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Bats (order Chiroptera) are

rodents), comprising more than Aammalia. Of the 5,416 species of
mammals, 1,116 are bats (Wilson & Reeder, 2005; Simmons, 2005). Flight,
echolocation, and diet are the most important factors in bat evolution.

Bats are the only mammals capable of true (= sustained or powered) flight, all other
“flying” mammals are gliders (“flying” squirrels, “flying” lemurs, sugar gliders).

The majority of bats are insectivorous, using echolocation to locate prey and to
navigate in their nocturnal and often subterranean (cave) environments. However,
many species of bats feed on fruit, nectar, and pollen, and others prey on small
vertebrates (other bats, birds, and fish). The vampire bats from Middle and South
American feed exclusively on vertebrate blood.

Bats have a rather poor fossil record. Bat bones are delicate, and the majority of
species live in the tropics where the chances of fossilization are greatly reduced.
Because many bats roost in caves, their fossils are most common in caves,
fissures, and other paleokarst deposits. Bat fossils also are found in lake sediments.

An extensive area of limestone and karst topography in the Florida peninsula has
numerous cave, fissure, and sinkhole deposits, which preserve the largest fauna of
Cenozoic bats in North America, covering the past 30 million years.
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Fig. 28. Nyctalus noctula (Vespertilioninae; redrawn from Henson, 1970: fig. 9). Ventral view of
the basicranium and audtory region showing major osteological features, blood vessels, and muscles.

The ectotympanic and malleus have been reflected laterally on the right side of the skull. APP, anterior Petrosal (ear bone) ShOWIng COChlea
process of petrosal; BE basicochlear fissure; BO, basioccipital; BOP, basioccipital pit; CO, cochlea; ECT, PI'I mohna ta lu S: M |Ocene b at from Florld a

ectotympanic; ETR, epitympanic recess; FC, fenestra cochleae (= round window); FM, foramen mag-
num; FO, foramen ovale; FV, fenestra vestibuli (= oval window); GE glenoid fossa; I, incus; ICA,
internal carotid artery; M, malleus; MS, m. stapedius; MTT, m. tensor tympani; OAM, orbicular apoph-
ysis of malleus; OC, occipital condyle; PE pyriform fenestra; PGE postglenoid foramen; PP, paroceipital
process; PT, pterygoid hamulus; SE stapedial fossa; ST, stapes; STA, stapedial artery; T, tendon of m.
tensor tympani; TM, tympanic membrane; Z, zygomatic arch.

A ot B I e——

Basicranial region of extant Noctule Bat Nyctalus
Showing ear region (petrosal) with coiled cochlea

Rad Iog ra p h S Of S ku I I Of Eoce n e Fig. 27. Palaeochiropteryx tupaiodon, positive prints of radiographs: from Novacek (1987: fig. 4).
A. Dorsoventral view of the skull of SMF ME 788b. B. Lateral view of SMF ME 1127. An, angular

bat Palaeochiropte,’yx process of dentary: Co, cochlea; Cp, coronoid process of dentary; Ect, ectotympanic; S, stylohyal; Z,

zygomatic arch.
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first appear

<&— Living genera of bats first appear
Middle Miocene, 15 Ma

€— Thomas Farm, Florida, early Miocene, 18 Ma

<€— Brooksville, Florida, late Oligocene, 26 Ma

<€— Living families of bats first appear
middle Eocene, about 45 Ma

<€— First bats appear, early Eocene, about 52 Ma
(True flight and echolocation both present in
earliest known bats, e.qg. Icaronycteris)

“Ancestor” of bats unknown from Paleocene
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Holotype of Icaronyctéris index.
(YPM-PU 18150) (Simmons
and Geisler, 1998).

g
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Holotype of Onychonycteris finneyi (ROM 55351). Skeleton in dorsal
view (L); Skull in ventral view (R). Scale bars, 1 cm. All elements are
preserved on a single slab with the skeleton exposed on one side, and
the skull and sternum on the reverse. Features labelled: 1, calcar; 2,
cranial tip of stylohyal; 3, orbicular apophysis of malleus (Simmons et
al., 2008).




Specimen of Hassianycteris messelensis
(SMF ME 1414a) from Messel Oil Shale,
middle Eocene, Germany (photo courtesy of
J. Habersetzer, imagine taken by E. Pantak
(Gunnell & Simmons, 2006)

i AR

Fig. 2. Palaeochiropteryx tupaiodon (SMF ME 10) from Messel, Germany. From Habersetzer and
Storch (1987: fig. 2). Photo by E. Pantak (Senkenbergmuseum).

Palaeochiropteryx tupaiodon (SMF ME 10)
Messel Oil Shale, middle Eocene Germany
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Estimated age of bat fossils from Slaughter Canyon Cave
Is middle Pleistocene ~400 ka




Fossil bones of extinct
Free-tailed Bat Tadarida constantinei
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Tadarida skull (left)

Denta (right)
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Early a ecords

of large Tac America

1) Slaughter Canyon , 2) Mammoth Cave, KY;
3) Hamilton Cave, WV 4) Macasphalt, FL







Furipterus horrens
Thyroptera tricolor
Natalus stramineus

Natalus tumidirostris

Natalus major

Chilonatalus micropus
Chilonatalus tumidifrons
Nyctiellus lepidus

Primonatalus prattae

lllustrations by Nicholas Czaplewski (Morgan & Czaplewski, 2003)




Lower jaw with three molars
Type specimen of Primonatalus prattae




Natalus stramineus
Mexican funnel-eared bat

Modern distribution of Natalidae
(Hill & Smith, 1984)




Sac-winged b:

Emballonurid Bats

Lower Molar from Central America




Saccopteryx leptura
White-lined bat Modern distribution of Emballonuridae

(Hill & Smith, 1984)




Mormoopidae = Emballonuridae

Speonycteridae

Humerus Mormoopidae _ ;L\Inb

Lowerjaw Phyllostomidae




Ghost-faced Bat Modern distribution of (Mormoopidae)
Mormoops megalophylla (Hill & Smith, 1984)




Modern distribution of Molossidae
(Hill & Smith, 1984)

A-C Upper molars of Oligocene and Miocene species
D-G. Distal humerus of large Tadarida from Pliocene




Lower jaw of Speonycteris
late Oligocene of Florida

Phylllostomus hastatus
Greater Spear-nosed Bat

Panama Canal




Groups from South
America that dispersed
to North America in the
late Pliocene (~5 Ma)

PhyIIostomldae
' Desmodus
« (Vampire Bat)

Molossidae
Eumops

12 March 1982 « Vol. 215 « No. 4538
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Groups from North
America that dispersed
to South America
between the early
Miocene and late
Pliocene (~5-20 Ma)

Emballonuridae

Mormoopidae

Noctilionoidea

Natalidae

Molossidae
near Tadarida
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New Green River Bat
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Chiroptera
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Emballonuridae

Rhinopomatidae

Craseonycteridae

Nycteridae

Megadermatidae
Rhinolophidae
Hipposideridae
Mystacinidae

Noctilionidae
Phyllostomidae

Mormoopidae

A strict consensus of four equally parsimonious trees
(791 steps each) derived from analysis of our new
morphological dataset. Numbers above the branches
are decay values; those below the branches are
bootstrap values. In each pair of numbers, the first
number represents the support value calculated using
the complete dataset; the second number represents
the support value calculated in an analysis including
all taxa except Tanzanycteris, a relatively poorly
known fossil. Most decay and bootstrap values were

Myzopodidae
217 ]
9—4193 o p——  Thyropteridae
208
56/58 Furipteridae

91/94

2/2

44/4
141

19119

242
———
41142

Natalidae
Tomopeatinae
Molossinae
Antrozoidae
Vespertilioninae
Minopterinae
Myotinae

Murininae

generally unaffected by removal of Tanzanycteris.
However, support for some nodes in the middle of the
tree increased markedly when Tanzanycteris was
removed (i.e., for the crown group Microchiroptera the
decay value increased from one to four, and the
bootstrap from 37 to 76%). (Gunnell and Simmons,
2005)
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The maximum likelihood tree (—In likelihood = 92127.3772) for the concatenated data set under the GTR + ' + | model of
sequence evolution. Numbers at the nodes are the (ML unconstrained bootstrap values)/(ML constrained bootstrap
values)/Bayesian (single model posterior probabilities shown as percentages)/Bayesian (partitioned model posterior
probabilities shown as percentages). 100* signifies clades that received 100% bootstrap support in all analyses and had
posterior probabilities of 1.000. The genera are color coded according to the superfamilial groups identified by the most
recent morphological phylogenetic study. (Teeling et al., 2005)
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Fig. 1. Phylogenetic time tree of mammalian families (13) created on the
basis of an analysis of the amino acid matrix (autocorrelated rates and
hard-bounded constraints) of 164 mammals, rooted with five vertebrate
outgroups (chicken, zebrafinch, green anole, frog, and zebrafish; see SOM
for trees with outgroups). All nodes were strongly supported (BS = 90%,
BPP > 0.95) in amino acid and DNA analyses except for nodes that are
denoted by solid blue circles (conflict between DNA and amino acid trees)
or solid black circles (DNA and amino acid trees agree, but with BS < 90%).
Strongly supported nodes that disagree with Bininda-Emonds et al. (8) are
indicated with solid red circles. Several nodes that remain difficult to resolve
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(e.g., placental root) have variable support between studies of rare genomic
changes (29, 30), as well as genome-scale data sets (31—-33), which suggest
that diversification was not fully bifurcating or occurred in such rapid suc-
cession that phylogenetic signal tracking true species relations may not be
recoverable with current metheds. The KPg boundary is denoted by the
transition from gray background (Mesozoic) to white background (Cenozoic).
Color-coded branches in Placentalia correspond to Laurasiatheria (green),
Euarchontoglires (blue), Xenarthra (orange), and Afrotheria (pink). See table

$11 for ordinal affiliations of mammalian families. [Mammal paintings are by ( M e re d it h et a I 2 O 1 O )
*)

Carl Buell]
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Bat origins!

Highly derived bats with the ability to fly
and echolocate had already appeared
worldwide in the early Eocene by about 50
million years ago. Bats must have originated
during the Paleocene, between 55 and 65
million years ago. Field work in search of
early bats is ongoing worldwide, including
New Mexico where paleontologists are
screenwashing Paleocene sediments in
search of small mammals, hopefully
including ancestral bats.




Thomas Farm, Florida
Excavation: Steve Emsilie, | ulbert, Art Poyer, Ann Pratt,
Erika Simons; Sorting: Art Poyer, Ann Pratt, Dave Steadman

Slaughter Canyon Cave, Carlsbad Caverns NP, New Mexico
Excavation: Carol Belski, Glenda Dawson, Rick Toomey
Sorting: Patty Daw, Carol Bordegaray, Rachael Montenegro
Carlsbad Caverns: Dale Pate, Tom Bemis, Stan Allison

ENWEINE
Excavation: Maria Camila Vallejo, Aldo Rincon, Aaron Wood
Sorting: Utahna Denetclaw

National Science Foundation
Grants to study fossil bats from Florida and Miocene mammals
from Panama, including bats

Photos of Living Bats by Merlin Tuttle; Paintings of LivingBats by Fiona Reid




