 2005,
departures of migratory birds from the impacted area
declined sharply, but migrants appeared to shift their
location to stopover habitat further north [19]. This is
in contrast to resident birds in the same region which
showed a sustained decline immediately following the
hurricane and throughout the subsequent winter, with no
obvious increases elsewhere [19]. These results suggest
that migratory birds may shift their distributions more
in response to active storms relative to residents, which
is perhaps not surprising. A similar phenomenon was
documented with Hurricane Katrina, which made landfall
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Figure 4. (a) Satellite observed rainfall total (in) from August 23 - September 3, 2017 [45] during Hurricane Harvey was the highest recorded
anywhere in the United States (data from Tropical Rainfall Measurement Mission). (b) Harvey was associated with extensive flooding from
August 31 - September 2, 2017 as observed from the Moderate Resolution Imaging Spectroradiometer satellite [46]. Increased rainfall had
a large impact on primary productivity, which normally decreases in the fall, but instead increased: greenness index (c) pre-Harvey from
August 8 - 22, 2017 and (d) post-Harvey from September 4 - 18, 2017. Patterns of greenness derived from National Oceanic and Atmospheric
Administration- Normalized Difference Vegetation Index [47] based on AVHRR satellite imagery.

that same year near the Pearl River Delta in Mississippi,
also important stopover habitat for migrating birds. Again,
the number of migrants in the region declined sharply,
but immediately increased in surrounding, less-disturbed
woodlands [20]. However, migrants began returning to
the delta as soon as vegetation resprouted even though
the river bottom was badly damaged [20]. It is important

to note that migratory birds are not always immune to the
direct physical impacts of severe storms. For instance, an
April storm that spawned a tornado in coastal Louisiana
in 1993 killed upwards of 40,000 birds, most of them
migratory [21]. Although not a hurricane, the example is
instructive. The difference in lethality may have been due
to a more sudden appearance of a storm with greater wind

Unauthenticated
Download Date | 7/23/19 9:19 PM



98 —— L. Ries,etal.

speeds, but also could be due to birds approaching the
storm from over the Gulf of Mexico rather than over land,
thus providing no immediate refuge [21].

In contrast, indirect impacts of hurricanes have the
potential for more significant effects on migratory birds
than direct impacts [18]. Hurricanes change tree canopy
structures, immediately impacting bird habitat, which
could be positive or negative depending on the successional
associations of each species. Changes in food resources,
critical for maintaining energy through migration, can
also substantially affect survival. Hurricanes have been
shown to decrease some local insect populations [9,19,21],
but birds can also shift their diets to more abundant insect
species [17], in addition to shifting their location. Changes
to the distribution of fruits and flowers can be both
immediate and long lasting post hurricane destruction,
which can impact the availability of these resources
along migration corridors [17]. However, most neotropical
migrant birds are insectivorous so the extent to which fruit
and nectar loss affects migratory birds is not clear and
should be examined species by species.

3 Other long-distance migrants in
North America

The other major groups of long-distance, round-trip
migratory species in North America are certain species of
insects and bats, neither of which has been well-studied
in terms of the impacts of hurricanes. Several North
American Lepidoptera species are known to complete
round-trip migrations [23]. The most well-known is the
monarch butterfly (D. plexippus), but also included are the
painted lady butterfly (Vanessa cardui) and several moths.
These include black witches (Ascalapha odorata) and
others that are crop pests [23] including some armyworm
moths (Mythimna sp. and Spodoptera sp.) and cutworm
moths (Agrotis sp.). There are also five species of migratory
dragonflies (Anax junius, Tramae lacerata, Sympetrum
corruptum, Pantala flavescens, and P. hymenea), which
have both solely residential and solely migratory
populations throughout their ranges [24]. Although little
is known about their migration, the migratory timing of
these species through Texas also coincides with peak
hurricane season (Fig. 2) so there is potential for both
direct and indirect effects.

There are several migratory bats in North America,
but only some migrate through hurricane-prone zones,
including the hoary bat (Lasiurus cinereus), the southern
yellow bat (L. ega), several myotis (Myotis auriculus, M.
gisescens, M. yumanensis), and the Mexican long-tongued

DE GRUYTER

bat (Choeronycteris mexicanus) [25]. The best-studied and
most abundant migratory bat is the Mexican free-tailed
bat (Tadarida brasiliensis). This species migrates through
Texas much earlier in the spring and much later in the fall
than other migrants (Fig. 2) and thus is much more likely
to avoid direct impacts of hurricanes (Fig. 1b), but some
also live year-round in Texas [26].

There is very little research on this topic for bats and
insects. One report suggested that a high pressure system
occurring after the passage of Hurricane Floyd in New
Jersey triggered a mass migration of monarchs and three
species of migratory dragonflies [27] although neither
positive nor negative impacts of this sudden swarm
were noted. Monarchs that arrived in Australia (around
1871) may have been blown from islands in the western
Pacific by cyclonic winds [28]. Interestingly, a swarm of
several hundred black witch moths (Ascalapha odorata)
were observed coming ashore within the eye of hurricane
Claudette in 2003 and many survived by finding refuge in
buildings and trees when the hurricane passed through
(29).

Mexican free-tailed bats roost mostly in caves or
beneath bridges, so this species’ habitat is less likely to be
impacted by storm damage. But other species of migratory
bats roost in trees or under bark, so storm damage could
have a negative impact on their habitats. Note that most
of the migratory insect and bat species cited here have
both residential and migratory populations throughout
their range, so it is more difficult to parse out the
effects of hurricanes on migration per se rather than on
other phases of the annual cycle. More research of the
potential impacts of hurricanes on migratory species
other than birds is needed for a holistic understanding
of how changing weather conditions and extreme events
influence ecological communities.

4 The monarch butterfly as a model
system to understand the impact of
hurricanes

The eastern population of the monarch butterfly has
four distinct migratory phases (illustrated in Fig. 5). Two
phases, overwintering and summer breeding, take place
well outside the migratory flyway that intersects with the
main Atlantic hurricane zone. However, unlike birds and
bats in which a single individual completes the migratory
route, monarchs (and most other migratory insects)
complete their migration over multiple generations.
During spring migration, the population stops in the
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Figure 5. Range map of the eastern migratory population of mon-
archs illustrating major steps in their annual cycle. Arrows and
numbers represent transitions from one stage of the cycle to the
next, which often involve movement from one region to another.
Steps include: (1) Spring migration from overwintering sites in
Mexico. (2) Reproduction by the migratory generation to produce
first new generation of the year in the southern United States (Texas
region). (3) Migration to the North-central (3a) and Northeast (3b)
regions. (4) Reproduction and population build-up in the North-
central (4a) and Northeast (4b) regions. (5) Fall migration from the
North-central (5a) and Northeast (5b) regions. (6) Overwintering in
Mexico from late fall through early the following spring. Reprinted
with permission from [48].

Texas region and produces a single brood that continues
further north for summer breeding, where an additional
23 generations are produced. In the fall, the final
generation of the summer season heads south, where they
primarily migrate through Texas without reproduction
(but see below). Another factor that makes monarchs a
particularly good study species is that they are one of the
most intensively monitored species in the world, with a
network of over 20 citizen science programs across North
America that collect data every year on almost every
aspect of their ecology [30]. Finally, although not a focus
of this review, there is also a non-migratory population of
monarchs in Florida [16], the state that experiences the
highest incidence of Atlantic hurricane strikes (Fig. 1). This
presents a unique opportunity to compare the impacts of
hurricanes on migratory (in Texas) and non-migratory
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(in Florida) populations of a single species. For these
reasons, the monarch butterfly thus offers an excellent
model system to study the impacts of hurricanes. Here, we
explore the potential impacts of hurricanes in Texas on
migratory monarchs in order to establish a framework for
study and also anticipate how increased storm intensity
and frequency could impact monarchs in the future. We
use this example to develop specific recommendations for
expanding research of how hurricanes impact migratory
species in general.

As is true for birds, the most immediate impact of
hurricanes on monarchs is direct mortality from being
caught in a storm or individuals being blown off-course by
high winds. While there are accounts of triggered monarch
movement [27] or monarchs being carried far out of range
[28], there is no evidence of mass mortality to date and
anecdotal accounts suggest they may be able to “hunker
down” during severe storms and avoid being injured or
killed [32]. Most monarchs pass through the hurricane
zones in October (Texas) and November (Mexico, also
subject to hurricane activity), avoiding the majority of
major hurricanes which occur in September or earlier
(Fig. 1). Thus, based on the current hurricane seasonal
timing, monarchs and hurricanes are generally unlikely to
directly cross paths. This means, for now, indirect impacts
of hurricanes on resource distribution is likely to be
much more important. However, as the length of a typical
Atlantic hurricane season may be getting longer [31], there
is a growing possibility of hurricanes directly impacting
migrants. Interestingly, it may be the potential for an
expanding hurricane season into spring that could be of
greater concern in terms of direct mortality. Hurricane
season officially starts in May, although there are
currently no records of strong hurricanes making landfall
in Texas before June, but this could change in the future
as hurricane seasons get longer. During spring migration,
monarchs stop to lay eggs in Texas so an unusually early
hurricane could devastate developing caterpillars that
have no means of escape. Recent research suggests that
spring recruitment is a major factor influencing annual
population sizes [33,34], so an expanding hurricane
season into spring has the potential to negatively impact
monarch population growth.

For migrating birds, studies of the indirect effects of
hurricanes have focused on damage to trees. However,
this may be less of an issue for monarchs since they are
generally associated with open habitats outside of winter
[33]. While migrating monarchs do roost in trees in the fall,
it seems likely that they could avoid areas of the highest
damage and find nearby trees for roosting, although
this has not been studied directly. A potentially more
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important indirect impact of hurricanes is increased fall
primary productivity, especially of herbaceous vegetation
which was substantial after Hurricane Harvey (compare
Fig. 4c,d). This flush of new vegetation could have either
positive or negative impacts on monarchs. In the fall,
monarchs are limited by the amount of nectar available
to bolster their lipid reserves for winter [35] and recent
studies have shown that increased nectar availability in
the fall may lead to higher migratory success [36]. Indeed,
increased nectar availability in the fall could positively
impact many migrating species, including butterflies,
bats and nectarivorous birds.

On the other hand, out-of-season resource availability
may disrupt migration by attracting individuals to stay
in areas and slowing or even preventing arrival at their
ultimate destination [37]. For monarchs, hurricanes may
drive the appearance of out-of-season milkweeds whose
new growth may be triggered by increased rainfall.
Fall milkweeds are associated with individuals halting
migration and breaking reproductive diapause [38]. To
date, this phenomenon is most associated with exotic,
tropical milkweed (Asclepias curassavica), which tends
to be both more common (Fig. 6a) and in better condition
(more nutritious) later in the year because it is newer
growth [39]. Egg-laying is more common where exotic
milkweeds dominate in the fall (Fig. 6b) and thus these
patches (most often people’s gardens) can support a
winter-breeding population [38]. The general fate of
these late-breeding individuals is currently the topic of
controversy and it is unknown if they contribute to the
next generation or are reproductive dead ends [39-43].
Further, their breeding is often associated with increased
disease load [37,38].

While gardens with tropical A. curassavica are
relatively limited across the Texas landscape, flushes
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of native milkweed caused by extreme rainfall have the
potential to vastly increase out-of-season milkweed
availability relative to A. curassavica planted in people’s
gardens. This is evident by the substantial flush of
vegetation seen post-Harvey (Fig. 4c,d). Milkweeds in
general respond well to disturbance by resprouting. For
instance, summer burning and mowing [40,41] have
caused local flushes of native milkweeds. Anecdotal
reports after Harvey indicated unusual growth of native

a) proportion of milkweed counted
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Figure 6. Nationwide surveys show that monarchs preferentially lay
eggs in the spring, unless sites are dominated by exotic milkweed
[39]. Here, we show this pattern for Texas data only indicating
exotic milkweed is more common in the fall (a) and also that egg-
laying increases in the fall only in sites dominated by exotic species
(b). Data retrieved from mlmp.org (September 2017).

Figure 7. Native milkweed (Asclepias viridis) and exotic milkweed (A. curassavica) present in the region post-Harvey (a). A. viridis seemed
more common and less senesced in mid-October in areas that flooded after Harvey (D. Berman, personal observation). (b) A monarch
caterpillar feeding late in the season (12/6/2017) following snow on A. curassavica in an area that had been inundated by Harvey-induced

flooding. Photos by D. Berman.
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milkweed throughout the landscape (Fig. 7a), with reports
of caterpillars feeding, even after a December snow (Fig.
7b). The controversy over the impact of exotic milkweed
planted in gardens suggests that a greater out-of-season
flush of milkweed caused by hurricane-associated rainfall
should also be the focus of future studies since they too
could have a negative impact on migrating monarchs.

Finally, changes to regional ecosystems, both through
storm damage, increased rainfall and zones of long-term
inundation may have long-lasting impacts on resource
distribution and this has also received very little attention.
Hurricanes and their associated rainfall are coming with
greater frequency and intensity and any lag effects may
therefore be increasingly difficult to tease apart. For
instance, monarchs are likely limited by the distribution of
resources in the spring [33,34]. It is unknown if increased
precipitation during fall hurricanes could lead to more or
possibly less growth the following spring. Yet this could
be an important contributor to reproductive success
the following year or even beyond. It is critical that any
examination of the indirect impacts of hurricanes on the
distribution of ecosystem resources consider both short
and long-term effects on resources.

5 Conclusions

Research suggests that migrants generally avoid the most
negative impacts of Atlantic hurricanes, and so future
research should focus on indirect impacts; specifically
how hurricanes impact resource distribution. Most
research to date has been on birds, but bats and insects
also constitute a substantial portion of migrants each
year. Insects in particular are likely to be influenced by
the distribution of resources in their migratory pathway
because most have multi-generational migrations (in
contrast tovertebrate migrants) and thus are often breeding
along their migratory routes. Based on this review of the
bird literature and an exploration of other groups likely
to be impacted, we suggest the following priorities for
future research on how hurricanes may impact migrating
species: First and most obviously, we should broaden
taxonomic focus to include bats and insects. We should
continue to evaluate the extent to which migrants may
avoid the most damaging direct effects of hurricanes.
One way to explore that may be to leverage the use of
weather radar which is increasingly being used to track
individuals responding directly to storms [18]. Second,
we should focus our research on both the immediate and
potential longer-term impacts of hurricanes on vegetation
distribution. Specifically, we need to determine how
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increased frequency and intensity of storms might impact
resource distribution. Third we should determine if there
are commonalities between migrants and residents in
their responses to hurricanes. One pathway to this would
be to explore how Atlantic hurricanes in Texas impact
migrating monarchs vs. Florida hurricanes that impact
sedentary monarchs. Finally, considering that hurricanes
were traditionally relatively infrequent events in any one
location, it is important to understand how well migrating
species can adapt to hurricanes, especially as they increase
in frequency and intensity. Is there anything about their
current behavior when encountering hurricanes (beyond
shifting direction) that is an adaptation to buffer them
from hurricane damage? How migrating species are
able to respond to intensifying hurricanes may serve as
a barometer for how species continue to be impacted by
global change. Monarchs, with their unique life history
and a network of observers tracking their biology every
year may serve as an ideal model system to explore these
important questions.
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