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Abstract: Extreme weather events such as hurricanes and tornadoes have been found to change the
spatial and temporal abundance of raptors by decreasing survival and forcing the emigration of
individuals, or by increasing habitat heterogeneity and facilitating recolonization of disturbed areas.
Nonetheless, little is known about how extreme weather events could affect raptors’ movements and
their space use in areas disturbed by large-scale weather events. We studied how extreme weather
affected the movements of black and turkey vultures (Coragyps atratus and Cathartes aura, respectively)
in Mississippi, USA, facing Hurricane Zeta in November 2020, winter storm Viola in February 2021,
and tornados MS-43 and MS-44 in May 2021. We GPS-tracked 28 vultures in the paths of these events.
We compared movement rates, net-squared displacements, and use of forest cover, before, during,
and after the events. Since storm avoidance behavior has been observed in other birds, we expected
that vultures would shift their movements out of the path of these events before storms hit. Further,
we forecasted that vultures would make greater use of forested areas as protection against harsh
conditions such as strong winds and heavy rain. Vultures responded differently to each weather
event; they shifted their movements out of the predicted path of the hurricane and tornadoes but
not the snowstorm. These findings reveal that both species use avoidance behavior and adjust their
navigation and hazard detection accordingly. Avoidance behavior was more pronounced in turkey
vultures than in black vultures. In general, vultures did not make greater use of forest areas as we
expected, but turkey vultures did select forest areas during the snowstorm. We propose that olfaction
and audition may be key in vultures’ response to extreme weather events.

Keywords: extreme climatic events; scavengers; habitat selection; movement ecology; hurricane;
tornadoes; snowstorm; sensory ecology

1. Introduction

Climate has long-term impacts on the geographic distribution and population growth
of various animals [1]. As climate changes, extreme weather events may become more
frequent in some regions, leading to the redistribution of species and novel ecological
communities [2]. Studying the extremes of weather and the response of animals to these
extremes allows for greater understanding and management of populations, as extremes can
pose greater threats or benefits to various taxa, as opposed to more typical conditions [3].

Whereas climate change reflects long-term changes in conditions, weather reflects
more localized-short term events. Herein, we ascribe to the definition of extreme weather
events, as posited in Stephenson et al. [4], that an extreme weather event is one that
imbues meteorological values that exceed typical pre-existing conditions. Climate change
influences the assemblage of a biological community and health of that community over
time, whereas extreme weather can have immediate effects and cause behavioral changes.
Both climate change and extreme weather conditions can facilitate the redistribution of
plant and animals, as well as diseases that affect these organisms and situations that
promote human–wildlife interactions [5–7].
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Although the influence of climate is most noticeable within large temporal scales,
though context-dependent and related to the demographics and vagility of the species
of focus [8], weather clearly affects the occurrence and abundance of organisms at fine
temporal and spatial scales. Examples evidencing these effects are changes in the size of ge-
ographic ranges; for instance, Kuhl’s pipistrelle (Pipistrellus kuhlii) extended its geographic
range fourfold northward concomitant with increases in winter temperatures between
1980 and 2012 [9]. Climate can also affect intrinsic features limiting populations, such as
the case of the Eastern Massasauga (Sistrurus catenatus), where survivorship was reduced
and this species exhibited local extirpation with increased intensity of winter drought in a
60-year period (1950–2008 [10]).

Little is known regarding how extreme weather events can influence animal move-
ments and their patterns of space use. Extreme weather events, such as cyclones (referenced
as hurricanes hereafter), tornadoes, and winter storms, change the spatial and temporal
abundance of animal populations by increasing heterogeneity in resource availability and
through direct and indirect mortality [11,12]. Changes in resources can also influence
the immigration and the emigration of residents that survived harmful weather and are
reflected in redistributions of species across landscapes [13,14]. Extreme weather events can
pose serious demographic threats to avian populations that fail to sense them. For instance,
substantial population decline due to these events at the beginning of the migratory season
can exert long-term negative population growth [15,16]. Similarly, resident birds that fail
to sense extreme weather events and trigger an avoidance response may be unable to
replenish resources during the occurrence of the event; therefore, their poor body condition
would compromise their breeding investment months after the weather event occurred [17].

Our understanding of the perception of extreme weather by wildlife prior to, during,
and after these events has been clarified through evidence collected using various telemetry
methods. In some species, such as the white-tailed deer (Odocoileus virginianus), females
increase their movement rate during storm days, whereas males reduce their movement
rates, and both sexes shift their space use to areas with higher elevation and forest cover [18].
It is known that some migratory bird species have the ability to sense storms hours or days
in advance and change their movement patterns to avoid bad weather [19]. Raptors also
change their movement in response to bad weather; for instance, migratory Eleonora’s
falcons (Falco eleonorae) can adjust or change their migratory flight path and move from
areas with low atmospheric pressure to those with more stable conditions [20].

These examples provide insight into the behavior of animals that depend on trophic
resources that might be influenced by weather. How extreme weather events affect the
movements of obligate scavengers is yet to be studied, however, and can help to address fun-
damental questions (why, when, and where to move) in movement ecology [21]. Here, we
analyzed the movements of black and turkey vultures (Coragyps atratus and Cathartes aura,
respectively) in response to the passage of Hurricane Zeta in October 2020, winter storm
Viola in February 2021, and the tornadoes Duffee and Toomsuba in May 2021 through our
study area in Mississippi, southeastern United States of America.

Black and turkey vultures are the most widely distributed vultures in the Western
Hemisphere; both species are partial migrants with a soaring–gliding flying strategy that
allows for long-distance displacement in short periods of time at low energetic cost [22].
Since these species can displace at an average of 99 km/day, and storm avoidance behavior
has been observed in other birds [19,20,23], we expect that tracked vultures would shift
their movements out of the predicted path of the storms before storm days. We predict
that if vultures shift their movements in relation to extreme weather events, they should
exhibit a large movement rate (m/h) and displacement before and after the storms, with
significantly lower movement rate and displacement during the extreme weather events.
Although vultures do not greatly use forested areas, but may use wooded areas that provide
thermal refuge during cold weather [24–26], we anticipated that vultures will make greater
use of forested areas during storm days, as such areas would provide cover and protection
against harsh conditions such as strong winds and heavy rain [27].
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2. Materials and Methods
2.1. Study Area

The state of Mississippi is in the southeastern United States, specifically within the
Southeastern Plains and the Mississippi Alluvial ecoregions [28]. Mississippi is character-
ized by a temperate, no dry season, hot summer climate [29], and annual mean range of
temperatures of 11–24 ◦C, with annual mean precipitation of 1500 mm [30]. Mississippi
has a relatively flat topography characterized by an elevation gradient from sea level up
to 246 m above mean sea level, and terrain slopes 0–190%. Land cover is characterized by
15 classes (see [31]), of which evergreen forest, woody wetlands, and cultivated crops cover
50% of the state.

2.2. Vulture Data

We trapped black and turkey vultures using baited walk-in traps (Wildlife Dominion
Management LLC) placed in two locations, 130 km apart, within solid waste management
facilities in Mississippi. Trapping efforts were performed from July 2020–March 2021. Sev-
enteen black vultures and 11 turkey vultures were fitted with 30 g GPS-GSM telemetry units
(CTT ES-400, Cellular Tracking Technologies LLC) attached in a backpack configuration [32].
Telemetry units were programmed to record one fix every five minutes, 24 h per day. All
trapping and vulture handling activities were performed under federal (USGS No. 23835)
and state permits, as well as Mississippi State University IACUC protocol (18–551).

2.3. Extreme Weather Events

Hurricane Zeta (AL282020; hereafter “Zeta”) was a late season category 3 hurricane
that caused five human fatalities and USD 4.4 billion in damage between 24–29 October
2020. Zeta made landfall in Cocodrie, LA, USA, on 28 October 2020 with a wind intensity
of 185 km/h and central pressure of 970 mb [33]. After landfall, Zeta continued moving
northeastward though Mississippi, where >76 mm of rainfall accumulated at locations along
the storm’s path (Figure 1), until this storm degraded into a tropical storm in Tuscaloosa,
Alabama, on 29 October 2020.
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Figure 1. Rainfall accumulation from Hurricane Zeta between 24–29 October 2020. Black dots = vultures’
GPS fixes. Blue line and shadow correspond to Hurricane Zeta observed track and wind swaths, respectively.
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Winter storm Viola was a winter storm with snow and ice precipitation that affected
the southeastern United States of America from 15–20 February 2021. Through this storm,
Mississippi experienced temperatures down to 3.3 ◦C below normal, and > 100 mm of total
precipitation accumulated on the ground (Figure 2 [34]). At the end of two days, when this
storm passed through our study area (16–17 February), there was 50–150 mm of snowfall
accumulation and 2.5–16 mm of freezing rain and ice accumulated on the ground [35].
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Figure 2. Snowfall accumulation from winter storm Viola between 15–20 February 2021.

Tornadoes Duffee (MS-46) and Toomsuba (MS-47) occurred 40 km apart in Lauderdale
County, Mississippi, on 4 May 2021. Both extreme weather events were classified as weak
tornados (EF Scale 1) causing moderate damage without human fatalities [36]. MS-46
started at 20:43 UTC, exhibiting maximum winds, path length, and width of 144 km/h,
9 km, and 0.3 km, respectively. MS-47 started at 21:08 UTC, holding maximum wind speed
of 169 km/h in a path of 5.6 km length and 0.4 km width.

2.4. Data Analysis

We consider vultures to be directly impacted by Zeta if they were within the wind
swath of this storm. Vultures within the perimeter of Lauderdale County, where tornados
Duffee and Toomsuba occurred, were deemed to be directly affected. In the case of winter
storm Viola, because of the breadth of the area affected, all telemetered vultures present
within the study area were considered to be directly influenced.

For each vulture, we resampled tracks from 1-fix/5 min to 1-fix/60 min, and selected
GPS fixes from 07:00 to 17:00 daily. Then, we calculated movement rates (m/h) and daily
net-squared displacement (NSD) using the amt package [37] in R statistical software [38].
We aggregated these data by species to calculate and compare the average and 95% non-
parametric bootstrap confidence intervals of the movement rate and NSD of each vulture
before, during, and after each weather event. We used the boot package [39] of the R
statistical software to calculate nonparametric bootstrap confidence intervals.
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In evaluating species’ response, we applied categorical time-lags of each event (hurri-
cane, winter storm, and tornadoes), as a set number of days before and after each weather
event were considered. Here, we applied the numbers of days before and after each
event as corresponding to the number of days that each event lasted. For Zeta, we as-
sessed telemetry data derived from six days before (18–23 October 2020), six days during
(24–29 October 2020), and six days after (30 October–4 November 2020) this event. A similar
approach was taken for winter storm Viola, where we analyzed data from five days before
(10–14 February 2021), during (15–20 February 2021), and after (21–25 February 2020) this
storm. Since tornadoes are short-term events occurring in a single day, we used movement
data from vultures for the periods two days before (2–3 May 2020) and two days after
(5–6 May 2020) the day of these events.

In assessing support of our hypothesis regarding whether vultures selected areas
with a greater proportion of tree cover as shelter during storm days versus no storm days
(before and after weather events), we defined known vulture use and available locations
specific to MOD44B MODIS/Terra Vegetation Continuous Fields Yearly collected at 250 m
spatial resolution [40]. We then applied a third-order resource selection, in a use-availability
resource selection design approach [41,42]. We fit a step-selection function [43] using the
amt package in R statistical software. Available points were sampled from the suite of
locations available using steps length and turning angle from observed telemetry positions
following gamma and von Mises distributions, respectively [37]. We used mean step length
and turning angles to create 10 available locations for each vulture GPS location.

3. Results

We analyzed 827 tracking days including 7638 GPS fixes from 17 black vultures
(4688 GPS fixes) and 11 turkey vultures (2950 GPS fixes). Twelve of the 28 tagged vultures
were within an area of ≤55 km of the center of Zeta, as determined by their GPS fixes within
the observed wind swath of Zeta. Twenty individuals were directly impacted by the winter
storm Viola. During the occurrence of tornadoes MS-46 and MS-47, six out of 19 vultures
were within the boundaries of Lauderdale County before, during, and after the events.
There were no vulture mortalities recorded during this work. Telemetry data showed
that vultures exhibited nocturnal displacement, but this was <1 km before (0.81 ± 0.1 SE),
during (0.69 ± 0.07 SE), or after (0.9 ± 0.1 SE) the weather event. We do not consider this
as indication that vultures moved location nocturnally in response to extreme weather.

Vultures exhibited a high level of variability among individuals in response to weather
events (Table 1, Figures S1–S3). In general, vultures, including those not directly affected,
moved on average 597 m/h (95% CI: 420–959), 361 m/h (95% CI: 242–545), and 516 m/h
(95% CI: 365–840) before, during, and after Zeta, respectively (Figure 3A). Black vul-
tures stayed in the path of this storm but moved out after the rainbands of Zeta as this
storm reached them. Turkey vultures displaced out of the path of wind swath before
the beginning of Zeta. Net-squared displacement showed that vultures moved out the
wind swath of Zeta (Figure 4A), their mean net-squared displacement increased from
740 km2 (95% CI: 355–1784) before to 1494 km2 (95% CI: 724–2935) during, and 1907 km2

(95% CI: 861–3639) after Zeta; nonetheless, black vultures that were not within the area of
the wind path of Zeta did not increase their net-squared displacement (Figure 4A).

Table 1. Average movement rate (meters/hours) and net-squared displacement (NSD, km2) of black
and turkey vultures (Coragyps atratus and Cathartes aura, respectively) before, during, and after extreme
weather events in Mississippi, USA. Numbers in brackets correspond to 95% confidence intervals.
n = sample size (# of birds tracked). Impacted = whether birds were directly affected by the event.

Species n Impacted Weather Movement Rate NSD

Cathartes aura 7 Yes
Pre-hurricane 2002 (1643–2438) 2206 (1111–4432)

Hurricane 1083 (751–1603) 3722 (1544–7057)
Post-hurricane 1714 (1311–2209) 3524 (1686–6282)
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Table 1. Cont.

Species n Impacted Weather Movement Rate NSD

Coragyps atratus

5 Yes
Pre-hurricane 381 (252–599) 143 (33–258)

Hurricane 206 (137–342) 1232 (35–4101)
Post-hurricane 226 (172–291) 2409 (57–9331)

12 No
Pre-hurricane 428 (329–580) 133 (45–424)

Hurricane 220 (159–357) 305 (68–787)
Post-hurricane 392 (309–509) 754 (109–2600)

Cathartes aura 7

Yes

Pre-snow 412 (308–519) 131 (29–295)
Snow 489 (367–657) 68 (25–120)

Post-snow 1138 (942–1477) 315 (100–579)

Coragyps atratus 13
Pre-snow 122 (90–180) 23 (3–107)

Snow 211 (110–580) 45 (17–120)
Post-snow 404 (295–581) 142 (65–263)

Cathartes aura

4 Yes
Pre-tornado 699 (388–1499) 10 (1–26)

Tornado 1088 (841–1376) 369 (17–712)
Post-tornado 1388 (662–2698) 426 (24–829)

5 No
Pre-tornado 564 (357–870) 9 (3–20)

Tornado 905 (286–1671) 73 (4–156)
Post-tornado 1758 (715–2991) 588 (111–1064)

Coragyps atratus

2 Yes
Pre-tornado 104 (95–117) 1 (0.8–1)

Tornado 57 (48–57) 0.0278 (0.0226–0.0279)
Post-tornado 155 (53–193) 0.78 (0.43–0.78)

8 No
Pre-tornado 211 (143–340) 1.55 (0.378–3.41)

Tornado 113 (62–229) 19.4 (2.26–82.39)
Post-tornado 855 (464–1343) 984 (42–3769)

Black and turkey vultures responded similarly to winter storm Viola (Figures 3B and
4B). Their mean movement rate was low before the storm (157 m/h, 95% CI: 114–223) but
higher during (253 m/h (95% CI: 171–374)) and after (422 m/h (95% CI: 318–566)) this
storm. Although vultures increased their movement rates, their displacement reduced from
61 km2 (95% CI: 23–151) before winter storm Viola to 54 km2 (95% CI: 29–100) during the
winter storm, then significantly increased to 203 km2 (95% CI: 100–360) after the event.

Overall, response to tornados was characterized by the increase of the average move-
ment rates from 219 m/h (95% CI: 142–365) before the event to 589 m/h (95% CI: 223–932)
and 672 m/h (95% CI: 332–1358) during and after the event, respectively. Similarly, av-
erage displacement increased from 6 km2 (95% CI: 1–23) before the event to 246 km2

(95% CI: 10–594) during the tornados to 284 km2 (95% CI: 16–729) after the event. Despite
this response, black vultures reduced their movement rates and displacements during the
occurrence of the tornados and did not leave the path of this storm (Figures 3C and 4C),
whilst turkey vultures increased their movement rates and displacements to move out of
the areas close to the tornadoes’ paths (Figures 3C and 4C).

Step-selection analysis revealed that vultures shifted their selection of forest cover
before, during, and after storms. Black vulture always avoided forested areas regardless
of the weather event (Figure 5). During the pass of Zeta, they negatively selected forest
areas and such avoidance increased from β = −0.012 (95% CI: −0.020–0.005) before to
β = −0.016 (95% CI: −0.023–−0.009) during and β = −0.024 (95% CI: −0.032–−0.017)
after the hurricane. This species exhibited significant differences in their avoidance of
areas with tree cover before (β = −0.015, 95% CI: −0.021–−0.008), during (β = −0.041,
95% CI: −0.047–−0.035), and after (β = −0.029, 95% CI: −0.034–−0.024) winter storm Viola.
Even though black vultures negatively selected forest areas during tornados, the avoidance
was lower during the occurrence of the tornado (β = −0.041, 95% CI: −0.070–−0.011) when
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compared to days before and after (β = −0.065, 95% CI: −0.086–0.043 and β = −0.051,
95% CI: −0.071–0.032, respectively).
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Figure 3. Movement rates (meters/hours) of black and turkey vultures (Coragyps atratus and
Cathartes aura, respectively) before, during, and after extreme weather events in Mississippi, MS, USA.
(Panel A) = Hurricane Zeta. (Panel B) = Winter storm Viola. (Panel C) = Tornadoes Duffee and Toom-
suba. Green = before the event. Pink = during the event. Blue = after the event. Circles = vultures
directly affected. Triangles = vultures not directly affected. Panels without triangles = all birds were
directly affected by storms evaluated.
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Figure 4. Net-squared displacement (km2) of black and turkey vultures (Coragyps atratus and
Cathartes aura, respectively) before, during, and after extreme weather events in Mississippi, MS, USA.
(Panel A) = Hurricane Zeta. (Panel B) = Winter storm Viola. (Panel C) = Tornadoes Duffee and Toom-
suba. Green = before the event. Pink = during the event. Blue = after the event. Circles = vultures
directly affected. Triangles = vultures not directly affected. Panels without triangles = all birds were
directly affected by storms evaluated.
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Figure 5. Selection strength of forest cover for black and turkey vultures (Coragyps atratus and
Cathartes aura, respectively) before (green), during (pink), and after (blue) extreme weather events
in Mississippi.

Turkey vultures negatively selected areas with forest cover before (β = −0.015,
95% CI: −0.021–−0.09) and during (β = −0.008, 95% CI: −0.014–−0.002) the passage of
Hurricane Zeta, but they positively selected (β = 0.002, 95% CI: −0.004–0.009) these areas
after the pass of Zeta (Figure 5). In contrast, turkey vultures positively selected for forest
areas before (β = −0.019, 95% CI: 0.011–0.027), during (β = 0.022, 95% CI: 0.015–0.03), and
after (β = 0.016, 95% CI: 0.009–0.024) winter storm Viola (Figure 5). Although turkey
vultures avoided forest areas before and after the occurrence of tornados (β = −0.008,
95% CI: −0.021–0.005 and β = −0.011, 95% CI: −0.025–0.002, respectively), they selected
(β = 0.021, 95% CI: −0.001–0.044) areas with tree cover during the day of the event (Figure 5).

4. Discussion

Little is known about the response of avian scavengers to extreme weather events.
This research is pioneering in that it addresses the movements of vultures in the context
of scavenger response to extreme weather events. Vultures responded differently to each
weather event, and the observed variability in movement traits among individuals are
consistent with the behavioral plasticity already reported in black and turkey vultures [44].

Although vultures shifted their movements out of the predicted path of Zeta, black
vultures did not move significantly until the hurricane reached them. Conversely, turkey
vultures moved out the path of Hurricane Zeta before this storm reached them. These
findings reveal that both species use avoidance behavior in response to hurricanes, as
observed in other avian species [19,20,23]. The avoidance behavior could have been
triggered by the infrasound associated with storm systems [45] that birds can sense and
then adjust their navigation and hazard detection [46,47].

One potential explanation for avoidance behavior being more pronounced in turkey
vultures than in black vultures is a better developed sensory system in turkey than in black
vultures [48,49]. We argue that vultures, particularly turkey vultures, may be able to smell
the storms within hours or days before these arrive. We sustain our speculation on the
indigenous knowledge used by native people of Bangladesh and Malaysia, who can sense
a muddy smell in the air at least one day before the arrival of a cyclone [50,51]. During the
occurrence of hurricanes and tornadoes, odors such as burning sulfur, ozone, and petrichor
can be sensed and drifted through the wind for considerable distances [52,53]. Because
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turkey vultures have a highly sensitive olfactory system [50], these birds may be able to
sense any of these odors that can trigger a spatial avoidance behavioral response to extreme
weather events.

Contrary to our expectations, vultures did not shift their movements out of the path
of the winter storm. Snowstorms do not produce infrasound as hurricanes do [54], which
may explain why vultures did not show avoidance behavior and move to a storm-free area.
Although the decline in atmospheric pressure and temperatures before and during a snow-
storm have been suggested as environmental cues to predict snowstorms by birds and alter
their physiology and behavior in response [54,55], we think that the unobserved response
to the decline of atmospheric pressure and temperature during winter storm Viola could
be related to the fact that (i) the individuals included in the study are residents, (ii) flying
during winter conditions demands the largest energy investment due to weak thermals [56],
and (iii) they are winter-acclimated (phenotypic or physiological modifications to reduce
the stress caused by climatic factors and increases cold resistance, sensu [54]) so they can
cope with harsh conditions.

Vultures responded to tornadoes similarly to how they moved with respect to Hurri-
cane Zeta; black vultures did not leave the area directly impacted by this storm, but turkey
vultures did. Since hurricanes and tornadoes involve the occurrence of thunderstorms, we
posit that the mechanisms triggering vultures’ responses to tornadoes may be similar to
hurricanes: vultures’ sensory systems [48,49], and the infrasound associated with storm
systems [45]. The lack of response of black vultures and the delayed response of turkey
vultures to tornadoes is likely due to short duration of tornado events (<1 day) when
compared to a hurricane (>3 days).

While the area of wind swath associated with hurricanes and tornadoes evaluated
was narrower than the average daily range reported for black and turkey vultures (median
13–14 km2/day and 24–39 km2/day [57], respectively), the differences in displacement and
movement between these species may allow them to use resources differently after the
immediate effects of storms have abated. These differences in behavior exist as interesting
avenues for research in understanding management for these birds as their populations
continue to grow and as the frequency of extreme weather events increases.

Our results partially support our predictions of black and turkey vultures’ movement
rates and net-squared displacements before, during, and after the storms. These vulture
species exhibited large movement rates before and after Zeta with lower movement rates
during the event. This is consistent with previous observations of vultures ceasing flying
activities due to inclement weather and localized conditions (e.g., precipitation) that do not
favor thermal development [58]. Contrary to our prediction, vultures did not reduce their
net-squared displacement during the occurrence of a hurricane. However, once birds have
moved from the path of the storm, the absence of difference in net square displacement may
be due to continuation of general movement behavior as before exodus from the storm’s
path albeit in a different area. Both species increased their movement rates before, during,
and after the occurrence of winter storm Viola and the tornadoes. Both species reduced
their net-squared displacement during the winter storm and increased it by fourfold after
it. Black vultures did not change their net-squared displacement during the tornadoes
examined, but turkey vultures’ increased during and after these storms.

Black and turkey vultures are obligate soaring birds that rely on thermal updraft to
fuel their flights [59,60]. It is likely that vultures reduced their movement rates because
thermal updrafts do not occur, or weaken, during rainy days [58]. On the other hand,
both species increased their movement rate during the snowstorm and tornadoes; this may
be the response to the lack of food resources covered by the snow [61,62] or a behavioral
response to the disturbance created during the occurrence of the tornadoes.

Vultures did not make greater use of forest areas as we expected. Our results on
vultures resource selection are consistent with previous studies that found that black
vultures avoid forest areas, whereas turkey vultures use forest areas more often [24,25].
Black vultures have higher wing loading than turkey vultures [63], which makes it difficult
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to exploit updrafts close to the ground and forest canopy [64]. This may explain why black
vultures avoided forest areas before, during, and after extreme weather events; they would
need larger energy investment to take-off. Conversely, turkey vultures selected for forest
areas during the winter storm and the occurrence of tornadoes. Their ability to fly close to
the forest canopy facilitates the use of forest areas providing protection against wind gusts
and low temperatures [26,64].

The results of our study add to evidence that wildlife exhibit the capacity to alter
behavior with respect to some types of weather events. However, we also show existing
differences between black and turkey vultures in how these birds perceive and alter behav-
ior before, during, and after the passage of hurricanes, winter storms, and tornadoes. These
differences present an interesting forum in which to explore differences in the anatomy and
physiology of these animals and to explore how what we know and do not yet understand
about their senses allow them to respond to changing environmental conditions, those
temporally acute as well as those more protracted. The assumption of turkey vultures
having better developed olfaction than black vultures needs to be more formally tested [65].
We also need to evaluate the perception of storm events among wildlife based on olfactory
and other senses which may not be as developed in people.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/d15030441/s1, Figure S1: Net-squared displacement of Black and
Turkey Vultures before, during and after Hurricane Zeta; Figure S2: Net-squared displacement
of Black and Turkey Vultures before, during and after snowstorm Viola; Figure S3: Net-squared
displacement of Black and Turkey Vultures before, during and after tornadoes Duffee and Toomsuba.
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