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In memory of Bill Brokaw, who taught me to love science and chase down my dreams.

To Pat Brokaw, for reminding me to stay curious and compassionate.

And to Mrs. Bat, the big brown bat(s) who started it all.
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Introduction

The sun has finally dipped below the horizon, and the sky has softened from golden yellow and red to a more muted blue and purple. As the birds settle down for the night, a new chorus of sounds begins, with the croaky bass of frogs and the zippy vibration of crickets and katydids filling the night air.

Ears twitching, you give a great big yawn and stretch, one limb at a time. In doing so, you bump into your neighbor, who shuffles away with an angry squeak. Many velvety bodies ripple around you, swaying slightly as they shift from one foot to the other. You can just make out a soft glow in the distance, stark against the dark cave walls.

Wings slightly open at your sides, you take one last pause before dropping straight down. You fall, but as your wings finish unfurling you are suddenly buoyed back up. Swooping those wings forward and up, you orient toward the faint soft glow of the cave entrance. A nearby bat swoops by, brushing by the edge of your wing tips, though not enough to bump you off course. The air is filling with a cacophony of sliding chirps and buzzes as colony mates swirl around you. Riding the cooler currents of the outside air, you woosh out of the cave entrance. Around and around you circle, spiraling up and out into the slowly darkening sky.

[image: Image]
Mexican free-tailed bats fill the evening sky in central Texas.


Welcome to the World of Bats

Bats have long captured the human imagination, woven into stories, mythology, and folklore in cultures across the world. Many stories paint bats as outsiders, due to their peculiar position as furred mammals with flight like birds. Their uncanny ability to navigate in the dark and preference for deep, dark places led to associations with the devil and witchcraft in western European cultures. This unfortunate alignment was further solidified into western popular culture by characters like William Shakespeare’s witches in Macbeth (“eye of newt, toe of frog, wool of bat, and tongue of dog”) and Bram Stoker’s Dracula.

As a bat biologist, I’m often asked “Why bats?” I grew up among the fields and woods of eastern Pennsylvania. In the summers, my family and I would often eat dinner outside on the deck, where the gravity-defying antics of the local big brown bats could be spotted above the grassy fields. “Here comes Mrs. Bat,” my dad would say, pointing out the dark silhouette of a bat as it twirled through the air above our heads. There is something truly mesmerizing about watching a bat in flight, an aerial ballet of movement that is so unlike any other flying animal.

As a high school student taking Advanced Placement biology, I was fortunate enough to be able to travel to St. John in the US Virgin Islands. One sunny morning, while exploring among the sugar plantation ruins along the Reef Bay Trail, I looked up to see several tiny bat faces clustered along the wooden beams of one of the stone buildings. Viewed through binoculars, this was my first time really seeing a bat, their expressive eyes, their fuzzy ears, and funny-shaped noses. Most significantly, these were not the small, black, scary creatures of legend. With over 1400 species currently described—and more counted every year—bats are the second most diverse group of mammals (rodents are first, with approximately 2500 species).

Diversity in bats is more than just the numbers, though. It’s where and how these animals live. Bats can be encountered almost everywhere on the planet, from the Arctic Circle tundra to some of the most remote tropical islands. I often joke that if you can think of something unusual that a mammal might do, there is probably a bat species somewhere in the world that does it. So far, I’ve been stumped twice: there are no egg-laying bats (egg-laying mammals are very rare and are on a different side of the mammalian tree of life) and no bats rely on scavenging dead animals for food. And while it is unlikely that we’ll ever discover an egg-laying bat, I wouldn’t be all that surprised if future research uncovered evidence of bats as scavengers.

[image: Image]
The author holds a spectral bat, the western hemisphere’s largest bat species.


Even with continual advances in bat monitoring technology and genomic methods of analyzing species, diets, microbiomes, and everything in between, there is still so much to learn from and about bats. And for scientists, that’s the best thing about bats. Just when we think we have them figured out, they go and surprise us. Since 2020, dozens of new bat species have been formally described. Some are cryptic species—species that can only be distinguished from each other by their genetic code or minute morphological differences like the overall shape of the skull or teeth. Others are completely new to science, like the Halloween-ready Nimba Mountain myotis. Captured in Guinea in 2019, this little orange-and-black bat was a complete surprise to the research team that made the discovery.

To enter the world of bats is like dropping into the multiverse. As an avid fantasy reader, I’ve dreamed of falling through a portal to another realm of magic and adventure. When I’m standing outside of a bat cave, feeling the swoosh of leathery wings against a darkening sky—those are the times where I start to feel like these other worlds just might exist. Where an echo is not just an echo, but a clue to the location of a tasty treat. Where the twitch of a finger can lead to amazing airborne acrobatics and the distant glow of the stars can guide you home.

By sharing the many fantastical ways that bats live and adapt to the world around them, I hope to bring these wonderful creatures out of the shadows and into the light. For as much as bats are unique, they are also like us in many ways. Bats argue with their roost mates and share with their friends. They push themselves long distances during migration to ensure enough resources for their growing young, and then eventually give those young the push they need to leave the roost and spread their wings.

And, importantly, the world needs bats. From insect control to pollination and seed dispersal, bats play critical roles in their ecosystems. They can help us better understand our own immune systems and might even hold the key to unlocking longevity. Come, step with me into the enigmatic world of bats.

[image: Image]
Nimba Mountain myotis, a colorful bat species only recently described by science.
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Chapter 1 Origins

Bats are mammals, so they share many important characteristics with humans. They give birth to live young, nourish the young via milk produced from mammary glands, have three little bones in the middle ear, and are furry and hairy.

Living bats are currently classified into twenty-one different families. Some bat families, like the Vespertilionidae (evening bats), are widely distributed across the globe. Others are found only in certain regions of the world. The New World leaf-nosed bats, a highly diverse group in the family Phyllostomidae, only inhabit the tropics and subtropics of North and South America. In contrast, flying foxes and other bats in the family Pteropodidae are found in many places except North and South America and most of Europe. Other families of bats are rarer still, living only in small pockets of the world. For example, the bumblebee bat, a tiny insect-eating bat with a wingspan reaching about 6 inches, has only been found in a few locations in Southeast Asia.

[image: Image]
The southern yellow bat has long been known as Lasiurus ega. Some scientists have proposed that yellow bats should instead be classified as Dasypterus ega, whereas others consider Dasypterus a subgenus of Lasiurus.


[image: Image]
While bats can be found almost everywhere on Earth, some types of bats only inhabit certain areas. The so-called Old World bats live in Africa, Europe, Asia, and Australia, and the New World bats inhabit North, Central, and South America. Hibernating bats are generally only found in temperate regions of the world, whereas fruit- and nectar-feeding bats are more limited to tropical and subtropical regions.

Within each taxonomic family, bats are classified further by genus and species. Together, these Latin binomials identify one specific type of animal; for example, scientists refer to the big brown bats of my youth as Eptesicus fuscus. Unfortunately, unlike in birds, common names for bats are not standardized, which can lead to similar and even overlapping common names depending on the region and local language. In addition to providing a unique name for each type of bat, binomials also reflect the evolutionary history of a bat and how it is related to other species. Bats that share the same genus (the first part of the scientific name) are assumed to be more closely related to each other than bats from different genera.

Researchers continue to uncover new information about these evolutionary relationships, however, which can trigger changes in the scientific name. And researchers don’t always agree on the details of those evolutionary relationships, which can make things even more confusing. For example, the tree bats of North America are currently classified together in the genus Lasiurus. But recent studies have suggested that these bats are not as closely related to each other as scientists first thought and should be separated into three distinct genera: Dasypterus (yellow bats), Aeorestes (hoary bats), and Lasiurus (red bats). Others have argued that these groupings don’t change the underlying evolutionary relationships and so instead consider those new names as subgenera. Depending on the author, it is possible to see the same bats classified slightly differently. For the most part, this scientific quibbling is insignificant and has little effect on what we know about the species themselves. If you want a basic list of current scientific names (or want to know the most up-to-date bat species count), check out the taxonomic and geographic database Bat Species of the World (BatNames.org). This database is managed by mammal curators and bat scientists from the American Museum of Natural History to keep track of confusing bat names and new species.

[image: Image]
A Cozumelan golden bat emerges from its roost. Its outstretched wings show the hand-like shape that gives all bats their scientific name, Chiroptera or “hand-wing.”


Phylogeny of Bats

While the standard language of how scientists classify animal species has stayed consistent, the last century has seen some changes in how we classify and talk about bats. Scientists visualize evolutionary relationships with a phylogeny (or tree of life). The lines of the phylogeny indicate how different species have evolved through time. The tips of a phylogeny indicate extant species (or genera or families), the living organisms we see today. As you follow the lines away from these tips, places where they meet another line indicate a most recent common ancestor. Because we can never truly know what happened millions of years ago, these phylogenies are hypotheses or best guesses of how certain species may have evolved. As such, they are altered as science advances and we develop new techniques for understanding how genes and morphology change through time. The evolutionary history of bats is no exception.

All bats belong to the order Chiroptera (which roughly translates to “hand-wing”). Within the order Chiroptera, bats were historically divided into two major groups (or clades): Megachiroptera and Microchiroptera. Megachiroptera (or the megabats) included the large flying foxes and related fruit- and nectar-feeding bats that cannot echolocate, and Microchiroptera (the microbats) basically encompassed everything else. These early classifications were based mainly on behavioral traits like the presence or absence of echolocation and anatomical traits like inner ear morphology, jaw, and ear shapes.

It is widely accepted that all bats are descended from a single common ancestor, a kind of protobat that was scampering in the trees some 50 to 60 million years ago. In the early 1900s, mammalogists hypothesized that the closest relatives of these protobats and living bats were flying lemurs, primates, and treeshrews. However, starting in the late 1980s, advances in molecular tools for studying genetic relationships between organisms raised questions about these closest ancestors and even how bats are related to each other. The earliest studies based on nuclear and mitochondrial DNA sequences of bats revealed that it was unlikely that bats were that closely related to flying lemurs, primates, or treeshrews, proving those early hypotheses entirely wrong. Large-scale studies of mammalian genomes have further supported these game-changing studies. Based on the most recent genome studies, Chiroptera is now grouped under the superorder Laurasiatheria, along with hooved mammals, carnivores, and pangolins. In short, this means that bats are now understood to be more closely related to animals like deer, whales, and dogs. They truly are sky puppies!

Another curious pattern emerged from these molecular studies. Some bats formerly considered to be microbats (specifically the horseshoe bats) are actually more closely related to members of the Megachiroptera than to Microchiroptera. For a while, these ideas were attributed to analytical artifacts due to limited sampling and methodologies. In 2002, Emma Teeling and a team from University College Dublin set out to address this question once and for all, using nuclear DNA sequences from eleven bat families. Not only did they find that horseshoe bats grouped more closely with megabats, but so did the false vampire bats (Megadermatidae) and mouse-tailed bats (Rhinopomatidae). Based on these results, Teeling and her colleagues suggested a new classification for bats, replacing Megachiroptera and Microchiroptera with the suborders Yinpterochiroptera and Yangochiroptera. Within Yinpterochiroptera are the nonecholocating flying foxes and Old World fruit bats, plus the echolocating horseshoe bats, false vampire bats, roundleaf bats, and mouse-tailed bats. The rest of the bats are classified as Yangochiroptera.

[image: Image]
Mouse-tailed bats (genus Rhinopoma) are more closely related to flying foxes than they are to most other echolocating bats. Formerly considered a microbat, they are now classified under the suborder Yinpterochiroptera.


[image: Image]
The current bat phylogeny. The points of connection represent where two evolutionary lines share a most recent common ancestor. Bats in the top seven families are believed to share a common ancestor and are grouped into the suborder Yinpterochiroptera. The rest of the bats are grouped as Yangochiroptera.


Studying Bats

Because bats fly and are nocturnal and generally small, most of us rarely encounter them in our daily lives. To study their lives and behaviors, scientists must seek out bats where they live. For many studies, this involves capturing and handling bats, using great care to minimize disturbance and harm to them. Mist nets are often used to capture bats as they are flying. As implied by the name, mist nets are soft, very fine pieces of netting that can be strung up over streams and ponds or along forest paths where bats might be flying. Bats are not able to easily detect the nets and therefore fly into them, where they hang until a scientist comes to gently untangle them. Near areas where many bats might be flying at once, such as outside a roost, scientists instead use a harp trap. This device has two or three rows of thin fishing line strung vertically, like a harp, and at the bottom of the lines is a soft bag. When bats hit the fishing line, they slide down into the bag, where they can comfortably hang in clusters and wait to be retrieved by the researchers.

[image: Image]
A silver-haired bat is caught in a mist net over a creek. While the netting looks obvious in this photo, it is difficult for bats to detect with echolocation and nearly impossible to see at night. Many a bat researcher (including the author) have accidentally walked into their own mist nets while working late at night!


[image: Image]
Flower bats wait to be retrieved from the soft canvas bag of a harp trap, set in front of a cave entrance in Jamaica.


After capture, researchers take careful measurements of the bats to help determine the species. Some species are easy to identify based on coloration or size, especially in areas with low bat diversity. Other species are more challenging, requiring measurements of features like ears, toes, or teeth, whereas some can only be reliably identified based on genetic samples. For research that requires tissue samples, such as population genetics or genomics to study the genetic source of bat adaptations, researchers take a small piece of wing tissue. This is done as quickly and carefully as possible to reduce discomfort to the bat and because the wing membrane heals quickly. During handling, other samples can be taken from bats, including fur clippings for isotope studies on diet and migration and blood samples for investigating immunity and disease.

Tracking individuals over time—whether to study how long bats might live or to figure out how they move around—requires some method of identifying individuals. One way is banding, where a small metal or plastic colored band is attached to the wrist of the bat, assigning each bat its own unique number. While still used in some studies, bands are only useful for identification if the researcher can get close enough to read the numbers. A newer method to mark individuals is using passive integrative transponder (PIT) tags. Like the microchips used in pet dogs and cats, these small devices are inserted under the skin, each with a unique identifying number. Captured bats can be scanned for their PIT tag number, but scanners can also be placed outside of roosts or areas where bats might fly through, allowing researchers to track bats remotely without having to capture the individuals again.

[image: Image]
This northern long-eared bat has a traditional metal band on its wrist.


[image: Image]
The author stands outside of a hibernacula cave entrance in northern Texas. The thick black cables hanging over the cave entrance are PIT tag readers. When a bat with a PIT tag flies close to those cables, its unique identifier will be automatically logged to a memory card, allowing researchers to track bat movements in and out of the cave.


To track the fine-scale movements of bats over landscapes such as home ranges or areas where bats are foraging, researchers also use radio telemetry and global positioning system (GPS) units. To be attached to bats, these devices must be very small—preferably less than 3 percent of the bat’s total weight. So, for a long time these units could only be used on the largest bats. Thankfully, advances in technology have not only made for smaller and smaller tags, but also tags that can track a bat’s heart rate, body temperature, echolocation calls, speed, altitude, and more.

When emerging technologies are paired with the collaboration and knowledge of local peoples as well as the creative and inquisitive minds of scientists, the possibilities for new studies and discoveries are endless. While there is so much left to learn, let’s take a peek into what’s been uncovered thus far!
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