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Extreme weather event causes the death of
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Abstract. The use of caves and rocky walls is common for some birds, like swifts, to shelter, sleep, nest, feed, and protect
themselves from predators, wind, and rain. Several environmental and ecological factors associated with the habits and
adaptations of certain species allow birds to use cave environments. The White-collared Swift Streptoprocne zonaris (Shaw,
1796) is distributed from Mexico and the Antilles south to northern Argentina, Paraguay, and southern Brazill, being frequent
in areas with waterfalls and river rapids with rocky beds and crystal-clear water. Individuals live in flocks and have the habit
of roosting and nesting in damp, dark caves or behind waterfalls. Herein, we aim to report the case and identify the cause of
death of S. zonaris individuals found dead in a sinkhole in the State of Goids, Brazil, in 2020. Global warming resulting from
anthropogenic emissions of greenhouse gases can alter the natural fluctuations of atmospheric circulation systems, responsible
for rainfall distribution, substantially affecting rainfall and increasing the frequency of heavy rainfall events in some locations.
Due to climate change and the increasing frequency of flooding records, we have raised the hypothesis and drawn attention to
our record may have been originated due to these climatic events. However, we do not dismiss the hypothesis that the flooding
may be due to an extreme event. The fact that S. zonaris spends the night and nests close to water bodies makes the species
more susceptible to the effects of a flash flood. Further studies will be able to show the real effects of global warming on the
species.

Keywords. Cave; Climate change; Flood; Mass die-off.

INTRODUCTION

The use of caves and rock walls is common for
some species (Sick, 1997), which use these envi-
ronments to shelter, sleep, nest, feed, and protect
themselves from predators, wind, and rain (Brin-
klgv et al., 2013; Andrade et al, 2020). However,
adaptations such as echolocation, a greater pro-
portion of rods in the retina, larger eye size in rela-
tion to body size or morphological adaptation of
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the feet are necessary for them to be able to use
the cave environment (Sick, 1997; Martin et al,
2004; Warrant, 2008; Brinklgv et al., 2013). Environ-
mental factors such as the shape and size of the
cave entrance, the size of the cavity, the presence
or absence of water courses and the presence of
food resources also determine the use of these
environments by animals (Sick, 1997; Brinklgv
et al.,, 2013). Therefore, several environmental and
ecological factors associated with the habits and
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adaptations of certain species allow birds to use the cave
environment.

Swifts (Family Apodidae) have a bony callus on the
metatarsus and strong, curved, and sharp nails, constitut-
ing adaptations that enable them to land on rough verti-
cal surfaces such as rocks, quarries, and escarpments, but
which make it impossible for them to perch on branches,
wires, or fence posts (Sick, 1997). Swifts have large eyes
in relation to body size when compared to other birds
and have good visual sensitivity (Warrant, 2008). Echolo-
cation is known in some species of swifts (Brinklgv et al.,
2013), but has not yet been reported in any Brazilian spe-
cies. Brazil has 17 species of birds listed in the Apodidae
family (Pacheco et al., 2021), with six species recorded in
caves (Costa et al,, 2022).

The White-collared Swift Streptoprocne zonaris
(Shaw, 1796) occurs from Mexico and the Antilles south
to northern Argentina, Paraguay, and southern Brazil,
associated with areas with waterfalls, river rapids with
rocky beds and crystal-clear water, caves, and rocky walls
(Roper, 2020). It is the largest swift species that occurs
in Brazil, measuring approximately 22 cm (Roper, 2020).
Adult males and females have black feathers and a broad
band of white feathers circling the neck (Roper, 2020).
Streptoprocne zonaris roosts and nests in colonies in-
side damp, dark caves or behind waterfalls (Sick, 1997).
Streptoprocne zonaris presents high fidelity to the nest-
ing site, reusing niches, crevices, and the structure of
nests from previous years (Biancalana, 2014). The species
lays from one to three eggs, and the nesting period is 41
to 51 days (Biancalana, 2014). The couple incubates the
eggs and feeds the young with small insects (Biancala-
na, 2014). The reproduction period coincides with the
rainy season (Passeggi, 2011; Biancalana, 2014), which is
an adaptive behavior to benefit from the abundance of
insects in this period (Marin & Stiles, 1992). They seem
to migrate after the reproductive period, presumably in
search of better foraging conditions (Biancalana, 2014).

Streptoprocne zonaris individuals are observed roost-
ing and nesting in caves and waterfalls in the Nascentes
do Rio Vermelho Environmental Protection Area (EPA)
region in the northeast of the State of Goids. Swifts
have already been observed inside the doline where the
Segredo waterfall is located, nesting both on the rocky
wall near the waterfall and inside the Cérrego Sumidou-
ro | cave. A team from the Nascentes do Rio Vermelho
EPA went to the doline on 05/03/2020 to carry out a
routine inspection. Upon arriving at the site, they found
dozens of S. zonaris individuals dead on the floor of the
sinkhole and inside the Cérrego Sumidouro | cave. The
swifts were found on the floor and on rocks on the cave
wall. The team photographed the site and collected 77
dead swifts, which were deposited at the Laboratory
of Fauna and Conservation Units, Brasilia University. A
team composed of civil servants from the Nascentes do
Rio Vermelho EPA and the National Center for Research
and Conservation of Caves (Centro Nacional de Pesquisa
e Conservagdo de Cavernas — ICMBio/Cecav) subsequently
visited the site to assess the circumstances of the event
and formulate a hypothesis for what happened. Thus, we
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aim to report the premises and the investigation that ev-
idenced the cause of death of S. zonaris individuals that
occurred in a sinkhole in the State of Goias, Brazil.

MATERIAL AND METHODS
Study area

Carbonate rocks, such as limestone, dolomite, and
marble, have high solubility, with most caves in this li-
thology formed by the chemical action of water, which
dissolves the rock and forms the voids we call caves (Cruz
& Pil6, 2019). Most of the existing caves in the world are
found in these rocks due to their high solubility (Cruz &
Pil, 2019). In addition to caves, several karst features re-
sult from the dissolution of carbonate rocks (Travassos,
2019). Dolines are circular or oval geometric shapes that
are usually formed by the dissolution or collapse of the
rock (Travassos, 2019). The sinkholes are openings in the
rocks through which surface rivers are captured under-
ground, which can demarcate cave entrances (Auler &
Pil6, 2019; Travassos, 2019).

Limestones and dolomites of the Bambui group
represent the most favorable rocks for forming caves in
Brazil (Cruz & Pil6, 2019). This group is distributed over
a large area of Brazilian territory, covering four states:
Minas Gerais, Bahia, Tocantins and Goias (Cruz & Pil6,
2019). The Nascentes do Rio Vermelho EPA federal con-
servation unitin the northeast of Goias is within the Bam-
bui Group, located in the municipalities of Buritinépolis,
Damiandpolis, Mambai and Posse, which has 162 caves
registered in the National Register of Speleological Infor-
mation (Cadastro Nacional de Informacées Espeleoldgicas
— Canie) until the year 2022. The EPA has the protection
of natural attributes, biological diversity, water resources
and speleological heritage among its objectives. Several
caves in this region are found close to the Rio Vermel-
ho and its tributaries due to the genesis of these cavities
being associated with the action of water, as previously
explained. Among them is the Cérrego Sumidouro | cave
(UTM coordinate: (23L) 376,931 m E - 8,394.571T m S),
located in Coérrego Sumidouro, a tributary of the Rio
Vermelho, in the municipality of Damianépolis (Fig. 1).
This cave is located inside a doline of about 15 meters in
diameter in the shape of a “funnel”, where the waters of
the Sumidouro stream form a waterfall called Cachoeira
do Segredo, which a few meters further on enter a sink-
hole (Fig. 2). The aforementioned cave inside the doline
is located on the opposite side of the waterfall and the
sinkhole.

Data collection and analysis

To identify the circumstances that led to the death of
S. zonaris individuals, we collected testimonials from a
tour guide and residents of the region. We photographed
the dead swifts from Nascentes do Rio Vermelho EPA and
later collected, frozen, and sent them to the University
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Figure 1. Nascentes do Rio Vermelho EPA (left) and the Corrego Sumidouro | cave area (right). Author: Tiago Castro Silva.

of Brasilia (UnB) to perform necropsy and laboratory
tests. We subsequently conducted an on-site survey to
verify the geological, geomorphological, and water con-
ditions of the environment and tried to formulate a hy-
pothesis for the fact. We also took photographic records
of the site during this inspection to help understand the
dynamics of what happened. We obtained rainfall data
for the site from the Agrometeorological Monitoring
System (Sistema de Monitoramento Agrometeoroldgico
— Agritempo) of the Brazilian Agricultural Research Cor-
poration (Empresa Brasileira de Pesquisa Agropecudria —
Embrapa).

It was not possible to perform a necropsy due to the
advanced state of autolysis of the individuals. We sus-
pected that the swifts could have died from pesticide
poisoning. Thus, to test this hypothesis, we collected liver
samples and sent to the Pesticide Laboratory of the Fed-
eral Laboratory of Agricultural Defense (Laboratério de
Pesticidas do Laboratério Federal de Defesa Agropecudria
— LFDA-MG), linked to the Ministry of Agriculture, Live-
stock and Supply (Ministério da Agricultura, Pecudria e
Abastecimento — MAPA) located in Pedro Leopoldo/MG,
for toxicological examination, aiming to detect some
type of contaminant (pesticide) in the tissues of these
animals. The multi-residue method was used to analyze
pesticides in animal matrices by LC-MS/MS. This proce-
dure involves an initial single-phase extraction of 10 g
of sample with 10 mL of acetonitrile, followed by a lig-

uid-liquid partition formed by the addition of 4 g of an-
hydrous MgSO, plus 1 g of NaCl. Residual water removal
and cleaning were simultaneously performed using a
rapid procedure called dispersive solid phase extraction
(dispersive-SPE), in which 150 mg of anhydrous MgSO,
and 25 mg of primary secondary amine (PSA) sorbent are
mixed with 1 mL of acetonitrile extract. The dispersive
SPE with PSA removes components of the polar matrix,
such as organic acids, certain polar pigments, and sug-
ars. Gas chromatography/mass spectrometry (GC/MS)
was subsequently used for quantitative and confirma-
tory analysis of pesticides amenable to GC. This method
allows recoveries between 85 and 100% and repeatabil-
ities typically < 5% for a wide range of fortified pesti-
cides, including very polar and basic compounds such
as methamidophos, acephate, omethoate, imazalil and
thiabendazole. The samples were tested for 128 types
of pesticides used in Brazil, including the most used in
soy, cotton, corn and sorghum crops, present in the east-
ern region of the Nascentes do Rio Vermelho EPA. The
LFDA-MG control code is PL-LP2021/0714.

RESULTS AND DISCUSSION

The Nascentes do Rio Vermelho EPA is inserted in the
Cerrado biome, with a predominance of savanna forma-
tions (typical cerrado and paths) and forest formations
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(gallery forests), but suffers pressure from agribusiness. Ex-
tensive low-technology livestock activities are carried out
within the EPA, but there is expanding mechanized farm-
ing of soy, cotton, corn, sorghum, and other grains in the
eastern region outside the EPA. Thus, one of the suspects
for the cause of death of swifts was poisoning by pesti-
cides. However, the results of the laboratory tests were
0 mg of pesticide residues in the samples, showed that no
pesticide residues were found in the collected samples.
Local residents reported that heavy rain hit the Cor-
rego do Sumidouro region on 03/03/2020. This informa-
tionis corroborated by data from the Agrometeorological
Monitoring System (Agritempo/Embrapa), which indicat-
ed that there was a rainfall of 53.5 mm in the municipal-
ity of Damiandpolis on that day (Agritempo, 2022). Ac-
cording to Marcuzzo et al. (2012), the historical average
rainfall for the month of March in Goias is 211.90 mm.
Therefore, it rained approximately 25% of the historical
average in a single day in Damiandpolis/GO. This large
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rain volume caused sudden flooding of Cérrego Sumi-
douro. Flash floods, also called killer floods (Hjalmarson,
1984), are caused by intense convective storms with high
discharge peaks; they occur in areas with particular hy-
drological characteristics, such as small hydrographic ba-
sins, steep slopes and low infiltration capacity (Kobiyama
& Goerl, 2007). These torrential downpours have an ex-
tremely sudden onset and cause the river water level to
rise rapidly and suddenly, with abnormally high velocity,
often creating a“wall” of water that moves into the lower
parts of the watershed (Kobiyama & Goerl, 2007).

On rainy and cold days, swifts can remain on the
ground all day (Sick, 1997). These birds can reach tor-
por on these days, which helps the body overcome food
shortages and cold periods (Sick, 1997). Due to the inter-
mittent rains that fall in March, the S. zonaris individuals
were probably in rest and torpor on 03/03/2020. Thus,
the individuals who were in the doline and in the cave
were surprised by the sudden flood, causing their death.

MAPA ESPELEOYOT‘OGRA’F!CO
Caverna do Cérrego
Sumidouro |
Municipio de Damianépolis - GO
Coordenada UTM: ﬂ'lL}u;I‘é.smm E-8.304571mS
e

Gaouane Gomes, e
aizagho ars i) i Cao,
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Figure 2. (A) Cérrego do Sumidouro region; (B) Map of the doline and Cérrego do Sumidouro | cave; (C) Water flow in the doline in the dry season; (D) Water flow in
the doline in times of heavy rains; red arrow: location where the sinkhole is located. Authors: Mauricio C.M. de Andrade (A); Emilio Manoel Calvo (B); Milos Nicolas

Andric Fersula (C, D).
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The water inside the cave reached the ceiling, reaching a
height of 1.86 meters. (Fig. 3).

The Cérrego Sumidouro basin coincides with the
description of an area conducive to the occurrence of
flash floods. The basin is small and features imperme-
able rocks. Despite the relief of the hydrographic basin
not having a high slope, the relief is quite rough near
the doline. The sinkhole normally present in the doline
drains all the water coming from the waterfall. However,
the flow is small on days of heavy rain, causing the sink-
hole to fill up. A tour guide witnessed the doline filling in
30 minutes of heavy rain in 2021. The sinkhole present in
the doline does not hold large volumes of rainwater and
ends up filling the doline. The information and analyzes
presented above showed that a heavy rain, followed by a
rapid flood, suddenly flooded the doline, surprising and
causing the death of the swifts that were on the doline
wall and inside the cave. Streptoprocne zonaris generally
lives in flocks of 50 to 100 individuals (Sick, 1997), occa-
sionally reaching hundreds of thousands of individuals
(Sick, 1997; De Luca et al,, 2009). As no living S. zonaris
individuals were found in the doline in the days follow-
ing the occurrence, we suspect that the flash flood killed
the entire colony.

Reports of heavy rains 40% above the historical
monthly average in the province of San Jose (Costa Rica)
have produced an increase in river water levels, severe
flooding and flooding of caves with the destruction of
many S. zonaris nests (Marin, 2016). Six chicks of the spe-
cies drowned due to a cave flooding (Marin, 2016). How-
ever, in this case, cave filling probably occurred gradually
since adult individuals were not reached.
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Global warming affects bird species in many ways
and among them are changes in the frequency and se-
verity of tropical storms (Sekercioglu et al., 2012). Glob-
al warming resulting from anthropogenic emissions of
greenhouse gases can alter the natural fluctuations of at-
mospheric circulation systems which are responsible for
rainfall distribution, substantially affecting rainfall and
increasing the frequency of heavy rainfall events in some
locations (Allan, 2011; Pall et al,, 2011). Thus, the risk of
flooding is “substantially increased” by anthropogenic
greenhouse gas emissions (Pall et al,, 2011). Heavy rains
are local specificities but are increased by atmospheric
humidity from more distant locations, causing increases
in the intensity, duration and/or frequency of precipita-
tion (Allan, 2011). Several climate models robustly show
intensified extreme precipitation on global and region-
al scales influenced by anthropogenic action (Mada-
kumbura et al,, 2021). These changes may have already
become visible in some regions (Allan & Soden, 2008).
Rainfall in Goias varies greatly throughout the year, with
the rainy season being concentrated between October
and March (spring and summer) (Marcuzzo et al,, 2012).
The month of March historically has high levels of rainfall
for the State of Goias and is one of the months with the
highest rainfall, with a historical average of 211.90 mm
(Marcuzzo et al., 2012). Estimates made in 2012 indicated
an annual growth trend in average precipitation in March
for Goias (Marcuzzo et al., 2012). Therefore, we raised the
hypothesis that the event reported here may be a conse-
quence of a climate event potentiated by global warm-
ing. On the other hand, it's important to make clear that
we do not dismiss the possibility that this event could be

Figure 3. (A, B, C) Interior of the Crrego do Sumidouro | cave, highlighting the level at which the water reached the walls, ceiling and speleothems (red arrow)
during the flash flood; (D, E, F) Swifts dead on rocks on the wall and on the floor of the Cérrego do Sumidouro | cave; (G) Swifts collected in the doline and Cérrego do
Sumidouro | cave. Photos: Mauricio C.M. de Andrade (A, B, C); Lauana Costa Nogueira (D, E, F, G).



Pap. Avulsos Zool., 2024; v.64: e202464025
6/7

a random extreme. We would like to draw attention to
the fact that this event could be reported because it was
a visitation site, where the conservation unit team came
across dead swifts during an inspection. However, swifts
occur in a large part of the Brazilian territory and are re-
corded in several wild places. An event like this is likely to
occur in such places and will hardly be recorded. In addi-
tion, with global warming, such events tend to increase
and reach more and more individuals of this species.

Climate change, along with habitat destruction, is in-
creasingly recognized as one of the most serious threats
to biological diversity (Pachauri & Reisinger, 2007). Cer-
tain bird species are more susceptible to climate change
due to their physiological, ecological and biogeograph-
ic characteristics (Sekercioglu et al, 2012). The fact that
S. zonaris spends the night and nests close to bodies of
water makes the species susceptible to the effects of a
flash flood. Migratory bird species may also be affected
by food scarcity in their wintering sites due to reduced
rainfall caused by climate change (Studds & Marra, 2007).
Thus, S. zonaris can suffer the effects of both flash floods
in its breeding site and droughts in its wintering location.
Long-term studies of tropical bird communities are need-
ed to understand the implications of climate change on
bird ecology and conservation (Perry et al., 2011). There-
fore, further studies may show the real effects of global
warming on the species.
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