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Death on the Beach: Mass Mortality of Eastern Red Bats
over Lake Michigan

Ashley K. Wilson', Allen Kurta'*, Thomas Kovacs?, Bradford J. Westrich?,
Kathryn M. Benavidez Westrich?, and Robin M. Kurta*

Abstract - On 29 July 2023, numerous dead bats washed onto the shore of Lake Michigan near Long
Beach, Indiana. Based on our field observations, first-hand accounts of residents, and social media
posts, hundreds of bats were involved. Almost all were Lasiurus borealis (Eastern Red Bats). The
animals probably were part of an early migratory wave that encountered severe thunderstorms over the
lake the previous night. Future weather-related mortality seems inevitable as surface temperatures of
the Great Lakes rise and lead to an increased frequency and severity of storms, which may exacerbate
the current downward trend in the number of Eastern Red Bats and possibly impact other species.

Understanding the suite of mortality factors that impact individuals or entire populations
is critical for conserving any species (Brand 2013). For bats, with over 1400 species world-
wide, most threats come from human-related activities (Frick et al. 2020, Soto-Centeno and
Calderén-Acevedo 2023, Wilson 2019). In addition, bats are susceptible to mass-mortality
events (defined as death of > 10 individuals) because of the gregarious nature of many spe-
cies (O’Shea et al. 2016). Herein, though, we describe the death of hundreds of non-colonial
bats, coincident with thunderstorms over Lake Michigan, the fourth largest freshwater lake
in the world.

Overnight on 28-29 July 2023, multiple severe thunderstorms passed over the southern
end of Lake Michigan and the adjacent land of Illinois, Indiana, and Michigan (US National
Weather Service 2023a). The storms were characterized by localized wind gusts up to 120
km/h, rainfall up to 13 cm, hail up to 3 cm in diameter, and frequent lightning. After sunrise
on 29 July, numerous accounts of dead bats washing onto the southeastern shore of Lake
Michigan began to appear on social media platforms, such as Facebook.com and Nextdoor.
com, and the incident was eventually reported by local news outlets (e.g., Audacy 2023).
The center of this event appeared to be Long Beach, Indiana (41°44'44" N 86°51'5"” W).

A concerned citizen contacted us early on 30 July, and we traveled to the area later that
day. The lakeside in Long Beach is densely populated with large beachfront homes, but
public access to the lake is maintained by multiple narrow corridors between houses that
are termed “stops.” A resident gave us 15 bats that she had collected from the beach and the
water near Stop 16 prior to our arrival at about 14:00 hours. We then walked southwesterly
along the shore, about 2 km from Stop 21 to Stop 11, and gathered another 14 carcasses for
a total of 29 recovered bats.

On the day of our visit, the weather was warm (28 °C) and sunny, and the beach was
crowded with hikers and sunbathers. As we searched for bats, we received numerous first-
hand accounts from people who had encountered 10-25 bats on different segments of beach
on 29 July. Multiple witnesses described bats tumbling in the surf or washed onto shore,
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with beachgoers collecting the animals and depositing them in garbage cans or burying them
in the sand. Other observers noted that gulls (Laridae) were frequently snatching the dead
bats and flying away.

All 29 bats were Lasiurus borealis Miiller (Eastern Red Bats), which roost individually
within foliage (Kurta 2017). Near Lake Michigan, all young-of-the-year would be volant by
28 July, but all the collected animals were adults, based on the degree of phalangeal ossifica-
tion. Fourteen recovered bats were female, and 12 were male; sex could not be determined
for 3 individuals with damaged bodies. All males had well-developed testes; average length,
measured externally, from the proximal end of the right testis to the distal end of the cauda
epididymis, was 11 + 0.4 (SE) mm, indicating a readiness for mating (Cryan et al. 2012).
The reproductive condition of the females was not apparent because of the decay that had
occurred over 36 or more hours; however, by late July, all adult females would have been
classified as post-lactating or non-reproductive (Kurta 2010). Mean forearm length for the
29 bats (39.6 + 0.3 mm) was typical of adult Eastern Red Bats (Kurta 2017).

Through Nextdoor.com, we requested that citizens send us the locations and photographs
of bats they had seen. Sixteen photos resulted, and 15 were of Eastern Red Bats; however,
1 photograph taken near Stop 11 clearly showed a Lasiurus cinereus (Palisot de Beauvois)
(Northern Hoary Bat). Based on the in-person accounts, social media posts, e-mail messages
that we solicited, and descriptions in the news media, we determined that dead bats appeared
on the beach from Stop 36, which is about 45 m southwest of the Indiana-Michigan border,
through Long Beach, to Washington Park, in the city of Michigan City, Indiana, a distance of
7.5 km. The numerous sightings of 10-25 dead bats by different people over multiple kilome-
ters of beach suggested that hundreds of bats had died, and possibly even more, because many
carcasses were removed by gulls. Furthermore, other bats were probably eaten by fish or sank
to the bottom without reaching the beach (Diehl et al. 2014, KINGS5 2023).

To determine whether the bats had been feeding on the night of their death, we analyzed
stomach contents under a dissecting microscope (Whitaker 1988). Five bats had been sub-
mitted to the Animal Disease Diagnostic Laboratory (ADDL) at Purdue University for clini-
cal evaluation, and 4 bodies were too damaged to collect food remains, leaving 20 animals
for the analysis (Whitaker 1988). Eighteen of the 20 bats lacked intact internal organs due to
autolysis, so to obtain dietary information, we examined about 0.5 ml of amorphous mate-
rial taken from the approximate location of the stomach. The other 2 individuals still had in-
tact stomachs, although 1 was empty. Overall, insect fragments recovered from these 19 bats
were primarily pieces of Lepidoptera (77 + 6% volume) and Coleoptera (14 + 4%), with the
remainder including small amounts of Neuroptera, Hymenoptera, Diptera, and Trichoptera.
Lepidopteran remains were found in every individual (100% frequency), and coleopterans
were recovered from 12 (63%) bats. Although we could not quantify the amount of food
ingested, the types and relative proportions of insects consumed were typical of Eastern Red
Bats (Clare et al. 2009, Whitaker and Mumford 2009). Pathologists at the ADDL recorded
insect pieces inside the 5 animals they inspected (Bromin and Lakin 2023), so 24 of 25 bats
had evidence of recent foraging. A typical dietary composition and recent consumption by
96% of the bats suggested normal feeding behavior.

Although the bats had eaten recently, we posit that they were not residents involved in
nightly foraging over the lake. Instead, we propose that these animals were early migrants
heading south, based on published observations of the behavior of this species. Eastern Red
Bats often follow coastlines or fly over large expanses of open water, including the Great
Lakes, during migration (Dowling 2018, Hatch 2015, Hatch et al. 2013, Jonasson 2017,
True et al. 2023), so their presence over Lake Michigan would not be unusual. Late-summer
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migration by Eastern Red Bats begins in late July (Kunz 1971, Walters et al. 2006), when
this particular event occurred. Furthermore, numerous reports exist of these bats migrating
in groups or waves (Carter 1950, Hall 1946, Howell 1908, Jackson 1961, Thomas 1921,
Whitaker and Mumford 2009), which could explain the large number of animals that were
impacted over a small geographic area in just a few hours. Finally, males constitute 74% (n
= 326) of the adult population during July on the nearby mainland (Kurta 2010), but only
46% of the 29 bats that died over the lake were male; these percentages are significantly
different (X, =9.45; P=0.002) and suggest an influx of females from the north during the
night of 28-29 July.

We excluded several potential causes for this incident that had been proposed by vari-
ous residents, reporters, and biologists. For example, Eastern Red Bats are often killed at
North American wind farms, and such fatalities increase immediately before and after the
passage of storm fronts (Arnett et al. 2008). Nevertheless, interactions with turbines likely
were not involved because the closest industrial-scale wind development along the coast of
Lake Michigan is 225 km north of Long Beach, in Mason County, Michigan (Indianamap.
org 2023, Thumbwind 2023). The bats submitted to the ADDL, although badly decayed, dis-
played no signs of gross trauma or histological markers of inflammation (Bromin and Lakin
2023), indicating that disease or toxicological exposure probably was not involved. Lightning
or hail also were not likely explanations for the deaths. Lightning would cause severe burns,
but we observed none in our sample or the submitted photos. Hail of sufficient size to kill the
animals outright should have fractured some bones (e.g., Gates 1933), but we did not record
any broken forearms or damaged skulls in the animals recovered from the beach.

A more plausible explanation involves the winds and rain typically associated with
thunderstorms (Barry and Chorely 2003, Stull 2000). As a distant thunderstorm approaches,
the wind direction initially is toward the storm. Radar images shortly after midnight CDT
on 29 July show the stormfront advancing over southern Lake Michigan, from west to east
(US National Weather Service 2023a), and the inflowing air would have nudged any bats
flying over mid-lake or along the eastern shore toward the advancing storm. As the warm
inflow approaches the leading edge of a thunderstorm, the winds slant upward and become
a high-velocity updraft (Nowotarski and Markowski 2016). The speed of the updraft is di-
rectly related to the “convective available potential energy” (CAPE) of the air (US National
Weather Service 2023b). For this storm, CAPE reached an unusually high value of 5000 J/
kg (US National Weather Service 2023a), indicating that the upward velocity conservatively
exceeded 100 km/h (Stull 2000). If still aloft at this point, the bats would pass from the
inflow into the downdraft, in which air descends rapidly with heavy rain and possibly hail.
Radar reflectivity of the storm on 28-29 July was up to 50 dBz (US National Weather Ser-
vice 2023a), and Diehl et al. (2014) calculated that a storm of that magnitude could deposit
up to 15 g of water on a small animal every 5 minutes.

Resisting these forces would be difficult for an Eastern Red Bat that weighs only 7-13
g (Kurta 2017) and has an average flight speed of about 24 km/h (De la Cueva et al. 1995).
Rain alone doubles the energetic cost of flight (Voigt et al. 2011), and the bats probably
became fatigued and fell or were forced into the water by the downdraft and intense rainfall.
Although these mammals can swim for short distances, using a motion similar to the but-
terfly stroke of humans (Craft et al. 1958), bats have difficulty taking flight from the water’s
surface, especially when the fur is saturated (Borell 1937, Whitaker and Mumford 2009).
We doubt that exhausted animals could have traversed even a few hundred meters while
swimming among waves up to 2 m in height (NOAA 2023).

Migrating Eastern Red Bats consistently collide with tall buildings in Chicago, on the
southwestern shore of the lake (Timm 1989). However, there are no previous records of
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mass mortality in this species due to storms over Lake Michigan or elsewhere, although 5
Eastern Red Bats washed ashore after a severe thunderstorm over the lake during Septem-
ber 1953 and 4 bats did so in April 1960 (Mumford 1973). Migrating birds, in contrast, are
frequently killed in large numbers during severe weather events (Newton 2007), including
those associated with Lake Michigan (Diehl et al. 2014), so it is surprising that large-scale
death of Eastern Red Bats has never been reported. Nevertheless, migration is an inherently
risky venture (Alerstam et al. 2003), and we suggest that the death of these bats resulted
simply from an inopportune encounter with a somewhat infrequent event—a severe thun-
derstorm that intersected their migratory path over the lake.

Data from mistnetting, acoustic detections, and submissions to governmental health
laboratories for rabies testing suggest that the population of Eastern Red Bats that summer
in the Great Lakes region is declining (Long 2008, Kurta et al. 2023, Mallinger et al. 2023,
Winhold et al. 2008). Although the death of Eastern Red Bats via thunderstorm appears rare,
such a mode of mortality could become more frequent. Global warming is already causing
higher surface temperatures in the Great Lakes, which, in turn, are leading to increased
severity and frequency of storms over the water (Hayhoe et al. 2010). Future storm-related
mortality seems inevitable, and it may exacerbate the current downward trend in the number
of Eastern Red Bats and perhaps other imperiled species, such as the Northern Hoary Bat
(Frick et al. 2017).

Acknowledgments

R. Foster and C. Rockey commented on the manuscript. K. Perkins alerted us to this incident and
guided our initial investigation. D. Torrise gathered bats from the beach, and M. Torrise provided
crucial information and assisted with logistics during our visit. We thank the many individuals of the
Long Beach community for providing descriptions, locations, and photographs.

Literature Cited

Alerstam, T., A. Hedenstrom, and S. Akesson. 2003. Long-distance migration: Evolution and deter-
minants. Oikos 103:247-260.

Arnett, E.B., W.K. Brown, W.P. Erickson, J.K. Fiedler, B.L. Hamilton, T.H. Henry, A. Jain, G.D.
Johnson, J. Kerns, R.R. Koford, C.P. Nicholson, T.J. O’Connell, M.D. Piorkowski, and R.D.
Tankersley. 2008. Patterns of bat fatalities at wind energy facilities in North America. Journal of
Wildlife Management 72:61-78.

Audacy. 2023. Hundreds of dead bats mysteriously wash up on Lake Michigan shore: “The craziest
thing ever”. Available online at https://www.audacy.com/wbbm780/news/local/over-50-dead-
bats-mysteriously-wash-up-on-lake-michigan. Accessed 4 October 2023.

Barry, R.G., and R.J. Chorley. 2003. Atmosphere, Weather, and Climate. Routledge, NY. 421 pp.

Borell, A.E. 1937. A new method of collecting bats. Journal of Mammalogy 18:478—480.

Brand, C.J. 2013. Wildlife mortality investigation and disease research: Contributions of the USGS
National Wildlife Health Center to endangered species management and recovery. EcoHealth
10:446-454.

Bromin, M., and H. Lakin. 2023. Case #A24-1506. Final Report. Pathology. Unpublished report. Purdue
University, Animal Disease Diagnostic Laboratory, West Lafayette, IN. 3 pp.

Carter, T.D. 1950. On the migration of the Red Bat, Lasiurus borealis borealis. Journal of Mammal-
ogy 31:349-350.

Clare, E.L., E.E. Fraser, H.E. Braid, M.B. Fenton, and P.D.N. Hebert. 2009. Species on the menu of a
generalist predator, the Eastern Red Bat (Lasiurus borealis): Using a molecular approach to detect
arthropod prey. Molecular Ecology 18:2532-2542.

Craft, T.J., M.I. Edmonson, and R. Agee. 1958. A comparative study of the mechanisms of flying and
swimming in some common brown bats. Ohio Journal of Science 58:245-249.

4



2023 Journal of North American Bat Research Notes No. 1
A K. Wilson, A. Kurta, T. Kovacs, B.J. Westrich, K.M. Benavidez Westrich, and R.M. Kurta

Cryan, P.M, J.W. Jameson, E.F. Baerwald, C.K.R. Willis, R.M.R Barclay, E.A. Snider, and E.G. Crich-
ton. 2012. Evidence of late-summer mating readiness and early sexual maturation in migratory
tree-roosting bats found dead at wind turbines. PLoS One 7(10):e47586.

De la Cueva, H., M.B. Fenton, M.B.C. Hickey, and R.W. Blake. 1995. Energetic consequences of
flight speeds of foraging Red and Hoary Bats (Lasiurus borealis and Lasiurus cinereus; Chirop-
tera: Vespertilionidae). Journal of Experimental Biology 198:2245-2251.

Diehl, R.H., J.M. Bates, D.E. Willard, and T.P. Gnoske. 2013. Bird mortality during nocturnal migra-
tion over Lake Michigan: A case study. Wilson Bulletin 126:19-29.

Dowling, Z.R. 2018. Not gone with the wind: Addressing effects of offshore wind development on
bat species in the northeastern United States. Ph.D. Dissertation. University of Massachusetts,
Ambherst, MA. 147 pp.

Frick, W.F., E.F. Baerwald, J.F. Pollock, R.M.R. Barclay, J.A. Szymanski, T.J. Weller, A.L. Russell,
S.C. Loeb, R.A. Medellin, and L.P. McGuire. 2017. Fatalities at wind turbines may threaten popu-
lation viability of a migratory bat. Biological Conservation 209:172—177.

Frick, W.F., T. Kingston, and J. Flanders. 2020. A review of the major threats and challenges to global
bat conservation. Annals of the New York Academy of Science 1469:5-25.

Gates, W.H. 1933. Hailstone damage to birds. Science 78:263-264.

Hall, E.R. 1946. Mammals of Nevada. University of California Press, Berkeley, CA. 710 pp.

Hatch, S.K. 2015. Behavior of migratory tree bats in the western basin of Lake Erie using telemetry
and stable isotope analysis. M.S. Thesis, University of Akron, Akron, OH. 65 pp.

Hatch S.K., E.E. Connelly, T.J. Divoll, I.J. Stenhouse, and K.A. Williams. 2013. Offshore observa-
tions of Eastern Red Bats (Lasiurus borealis) in the mid-Atlantic United States using multiple
survey methods. Plos One 8(12):e83803.

Hayhoe, K., J. Van Dorn, T. Croley, N. Schlegal, and D. Wuebbles. 2010. Regional climate change
projections for Chicago and the US Great Lakes. Journal of Great Lakes Research 36:7-21.

Howell, A.H. 1908. Notes on diurnal migrations of bats. Proceedings of the Biological Society of
Washington 21:35-37.

Indianamap.org. 2023. Wind turbine locations. 2023. Available online at https://www.indiana-
map.org/datasets/INMap::wind-turbine-locations-2023/explore?location=40.683330%2C-
86.079130%2C7.95. Accessed 4 October 2023.

Jackson, H.H.T. 1961. Mammals of Wisconsin. University of Wisconsin Press, Madison, WI. 504 pp.

Jonasson, K.A. 2017. The effects of sex, energy, and environmental conditions on the movement ecol-
ogy of migratory bats. Ph.D. Dissertation. University of Western Ontario, Waterloo, ON. 146 pp.

KINGS. 2023. Invasive bat-eating fish threatens Washington salmon future. Available online at https://
www.king5.com/article/tech/science/environment/invasive-bat-eating-fish-threatens-washing-
ton-salmon-future/281-547805673. Accessed 4 October 2023.

Kunz, T.H. 1971. Reproduction of some vespertilionid bats in central lowa. American Midland Natu-
ralist 86:477-486.

Kurta, A. 2010. Reproductive timing, distribution, and sex ratios of tree bats in Lower Michigan.
Journal of Mammalogy 91:586-592.

Kurta, A. 2017. Mammals of the Great Lakes Region. 3rd Edition. University of Michigan Press, Ann
Arbor, MI. 404 pp.

Kurta, A., A.K. Wilson, and R.M. Kurta. 2023. A search for remnant populations of endangered Indi-
ana Bats and Northern Long-eared Bats in southern Lower Michigan. Unpublished report. US Fish
and Wildlife Service, East Lansing Field Office, East Lansing, MI. 38 pp.

Long, C.A. 2008. The Wild Mammals of Wisconsin. Pensoft, Sofia, Bulgaria. 554 pp.

Mallinger, E.C., K.R. Goodwin, A. Kirschbaum, Y. Shen, E.H. Gillam, and E.R. Olson. 2023. Species-
specific responses to white-nose syndrome in the Great Lakes region. Ecology and Evolution
13:10267.

Mumford, R.E. 1973. Natural history of the Red Bat (Lasiurus borealis) in Indiana. Periodicum Bi-
ologorum 75:155-158.

Newton, 1. 2007. Weather-related mass-mortality events in migrants. Ibis 149:453—-467.



2023 Journal of North American Bat Research Notes No. 1
A K. Wilson, A. Kurta, T. Kovacs, B.J. Westrich, K.M. Benavidez Westrich, and R.M. Kurta

NOAA. 2023. Realtime Great Lakes weather data and marine observations. Available online at https://
coastwatch.glerl.noaa.gov/marobs/php/data.php?sta=45170&day=210&param=>5&units=e&z00
m=m. Accessed 4 October 2023.

Nowotarski, C.J., and P.M. Markowski. 2016. Modifications to the near-storm environment induced
by simulated supercell thunderstorms. Monthly Weather Review 144:273-293.

O’Shea, T.J., P.M. Cryan, D.T.S. Hayman, R.K. Plowright, and D.G. Streicker. 2016. Multiple mortal-
ity events in bats: A global review. Mammal Review 46:175-190.

Soto-Centeno, J.A, and C.A. Calderén-Acevedo. 2023. Global change and the conservation of Carib-
bean bat communities. Pp. 72-86, In A. Kurta and A. Rodriguez-Duran (Eds.). Bats of the West
Indies: A Natural History and Field Guide. Comstock Publishing, Ithaca, NY. 458 pp.

Stull, R.B. 2000. Meteorology for Scientists and Engineers. Brooks/Cole, Pacific Grove, CA. 502 pp.

Thomas, O. 1921. Bats on migration. Journal of Mammalogy 2:167.

Thumbwind. 2023. Michigan wind farm map. Available online at https://thumbwind.com/michigan-
wind-farm-map. Accessed 8 August 2023.

Timm, R.M. 1989. Migration and molt patterns of Red Bats, Lasiurus borealis (Chiroptera: Vespertil-
ionidae) in Illinois. Bulletin of the Chicago Academy of Sciences 14:1-7.

True, M.C., K.M. Gorman, H. Taylor, R.J. Reynolds, and W.M. Ford. 2023. Fall migration, oceanic
movement, and site residency patterns of Eastern Red Bats (Lasiurus borealis) on the mid-Atlantic
Coast. Movement Ecology 11(35):1-16.

US National Weather Service. 2023a. July 28-29 bow echo. Available online at https://www.weather.
gov/iwx/20230729 severeweather. Accessed 4 October 2023.

US National Weather Service. 2023b. Severe weather topics. What is CAPE? Available online at
https://www.weather.gov/ilx/swop-severetopics-CAPE. Accessed 4 October 2023.

Voigt, C.C., K. Schneeberger, S.L. Voigt-Heucke, and D. Lewanzik. 2011. Rain increases the energy
costs of bat flight. Biology Letters 7:793-795.

Walters, B.L., D.W. Sparks, J.O. Whitaker, Jr., and C.M. Ritzi. 2006. Timing of migration by Eastern
Red Bats (Lasiurus borealis) through central Indiana. Acta Chiropterologica 8:259-263.

Whitaker, J.O., Jr. 1988. Food habits analysis of insectivorous bats. Pp. 171-189, In T.H. Kunz (Ed.).
Ecological and behavioral methods for the study of bats. Smithsonian Institution Press, Washing-
ton, DC. 530 pp.

Whitaker, J.O., Jr., and R.E. Mumford. 2009. Mammals of Indiana. Indiana University Press, Bloom-
ington, IN. 660 pp.

Wilson, A.K. 2019. The impacts of rock climbing on the selection of roosts by bats and the influence
of these mammals on the biodiversity and nutrient influx of cliff-face ecosystems. Ph.D. Disserta-
tion. University of Northern Colorado, Greeley, CO. 156 pp.

Winhold, L., A. Kurta, and R. Foster. 2008. Long-term changes in an assemblage of North American
bats: Are Eastern Red Bats declining? Acta Chiropterologica 10:359-366.



	NABR 002 - Cover
	NABR 002 - Masthead
	NABR 002 - Galley

