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We dedicate this work to the extraordinary legacy of Elisabeth Kalko. In Eli’s honor, the Smithsonian Tropical Research Institute has created a memorial fellowship to support the next generation of Neotropical bat researchers. Proceeds from this book go directly to this fund.
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INTRODUCTION
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Years ago, bat researcher Elisabeth “Eli” Kalko and nature photographer Christian Ziegler put their heads together and hatched the idea for a book about tropical bats. Eli and her students had been studying bats in Panama for decades, often accompanied by Christian. They felt it was time to synthesize the unique wealth of knowledge about tropical bats and show the world how diverse and fascinating bats are through Christian’s pictures. However, Eli’s bright flame burned far too quickly, and in 2011 she passed away unexpectedly during a field trip to Kilimanjaro at the age of forty-nine. Her legacy continues to this day. Panama continues to be a hot spot for bat researchers, many of them her former students, and Christian still documents their work with his breathtaking pictures. And so, many years later, we—Drs. Rachel A. Page, Dina K.N. Dechmann, M. Teague O’Mara, and Marco Tschapka—have come together to fulfill Eli’s dream and finally invite the world to see the bats of Panama through Christian’s lens.


[image: Image]
Smithsonian Staff Scientist Elisabeth “Eli” Kalko recording bat echolocation calls from a tower high above the rainforest canopy in Panama. Eli was a pioneer of tropical bat research, and her legacy continues to this day.



Bats are extraordinary. With over 1,450 species, they are a highly successful group that make up over 20 percent of all mammal species. They are more ecologically diverse than any other group of mammals, feeding on the broadest range of diets and inhabiting an extensive variety of niches, which they access using a fascinating array of sensory modalities. Even though the order of rodents is higher in species richness, bats surpass rodents in their stunning ecological diversity and their impressive adaptations in morphology (anatomical form and structure), physiology, and behavior. They are also the only mammals to have acquired true powered flight. The key adaptations of bats—flight and echolocation—have allowed for extraordinary evolution and rapid diversification of species. Bats occur almost everywhere on Earth except in extreme deserts, high mountaintops, small oceanic islands, and polar regions. Their species richness is highest in the tropics, where over a hundred species can coexist in a single location.

Because of their large collective biomass and diverse feeding habits, which include plants (fruit, nectar, and occasionally leaves and bark), a wide variety of animal prey (from tiny insects to small vertebrates), and even blood, bats provide critical ecosystem services. The vast majority of bat species are voracious predators of insects and are critically important for the control of insect pests, saving farmers an estimated 23 billion dollars in pesticide use each year in the United States alone. Bats with vegetarian diets are essential for the reproduction of many plants, as they move seeds and pollen over larger distances than most other animals—making them the secret gardeners of many landscapes. Without bats, the regeneration of tropical forests would be severely delayed, or in some cases impossible. Through their interactions with a wide range of other organisms, bats are essential in their contribution to the long-term maintenance of diversity.

Bats are fascinating, but studying them is difficult. Most species are very small, highly mobile, and active at night. Bats are thus one of the most poorly understood groups of animals. However, rapid technological advances have revolutionized bat studies in recent years. Innovative new tools including miniaturized tracking technology, thermal cameras, and ultrasound recording equipment have enabled us to study bats in unprecedented detail. One island in the Panama Canal has played, and continues to play, an important role in the groundbreaking studies of tropical bats: Barro Colorado Island. This book is about the bats of Barro Colorado Island and how their in-depth study has changed our general understanding of this extraordinary group of animals.

This book is timely, as bats are increasingly under threat. While many animal species are at risk due to habitat loss and climate change, bats are uniquely vulnerable. On the one hand, they are traditionally perceived as negative in many cultures. On the other, in today’s era of emerging diseases, bats are frequently targeted as culprits—often incorrectly, but sometimes correctly, based on solid scientific evidence. To date, there is no conclusive support for direct transmission of SARS-CoV2 from bats to humans. Since the outbreak of Covid-19, however, many studies have focused on the links between human encroachment on wildlife habitat and increased risk of pathogen spillover. Two of the most famous and conclusive cases of spillover from bats to livestock and to humans illustrate this link. The first, in Southeast Asia, is the Nipah virus that was transmitted through the body fluids of bats roosting in trees to young pigs kept in pens under those trees; the virus then spread to humans as the pigs were sold and transported across the region. The second is the Marburg virus, which was transmitted to Ugandan mine workers through seasonal surges of virus loads from bats in the natural cave system where the bats were roosting. In both cases, spillover could have been avoided through proper understanding of bat biology and behavior. Fear of disease has led to active persecution of bats all over the world.


[image: Image]
A tree illustrating the evolutionary relationships of the seventy-six bat species from eight taxonomic families found on Barro Colorado Island, Panama. The bat species illustrated are (clockwise from the top): Pallas’s mastiff bat (Molossus molossus), black myotis (Myotis nigricans), Mexican funnel-eared bat (Natalus stramineus), greater sac-winged bat (Saccopteryx bilineata), greater bulldog bat (Noctilio leporinus), Spix’s disk-winged bat (Thyroptera tricolor), big naked-backed bat (Pteronotus gymnonotus), and white-throated round-eared bat (Lophostoma silvicolum). Illustration © Javier Lázaro.



There is a long history of bat research in Europe and North America, but the study of tropical bats is relatively recent. The Smithsonian Tropical Research Institute (STRI) was one of the first institutions to study tropical bats in detail, and this research initially took place almost exclusively on Barro Colorado Island (BCI). The island now harbors one of the best-studied rainforests in the world. The seventy-six bat species of BCI form one of the best-studied communities of bats in the tropics, and maybe even worldwide. BCI is an amazing natural laboratory, where for a century unique datasets have been gathered that provide crucial insights into the composition, dynamics, and functioning of this species-rich tropical ecosystem. In the following pages, we will look at the many discoveries made on BCI and in Panama over the past decades, place them into a broader context, and highlight impressive technological advances that have opened doors in the study of bats.

This book is a homage to the bats of BCI as seen through the superb photographs of Christian Ziegler, a nature photographer who learned his craft in the forests of BCI. Each of Christian’s images is accompanied by brief text that addresses the deceptively simple, yet fundamental, question: “How can so many species coexist in such a small place?” This book explores the different adaptations and strategies that each bat species has used to find its place in the richly structured tropical rainforest. From their over 55-million-year-old ancestors to the more than 1,450 species of modern bats, evolution has crafted a magnificent diversity of species and lifestyles. Bats are obviously a success story, which we will share.
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The mouth of the Chagres River that was dammed in 1913 to create Lake Gatún, turning a former hilltop into Barro Colorado Island.






CHAPTER ONE ISLAND UNDER THE MOON


THE HISTORY OF BAT RESEARCH ON BARRO COLORADO ISLAND
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Founded in 1846 and based in Washington, D.C., the Smithsonian Institution is the world’s largest complex of museums, research centers, and educational facilities. Smithsonian science in Panama started in the early 1900s, when the United States was completing construction of the Panama Canal. At this time, Smithsonian scientists coordinated a biological survey in the areas around the canal construction zone. The Chagres River was dammed in 1913 to create Lake Gatún, which forms a large part of the Panama Canal. The flooding of Lake Gatún created Barro Colorado Island, the largest island in this newly formed lake, from a former hilltop. The Panama Canal officially opened in 1914, and nearly a decade later, in 1923, Barro Colorado Island (BCI) was proclaimed a nature reserve. A research station opened on the island in 1924. BCI officially became part of the Smithsonian in 1946. Now BCI is one of over a dozen field stations spread across the isthmus of Panama and administered by the Smithsonian Tropical Research Institute (STRI), the only Smithsonian unit located outside of the United States.


[image: Image]
An aerial view of Barro Colorado Island, the largest island in the Panama Canal.
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A ship transiting the Panama Canal passes by Barro Colorado Island. Scientists have conducted research on BCI for over one hundred years.



Barro Colorado Island was an ideal location for long-term tropical research for a number of reasons. The government of Panama was in support of the research station, and the area surrounding the Panama Canal offered infrastructure that facilitated transportation and research. The small field station offered researchers a chance to study the tropical forest at their doorstep. A century later, the body of knowledge that has emerged from extensive, long-term study of this 6-square-mile (15.6-square-kilometer) island is staggering. Each study builds on those before it, offering an unparalleled understanding of the complex web of tropical life. This is true for all taxa studied on BCI, and certainly so for bats.

Worldwide there are over 1,450 species in the order of bats (Chiroptera) and these are divided into twenty-one scientific families. Roughly 120 species have been documented in Panama. Thus, over 8 percent of all the world’s bat species are found on this small strip of land connecting North and South America. For comparison, in the United States, a country about 130 times larger than Panama, only forty-seven bat species are currently recognized. Stunningly, on the tiny island of BCI, seventy-six species of bats belonging to eight different families have been documented.

Most of the bat species on BCI belong to the Neotropical leaf-nosed bat family, or Phyllostomidae. This is a large bat family with over two hundred species that have undergone a remarkable evolutionary radiation, a rapid diversification resulting in a large increase of species. The phyllostomids exceed any other bat family in terms of variation in diet, morphology, social system, roost choice, and many other aspects. The family name refers to a leaflike skin projection that extends from the rostrum, or snout, often in wonderfully contorted shapes, which helps focus their echolocation calls. The fact that there are so many closely related species of leaf-nosed bats with widely different ways of making their livings makes them very attractive for comparative studies, and much of the research on BCI has focused on this family.

Despite the long history of bat research by scientists from across the world, only a subset of the species on BCI has been studied in detail. Among the first to be studied in depth was the Jamaican fruit-eating bat (Artibeus jamaicensis), one of the most common leaf-nosed bats on the island. At the time, BCI and the surrounding small islands were formed during the flooding of Lake Gatún, and much of the area was deforested. As a result, wild fig trees, which are pioneer species that play a key role in regenerating forests, were abundant on BCI. To this day, some of these old fig trees can still be seen on the island—yet they are becoming rarer as the forest matures and steals their light. Many figs meant that frugivorous (fruit-eating) bats were abundant, and the study of the fig-eating A. jamaicensis was a logical first step. Scientists lovingly call these bats AJs, and early studies of their natural history and foraging behavior laid the foundation for our understanding of their key roles in tropical ecosystems. BCI is one of the few examples where changes within the tree species community have been closely monitored over decades, and it will be interesting to see how the abundance of certain bat species, such as AJs, respond to decreasing numbers of pioneer fig trees as the forest matures.


[image: Image]
A view of BCI’s Laboratory Cove with the red roofs of the STRI buildings emerging through the forest canopy. Boats dock here to transport researchers on and off the island.



As BCI’s field station was established a century ago, bats were quick to adapt to the new roosting opportunities. Bat roosts can be found all over the island, with natural roosts in the cavities of giant old trees and under modified leaves in treefall gaps. But now bats have also moved into human constructions, such as the old abandoned lighthouses. For a long time, a colony of small, insect-eating mouse-eared bats (genus Myotis) would emerge at dusk each evening from the old steamer Las Cruces while she was on the way back to the island from her evening shuttle to the mainland. A colony of the rare long-legged bats (Macrophyllum macrophyllum) continues to live in a small half-submerged old boat in the cove near BCI’s laboratory buildings. The unique infrastructure of BCI, combined with the closeness of a diverse community of bats, has fostered research that has been ongoing for the past hundred years.
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The family of Neotropical leaf-nosed bats (Phyllostomidae) is known for its extraordinary diversity. The spear-shaped nose leaf for which this family is named helps focus the bats’ outgoing echolocation calls. Examples shown are 1. Common vampire bat (Desmodus rotundus), 2. Striped hairy-nosed bat (Gardnerycteris crenulata), 3. Pygmy round-eared bat (Lophostoma brasiliense), 4. Greater spear-nosed bat (Phyllostomus hastatus), 5. Hairy big-eyed bat (Chiroderma villosum), 6. Niceforo’s big-eared bat (Trinycteris nicefori), 7. Luis’ yellow-shouldered bat (Sturnira luisi), 8. MacConnell’s bat (Mesophylla macconnelli), 9. Seba’s short-tailed bat (Carollia perspicillata), 10. Spectral bat (Vampyrum spectrum), 11. Great stripe-faced bat (Vampyriscus caraccioli), 12. Common big-eared bat (Micronycteris microtis), 13. Striped yellow-eared bat (Vampyriscus nymphaea), 14. Commissaris’s long-tongued bat (Glossophaga commissarisi), 15. Fringe-lipped bat (Trachops cirrhosus).
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The Jamaican fruit-eating bat (Artibeus jamaicensis) is the most common frugivorous bat on Barro Colorado Island. Photos © Marco Tschapka.




[image: Image]
A pregnant great fruit-eating bat (Artibeus lituratus) flies over a fig tree, searching for ripe fruit. Fig trees fruit asynchronously across the forest, creating a near-constant supply of food for the bats—if they are able to locate the fruiting trees.
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Expertly flying above the smooth water surface, a long-legged bat (Macrophyllum macrophyllum) descends to capture an insect off the water’s surface.




[image: Image]
An orange nectar-feeding bat (Lonchophylla robusta) visits the flower of a Quararibea species. Fruits from these trees (South American sapote or chupa chupa) are commonly cultivated across Central and South America. Photo © Marco Tschapka.
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A long-legged bat (Macrophyllum macrophyllum) plucks a moth from the surface of the water as it trawls for food.






CHAPTER TWO FLYING HANDS


THE ANATOMY AND EVOLUTION OF MAMMAL FLIGHT

[image: Image]

The ecological success of bats, their almost worldwide distribution, and their phylogenetic diversity is in large part thanks to flight. Bats are the only mammals able to truly fly, and the name of their scientific order, Chiroptera, translates to hand wing. The oldest nearly complete skeleton of a bat dates from 52.5 million years ago (Onychonycteris finneyi) and shows that bat morphology has remained almost unchanged for over 50 million years. These early bats already displayed the enormously elongated fingers of modern bats, thin wings made of skin anchored to the ankles, and the small, sharp teeth of an insect feeder. The specialized hearing structures they needed to echolocate (see chapter 3) would come soon after O. finneyi. The only major difference between this ancient bat and its modern counterparts are the claws on the end of each of the four elongated fingers at the edge of the wing membrane, a trait that only modern fruit bats in the Pteropodidae family in Africa, Asia, and Oceania have retained on a few of their fingers.
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