Chiroptero




Struktura kurzu

1. Informacni zdroje. Chiropterologie jako védni obor.
Vymezeni skupiny Chiroptera a peripetie jejiho
vzniku. Nejstarsi fosilni zaznam a bazalni radiace.
Strukturni charakteristiky a diversita zakladnich

adaptaci.

2.- 3. Prirozena biodiversita skupiny a prehled
jednotlivych vyvojovych linii, system.

4. Ochrana netopyru, sou€asna rizika.

Ddraz na metodické souvislosti a case examples



Vyznam a rizika letount jako modelu

letouni - netopyri - dlouhovékost, 1-2 mladata, vysoka socialita, specifické adaptace
monitoring a bioindikace - vysoka specializovanost

pravni ochrana —
vyhlaska €. 395/1992 Sb., zakon €. 114/1992 Sb., o ochrané prirody a krajiny.
Dohoda o ochrané netopyrt v Evropé (EUROBATS), dodatkem

ey ré

Umluvy o ochrané st&hovavych druhti volné Zijicich Zivogich(l (Bonska umluva).

Leptonycteris obaiené pylem Agave



Vyznam a rizika letount jako modelu

Ale...
obtizné dostupné udaje o biologii = mnoho neznamého — strach
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zasadni rozdilnosti v urovni poznani - migrac¢ni koridory netopyrt a ptaku
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Zdroje informaci

domaci knihy - Poznavame nasSe savce, Létajici savci, Nasi netopyri, A tribute to
bats

zahrani¢ni knihy - atlasy poznavaci, distribuCni
tématické knihy - echolokace, ekologie, biogeografie

Casopisy a sborniky - Acta Chiropterologica, Acta Theriologica, Journal of

Mammalogy, Myotis, Nyctalus, Folia Zoologica, Vespertilio, Lynx, informacni letaky
a brozury

historicka literatura v ¢eskych zemich

:ll ”C\"T“ri' formal Pl“‘“-"‘"“ for integration of regional bat studies with the i‘l'(‘JL‘L'El in care of two professional employees. Thanks to them CESON sts
of then newly establishes Environment Ministry (including international Projects seale programme of a strict control upon current rebuilding proge
such as EUROBATS) and in care for continuity of the long-lasting monitoring ‘|1fo 0sts and spread its focus onto huge number of loca
ofundergroundh ilwrnucula.1|1-:L'/ccltsasln} ak Bat Conservation Ti “eskoslovensks bodies en: 1in these projects

spolecnost pro ochranu netopyri ('I:S()?\fi was cslal'r_lls_hcd, After a split
of former Czechoslovakia into the Czech Republic and Slovakia in 1993, the regional
scope of CESON is restricted to the Czech Republie and its role in Slovaki,
was taken by a newly established Slovak Bat Consg bik Society (SON)

For its members, CESON provides a standard platform for presentation

of particular outputs and promoting methodical innovations in study of bats

Itorganizes the annual plenary assemblies (with awarding particularachievements

of young bat students with the F.A Kolenati award), annual field meetings and

ch Bat Conservation Trust
ination platform of bat research and bat conservation in
ormer Czechoslovakia, since 1993 in the Czech Republic

sration with SON



LIST OF INTERNATIONAL BAT RESEARCH CONFERENCES

ST 1968 CZECHOSLOVAKIA, HLUBOKA N. V.
2ND 1970 THE NETHERLANDS, AMSTERDAM
3RD 1972 YUGOSLAVIA, PLITVICE
4TH 1975 KENYA, NAIROBI
STH 1978 USA. ALBUQUERQUE
6TH 1982 NIGERIA, IFE
7TH 1985 UK., ABERDEEN
8TH 1989 AUSTRALIA, SYDNEY
9TH 1992 INDIA, MADURAI

10TH 1995 USA, BOSTON

11TH 1998 BRAZIL, PIRENOPOLIS
12TH 2001 MALAYSIA, BANGI
I3TH 2004 POLAND, MIKOLAJKI
14TH 2007 MEXICO, MERIDA

15TH 2010 CZECH REPUBLIC, PRAHA
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... Samostatna zoologicka
disciplina ?




Google Scholar:

Bat 1.720.000
Mammal(s) 1.870.000
Rodent 813.000
Bird(s) 2.350.000
Fish 2.560.000

Bat Research 675.000
Mammal research 437.000
Mammalogy 64.200
Rodent research 531.000
Ornithology 133.000
Bird research 2.180.000
Ichthyology 121.000
Fish research 2.110.000



Vrchol
rozmanitosti
pfizpusobeni

mezi savci
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Historie oboru — tradicni durazy na specifika netopyru
(A)19.stol. H.KuhI, Koch, Blasius, Kolenati ...

(B) Zaklady moderni chiropterologie (klasicka dila): 30-
50.leta 20. stoleti

M.Eisentraut: Die deutsche Fledermause

G.M.Allen: Bats

A.P.Kuzyakin: LetucCije mysi

O.Ryberg: Studies on bats and bat parasites

(C) Explosivni narust informaci s novymi technikami
70. leta — site

80. leta - detektory

90. leta — DNA
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Mammal Diversity
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Craseonycteris thonglongyai — priklad « nej »

télo cca 3 cm, vaha 2-2,5 g, rozpéti 12 cm, nejmensi savec svéta




Pteropus vampyrus - kalon malajsky

rozpéti kiidel az 1,7 m, hmotnost az 1,6 kg, nejvéetsi letoun sveta




Craseonycteris thonglongyai — priklad « nej »
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Home I All Titles / Acta Chiropterologica / Dec 2002 [ pg(z) 107-120

Acta Chiropterologica

Published by: Museum and Institute of Zoology, Polish Academy of Sciences

 next article » G Vyberte jazyk | ¥

translator disclaimer

Acta Chiropterologica 4{2):107-120. 2002
https://doi.org/10.3161/001.004.0201

Craseonycteris thonglongyai (Chiroptera: Craseonycteridae) is a
Rhinolophoid: Molecular Evidence from Cytochrome b 8

Pavel Hulva and Ivan Horacek

©Museum and Institute of Zoology PAS
Received: May 25, 2002; Accepted: October 11, 2002

[+] Author & Article Info

Craseonycteris thonglongyai (Chiroptera: Craseonycteridae), an enigmatic taxon which shares
morphological traits with both Rhinopomatidae and Emballonuridae was for the first time nvestigated
with the aid of molecular phylogenetic techmiques. Three methods of phylogenetic inference,




Craseonycteridae
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Thailand versus Myanmar ...
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Nuclear support

STRUCTURE

Legend

o BGN

A PHIKAZ-end
+ PHKAZ-start
*OSMCYT

& IP2

Allele 2

Allele 1

&

PHKAZ-ctart PHKAZ-end

Microsatellites 5 SNPs (n=659) (
(n=659) :
Considering only emergence counts, 80% of the colonies in Thailand included

between 100 and 400 ind. (n = 20, range = 11 to 856). In Myanmar, emergence
counts at 4 caves furnished estimates of 40, 600, 1100 and 2000 ind.




Vymezeni (ideologicke) netopyra




Schopnost aktivniho letu




70% fosilniho zaznamu chybi

ale Eocén

Icaronycteris, Palaeochiropteryx, Archaeonycteris,
Hassianycteris, Tachypteron

Wyoming, USA, 52,2 mya
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Ale...Onychonycteris finneyi ... ..

nema zakladni struktury nutné pro
echolokaci

u kalonu a neecholokujicich
stylohyal (bodcovity vybézek jazylky)
neni pevne spojen s tympanem

ale Onychonycteris spoj ma!
Veselka et al. 2010

védecky koncensus

neumel echolokovat !!!
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1917Palaeochiropteryx tupaiodon Revilliod

Messel, Darmstadt, NE, zachovana fosilie s potravou v zaludku, Siroka kfidla,
lesni gleaner, lov nizko nad zemi podobné jako pavrapenci



Phosphorites du

stavu. late Eocene and the beginning of
the late Oligocene







Messel Bats - Palacochiropterygididae

Palaeochiropteryx tupaiodon (SMF 2022)




Geiseltal: Cecilionycteris prisca, Matthesia insolita




Archaeonycteris Dentition

cel. Archaeonycteridae
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Fossils of Lake Gosiute (%)

F[]SSII.S UF I.AKE GUSIUTE Time Travel to the Eocene Era

Lake Gosiute was home to a diverse population of strange creatures that flourished in the lush vegetation of its tropical shores. Fast-forward 58 million years to
Y Al AR INAL TV B [ [FlYyoming, and it's an archaeologist's paradise with fossil-rich soil and stones that tell tales of ecosystems past.

Green river formation

The earliest known bats (/caronycteris index and Onychonycteris finneyi), already full-
developed for flight,



https://wikivisually.com/wiki/Bat
https://wikivisually.com/wiki/Icaronycteris
https://wikivisually.com/wiki/Onychonycteris
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Icaronycteris index

Do nedavna nejstarsi znama
fosilie, sp. Eocén.

Uz hotovy netopyr, mj. mala
redukce ulny

Bat

\\ radius

humerus

14 February 2008 | www.nature.com/nature | $10 THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

/ In search of power
It's chaos piﬂ there

M\  Therulesofthegame

o o N e e

_ ‘:: ‘TECHNOLOGY
'( R v FEATURE

A . : Stem-cell culture
J_ b | ! ; ‘ r .

03070

L“L‘ ‘ ‘ |
‘I/'le J

0

,’H

07>




Onychonycteris finneyi Icaronycteris index

Paratype (Private Collection)) Holotype (YPM-PU 18150)






Taxon

Onychonycteris finneyi
Icaronycteris index
Archaeonycteris trigonodon
Palaeochirapteryx hupaiodon
Palaeochiropteryx spiegeli
Hassianycteris messelensis
Hassianyvcteris magna
Tachypteron franzeni
Pteropodidae
Rhinopomatidae
Megadermatidae
Rhinolophidae
Emballonuridae

Nycteridae

Noctilionidae
Mormoopidae

Phyllostomidae

» comy/nature

Aspect Ratio Index

1.74 16

1.97 14

1.87

1.2
2.04
2.06

2.51

Tip Area Ratio

0.8
2.66

2.75 0.6
2.16-2.21

2.11

2.19

2.14

2.39

2.00

2.53

222

1.99-2.20

Tata Unnirra

#+ Extant echolocating bats
Pteropodidae .
®Eocene bats *

® Onychonyctetis ’0 .

® Rhinopoma

40

40

40

40

40

0.9 11 1.3 1.5 1.7 1.9
Tip Length Ratio

Siroka a kratka kridla

21



4.50

4,00 -

N w w
W = o
= = =

Cochlear Width (mm)
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1.50

1.00

+Vespertilionidas

& Onychonycteris finneyi

® [caronycteris index

e Archasonycteris trigonodon

4 Palaeochiropteryx tupaiodon
Hassianycteris messelensis

Tanzanycieris mannardi

= Tachypteron franzeni s * A '
e A 4, &, A
4 Eonyeteris spelaca L L u Y A
. - & " A A
i Fcholocating Rousettus . L, Ay P. &
A ey L A
A 4 a
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Basicranial Width (mm)
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Tupaia
Cynocephalus
Erinaceus
Sus

Felis

ff
Onychonycteris finneyi « :

lcaronycteris T
Archaeonycteris
Hassianyceris
Palaeochiropteryx T
Pteropodidae
Rhinclophidae
Hipposideridae
Rhinopomiatidae
Megadermatidae
Craseonycteridae
Emballonuridae
Nycteridae
Natalidae
Molossidae
Minopteridae
Vespertilionidae
Myzopodidae
Mystacinidae
Phyllostomidae
Mormoopidae
Thyropteridae
Noctilionidae

Furipteridae

>~ Outgroups

/




Onychonycteris Dentition

.. - 1

Holotype ROM 55351A)



Protictis haydenianus

10cm

Q

Protictis microlestes

Dh‘ —

10cm

Protictis tenuis






1.5 mm







Létani: omezeni telesné velikosti
Letouni: 1.9 g-1.5kg

Ptaci: 1.5 9g-16 kg  Hmyz: 0.01 200 g
Pterosauri 4 g - 100 kg

Pteropus vampyrus
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Chiroptera — nejmensi genom

1.63 pg In
Lophostoma
carrikeri to 3.17 pg
In Rhinopoma
hardwickir ,
averaging 2.35 pg %
0.02SE.

Pteropodidae:
variabilita velikosti
genomu vyrazne
omezena

mezl savcl

161
14 4
12 4
£ 10
o
i
= mammal
= 61 average
4
2- H H
0- - e
20 25 30 35

Figure 1. Summary of genome size diversity in 43 species of
megabats of the family Pteropodidae (black bars, present
study) and 62 species from six families of microbats (grey
bars, Gregory 2009).



Chromosoma
December 2013, Volume 122, Issue 6, pp 535-540 | Cite as

The bat genome: GC-biased small chromosomes
associated with reduction in genome size

Authors Authors and affiliations

Fumio Kasai [~], Patricia C. M. O’Brien, Malcolm A. Ferguson-Smith

Research Article
First Online: 24 July 2013

3 3049

Citations Shares Downloads

Abstract

Bats are distinct from other mammals in their small genome size as well as their high metabolic
rate, possibly related to flight ability. Although the genome sequence has been published in two
species, the data lack cytogenetic information. In this study, the size and GC content of each
chromosome are measured from the flow karvotvpe of the mouse-eared bat. Myotis myotis

(MMY). The sm We use cookies to improve your experien ce with our site. More information Accept

relative proportions of homologous segments between MMY and human dittfer among the MMY



Letouni jsou vylucne nocni

m.j. i z energetickych duvodu:

Pefi — izolace proti
prehrivani

. -f.'.l http://www.birdforum.net/opus/images/

Velka plocha neizolovaného
povrchu — riziko denniho
prehfivani .

1
Srus =
Humeru Radius >
) I\

Clavicula

; |
% LLLLL a
5902109.JPG

http://www.diimages.com/discover/previews/976/3



Heterotermie, denni strnulost, hibernace




rozdeleni potravnich nik souvisi s letovymi a senzorickymi
omezenimi/dispozicemi k potravni zakladné

Echolokace



A CF-FM call
125 7 EM eall Rhinolophus
_— Eptesicus g=== Click
T 1007 | i i Rousettus
= |
g 75 i‘
@ !
% 50 | i | '\
T 5] VN
0 ;
0 Time (ms) 114

laryngealni echolokace
tlamkou, nozdrami

o

Freq (kHz)

=

4
Sy, A
Search phase %oy, i“f

-2 -1 0
Time to capture (s) —»

Abb. 230. Parasagittalschnitt durch den Kopf ciner Kleinen Hufcisennase, R Armcampdns bagogues ase s
(Microchiroptera, Rhinolophidae). Nach Monuges 1952

1. Hufeisen, 2. Nasenhohle, 3. Bursa pharyngica (Rec. pharyngis), 4 Ocsophagus, A Trachea & La-

rynx, 7. Gaumen, B Zunge, 9 Mundhohle.



Otazka vzniku echolokace

A :
Eidolon
Yinptero- e Pteropus
chiroptera
V} — Megaderma
)) Pleropus
Rhinolophus
o)) ———— Myotis
Yangochiroptera
Pteronotus
B
. e Rhinolophus
Megachiroptera
Pleropus
Megaderma
V})J ——————— Rhinolophus
Micro-
chiroptera Myotis
Myotis
Pteronotus

Current Biology



echolokacni gen FOXP2 — velmi variabilni (vocal learning gen u &lovéka a ptaku)

‘ konvergentni evoluce mezi vrapenci, pavrapenci a kytovci (Odontoceti)

Pteropodidae

Rhinolophidae

Hipposideridae

Megadermatidae (Old World
false vampire bats)

Megadermandae

s (raseonyctenidae

Yinpterochiroptera

e hunopomatidae

P Nyctenidae

v |y b llonurnidae

s Pliyllostomidae

b Mormoopidae

e N ot lon1dae

—
_E: Furiptendae
Thyroptenidae

Yangochiroptera

frequency

Mystacimdae S—
Myzopodidae —
-

Vespertiliomdae
'{

Molossidae
'inuuunll r'll.ﬁ||i|"|i'|-||_"fil|j.;li."*
L Natahdae "

Fretal 2008
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Prestin is the motor protein of cochlear
outer hair cells

Jing Zheng*, Weixing Shen*, David Z. Z. He*, Kevin B. Long*, Laird D. Madison & Peter Dallos*

* Auditory Physiology Laboratory (The Hugh Knowles Center), Departments of Neurobiology and Physiology and Communciation Sciences and Disorders,
Northwestern University, Evanston, Illinois 60208, USA
T Center for Endocrinology, Metabolism, and Molecular Medicine, Department of Medicine, Northwestern University Medical School, Chicago, linois 60611, USA

The outer and inner hair cells of the mammalian cochlea perform different functions. In response to changes in membrane
potential, the cylindrical outer hair cell rapidly alters its length and stiffness. These mechanical changes, driven by putative
molecular motors, are assumed to produce amplification of vibrations in the cochlea that are transduced by inner hair cells. Here
we have identified an abundant complementary DNA from a gene, designated Prestin, which is specifically expressed in outer hair
cells. Regions of the encoded protein show moderate sequence similarity to pendrin and related sulphate/anion transport proteins.
Voltage-induced shape changes can be elicited in cultured human kidney cells that express prestin. The mechanical response of
outer hair cells to voltage change is accompanied by a ‘gating current’, which is manifested as nonlinear capacitance. We also
demonstrate this nonlinear capacitance in fransfected kidney cells. We conclude that prestin is the motor protein of the cochlear
outer hair cell.

Extraceliular side
Feesssaeeees: |

Cytoplasmic side

s Hair bundle STAS motf

maotor

Record holder for highest
frequency contraction of a
motor protein

Somatic
motor

Prestin

Zheng et al (2000) Nature 405: 149-155




Hipposideros armiger

Prestin! — bazalni rozdeleni o
na Mega a Microchiroptera Hprats

Aselliscus stoliczkanus

—
— Rhinolophus ferrumequinum

——®—R. pusilius

79/73/98/99 — R. luctus

be_od

EMyo tis ricketti
Miniopterus fuliginosus

81/76/98/100

Megaderma spasma

Ve
} Rousettus leschenaulti
eChOIOKUJ |’C|’ |etOun| tVOﬁ {Cynoptems sphinx g
monofyletickou skupinu e 94,93,94”00{60\”
81/531-1100 | Lpig w;
horse
. . 100/99/100/100 [~ 409 -
Prestin kodujici gen u 22 Lo
savcu, _genetlckyo strom mouse ,
stejny i u kytOVCU 100!98/98/10QErat
85/100/100/100 gerbil |
rabbit
human

Li et al. (2008) PNAS 105:13959-13964




dN/dS (red) along the ancestral

branches of CF bats (A), Old World fruit Constrained species tree
bats (B) and Yangochiroptera (C)

17.2]73.3/0.10 human
2 | A 28/232.8/0.05 rabblt
5.4/43.8/0.05 Z
11.3/127/0.04 gerbll
10.8/123.8/0.037 7/98.2/0.03
8/26.4/0.129 mouse
12.4/96.1/0.06 rat
10/81.6/0.05
3/39.5/0.032 I dog
7.4/87.4/0.05 Cat
3.6/12/0.127 16.4/107/0.07 horse
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Bi27/0.032 cow
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[
> 1B pIg
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1 - L R. luctus (16.1/16.3/0.42)
38.6/25.0/0.66 —— R ferrumequinum (6.2/14.1/0.19)
A 15.5M18.00 Aselliscus stoliczkanus  (a.9/22.410.09)
0.35 : 2 i
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] j (0/5.2/0)
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0/1/0
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0 500 1000 1500 2000

Li et al. (2008) PNAS 105:13959-13964

basepairs



I {1 i
PHYSIOLOGY

From the ultrasonic to the infrared: molecular evolution

and the sensory biology of bats

Scho nces, Un

Gareth Jones'*, Emma C. Teeling? and Stephen J. Rossiter®

K

Roosts in caves

Fruit bat Roosts in caves or trees (Eidolon) or roosting ecology not known (Thoopterus)

roosting ecolagy I:I Roosts in trees

Mode of laryngeal |:| Low-duty-cycle echolocation

echolocation I:l High-duty-cycle echolocation
0.0/4.5 5
Nyctimene cephalotes
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Figure 3 Eye structure in Tiphiamys chap-
ensis. (a) Section parallel 1o the opiic axis
stained according to Mallory represents

extensive folding of retina. (b) Section
- }—--- - -I— e -t - - -}-—-—-———'— e e o through the optic axis stained according to

Mallory at different magnifications: (b1)
general eye composition, (b2) close-up
view of the retina and (b3) close-up view
of the retinal fold. (¢) Longitudinal section
of the optic nerve at its exit out of retina
stained with hematoxylin-eosin shows glhi-

&
o

—a=| e pefiod osis of the optic nerve. AC, anterior cham-
150 4 ber; Ch, choroid; Co, cornea; GCL, gan-
lion cell layer; I, iris; INL, inner nuclear

1 bbb [ | Iy b g Y

Frequency (kHz)
(4]
=

layer; L, lens; NFL, nerve fiber layer; ON,
optic nerve; ONL, outer nuclear layer (rod
7 nuclei); P, pigment epithelium; R, retina; 8

50 100 1 él:l 200 2 .5[] 00 aé‘n Tim&ltms] sclera. Scale bars 0.1 mm.

!

Figure 2 The waveforms, spectrograms
and power spectrum (c) representing
| i acoustic patterns and acoustic variables
c 380 |"_ distioma b d e measured from the vocal pulses of Tiph-
) lomys chapensis. (a) Natural sequence of
E m pulses, of which the first 4 comprise a typi-
= IR0 4 cal bout; period, the period between pulses.
'% - (b) and (c) A pulse without echo; fmax, the
E_ = 200 _~| I_.._ dur 1 maximum fundamental frequency; fmin,
§ the minimum fundamental frequency:
1‘ g 150 — frmax 1 bandw, the pulse bandwidth; dur, the pulse
e 100 : barsdwe ) i duration; disttomax, the duration to the
ulse maximum amplitude; fpeak, the peak
1 i pul: i plitude; fpeak, the peak
50 ——— fmin frequency. (d) A pulse with weak echo. (e}

A pulse with strong echo.

w1 05 5.0 Time (ms) 5.0 5.0

A blind climber: The first evidence of ultrasonic echolocation in
arboreal mammals

Aleksandra A. PANYUTINA," Alexander N. KUZNETSOV, Ilya A. VOLODIN,™ Alexei V.
ABRAMOV*” and Irina B. SOLDATOVA®

'Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences, Moscow, Russia, “Department of Vertebrate Zoology,
Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia, "Scientific Research Department, Moscow Zoo,
Moscow, Russia, “Zoological Institute, Russian Academy of Sciences, Saint Petersburg, Russia and “Joint Vietnam—Russian Tropical
Research and Technological Centre, Hanoi, Vietnam

Figure 1 Vietnamese pygmy dormouse Tvphlomys chapen-
sis. Its reduced eves are reflected in the generic name, which
means “the blind mouse ™
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Vysoka frekvence — kratka
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presnost echolokacni
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Fig.3. The problem of auditory scene analysis in bats. (4) Millions of Brazilian free-tailed bats streaming
out of Bracken Cave in Texas at dusk (photo courtesy of Merlin D. Tuttle, Bat Conservation International).
(B) Spectrogram of calls produced by Brazilian free-tailed bats emerging from Ney Cave, another large bat
colony in Texas. The extreme density of calls and echoes illustrates the problem of the “cocktail-party
nightmare” (see Difficult Problem no. 1). Note that the average interval between calls of an individual bat
in this species is =200 ms (ref. 64), longer than the 180 ms shown here (recording by E. Gillam). (C) The
directional emission pattern of big brown bat: black color, high intensity of emissions; white, low intensity.
Arrow shows the beam aim, direction of the sonar beam’s maximal intensity. Beam shape was measured
by K. Ghose, using an array of 16 microphones. (D) Example of jamming avoidance response in a Brazilian
free-tailed bat that was suddenly presented at t = 0 with a sequence of echolocation calls at a frequency
of 24.3 kHz (red arrow); in response to this stimulus, the bat rapidly shifted the frequency of its calls
upward (black line) (data from experiment by E. Gillam (University of Tennessee, Knoxville), G. McCracken
(University of Tennessee, Knoxville), and N.U. (64).



Can pipistrelles, Pipistrellus pipistrellus
(Schreber, 1774) and Pipistrellus pygmaeus
(Leach, 1825), foraging in a group, change
parameters of their signals?

ruLL  Article 7 Journal of Zoology 272(2):194 - 201 - February 2007
TEXT
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Fig.5. S5patial memory and navigation in echolocating bats. (4) Example of long-range migration by the
bat P. nathusii. Straight lines correspond to individual bats that were banded in Eastern Europe and then
recaptured as far as Croatia, Italy, and France (adapted with permission from ref. 54). (B) Spatial memory
for 2D flight paths, on the centimeter scale: echolocating bats (M. lyra) were trained to fly through an array
ofwires, and two bats flew through thewires without touching them on =85%% of trials ("'pre”); when the
wires were moved by 4 or even 2 cm, the bats showed a significant drop in performance on days 1-2,
followed by slow recovery. Data were measured from ref. 100 and reanalyzed. Error bars, mean = 5EM,
computed over all wire-shift trials in these two bats. () Place fields of three "place cells,” recorded from
the hippocampus of big brown bats, a small bat species weighing =15 g, as the animal was crawling in a
rectangular arena (103). Blua color, no spiking activity; red, maximum activity of the neuron (data

recorded by N.UL).



