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Fig. 1 Range of Tadarida brasiliensis mevicana with ranges of the
putative migratory groups given as shaded areas (from Cockrum
1969). Sampled populations are indicated.
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Brazilian free-tailed bats (Tadarida brasiliensis: Molossidae,
Chiroptera) at high altitude: links to migratory insect populations

Gary F. McCracken,* Erin H. Gillam,”* John K. Westbrook,” Ya-Fu Lee,>* Michael L. Jensen*
and Ben B. Balsley*

*Department of Ecology and Evolutionary Biology, University of Tennessee, Knoxville, TN 37996-1610, USA; United States
Department of Agriculture—Agricultural Research Service, 2771 F&B Road, College Station, Texas, 77845, USA;
*Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO 80309, USA
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Fig. 1 Locatons of large roosts of Brazilian free-tailed bats in central Texas, Reflectvity images fram MEXRAD WSE-880 Doppler radar at
Mew Braunfels, TX, (A) showing emergence and movements of Brazilian free-tailed bats from major roost sites in clear weather on the night
of July 18, 1997, (B) ~15 min, (€} 30 min, and (D) 45 min afier the onset of the bats’ emergence. OF, Devil's Sinkhobe: FC, Frin Cave;
MNC, May Cave; |RC, [amas River Cave; OT, Oid Tunnal; DC, Davis Caves BC, Bracken Cave; CAB, Congress Avenue Bridge.

Fig. 2 Reflectivity images taken ar (A) 20:00 COT, (B) 21:00 CDT, (C} 22:00 CDT from the NEXRAD WSR-88D Doppler N EXRAD doppler rada r

radar at Brownswille, TX, showing math migration from the Lower Rio Grande Valley in clear weather on the night of June 1, 1555,
(D) Met vector of north-necthwestward movernent of the moth population at 24:00 (or 0:00 COT) on June 1. 1995,
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Fig. 4 Vertical profiles of (A) free-floating tetroon flights on July 8 and 10, 1996; arrows indicate times and altitudes at which
echolocation calls were detected and arrows with # are call sequences that included a feeding buzz or partial buzz and

(B) kite recordings on July 17-18, 1997; the top line indicates the altitudinal profile of the kite with attached radiosonde and the
three lines below the kite are the profiles of the radio microphones at the highest, middle, and lowest altitudes.
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Fig. 5 (A) Altitude versus calls per minute recorded by radio microphones suspended from kites. Data show a significant fourth-
order polynomial fit of calls per minute versus recording altitude (R?=0.13, P<0.0001, Y = 94.80 — 1.219x + 0.00523 x 2 —
7.36E — 6 x 34+ 3.22E — 9 x 4), with the highest levels of bat activity at ground level and at 400-600m AGL. While altitude

is the independent variable for this regression, it is shown on the Y-axis for comparison to (B). (B) Altitude versus noctuid moth

densities as estimated from X-band radar. Peaks of bat activity and moth density correspond at the altitude that is typical for the
low-level wind jet in central Texas.



aktivni let + echolokace



2" finger

1stfinger \
(thumb)

\

forearm =/— wing membrane

ear R
NY+— 4t finger

elbow

5t finger

tail membrane



Dactylopatagium minus Fropatagium

Dactylopalagium Daclylopalagiurn
medius major

Flagiopatlagium

Dorsal view of left wing of the straw-colored fruit
bat (Eidolon helvum, Pleropodidas)
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“ Airplane tracking documents the fastest flight speeds recorded for bats

Gary F. McCracken, Kamran Safi, Thomas H. Kunz, Dina K. N. Dechmann, Sharon M. Swartz, Martin Wikelski
Published 9 November 2016. DOI: 10.1098/rs05.160398

Metrics for flight trajectories of seven Brazilian free-tailed bats.

no. total total mean + s.d. max distance min distance mean +s.d. time | mean+ median max
locations | travel duration | distance between between lag between 5.0, ground ground
distance () between consecutive consecutive consecutive ground speed speed
(k) consecutive locations {m) locations {m) locations (s) speed {m s"} {m s"}
locations (m) {ms™)
bat | 116 100.5 403 873 T2+461.67 19805 1226 126 266576 982+ 6.98 39.65
1 8.58
bat | 64 538 333 854 57+454 94 | 22661 375 1904710950 | 677+ 3.69 27.23
2 6.49
bat | 54 62 265 17072+ 35834 2311 1800713222 | 103+ 8.28 30.71
3 69229 7.95
bat | 86 714 473 84066 +739.49 5189.3 119.9 2001422548 | 535+ 4.41 38.73
4 5.08
bat | 117 1024 5.54 883.03+603.52 40395 42 172.06+£84.50 645+ 47 2871
5 h.B88
bat | 56 a8 375 1600.84 + h688.5 174.5 24554 +19136 | 1028+ 6.63 38.41
] 97211 10.02
bat | 71 159.8 458 2316.06 12799 0 23913230927 | 17+ 14.33 44 5
7 224363 12.08
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Meet Ro-bat, Brown University's Robotic Bat Wing

https://www.youtube.com/watch?v=R1iYXXaKvDE
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Aufsicht Querschmitt
b

Abb. 111 Laminarer Luftstrom a: Laminarer Luftstrom bei flachem Anstell-
winkel (oberes Bild) und AbreiBen der Lufigrenzschicht durch Wirbelbildun-
gen am Heck bei steilem Anstellwinkel (unteres Bild).

b) Durch eine verstellbare ,Fliigelnase” kann das AbreiBen auch bei steilem
Anstellwinkel verhindert werden. Fledermause haben mit dem Propatagium
(Vorflugel) eine solche Fliigelnase, deren Neigung durch die Stellung des
Daumens verstellt werden kann (Doppelpfeil). Der M.occipitopollicalis bildet
dabei die harle Vorderkante der Fliigelnase. Die Fligelwdlbung kann zusétz-
lich durch den Zug des M.adductor digiti quinti erhéht werden. Nach JMV.Ray-
ner 1981 und C. J. Pennycuick 1971,



Anstrom

Das AbreifSen des laminaren Luftstroms

An der Fliigelfliche entsteht durch die Reibung eine
Luftschicht verminderter Geschwindigkeit, die sog
Grenzschicht. Damit die Auftricbskrafte wirksam werde
diese Grenzschicht auf der Fliigeloberfliche haften bleib
Gefahr des Abreilfens besteht, wenn der Flugel zu steil i
wind steht (Abb. 1.11a), oder wenn ein Druckstau am H
Fliigels die Luft von der Flughaut drangt. Im Horizontalflug
Druck auf den Fliigel vorne am Bug am grofiten. Am Sche
Fliigelwolbung, wo die Umstromungsgeschwindigkeit n
ist, errcicht der Druck ein Minimum. Am Heck erzeugt «
der Fliigelunterseite hochgespiilte Luft einen hoheren
durch den die laminar stromende Grenzschicht aufgesta
von der Flughaut abgedrangt werden kann.

Aus stromungstechnischen Griinden mufd der Anst
flach bleiben, da bei steiler Flugelstellung die Luftstromung
Fliigeloberseite abreiffen kann (Abb. 1.11),

Reynolds-Zahl. Die Gefahr des ,Jaminaren Abreiffens
Fledermausflug besonders akut. Das hangt mit der sogenani
nolds-Zahl zusammen, die das Verhaltnis der auf den umstré
gel einwirkenden Zahigkeits- und Tragheitskrifte zueinai
driickt. Sie berechnet sich folgendermafen:

Anstromgeschwindigkeit - Sehnenl

Reynolds-Zahl = - , —
kinematische Zihigkeit der Lu

Abb. 110  Aerodynamik beim Horizontalflug.

a) Entstehung von Hub und Schub durch den Fligelschlag. D Lufiwic
Auftrieb, R Luftkraft, V Fluggeschwindigkeit, V; Geschw. des Fligels
resultierende Geschwindigkeil. Der Durchmesser der Fligelscheil
cheltes Oval) enispricht der Fligelspannweite B.

b) Erzeugung von Luftkraft am angestromien Profil der ,gewdlb
{nach Hertel).

¢) Luftwirbel, die eine mil 1,5 m/s fliegende Fledermaus (Plecot
Vespertilionidae) beim Abschlag erzeugt. Das Tier ,reitet” auf der Ve
des schrag nach hinten und unten gerichteten Wirbelschlauches.
a nach U. Norberg 1986, b nach H.Hertel 1963, ¢ nach J. M.V, Rayne
und A. Thomas 1986.
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TABLE 2.1 Some physical properties of bat wings compared to other materials.
il

Thickness Puncture strength Elasticity
Subject N (mm) (kg mm) (mm/kg)
Rubber glove 10 0.234 2.80 35.1
Sandwich bag 10 0.020 8.63 18.7
Myotis lucifugus 10 0.030 5.81 14.0
Myotis thysanodes 10 0.243 9.37 12.9
Myotis yumanensis 3 0.023 7.28 15.5
Eptesicus fuscus (adult) 7 0.038 9.72 9.5
Eptesicus fuscus (young) 8 0.034 5.62 14.0
Plecotus townsendii 1 0.032 7.19 12.3
Antrozous pallidus 2 0.033 7.72 11.9
Tadarida brasiliensis 1 0.063 3.00 15.4

Numbers are mean values; N - number examined. Puncture strength determined as the weight (kg) required to

puncture membrane per mm of membrane thickness. Elasticity determined as mm of depression per kg of
weight added. (After Studier, 1972).
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Wing membrane ‘pleating’ with elastin fibres intact (a)
and smooth membrane with fibres removed (b).



Emballonuridae
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tailed bat (Emballonuridae
. sp., top) and the Jamaican
Phylostomidae fruit bat (Artibeus
Jamaicensis, bottom). The
network of elastin fibres is
also visible here in grey,
stretching across the wing
laterally.
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Abb. 227, a) Vespertilio murinus (Microchiroptera, Vespertilionidae). Darstellung der elastischen
Balken in der Flughaut, b) Pteropus spec. (Megachiroptera), Muskulatur der Flughaut. Nach Schu-
MACHER 1932,

1. Mm. plagiopatagii proprii, 2. M. propatagialis mit Sehne, 3. M. dorsoplagiopatagialis, 4. M. bici-
pitoplagiopatagialis, 5. M. coracoplagiopatagialis, 6. M. uropatagialis.
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] Comp Physiol A (2011) 197:89-96

0.12] N=84  median

p= 0U0E

p= 0,024

0.0

PlaP IFM DacP Prof
Wing Region

Fig. 4 Tacule response threshold as determined wsing calibrated

monofilaments (von Frey hairs). a data from four parts of the wing of

five bats were pooled. the plagiopatagium (PlaP, see Fig. 1. N = 28),
the interfemoral membrane (IFM, N =11), the dactylopatagium
(DacP, N=35), and the propatagium (FraP, N = 10). The thresholds
of the dactylopatagiom were significantly different from the IFM, and

PlaP iMood's Median Test p=0.024 and 0.021. respectively).
b Median thresholds in gram filament weight for different functional
regions. The weight in g 15 equivalent to a ten-fold value in mN (e.g..
0.02 g equals 0.2 mN). Darker shading indicates lower thresholds.
MNote that, e.g.. the trailing edge of the PlaP, is more sensitive than the
remainder of the PlaP



A wrinkle in flight: the role of elastin fibres in the mechanical behaviour
of bat wing membranes
Jorn A. Cheney, Nicolai Konow, Andrew Bearnot, Sharon M. Swartz
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Membrane muscle function in the compliant
wings of bats

J A Cheney', N Konow', K M Middleton’, K S Breuer'~, T J Roberts',
E L Giblin' and S M Swartz'*

Bioinspir. Biomim. 8 (2014) 025007 J A Cheney et al

electrode } """"" latex

‘E_t_@in relief )O< .. bared

\“ ~electrode

nnector
25mm ..,.%

dorsal| |ventral

Figure 1. (a) Illustration of lateral view of flying bat at beginning of downstroke indicating location and orientation of the plagiopatagiales
muscles. Dashed rectangle is location of plagiopatagiales photo, below, from a large pteropodid bat (Eidolon helvum: ~275 g). (b) Artibeus
Jamaicensis experimental subject following EMG electrode implantation. The electrode was anchored to the back and forearm. At the
forearm, the electrode wire was looped to allow for strain-free displacement. During experiments, the electrode was connected to a shielded
cable running to an amplifier. Dashed rectangle is location of higher magnification photo below. (c¢) Design of EMG electrode as implanted in
a wing cross-section.

plagiopatagiales proprii zvysuji tuhost membrany a snizuji jeji
deformaci, netopyr je muze aktivovat synchronné, k maximalizaci
sil (jeden je pfilis slaby).



https://www.youtube.com/watch?v=Upq7Ly
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J / (A) Schematic of neuronal tracing approach.
B == motor neur{:né‘. (B) T8 DRG section from bat wing injected at digit 5 with CTB Alexa 488 (green). D o .
= Merged image shows DAPI-stained nuclei (blue). CTB 488 CTB 647 plagiopatagium
CTB 647 (C) Histograms show the number of neurons labeled at each spinal level from T2 I —

all injections (<1.5 ul per injection). Each column shows labeling from a
separate wing site (n = 2-3 injections per site from two to three bats). See also
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Receptive field sizes

low tactile thresholds
0.4 mN

Receptive field sizes
high tactile thresholds
6.0 mN

Receptive field locations
mean spikes/rial
@0-1
@12
O>2

F

Merkel-cell density M >3mm?

B> 450 mm? 23 mm*
1-2 mm?

3 o-1 mm=

Hair-receptor density B> 3mm?

Diffuse-receptor density
B> 0.4 mm?

0.2-0.4 mm?
0.0-0.2 mm?*

Response Properties of Sl Cortical
Neuron Receptive Fields and Peripheral Re-
ceptor Densities

(A and B) Receptive field sizes and response

thresholds for multiunit SI neurons responding
to tactile stimulation. Colors correspond to von
Frey thresholds.

(C) Receptive field locations for air-puff
sensitive single units. Grayscale indicates
mean spikes pertrial.

(D—F) Density maps of anatomical sensory
endings.
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odpovédnost za rist
chrupavek

Bmp2
aktivizace
chondrogenese

Prx1 —

omezeni rustu
mezenchymu mezi
klouby zadni koncetiny
je inhibovano u
koncetiny predni nohy

Small changes, big results:
evolution of morphological
discontinuity in mammals
Rodney L Honeycutt 2008
J.Biol
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Unique expression patterns of multiple
key genes associated with the evolution

of mammalian flight
S15L SITE S19L

Figure 4. Schematic diagram of unique expression patterns of the genes

investigated in this study during bat limb development. 5'HaxD genes
(blue and orange) are highly expressed in interdigital regions and in the per-
chondrium of hand digits -V in early stages, and then reduced in the
Illlilll.lllﬁl-ll'ﬂll'IIII-IIIIIliIIIHIEHI-II-"I“I.'HIIIIII.IIIIIIIIII-I:-lllﬂﬂll.lllﬂIlllll
digits after stage 16. Thx3 expression (yellow and orange) is highly expressed
and maintained in the interdigital regions and in the perchond dum of fore-

limbs throughout the investigated stages. FamSc (pink) is highly expressed at

the distal ends of the thumb and its immediate interdigital tissue and
throughout the border of the entire foot plate at late stage 15 (S15L).
Then, Fam5 nearly disappears in both fore- and hindlimbs in stage 16,
but comes back at the tip and the forming articulations of the thumb
and all the hindlimb digits, as well as the articulations of forelimb digit V
in early stage 17 (S17E). At late stage 19 (519L), Fam5c expression is
obviously present at the tips of all the foot digits and faintly at the tip
of thumb. Orientation of imbs as in figure 1. F, forelimb; H, hindlimb.




-'.'.'.':. E- W

: -~ {’,. -\..‘ .
Tadarida O DA

ul‘...:g\' 4 s
AT LA
.i' X, \'3’1' :"F ot

brasiliensis:

Interier kolonie




‘\ Letounl

3:., % dlouhoveci (az 40 let),
= 1 mladé rocneé,

@ dokonala pamet,

;-‘E-b

=R N somalm tradlce

Netopyfi se mohou d02|t vysokeho veku ve srovnani s Jlnyml savci podobne velikosti. DIouhodobe
| (v letech 1948-2000) krouzkovani netopyr(i na Gzemi byvalého Ceskoslovenska poskytlo rizné
| (Idaje o velkém mnozZstvi jedincl - okrouzkovano 89 108 netopyrt 23 (resp. 24) druh(, 12 552
1 zpetnych hlaseni. U 10 druhu byl diky tomu zjistén vyssSi vék nez u dosud znamych zahranicnich §

dat, u netopyra velkého (Myotis myotis) byl prokazan nejvyssi dolozeny vék (vice nez 37 let)
| netopyra Y Evrope a druhy nejvySSi na svété.

ST i | \% CAN EERaL .,

e A

-', ,'f'_."




socialni tradice, socialni uceni
dlouhovéekost, filopatrie, fidelita

Rfer - sdileni lovist matkou a potomkem

pouceni:
Chiroptera-
fenomenalni
psychicke,
sensorickeé a
somatomotorické
vykony ...




Nervova soustava

fylogenetické vztahy na zaklade jeji stavby



... ale: velmi nizka uroven encephalisace, rada “plesiomorfii” ve
stavbeé CNS (zejména michy)

Tabelle 51 Encephalisationsindices (El) der Fledermausfamilien, bezogen
auf basale Insektivoren (El = 100 %)

Familie/ El [90]

Unterordnung Min Max Mittel

Megachiropteren 177 340 247

Mikrochiropteren

Phyllostomatidae 148 284 235

Desmodontidae 216 243 232

Thyropteridae 230

Megadermatidae 182 233 211

Nycteridae 182 233 211

Nycteridae 178 216 196

Mormoopidae 171 203 180

Noctilionidae 128 220 174

Rhinolophidae 139 186 164

Hipposideridae 87 174 164

Furipteridae - - 152 BO FS P ci-ca

Emballonuridae 132 169 151 R

Molossidae 107 166 137 :)illjén:?t'o!:)_en)e:z; DO e RN o] B o o Bt AT

Vespertilionidae T 179 128 L Halsaultrsibung (,Fligelgehin®) des Riicken-
B i roren S e €108~ )

-nur im Flug jagende, Jeutreibung des Riickenmarks, MO = Medulia oblongaa (Nechhirn), PF =

i?] sektivore gh;ikgmgmn 137 L RV T o s e o =Pl

im Flug jagende und von

Substrat ablesende Mikrochir. 156

nur von Substrat ablesende

Mikrochiropteren 186

karnivore Mikrochiropteren 213

Aus H. Stephan 1977; H. Stephan und J. E. Nelson 1981; Stephan et al. 1987



The percentage of the total brain composed by individual regions of the brain
vary in different bat species. The percentage of the total brain composed by the
medulla can vary from 5.3-19.7%, midbrain 4.2-14.6%, cerebellum 11.5-28.9%,
and telencephalon 37.7-70.2%. In humans, the telencephalon composes 85% of
the total brain

Desmodus
rotundus Vampyrum Mormoops

spectrum megalophylla

Pteropus
vampyrus



Mikrochiroptera Megachiroptera

(Myatis myotis) (Rousettus aegyptiacus)
Mittelhirn
; : | Kleinhirn Zwischenhirn
st(:henhlrr‘-}ll \ [ Nachhirn LTy Mittelhirn
\ / Riicken- e
Vorderhirn g, | mark

Masen-
héhle

Abb. 56 Gehirn der Mikrochiropteren (Myotis myotis, unten Hipposideros
commersoni) und Megachiropteren (Rousettus aegyptiacus, unten Eidolon
helvum).

oben: Lage des Gehirns im Schadel.

unten: Mediansagittalschnitt durch das Gehirn.

BO = Bulbus olfactarius, CA = Commissura anterior, Cb = Cerebellum, CC =
Corpus callosum, Cl = Colliculus inferior (Mittelhirn), CM = Corpus mamillare
(Zwischenhirn), CS = Colliculus superior (Mittelhirn), E=Epiphyse, HY =Hypo-
thalamus (Zwischenhirn), MO = Medulla oblongata, PO = Pons, SS = Sulcus
splenialis, T = Thalamus, X = Chiasma opticum. Nach O.W. Henson in
W. A.Wimsatt 1970 und R. Schneider 1957,

relativni velikost tecta
a zejmena colliculus
inferior

=

vyrazne rozdily mezi Micro-
a Megachiroptera

cf. Pettigrew (1994)
a navazneé hypotézy
Némec et al. (1996, 2000)

mozecek

neokortex

redukce pyramidalniho
systému u netopyru



MNc. tractus mesenc.n. frigemini

Ne. ruber/NC. parabrachialis

MNc. vestibulares

Nec. tractus solitarii

Nc. ambiguus

_— Reticulum

Hons

MNec. oliv. Ii N{:I. il
superior ’ ".

/ \ Nc. oliv.inferior

~ Nec.sens.princip.n.trigemini (125001 :
Abb. 55 Schematischer Medianschnitt durch das Nachhirn mit einigen sei-

ner Kerne (Nc.). Grau das Reticulum des Nachhirns. Nc. V. motor. motorischer
Kern des N. trigeminus, Nc. VIl Kern des N. facialis.

Me, V motor.

Objemové dominantni slozkou mozku — mozkovy kmen (myelencephalon +
tegmentum) s excesivné zvétsenymi jadry vestibulokochlearniho aparatu uvnitf
mohutného retikula



diff. Mega/Micro

Sulcus

medianus posterior ] Funiculus posterior

Funiculus lateralis

Hinterhorn

dorsale
Wurzel
_ Spinal-
ganglion
a Funiculus anterior Vorderhorn ventrale Wurzel
Fasciculus
Fasciculus, gracilis e
cunealus S:llj.cus medianus posterior
Himterhorn
= Funiculus
|=‘?_ |.<:,l||__|ouh_1 ) ~ postero-
ateralis lateralis

dorsale
Wurzel

Spinal-
ganglion
b Funiculus anterior Vorderhorn  ventrale Wurzel

Abb. 54 Querschnitt durch das Ruckenmark

a} der Mikrochiropteren (Pteronotus parnelli) und

b) der Megachiropleren (Eidolon helvum).

(grau: graue Subsianz, weill: weile Substanz)

Funiculus anterior, Fasciculus cuneatus, F. gracilis sind sensorische Bahnen
aus der hinteren Korperhélfte zum Gehirn, Funiculus posterior fihrt Informatio-

nen (ber Tast- und Tiefensensibilitdt zum Gehirn. Aus O.W. Henson in
W, A Wimsatt 1970,

kratka micha

netopyri — zbytnéla Seda hmota, detriticke vybezky soustredeny do bilé hmoty
koordinacni funkce (lIétani) rizeno mimo mozek!
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Deeply torpid bats can change position without elevation
of body temperature

Toma3 Bartonicka ® & & Hana Bandouchova ®, Hana Berkova 9, Jan BlaZek @, Radek Luéan © lvan
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Shrnuti CNS letounu
1. Kompletni pfitomnost obecnych savcich znaku

2. Cetné autapomorfie - vyrazné adaptivni pfestavby
- senzomoricka integrace sluchovych a polohovych viemu v
myelencephalonu,
- prostfedky semantické analyzy v colliculii a v cortexu

- rozvoj michy— koordinacni centrum motoriky kridla

- extrémne nizka exprese calpainu (klicovy faktor!):
velikost, dlouhovekost, pametova presnost

3. Velikostni skalovani (cf. objem bilé/sedé hmoty v
mise)



Ekomorfologie
potravnich adaptaci

Dentice, zuby, lebka
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Chiroptera:

Vyrazné heterodontni
savcCi dentice —
tribosfenickeé stolicky

(vyj.: kaloni)

Icaronycteris ? menui, E-Eocene, Mutigny

Hypsugo savii, recent



dentice je zavisla na efektivité zpracovani potravy, dostupnost
potravy nebo jiné faktory na jeji vyvoj nemaiji zadny vliv.

eenamel, ktery je zodpovedny za biomechanickeé opotrebeni,
musi byt finalni jiz pfed profezanim zubu.



zakladni dilema faunivorie

potrava: | velka — mala, ale Casta
hodné energie na jeden malo energie, ale i,"nens"/'
poKkus naklady
zvetsit silu skusubP navysit zvetSeni zpracovaneé
vySku dentice (Spicaky) — potravy®» zvétsit oklusni

plochu
canidizace molarizace P4
zkraceni dentice za "  zvétsit molariformni ¢ast
spicakem dentice
vysledek u redukce

vétdiny netopyrt | | premolaru a M3/3




maxila

Shearing-

compressing-

transporting A ;’ | h ﬁ ¢ :
2 Al

! e

[
&
| ]

*
%

“ by
mandibula

stolicky netopyru jsou tribosfenickeho typu



tribosfenicke zuby jsou
designovany pro insektivorii

clenovci: snadno travitelni, je jich dost a jsou mali

stacCi jen odstranit chitinovou kutikulu

zvetsit tlak v dutinach (fossas) a

mala selekce k drceni potravy zvysit silu stén (enamel)

hlavni tlak (selekci) na
,2ukousnuti”



.. VSe Vv jediny okamazik
* nutnost perfektniho zapadnuti struktur do
sebe

— crests,
— CUSps,
— walls,
— fossas
— etc.)




Pakékoliv
vychyleni je
fatalni

Otonycteris
hemprichii



Tribosfenicka dentice — velmi
komplexni

Musi byt ve vsech detailech zcela funkcni a
dokoncena v dobe odstavu:

Tedy...

zasadni omezeni na mozné rozsSireni zubni
rady
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remni typy specialisaci,

pocetnejsi savci Jizni Ameriky

ELTZABETH DUMONT

b \

Listonosi (Phyllostomidae)



Rozsahle adaptivni prestavby
ebecné morfologie

ELTZABETH DUMONT

b \

Listonosi (Phyllostomidae)



Potravni specializace

Hmyzozravost Sanguivorie
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Macrophyllum macrophyllum Desmodus rotundus




canine

i j

Desmodus rotundu:




Desmodus rotundus

Diaemus youngi

Diphylia ecaudata

Figure 8.2 Hindlimb bones of (A) Desmodus rotundus, (B) Diaemus youngi, and
(C) Diphylla ecaudata. Dark shaded inserts represent cross-sectional views of the bone
at the point indicated.




Potravni specializace

Frugivorie

© Dewynter Vampyrodes caraccioli
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Ametrida centurio



Potravni specializace

Karnivorie Nektarivorie

Irachops cirrhosus

Anoura fistulata

Listonosi (Phyllostomidae)



Biogeografické okénko

Review of the Origins and Biogeography of Bats
in South America



Fylogeneze

fosilni nalezy
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Green River &
Wind River

@ Icaronycteris

Onychonycteris

Honrovits

A\

Early Eocene

Middle Eocene

CorsS

Paleobiogeography

Mit
Hassianycteris
Caba,_va

phylo

isel A i _
~—~Ta /e A-w,_A
= y, eophiyHopnera
Cecilionycte
Matthesia \
Carcinipteryx
Necromantis |

puvod letounu z
oblasti kolem
paleo-tethys?
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Parsimony analysis PAUP*

*60 taxa and 300 characters

*morphological character matrix of
Simmons et al. 2008

plus 75 additional characters and
11 additional Eocene to Miocene
fossil taxa

combined with molecular matrix
of Miller-Butterworth et al. 2007

 Micronycteris

Phyliostomus
Tonatia
Trachops
Artibeus
Lonchophylia

Desmodus
Vulcanops
Pteronotus
Mormeoops
Furipterus
Noctifio
Thyroptera
lcarops
Mystacina
Myzopoda
Stehlinia

—c

el L Mmﬁ e | [TT] |||L

Chaerephon
Eptesicus
Tadarida
Antrozous
Myotis
Molossus
Cheiromeles
Miniopterus
Nyctislius/Natalus
Tachypteron
Emballonura
Saccopteryx
Necromantis
Taphozous
Nycteris
Palaeophyillophora
Pseudorhinolophus
Hipposideros
Rhinolophus
Rhinonicteris
Lavia
Macroderma
Craseonycteris
Rhinopoma
Rouseltus
Pteropus
Nyctimene
Vampyravus
Vespertiliavus
Hassianycteris
Paiagochiropteryx
Archaeonycteris
Australonycteris
Dizzya
lcaronycteris
Onychonycteris
Felis

Canis

Sus

Erinaceus

Tupaia
Cynocephalus



Parsimony analysis PAUP*

*60 taxa and 300 characters

*morphological character matrix of
Simmons et al. 2008

*plus 75 additional characters and
11 additional fossil taxa

combined with molecular matrix
of Miller-Butterworth et al. 2007

L

Phyllostomus
Tonatia
Trachops
Artibeus
Lonchophylla
Micronycteris
Desmodus
Vulcanops <=
Pteronotus
Mormoops
Furipterus
Noctilio
Thyroptera
[carops  gm
Mystacina
Myzopoda
Stehlinia




Bayesian analysis Mr Bayes*

*60 taxa and 300 characters

*morphological character matrix of
Simmons et al. 2008

*plus 75 additional characters and
11 additional fossil taxa

Artibeus
Desmodus
Tonatia
Micronycteris
FPhyllostomus
Trachops
Lonchophyila
Pteronotus
Mormoops
Noctitio
Vulcanops
lcarops
Mystacina

defe o
Tadarida
Molossus
Cheiromeles
Miniopterus
Antrozous
Eptesicus
Myotis
Rhinolophus
Rhinonicteris
Hipposideros
FPalasophyllophora
Pseudorhinolophus
Lavia
Macroderma
Furipterus
Nyctiellus Natalus
Thyroptera
Myzopoda
Embalionura
Saccopteryx
Taphozous
Rhinopoma
Craseonycteris
Dizzya
Vespertiliavus
Vampyravus
Tachypteron
Stehlinia
Palaeochiropteryx
Nycteris
Necromantis
Hassianycteris
Rousettus
Pteropus
Nyctimene
Archaeonycteris
Australonycteris
fcaronycteris
Onychonycteris
Felis
Sus
Erinacets
Canis
Tupaia
Cynocephalus




Bayesian analysis Mr Bayes* Artibeus

Desmodus
*60 taxa and 300 characters Tonatia
*morphological character matrix of Micronycteris
Simmons et al. 2008 Phyllostomus

Trachops
*plus 75 additional characters and Lonchophylla

11 additional fossil taxa

Pteronotus
Mormoops
Noctilio
Vuicanops <=
Icarops
Mystacina




lov nad
vodou?

Reconstruction T. Simpson




Australasii poCcatkem Miocénu
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Zkamenéliny a fylogenetické analyzy ukazuji dvé Celedi

noctilionoidnich netop
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Hypothesis 1

Australia, Antarctica and South America shared single noctilionoid fauna in early Paleogene,
with differential extinctions resulting in subsequent faunal differences

Freezing Antarctica

Forested Antarctica




Hypothesis 2

Two separate colonizations of New Zealand by noctilionoid bats from South America

(possibly via Australia) sometime before Early Miocene (or perhaps 41 Ma)




Hypothesis 3

Archaic noctilionoids gave rise to mystacinids and new family in Australia/Antarctica, more

derived neotropical noctilionoid radiation represents back-dispersal from East Gondwana




Evidence for and against hypotheses

Hypothesis 1. Nalezy Australonycteris 55 Ma — disperze z Australie
od early Eocene, fosilni fauny jsou globalni. nejpravdépodobnéjsi

Hypothesis 2. Odlisné fauny J Ameriky a Australie, odlisne od late
Oligocene, prozatim ale chybi doklady mystacinoidnich netopyrt z J
Ameriky.

Hypothesis 3. Bazalni pozice mystacinoidnich n. mezi noctilioidnimi,
cozZ je v rozporu s puvoden noctilioidni vétve v Americe (Czaplewski &
Morgan 2007)
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Obecne: dosud rada nejasnosti

Predkovska skupina ? Nyctitheriidae?
Misto a okolnosti vzniku letu

Postup integrace jednotlivych
klicovych adaptaci (let, echolokace,
metabolismus, etc.)

Puvod a ¢asna historie vétsiny
dnesnich skupin (Celedi)
Faktory jejich evoluce

POZOR: Cetné konvergence, atd.



