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A Portable Mist Netting S-vstemfor Capturing Bats
with Emphasis on Myolis sodalis (Indiana bat)
JamesE. Gardner,JamesD. Gamer and JoyceE. Hol'mann
Illinois Natural History Survey
172 Natural ResourcesBuilding
607 E. Peabody Drive
Champaign,Illinois 61820
(JEG and JEH)
and
Division of Natural Heritage
Illinois Departmentof Conservation
Lincoln Towcr Plaza
524 South2nd St.
Springfield,Illinois 62706
(JDG)

INTRODUCTION
BiologistshaveusedJapanesemist netsto capture
bats ever since they adoptedthe idca from ornithologists. Although there have been some exciting advancesin thc techniquesand equipmentuscd to study
bats(e.g.,ultrasonicdetectorsandsuperminiatureftansnritters), mist netting remains the most reliable and
effcctive methodof capturingbatsat foragingsitesand
along flyways. Basic nettingtechniqueshavechanged
very little over the years, but heavy nylon nets of
terylene have been replaced by lighter, less visible
monofilamentnets.
Black, monofilamentJapanesemist netsof I l2inch (38-mm) meshare the bestavailablefor capturing
small-to mcclium-sizcdbats. Each net usually hasfour

shelvesand can be spreadto a maximum height of 7 ft
(2.1 m). Nets are availablein lengthsof 18 ft (5.5 m),
30 ft (9.1m),421t(12.8m), and60 ft (18.3m) butstretch
2-3 ft longer with use. Alttrough monofilamcnt nets
greatlyincreasethepotentialforcapturing wary species
(i.e.,Myotis),techniquesfor positioningthenetsgreatly
affect capturesuccess.For instance,singlenetsplaced
over isolatedwater holesor along flyways are likely to
captureonly *rose speciesthat fly below 7 ft (2.1 m) to
drink or forage. When the nets are positioncd highcr,
the problem becomeshow to retrievc entanglcdbats in
an expedientand responsiblemanner.
In the past, nets had been raised into the forcst
canopyto capturebatsas they foraged,but not wiLhout
great difficulty iurd expense. Furl.hermorc,these ar-
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rangemcnts usually were fixed at one location and
suitableonly in limited situations(e.g.,wheretreelimbs
were availablc). Humphrey et al. (1977) were among
thc first to suspendfour mist nets above one another
bctwcen steelpoles 30 ft (9.1 m) high. The nets were
positioned permanently and raised and lowered by a
hand winch, ropes, and pulleys. During ecological
srudies of Missouri bats, LaVal and LaVal (1980)
stacked *rree mist nets vertically and used a portable,
pullcy-operateddevice for raising and lowering them.
Thcir system proved successfulbut. was expensive to
construct and difficult to assembleand position in the
field. Other researchershave successfully employed
other stacking methodsusing rope and pulley devices
(Copeer a|.,1978;Brack, 1979;Clawson,1986;Clark
et al.,1987). More recently, Kunz and Kurta (1988)
described how mist nets could be stacked on poles to
capturebats more than 7 ft (2.1 m) aboveground.
In I 9 80,GardnerandGardnerconducteda studyto
dctcrmine the presenceof the Indianabat (Myotis sodalis) in riparian habitat in west-centralIllinois. To
capturcbats as they foraged high abovethe stream,they
developeda high net-setthatalloweda wall of four mist
nets to be raised to a height of 30 ft (9.1 m) and then
lowcrcd quickly and easily to retrieve bats capturedin
thc uppcr shclves. This sameinexpensivehigh net-set
hasproved durable and rcliable throughout sevenyears
of field work; only oncc havethe nylon ropeshad to be
replaccd. Since 1980,no lessthanfifteen net-sets,with
only minor modificarions, have been made. These
replicationswere usedto capturebats during research
projects located in a variety of situations(e.g., Rabinowitz, 1982; Klaas,1986; K. Tyrell, University of
Illinois, pers.comm.).
Thirty-footpoleswerenot usedateverynettingsite
becausecanopiesat some sites were lower. In these
inslances,a20-ft set was used. Proceduresto modify
the basic 30-ft high net-setto a 20-ft set are explained
below.
CONSTRUCTION
The netting equipment described below allows
mistnetsof equallengthtobe stackedverticallywiththe
end loops attachedby a rope and pulley to pairs of
intcrlocking antennamasts. The interlocking sections
of antcnnamast (each 10 ft in length)can be purchased
from mostradio,television,andelectronicsoutlets.The
rcmaining materials (see list) can be acquired at a
hardware store. Construction requires only ordinary
tools,and the entire assembly(excludingthe mist nets)
cos$ lessthan$150.00.
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Pole Assembly
Connectthree 10-ft mast sectionsto make a 30-ft
pole; repeat for the secondpole. Drill a 3/8-inch hole
one inch from the top of eachpole. Drill another3/8inch hole two inchesfrom the top of cach pole; make
sure theseholes are parallel to each other. Drill a 3/8inch hole approximately 24- inches up from the bottom
of eachpole; make suretheseholesareparallel to the top
holes. Attach three5/16-inchstainlesssteeleyebolts to
eachpole, using lock washersand nuts. Take carethat
the uppermosteye bolt and the eye bolt at ths bottom of
the unit face the samedirection. The eyebolt two inches
from the top of each pole must face the opposite direction. Attach the l/4-inch lap link to the top eye bolt of
onepole. When you positionthe poles,the lap link will
allow ttre top line to be pulled through freely without
pinchingbetweenthepulley eyeandtheeyebolt. Strips
of self-adhesivereflective tapemay be attachedto each
pole at 1-m intervals (beginning from the bottom) so
that the height of bats captured in the nets can be
determinedeasily. Mark sectionsthat belong together
for faster and easier assembly in the field. To disassemble,disconnectthe poles and bind them together
securely with strong straps.

Materials needed to construct a portable mist-net
system 30 ft high
Quantity
6

Size

Description

10' x I l/2" interlocking,aluminum antennamast

6 2" x 5116" stainlesssteeleye bolt (+lock washer
and nut)
4
| ll2"swivel eye pulley (fixed eyc may be substituted)

4

U4"

4

5116"

3

314"

I

r/4"

2

54'x3/8"

solid nylon rope (pullcy rope)

2

6'x318"

solid nylon rope (tensionrope)

2

100'x U4"

solid nylon rope (guy ropc)

120'x l/8"

solid nylon rope (top line)

trigger snap(dog leashsnap)
rope clamp (compressiontype)
snaphook
lap link (cold shut)
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5/ 16"Bope Clanp

snaPtrook

2

34"

2

34'x318"

solid nylon ropc (pulley roPe)

2

6'x318"

solid nylon rope (tensionroPe)

'1/4"Tri ggerS nap

5116"R opeC l amp
'1-1/2"
S w i velE ye Pul l ey

Pulley RoPe AssemblY(Figure 1)
Fecclone end of a 54-ft nylon rope through two
pullcl'sandattachit to thc fixed endof a l/4-inch uiggcr
snap using a rope clamp (knots will work if tied securcly). Use anotherropc clamp to make a 3-inch loop
with the otherend of thc ro1rc,and hook the triggersnap
into this loop, creatinga2T-ft pulley rope assembly.
Finally, tie a 6-ft tensionrope securelyto the eyeof one
pullcy. Rcpeatfor tlle secondpole. To preventlangling,
coil the pullcy rope assemblicsand bind with the attachcdtcnsionrope. If dcsircd,20-ftpulleyropescanbe
in fte samemannerusing34-ft ropelengths.
assernblecl
Guy RoPe AssemblY
Locatcthe middlcof a 100-ftropeandfirmly attach
it to thefixed cnd of a l/4-inch triggersnap.Holding the
frcc cnds of the rope togcther,wind them simultaneously around a woodcn spool. End the wrap with thc
triggcr snap frce on the spool so that the snapcan be
hookcd into thc eyc bolt first during assemblyin thc
ficlcl and thc guy ropes will unwind without tangling.
Repeatthis stcp for thc other pole.
ToP Line
Atrachoneendof the 120-ftropesecurelytoa3H'
inch snaphook. Wrap thisropearounda woodenspool,
bcginningwith the free end so that the snaphook is on
top.
I'IF]LD ASSEMI}LY AND POSITIONING
Fully assembledand adjustcd,the high netting
polcsarefree-standingandextremelystable(Figure2).
Thcy havcwi thstoodfl oods,buffeting by hcavybranches
and high winds, and thc curiosity of livestock. Two
pcrsonscan maneuvcrthe 48-lb (22-kg bundle of six

Figure 1.

l

3/S "Tensi onR ope

1 1i2" DianBterAntennaMast

Diagram showing pulley rope assernbl,vfor thc
high net-set and its attachment to the pole.

poles throughdensebrush and over moderatclyrough
terrain. The two pulley ropes, fte two spools of guy
rope,lhe spoolof top line, and themist netsfitcasily into
a small daypack.
The high net-set can be positioned immcdiatcly
behind or underneathnatural canopics created by trce
limbs overhangingstreamsor otherflyway corridors.If
the correct pole height and length of mist nets are
chosen, a netting plane can bc created between thc
canopy and the ground (water) level that effectively
closesoff the flyway. In addirion,the investigatormay
chooseto position a single net at ground (water) level,
adjaccntto the high net set,to closethe lower 3 ft of the
flyway.
Some situations do not allow 30-ft polcs to bc
positioned. In theseinstances,the middlc scctionsof
thc 30-ft poles are removed and pairs of 17-ft pulley
ropessubstitutedfor the 27-ft ones. This option and an
assortmentof mist-net lengths give the invcstigatora
great deal of flexibility in choosing thc bcst netting
position.
AssemblY
Intedock thepolesand lay them on thegroundrvith
the uppcrmosteye bolt pointing up (the lorvcrtnosteye
bolt will alsopoint up). Attach the pulley for eachpolc,
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without the tensionropc tied to it, to the uppermosteye
bolt usinga 3/4-inchsnaphook. Unravcl thepulley rope
and tie the 6-ft tension rope to the bottom eye bolt.
Rcmovc mostof the slackin thepulley ropeby applying
only moderatetensionat this time (lesstcnsionmakes
attachingthc mist netseasier).
Atrach the trigger snap of each guy rope to the
lower of the two eye bolts at the top of each pole.
Unwind the guy ropes from ttre spool and lay them
parallclto thepole. Untanglingthetwo strandsnow will
facilirate sccuring the liee ends when the poles are
upright.
On thepolc without alaplink, fastenthe snaphook
of thc top l inc to the topmosteyebolt to which you have
alrcaclyattachcdthe pulley. Unwind rheentire top line
from its spool,passthe frcc cnd throughthc lap link on
thc othcr pole and tie the end temporarilyto theeyebolt
at thc bol.tomof Lheother pole (slack will be takcn out
of thc top linc when both polcs are positioncd).
Positioning
Two personsare essentialto position thc poles.
N{ark the positions for the polcs so that the distance
bctwcen thcm will equal thc length of mist netsplus 2
- 3 ft. Place the bottom of one pole on one mark and
slowly raisethe pole. One pcrsonstepsfirmly down on
thebasccnd of thepolc while theotherpersonraisesthe
pole. Takc carethat lhc guy ropesand the top line don't
bccomecntangled. As one personholds the pole perpendicularto the ground,the ot.herties the free endsof
the guy ropcs to a tree, root, or other anchor. When
l.cnsionhasbeenput on the guys, thepole canbe leaned
into trcc branchcsor against a steepbank while the
secondpole is positioncd. (A third personto hold the
first polc upright is helpful but not nccessary.)
Place the bottom of the secondpole on thc other
mark and raisc it in a similar manncr. Tighten the guy
ropcs,taking careto position the pole perpcndicularto
theground. With eachpcrsonholding onepole upright,
removethe slack in the top line by pulling down on the
cncltied to the eye bolt. Adjust the tcnsionand retie the
top linc. Thc poles should now be free-standing;
howevcr, tensionon the guy ropes and/or the top line
may ncedadjustmentsto ensureperpendicularpositioning and corrcctspacing.When extremelysoft.substrate
is cncounLcred,
a board,log, or flat rock may needto be
placedbcneat"hthe polcs ro prevcnt lhem from sinking
cxccssively. A soft substratecan be a greatadvantage
bccauscthebol.tomsof thepolescanbe shovedinto it ro
hokl thcm uprightwhilc rying ropes.
Mist Net Attachment
Four mist.netscan be stackedonto a 30-ft pole but
thc lower two shelvesof theboLtomnetcannotbe spread
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into a captureposition. When 20-ft polesareuscd,only
threemist netscan be stackedonto the pulley ropes.
When the top strand(usually a double line) of the
mist net is found and the end loops have been arranged
in proper order, the net is ready to be ailached to the
pulley rope. Unhook the trigger snap from the thrccinch loop, passthe rope loop through the end loops of
themist net,andrehookthetriggersnap.Then carcfully
unfold and attach Lhe net to the pulley rope on the
oppositepole in the samemanner. Thc top strandand
its loops must remain on top along the entirc lcngth of
thc net. Attach the othernetsin a similar fashion. After
all netsare attached,place more tensionon the netsby
tighteningthe 6-ft tensionrope. Thirty-foot polcs may
bow up to 8 inch from vertical when tensionis applied.
Thereshouldbe enoughtcnsionin thc mist netsto crcate
ample friction in the end loops and preventthcm from
sliding freely on the pulley rope whcn thcy arc sprcad
apart.and raiscd.
Although often disregarded,an imporLantdctail in
increasingnetting efficicncy is tying togetherthc bottoms and tops of successivcnets. Tying prevenlsbatsizedgapsbetweennets. After the mist netshavcbeen
stackcdonto the pulley ropes,thc bottom strandof ttrc
topmostnet and the top strandof the secondnct can be
tied togetherwith small piecesof string. The bou.om
strandofthe secondnetandttretop strandofthe thfd net
can thcn be tied,and so on. Eighteen-footnetsneedbe
tied in ttrismanneronly in the middlc, but 30-ft and42ft netsshouldbe tied every I 0 ft and 60-ft neB every I 5
ft. Refer to Kunz and Kurta (1988) for further descriptions of techniquesfor handling mist ncts.
RESULTS USING HIGH NET SETS
High net-setswere usedto capturcbatsat 189sitcs
in Illinois duringa seven-yearpcriod(Tablc 1). During
249 net nights, 1,421 bats were capl.ured. Twelve
speciesknown to havebreedingpopulationsin theshl.c
were represented'.
Myotis austoriparius, M. grisescens, M. keenii, M. lucifugus, M. sodalis, Lasiurus
borealis,L. cinereus,Lasionycteri s noctivagans,Pipi strellus subflavus,Plecotus rafinesquii, Eptesicusfuscus,andNycticeiushumeralis. High nct-setsfor mist
netting were consideredespecially effective brcausc
125 individualsof the federallyendangeredM . sodalis
were captured.
More than 57Voof 1,052 bats of eleven species
(excluding M. sodalis) captured from 1985 through
1988(Iable 2) werecapturedat hcightsexceeding7 ft
(2.1 m). Of 703M. sodaliscapturcdduring thefour year
period (Table2),65Vo(n=66) were capruredat hcights
exceeding7 ft (2.1 m). Forry-sevenM . sodalis(467oof
thetotalcapturesof thisspecies)werecapturcdbetwrcn
7 ft and 13 ft (2.1m to 4 m) aboveground (warer).
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Figure 2.

Diagram of free-standingnet as it appearswhen corrcctly assembledand positionedover a strearnwith the mist nets
oartiallv raised.

Ninctccn M. sodalis (l8%o)were capturedabove 13 ft
( 4. 1m ) .

DISCUSSION
The advantageof sucking threeor four netsvertically is cvident from the heights at which bats were
capturcdin thc netsduring four yearsof mist nettingin
Illinois (Table 2). If single, low nets had been used
insteadof high nat-sets,672bas might not havebeen
captured. In fact, Myotis sodaliswould not havebeen
captureclat 14 of 28 netting sites where they were
captured if high net-sets had not been used. This
observaLionapplies at a few sites for other speciesas
well (c.g.,ltl . austroriparius and P. rafinesquii).
Polcs from the high net-setwith pulley ropes attachedarc useful for purposesother than mist netting
batsover strcamsor othcr flyways. For instance,when
bat traps wcrc used to capture bats at large cave and

mine entrancesin Illinois, high net-setswcrc positioncd
on either side of the cave or mine entranceand hcavy
gardennetting was attachedto lhe trigger snapof cach
pulley rope. The netting was raised up beyond the
cciling of the entranceand thebottom of the nettingwas
draped around the trap to seal-off the large opening. In
this manner, bats exiting the cave or mine could bc
captured more safely and more easily than if mist nets
had been used. In other situations,M. sodalis we;re
capturcd from tlee roostsby forming a "tepee" of heavy
gardennetting around the free using the high net-setto
position the netting. Once flushed from beneaththc
bark, the bats were unable to cscapeand were captured
easily.
Clearly, high net-setsare efficient for capturing
batsflying andforaginghigh aboveground. The systcm
is inexpensive,easy to assemble,portable,and adaptableto awideranse of field situations.Whcn thencttins
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Table 1. Summary of captures using high net-setsto mist net bats in Illinois during a seven-yearperiod.

Year

No.
Sites

No.
Net
Nights

No.
Bats
Captured

1980^

No.
M. sodalis
Captured

49

No.
Species

t4

1983+

13

l3

58

1984-

l6

I6

104

1985

30

3t

295

35

t1

1986

3t

A1

aA1

25

l0

1981

31

60

283

2l

l0

1988*

<A

68

385

.A

l1

249

r42r

t25

T2

Total

189

^Gardnerand Gardner,1980
+Gardner and Taft, 1983
-Gardncr and Taft, 1984
*includes 20 nights and 20 sitesby T. A. Griffiths, Illinois WcsleyanUniversity

plane is positioned properly, the potential for bat capturescanbe increasedby more than507o.Although the
use of high net-setsdoes not eliminate the inherent
biasesassociatedwith mist netting,it doesprovide the
investigatorwith a much moredependableandeffective
samplingalternative.
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Attempted Predation of a Red llat (Lasiurus borealis) by a Blue Jay
Dennis A. Mcritt. Jr.
Lincoln Park Zoological Gardens
2200 N. CannonDrive, Chicago,IL 60614-3895
U .S .A
On 20 Augustl9l7 at 1400h a small groupof blue
jays (Cyanocitta cristata) were observed vocalizing
loudly and repeatedly.There were six adultbirds in all.
The sky was clear, the sun obscuredby clouds and the
ambient temperaturewas 26.5"C. One adult blue jay
landed within 5 m of the observer and was observed
carrying a furry mass in its beak. The mass was at first
unidentifiablebut clear vocalizationsidentified it as a
bat. The blue jay dropped the bat to the ground where it
immediatelyassumedan open-wingposition,lying on
is back. The jay maderepeatedstabsat the bat and tried
to pick it up in its beak.The bat flappedits wings,bit in
the direction of the bird's headand vocalizedcontinuously. Five otherjays landedin low shrubberyaround
the bat, all vocalizing loudly and repeatedly.None
joined theattackingjay,butall movedactivelyaboutthe
shrubbcry hopping from branch to branch facing thejay
and the bat on the lawn areasome3 m away.The entire
episodelasted8 min.
The jay was unable to pick up the bat while the bat
was lying on its back, wing-flapping and biting. The
attacking jay flew up and off at the end of this time. All
the jays then left the shrub and lawn area together,vocalizing as they went. They did notreappear during the
next 30 min of observation.The bat continuedto vocal-

ize andremainedon its back, wing-flappingand vocalizing. This occurred despite the absenceof the jays or
any other apparentdisturbance.
The bat was hand caught and closely examined.It
was an adult male red bat (Lasiurus borealis) in good
condition. No wounds or tears were noted on the body
or wing membranes.The jay had not externally injured
the chiropteran. After holding for 36 h observation the
red bat was released,apparently uninjured, to continue
its flight.
The areaof northwesternEvanston. Illinois where
the above incident occurred has elm, oak, maple, and
greenashtreespredominant.
Activenestsof thebluejay
were observedduring the 1977rearing season.A viable
breedinggroup of red bas also inhabits this area.Adult
female bats with clinging babies were observcd flying
during June 1977.Adults were seenflying nearly every
nightthrough early September.Redbats frequently rest
or sleepduring daylight hours attachedto the trunks of
large elms and oak trees in the immediate area. Adult
femaleswith single offspring are commonly found near
the baseofEees during the birth season.The captureof
this adultred bat was not witnessedbut presumablywas
accomplishedwhile the bat was asleep or resting on a
tree trunk in the immediate area.
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Eclitor's Notc: The following article by Gary McCracken was written forThe Encyclopedia of American Folklore and Superstition
(Univ. of Calif. Press)and wili ultimately appearthere.Becausepublicationof the Encyclopediawas delayedby thc suddendeath
The article
of irseditor,Dr. WaylandHand,Gary askedpermissionofrheprcscnteditorto submitthemanuscripttoBat ResearchNetvs.
is sr.rcha finc example of scholarshipon myths and superstitionsconcerning bats, we decided to preprint it in its entirety in.BRN. The
article appcarsin ttrc form it will take rn the Encyclopedia.Used by lxrmission of the Encyclopedia 'utd the University of Califomia
Press.

llAT. Early evidcnceof a Westerntraditionassocieting
bats wil.h cvil spirits is provided by Homer when Hermesconductssqueaking,bat-like soulsto Hades.lArtisans of medicval Europe also typically representcd
dcvils with barlike wings and pointed ears,and Gust.aveDorc's vision of dcath depictsa host of bat-like
souls lollowing thc rcaper.2Similarly, the Mayas of
Ccntral Arnericahad a bat god,"Cama-zolz" or "death
bat," dcpicted as a man with bat wings and a bat-like
lcaf-nose,and living in a region of darknessthrough
u,hich a clying man had to pass enroutc to the nether
*'orld.3 Notions that bats are the devil,a children or
crcationsof thc devil,sor ghosts6persistin Amcrican
culturc, being rccently illustratcdby tic title of a bcstsclling rock music recording.TTreditionsof batsasevil
spiritsprobablyresult,in largepafl, from bats' activity
at night, a time of dangcr and mystery to normally
diurnal hurnanbeings,from bats' habitsof roostingin
cavcswhich are often viewed as placesof demonsand
as entranceways to the dark side of the world beyond,
and liorn physicalfeaturcsof bats,suchaspointedcars,
lcaf-noscs,wart-like protuberanceson their chins,and
thehuman-li kc shapcandplacementof theirtwo breasts,
all oi which lcad easily to the pcrceptionof grotcsque
parody of the human form.
However,in contrastto this associationof baS with
evil, Amcricansof Europeanancestryalso vicw batsas
harbingersof goul fortunesand fair weatrer,eand, in
Chinesetradition,the prcdominantview is Lhatbatsarc
Figuresof batsare common in
agenlsof beneficcnce.l0
Chineseart, embroidery,andjewelry, and on furniture,
andutcnsils,andto theChincsethescfigurcssymbolize
happinessand good wishes.In fact, whilc the Chinese
charactersfor "bat" and "good luck" arc written differently, thcy have identical pronunciations("fu"). The
"wu-fu" is a commonemblemin Chineseafi, consisting
of 5 batssurroundinga traditionalsymbol of longevity.
The five bas symbolizehealth,wealth, long life, good
luck, and tranquility.to
A frequcnt.themein fablesconcerningthe origin of
bats is the perccived ambivalencein the nature of a
mammalwhich llies likc a bird. Storiesfrom Cherokee,
Scminole,iurd Crcck Indiansconvey this ambivalence
in the contextof a ball game playedbetweenbirds and
four-footcdanimals.rrIn the Cherokeelegend,the first
bat is fashionedby an eaglefrom a mouse-likecreature
that is rejcctedby the animals.The bat then plays with
the birds and hclps thcm to win the ball game. In the

Seminoleand Creek legendsthe bat is rejectedby thc
birds becauseit hasteeth,and it plays on the side of thc
animals.This ambivalencealso is seenin traditionfrom
India in which batsaresaid to havebccnbirds who werc
unhappyandprayedto becomemcn.Theresultsof their
prayerswas a partial transitionin which thcy obtaincd
teeth,hair, andthe facesof men,but otherwisercmaincd
bird-iike. They were then ashamcdto again meet thc
otherbirds and,as a result,arc activeonly at night.t2In
two of Aesop's fablcs conceming bats, ambivalencc
apparentlyis transposedinto duplicity.l3Onc of thcsc
talesalso exists,with slight variation, among tribes in
Southcrn Nigeriar3, among Australian aboriginals,ta
The basic scenariois that
and amongancientRomans.13
in a battlc between the beasts and the birds the bat
repeatedlychangesallegiancc so as to be on thc side
which appearsto be winning. Whcn a truce is declared,
of tltis deceitful
thebat is rcjectedby both sidesbc.cause
bchavior. In another tale attributcd to Acsop, a bat
borrowsmoney for a businessventurewhich fails. The
bat must then hide during the day to avoid meeting
creditors.Ancient Greeks and Romans oftcn referrcd to
peoplewho wereactiveatnight, apparcntlyasa sLrategy
l.o avoid creditors,as "bats."ls A variation on a commonly held belief that bats arc rodentswhich obrained
wingsr6comesfrom an Ohio woman of Polish ancestry
who rclated that "the bat was from a mouse that had
eatenblessedEastcrfood."t7Christianityand the origin
of bats also are intertwincd in a Mohammcdaniegend
which relatesthatChrist createda bat while kecpingthe
fast of Ramadan.In this lcgend, the appearanceof the
bat each evcning at sunset.helped Christ maintain the
precept that no food or drink be taken between sunrisc
and sunset.l8
Of the folklore concerningbaLs,a prominent portion in moderntime concernsvampirism.The distribution of folklore linking vampirism to bas is of particular
interestbecausethere are, in reality, three spcciesof
vampire bats,all restrictedto the New World Tropics,
which subsistexclusivelyon the blood of birds or
mammals. The Arawak Indians of Guyana, South
America have storiesof bats sucking the fluids of both
men and their fowls,reand the Makusis of ftc samearca
havea story about a large bat which carriedoff and ate
men and women.reGuyaneseIndiansalsomaintainthat
oil from the secdsof a lliana (called "bat's bane") will
causeattacking bats to die.le Therc is also cxtcnsive
vampiretraditionin Indiaandamonggypsicsin Eastcm

l0

Bat ResearchNews

Europe. These vampires are aclive at night or lurk in
dark places and are able to transform into various
animals,andeveninto vegetablesandhouseholdtools.r
However, prior to the publication of Bram Stoker's
novelDracula (1897, England), thereis apparentlyno
Old World mythology of vampirestaking the form of a
bat.Dracula is basedon an historic character,Vlad the
Impalcr (c. l43l-67),who, althoughreputedto be very
evil, was not known as a vampire.2o
By the time Stoker
was writing, Europeanexplorers had alreadypublished
severalaccountsof vampire bats,2rand it is evident that
thcseinfluencedthc Draculanovel.z In modcrnAmerican folklore, vampiresfrcquentlyassumethe form of a
bat,23a tradition which oftcn functionsto frighten childrcn,uand,evenif they are not thoughtof as vampires,
it oftcn is believed that bad consequences
result from
bcing bitten by a bat. These consequenccsinclude:
dcath,25
blindncss,26
decay of the hand that is bitten,z7
and that "your earsand nosewill changeplaces."T
Anotherprominentmyth occuning in all regionsof
the U.S., in Europe, and in Japan,is that bats become
cntangled in hair. The consequcncesof this are not
alwaysspccified;2e
however,commonbeliefsareeither
that the personwill ncver get rid of the bat,30or that to
do so all hair must be cut off.3rOther consequences
of
batsgctting into hair arethat the hair will snarl32
or turn
gray,33
that thepersonwill becomebald,a or ttratthebat
will pull out the person'shair.35It is also a widespread
bclief that batsin hair will causeinfestationof "bugs,"r0
bedbugs,3T
or lice.38In Illinois and Ohio it is thought
unlucky to get a bat in your hair,3ewhile a woman from
Missouri relatedthat if a bat getsinto your hair insanity
will rcsult.€ In France,a bat gettinginl.oa woman'shair
presagesa disastrouslove affair,ls while it is an Irish
bclicf that if a bat carriesoff strandsof a pcrson'shair,
that personwill go to hell.atSimilarly, a woman from
Ohio related that if a bat flies off with a strand of a
pcrson'shair and puts it in a tree,the trce will begin ro
dic, and when the tree dies,so will the person.a2
Hair is
not mentionedin a superstitionfrom North Carolina;
however, lifc-long headachesarc predicted if a bat
strikcsa person'shead.a3
In anotherlegendfrom Ohio,
pa-rcntsare cautionedthat if a bat flies over the headof
a child thc child shoulddrink a mixture of its own hair,
a picce of clothing, some oils, and somecoffee, otherwise thc child will stop growing.4 Bats ovcrheadare
also said to "scw up children's ears."4s
We can only speculateon why superstitionsrelating batsandhair arecommon.They may resultfrom the
huntingbchavior of insect-eatingbatswhich occasionally fly low over a person'shead.It is alsopossiblethat
someonewalking in a field or on a foresttrail may flush
inscclsandmakeitprofitablelorbatsto huntoverhcad.
The fact that the skin of bats' wings is essentiallv

Volume30:l

hairlessmay also contribute to bat-hair superstitions.
The French word for bat is "chauve-souris,"or "bald
mouse," and there are many beliefs in Europe and the
U.S. regardingthe value of bats' blooda6or their excrcmenfT as a depilatory. There are also reversalsin
bcliefs,suchthatin EnglandandNorth Carolinathe use
ofbats' blood hasbeenadvocatedto preventbaldncss,4
or in India, the useof a mixture of crushedbat wings in
coconutoil asa hair wash is said to preventbaldnessand
graying of hair.ae
Bad luck is thoughtto rcsult if a bat entersa room
The superstitionthat a bat in a housepreor house.so
sagesdeath,often within specified time limits, hasbeen
reportedfrom throughouttheU.S.51Once in the house,
the bchavior of the bat also may determine whether
death or only sicknessis forctold,52or whether it is
someonein thehouse,or a relativewho will die.53
A man
from Las Vegas5a
was told that deathcould be avertcd
by killing the baq however, superstition in Illinois
predictsdeathif the bat is killed, and only sicknessif it
escapcsalive.55In other supcrstitions,killing a bat can
bring bad luck56and blindness.s?
A woman of Scottish
ancestryfrom Ohio related that a person who has a bat
fly over headin a doorway can avoid seriousillnessby
drinking a mixture of his or her own burned hair and
coffee,58and a report from North Carolina statesthat a
bat flying into the home of a sick personwill be fatal to
that personunlessa handful of salt is thrown into the
fire.seIn somesuperstitions,deathis also foretold by a
batata window,60by a bat flying over a house,61
by the
mere presenceof flying bats,62or by dreamingabout.
bats.63
A woman in California statedLhatif a pregnant
woman seesa bat her child will die.s Anothcr myth is
thatthcchild of a pregnantwomanwho is scaredby a bat
will be born with a mole on its face, or wirh the bat's
form on its back.6sIn westernNew York State,it was
said that batsflying near a houseat the sametimc as a
dog howled indicatesdeathfor a resident.
of the housc,tr
while in ArkansasandNorth Carolinait wasrelatedthat
bats flying near buildings are a sign of rain.67Orhcr
maladiesportendedby batsin a housearethat someonc
in fte housewill go insane,ffbecomeblind,6ebe rnissing
the next day,70that a letter with bad news will arrivc,7l
thatthepeoplein the housewill move,72
andthat thebats
will bring bedbugs.T2
Bats in a house also are said to
indicatethat the houseis haunted,T3
or l.hatthe devil is
after someone.Ta
It is reported from Arkansasthat a
horseshoein the fireplacewill scarebats away,Ts
and a
Black woman from Ohio advisedthat if a bat flies inro
a house,the bat shouldbekilled,bumcd in the fircplace,
and sprinkled wilh sa1t.76
Bats in churchesalso are
thought to be bad luck, particularly if they enter rhc
church during a wedding. Reports from Kcntucky,
Arkansas,and Illinois all affirm that a bat flying into a
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church during a wedding meansvery bad luck.??
Bats in buildings are not always viewed as bad
omcns.An Ohio woman of Russian-Jewishextraction
relatcdthata bat in a housewasgood luck,78
and Indians
from California bclieve that a bat in a houseportendsa
good hunting season.Te
In a superstitionfrom Monreal,80a bat in a housewill bring financi:rl prosperity to
the household,provided that the bat is caught and
ccrtain things are done to it. A legend from Illinois
relatesthatif a bat entersa housewherea baby is present
the baby will cut teeth better,provided that the bat is
killed andkept in thehouscovemight.8lIt is thoughtthat
iIabat fliesoverthestageduring
aplay will bc asuccess
rchcarsal,82
and in tradiLionfrom Nevada,a mine will be
sai'cii a bat rcmainsin the mineshaltafter blasting.83
Bats also havc a persistcntassociationwith witchMacbethsaproviding a
craft and magic, Shakespeare's
prorninentexample.In 1332,a Lady Jacaumeof Bayonne was publicly burned because"crowds of bats"
rvcrcabouthcr houseand garden,85
while as recentlyas
1957,bat blood was sold in California for usein witchcraft.86Other referenccsto bats and witchcraft include
a report from Ohio that bat blood can call evil spirits,8T
and from Illinois that bat blood gives witches "the
power to do anything."88Bats also are usedfor witchcraft in Yucatan,8e
and bat wings are in the conjurebag
of Blacks in Georgia.eoBat heartseland bonese2are
carried as charms.In variationsof a German superstition rcpeatedin Pennsylvaniaand Illinois, good luck at
cardsor a lottery will result if tle hcart of a bat is kept
in a wallet,e3in a pocket,eawrappedin a silk handkerchicf and kept in a pocket,e5
or wrappedin a red ribbon
and ticd to the handwith which thepersondealscards.e6
heriSimilarly,in Ohio, a pcrsonof German-English
tage relatedthat a silk string around a bat's heart will
bring money.eT
Superstitionfrom Germanyalso tells us
that a gun swabbedwith a bat's heartwill hit whatever
it shootsat,e8and,accordingto Albertus Magnus,ee
the
sameeffect can be achievedby mixing lead shot with
the heart or liver of a bat. Ozark pioneerscarried the
dried, powdered hearts of bats to protect liem from
bcing shot,and to keep woundedmen from bleedingto
dcath.lmIn many parts of Europe,live bas are nailed,
headdownwards,abovedoorways.This practiceis said
to prcvent misfortune,and to ensurewakefulnessand
the protcction of livesLock.ror
Potions,and sprlls also make frequentuseof bats.
An ancient.bclief,85,ee
repeatedin Ontario,Illinois, and
Trinidad, W.I.r02is that a personwill seein the dark if
they bathe their eyes in bat's blood. It has also been
rcportcd in Trinidad that drinking a bat's blood will
makc a personinvisible.t@In the Tyrol, glpsies related
that carrying the lcft eye of a bat would make a person
invisiblc,le while in Brasil it was said that a person
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carryingtheheartsofabat,afrog,andablack hcnwould
It wassaidin Oklahomathat a pcrsoncan
be invisible.tos
be invisible by carrying a bat's right eye piercedwith a
brasspin.16 In Texas, similar treatmentto a bat's left
eye is said to remove warts.rmGreco-Romantradition
saysthat sleepcan be preventedif the engravedfigure
of a bat is placedundera person'spillow, or if the head
of a bat is tied in a black bag and placedneara person's
left arm.101Alternatively, traditions of Indians from
Canadastatethatplacingtheheador thedried intestines
of abatin an infant's cradlewill causethe infant to sleep
all day.tGMescaleroApachessaid that the skin of a bat
attachedto the head of a cradle would protect a baby
frorn being frightenedl@.In colonial North Carolina,
eatingroast bat was a recommendedcure for children
who ate dirt.Il0 Bats also are used in love polions. In
Texas,a man is directedto placea bat on an anthill until
all flesh is removed,to wear the wishbonearound his
neck, pulverize the remaining bones, mix thcm with
vodka, and give the drink to the woman he loves.ItrA
similar recipe from Europe recommendsdried, powdercd bat in a woman' beer.rrzPliny maintainedthat a
mancouldinducea woman'sdesireby placinga clot of
bat blood under her pillow.rt3
Batsarealsoingredientsin many medicinalprcparations,with, asalsois thecasein potionsandspclls,the
desircd effect often reflecting real or imagined characteristicsof bats,or, perversely,characteristic
s oppositc
to thoseperceived.For example,problemswith vision
havebeentreatedwith a variety of bat preparations,including:thepowderedheadsof batsmixed with honcy,r13
baturinemixedwith fish gall and thejuiceof wildrue,1t2
batbrainorblood mixed with thejuice of buckthornand
honey,tt3equal parts of frankincense,lizard's blood,
and bat's blood,tt3bat gall,lla and "titurated" (=triturated?) eyes of bats.rrsOtler ancient bat potions include: batblood mixed with thistlejuice to cure snakebite,r13maceratedbat cookedin a metal pot in jasminc
for asthma,113
bat dung with vinegarfor tumors,Ir3ashes
of burnedbat mixed with urine to promote lactation,l13
and bat cooked with scsame oil for sciatica.tl3Sir
Theodore Ma;'erne (d. 1655) prescribed "balsam of
bats" as an ointment for hypochondriacs;his rccipe
consistingof "adders,bats, suckling-whclps,earthworms, hog's grease,stagm:urow, and the thigh bonc
of ar ox."r16In 1152, the physician,R. James,recommendedthe flesh ofbat for "schirrus" (=scirrhus?)and
gout.rB In more modern times, folklore from Texas
recommendsdrinking bat blood to curerheumatismand
consumption.lrTFolklorc from Brasil recommends
taking dried, powderedbat as a remcdy for cpilepsy.l18
l.The Odysseyof Ilomer, XXN, 5-10.
2. G. Dore,A Dore Gallery,302.
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NEWS
AUSTRALIA
Universityof New SouthWales,Kensington:Two
linesof researcharecurrentlybeingcarriedout in the
Schoolof BiologicalSciences
attheUniversityof
NSW
in Sydney,Australia.Dr. SueHandis workingin the
areaof systematics
of modernandextinctbats,particularlyin relationto theexcitingnewfossilmaterialbeing
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collectedinRiversleigh, Queensland.Dr. Michael Augee
has several projects in the area of flying-fox ecology.
Kerryn Parry-Jonesis completing a Ph.D. thesis on
factorsinvolved in movementsof Grcy-headedflyingfoxes in NSW, and a new project is soon to bcgin on
nuEition in this species.In a country where zoological
research has long been dominated by the pouch, bat
researchhas only recently become establishedat university level and there are many interestinglines of
research that are wide open. The University of NSW
welcomes overseas graduate students. There is certainly room for some in bat research.
Interest in megachiropteranshas geatly increased
inAustraliawitl therecentworkof Prof. J. D. Pettigrcw
(QueenslandUniversity) supportinga diphyletic origin
for the Chiroptera, and witi the growing concern for
conservationof rainforests.Our work in NSW shows
clearly the interdependence bctween Grey-headed
flying-foxes and remnant patches of rainforest in the
subtropicalareas.fMichael L. Augee]
CANADA
Kingston, Ontario: The bat reUniversity,
Queen's
searchdepartmentat Queen's is rather quiescent,as it
consistsof only one memberwho is trying to complete
aPh.D. on thefeatheredrelatives
of bats.However,I am
still finding sometime to write a few shortpapersusing
accumulateddata on Malaysian bat communities,onc
of which has so far survived the referees.Sometimein
1990,if my Ph.D. behavesitself and anybodydeignsto
offer me a post-doc, I plan to retum to Malaysia to
continueresearchon the structureand dynamicsof bird
and bat communitiesin the rainforest.I also intcnd to
help write a new field guide to the mammalsof peninsular Malaysia. [Charles M. Francis]
York University, North York, Ontario: Researchon
bats continuesto be the focus of interestof a group of
biologists at York University. At this time, the group
includes Brock Fenton and graduate studentsLalita
Acharya, Doris Audet, Joe Cebek and Brian Hickey,
and undergraduateassistantsBrenda Forbes and John
Taylor. In June 1989,we expectMartin Obrist to arrive
to begin a postdoctoralstay,while in July 1988,Muk
BrighamcompletedhisPh.D.andleftfor Calgary,a city
whosehockey team sometimeswins (games).
Lalita arrived in September 1988 to begin hcr
M.Sc. study which will focus on the feedingbuzzesof
bats that feed on airborne prey. She will use direct
observationof animalsin tie field to determineif length
of feedingbuzz reflectsinvestmentin prey pursuit and
theinfluencethatpreysizehason this phenomenon.She
may also collect datato determineif long silentpcriods
at theendofa feedingbuzz representsuccessfulattacks.
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Doris Audet first registeredin the Ph.D. program
in Nilay1988and sheis studyingthe foragingbehaviour
and reproductjonof Myotis myotis at a nurserycolony
in Bavaria. Doris has been using radio-telemetryto
collcctdataonthetimebudgets,movementpail.erns
and
changesin skin tempcratureof thebats.In March 1988,
Doris andcolleaguesfrom GerhardNeuweiler'slaboratory in Munich spcntsometime in southernIndia using
radiotrackingtostudytheforagingbchaviowof Megaderma lyra.
Joe Ccbek,who first joined the laboratoryin January 1987, is working on a Ph.D. thesis designedto
cxplore the geneticst-ructures
of coloniesof Eptesicus
fuscus. To this end,Joe hasbeen using clectrophoretic
analyscsof blood samplcs to study a numbcr of allozymc loci from bats from different colonies.At this
timc he also is exploring the possibility of using DNA
fingcrprinting to determine the specific relationships
bctweenknown individuals. The behaviouralcomponent of his study is an examination of variations in
ccholocationcalls ofbats from different colonies.
Brian Hickey first registered in thc Ph.D. programme in May 1988 after he completcd his M.Sc.
thesison the foraging behaviourof Lasiurus borealis.
His Ph.D. rescarchis focussedon the foraging behaviour of Lasiurus cinereus, spccifically the way that
ambientconditionsaffcct the foragingpattcrnsof these
bats.The work involvcs the useof telemetryto monitor
activity pattcrns,foraging areasand skin temperatures
of the bats.
Brenda Forbes has been using stroboscopicphotography to assesschangesin the flight behaviourof
Eptesicusfuscus and Macrotus californicus as ttrey
cary different-sizedprey items in their mouths.John
Taylor spent thc summcr of 1988 working on the
population of Myotis lucifugus at Chauiauqua,New
York. This study will continucthroughthc summersof
1 989and 1990.
Brock Fent.oncontinues to be intercsted in the
foraging behaviour and echolocationof bats. At this
timc, hc is exploring thc possibilitiesof ficld studiesof
Noctilio leporinus in Cuba, and is still searchingfor a
ficld site to study Otonycteris hempriclti. As background to the foraging studies,Brock also has been
doing somc work with spccimensin the collectionsof
the DeparLmentof Mammalogy at the Royal Ontario
Museum.
In 1988,we cnjoyed a visit from paul Racey who
appcared to act as the external examincr for Mark
Brigham's Ph.D. thesis.In August Jiri Gaisler spenra
week in the field with a group of fielcl coursestudents
andBrock Fcnton.From Septembcrto Dccember1988,
we havebeenrunning a graduatecoursein bat biology
which hasinvolved a varicty of bat.and non-batpcople
at York. [Brock Fenton]
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INDIA
Madurai Kamaraj University, Madurai: I havebecn
doingresearchon
batsforthepast 1l ycars.Atprcsent,
I am working on (l) detectionandcaptureofprey by the
IndianfalsevampirebatM egadermnlyra,(2)brending,
mother-youngrelationsand developmentof vocalization of M.lyra, (3) spatialorganizationof roosting in
closely related speciesof hipposiderid bats, and (4) a
breedingspectrumfordifferent speciesofbats. I worked
under Prof. M. K. Chandrashekaranfor my Ph.D.,
which I obtainedin 1984.Togethcrwe eslablishedftat
thereis a clearcut caseof socialtuning of thebiological
clock in Hipposideros speoris.At the end of 1987, I
joined Prof. Chandrashekaran's
Departmcnrof Animal
Behaviour as a Lecturer, but I have not yet takcn on any
students.We have been activcly involved with bat
conservationby explaining the myths and realitiesof
bats to studentsand to the public. [G. Marimuthu]
UNITED STATES
FLORIDA
University of Florida, Gainesville: Jackie Belwood,
in addition to writing her doctoral thesis on South
Americanbat-insectinteractions,hasbeendoing some
good public relations work for the bats of Florida.
According to a column by Jeff Klinkenberg in the Sr.
Petersburg Times (October 26, 1988), Jackie has becn
interviewedon televisiontalk shows,and hasappearcd
at gardenclub meetingsand at schools.fFrom a ncwspapercolumn sent to TAG by Roy Horstl
HAWAII
Honolulu Group, Sierra Club: Gary Andersenwrote
a nice article on 'Ope'apc'a, the Hawaiian Hoary bat
Lasiurus cinereus, which appeared recently in thc
Journal of the Hawaii Chapter, Sierra Club.The article
explainswhat is known of the naturalhistory of this bat
andotrers,andmakesa casefor conscrvationofall bats.
[From a clipping senrro TAG by Roy Horst]
ILLINOIS
Illinois Wesleyan University, Bklomington: Tom
Griffiths is continuing to dissect the hyoid region of
emballonuroidbats.In additionto a studyin progressof
phylogeneticrelationshipsbetweenall generaof New
and Old World emballonuroids,he is working on a
paper with Karl Koopman on specific relationships
between specics of Emballonura and Coleura. The
latter papernearscompletionand shouldbe submitted
soon.
Tom continuesto recoverfrom the unknown intcstinal parasitethat laid him low in October(and caused
him to miss the Calgary bat meetings).Whatever the
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assailantparasitewas, it was a virulent little bug that
hung on through several different treatmentswhile
defying all attemps to idcntify it. Thanksvery much to
all the persons who wrote to wish good health and a
spcedy recovery. The notes were much appreciatcd.
[Tom Griffiths]
MASSACHUSETTS
IlostonUniversity,Boston:Tom Kunz hasbeenworking on a collaborativeNSF-fundedproject with Gary
N'IcCrackenentitled "Kin-recognition and parental
investment in the Mexican frce-tailed bat, Tadarida
brasiliensis." Kunz's part of the study has focusedon
using milk energy output as an index of maternal
invcstmcnt.Milk output throughoutdifferent stagesof
lachtion is estimatedusing the doubly-labclcdwatcr
mcthod to measureboth daily water flux and field
mchbolic ratesin sucklingsof known age.Resultsfrom
of milk compothesestudies,combincdwith estimates
sition (in collaborationwith Olav Ofledal at the NationalZoo in WashingtonD.C.), is thenuscdto estimate
rnilk cnergy intake (= milk encrgy output).
Kunz is also studying the energeticsof reproduction in the greaterspcar-nosedbat, Phyllostomushasntus in Trinidad, West Indies.In this study he is using
radio telemetryand doubly-labeledwater to examinc
the time and encrgy investmentin harem maintenance
by males,thecostofpregnancyandlactationin females,
and thc energeticsof post-natalgrowth.
With supportfrom a NSF Biological Insl.rumentation Grant, Kunz will soon be settingup a new Stable
Isotope Laboratory at Boston University. This new
analyticallaboratorywill beavailableto analyzesamples
of body fluid (blood and urine) where oxygen-18and
dcutcrium is usedin doubly-labeledwater studies.By
the fall of 1989they expectto be in full opcrationand in
a position to acceptsamplesfrom colleaguesfor analysiseithcruponcontractualarrangemcntor ascollaborations. Interestcdinvestigatorsshould conact Kunz for
furthcr information.
Simon Robson is a third year gradual.estudentat
BostonUniversity working toward his Ph.D. underthc
dircction of Tom Kunz. Simon, an Aussie who hails
from Queensland,did his undergraduatehonorsthesis
underthe directionof PeterDwyer on feedinghabitsof
lvl;-otisaustalis. His dissertationresearchwill focuson
intraspecificvariationin socialorganizationin a, yet to
bc determined,neotropicalbal He is currently exploring suitablespeciesand localities for study and would
welcome suggestions.Other researchin which he is
involved includesstudieson mammalian(mostly chiropteran) spermatozoanultrastructureand its phylogcnetic irnplications,including investigationson the
diphyleticthcoryof bat origins.With this end in mind,
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he is also investigatingthe postulatedhomology of thc
occipito-pollicalismusclein megaandmicro batsandis
making comparisonsof flight and flight musculaturc
betwecn members of these two subordcrs.
Carlos Diaz is a fourth year graduatestudcnt at
BostonUniversity working toward his Ph.D. undcr the
direction of Tom Kunz. Carlos, who hails from Pucrto
Rico, is doing his dissertationresearchon socialbchavior and folivary in Artibeusjamaicensisin PucrtoRico.
In addition to this research.Carlos is on the staff at the
CaribbeanField Office of the USFWS in Boqucron,
PucrtoRico.
Armando @landy) Rodriguez is a fifth year graduate student at Boston University working toward a
Ph.D. degree under the direction of Tom Kunz. His
researchhas focusedon the environmcntalphysiology
of three bat species(Pteronotus quadriclens,Monophyllus redmani, and Mormoops blainvillii) that typically roost in hot cavesin PuertoRico. He hasrecently
completedhis field and laboratory studicsand is concurrentlywriting his dissertationand teachingBiology
at the InterAmerican University in Aquadilla, Pucrto
Rico.
JaneWinchell is a secondyear graduatestudcntat
BostonUniversity working toward a MA degreeundcr
the direction of Tom Kunz. Her research is on thc
roostingecology and daily time-budgctsof fre eastern
pipistrclle (Pipistrellussubflavus).She has beenusing
low-light level video monitoring to documentroosting
behavior throughouta 24-hour period eachweek from
mid-May throughmid-August at a matcrnity colony in
Massachusetts.
In 1988sheobservcdthat thc smallbarn
colonyperiodicallydesertedits roostandchoscanearby
spruce tree where it remained during unscasonably
warm daysduring the summer.Shewould bc intcrestcd
in hearing from others who may have made similar
observations.
Ruth Utzumrm is a first year graduatestudentat
Boston University working toward a Ph.D. undcr the
directionofTom Kunz.Ruth hailsfrom thcPhilippines
(Ir{egrosIsland)andrecentlycompleteda MA dcgreeat
Siliman University,undertheguidanceof Larry Heancy
and Paul Heideman.She expectsto begin hcr dissertation researchin thc Philippinesthiscoming summeron
feedingecology of pteropids.
Becky Porteris a first year graduatestuclent(January 1989) at Boston University beginning to work
towa-rda Ph.D. under the direction of Tom Kunz.
Becky, who hails from Wichira, Kansas,holds a BS
degreein Wildlife Biology from KansasStateUniversity and a MA degreein Educationfrom the Univcrsity
of Kansas.She is interestedin conservationbiology of
bats,especiallyin tie Megachiroptera.
Gary Vaner, a senior in the Electrical Engincering
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Dcpartmenfat BostonUniversity, is currentlydeveloping new circuitry for miniature radio transmittersthat
can be used on bats and other small animals. He is
exploring the use of new technologiesthat will reduce
thc size and increasethe power and longevity of currently availabletransmitters.[Tom Kunz]
WISCONSIN
Entomology, University of Wisconsin, Madison:
Patricia Gcgick finished writing her thesisat the Univcrsity of New Mexico on the effect of weight of
clevelopingembryos on flight musclesin the red bat
Lasiurus borealis. She has begun a Ph.D. in the Entornology Department.at Wisconsin working on insectplant interactions,but is still very interestedin bats.
fFrom a lctter by Patricia Gegick to TAG]
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ANNOUNCEMENT
The lgth North AmericanSymposiumon Bat
will meeton October19,20,21,1989in
Research
Knoxville, Tennessee.Our hosts will be Gary
McCrackenof theZoologyDepartmentat theUniandMichaelHarveyofTennesversityofTennessee
seeTechnicalUniversity, Cookeville,Tennessee.
The meetingswill be held at the Holiday Inn in
downtown Knoxville, adjacentto the Worlds Fair
site.
for theparticipants
Garyhasmadearrangements
to stay at the Holiday Inn. The Holiday Inn has
given us a much reducedrate of $49 for a single
occupantroom. Surprisingly,if two peoplesharea
roomtherateis still$49 or only $24.50perperson.
Enclosedyou
Thereis a $4.00discountfor students.
will find a reservationform. Completeit at your
earliestconvenienceand sendit to the hotel.The
hotel addressis:
Holiday Inn Worlds Fair
525 HenleyStreet
Knoxville,TN 37902
Telephone:6 | 5 -522-2800

You will notice that the tax on roomsis a vary
outrageous
12.75%.This
isa temporarytaxon hotels
and entertainment
to help defraythe costsof a new
sportsfacility in Knoxville. I have contactedthe
Tennessee
DepartmentofTaxationandFinanceand
theyagreedto sendmetheformsrequiredsothattax
exemptinstitutions
neednotpaythisexorbitanttax.
I
will keepyou informedasto progresson thistopic.
Gary and Mike arearrangingseveralspecialfeatures.Brock Fenton will conduct a workshop on
teachingecholocationtechniqueson Thursdayat
14mhours.Ifyou plan to participatepleasecontact
Brock at 416-736-5243by phoneor at:
Departmentof Biology
York University
Downsview,Ontario
Canada
M3J-1P3

You havealreadyreceivedformsfor registration
in the symposium,title transmission
page,and studenthororaria.A duplicatesetisenclosed.
All forms
exceptthat for hotelreservations
shouldbe returned
to:
G. Roy Horst
Departmentof Biology
PotsdamStateCollege- SUNY
Potsdam,
NY 13676

On Thursday eveningthere will be a no host
cocktailparty from 7:30 until the policearrive.
On Friday evening there will be a banquetbarbequeat which thestudenrawardswill be made.
We arealsoplanningto roastoneof our own.Don't
missit, it could be you.
Ifyou haveanyfurtherquestions
(aboutanything)
contactme and I'll try to resolvethem!
Gary,Mick and I areeagerlylookingforward to
seeingyou in Knoxville.
Warm regards,

Registration
feeswill bereturnedin full if for some
reasonyou cannotattend.

Therewill be a lectureon Histoplasmosis
and its
risksto bat researchers
presentedby an expertfrom
the Centerfor DiseaseControl.This lecturewill be
scheduledfor Saturdayforenoonif possible.

Roy
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Gestation Period in some Indian Hipposiderid Bats

N. Badwaik
Departmentof Zoology, Instituteof Science,Nagpur 440 001, India

delivery,the gestationperiodappearsto be about260
days.This is probablythe longestgestationperiodfor
any microchiropteranspeciesso far recorded.Hipposideroslankndivais a largebat with an adult body
weight of 76 g for malesand 55 g for females.The
gestationperiods of a few other hipposideridbats,
whoserecordsareavailablein thislaboratory,aregiven
in theTablebelow.
It is evidentthatthereis no relationship
between
body weight and gestationperiod. Hipposideridbats
period.
seemto havean unusuallylonggestation

recordsofpregA studyofthe carefullypreserved
nancyof severalspeciesof Indianbatsmaintainedin
this laboratoryduring the past40 yearsrevealedthat
among the microchiropteran
s H ipposider os Iankadiva
in CentralIndiahasthelongestgestationperiod.All the
adult femalesin the colony conceivedbetween24th
Augustand 5th September,
and all deliveriesin the
between10thMay and24thMay.The
colonyoccurred
development
of theimplantedembryois retardeduntil
abouttheendof December
afterwhichtheembryonic
progresses
development
normally.Calculatingfrom
the earliestdateof conceptionto the earliestdateof

Name of Species

[1. ater ater
H. fulvusfulvus
H. speoris

BodyWeight
5-6 g
9-10g
Q-1)
o
'
'- 6

41
LL

Gestation Period

190-200days
150-160
days
135-140
days
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NEWS
INDIA
Madurai Kamaraj University, Madurai: We are
currentlydeeplyimmersedin researchrelatingto the
behaviourof bats.Thefollowingarethemaintopics:(a)
neurophysiologyof echolocationin microchiropteran
batsof Madurai-Dr. K. Sripathi,presentlylecturerin
is working on this problem;O) cirneurophysiology,
of microin theactivityfestpatterns
cadianorganization
chiropteranbats and the relationshipof light to the
patterns-Dr. R. Subbaraj,now readerin our Departmentof Animal BehaviourandPhysiology,workson
this area;(c) spatialmemoryand markingof personal
space,a comparativestudyof somefeaturesof roosting
ecologyof two hipposideridbats,11.speorisandH.
bicolor; and (d) prey captureby the Indianfalsevampiebat,Megadermalyra.Thelasttwolinesof workare
being carriedout by Dr. G. Marimuthu,Lecturerin
AnimalBehaviourwith me.All threegentlemenaremy
former studentsand obtainedtheir Ph.D. working on
problemsof biologicalrhythmsin bats.Dr. Marimuthu
hasmadesomeveryinterestingfindingsonpreycapture
by Megaderma.He hasfound that on land theylocate
prey by passivehearing,but in the water they use
echolocationto detectripplesof watercausedby their
prey (frogs).
I would further like to add that a new research
projectof mine entitled"Neurophysiological
andBio-

chemicalStudieson the Behaviourof Bats" hasbeen
of Science
sanctionedfor 1989-92by the Departrnent
andTechnology,Governmentof Indiaandthc funding
which is goodby our
is to the tuneof Rs.I1,83,780/Dr. G. Marimuthuhas submitteda project
standards.
entitled"BehaviouralEcologyandMeasuresfor Conservationof Bas" to theDepartmentof Environment,
ForestsandWildlife, Governmentof India,for funding.
So you see,it is bas all the way over herein Madr:rai.
lM. K. Chandrashekaranl
TJNITEDSTATES
CALIFORNIA
SanDiegoNaturalHistory Museum:G.E. Cosgrove
senta reprintof the scriptof "Bas, BeautifulBats,"a
children'smusicalbatprogramthatshowschiidrenthey
neednot fearbatswhile teachingthema lot about.the
natural history of bats. The p,rogram,producedand
anangedby SusanM. Barnardof Zoo Atlanta,Georgia,
lyrics and music,slides(including
conlainscartoons,
someby Merlin Tuttle), and apparentlysomevideo
The script appearedin Animal Keepers
sequences.
Forum(Yol. 14,pp. 485-492,Dec.87).Froma letterto
Tom Griffittrsby G. E. Cosgrove.

BOOK REVIEW
?A6pp.,
Greenhall,A.M.andV.Schmidt(eds.).NaturalHistoryofVampireBats.CRCPress,Inc.,BocaRaton,Florida,
illusrated, I 988.Price(hardbound),
$ 145.00.
This volumecontainsa diversearrayof chapters,
unitedby their focus on the biology of vampirebats,
with particularemphasis
onDesmodusrotundus.Unhke
TheVampireBat(Turner,D.C.,JohnsHopkinsUniversity Press,Baltimoreand London, 1975, 145 pp.),
which wasa monographicpresentation
of a 15 month
field studyof Desnndusecology,thisbook is thelong
overdueanswer to the call issuedby La Yal (The
SouthwesternN aturalist,2I:415416, 1976)to publish
of
a work on the "ecology,behaviorandmanagement
vampire bats throughouttheir geographicrange." It
contains17 chapters;eachbeginswith a shorttableof
contents(with the exceptionof the Introduction)and
Citationswithin the text
endswith a list of references.
unfortunatelyare designatedby numericsuperscript
ratherthanby author'snameanddate.Numerousfigures

and tablesappearthroughoutthe text, allowing the
liberal inclusionof many photographs,most of high
quality,of vampiresundera varietyof circumstances.
Altlough thetitle seemsto limit thecontentof thebook
to works on naturalhistory,ttre chapterson genelics,
factors,
anatomy,locomotion,salivaryantihemostatic
andorientationandsensoryfunctionclearlyexceedthe
mostliberal interpretationof "naturalhistory,"unless
that term is consideredto be synonomouswith "biology" itself.
Altlroughthe chaptersare not organizedinto forfive
malsections,
theorderofthecontributionssuggests
generalareasof coverage.
Thefirst section(Chapters
2,
theevolutionaryhistoryof vampires
3, and4) considers
from a systematic(Koopman),paleontologicalGay,
Linares,and Morgan)and phylogenetic(Baker,Hon-
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eycutt, alti Bass) pcrspective. The second section
(Chapiers 5 and 6) reviews the general anatomical
adaptationsof vampires (Bhatnagar)and provides a
detaiiedconsiderarionof the functionalmorphologyof
locomotion(Altenbach).The third section(Chapters7,
8. and 9) encompassesa variety of aspectsof the
behavioralecologyof vampireswith particularfocuson
sociality (Wilkinson), reproduction (Schmidt), and
foraging behavior (Greenhall).Physiological adaptationsofDe.rrnodasareconsidcredin scctionfour, wherein
sensoryfunctions in general (Schmidt) and antichemostaticfactorsin particular(Hawkey) arereviewedin
detail. The final section of the book (Chapters 12-16)
has a more applicd focus, directed toward topics concerning disease (Constantine), parasites (Mendez),
economic loss (Acha and Malaga Alba), and control
(Lord). The introductory chapter by Tuttle provides a
generai overview of the study of vampire bats and the
final chapterby Villa C. and CavelaR. reviewsthe folk
history of vampires (real or imagined) in both the New
and Old Worlds.
Clearly, the bulk of our knowledge regarding
vampke bas is derived from studies of Desmodus;
nonetheless,the authors have made heroic efforts to
include data or referenceson Diaemus or Diphylla
whereverpossible.The format and style of the text are
harmonious;Greenhalland Schmidt did a remarkable
job of making the eclcctic contributionsas uniform as
possiblefrom an editorialperspective.Perhapsthe only
excepticn afibcts the bibliographies, which are frequentlyalphabeticwith out-of-ordercitationsappended
at |'he end, or, in the case of ttre Introduction, not
alpliabetically arrangedat all. A single bibliography at
the end of the text would have been more utilitarian to
most readers.
N at ur al H i story of Vampir e.Barsprovides comprehensrvecoverageof the biology of the Desmodontinae.
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Most topics for which adequateinformation has bcen
published,with the possibleexceptionof rnctabolism
and physiology, arc included and considercdin a balanced fashion. As a result, little original rcscarchappearsin the book, and in many placesreadingthe tcxt is
reminiscentof browsing through an encyclopedia.ln
contrast, The Short-tsiled Fruit Bcl fleming, T.H.,
University of Chicago Press,Chicago, 1988, 365 pp.)
summarizescurrentknowledgeof a common neotropical phyllostomid but doesso with a vigor and enthusiasm that is lacking in most of Greenhalland Schmidt's
collection. Clearly, this impressionmay be a bias rclatedto my own researchinterests.Nonetheless,I would
guessthat most biologists will find theNatural Llistory
of Vampire Bcts is more of a book to refer to than a book
to read.
The inclusion of many Latin American authorsas
well as contributors from Europe is a noteworthy accomplishmentwhichaddsa diversity of perspectivesto
the volume.Likemostbooks from CRCPress,thecover
is garish with a contrastingbrick red and black backgroundand silver letters.Otherwise,NaturalHistory of
VampireBats is a handsometome. It is a shamethat its
price anddisnibution will probably make it difficult for
most Latin American batbiologiststo include it in their
libraries.Moreover, the heterogeneous
rangeo[ topics
and price will probably prohibit even the most afflucnt
sciendstsfrom including it in their personallibraries.
Thosefascinatedby the unique and specializedadaptationsof vampires,or interestedin a detailedaccounting
of the biology of the Desmodontinae,will be certainto
consider this book a critical reference
Michael R. Willig, Departmentof Biological
Sciencesand The Museum, Texas Tech University, Lubbock, Texas 79409-3I 3 1.

I}OOK REVIEW
Kunz,ThomasH. (ed.).Ecologicaland BehavioralMethodsfor the Studyof Bats. Smithsonian
InstitutionPress,
Washington,
D.C.533pp."1988.Price$50.00(cloth).
Accomplished
researchers
and enthusiastic
studentsin thefieldsof animalecologyandbehaviorwill
benelitgreatlyfromthewealthof information
compiled
presented
andsystematically
witJrineachof thetwentynine chaptersof this volume.The contributorsare
leadingauthorities
in theirfieldsandpresentthelatest
methodologies
in batresearch.
This bookgivesdirection to chiropteran
research
by providingcontinuityin
procedures,
techniques,
and theanalysisof data.The

brief chaptersynopsesthat follow shouldconvince
readersthat this book is a valuablemilestonein bat
research.
An excellentreview of the techniquesusedto
captureand hold batsis givenby ThomasKunz and
Allen Kurta.TheyillusfaF manycapturedevicesand
discuss
theeffectiveness
of variouscapturetechniques.
for protectingbatsandminimizingstress
Suggestions
while handling,holding,and transportingthem are
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provided.An appendixof selectedlawsandregulations
researchers
to upholdprofesis includedto encourage
sionalandlegalobligations.
PaulRaceyoffersreliableguidesto thedetennination, in the field, of the reproductivestatusof bats.He
providesexplanations
andillusnadonsthatwill enable
suchas
sexcharacteristics
readersto identifysecondary
facial featuresand integumentaryglandsand makes
in
maturation
for theirstudy.Reproductive
suggestions
malesandchangesin nippleconditionin femalesare
includedamongthemanytopicshe discusses.
Investigatorsoverwhelmedby the difficulty of
EdyttreAnthony's
estimatingagein batswill appreciate
approachto age determination'She
common-sense
discussesttre limitations of certain techniquesand
considersreliableproceduresto determineage,noting
their pitfalls and waming againstthe collectionof
erroneousdata.
techIn thechapteron markingandobservational
niques,RobertBarclayandGaryBell offer solutionsto
for batresearchers.
someof themostdifficultobstacles
onmarking
background
Theyprovidea comprehensive
andpotenmethodsandcommenton theshortcomings
Thesepioneeringretial problemsof eachtechnique"
of
for ecological
studies
presentnewavenues
searchers
batsthroughacousticmonitoringandreviewthelatest
visualmonitoringequipmentandits uses.
DonaldThomasandRichardLaVal providea deand typesof
tailedovcrviewof the manytechniques
They
discuss
bats.
usedto surveyandcensus
equipment
to bat studies
andtheirapplications
new technologies
and considerassociatederrorsand biases.They also
for estimatingbatpopulations.
suggestnewapproaches
In his chapteron detecting,recording,andanalyzof bats,Brock Fentonprovidesining vocalizations
anddiscusses
ofrelevantequipment
depthdescriptions
popular
many
devices.
of
weaknesses
and
thestrengths
of the
technical
complexity
is
to
the
Theauthor sensitive
and
issues
terminology
of
hand.
He
addresses
subjectat
topics
as
such
of
concise
descriptions
offersclearand
and
analyplayback
experiments,
recordings,
ultrasonic
sisof soundparameters.
GeraldWilkinson and Jack Bradburyintroduce
andfocusononemethodfor
radiotelemetry
techniques
of thebasicCochran
theanalysisof data.A schematic
transmitteris included for the do-it-yourselfer.Althoughbrief, their descriptionsof receiversandantenA moredetailedaccountof additional
nasareadequate.
of errorsand
of thesources
anddiscussions
equipment
biasesin thecollectionandanalysisof data,in combireviewof previousstudieson
nationwith anexpanded
bats,mightbetterservebatresearchers.
ScottAltenbach'sfine photographof a foraging
Noctilioleporinuson thebook'sjacketis testimonyto
his qualilicationsto authora chapteron photographing
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bats.He delvesinto naturalandarti{iciallighting,t"imeanddiscusses
andcinematography,
lapsephotography,
field
situations.
their applicationsand adaptationsto
pe.rsonal
tris
rich
from
Altenbachfrequendl' draws
practical
recornmengives
in thesubjectand
experience
dationsandcostconsiderations.
the
andGeraldWilkinsonreview
GaryMcCracken
cstablish
allozymes
to
extensiveliteratureon theuseof
kinship.Theyprovidelogicalstepsfor samplecollecgel preparation
techniques),
tion (includingnon-lethal
polyof
allozyme
and scoring,and the interpretation
list
that
of
species
of kinshipanda
morphs.Discussions
havebeenstudiedareincluded.
estimatesof bat
In a chapteron mark-recapture
pathways
takenby
survival,RobertKeenexploresthe
pitfalls
of these
previousirrvesligatorsand discusses
to the
presents
approach
an age-specific
methods.He
implithe
discusses
of variationin survivaland
analysis
andtheirvalidation.
cationsof certainassumptions
the potentialprobJohn Whitaker,Jr. addresses
insectivorous
bats.He
habits
of
lemsin analyzingfcnd
u'ith an
literature
review
of
the
combinesa thorough
commonly
key
illustrated
to
arthropods
easy-to-use,
materialprepaHedescribes
eatenby insectivorousbats.
informative
with
identification,
and
analysis
ration,
problems.
potential
their
and
on
techniques
cornments
the
ThomasKunz outlinesmethodsfor assessing
bats-procedures
availabilityof prey to insectivorous
of otheraerialinsect-foragapplicableto investigations
tlrrough
ing animalsaswell.Fromgoalsandtechniques
hereviewsmanytypesof
andanalysis,
implementation
weaknesses
and
insecttrappingdevicesanddiscusses
with differentsamplingmethods.
biasesassociated
theanalysisof dies of
DonaldThomasaddresses
plant-visitingbats.He explainshow food materialsare
batsand
collectedfrom frugivorousandnectarivorous
examinessamplingbia:es.He describesinnovative
for dietarystudiesby relatinghis experitechniques
colony
onapteropodid
encesfromtwoyearsofresearch
in westAfrica.
of fiuit to
Methodsof estimatingthe availability'
and
by EdwardStashko
batsarepresented
frugivorous
unfamiliar
Eric Dinerstein.Written for investigators
with tropicalforestecclogyandfruit-batecology,they
reviewthe sparseliteratureon this relativelynew subject. Methodsfor collecting,preserving,andidentifywith suggesing samples
areprovidedin combination
directions.
tionsfor promisinginvestigative
LawrenceHerbstprovidesa critical reviewof the
nutrition.He alsodiscusses
for zuralyzing
techniques
digestibility
practicaltopicssuchashow to determine
andrnethodsfor measuringtheenergycontentof food.
theresultsof a questionnaire
DonWilsonpresents
andzoologicalparksconcernhesent!o batresearchers
Recomof batsfor captivestudies.
ingthemaintenance
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riiendaiionson suggestedfood items and dietary supplementsfor insectivorous,carnivorous,piscivorous,sanguinivorous, frugivorous and necfarivorousbats are
provided. A list of specieskept in captivity witit dala on
successratings along with discussionsof housingconsideratiorisand health precautions for caplive bats
combine to make Wilson's chapter a valuable reference.
The chapterby Connie Gaudeton trainingbatsfor
behavioralstudiesis an excellentaccessoryto Wiison's
contributionon mainLainingcaptivebats.Shediscusses
the training of bas with reference to bat behavior and
conditioning.Gaudetalsoprovidesexamplesof experimentsand training stagesin combinationwith suggestions for innovative techniquesthat have worked well
for her and other investigators.
ThomasKunz and KennethNagy review field and
laboratory methods of energy budget analysis for freeranging bats. They presentpractical considerationsand
procedural assumptionsin combination with discussions of techniquesand their inherent errors. Cost
estimatesand suggestions
on how to avoid problemsare
provided with strong recommendations for particular
study procedures.
GeorgeBakken and Thomas Kunz detail various
approachesto the examinationand measurementof bat
roostmicroclimates.Beginning with the basicsof thermoregulation,they discussinstrumentsandprocedurcs
used to maicemeasurementsin the field and introduce
suchtopicsastheapplicationof NationalMeterological
Service daca.Researcherswill find the list of mathem:tisal symbolsand units especizrllyuseful.
Allen Kurta and Marty Fujifa providc irt cxtensive,
up-to-datereview of new trchniquesin the dersignand
irrtery:e.taiionof laboratory thermoregulationstudies.
Thei Ciscussions
include the applicability,limitations,
and ccnstraintsof various apparatus.Thcy explore the
potentralphysiologicalandbehavioralmodificationsof
captive bats and their effccts on thermoregulationfactorsoften overlookedby investigators.
In their chapteron respirometry,Holly Stack and
David Rossi focus on measuringmetabolismthrough
gasanalysis.Theirlucid discussionsof terminologyand
appamtus are followed by descriptions and graphic
representationsof the necessarycomponentsand possible configurationsof thesecomponents.
John Bassettand EugeneStudierreview methods
and theorjes relating to the determination of water
balancein bats. They describeinnovative approaches
thatenableinvestigatorsto quantify the watereconomy
of bats, both in the laboratory and in the field. They
discussthe assumptions,limitations, and costs of the
different approaches.
A practicalguide to the techniquesusedin analysis
of body compositionis provided by ElizabethPierson
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and Holly Stack.Their discussions,including rcvicws
of previous techniquesand research,focus on lz uiuo
and in vitro methodsfor analyzing five basic cronrponents:water, lipids, proteins,carbohydratesand inorganic (ash) constituents.Their chaptcr ends u'ith a
prescntationof possiblcapproachesto studyingcnorgy
budges that integratemethods discussedin pru'ious
chapters.
LawrenceFormanand CarletonPhiilips introducc
methodsfor presening and preparingtissucs.With thc
assumptionthat most researchersara nol cxpcrtsin ther
techniqucsof histology and histochcmistry,they cxplain basicpracticesthat aregermaneto ficld situations
and are useful in ecologicaland behavioralstudies.
The techniquesused to obtain chiropteran karyotypic preparations from bone marrow and primlry
cell culturcsare describedby Robert Bakcr and Mazin
Qunsiyeh. They cxplain how to obtain matcrids and
how to preparethcm for slidesand chromosomzilbanding (including recipesfor media). They also alert the
readerto the complexitiesof ccll culture techniques.
CharlcsHandley,Jr. providesa complctc guide to
the preparationof bat specimens.His statement,"no
othermammalis aseasilyprepared,"is indccdtrueif the
specimcnprcparerfollows Handley's step-by-stcp,fui I y
illustratedguide.Suchtopicsas equiprnentand malcrials for wet and dry preservation,conventionsin prepxring and atuching tags,and descriptionsof how to pin
bats for further study are covered thoroughly.
Cunent methodsof collectingand preservingectoparasitesfor ecological study are presentcdby John
Whitakcr, Jr. His excellentinuoduction to idcntifying
cctoparixites includes descriptions of major groups
with sourcesfor furthcr reference.Whitaker is one of
few contributorswho provides a list of potcnLialecological studiesfor his area.
CogginsrcviewslnethodIn a sisterchapter,Jarnes
ologies used in conducting ecological studies of bat
endoparasites.He describesthe prescrvationof bas,
how and where to look for endoparasitcs,and techniques for specimenpreparationand staining.
Denny Constantineconcludesthe volume by discussinghealthprecautionsand protectivemcasuresfor
He updatesinformation on hcalth haz.bat researchers.
ardsthat most bat rescarchersrecognizeand addresses
othersof which mostarepossiblyunaware.He alertstie
rcader to threats to bat health causcd by biclogists
microorganismsinto bat
introducingdisease-producing
roostsor directly into bat populations.
Ecological and Behavioral Methodsfor the Study
ofBatsisnotintendedasan exhaustivetreatiseon every
conceivabletechniquein Inodcrnec:ologicalandbchavioral researchon baLs.However,becauseit was u'rittcn
in nriirci,
biologistswith theircollcagucs
by prof'essional
it covcrsmost maior areasof intcrest.Descriptions, r[
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traditional approachesand more recent state-of-the-art
proceduresare presented.In the increasingly complex
and technologically advancing field of bat research,
suggestions for further study are valuable to future
investigatorsand were includedby afew authors.Useful
and time-saving references to equipment and supply
vendors, frequently combined with directions for the
construction of unique field equipment,are included by
many authors.This comprehensive,thought-provoking
volume is a valuable referencefor thosewho study bats.
This book will influence significantly the direction of
future researchin bat biology.

JamesE. Gardner
Illinois NaturalHistory Survey
Illinois61820
Champaign,

RECENT LITERATURE
Authors are requestedto send reprints of their
papersto theEditor(TomGriffiths)for inclusionin this
section.Receiptof reprintswill facilitatecompleteand
correctcitation.Our RecentLiteraturesectionis based
upon severalbibliographicsources,and for obvious
Any erroror omission
reasons
canneverbe up-to-date.
is inadvertent.Voluntarycontributionsfor this section,
outsidethe United States,
especiallyfrom researchers
aremostwelcome.
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ANNOUNCEMENT
The 19th North American Symposiumon Bat
will meeton October19,20,21, 1989in
Research
Knoxville, Tennessee.Our hosts will be Gary
McCrackenof theZoology Departmentat theUniandMichaelHarveyofTennesversityof Tennessee
see Technical University, Cookeville,Tennessee.
The meetingswill be held at the Holiday Inn in
downtown Knoxville, adjacentto the Worlds Fair
site.
Gary hasmadearrangementsfor the participants
to stay at the Holiday Inn. The Holiday Inn has
given us a much reduced rate of $49 for a single
occupantroom. Surprisingly,if two peoplesharea
room the rateis still $49 or only $24.50per person.
Thereis a $4.00discountfor students.
Enclosedyou
will find a reservationform. Completeit at your
earliestconvenienceand sendit to the hotel.The
hotel addressis:
Holiday Inn Worlds Fair
525 HenleyStreet
Knoxville, TN 37902
Telephone:615 -522-2800

You will notice that the tax on rooms is a vary
outrageous
12.7S%.Thisisa temporarytaxon hotels
and entertainmentto help defraythe costsof a new
sports facility in Knoxville. I have contactedthe
Tennessee
DepartmentofTaxation andFinanceand
theyagreedto sendmetheformsrequiredsothattax
exemptinstitutionsneednot paythisexorbitanttax.I
will keepyou informed asto progresson this topic.
Gary and Mike are arrangingseveralspecialfeatures.Brock Fenton will conducta worlshop on
teachingecholocationtechniqueson Thursday at
l4m hours.Ifyou plan to participatepleasecontact
Brock at 416-736-5243by phone or at:
Departmentof Biology
York University
Downsview,Ontario
Canada
M3J-1P3

You havealreadyreceivedforms for registration
in the symposium,title transmissionpage,and studenthororaria.A duplicatesetisenclosed.
All forms
exceptthat for hotel reservationsshouldbe returned
to:
G. Roy Horst
Department of Biology
Posdam StateCollege- SUNY
Potsdam,NY 13676

On Thursdayeveningthere will be a no host
cocktail party from 7:30 until the police anive.
On Friday evening there will be a banquetbarbequeat which the studentawardswill be made.
We arealsoplanningto roastoneof our own. Don,t
missit, it could be you.
Ifyou haveanyfurtherquestions(aboutanything)
contact me and I'll try to resolvethem!
Gary, Mick and I are eagerlylooking forward to
seeingyou in Knoxville.
Warm regards,

Registrationfeeswill bereturnedin full if for some
reasonyou cannot attend.

There will be a lectureon Histoplasmosis
and its
risksto bat researchers
presentedby an expertfrom
the Centerfor DiseaseControl. This lecturewill be
scheduledfor Saturdayforenoon if possible.

Roy

NINETEENTH ANNUAL NORTH AMERICAN SYMPOSIUM
ON BAT RESEARCH
October 19-21,1989
tlniversity of Tennessee
Knoxville, Tennessee
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Spousesand friends who attend the sessionsare consideredas participants and are
reqtiestedto register.
To register please return this form before September l, 1989with a check payable tr-r
North American Bat Symposium to:
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C. Rov Horst
Department of Biology
State Llniversity College of Arts and Science
Potsdarn,New York 13676
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SomeAbnormal Behaviour in the Infants of Rhinopomamicrophyllum kinneari
B.S.GaurandM.G. Shahrokh
Deprtment of Zoology,Universityof Jodhpur,Jodhpur-342001,India
normal exit side of the tunnel. Here the flock was
directly exposedto predators,and the infant batsbecamea deliciousdishof theIndianhousecrow, Corvus
in themorningandaftemoon.We
splendens
splendens
observedCorvuss. splendens
attackingthe infantsfor
1987)
four daysQ3rd,24th,28thand29thSeptember,
between0700-0900h and 1700-1900h. We notedftat
within l0 minutes34 batswerekilled by thecrows,for
an averagekill of 30-40batseachday. Corvussplendenssplendznsemployedtwo methodsof attack:(i)
directattackand(ii) by watchingthebatscloselyfrom
a distanceof 2-3 metersand thenskillfully capturing
themin themouth.The infants,which emitteda cry of
"chi- chi- chi- chi-" during the capture(fig. 1), were
takento a nearbytreeor to a wall of abridgeorbuilding.
Therethey werekilled by the beak and claws of the
whocouldnotbecapnredbutwere
crows.Someinfants
frightenedby theattackslippedinto thewaterandwere
seenswimming.

A unique suicidal behaviour in the infants of
Rhinopomamicrophyllum kinneari was observedbetween l3th Septemberand 4th Oclober, 1987while
studyingthe ecophysiologyof therat-ailed bat,R. n.
kinneari.Rat-tailedbatsinhabita tunnel(109m x 9 m)
in ldandore,10km N of Jodhpur(Zi" 18'N, 73"04'E),
wherethefirstauthorhassnrdiedthesebas since1967.
R. m.kinnearihastwo roostingsites:(i) summeror
natal (the tunnel), where they feed and give birth o
yotmgonesand (ii) winter or rest-sile(an unusedwell
about 7 lrn from the nrnnel), where they undergoa
periodof cyclicrestin a semi-orpidconditionthroughout the winter (Gaur, 1981).The migrationsbetween
thesesitesareregularandprobablyconrolled by a selfimposedtime schedule(Gaur, 1981).At the summer
sitcnearlyall adultfemalesgivebirthin July,nursetheir
infantsfor2-3 weeksandthenabandonthem.Adultbats
start migrating to their winter site in September,and
continuethroughoutOctoberand sometimesinto November.The infants left beNnd in tlre tunnel hide
themselvesin crevices,understones,or in someother
safeplace.
In 1987anunusualbehaviourwasobsenved.
When
the mothersabandonedthe infants, a flock of at least
5@700 infants left the tunnel androostedopenly in a
shadycornerof a waterchannel(approximately70 m x
15 m with stagnantwater)about200 m away from the

Table 1. Rainfall (mm) in different years at Jodhpur.
Year
Rainfall (mm)

1984
1985
1986
1987

220.5
L96.6
175.0
103.0

Data from the Central Arid Zone Researchlnstitute (Climatological Division), Jodhpur.
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We believethatthis unusualinfantbehaviourhas
not beenpreviouslyobservedor recorded.What inducedtheinfantsto leavetheirnormalroostingsiteand
exposethemselvesdirectly to predators?Possiblythe
poorrainfall of thelastthreeyears(fable I ) andlitrle or
no rain this year(1988)hadan effect.The rainfall has
oneof
theareais presentlyexperiencing
beensosparse,
rain
water,
The
century.
of
the
droughts
severe
tle
whichusedto flow andwashthetunnel,couldnotwash
it. This might haveresultedin changesin the microclimatic and other ecologicalconditions,causingan
conditionwhichcompelled
innlerableecophysiological
theinfantsto leavetheir normalroostingsite.
LITERATURE CITED
Gaur,B. S. 1981.Ecologyof the batsof the Indian
Desert.Unpubl.Ph.D.Dissert.,JodhpurUniv.,110pp.

Figure 1. Indian Corvus splendens splendens attacking and
lifting the nfart of Rhinoporna microphyllum kinneari.

ParentalCare in Two InsectivorousBats:Rhinopomamicrophyllumkinneari and
Taphozousperforetus
B.S.GaurandM.G. Shahrokh
Departmentof Zoology,Universityof Jodhpur,Jodhpur- 342 A0l,Indra
To look after infantsuntil they becomeself-sustaining is a well establishedinstinctivebehaviourin
manyoviparousandviviparousanimals.This parental
and differs markedly among
care is species-specific
speciesof flying mammals-thebats. In Rhinopoma
microphyllwnkinneariandTaphozousp erforarus(both
insectivorousbats) the females,as usual,are responsible for nursing and caring for the infants. During
pregnancyandthelactationperiod(theCool-WetSeabothspeciesgivebirth in such
sonin July-September),
a fashion that during delivery the infans attachto the
mother'sbreast.After the delivery the infantsremain
attachedto the mother'sbreastfor 2-3 weeks,sucking
milkfrom eitheroftheteats.Thefemaleshavetwopairs
of teats,one abdominaland the other thoracic.The
on
newbornis helpless,deaf,dumb,nakedanddepends
the motherfor all its activities.
The infant-motherattachmentdiffersmarkedlyin
the two species.In R. m. kinneari the infant clings
tightly !o the motherwith its headpointedtowardthe
mother'stail.Its hindfeetclasproundthemother'sneck
forming a chiasma,and it sucks the milk from an
aMominalnipple(fig. l).lnT. perforarzsthecondition

Theinfantheadis towardsitsmother's
isjustthereverse.
head,its hind feet claspthe interfemoralmembraneof
the motherwhile the thumbholdson to the regionof
mother'sfore-arm.The infant perchesin the venFal
aMominalregionandsucksmilkfrom athoracicnipple
(fg. 2). Themothercarriesout all thenormalactivities
of life-flying, foragingandhoming-while theinfant
remainsfirmly attachedto the breast.Theseobservationswererecordedfrom theroostingsitesof thesebats
(insidea tunnel109m longand9 m wide,localedabout
10km N Jodhpur,India)whereboththesespeciesroost
underthe sameecologicalconditions.
Thedifferencein themodeof attachmentofinfants
is probablydue to certainanatomicaldifferencesbeR. rn.kinneari(therat-tailedbat)has
tweenthespecies.
a long tail and the inter-femoralmembraneis poorly
on the
developed.T.perforatus(thesheath-tailedbat),
otherhand,hasa shortprorusibletail. Thedifferences
in the way the youngarecarriedmay allow full protection for the infant while not hindering ttre normal
activitiesof the mother.Sincethe infants soonafter
parturition start suckingmilk from the different teats,
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Painting"America" DepictsBats
Jan van Kessel'sSeventeenth-Century
Kunwar P. Bhatnagar
Department of Anatomical Sciencesand Neurobiology
University of Louisville School of Medicine
Louisville, KY 40292 USA

A December1988 visit to the CincinnatiArt
Museum's traveling exhibit, the Masterworksfrom
Munich's Alte Pinakothekcollectionof Sixteenthio
EighteenthCenturypaintings,turnedup an interesting
allegoricalwork by theFlemishartistlJanvan Kessel,
in Antwerp(fig.
theelder,who lived from 1626-1679
1).This work entitledAMERICQUE("America")is oil
Completedin theyear1666,it is a composon copper.2
ite icf sixteensmallscenes(eachpanel14.5x 21 cm)
clustered
arounda central,muchbigger,scene(48.5x
67.5 cm).2Eachof the sixteenscenesis assigneda
numberand eachone is identifiedby captionson the
frame. One panel, numbereleven, itled Cartagene
(Cartagena,
Colombia)depics bats(see.BRNcover).
This lattersceneincludesan excellentreproductionof
abatwithextendedwings
andshowstwobabybas,one
in additiontotwootheryoung
oneachsideonthebreast,
and two adult bats. The presenceof a traguswould
revealthesebas to be a microchiropteran
species,but
beyondthatit wasfutile furtherto attemptto identifyor
classifythebas n "Cartagena."
The depictionof batsis trueto life. Thefollowing
accountof "America"andits creatoris basedonBrown
Bernt (1970),1and Wilenski
and Wheelock(1988),'?
(1960).5
JanvanKessel'sAmericais oneof theseies,Four
thefourcontinents,
Quartersof theWorld rcpresenting
Europe,Asia, Africa, and America,exhibitedin their
original frames.Americaidentifiedthe distantcontinentwith savageIndians,exoticanimals,andrichness
ofthe land.Thepanelsshowrepresentative
citiesofthe
time in the background(a familiar themeof the era),
whereasin the foregroundare shownstrangeanimals
suchasbats,monkeys(somebearded),an armadillo,a
tapir,a macaw,a turkey,otherbirds,alligators,lizards,
snakes,
fish,Guapema-thefour-legged
Brazilianfish,1
butterflies,beetlesandotherinsects,spiders,andeven
giraffes,azebra,anda unicorn.
elephants,
A brief noteon theFlemishartistwill beappropriJan van Kessel,sonof Hieronymusvan
ate here.1'45
Kessel,MasterAntwerpGuild 1645andCaptainin the

Civic Guard, was born in Antwerp in 1626 and died
therein 1619.Heis well known as an artistwho painted
still life, animals,birds,insects,flowers and town views
in the styleof his masterJanBrueghcl.He was thepupil
of his uncle Jan Brueghel, the younger,and Simon de
Vos. His paintingsareoften attributedto J.D. de Heem,
and especially those of animal species,to the more
careful artist Jan Brueghel, the elder.l Many of his
works were sentfor high pricesto placeslike Vicnna in
his lifetime.sFrom his severalbiographiesit docs not
appearthathe evertraveledabroad.According to Brown
and Wheelock (1988),'?Kesselobtainedhis information
from books published at that time and from other
sources.Such a book about Brazil was Historia naturqlis Brasilae by Georg Marglaaf and Wilhelm Piso
publishedin Amsterdamin 1648.A numberof animals
in the smallerpanelstn America are saidto be basedon
K. Gesner'sHistoriaAnimaliampublishedin Zurich in
155l.2Kessel'spaintingsarehousedin many museums,
primarily in the Alte Pinakothek, SchleissheimCastle,
Munich; Prado, Madrid; and the Kunsthistorisches
Museum,Vienna.
Some interesting questionsremain to be explored.
Did Kessel include bats in his other continenlsof the
series?Do any of his other works depict bats?Did his
masterJanBrueghelalsoincludebatsin his paintingsas
did Goya3and Teniers?aAnd finally, which otherClassical Paintershave depictedbats in their works? Why
did Kesseichooseseventeenscenesin his seriesAmerica,no more and no less;are the other three seriesalso
composedof seventeenpanelseach?The answermay
be in an interestingspeculationthat he was completing
this work in the SeventeenthCentury, and the number
Seventeenitself was considereda lucky number!
The author is grateful to hofessor CharlesWagner,
Ms. Kanti Lall, Indu Bhatnagar and Professor Gail
Gilbert of the Allen Hite Art Institute, University of
Louisville, for help in the preparationof this zrticle.
Grateful thanksare also extendedto ProfessorDr. Erich
Steingraber,Generaldirektor,Alte Pinakothekand Dr.
Cornelia Syre,Oberkonservatorin,B ayerisc.heStaatsge-

Fig. 1 (Opposite) Jan van Kessel's AMER ICQU E ( 1666). Reproducedby permrssron
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Munich, FRG for permissionand
maldesammlungen,
for providing ttre excellentphotographsreproduced
here.Ms. SusanHodgekindly preparedthetypescript.
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SomeNoteson Bat Conservationin Central America
Editor's Note: Roy Horst recently received a clipping of an
article on bats from The Tico Times, a widely-circulated
newspaperpublished in Costa Rica. The article' written by a
columnist named Cynrs Reed and based on interviews with
Bat Conservation International's Paticia Morton, is an excellent update on consewation efforts in Central America.
Roy suggested that we obtain permis sionfromT heT icoT bnes
to reprint it, and that we ask Pat Morton to write an introduction. Here 'tis. CIAG)

The article, "Beneficial

Bats are Victims of Vam-

pireFear,"with frontpagecolorphotognphs,is a good
canmakewhen
exampleof whatadifferenceeducation
first contact
My
bats.
about
attitudes
change
!o
trying
with the Tico Times,CentralAmerica'sleadingEngwasin June,1987,whenthey
lishJanguagenewspaper,
publishedanenor-filledarticle,"VampireBatsBite21,
Who NeedsKiller Bees?"At the time I was in Costa
Rica working on an l8-month educationalcampaign
aboutthe importanceof bats.Partof my projectwasto
providethe newsmediawith factualandhelpfulinformationaboutthe diverseandimportantfaunaresident
in thatcountry.I immediatelywrotealetterto theeditor,
correctingtheerrorsandprovidingfactsaboutthemany
beneficialanduniquespeciesfoundin CostaRica.The
nextweektieypublishedmyletterwithanapologyand
an offer to follow-up with an articleon the benefitsof
bats.In Septemberthey indeeddid publisha full page
includinga largecolorshotof
articlewith photographs,
a batpollinatinga flowerthat took up mostof thefront
page.
That was thebeginningof a new relationshipbetweenbatsandtheTicoTimes.Thepaperagainfeatured
batsin ttreir"Yearin Review"issueaswell asin several

smallerarriclessuch as one on the CostaRican bat
postagestampsandadvice!o readersonhowto exclude
unwantedbats from houses.I lost contactwith them
whenI retumedto my graduatestudiesin Wisconsinin
January1988.Then,thispastJune,TicoTimesrepofier
an
CyrusReedtrackedmedownin Texas,andrequested
interviewfor an articlehe wasdoingon vampirebats.
Thisled to a morein-depthinteractionandI wasableto
andadditionalinforprovidehimwith newphotographs
mationaboutbas.
is thestoryof
anecdote
Anotherbehind-the-scenes
Dr. Victor HugoSancho,theveterinarianquotedin the
article.Early in my project I wasfortunateto meetthis
man who I found tuckedaway in a small office in a
His
remotelabat ttreMinisnv of AgricultureandCattle'
help
well
as
job is o respondto rabiesoutbreaksas
farmerseradicatelocal vampirebat colonies.At our
initial meetingI camearmedwith literatureexpectingto
To rny surprise
find a uninformedministrybureaucraiaboutthe
well-informed
and delight he not only was
first
class bat
also
a
conEol of vampiresbut was
glass-cased
portable
his
aficionado.He hadmade own
exhibitof CostaRicanbatsto helpfarmersdistinguish
vampiresfrom themanybeneficialspecies.Duringmy
tenue in Costa Rica I was invited many times to
accompanyhim to rancheswhereI spokewith people
abouttheir beliefs and atdnrdesregardingbats.This
educational
informationwas vital to the subsequent
materialsI developed.
Dr. Sanchowasprovidedwith all the materialsI
produced,includinga Spanishslide/tapeprogram.He
continues!o report0ome reguladyabouthis lectures
andcattlemen'sorganigivento schools,veterinarians
audiovisualprogramat
showed
the
zations.Herecently
health
meetingin Brazil that
an intemationalanimal
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wasattendedby veterinarians
andotherpeoplefrom 30
countries.
Despiteconcertedefforts by myself,Dr Sancho,
andothers,it is obviousfrom thefollowing articlethat
evenin acountryassmallasCostaRicamucheducation
still needsto be done.Indiscriminatepractices,suchas
thetorchingof batroosts,arestill commonandcontinuesto decimatecountlesscoloniesof highlybeneficial
bats.
PatriciaA. Morton
Directcrrof Education
Bat Conservation
International
Austin.Texas

BeneficialBatsAre Victimsof VampireFear
(reprintedby permissionof TheTico Tirnes)
by CynrsReed
"...asshearchedher neck,sheactuallylicked her
lips like an animal,till I couldseein the moonlightthe
moistureshining on the scarletlips and on the red
tongueasit lappedthewhitesharpteeth.I couldfeelthe
soft, shiveringtouchof the lips on the supersensitive
skinof my throat,andtheharddentsof n'vosharpteeth,
just touchingand pausingthere.I closedmy eyesin a
langorousecstasyand waited-waited with a beating
hearl"-"Dracula," by Bram Stoker.
"Theycircletheirvictim,makingall sortsof swoops,
andemitsomesortof substance
soyousleep.Youdon't
wakeup.Thentheylandon the wall or wherever,and
downwith thisarmon theirwing,
theydragthemselves
lookingfor thebestway
tobiteyou."-VenancioGomez,
a wizenedCostaRicanvampirevictim on IslaVenado.

The overwhelmingmajority of CostaRica's 103
bat speciesarebeneficialto manandtheenvironment,
but Desmodwrotundus,also known as the common
vampirebat,is oneof threespecieswhich livesoff the
blood of vertebrates.
Like Draculaof legend,it can
nourishitself with humanblood.But humanignorance
(vampirebatsdonotemitsubstances
tomakeyousleep)
and fearhavehurt CostaRica's otherbats-and, ultimatly, man-far more than the tiny wingedmammal
everhas.
"Most peopletendto think of batsandvampiresas
oneand the same,"complainedPatriciaMorton,who
spent18monthson a grantfor theWorldWildlife Fund
in CostaRica
tryingtoexplode
someofthemythsabout
bas (fT Sept.41987).
VenancioGomezis an l8-vearresidentof Venado
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(Deer) Island, a five-by-two kilometer, heavily-foliaged,hilly islelocatedin theGulf of Nicoyaacrossfrom
The approximately
thePacificport city of Puntarenas.
700residents,who live from fishingandrelatedacrivities,havebeenfendingoff bat attacksfor years.
After a rash of attacksaboutt''llo monthsago, a
gasolineandtorches,
groupofsomel5 men,brandishing
search-and-destroy
mission,
organizeda
circling the
island for nvo days.They smokedcavesand burned
trees,butno onecouldbe surehowmanybats---orwhat
type-they killed.
"Peoplearequick to grabat anythingthat'sa bat,"
explainedDr. Victor Hugo Sancho,a veterinarianwho
headsthe Agriculture Ministry's anti-vampirebat
campaign.
U.S.zoologistMortonsaidshehaswitnessed
the
massacre
of beneficialfruit batspoisoned
of thousands
from eatingbananaslaced with strychnine.Vampire
batsdo not eatfruit.
"What'stragicis thathumandisturbance
hascaused
vampirebas to switch!o cattle-an animalthathasno
defenseagainstits attacks.The growth of the cattle
industry,andconsequently
deforestation,
only leadsto
morevampirebab. So becausehumansdestroywhatever@ats)
theyfind,theyjustmakethesituationworse,"
explainedMorton, the educationcoordinatorof Bat
International.
Conservation
Vampire attackson humansare most common
duringtheearly part of the rainy season,beginningin
May.
"They frequentlyroost in very humid caves,and
the cavesfill up with water when the rains come,"
explainedthe bat expert. "They must look for new
homes,and a new reliablesourceof food, sincethey
musteateveryday.If theyarenotableto find cattleand
horseblood-which theyoverwhelminglyfavor--{hey
do occasionallybite humans."
"There's a generalincreasein populationat this
time,becausea lot of the vampiresareborn in March,
soby May or June,(theyoungbats)sta( to gethungry
for blood," Sanchoadded.He said the two biggest
outbreaksof bat attackson humansthis year were
reportednearthenortherntownof LosChiles,andin the
northernhills of Guatuso.
Accordingto "CostaRicanNaturalHislory," edited by U.S. biologistDaniel Janzen,the vampirebat
makesthe inital woundwith its two upperincisors,a
pairofV-shaped"fangs."
An anti-coagulantin
thebat's
salivakeepsthebloodfrom clotting,andthebatspends
between10 and 40 minutes lapping up the freelyflowingblood.Like thelegendaryDracula,thevampire
bat retums !o a successfulfeedingplace night after
night,reopeningandwideningexistingwounds.
The wingspanof an averageDesmodusrotundus
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measures
a mereseveninches,but thebat's agility and
it hardto catch.
make
speed
What worrieshealthofficialsis not thebat's highproteindietor thesizeof its bite-approximately l5-20
ml (about three to four teaspoonsful)of blood are
extractedper feeding,and an additional25 ml (five
teaspoonsful)are lost as the wound dries-but the
deadly diseasesit can transmit.The most seriousof
theseis paralyticbovinerabies,a viral infectionwhich
affectsthecentralnervoussystemof mammals.Like its
counterpart,the "furious rabies"spreadalmostexclusivelyby dogs,paralyticrabiescaninfect humans.
While only 0.5 percentof bats contractrabies,
rabies has
studiesestimatethat vampire-transmitted
costcattlefarmershundredsof millionsof dollarsin the
bat's range,which stretchesfrom Mexico to thesouthernmostregionsof ArgentinaandChile.
"The diseasecanappeara yearafterit is transmitted,butoncethesymptomsappear,thereis nothingyou
cando," notedDr. Sancho.
against
Bittenhumansandlivestockarevaccinated
rabieswith a seriesof injections.In humans,befween
usuallynearthe
threeandsevenshotsareadministered,
spine,for threeto sevendays.Accordingto Sancho,the
last time a persondied from bat-ransmittedrabiesin
CostaRicawasin 1969,whileabout250cattleayeardie
from the disease.
"The shotsare not bad," shruggedVenadoIsland
residentFranciscoPeralta,18,who duringthelatterpart
of April woke up severalmomingsin arow with "little
streaksof blood runningdown my toes" and knew a
vampirehadbeenthere.
In May 1987,nearly80 peoplewerebitlen on the
island'seastside.A healthoffical, VicenteChaverri,
was quickly dispatchedto administerthe anti-rabies
shots,and now regularly visits the island.This year
abouta dozenresidentshavebeenbitten.
Islanderssaythebatsroostin thesmallfissuresin
the steeprocky cliffs of the islandduringthe day and
feedatnight,exceptduringa full moon,whenthelightshy vampireswill not emerge.While neadyeveryone
on the islandhasa scarto showor a storyto tell, few
actuallyawakento witnessbatsbiting theirfeet(where
most.of thebitesoccur).
RamonaMatarrita,a Venadoresidentwhoseson
CarloEduardowasbittenin thetoesseveralnightsin a
row, beganto stayup latein anticipationof theunwelcomevisitor.
"It was small andhoppedaroundthe walls,dragging iself with ttris little finger on its wing," she
recalled."And theyknow you arethere,but theydon't
go away,theyjust hoparound,waiting."Matarritasaid
shefinallyleft anoil lampburningall nightto protecther
son.
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tacticsusedby the
Insteadof the slash-and-burn
local population,the AgricultureMinistry eradicates
by the
vampirebatsby placingnetsin areasfrequented
bats---cattlepasturesand human homes.Then they
anointthenettedbatson thechestor backwith a sticky
"Vampirisan,"andreleasethem.
redpastetrademarked
The bats are greetedby their cohorts,who lick and
groomeachother'scoats.The pasteinducesmassive
internalhemorrhagingfive to six daysafter t}tebats
ingestit, andtheybleedto death.
Farmersalso apply the poisonouspasteto their
cattle'sbatwounds,to surprisethevampirebatsupona
return feeding.
"The ftoubleis, thiskills only onebatinsteadof 20
or 25," explainedSancho.
Sanchodefendsthe diabolical extermination
method,notingthat,in addition!o transmittingrabies,
thevampirebat'sbite resultsin a chroniclossof blood,
the
which reducestheweightof cattleanddepreciates
open
leather.
He
added
that
for
hides
used
value of
infecwoundsalsoprovidean opendoorfor secondary
He
that
80
estimates
screwwonn.
including
tln
tions,
percentof screwwormcasesresultfrom vampirebat
bites.
Thevampire'sbiggestdanger,however,is thebad
nameit givesotherbats.
Mortonexplainedthatlocalrain forestscouldnot
survivewithoutthe nightly foragingwhich takeCosta
Rica's bats up to 50 km from their sleepingdens,
makingthemvital to bothpollinationandseeddispersal
for hundredsof speciesof plants and fruit-trees.In
clear-cutlands,Morton says,bats drop the very first
seeds.Theresulting"islandsofvegetation"bringbirds
andeventuallynaturalreforestation.
CostaRica's largestbat, with a wingspanof t'wo
feet, is a bird-eatingcarnivoreknown as the "false"
vampirebat.Thetiny WhiteHonduranbat,weighingin
at 5 to 6 grams,is contentto eat insectswhen not
roostingin bananaleaves,resemblinga whitepuff ball.
More than50 percentof CostaRicanbatsfeedon fruit
andnectar.
from
The"true" vampirebat canbe distinguished
otherbatsprincipallyby the long "thumb" extending
from the mid-pointof the top of its webbedwing, an
inch-long,three-jointedprongwhich helpsthebatpull
itselfdownwallsandunderdoorswith its characteristic
stunningalacrity.Otherdistinguishingfeaturesinclude
its Pekingesedog-shapedface, and its "V"-shaped
fangs.
Judgingby a quick samplingof the Isla Venado
residents,
however,distinguishingbatsis no easytask.
"I'm notreallysure,"admittedtheoft-bittenSanto
Matanita,who did notethat islandersknow that fruiteatingbatstendto live underthecrooksof mangoand
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c@onuttrees,ratherthanin caves.
thedifferenceis crucial.
Understanding
"Bats are extremelyvulnerableto extinctionfor
tworeasons:theyreproducevery slowly,andtheyroost
in largenumbers,"Morton said.
JoseAntonioSonano,a 24 yearold fishermanfrom
the isle, said residentsmight learn a lessonfrom t}re
island'sname.
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"There used to be a lot of deer on this island, but
around 25 years ago, these very stupid people hunted
them all down, and the dogs they brought also killed
them."
Today, JoseAntonio says,thereare no deeron the
island.

Book Review
Tuttle,M.D.America'sNeighborhoodBats.
Universityof TexasPress,Austin,viii + 96pp.,1988.Price$9.95(paper).
Have you ever neededa clearly written, handsomelyillustratedshort book on bats [o loan to the
rattledhomeownerwhohasdiscovered
a soliury baton
the front porch or to the curious studentwishing a
readableinFoductionto batbiology?Merlin Tuttlehas
writtensucha book.America'sNeighborhoodBclsis a
concisesurveyof commonNorth Americanbatsand
theirnaturalhistory.Thebook is richly illusratedwith
mostlyby the autlor, andfine line
color photographs,
drawingsby CharlesShawandPriscillaVogt.
Theinroductory sectionsof America's NeighborhoodBatssuccinctlyreviewthenaturalhisory ofbats.
Specialattentionis givento publichealthissues.Tuttle
describes
in detailhow homeowners
cansafelyremove
unwantedchiropteranvisitors from the inside of a
building.Carefulattentionis given!o how andwhento
permanentlyexcludebatsfrom a dwelling.In the section entitled'I-iving in Harmony"Tuttleexplainshow
batsbenefithomeowners,
and sometimeswholecommunities,by
eatingmosquitoes.
A longsectionprovides

detailed instructions on the construction and placing of
bat boxes. Brief descriptionsof tle life history of a
dozen or so common North American bats is oflered in
the section "Getting to Know Your Neighbors." A
clearly written and well-illustrated key to many species
and all genera of North American bats is presented.
Finally, a complete list of referencesis provided for
readerswho wish to continue their studiesof bats.
This inexpensivelittle book will find a niche in the
libraries of BrRN readers, especially those who are
frequentlycalledupon to allay public fearsand misconceptionsaboutbats.America' s Neighborhood Bats wlll
be an effective public education tool. Should that loaner
copy disappear,tle modestprice of $9.95 will make it
easy to buy another.
-Peter V. August, Departtncnt of Natural Resources
Science, University of Rhode Islqnd, Kingston, Rhode
Island 02881.

NEWS
AUSTRALIA
From Macroderma,vol. 4, no. 2 (1988):Our sister
publicationreportsthatthepaperspresented
at theFirst
NationalFlying Fox Symposium(held in Brisbanein
August1986)havebeenboundinto a bookletwhichis
availablefrom Dr. Les Hall, Depaflmentof Anatomy,
Universityof Queensland,
St.Lucia,Queensland4067,
Australia.Thebookletconsists
of 80pagesandcontains
24 paperson "all aspectsof flying fox biology." The
price of each copy is $6.00 (Australian)for copies
orderedin lotsofup to l0; for 10or morecopiesordered
together,thepricedropsto $4.50percopy.Pleaseadd

$1.85 per copy for surfacemail overseasshipmentor
$6.60 per copy for air mail overseasshipment. Checks/
money orders should be made payable to: Australian
Mammal Society Flying Fox Symposium and sent to
Les Hall at the addressabove.
FRANCE
Fdd6ration Rhdne-Alps de protection de la Nature,
Noblet, a self-madeamateur
Grenoble: Jean-Francoise
naturalist, has been made director of the Rhone-Alps
Federation of Nanrre at Isere, one of France's most
important environmental organizations. Noblet, who
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haslongbeeninterestedin bats,is presentlyworkingon
surveysofbatpopulationsaroundFrance,mainlyin the
countyandnationalparksof thatcountry.Heis particularly interestedin the problemof how balsreactto the
intoxicatingchemicalsusedby buildersto protectcarefforts:
pentry.He hasalsobeenbusy in conservation
building artificial nests,attemptingto closeirnportant
andpreparingnewshibemaculato humandisturbance,
on the
paperarticlesandradio/televisionpresentations
importanceof bats.Someof Noblet'srecentpublicationsare listed in the RecentLiteratue sectionof this
issueof BRN. [Froma letter[o TAG from J. F. Noblet]
MEXICO
Instituto de Biologia,UniversidadNacionalAutonoma de Mexico: At the momentI'm on my sabbatical
here in the lower sierra of northernPuebla:400 m.
tropical,rainy asVenusandall or almostall thejungle
desroyed.Only themountaintopsandgorges(barrancas) have any real vegetationleft at all. So you can
imaginewhatis left of theoriginalbatfauna.Add to that
the fact thatat this latitudewe arein thenorthern(and
eastern)limit of a great quantity of filostomid bats:
Chiroderma,
Ar tibeus,Carolli a,St urnira,Glossophaga,
luck,
few
insectivores
suchasMolossus
a
andthen,with
andnvospeciesofMyotis.Becausesomuchinsecticide
bat popuis usedhere,thereis hardlyan insectivorous
andmostlyall you
lation.Caveshavebeendepopulated,
for
findin themisD esmod us,theoriginaltrouble-maker
which the caveswereoriginallycleanedof bats.Years
ago(7) we bandeda seriesof filostomidshere,andI'm
still trying to recapturea few. I am alsostudyingtheir
feedinghabits,and by now I havea good ideaof the
local flora. I will havethe opportunityof travelingto
Rome this year for the Fifth [TheriologicalConferencel. lFroma letterto Roy HorstfromWilliam LopezFormentl
TJNITEDSTATES
ARKANSAS
WombleRangerDistrict,Mount Ida, AR: I recently
borroweda harp trap from GeneGardnerin order !o
havea patternfor fabricationof onefor my usein the
ForestService.Thegentlemanbuildingthetrapfor me
indicatedhe would be willing to fabricateadditional
traps (all aluminum) for sale. The cost of the trap,
excludingthe bat retentionbag,is $490plus shipping
(tlPS).Trapswill be shippedwithin three(3) weeksof
orderplacement.For additionalinformation,interested
personsshould contacf JOE SWINDLE, P.O. BOX
164,MT. IDA, ARKANSAS 71957,TEL. 501-867(work).Backpacktlpe
4295(home)or 501-867-2174
carryingbagsfor the entiretrap,the bat retentionbag
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andseveralofrer bagsfor specificportionsof thetrap
asa unit (about$250)from: GRADE
canbe purchased
INC., II2 SOUTH
6 OUTDOORENTERPRISES,
I
RACE, URBANA, IL 61801,TEL.217-328-6666.
in
fabricating
hada hardtimefindinganyoneinterested
thistrapandthoughtothersmightfind thisinformation
useful.[David A. Saugey]
VIRGINIA
VA 23325:Bat
1522Philmont Ave., Chesapeake,
rehabilitation
education,
and
arethriving
conservation,
in southeastern
Virginia,thanksto theeffortsofBarbara
McCane,herdaughterTina,andfriendAnn Landis.In
lettersto Brock Fentonand TAG, Ms. McCanehas
in theearlysummer
describedtheirremarkablesuccess
of 1988 in cring for injured bats, including some
15,
infants.As of lateJune,
theywerecaringforatotalof
includingtwo redbats(bothwith young),two evening
bats(onewith yor:ng),onehoary,onelittle brown,and
a variety of orphanedinfants.Tina McCaneand Ann
Landiseachhold statewildlife rehabilitationpermits
and Landis holds a federalpermit as well. All three
presscoverageas
womenhavereceivedconsiderable
wordof theireffortshasspread,andtheyhaveincreasingly becomeinvolved with bat educationprograms
aroundeasternVirginia.Theyhavespokento groupsof
girl scouts/brownies,
organic gardeners,cavers,and
visito.rsat a statepark. Ms. McCanewrites that they
wouldbe interestedin sharingwhat they havelearned
with others,andwouldappreciaboutbatrehabilitation
atehearingfrom otherswith similarinterests.Bat ResearchNewswouldcertainlybehappyto receiveinforin bat care,andwould
mationaboutnotablesuccesses
publishnew techniquesin careor feedingif submitted
to Tom Griffiths.Meanwhile,it's delightfulto hearof
in the difficult art of caringfor injuredbats.
successes
Brom lettersto BrockFentonandTAG from Barbara
McCanel
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A Reporton the EighthInternationalBat ResearchConference
Sydney,Australia,July 9-15,1989
Kunwar P. Bhatnagar
Departrnentof Anatomical Sciencesand Neurobiology
University of Louisville School of Medicine
Louisville. KY 40292 USA

TheEighthIntemationalConference,
convenedby
MichaelAugee,wassponsoredby
theRoyalZoological
Societyof New SouthWales,Sydney.From the very
first dayaftertheadjournmentat Aberdeenin I 985,the
InternationalOrganizingCommittee(MichaelAugee,
Les Hall, Sue
Kunwar Bhatnagar,A. Gopalakrishna,
Hand,Darrell Kitchener,JohnNelson,Kerryn ParryJones,PaulRacey,andChrisTidemann)plannedevery
phaseofthe Sydneyconferencein its tiniestdetail,so
muchsothatit cameto bea roaringsuccess.
Some170
I 8 countriesregistered.
Thelargrepresenting
scientists
(numbering78)wasfromtheland
estgroupof delegates
downunder,followedby theUnitedStatesof America
(2z),Indra(14),UnitedKingdom(12),WestGermany
(9), Canadaand Sweden(4 each),Spain and South
Africa (3 each),Korea,Portugal,and South Africa (2
each),and one delegateeachfrom Denmark,France,
Israel,Iuly, Netherlands,
and Poland.The meetings
comprisedapreconference
bustour,themeetingsthemselves,anda postconference
workshopat Caims.
The PreconferenceBus Tour, better called the
"SundownerWorkshopon Wheels,"attracted40 on
boardfrom amongthedelegates
andwasled by Leslie
Hali, Universityof Queensland,
Brisbane.kaving
Cairnson 29thJune,the sceniccruisertook thegroup
throughTownsville,GreatBarrierReef(OrphaeusIsland, where severalof us receivedcoral cuts while
snorkling- with infectionsresultingin somecases),
CapeHillsborough,
Mackay(thehomeof tlreghostbat,
("savethebatcoloMacrodermagigas), Rockhampton
nies on Mount Etna" fame),CamarvonGorge,and
BunyaMountainnationalparks.Thetourterminatedat
therelaxingOxley Motor lnn, Brisbane,endingthe 10
days of campingand traveling through temperature
zonesof between2T" andbelow0'C ! Duringthistravel
thegroupwaskepthighlyentertained
in everypossible
way. Memorableexperiences
include:the guidedtour
by Les Hatl, the companionshipand drive through
3,500kms and four-meals-a-day
treatprovidedby the
coachcaptainRon Garlandand his wife Eileen,the
visits to severalpoorly negotiablebat caves,talks by
severalconservationists,
campfires,the celebrationof
the American Independence
Day, and the incessant

attacks of chiggers! The wildlife observed and photographed at all hours was phenomenal. This preconference "workshop" will always be rememberedby the
famous forty on board, thanks to the care and courtesy
of its planners.
TheMeetings openedwith an informaldinner atthe
Australian Museum on Sunday,the 9th of July. Next
day,on theUniversity of New SouthWalescampus,Dr.
DanLunney, Presidentof the RoyalZoological Society
of NSW welcomed the delegates.The opening address
was given by Professor lrslie Hall on "Bat Conservation in Australia." The meeting then continued from 9
a.m. to 5 p.m. every day, with appropriate breaks for
ample and delicious refreshments.There were no concurrentsessions,andno conflict with thepostersessions
(3 sessionsatwhich 29 posterswerepresented).
Among
the 82 platform presentations, the largest number of
papers presentedwere on reproduction (18), followed
by conservation(10), acousticbehavior and echolocation (8), flight modes and foraging strategies (7), batplant interactions,ecology, ecology and behavior, energetics(6 each),and anatomy and physiology, functional
morphology,and systematicsandbiogeography(5 each).
The largest number of presentations (six) were from
Irn Martin's laboratory in Brisbane. The megachiropteran phylogeny colloquium held after dinner on
Wednesdaywas well attended.Despite the forceful and
often dualistic presentationsby somesevenspeakersfor
and againstthe diphyletic origin ofbats, the three-hour
long sessionadjournedwithoutconclusions.The lavish
conference dinner on Thursday was at the Randwick
town hall. A delicious red wine bottled specially for the
Sth IBRC (with a motif of Pteropuspoliocephalus)by
Kerryn Parry-Joneswas flowing freely. ProfessorRacey
offered a tribute to Mike and Diane Augee and their
entire team of organizers.Other highlights of the meeting were: the presenceof live Pteropus andTadsrida,
baby Kangaroos, and a wombat, which often participated in the proceedings with their joyous shrieks; the
spouses'hospitality program personally escortedevery
day by Diane Augee; the continuous chauffeuring !o
and from the airport and the Esron Motel by Mike
Augee; the skillful conductof the businessmeetingby
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Mike Augeeat which Madurai,India (Aligarh, India
and Toronto were other prospects)was selectedto be
thevenuefor the 9th,1992IBRC; andthe grandewin
which the meetingswere held in general.Nothing
lackedwith theexceptionof agroupphotograph.
Meeting
absEactsaredueto be publishedinMacroderma.llte
conferenceadjoumedon Friday,at which time a large
groupofdelegatesvisitedthenearbyGordoncolonyof
Pteropuspoliocephalw.
Theweeklong Post ConferenceWorkshopatColes
Vila Parkat Cairnswasorganizedby JohnNelsonand
ChrisTidemann,andattendedby 53 regisnants.They
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visited ChillagoePteropuscolony, mist nettedbats
(studyingthemby radiotelemetryandtritiatedwater),
and examinedseveralother aspectsof bat biology.
LorainJansenandStevenHamiltoncontributedgreatly
in thesuccess
of theventure.TomKunzkindly provided
tlese noteson the workshop.
Bat researchersaroundthe world greatly appreciatetheint€nsiveplanningandtheconductof theeighth
IBRC by Mike Augeeandhis team.Our high complimentsandmanythanksfor giving us sucha wonderful
treat.We now look forwardto the9TH IBRC in 1992,
tobe hostedbyDr. M. K. Chandrashekaran
in Madurai.
I
I
!

LIST OF PAPERSPRESENTED,WITH AUTHORS AND ADDRESSES,AT THE
EIGHTH INTERNATIONAL BAT RESEARCHCONFERENCESYDNEY,AUSTRALIA
9.15JULY 1989
The journal of the Australasianbat group,Macroderma.will be publishingthe completeabstractsof the 8th IBRC
sometimein tttenearfuture.But for theconvenience
of thoseNorth Americanandotherreadersof Bat ResearchNews
who wereunableto atlend,we haveaskedpermissionto print thetitles of thosepaperspresentedat tle meetings.We
thank Dr. Michael Augeeand the otherconvenersof the 8th IBRC for their cooperationand permissionto run the
following list. Specialthanksto KunwarBhatnagarfor all of his efforts.[TAGI
Changesin LHRH Neurons Associatedwith Ovulation in the Little Brown BaL
E. L. P. Anthonyl,P. J. Westonl,J. A. Monwilol, T. O. Bruhn2,K. Neel, J. C. King3.lDept.of Biology,RhodeIsland
College,Providence,
RI02908,USA;'?Div.ofEndocrinology,Rhode
IslandHospital,Providence,RI02903
USA;3Depr
of Analomy,Tufts UniversitySchoolsof Medicine,Boston,MA 02111,USA.
Pteropuspoliocephalus-What is a Colony?
M. L. AugeeandK. Parry-Jones.
Schoolof Zoology,Universityof NSW, Australia.
Observationson the Ovariesof SomeIndian MonotocousBats.
N. Badwaik.Deparrnentof Biology, Instituteof Science,Nagpur440 001,India.
Behaviour of Megadermalyrain a Nursery Colony.
J. Balasingh.Departmentof Zoology,St. John'sCollege,Tirunelveli627 0ll, SouthIndia.
Field Studiesof EcholocationBehaviour: Foraging and EcholocationFlexibility - The Caseof "Gleaners".
RobertM. R. Barclay.BiologicalSciences,
Universityof Calgary,Calgary,Alberta,CanadaT2N 1N4.
PlasmaProgesterone,Ovarian Steroidogenesis,
and DelayedImplantation in the Long-FingeredBat (Miniopterusschreibersii).
R. T. F. Bernard.Deparunentof Zoology andEntomology,RhodesUniversity,Grahamstown
6140,SouthAfrica.
Vampire Bats Do Have Fully DevelopedEnamel.
KunwarP. Bhatnagar& William A. Wimsatt@eceased).
AnatScs& Neurobiology,Universityof lnuisville SchMed,
Louisville,KY 40292USA; Div of Biol Scs,Comell Univ, Ithaca,NY USA.
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The ChiropteranPineal:Remarkablein ComparativeMorphologyand Ultrastructure.
Kunwar P. Bhatnagar.Departmentof AnatomicalSciences& Neurobiology,University of Louisville Schoolof
Medicine,HSC,Louisville,KY 40292U5A.
AnatomicalSpecializations
of Batsfor Fruit-Nectar-Pollen
Feeding.
Kunwar P. Bhatnagar.Departmentof AnatomicalSciences& Neurobiology,University of Louisville Schoolof
Medicine,HSC,Louisville,KY 40292U5A.
(Desmarest).
Histochemical
and BiochemicalAnalysisof Placentain theIndian Fruit Bat,RousettusIeschenaulti
D. A. Bhiwgade,HemalathaN.
Menon,andS.N.Menon.
DepartrnentofZoology,Instituteof
Bombay400023,
Science,
India.
I
,
:

Immunolocalization
and UltrastructuralChangesof LH Gonadotropes
in Relationto the ReproductiveCycleof
Miniopterusschreibersii.
C. Bojarski.TnologyDepartment,RhodesUniversity,Grahamstown,
RSA.
Foraging Behavior and Echolocationin the Diadem HorseshoeBat (Hipposiderosdiadema).
PatriciaE.BrownandRobertD.
Berry.Departmentof
Biology,University
Angeles,CA90024,USA.
of California,Los
HistologicalAppearanceof the Terminal Phalanges
in the Wing of Myotislucifugusas an Indicator of Age.
G. DaleBuchananandAlnoor S.Nathoo.Department
of BiomedicalSciences,
McMasterUnivenity, 1200Main Street
West,Hamilton,Ontario,Canada,L8N 325.
Cytoarchitectureand NeuronalCompositionof Flying Fox Hippocampus.
E. H. Buhl and J. F. Dann. Vision, Touch and HearingResearchCentre,Dept. of Physiologyand Pharmacology,
Universityof Queensland,
St. Lucia,Qld 4067,Australia.
Listeningand Foragingby Gleaningin EcholocatingBats.
R. B. Coles.ZoologischesInstitut,UniversitatMunchen,Munchen,WestGermany.
Echolocationand Doppler-Shift Compensationtn Rhinonycteis aurantizs and Hipposi.deros
ater.
R. B. ColesandAnna Guppy.ZmlogischesInstitut,UniversitatMunchen,Munchen,WestGermany.
Identificationof AustralianBatsby EcholocationCalls.
R. B. ColesandAnnaGuppy.Zmlogisches
Institut,UniversitatMunchen,Munchen,WestGermany.
Computer-BasedCall Analysisfor Microbat Identification.
ChrisCorben.Forestry,PO Box 631,Indooroopilly,Queensland
4068,Australia.

,
I
I

Alpha and Beta Typ€ Ganglion Cells in the Retina of the Flying Fox-Pteropus scapuhtus.
J. F. Dann and E. H. Buhl. Vision, Touch and HearingResearchCentre,Dept. of Physiologyand Pharmacology,
Universityof Queensland,
St. Lucia,Qld 4067,Australia.
Nightly andSeasonal
(Chiroptera:Pteropodidae)From RainforestRemnants
Movementsof Pleropuspoliocephalus
in Northern New SouthWales.
PeggyEby andCarolPalmer.NSW NationalParksandWildtife Service.
John Gould and John Gilbert's AustralianBats.
MissClemFisher,Cura[orof BirdsandMammals,Department
of Zoology,LiverpoolMuseum,William Brown Street,
LiverpoolL3 8EN, England.
Revisionof the GenusMelonycteris.
T. F. Flannery.The Ausralian Museum,Sydney.
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FeedingMechanlsmsin MicrochiropteranBats:A Review.
PatriciaW. Freeman.
Universityof Nebraska
StateMuseum,Lincoln,NE 68588-0514,
USA.
Moth DefencesAgainstInsectivorousBats:An Update.
JamesFullard.Depanmentof Zoology,Universityof Toronto.
Ban on DDT in the United States:Its Effect on Batsfrom CarlsbadCavern.
KennethN. Geluso.Departmentof Biology,Universityof Nebraska,Omaha,Nebraska,68182,USA.
Breeding Habits of Megadermalyra lyra (Geoffroy) at Different Placesin India.
A. Gopalakrishna.
Departmentof Zoology,Insituteof Science,Nagpur- 400 001,India.
Batsvs. Birds: ComparisonsAmong PeruvianVolant VertebrateFaunasAlong an ElevationalGradient.
GaryL. Graham.Bat ConservationInternational,PO Box 162603,Austin,TX 78716-2603.
Cheiromeles
torquatus,A SpectacularMolossidin Trouble.
Irslie S. Hall andJ. D. Pettigrew.Universityof Queensland,
Brisbane.
Bat Conservationin Australia.
lrslie S. Hall. Universityof Queensland,
Brisbane.
AustralianFossilHipposiderids:NewEvidenceabouttheEvolutionaryHistoryandRadiationof OtdWorld LeafNosedBats.
S. Hand,M. Archer,andH. Godthelp.Schoolof BiologicalScience,Universityof NSW, Kensington,NSW, Australia
2033.
The Statusof Two VulnerableAustralianBats:View From the 4th Dimension.
S. Hand.Schoolof BiologicalScience,
Universityof NSW,Kensington,
NSW,2033,Australia.
The Batsof Malawi.
D. C. D. Happoldand M. Happold.AustralianNationalUniversity,Canberra,Australia.
Torpor-An AdaptiveResponse
by Chalinolobusmorioto Food Scarcity.
RobertHerd.Schoolof Zoology,Universityof NSW, Kensinglon,NSW, 2033.Presentaddress:NSW Agriculture&
Fisheries,Trangie,NSW, 2823,Australia.
BoneFlouride Levelsin BatsAround an Aluminum Smelterat Tomago,NSW.
*5 BlaxlandAvenue,Singleton
G. A. Hoye*andJ.Johnston*t(.
Heights,NSW2330;** Environmental
Dept.,Tomago
AluminumSmelter,PO Box 405,RaymondTerrace,NSW 2324.
poliocephalus.
Observationson the Placentaofthe Flying-FoxesPteropusscapulatusand,Pteropus
R. L. Hughes.Deparfinentof Anatomy,Universityof Queensland,
Brisbane,QLD, Ausralia.
Water Turnover in 3 Speciesof Free-LivingInsectivorousBats.
LoraineJansen.
An EvolutionaryScenariofor the Male ReproductiveCyclein the CommonSheath-TailBat.
SimonJolly. Departmentof Physiology,Universityof Queensland.
ForagingBehaviour,Diet and Echolocationin the GreaterHorsehshoe
Bat Rhinolophus
ferrumequinum
GarethJones.Departmentof Zoology,Universityof Bristol,WoodlandRoad,Bristol,BS8 lUG, UK.
in Uppland,Central Sweden.
FactorsAffectingthe Distribution Patternof Bats(Chiroptera:Vespertilionidae)
Johnnyde JongandIngemarAhl6n.Departmentof Wildlife Ecology,Box 7002,Uppsala,Sweden.
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The Actual Situationof Bat Rabiesin Northern Germanywith GeneralRemarkson the Problern.
Ulrich Jiides.Dorfstrabel5a,D-2419 Kulpin, WestGermany.
Ovarian Changesin Rhinopomahardwickeihardwickei(Gray).
Nagpur,India.
Depafiment
K. B. KarimandShibaniBanerjee.
of Zoology,Instituteof Science,
Annual TesticularCyclein Rhinopomahardwickeihardwickei(Gray) and Epididymisas a StorageOrgan.
K. B" Karim and ShibaniBanerjee.Departmentof Zoology,Instituteof Science,Nagpur,India.
Reflex Ovulation in Grey-HeadedFlying Roxes(Pteropuspoliocephalus).
Universityof Queensland,
St.i.ucia,
JohnH. KennedyandLen Martin.Departmentof PhysiologyandPharmacology,
Qld 4067,Australia.
Batsof the Malay Archipelago:Wallace'sLine Revisited.
Pertl 6000,
D. J. Kitchener*;R. A. How*; Maharadatunkamsi**
andA. Suyanto**.*WesternAustralianN{useum,
**Museum
ZoologicumBogoriense,
Puslitbang
Biologi,LIPI, RayaJuanda18,Bogor,Indonesia.
WesternAustralia;
Aspectsof the FeedingBiologyof Fruit Bats(Pteropodidae)
on Lombok Island,NusaTenggara,Indonesia.
*WestemAustralianMuseum,Perth,6000,Western
D. J. Kitchener*;A. Gunnell**;and Maharadatunkamsi***.
Australia;**CurtinUniversityof Technology,
Bentley,6012,
WesternAustralia;***MuseumZoologicumBogoriense,
Puslitbang
Biologi,LIPI, RayaJuanda18,Bogor,Indonesia.
ReproductiveStrategiesof TemperateBats:Do Migrators and HibernatorsHave Different Strategies?
C. E. KoehlerandR. M. R. Barclay.BiologicalSciences,
Universityof Calgary,Calgary,Alberta,CanadaT2N 1N4.
Histomorphologyof the Ovary in the VespertilionidBat, Scotophilusheathi.
A. KrishnaandU. P. Singh.Department
HinduUniversity,Varanasi- 221005,India.
of Zoology,Banaras
BehavioralEcologyof Tent-MakingBats.
T. H. Kunz*,andG. F. McCracken.
Departmentof
Biology,BostonUniversity,Boston,MA02215andDepartment
of
Zoology,Universityof Tennessee,
Knoxville,TN 37996.
ReproductiveBehaviourof CaptiveMale Grey-HeadedFlying-Foxes.
LorraineLittle.
Department
of Physiology
andPharmacology,
Universityof Queensland,
St.Lucia,QId.4067,Australia.
Techniquesand Logisticsof RearingOrphanPteropusin Numbersfor Releaseto the Wild.
H. Luckhoff,U. J. O'SheaandL. Martin.Department
of Physiology& Pharmacology,
Universityof Queensland,
St.
Lucia,Qld.4067,Ausnalia.
Echolocationby MyotisadversusForagingOver Water.
L. F. LumsdenandR. B. Coles.ArthurRylahInstitute,Heidelberg,
Victoria,AustraliaandDepartment
of Biology,
Universityof Wollongong,Wollongong,New SouthWales,Ausralia.
RoostSelectionby the North Queensland
Long-EaredBat Nyctophilusbifaxin Littorat Rainforeston the North
Coastof New SouthWales.
D. Lunney,J. Barker,D. Priddel,R. Wheeler,andT. Leary.NSW NationalParks& Wildlife Service,PO Box 1967,
HurstvilleNSW 2220,Australia.
FeedingHabits of Megadermaspasmahorsfieldii(Linnaeus).Observationson the Food and FeedingHabitsof
Megadermaspasmain Wild and LaboratoryConditions.
A. Madhavan.
Department
of Zoology,BharataMataCollege,Cochin-682
021,India.
Age Groupsin the Fruit Bat Rousettus
aegyptiacus.
David Makin. Departmentof Zcr.logy,Tel Aviv University,Israel.
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Active and PassiveDetectionof Prey by the Indian FalseVampire Bat.
University,Madurai
BiologicalSciences,MaduraiKamaraj
AnimalBehaviour,schoolof
G.Marimuthu.Departmentof
- 625O2l,lndia.
Reproductionin CaptiveAustralianFlying Foxes(GenusPteropus).
L. Martin,J. Kennedy,L. Little, H. Luckhoff,M. McGuckin,P. Towers.Departmentof PhysiologyandPharmacology,
St. Lucia,Qld 4067,Australia.
Universityof Queensland,
Studieson Bat Migration in Estonia.
Matti Masing.
SeedDispersalby Flying-Foxesand its Effect on the CashewIndustry.
Maria McCoy, Chief Investigator.Departmentof Zoology, AustralianNationalUniversity,Canberra,ACT 2601,
PO Box 539,NeutralBay,NSW,2089,Australia.
Australia;andIan Duncan,CashewConsultant.
Pollinationof Two EucalyptSpeciesby Flying-Foxes.
Maria McCoy, Chief Investigator.Departmentof Zoology, AustralianNationalUniversity,Canbena,ACT 2601,
Australia.
The Effect of Arctiid Clickson Rangingby EcholocatingBats.
Denmark.
Lee A. Miller. Instituteof Biology,OdenseUniv.,DK-5230Odense,
thonglongyaiinWesternThailand.
Field Studieson the Biosonarof Craseonycteris
Odense,Denmark.
University,
Biology,
Odense
Institute
of
Miller
a/.
Lee A.
er
Optimal Flight Speedof InsectivorousAerial-HawkingBirds and Bats.
R. Ake Norberg.Departmentof Zoology,Box 250 59, 5-40031 Gothenburg,Sweden.
or CommonDescent?
Wing Structurein Mega-and MicrochiropteranBats: Convergence
Sweden.
31
Gothenbwg,
Box
250
59,
5-400
Zoology,
Department
of
M.
Norberg.
IJlla
Flight Morphologyand ForagingStrategyin Bats.
Ulla M. Norberg.Departmentof Zoology,Box 250 59, 5-4003l Gothenburg,Sweden.
Endocrine Regulationof PlasmaElectrolytesin the Bat Rousettusleschenaulti.
15MadamCamaRoad,Bombay
Science,
DepartmentofZoology,Instituteof
Mrs.V. C. Noronha&S.A. Suryawanshi.
400032.
SeasonalBreedingand Pituitary Hormonesin AustralianFlying Foxes.
G. M. O'Brien, L. Martin and M. A. McGuckin. Departmentof Physiologyand Pharmacology,University of
St.Lucia, Qld 4067,Australia.
Queensland,
Advancesin the Neuroethologyof Bat EcholocationSystems.
NY
Schoolof MedicineandDentistry,Rochester,
W. E. O'Neitl. Departmentof Physiology,Universityof Rochester,
r4&2USA.
Habitat RestorationProject at Ku-Ring-GaiBat Colony,Gordon,Sydney.
NancyPallin andElizabethHartnell.Ku-ring-gaiBat Colony Committee,Inc., 45 Highfield Road,Lindfield, NSW,
2070.
UsingStereoPhotographsto Estimatethe Sizeof Bat Colonies.
deLisboa,1700Lisboa,Portugal;and
deZoologia,FaculdadedeCiencias,Universidade
J. M. Palmeirim.Departrnent
e ConservaclodaNaturezaR. Filipe Folque46 1', 1000Lisboa,
L. Rodrigues.ServicoNacionalde ParquesReservas
Pornrgal.
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rotundus.
SocialStructureand Behaviorof the VampireBat, Desmodus
Korea.
S. R. Park.Departmentof Biology, KoreaNationalUniversityof Education,363-191
Natural Diet of the Grey-HeadedFlying-Fox.
KerrynParry-Jones
andM. L. Augee.Schoolof Zoology,Universityof NSW, Kensington,NSW, 2033,Ausnalia.
Morphogenesisof the Foetal Membranesand Placentationin the Indian Molissid Bat Chaerephonplicata
(Buchanan).
Professorof Zoology,S. N. Govt.P. G. College,Khandwa,M.P. India.
Dr. Y. D. Pendharkar.
A VascularCounterCurrent ExchangeMay Explain AsymmetricEndometrialDevelopmentinPteropusspp.
St.Lucia, Qld 4067,
Universityof Queensland,
C. Pow andL. Martin. Departmentof PhysiologyandPharmacology,
Australia.
Responses
of TemperateZoneMicrochiropterato Changesin FoodSupplyDuring ReproducThermoregutatory
tion.
P. A. RaceyandJ. R. Speakman.
BCI's Worldwide Critical SitesInitiative.
PaulB. Robertson& GaryGraham.
hastatus.
Behavioraland EnergeticCorrelatesof HaremMaintenancein the NeotropicalBat Phyllostomus
S. K. Robson*,T. H. Kunz,G. P. Bell andK. A. Nagy.Departmentof Biology,BoslonUniversity,Boston,MA02215
(SKR & THK), SantaRosaPlateauNaturePreserve,
Murrieta,CA92362(CPB),Laboratory
TheNatureConservancy,
Universityof Califomia,Los Angeles,CA 90024(KAI{), USA.
of BiomedicalandEnvironmentalSciences,
Ecologyof BatsRoostingin Hot-Caves.
ComparativePhysiological
DepartmentofBiology,Call Box 20000,
AmericanUniversityandBostonUniversity,
ArmandoRodriguez-Duriin.Inter
Aguadilla,PuertoRico 00605,USA.
FeedingActivity of Northern Bats(Eptesicusnilssoni)During Pregnancyand Lactation.
JensRydell.Departrnentof Ecology,Universityof Lund, 5-22362 Lund, Sweden.
SomeBiochemicalAspectsof the MaIe AccessoryStructuresof a MegachiropteranBat.
V. M. SapkalandP. J. Sahastrabudhe.
Departmentof Zoology,Instituteof Science,Nagpur,India.
PostnatalDevelopmentof Frequency-Place
Code in the Inferior Colliculusof the Rufous HourseshoeBat,
RhinolophusrouxL
M. ScMfer andR. Rtibsamen.Irhrstuhl fiir Allg. Zoologieund Neurobiologie,Ruhr-UniversitatBochum,Bochum,
FRG.
Neural Control of Vocalizationin the RufousHorseshoeBat.
Radtke-Schuller.
GerdSchullerandSusanne
Zoologisches
Institut,Universityof Munich,D-8000Muenchen
2,Fed.Rep.Germany.
Movementsof Miniopterusschreibersi
in N.E. Spainand S.E.France.
Seasonal
Jordi Sena-Cobo,EnriqueBalcellsandJoanFrancescGuasch.
(Hodgson).
Ultrastructural Studyof Chorio-AllantoicPlacentalBarrier in Bat,Miniopterusschreibersiifuliginosus
A. Singh,D. A. BhiwgadeandA. P. Manekar.Departmentof Zoology,Instituteof Science,Bombay-32,India.
KaryotypicAnalysis,andG-BandingPattern
Bat-Taphozousmelanopoof theChromosomes
ofanlnsectivorous
gon melanopogonTemmnick(Microchiroptera:Mammalia).
Preeti Singhl and S. B. Lall2. ICSIR, SeniorResearchFellow, and 2AssociateProfessor,Departmentof Zoology,
SukhadiaUniversity,Udaipur,India.
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Energeticsof Flight in SmallMicrochiroptera Usinga Combinationof Doubly LabelledWater and Respirometry.
J. R. SpeakmanandP. A. Racey.
Energeticsof Echolocation.
J. R. Speaknan,M. E. AndersonandP. A. Racey
Movement of Pteropuspoliocephalusin EasternAustralia.
Hugh J. Spencer.Cape Tribulation Field Study Centre,PMB5 Cape Tribulation4873; and Kerryn Parry-Jones.
Departmentof Zoology,Universityof NSW, KensingtonNSW 2033.
Roosting and Foraging Behaviour of the QueenslandTube-NosedBat Nyctimenerobinsoni (Pteropodidae),
Preliminary RadiotrackingObservations.
Hugh J. Spencer,CapeTribulationField Study Cenre, PMB5 CapeTribulation4873; and TheodoreH. Fleming,
Departmentof Biology, Universityof Miami, CoralGables,Florida,33124USA.
The Energeticsof Hibernation in Myotis lucifugus: Fat Reserves,Water Loss,and the Cost of Winter Arousals.
D. W. Thomas.Departmentof Biologie,Universitdde Sherbrooke,
Sherbrooke,
Qudbec,Canada.
Ovarian Function in Wild Grey-HeadedFlying Foxes(Pteropuspoliocephalus).
P. A. TowersandL. Martin. Deparnnentof PhysiologyandPharmacology,
Universityof Queensland,
St. Lucia,Qld
4067,Australia.
Alteration in the Ovarian Histoarchitecture,SubstrateMacromoleculesand EnzymaticParadigmof Rhinopoma
kinneari(Rhinopomatidae:Microchiroptera)from Nulliparousto Parousand LactationState.
SeemaTrivedil and S. B. Lall2. lDoctoralCandidateand 2Associate
hofessor, Departrnentof Z,oology,University,
Udaipur,India.
Effect of Moonlight on the Foraging Activity of the Bat Rhinopomaharilwickei.
K. Usman.Departmentof Zoology,Dr.Z*k HusainCollege,Ilayangudi,India.
PlasmaProgesteroneConcentrationsin the FemaleNatal ClingingBat (Miniopterusschreibersiinatalensis).
M. vanderMerweandR. J. vanAarde.MammalResearch
Insdnrte,Universityof hetoria, Pretoria0002,SouthAfrica.
Reproductionin the Rusty Bat, Pipistrellusrusticusin the Northern Transvaal Bushveld,South Africa.
M. van der Merwe.MammalResearchInstitute,Universityof Pretoria,Pretoria0002,SouthAfrica.
PhylogeneticRelationshipsWithin Vespertilionidae:Resultsof ChromosomeBanding Studies.
M. Volleth. Departmentof Zoology tr, Staudstr.5, D-8520Erlangen,FRG.
The Effectsof Disturbanceon the EnergyExpenditureof HibernatingBats.
P. I. Webb,J. R. SpeakmanandP. A. Racey.
InsectivorousBats of the Watagan StateForests-NSW.
Ray Williams,l GlennHoye,2PeterWilson,3ChristineHopkinsaandGeoffRoss.41. Biol. Sciences,
Univ. of NSW; 2.
Road,Winmalee,2777;4.
SingletonHeights,2330;3.233Hawkesbury
TarongaZoo,Mosman,2088.
Mechanismsof Vertical Localization in Eptesicusfuscus.
JanineM. WottonandJamesA. Simmons.Departmentof Psychology,BrownUniversity,Providence,
RI02912USA.
Morphological Changesof the GastrointestinalTracts in the Korean Greater HorseshoeBat, RhinolophusferrumequinurnkoraL
Yung Keun Oh, Prof., Agr.D. Departmentof Biology, Collegeof Liberal Arts and Sciences,Yonsei University,
Kangwon-do,Korea-
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Calbindin LabelsAuditory Nucleiin the MustachedBat.
M.L.Zettel, C. E. Canl, W. W. WilsonandW. E. O'Neill. Depts.of Physiology,andNeurobiology& Anatomyl,
NY 14642,USA.
Universityof RochesterSchoolof Medicine,Rochester,
BatsversusHoneyeaters.
The Pollinatorsof Bazftsrc.'Blossom
WoodsideandPike.TarongaZn,P.O. Box 20, Mosman,NSW 2088,Ausralia.

RECENT LITERATURE
Authors are requestedto send reprintsof their
papersto theEditor(TomGriffiths)for inclusionin this
section.Receiptof reprintswill facilitatecompleteand
correctcitation.Our RecentLiteraturesectionis based
upon severalbibliographicsources,and for obvious
reasonscanneverbe up-to-date.Any erroror omission
is inadverlent.Voluntarycontributionsfor thissection,
especiallyfrom researchers
outsidethe United States,
aremostwelcome.

Sokolov,V. E., andO. K. Basurmanova.1988.Ultrastructure
of the secretory cells of the apocrine glands of the
paranasal gland in the common noctule Nyctalus rwctula. DolrJ- Akad. Nauk. SSSR, 303:216-218. [A. N.
Severtsov. Inst. Evol. Morph. Ecol. Anim., Acad. Sci.
USSR, Moscow, USSRI
Tanaka, Y. I988. A histo-anatomical srudy on the spleenof a
bat Vespertilio or ientalis. Acta Anat. Nipponic4 63:502512. [Clinical Pathol. Serv.,Ome Municipal Gen. Hosp.,
4-16-5 Higashiome, Orne, Tokyo, 198, Japanl

ANATOMY
Fenton, M. B, 1989. Head size and the foraging behaviour of
animal-eating bats. Canadian I. Zool, 67:2029-2035.
[Dept. Biol., York Univ., Downsview, Ontario, Canada

M3J1P3l
Frisina, R. D., W. E. O'Neill, and M. L. Zettel. 1989. Frmctional organization of mustached bat inferior colliculus:
IL Connections of the FM2 region. J. Comp. Neurol.,
284:85-107. [Dept. Surgery, Div. Otolaryngol., Univ.
RochesterMed. Ctr., Sch. Med. Dent.. Box 629, Rochester,NY 146421
Grim*rs, T. A., and B. B. Criley. 1989. Comparative lingual
anaromyof theb ztsD esmodw rot undus ardlorclwp hylla
robasfa(Chiroptera:Phyllostomidae).J. Mamm., 70:608613. [Dept. Biol., llinois Wesleyan Univ., Bloomingtr,4TL61702l
O'Neill, W. E., R. D. Frisina" and D. M. Gooler. 1989.
Functional organization of mustachedbat inferior colliculus: I. Representation of FM frequency bands important for target ranging revealed by Cl4-2-deoxyglucose
autoradiography and single unit mapping. J. Comp.
Neurol., 284:60-84. [Dept. Physiol., Sch. Med. Dent.,
Univ. Rochester Med. Ctr., Box 642, Rochester, NY

Vigh,B.,L Vighteichmarm,andB. Aros. 1989.Pinealcorpora
arenaceaproduced by arachnoid cells in thebat Myotis
blythi orygnathous.Z. Mikrosk. Anat. Forsch., 103:3645. [Dept. Anat.2, Semmelweis OTE, Tuzolto utca 58,
H- 1094 Budapest, Hungaryl
BEHAVIOR
Delpieto, H. A. 1989. Casereports on deferuive behavioru in
equine andbovine subjectsinresponseto vocalizationof
the common vampk ebat (D esrnodusrotundus ). Applied
Anirn. Behav. S ci.,22:377 -380. [tiatl. Anim. Hlth. Serv.,
UrquizayUruguai, RA-3300 Posadas,Misiones, Argentinal
Esser,K.-H., and U. Schmidt. 1989.Mother-infantcommunicalion in the lesser spear-nosedbzt Phyllosomus disco Ior (Utsoptera, Phyllo stomidaeF-evidence fo r acoustic leaming. Ethology, 82:156-???. [Inst. Zool., Univ.
Bonn Poppelsdorfer Schloss,D-5300Bonn 1, Fed. Rep.
Germany]
BOOKS ON BATS
Pollak, G. D., and J. H. Casseday. 1989. Nernal Basis of
Echolocation in Bats. Springer-Verlag, Berlin, 143 pp.
$79 hardbound. ISBN No. 3-540-50520-2]

ue2l
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UNUSUAL COLORATION IN THREE MEXICAN BATS.
Cornelio SanchezH., W. Lopez-Forment C.
and M. Antonio Gurrola H.
Instituto de Biologia, U.N.A.M.,
Departamento de Zoologia, Lab. Mastozoologia.
Apartado postal 70-153.C.P. 04510,Mexico, D. F.
Unusualcolorationhas been reportedfor
different bats: Allen (1939) reportedalbinismin
Chaerephonplicatus, Molossustropidorhynchus,
Pipistrellus sp., Rhinolophusferrumequinum,and
Eptesicuscapensis. Setzer(1950) reportedthis
condition in Glossophaga longirostris and in
Antrozous pallidus, also citing albinism in the
Myotis,Pipistellus,
followinggenera:Rhinolophus,
Lasiurus,Antrozous,Chaerephon,andMolossus.
Metzger(1956)andSmith(1982)reportedalbinismin
species
of Myotis. Kavim (1983)citedthiscoloration
in Rousettusleschenqulti.
Partial albinism has been reported by
Hamilton(1930)in Myotis lucifugusand by McCoy
(1960)and Herriedand Davis (1960)in Tsdarida
brasiliensis mexicana. Some authorsindicated
albinism was as rare as about one in 100,000
specimens.Here we give informationon two albino
batsandanotherwith partialalbinismfrom Mexico.
A malePrcronotusparnelli mexicanawas
capturedundera groupof fig-trees(Ficussp.)in June,
1977,with a mist-netstrungover an arroyoin the
vicinity of Chamela,Jalisco. The specimenwas
entirelywhite;theeyeswerereddishwhenalive. On
Isla SanAndres,1.5km away from this site, in the

Bahia de Chamela, there is a cave with approximately
100,000bats of this speciesand of P. psilotis, P.
davyi, andLeptonycteris yerbabuenae. The coast is
rocky and the vegetationconsistsmainly of semidcciduoustropical forest.
In May, 1965, a speci men of M acr ot us
waterhousiimexicanuswas capturedduring the day in
the Cuevadel Huarache,one km south of Palo Blanco,
ncar Chilpancingo, Guerrero, at an altitude of 900 m.
It. was a young male, completely white, and the eyes
werc red.
Ossification of the phalanges,wing
articulations,rotula, and the tibio-ursal bones was
incomplete. The skull was broken,bur the dentirion
was that of an adult. This bat was captured eight
mcters from the cave entrance as part of a group of
approximately400 individuals. At that time, the cave
also harbored Desmodus rotundus, Pteronotus p.
mexicana, Natalus stramineus saturatus. and
Leptonycteris sp. Humidity and temperaturewere high
in the cave. The area around the cave is mountainous
wit h scatteredagriculturalplots.
The third specimen was a male frugivorous
bat of the speciesDermanura phaeotis nanus collerLed
in May, 1975, in the vicinity of Rancho El Paraiso,
12 km southeast.
of Chamela,Jalisco, where it was
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hangingfrom the fronds of a coconuLpalm. This
specimenhad dorsaland ventralhair with yellowish
tipsanda lighterbase.The eyesweredark,therostral
weredark
lineslightcr,andthewingsanduropatagium
brown. The testeswerescrotal,measuringfour mrn.
We thank Ma. de LourdesRomeroA. who
providedfi eld assistance.
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Twentieth Annual North American Symposiumon Bat Research

The next meetingof the North American
Symposium on Bat Researchwill be held
October 25-27, 1990 at the University of
Nebraskain Lincoln, Nebraska. Our hosts
will be Dr. PatriciaFreemanand Dr. Hueh
Genowaysof the NebraskaStateMuseuir.
Meeting faciiities are available,both at rhe
museumon campusand at the Cornhusker
Hotel just a short walk from campus.A block
of rooms has been set aside for us at the
Cornhusker. The hotel is giving us very
reasonablerates sinceon that weekendthere
is no football gameon campus,"the raisond'
etre" in Lincoln. Trish and Hueh are
gathering information concerning -airline
se r vice , h ighway routes, restau ra n t s ,
campgrounds,etc. and this information will
be passedalong to you in the packet of
registrationmaterials that will be mailedin
May.
Pleaseconsiderthis announcementthe
first call for papers.The deadline for the
receipt of papersis September1, i990. All
titles to be includedin the formal presentarion
program will have to be postmarkedon or
before that date.Theincreasing number of
papersthat we arerecievingeachyearmakes
it necessaryto limit the number of platform

presentatlons
to no more than50. paoerswill
be acceptedin order of their arrival. anv
papersarriving after that numberis reachei
?lqgl p-lp,ersposrmarkedafter September1,
1990 will.be-givenspgc.eon the p.og.am as
posters.We do not anticipateany upperlimit
9n posters. Posters and papers are given
identical trearmentin the publicationof tne
symposium. Graduateand undergraduate
studentsare encouragedto entertheiititles in
the competition for honoraria for the best
presentationsfrom the platform. Several
individualshavemaclegenbrouscontributions
to encouragemore studentsto presentpapers.
This year the first placeaward'will be a cash
prize of $250. There will be two additional
awards of $100 each. Each student who
su.bmitsa paperin the studentcompetition
will also recievea year'ssubscriptionto Bat
ResearchNews.
Therewill alsobe a banqueton Friday
evening,October26. Following-tradition,
the
aygqs will be presentedat rhe banquet.An
-be
additional attractionthis year will
the
presentationof the
Garrit

S. Miller, Jr. Award

outstandingserviceand contributions;'l;;
field of chiropteranbiology." This year the
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recipient of this award is one of the most
distinguishedand most belovedbiologiststo
ever grace our symposium. There will of
coursebe "selectedreadings"highlightingthe
exploitsof the more notoriousamongus and
the ever presentthreat that you might find
yourself to be the object of our affection! A
new featureof the post-banquetprogramis a
sectionentitled " My favorite slides of bat
people at work and play". Dr. Fenton has
agreedto provide the narration.Pleaseplan to
attend the banquet. It will be a joyous
evenlng.
G. Roy Horst

RECENT LITERATURE
Authors are requested to send reprints of their papers to
the Editor (tom Griffitfs) for inclusion in this section.
Receipt of reprints will facilitate complete and correct
citation. Our Recent Literature section is based upon
several bibliographic sources, and for obvious reasons can
never be up-to-date. Any error or omission is inadvertent.
Voluntary contributions for this section, especially from
researchersoutside the United Stales. are most welcome.
ANATOMY
Badwaik, N. 1989. The structure of the pituitary of ttre
emballonurid bat, Taphozous melanopogon Temrninck.
Ad. Bios., 8:3540. [Dept. Zool., Inst. Sci., Nagpur440 fi)l, Indial
Casseday,J. H., J. B. Kobler, S. F. Isbey, and E. Covey.
1989. Central acoustic tract in an echolocating bal an
extralemniscal auditory pathway to the thalamus. J.
Comp. Neurol, 287:247-259. [Dept. Neurobiol.,
Duke Univ. Med. Ctr., Durham, NC 277101
Ross, L. S., and G. D. Pollak. 1989. Differential
ascending projections to aural regions in the 60 kHz
contour of the mustache bat's inferior colliculus. J.
Neurosci., 9:2819-2834. [Pollak: Dept. Zool., Univ.
Texas, Austin, TX 787 12)
Tandler, 8., C. J. Phillips, T. Nagato, and K. Toyoshima.
1990. Ultrastructural diversity in chiropteran salivary
glands. Pp. 31-52 in A. Riva and P. M. Motta (eds.).
Ultrastructure of the Extraparietal Clands of the
Digestive Tract. Kluwer Acad. Publ. [Phillips: Dept.
Biol., Hofstra Univ., Hempstead,NY 115501
Tandler, B., C. J. Phillips, K. Toyoshima, and T. Nagato.
1989. Comparative studies of the striated ducts of
mammalian salivary glands. W.243-248 ig Cells and
Tissues: A Three-dimensional Approach by Modem
Techniques in Microscopy.
Alan R. Liss, Inc,
Publishers.

BIOCHEMISTRY
Bauman, W. A., A. Hashim, and H. Sershen. 1989.
Cerebral cortical concentrations of bioamines and their
metabolites during arousal and after feeding in rhe lirrle
brown bat (Myotis lucifugus). Brain Res., 500:156???. [Veterans Admin. Ctr., Solomon A. Berson Res.
Lab., 130 W. Kingsbridge Rd., Bronx, NY 1M681
Gardell, S. J., L. T. Duong, R. E. Diehl, J. D. York, T. R.
Hare, R. B. Register, J. W. Jacobs,R. A. F. Dixon,
and P. A. Friedman. 1989. Isolation, characterization,
and cDNA cloning of a vampire bat salivary
plasminogen activator. J. Biol. Chem., 264:17947?????. [Dept. Biol. Chem., Merck Sharp and Dohme
Res. Labs, W. Point, PA 19480
CYTOLOGY
Azzall G., R. Gatti, G. Bucci, and G. Orlandini. 1989.
Fine structure of bat deep posterior lingual glands (von
Ebner's). J. Submicroscopic Cytol. Pathol., 2l:669684. [Inst. Anat., Sch. Medicine, Univ. Parma, I43100 Parma, Italyl
DISEASE
Thomas, I., B. Brochier, B. Bauduin, F. Costy, R. Gilson,
J. Fairon. and P. -P. Pastoret. 1989. Bat rabies in
Europe. Ann. Medecine Veterinaire, 133:437-???.
IFac. Vet. Med., Serv. Virol. Immunol. Pathol.,
Maladd Virales, Rue Vet 45, 8-1070 Brussels,
Belgiuml
DISTRIBUTION/FATJNAL
STUDIES
Baud, F. J. 1989. Macrophyllurn macrophlrllum Schinz
(Chiroptera: Phyllostominae) in Paraguay. Mammalia,
53:308-???. [Dept. Mammal. Ornith., Mus. Nat.
H i s t . , R o u t e M a l a g n o u , C H - 1 2 1 1 Ge n e va 6 ,
Switzlerlandl
Gribel, R.. and V. A. Taddei. 1989. Notes on the
distribution of Tonatia schulzi and Tonatia carrikeri in
the Brazilian Amazon. J. Mamm., 70:871-873.
[Dept. Ecologia" Inst. Nac. de Pesquisasda Amazonia,
Caixa Postal 478, 69011, Manaus, Amazonas, Brazill
Heideman, P. D., and L. R. Heaney. 1989. Population
biology and estimates of abundance of fruit bats
(Pteropodidae)in Philippine submontanerainforest. J.
Zool., 218:565-586. [Inst. Reprod. Biol., Univ.
Texas, PatersonLabs Bldg., Austin, TX787121
Hill, J. E., urd A.Znba;'d 1989. The Dyak leaf-nosedbat,
Hipoosideros dyacorum Thomas, 1902 (Chiroptera:
Hipposideridae) in peninsular M alaysia- M ammali a,
53:307-???. [12 Penlee Close, Edenb'ridgeTN8 5NA,
Kent, Englandl
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Ransome, R. D. 1989. Population changes of Greater
Horseshoe bats srudied near Bristol over the past
twenty-six years. Biol. J. Linnean Soc., 38:71-82.
[Moorings, l4B Dursley Rd., Dursley GL1I 6PP,
Glos, Englandl

Lowry, J. B. 1989. Green-leaf fractionation by fruit bats:
is this feeding behaviour a unique nutritional strategy
for herbivores? Aust. Wildlife Res.. 16:203-206.
[CSIRO, Div. Trop. Anim. Product., Davies Lab,
Univ. Rd., Townsville, Qld 4814, Australial

ECHOLOCATION
Berkowitz, A., and N. Suga. 1989. Neural mechanismsof
ranging are different in two species of bats. Hearing
Res., 41:255-???. [Suga: Dept. Biol., Washington
Univ., St. Louis, MO 631301

Obrist M., H. D. J. N. Aldridge, and M. B. Fenton. 1989.
Roosting and echolocation behavior of the African bat,
Chalinolobus varie&atus. J. Mamm., 70:828-833.
[Zoologisches Inst., Univ. Munchen, 8 Munchen 2,
Fed. Rep. Germanyl

Ru[uml]bsamen, R., G. Neuweiler., and G. Marimuthu.
1989. Ontogenesis of tonotopy in inferior colliculus
of a hipposiderid bat reveals postnatal shift in
frequency-place code. J. Comp. Physiol. A, 165:755770. [Ruhr Univ. Bochum, Lehrsnrhl Allgemeine
Zool. Neurobiol., ND6, Postfach. 102148, D-4630
Bochum, Fed. Rep. Germanyl

Richards, G. C. 1989. Noctumal activity of insectivorous
bats relative to temperature and prey availability in
tropical Queensland.Aust. Wildlife Res., 16:151-158.
ICSIRO, Div. Wildlife Ecol., POB 84, Lyneham,
ACT 2602, Australial

Simmons, J. A., E. G. Freedman, S. B. Stevenson, L.
1989. Clutter
Chen, and T. J. Wohlgenant.
interference and the integration time of echos in the
echolocating bat" Eptesicus fuscus. J. Acoust. Soc.
Amer., 86:1318-1332. [Dept. Psychol.,Brown Univ.,
hovidence, RI 029121
Simmons, J. A., and L. Chen. 1989. The acoustic basis
for target discrimination by FM echolocating bats. J.
Acoust. Soc. Amer.. 86:1333-1350.
Speakman,J. R., M. E. Anderson, and P. A. Racey. 1989.
The energy cost of echolocation in pipisrelle bats
(Pigistrellus gipi$rcUu$.
J. Comp. Physiol. A,
165:679-686. IDept. Zool., Univ. Aberdeen,
Aberdeen AB9 2TN, Scotlandl
Sun, X., P. H. -S. Jen, D. Sun, and S. Zhang. 1989.
Corticofugal influences on the responses of bat
inferior collicular neurons to sound stimulation.
Brain Re s . , 495: 1- 8. [ J en: Div . Biol. , U n i v .
Missouri, Columbia, MO 652111
1988.
Zbindon, K.
Harmonic structure of bat
echolocation signals. ltr P. E. Nachtigall and P. W.
B. Moore, Eds. Animal Sonar. Plenum Publishing
Corp. [Garbenweg 3, CH-3027 Berne, Switzerland]
Zbindon, K. 1989. Field observations on the flexibiliry of
the acoustic behaviour of the Ewopean bat Nyctalus
noctula (Schreber, 1774). Rev. suisseZool., 96:335J+J.

ECOLOGY
Kurta,A., G. P. Bell, K. A. Nagy,andT. H. Kunz. 1989.
Waterbalanceof free-ranginglittle brown bats(14y9!is
lucifugus) during pregnancyand lactation. Can. J.
Zool., 67:2468-2472. [Dept. Biol. E. Michigan
Univ., Ypsilanti,MI 481971

Speakman, J. R., and P. A. Racey. 1989. Hibernal
ecology of the pipistrelle bat - energy expenditure,
water requirements and mass loss, implications for
survival and the function of winter emergenceflighs.
I. Animd Ecol.,58:797-???. [Dept. Zool., Univ.
Aberdeen, Aberdeen AB9 2TN, Scotlandl
PARASITOLOGY
Desch, C. E., Jr. 1989. Two new speciesof Demodex
(Acari: Demodicidae) from the New Zealand shortt a i l e d b a t M ] r s t a c i n a t u b e r c u l a t a G r a y, 1 8 4 3
(Chiroptera: Mystacinidae). New Zealarrd I. Zool.,
16:221-230. IDept. Ecol. Evol. Biol., Univ.
Connecticut, Hartford Campus, 85 Lawler, W.
Hartford, CT 061l7l
Cettinger, D., and R. Gribel. 1989. Spintumicid rnites
(Gamasida, Spinturnicidae) associated with bats in
central Brazil. J. Med. Entomol., 26:491-???.
[Oklahoma Mus. Nat. Hist., Univ. Oklahoma,
Norman, OK 730191
PHYSIOLOGY
Condo, S. G., S. El-Sherbini, Y. M. Shehata,M. Corda,
M. G. Pellegrini, O. Brix, and B. Giardina. 1989.
Hemoglobins from bats (Myglb myotis and Rousenus
aegyptiacus): a possible example of molecular
adaptation to different physiological requirements.
Biol. Chem. Hoppe-Seyler,370:861-???. [Dipart.
Med. SperimentaleSci. Biomed., Univ. Rome 2, Via
O Raimondo, l-00173, Rome, Italyl
REPRODUCTION
Anthony, E. L. P., P. J. Weston, J. A. Montvilo, T. O.
Bruhn, K. Neel, and J. C. King. 1989. Dynamic
aspectsof the LHRH system associatedwith ovulation
in the little brown bat (Myotis lucifugus). J. Reprod.
Fertil., 87:671-686. [Dept. Biol., Rhode Island
College, kovidence, RI 029081
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The NineteenthAnnual North Amencan
Symposiumon Bat Researchmet at lhe Universityof
Tennessee
in Knoxville,Tennesseeon October1921, 1989.Our hostswere Gary McCracken,of the
andMichaelHarvey (from
Universityof Tennessee,
Tennessee
TechnologicalUniversity in nearby
A total of 138bat biologists
Cookville,Tennessee).
and friends attended.Sixty- four paperswere
presentedand sevenposterswereon display.Sixteen
papersfor honoraria.Paul
graduatestudenlspresented
Faureof theUniversityof Calgaryrecievedthe first
placeawardfor his paperentitled"TheSensoryBasis
of Prev detectionin the Long-EaredBat Myolis
thatPaul's
evotis." This the third yearin succession
presentation
wasamongthewinnersand he deserves
We also compliment
our heartiestcongratulations.
Dr. RobertBarclay,who has beenPaul'smentor.
This recordspeaksvery highly for theprogramin bat
research,and graduatetraining generally,at the
Universityof Calgary. Ruth Utzum:m of Boston
University,studyingwith Dr. ThomasKunzrecieved
entitled"Fruit
the secondawardfor herpresentation
Dispersal
of Three Fig
Consumptionand Seed
Bas
in a PhilippinePrimary
Speciesby Frugivorous
Forest. BrianHickeyof York University, studying
with Dr Brock Fenton,recieved the third awardfor
his paper entitled "IIse. of Tomor hv Fre.e-T.ivinq
Lasiuruscinereus."The secondandthird awardswere
equal.Thesethreeyoungchiroptologists,
andall the
gave an excellentaccounting
othergraduate
students
of their work. The futureof batresearchis in good
handsindeed.All of the studentswho presented
papersin the competitionfor honorariarecieveda
year'ssubscriptionto Bat ResearchNews. Those
alreadysubscribing,
recieveda year,sextensionof
theirsubscription.
Everyonewasenthusiastic
we
aboutthe treatrnent
recievedby our hosts.Everythingwas attendedto,
Tennessee
style.The facilitieswereamong the best
we have everhad, the projectorsalwaysworked,the
food wasexcellent,the
airportshuttlebusdriverswere
a marvelat figuringout which flights wouldbe late
and which on time,and the snff at the Holiday Inn
weregracious,courteous,
andhelpful.
In the pastthesethingsoften went.unnoticedand
thosewho deservedpraiseand gratitudewereoften
slighted. This year an "Unofficial Resolutions
Committee"haspreparedthe following resolution!o
helpremedythat situation.
"Whereasall the peoplewho claimedto have
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S ymP osi um
performed above and beyond the call of duty in
making this meeting a successhave already hogged
the limelight and been praised and thanked in cxcess,
and...
......."Whereaswe really don't care if Brock is yet
another year older, and Tom (Tom Who?) looks
another year younger, and the new students are even
younger than that, and...
......"Whereas Gary MaCracken promised a pint of
moonshine to every registrant of legal age (12 years
in Tennessee?)and Michael Flarvey who was supposed
to know where he was driving us to, but never did
and invariably got lost and discharged his passengers
on the median of a four lane interstate with a smug,
"I know Calhoun'sis around here somewhere",...
"So be it thereforeresolved that all the unsong
heros now be offered the praise and thanks due them...
.....andbe it further resolvedthat even though it was
his birthday, of which he may not have many more,
Fenton must remember that in Tennesseethe word
"moon" has more than one meaning, ... and that
Kunz should not be so smug and vain about the fact
that he is younger that most of his graduatestudents,(
how does he think that makes Art feel?)...
.....and be it furthur resolved that the new grad
studentsshould remain appropiately subservienf even
though they may have been doctors, dentists,
lawyers, or other such high-paying types in their
former lives...
.... and be it further resolved that Gary and Mike trade
places, since Gary couldn't find any moonshine and
Mike obviously did, and Mike couldn't find any
res[aurantsand Gary couldn't find his way out of
one, and ...
....be it finally resolved that next year Trish and
Dr.Hugh (not Dr. Who) take to heafl all of these
shortcomings of this year' affair and try very hard to
duplicate in Lincoln the wonderful time that was had
by all in Knoxville."
Again thank you very much, Gary and Mike and
Anne and Kitty and John and Dan and all the people at
the Holiday Inn and everyone else we forgot to
mention. We are looking forward to sesing everyone
this coming October in Lincoln.
Anonvmous
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News
Bat Research

Abstracts of Papers Presented at the Nineteenth Annual North American Symposium on Bat
Research at the Universitv of Tennessee.Knoxville, Tennessee
Abstracs appearalphabeticaliyby first author

What Information Do Feeding BuzzesProvide About
Bat Foraging Behavior?
I^alitaAcharya,Departmentof Biology,York University
I observedthe echolocationand hunting behavior of
what
Insiurus cinereusandL. borealis in thefield to assess
could
observer
an
behavior
foraging
about
information
obtainby monitoringfeedingbuzzes.In PineryProvincial
Park in Ontario, both speciesforagearound streetlights
where the outcomesof attacks on prey by the bats are
clearly visible.I testedthe hypothesisthat longerfeeding
buzzesare associatedwith larger prey by measuringthe
lengthsoffeeding buzzesand relatingthem to the sizesof
culledmoths'wings(an indicator of prey size)droppedby
the batsafter successfulattacks.Analysis of 173 feeding
buzzesfrom L. cinereusand 56 from I' borealisdid not
supportthe hypothesis.Usinganalysisof 187L. cinereus
and e3 L. borealis feeding buzzes, I also tested the
hypothesisthat the silentperiodfollowing the lastcall in a
feedingbuzzreflectspreyhandlingtime.The meanlengths
attackswas significantly
of silent periodsafter successful
attack for both
unsuccessful
following
greaterthanthose
ipecies,but therewas no thresholdvalue for the duration
o1 the silent period clearly separatingsuccessfulfrom
unsuccessfulattacks.

Growth and Development of the Forelimb of the
Brown Bort,Myotis lucifugus
R. A. Adams,Departmentof EnvironmentalPopulation,
and Organismic Biology,. University of Colorado
Without an understandingof how morphologyunfolds
during ontogeny we cannot fully evaluate its adaptive
significance. It follows that studies concerning the
ofadult morphologyanalyzedin theabsence
adaptiveness
of developmental data may make unwarranted
assumptions. Many studic have concerned the
form/function relationship of flight morphology
(adaptations)in adult bats. Exceedinglylittle is known,
however, concerningthe developmentalbiology of these
adaptations. In fact, knowledge of chiropteran
developmentislimited to a few studies, mostof which rely
on theuseofexternalanatomicalfeaturesonly to describe
development.The purposeof this study is to quantify the
pre- and postnatal skeletogenesisand growth of the
forelimb of Myotis lucifugus by using cartilage (alcian
blue) and bone (alizarin red) sensitivestainson wholemount embryos.In general,I describethe order of bone
formation of the port-cranial skeleton. Specifically, I
quantify pre-and postpartum growth in length of the

forearm,growth of mid-shaftdiameterof the raclrusand
ulna aswell asgrowth and ossificationof the radius,ulna,
metacarpals,and phalanges.In additioq I describein
detail changesin the elbow joint and proximo-distal
fusionsbetweenthe radiusand ulna during development.
Preliminary observationssuggestthat ossificationof a
radio-ulnarbridge distally may be a critical event in the
ontogenyof flight for this species.

Functional Morphology of Primary Downstroke
Musculature in Tadarida brasihensis
J. ScottAltenbachandJohn W. Hermanson,Department
of Biology,Universityof New Mexicoand Departmentof
Anatomy, Cornell University College of Veterinary
Medicine.
The activity of M pectoralis, M. serratus, M.
subscapularisand the short headof M. bicepsduring the
downstroke in Tadarida brasiliensisdiffers somewhat
from that observed in Vespertilionid (Antrozoas and
Eptesicus) and Phyllostomatid (Artibeus) studied.
Serratus,subscapularis
and bicepsare distinctly biphasic
and in sharp contrastto non-Molossidbats studied,the
onsetof activity of serratusprecedesthat of pectoralis.
Although this does not support the hypothesisthat a
scapulo-humeralinterlock occurs,supportis providedby
threelinesof evidence.First.theserratusin Tadari.daisnot
suited as a downward rotator of the lateral scapular
border.Second,contractionofthe pectoralisalonewould
esublish the interlock which could be adaptive in
increasingits in-moment arm for humeral adduction.
Finally, implanted pins in the scapulareveal that the
scapulaand humerus move in synchrony during more
than60 percentofthedownstroke.Thesedatasuggestthat
Tadarida may be unique among bats studiedto date in
utilizing the pectoralisas the prime adductivepower for
the downstroke.
The Bats of Jewel Cave National Monument
J.M. Andersonand J.R. Choate,Departmentof Biology,
Fort Hays State University
The bat fauna of Jewel Cave National Monument, in
theBlack Hills of SouthDakota,ispoorly knownand may
be impactedby future road construction.Accordingly, I
was contracted by the Black Hills Parks and Forests
Associationto locate,identify,and censusbatsresidingin
and around Jewel Cave, to determine whether any
maternity coloniesare locatedin the cave,and to locate
and characterizeforaging areas used by bats at the
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monument.Nine speciesof bats (Myotis ciliolabrum M.
lucifugus;, M. volans, M. thynnodes, M. septentiotwlis,
Eptesicusfusc us,Plecotusto wnsendii,Ins iurus cinereus,
andLasio nyc teris noctivagcnsin descendingorder of
relativeabundance)weredocumentedat the monument.
Plecotusand all speciesof Myotis usedJewel Caveboth
day and night, whereasEpleslcrzsusedthe caveonly asa
night roost. Insiurus and Lasionyclerurresidedin the
forestsurroundingthe cave.No maternity colonieswere
found, and 93%of all batstrappedor nettedwere males.
Most bats foraged at the forest edge, especiallynear
sourcesof water. The primary sourceof water was the
monument's s€wagelagoon, although some bats used
stocktanksplacedatspringsto providewaterforwildlife.
Non-Invasive Methods in Behavioural Ecology: How
much f),oesit Cost a Bat?
Doris Audet, Departmentof Biology, York University
resultsfrom techniquesrequiring capture
Biologistsuse
and recaptureof adult and juvenile bats (e.g.banding,
radio-tracking and doubly-labeled water) but little
attention hasbeen paid to the effectsof handling on the
animals.The aim of this paperis to usedata from Myotis
myotisto evallusjetheshortandlongerterm consequences
of the cpature and handling on the behavior and
reproductivesuccessof femalebats.
Datawerecollectedattwonurserycolonies(ca60and
700 adults),betweenMay and August 1989.Individuals
were marked using 3 colour-coded plastic rings (total
mass0.2g),and l9 adult femaleswere fitted with 0.9g
radio-transmitters(8 during mid-pregnancy,I I during
lactation). Doubly-labeled water was injected subcutaneously to lLZ bats (14 pregnant, 87 lactating
females,I I volant young).The accessibilityof thebaa in
the roost allowed me to recapturetreatedanimalsand to
recaptureunmarked individuals usedas control.
Banding,handling and weighing of bandedanimals,
attachment of transmitters and injection of doublylabeledwater resultedin a reduction in roostsitefidelity.
Femalesradio-taggedin May were lesssite faithful than
those tagged in July during lactation (777ovs 94%).
During lactation, the treatmentsdid not affect young
survivaldirectly,however5 of I 4 pregnantbatsgavebirth
while kept captive during injection of doubly-labeled
water (at least 2 premature). The mean mass of the
animals( m) decreasedfollowing all treatments.Adults
recapturedbetweenI and 3 daysfollowing handlingand
weighingaloneshoweda m of -0.I 6 1 1.4lg (n=I 0) and
weanedjuveniles-0.08!0.5ag 6=7). For the sametime
interval,afterinjectionof DLW, lactatingfemalesshowed
a m of - I 11.34g(n=3I ) andjuveniles- 1.55t0.98g(n=8).
Lactatingfemalesrecapturedbetween7 and20 daysafter
attachmentof a transmittershoweda m of - l1,l .4g(n=6).
Preliminary analysisof the data suggeststhat m for
with variations
samplesof non-bandedanimalsassociated
in environmental conditions (mass following night of
good weathervs cold and rainy night). Thesechangesin
body condition appearto be of short duration.
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Mother Directive Calls and Individual Recognition by
Mexican Free-Tailed Bats, Tadarida brasiliensis
nexicana
Universityof
J. P. Balcombe,Departmentof LZoology,
Tennessee
The existenceof a call usedby mother Mexican freebased
tailed batsduring pup searcheshasbeensuggested
on evidence from in-cave video-taped observations.
Mothers appear to utter vocalizations distinct from
echolocation, and pups crawl toward mothers during
reunions,suggestingvocal recognitionof their mothers.
During June and July, 1989, I studiedthis speciesat a
maternitycolony of about 5 million motherbatsandtheir
young near Mason, Texas. My study comprised two
principal objectives:(i) to document and describethese
putative mother 'directive' calls, and (ii) to t€st the
hypothesis that these calls function in individual
recognitionby pups.
To document directive calls, I made simultaneous
audio and videotapedrecordingsof pup crechesinsidethe
cave at times when mothers were returning to find and
nursetheir pups.From 14 hoursofcave recordingsfrom
eightdifferentnights,I haveobtainednumerousrecordsof
mothers visibly and audibly uttering directive calls.
Preliminary analysisshows directive calls to be intense,
discrete,and highly variable among and stereotyped
within individuals, features appropriate for their
hypothesizedfunction. Furthermore,despitesimilarities
in pitch and timbre, these calls are distinct from pup
isolation calls in temporal character. Whereas i-calls
comprise single repeated pulses of typically 35 ms
durationand 50 msinter-pulseintervals,directivecallsare
rapidburstsof from 3 to 9 (typically5) 65 mspulses,each
burst lasting200-500 ms, with inter-burstintervalsof
2.000-10.000ms.
Despitenumerousattemptsto recorddirectivecallsof
mothersin a variety of captivesituations,I was unableto
obtain any useablesequencesfor playbacks,and thus
could not testdirectly the hypothesisthat pupsrecognize
their mothers' voices. However, a seriesof two+hoice
playbacksusingin-caverecordingsyieldedpup responses
consistentwith this hypothesis.Pups (n=20) showed a
very strongpreferencefor recordingsofpup crechesmade
when motherswerepresent(i.e.with directivecalls),over
recordingsof the same creches,recorded on the same
night,whenmotherswereabsent(withoutdirectivecalls).
To ensurethat pups would not respond merely to the
greater sound intensity of a directive stimulus, sound
pressurelevelsof the two stimuli were matchedfor each
playback by adjustingthe gain knob on eachamplifier.
Futureanalysesofrecordingsofthesebatswill addressthe
ontogenyof echolocationand communicationcalls,and
the extent to which mother directive calls are 'vocal
signatures.'
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W hy A r e A e ri a l In s e c ti v o ro u s Ba ts S o
Sma l l ?
R.M.R. Barclayand R.M. Brigham,BiologicalSciences,
University of Calgary
Aerial insectivorous(AI) bats are small. In several
faunasthe mean massof AI bats is between l0 and 15
gramsandthemediansizeislessthanl0grams.Ithasbeen
5r'ggestedthat AI bats are small because a) flight
constrainssize,b) the prey AI batsfeedon aresmall,or c)
batsin generalare small (ie. phylogeny constrainssize).
Such argumentsare not supportedby comparisonswith
AI birds or with other bats,all of which are on average
significantly larger than AI bats. Thus, it is being an
insectivorousbat and catchingprey on the wing that is
associatedwith small size, not flight, prey size or
phylogeny. We hypothesize that prey detection by
echolocationrestrictsAIbat size.In order for largebatsto
detectinsectsfar enoughaway to capturethem, they use
low frequencyecholocationcallsthat are not attenuated
by the atmosphere.Such calls, however, reflect poorly
from small prey, especiallyfrom prey with diameters
smallerthan the wavelengthof the cdls. Thus, whereas
preysizerangeincreaseswith predatorbody sizefor most
predators,it doesnot for AI bats.LargeAI batsshouldbe
restrictedto large prey and require long foragiugtimes.
Meagrefield data supportthesetwo predictionsand we
suggestthat it is prey availability dictated by detection
which restrictsAI bats to small bodv sizes.

SeasonalVariation in Microhabitat Use by Foraging ,
Myotis yumanensis
R.M. Brigham, H.D.J.N. Aldridge and R.L. Mackey,
Biological Sciences,University of Calgary, A.F.R.C.,
Wiltshir, Ct., Swindon England SNI 5AT
On I 4 nightsbetween29 May and I 9 August1989we
attachedlight-tagsto pregnant,lactating,post-lactingand
juvenile M. yumanensiJcaptured at a maternity colony
near Oliver, British Columbi4 Canada. We followed
individualswith light-tagsfor a total of 12,900 seconds
(215 min.) and assessed
microhabitat useby classifying
theaerialhabitatinto sevenzonesbasedon theamount of
clutter.Concurrentlywe measuredwing area,wing span,
and body massof capturedindividualsand for eachnight
collectedfecalpelletsto assessdiet. Preliminary analysis
indicatesthat batsof all sexlageclasses
foragedprimarily
low overwater(xlm) and in openareasaboveall clutter
(xlm). The useof microhabitatsvaried amongstnights,
however:batsspentb€tween2.0%and90.O7o
oftheir time
low over the water and betw een5.3Voand 50.270of their
time highoverclutter.I-actatingindividualsdidnotforage
in more cluttered habitats than pregnant individuals
which might be expectedbasedon differencesin wingloading. As could be expected,juvenile bats foragedin
op€n are{rsaway from clutter more when tley were first
learning to fly than later in the summer.
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Sexual Signalsin Noctilio leporinus; Scent and Color?
Anne Brooke, Departmentcf Zoology, Universityof
Tennessee
I am investigatingthe fuhing bat,i/o ctilio lipoinus, on
thesmallislandof Culebra,eastof PuerroRico. 'Ihesebats
appeartobe polygnousroosting
in smallharemgroupsof
4-8 femalesin hollow treesandcaves.The batshavetwo
distinct color morphs:red to orangeand brown to buff.
Theharemroostson Culebraareassorted
bycolor:two
red roosts(n=43) werelocated.A small roostof bachelor
males (N=5) contained both color morphs. The
significanceof this color variation is as yet unknown;
however a sourceof the color is evidently an oily and
distinctivesmellingsecretionoriginating from a pocketlike fold under the wing in the sub-axillary region.The
secretioniscoloredredor yellow and appearsto color the
pelageand toe-nailsof the batsaswell asanythingelseit
touches.More of thesecretionispresenton malesthanon
females;thisseemsto be responsiblefor thedarkercolorof
maleswhichareredorbrown whilefemalesareorangeor
buff Prior to copulatinga malewasobservedsniffingthe
mid-body (sub-axillary) region of a receptive female.
lactating femalesdo not produce the secretion.

(Matotus
The California Leaf-Nosed Bat
calitornicus) Observations on Behavior, Population
Status and Conservation
P.Brown, R. BerryandP.lritner, DepartmentofBiology,
U.C.L.A., Naval WeaponsCenter,China lake and St.
Mary's College
The Californialeaf-nosedb at (Macrotuscalifurnicus),
themostnortherlyrepresentative
of thePhyllostomatidae,
remainsactive yearlong in the desertsof California and
Arizona. Since Macrotr4r cannot lower their body
temperaturefor either daily torpor or hibernation,they
require a warm humid roost environment, especially
during thewin ter.Br-ll,etal foundno specialphysiological
adaptations in Macrotus for a desert existence and
concluded that behavioral adaptations such as roost
selectionand foragingmethodswere important for their
year-round activity. Geothermally-heatedmine tunnels
in the California desertprovide a stableenvironmentfor
this species,and may have contributed to their range
expansionin the last century sincenatural cavesin this
areaarevery rare.Thecurrentmining industryhoweveris
endangenngMacrolzsin someareasdue to the practiceof
demolishingold adits and shaftsto createopen pits for
more economical extraction of ore for cyanide heapleeching operations.Since 1964, a long-term banding
studyhasbeenconductedto answerquestionsconcerning
population dynamics, movement, roost selection,and
longevity in Macrotus. During the past 25 years,over
17,000 Macrolzs from 14 mine roostsin California have
been banded. On yearly trips, many of thesebats have
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beenrecapturedasmanyastentimes.This speciesexhibits
strongroostfidelity, but may occupy differentroostson a
seasonalbasis.The longestdistancerecordedbetweenthe
siteofbandingand recaptureis 54 miles.Thegreatesttime
interval to date betweeninitial banding and recaptureis
I 4 years,givinga possiblelongevityof at leastI 4.5 years
assumingthe bat wasborn in the springpreviousto the
winter banding.Sincelong life in batsisattributedin some
part to their ability to undergodaily and seasonaltorpor,
this record for Macrotus is remarkable.Little is known
about the social structureof this species.Winter roosts
typically contain males and females, and all female
maternity roosts form during the spring and summer.
Copulation is presumedto occur in the fall, and the
delayeddevelopmentof the embryo until the following
springis welldocumented.However,in March of 1989,
copulation was observedin a diumal roost. At the same
time, bats (presumedlymale) were observedwingflapping and calling while hanging from preferred
roosting spotsin a mine adit while other bats (possibly
female)approachedand hoveredin front of them.Video
tapesof this potential lek behavior will be shown.

Mechanisms of Prey-Tracking in the Fish-Catching
Bat, Noctilio leporinus
K.A. Campbell,BiologyDepartment,Albright College,
SchoolofMedicineandDepartmentof
and R.A. Suthers,
Biology,IndianaUniversity
Adult fish-catchingbas weretrainedto diptheir feetto
catch a food reward which moved across a large
rectangularpool at a constantspeedperpendicularto the
bat'sflightpath.Thetargetwasmadetodisappearbeneath
thesurfaceofthe pool beforethebat reachedit, sothat the
moving targetwasnot detectableby thebat over the final
meterof approach.The headaim and flight path of the
bats during approach, and the position at which they
dipped their feet relative to the point of target
disappearancewere all monitored by photographic
means.
Inll7o of all flightsrecorded(ll9 / 167),Noctilioflew
towards the point of target interception along a path
statisticallydifferent(p(0.05) from a calculatednonpredictivepathdirectedtowardsthepositionof thetarget.
Theseflights wereall directedat somepoint aheadof the
currentpositionof the target,and 60 flights(367o)were
directedat the eventualpoint oftarget interceptionwhen
the bat-to-targetdistancewas approximately 2 meters.
This behavior suggeststhe bats were using a predictive
tracking strategy. Twenty nine percent of the flights
recorded(48/ 167) were not statisticallydifferent from
the calculated non-predictive paths, but even in these
casesNoctilio alwaysdipped their feetaheadof the point
of target disappearance, apparently allowing for
continuedmovementof the submergedtarget.
Theheadaimof thebatsin all flightswasdirectedat,
or
slightlybehindthe positionof the target,both prior to its

disappearancebeneath the surfaceand afterward. It is
suggested
that althoughheadaim isa good indicatorof the
directionin which a batisemittingitsecholocationpulses
andthereforesearchingforatarget,headaimmaynotbea
reliable estimatorof tracking strategyin Noctilio.
(Supportedby NSF Grant BNS 8720192 to RAS.)

Bat Houses:Construction and Successbv the General
Public
Richard

L.

Clawson, Missouri
Conservation

Department of

During the period 1968-1988,hundredsof requests
were receivedfor bat houseconstructionplans.Many
werefor thelarge"Missouri style"bat house;somewere
for smaller,genericbat houseplanq and some were for
both setsof plans.Four hundredsixty+ight follow up
surveysweresentto peoplewho had requestedbat house
plansto determinewhetheror nottheyactuallybuiltabat
house,and whetheror not thosethat built houseswere
successfulat attracting bats. Twenty-eight surveyswere
returnedas undeliverable.Some 150 people (76.5Vo
of
usablereplies)respondedto thesurveybut hadn'tbuilt a
bat house;while46 (23.57")indicatedthat theyhadbuilt
oneor morebat houses.Thosewho hadn'tbuilt bathouses
cited I ) lackof timeand2) complexityandsizeof thelarge
houseaboutequallyasreasonsfor failureto constructone.
The majority(80.4Va)
of the peoplewho constructed
bat
housesbuilt smallones.Of thebat houses,both largeand
small,erectedby surveyrespondents,I4.87owereknown
to be usedby b ats,57.4Vowerenot used,an dfor 27.87othe
statuswas unknown.
Observations on the Life History of Rafinesque's
Big-Eared Bat, Plecotus raftnesquii, in Southern
Arkansas
Daniel R. England,David A. Saugey,V.R. McDaniel,
StanleyM. Speight,Departmentof Biology, Southern
Arkansas University, United States Forest Service,
Ouachita National Foreest, Hot Springs, AR,
Departmentof Biology, Arkansas,CossatotRiver State
Park, Wickes, AR.
Rafinesque'sbig-earedbat is one of the least known
North American bats and is currently designated a
sensitive species(Category 2) by the U.S. Fish and
Wildlife Service.Recent investigationsinto the natural
history of this bat in southernArkansasindicate that this
islocallyfairlycommon.Almosteveryabandoned
species
structureexamined has yielded at least one individual.
Observationsof colony dynamicsandpre- and post-natal
growth and developmentofyoung havefocusedon three
distinctmaternitycolonies.Maternitycoloniesaverage30
adult females or less and form during March in
dilapidated,abandonedbuildings.Colony sitesappearto
be centeredin areaswhere severalsuitablebuildinesare

63

Bat ResearchNews

located in close proximity. Newborns and larger, prevolant juveniles, up to 5 grams in weight, may b€
transported between these alternative roosts when
listurbed and apparentlywhen certainstructuresprovide
"more suitable"roostingconditionsduringfl uctuationsin
weather conditions, particularly t€mperature. Use of
different areas within a roost appearsto be related to
ambient temperaturefluctuationswhich in tum modify
internal roost conditions. Adult males are rarely
encounteredwithin maternitycolonieswhen femalesare
lactating,with thosepresentbeing non-scrotalyearlings.
Males do not breed during their first year. Adult males
with enlargedtestesand epididymidesextendinginto the
uropatagium are encountered in maternity clusters
beginningin mid-August,but aremore frequentlyfound
roostingalonein structuresthatdonotcontaina maternity
colony. Juvenile mortality appearsto be very low with
only one juvenile carcassobserved at maternity sites.
During late fall, the number of bats found in houses
declines;and use of abandoned water wells increases.
Wells are usedthroughoutwinter months,with numbers
of bats counted within individual wells often varying
considerablyfrom week to week. Wells are occasionally
usedduring spring and summer months by adult males.
Bats have not abandonedany maternity or roost site
during the study even when observedon a weekly basis.
Coordinated activities with corporate and private
landowners have been successfulin identifying and
preservingcritical habitat components.

The Sensory Basis of Prey Detection in the Inngeared Bat, Myotis evotis
Paul A. Faure, Department of Biological Sciences,The
University of Calgary
This presentation was aryarded first place in
the student honors competition.
It isoften believedthat batswith largeearsaresubstrate
gleaners,and that they use their long ears to listen to
prey-generated sounds while employing a gleaning
foraging strategy.Myotis evotis is a small, insectivorous
bat that possesses
the largestearsof any North American
Myotis. I examinedthe foraging behaviour and sensory
cuesusedfor prey detectionby this bat under laboratory
conditions at the KananaskisCentre for Environmental
Research(KCER), Alberta, Canada.C-aptivebas readily
gleaned moths but were equally capable of capturing
aerial prey, thus exhibiting a high degree of foraging
flexibility. Individual bats were very reponsive(i.e. head
and ear movement) to moth fluttering sounds. To
determinewhich sensorycues were most important for
prey detection,captive (naive) bats were challengedto
find moth prey in a gleaningsituationunderexperimental
conditions controlling sensoryinput to the bats. Moths
fluttering on a bark substrate,thus providing all sensory
input (i.e. echolocation,vision, movement & sound),
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were almost always detected. Furthermore, preygeneratedsoundsaloneweresufficientfor preydetection.
When batswere given echolocationor visual cuesonly,
detectionfrequencywas lower. The importanceof prey
soundwasfurtheremphasizedbythefactthatdeadmoths
were detectedsignificantlymore often when a fluttering
sound attractant was provided. However, flutter
movement and flutter sound were not requiredfor prey
detection as captive M. evotisreadily detectedwingless
moths crawling up a bark-coveredtrellis. Additionally,
attact sequenceswere recorded to determine the
importance of echolocation during gleaning. The
echolocationcallsusedby M. evotisduring attackswere
low intensity (ca. 77 dB SPL @ l0 cm), frequency
modulatedcalls(80-35 kHz) of extremelyshortduration
fit S>O.OOI 0.28 msec) . Current evidencesuggests
that theseacousticcharacteristicsare common amongst
gleaningba$. Echolocationwas not always usedduring
attacksbv M. evotis,and when it was.call repetitionrates
werelowfr * SD=25.0* I 3.8 callVsec)Feedingbnz"es
were never recorded for gleaning attacks. These data
suggestthatecholocationwasnot usedfordetectingprey,
but rather to assess
the backgroundbehind the prey.

Use of Difrerent Foraging Strategies by Nycteris
grandis and Nycteris thebaica.
M. Brock Fenton, Department of Biology, York
University, North York, Ontario, Canada,M3J lP3
In their foraging behaviour individually-marked
Nycteris grandis (35g) and Nycteis thebaica (10 g) in
Mana Pools National Park, Zimbabwe, alternated
betweenhuntingfromperchesandfrom continuousflight
(Aldridge et al. in press;Fenton et al. in press).Radio
tracking revealedthat .l{ grandis adjusted their use of
these strategiesaccording to the habitat in which they
foraged, and lighrtagging provided similar data for ,f[
thebaica.A comparisonof the incidenceof foragingfrom
continuousflight versusfrom perchesrevealedsignificant
differencesbetweenindividual N. grandis,and between
habitats for both species.For N. grandis nightly prey
consumption, transects,and opportunistic sampling in
December1985 and November 1987 showedmarked
differencesin prey availability.In November 1987there
wasno rainfall and eachi[ grandistookabout 3 g of food
per night (one solifugid). In November 1985 there had
been22 mm of rain andby the end of that month eachiy'.
grandis wasc,onsumingabout l0 g of food per night (two
frogsand onelargearthropod).Both oftheseNycterisare
broad wingedand useshort,multiharmonic,low intensity
broadbandecholocationcalls,featuresthat could be usd
to classify them as sit-and-wait hunters capable of
operatingin denseclutter.The I 987dataon theirforaging
strategiesbasedon morphology and echolocationcalls
can underestimatethe realized performanceof bas -particularly when times are tough.
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Preliminary Observations on the Foraging Behavior
of the Flower-visiting Bat" Leptonyctetis curasoae
TheocioreH. Fleming, Margaret A' Horner' and Merlin
D. Tuttle, Departmentof Biology,Univerity of Miami;
ChesapeakeCity, Maryland; and Bat Conservation
International
We studiedtheforagingbehaviorof theflower-visiting
bat Leptonycteis curasoae near Bahia Kino, Sonora,
Mexico,in Junelg8gbyattaching0.9gradiotransmitters
to the backs of 8 females. We obtained detailed
information about foraging locations in relation to day
for 6
roosts,fidelity to feedingareas,andactivity schedules
individuals.Atleast6 ofour taggedbatsroostedbydayon
IslaTiburon, 26 kms from the mainlandandabout30 kms
fromtheir mainlandfeedingareas.Thesebatswerehighly
predictableregardingthe time of arrival at and departure
from their feedingareas(2200 and 0200, respectively).
They visited the samefeedingareas,which were rich in
Organ Pipeblossoms,eachnight for up to 2 weeks.They
night-roostedin cavesand abandonedmines I - 3 kms
from their feeding areas and occasionally made long
forays(of 5 - l0 kms) to other presumedfeedingareas.In
our study areas, Leptonycteris is a long-distance
commutng bat and spendsat least5 hours in flight each
night.

Preliminary Observations on the Importance of
I*plonycteris curas(xre as a Pollinator of Sonoran
Desert Columnar Cacti
TheodoreH. Fleming,Merlin D. Tuttle,andMargaretA.
Horner, Department of Biology, University of Miami,
ChesapeakeCity, Maryiand, and Bat Conservation
International
We studiedthe pollination biology of threespeciesof
night-bloomingcolumnarcactinearBahiaKino, Sonora,
Mexico,in April-June 1989.We quantifiedtheseasonal
flower productionschedulesand daily nectarproduction
schedules of Cardon (Pachycereuspingeli), Saguaro
(Carnegia giganta), and Organ Pipe (Stenocereus
thurberi) cacti and measured the visitation rates of
nocturnal and diurnal pollinators. We conducted
experiments to determine the relative pollination
effectiveness
of nocturnaland diurnal visitorsin termsof
percent fruit set and seedset per fruit. The flowering
schedulesof Cardon and Saguarooverlappedbroadly,
but their nectar production schedulesdiffered. Peak
nectarproductionin Cardonoceurredbetween2000 and
2200; Saguarohad two nectar peaks, 2400-0200 and
0800-1000. OrganPipefloweredlaterin thespringthan
the other two speciesand had a nectar production
schedulesimilar to that of Cardon.The glassophagine
bat
Leptonycteriscurosoaewasthemajor nocturnalvisitor to

64

thecactusflowers;itvisitedCardonflowersathigherrates
than thoseof Saguaroand Organ Pipe. Beesand birds
were the major diurnal flower visitors. Bees visited
Cardon flowersat higher ratesthan the other two species
whereasbirds visitedSaguaroflowersat the highestrates.
Exclusion experimentsdemonstratedthat Lept onycteris
curasoaewasthe most effectivepollinator of Cardonand
probably Organ Pipe whereasbirds and beeswere the
most effectivepollinators of Saguaro.

The Effects of Front End Loading on the Kinematics
and Aerodynamics of Eptesicus Juscus
B. Forbes,Department of Biology, York University
I examined the effects of front end loading on the
kinematicsand aerodynamicsof four ,Eptesicusfuscus. I
photographedbats carrying different weightsof prey in
their mouthsthrougha flight path to assess
changesin the
aerodynamics of each bat. I measured six different
aerodynamics,/kinematicparameters.Thesebatscarried
preythatwereheavier
thantheywoulddosoin thewild so
that any effectson the aerodynamicswere obvious.The
resultsfromtheseexperiments
were comparedto thoseof
a similar study using Macrotus californicus.

Trophic Structure of Bat Communities in the
Understorey of Lowland Dipterocarp Rainforest in
Malaysia
Charles M. Francis, Biology Department, Queen's
University
Previousstudieshave shown that the understoreyof
Malaysian dipterocarp forest, at least in non-masting
yearscontainslowdensitiesoffruitingandfloweringtrees.
The bird community in this habitat contains very few
frugivores, but little is known about other vertebrate
communities.I usedmist netsand harp trapsto samplebat
communities in the understorey of primary lowland
dipterocarpforest in PeninsularMalaysiaand Sabah,to
estimate the trophic structure of those communities.
Overall, 4 of 26 species(157o)at one site,and 6 of 33
specic (187o) at the other site were frugivores or
nectarivores,while theremainderwereinsectivores.Only
7-l2Vo of all captured individuals were frugivores.
Furthermore, becauseinsectivorousspecieswere much
less susceptible to mist nets, they were certainly
undersampled,
andthetrue proportion of frugivoresin the
community was probably only about l%. In contrast,
previously published studies indicate that frugivores
compriseup to 80%of individualsin bat communitic in
the undertstoreyof Neotropical rain forests.Theseresults
agreewith the hypothesisdevelopedfrom bird studies,
that the understoreyof Malaysian dipterocarp forest is
unable to support many frugivores. However, little is
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xnown of canopyfrugivores,and further dataarerequired
to estimatetle absolutedensitiesof bats, to determine
whether the productivity of the dipterocarp forest is
actuallylower, or whethergreaternumbersofinsectivores
are supported in compensation for the low fruit
production.
Morphometric
Assessment of the Family
Emballonuridae and e Comparison with Biochemical
Dstr.
Patricia W. Freeman, University of Nebraska State
Museum
Thirty-nine speciesof thefamily Emballonuridaewere
measured for 42 morphological characters including
cranium, dentary, and appendages and analyzedwith
standard multivariate procedures.I ran the principal
componentsanalysisandexperimentedwith both sizeout
and shearingby generato determineshaperelationships
within the family. The analysis that used "sheared"
components to produce size-free morphological axes
comparedwell with thegroupingsof a recentbiochemical
cladistic study. Emballonurids were more difficult to
evaluate than molossidsbecausedistancesseparating
specieswerenot asgreat,meaningthat theremay not beas
much diversity at the family level.

The Defences of Deef Moths Against Insectivorous
Bats
James H. Fullard, Department of Zoology, Erindale
College, University of Toronto, and Scott B. Morrill,
Departmentof Biology, Boston University
Most moths defend themselvesagainst the in-flight
attacks of insectivorous bats by listening for their
echolocationcallsand taking evasiveflight manouevres.
Not all moths possessears,however, and the defences,if
any, of deaf moths have not been experimentally
examined. This summer, we tested two hypotheses
regarding inauditive moth defensive behaviour
(originally propoed by Kenneth Roeder): l. inauditive
moths will fly for lesstime than auditive moths and 2.
inauditive mothswill fly in areas(e.g.,heights,habitas)
lessfrequentedby bats.
For thefirsthypothesis,we erectedwhite moth sheetsin
forest,field and shorelinesitesat a locale in southeatern
Ontario. Thesesheetswere illuminated by ultraviolet
lightsand attracteda widediversityofbotheared (mostly
Noctuidae and Geometridae) and non-eared moths
(mostly Saturniidae,lasiocampidae and Sphingidae).At
each sheet a given number of identified moths were
marked, the light was extinguished and the time taken for
each moth to leave was recorded. These observations,
along with weather data, were taken nightly for three
The
monthsand weresubjectedto a multivariateanalyses.
results indicat€ a strongly sipificant tendency of
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inauditive moths to remain on the sheetscompared to
earedmoths.
The second hypothesis was tested by erecting sticky
trapsat at l, 3 and 6 meter heightsabovetheground in a
forest and a field site. The traps were illuminated by
ultraviolet lampsto increasetotal capturesuccess
and all
moths caught in the trap6 were identified to family.
Relative bat activity in the two siteswas measuredby
with a QMC Mini-detector.The data
countingbat passes
from these studies indicate that f. inauditive moths
(mostly lasiocampidae) fly significantly closer to the
ground that do auditive species(mostly Noctuidae)and,
2. deafmothsfly morein habitats(e.g.,forests)not usedby
bas.
Theseexperimentsprovide field data to support the
generalhypothesisthat deaf moths have evolutionarily
respondedto the threat of flying batsby adopting flight
behaviourwhich isolatesthemfrom bats.The resultsalso
complement those made of the seasonalemergence
patternsof inauditive vs.auditive moths.We will discuss
the possibleeffectsthese responseshave had upon the
natural history and mating systemsof theseinsects.

Comments on the Nomenclature of Two Genera and
Two Species of Neotropical Bats
Alfred L. Gardnerand Carolyn S. Ferrell, U.S. National
Museum of Natural Hitory.
We clarify the status of the names of Platyrrhinus,
Vampyrops, and Anthorhina; comment on the names
Molossus burnesi and M. barnesi; and identify the
authorshipof Diclidurus albus.
Phty nhinus ver uts Vampyrops
Platyrrhinus was proposed by Saussure(1860) to
distinguishthreespeciesof batsfromArtibeas of authors.
Peters(1865) and Palmer (1904) reated Phtyrrhinus
Saussure(two r's) as a junior homonym of Platyrhinus
Clairville, 1789(oner), agenusofanthribidbeetles.
Peters
proposedVampyrops,continuing the speciesV. lineatus
and V. vinatus, as a replacement name for Platyrrhinus
Saussure.Hershkovitz (1955) said that Platynhinus
antedated Vampyrops.Hall and Kelson (1959) used
Platyrrhinus without comment. The same year, de la
Torre and Starrett(1959) claimed that the double r
spellingof P/ctynhinus Savssurewasaj unior homonym
of the double r spelling of Phtynhinus by Fabricius
(1801), which they claimed was an emendationof
Phtyrhinus Clairville, 1798. Hall (1981) counteredby
claiming that thedoublerspellingof Platyrrhlzzsusedby
Fabriciuswasan incorrectsubsequentspellingand could
not invalidate PlatynhinusSaussure.Who is correctand
what is the type of speciesof Platynhinus?
Statusof Anthorhina Lydekker, l89l
Anthorhina was proposedas a replacementname for
Tylostonu Gervais (1856), which is preoccupied by
Tylostoma Sharpe (a mollusk). Originally Tylostoma
contained two species (Phyllostoma bidens and

Winter1990

Bat ResearchNews

llylll:lyryg crenutata);no type specieswas designared.
By I 891, Tylostomahad becomealmost universallyused
for the species(and synonynms)known todavasMimon
crenulatum.Palmer (1904) gave the type speciesof
Tylostoma as Vampyrus bidens Spx. Is palmer,s
designationvalid and what is its effect?
Authorship of Diclidurus albus
When Wied-Neuwied ( I 820) describedD ictidu r us in
Oken'sIsis,heintendedto apply thenameD.
freyreisii (in
honor of thecollector)to theonly known speri.r. Ok.n,'",
editor,changedD.freyreisii to D. albus.CarterandDolan
q978) although crediting authorship of D. albus to
Wied-Neuwied,suggestedthat perhapsOken should be
creditedwith authorship.Are they correct?
Molossus burnesi versusM bqrnesi
ThespellingMolossusburnesiused
by Thomas( 1905)
wasan error for MolossusbarnesLCabiera( I 95g) chose
the spellingbarnesi,but Huson (1961)disagreed,
citing
Anicle 32(b) in the code of Zoological NJmenclature
(Code), which saysthat if a nameis spelledin more
than
gne.wly in the original publication, the spellingadopted
by thefirst revieweris thecorrectoriginal spellin-g.
Huson
claimed that Miller ( l9l 3), asfirst reviewir hal selected
thespellingDzrnesLCarterandDolan (197g)saidHusson
waswrongand,because
it wasan inadvertenterror[Code
, Article.32a(ii)j,cited Article 32(c) as the authority for
correcting the spelling to M. barnesi. Which Aiticle
appliesandwhatismeaningoftheterm,.revisery,,
asused
in the Code?
Evolution of the Hyoid Region of Emballonuroid and
Other Bats
T.A. Grifliths, Departmentof Biology, Illinois Wesleyan
University
The hyoid regionsofemballonurid,rhinopomatid,and
megadermatidbats contain some unexpectedlyderived
(=apomorphic) features not found in other bats. In
rhinopomatids, the sternohyoid is a reduced, weak
muscle.In megadermatids,the sternohyoid-geniohyoidhyoglossuscomplex hasdetachedfrom the hyoid bones,
paralleling the "free-floating" condition found in
advanced phyllostomids. Most remarkable of all, in
emballonuridsthe sternohyoid has becomeattachedto
the posterior larynx and apparently functions as an
extrinsiclaryngealmuscleratherthanasa primary tongue
retractor. In all three families, changes in muscle
morphology were facilitated by a mediad shift of the
originof anothermuscle,theomohyoid.It ispossiblethat
the differences observed in feeding habits and
echolocation calls of yinochiropteran bats (Families
Emballonuridae,Rhinopomatidae,andMegadermatidae)
are in part thedirect resultofthe shift oforigin ofa single
muscle,the omohyoid, millions of yearsago.
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Automated Methods for Monitoring Bat Activity
Using Frequency-Tunable Bat Detectors, VoiceActivated Tape Recorders and Talking Clocks
Scott C. Grossman and Gordon L. Kirkland. Jr..
VertebrateMuseum, ShippensburgUniversity
As part of a study of the ecologyof treebats(lnsiurus
spp.) in southcentral Pennsylvania,we developed an
automatedmethodof monitoring bat activity throughout
the night using frequency-tunablebat detecton, voiceactivated recorders and talking (VOX) clocks. Each
monitoring unit consists of a weatherproof wooden
housing constructedto hold one Skye model l2l0
frequency-tunable bat detector, one voice-activated
microcassetterecorder, and one VOX clock. The bat
detectorswere calibrated using a sound generatorand
period meter. The calibrated detector was tuned to the
principal echolocationfrequencyusedby the bat species
being monitored.Once activiated,the systemrecordsall
echolocationpicked up by the detector,the microcassette
recorderis activatedand continuesto record only while
echolocatingsoundsare detected.The audible output of
the VOX clock, which is programmed to give the time
every half hour, is also recorded on tape. Each tape
containsonly a record of the bat passesand the timesof
thosepasses,within one-half hour. The tapesprovide a
condensedrecord of bat activity for an entire night,
usually2 - 30 minutesof tape,dependingupontheamount
of bat activity on a given evening at each site. Two
monitoring units were employed at eachstudy site,one
tuned to 20kHzfor Lqsiuruscinereusand the otherto 40
kHz for L. borealis.
Histochemical and Myosin Electrophoretic Analysis
of Muscles in the Uttle Brown Bat, Myotis lucifugus
John W. Hermanson, M.J. Daood and W.A.
laFramboise, Cornell University and University of
Pittsburgh
Pectoralismusclesof Myotis lucifugus were studied
histochemicallyby Armstrongandco-worken andfound
to contain only fast-twitch fibers that were highly
oxidative. Although similar specializationfor flight was
demonstrated in the pectoralis of Tadarida brasiliensis,
two fast-twitch fiber types were described in a
Phyllostomatid bat" Artibeus jamaicensis. The present
study usedmusclehistochemistryand gel electrophoresis
of myosin heavy chains and of native myosin isoforms.
Thus, we sought a biochemical correlation of
histochemicaldata. The histochemcialfindings were in
agreementwith the previousreportsby Armstrong et al.:
there was a single histochemical fiber type in the
pectoralis.Biochemistryof adjacentpectoralistissuesalso
revealedapparentuniformity of the myosin components.
Native gel electrophoresisof myosin isolated from
pectoralismuscleyielded a singleisoform, in contrastto
the five isoforms found in a representativemixed fiber
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type muscle,the rat diaphragm.This isoform comigrated
with the FM3 isoform band of rat muscle. Similarly,
heavychainanalysisof theMyotrspectoralisindicatedthe
presenceofasingleheavychainthat migratescloselywith
rat Typ€ IIa myosin heavychain. This contrastswith the
common condition of three heavy chains found in rat
diaphragm.For comparison,the hamstringmuscleswere
also studied and found to contain a mixture of
histochemicalfiber types, four native myosin isoforms
(SM, FM2, FM3, FM4), and three heavy chains (one
presumed slow and two presumed fast). Thus, the
pectoralismuscleof M lucifugusisextremelyspecialized
for flight asexemplifiedat thehistochemical,biochemical
and morphological levels. Although the enzymatic and
morphologic uniformity has been noted before in
chiropteranpectoralismuscles,this is the first accountof
theapparentunitypic molecularspecializationunderlying
themuscle'sphenotype.Given thisuniform populationof
musclefibersit is not clear how force production within
the musclemight be controlled. In terrestrialmammals,
increasedforce requirementsare met by recruiting, in a
small to large order, motor units that innervate muscle
fibers ofcorrespondinglylarger cros sectionalarea.It is
not clearhow the regulationof musclerecruitmentin bat
flight musclesoccurs.Perhapsa rangeof motoneuronsizes
underliesthe ability to provide graded recruitment of
uniformly sized muscle fibers in the chiropteran
pectoralis.fu a lesslikely alternative,might the musclesbe
functioningin an "on or off' mode?
Use of Torpor by Free-Uving Lasiurus cincreus.
/Hickey, C. Brian, Department of Biology, York
University
radio transmittersto study
I usedtemperature-sensitive
the useof torpo rby temalelasiurus cinereus.On I 5 days
during Juneand July 1988 and I 9 89 I measuredambient
temp€ratureand skin temperaturesof batseveryhour for
24 houn.
When daily low temperatureswere 14.5"C or lower
some bats entered torpor, while above 15"C all bats
remained active. On a given night bats in the same
reproductivestateoften useddifferent thermoregulatory
strategi€s(6 nights)and someindividualsseemedto have
a lower thresholdfor entering torpor. For example,one
bat maintained a high body temperature even when
ambient temp€ratureswere aslow as5oC while another
enteredtorpor whenever ambient temperatue dropped
below 13"C.
This presentation was awarded second place
in the student honors competition.
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Results of the New York State Bat
Hibernacula Survey
Alan Hicks,Endangered
SpeciesUnit, Wildlife
Center,Delmar,NrY 12054
Research

Between1980 and 1989, 112 potential
hibernacula,including53 caves,57 minesand two
abandonedrailroadtunnels,weresurveyedto determine
the distributionsand abundanceof bats wintering in
New York. At each site, bats were counted
individually and identified by specieswhen possible.
A total of 123,623batswerecountedandin threesites
approximately50,000additionalbats were observed
but not counted.Multiple visits weremadeto some
sites. Basedon the visit in which the largestnumber
of bats were countedat each site,Myotis lucifugus
comprised87?oof the totalcount. It wasfollowedby
Myotissodalis(6.8Eo),
Eptesicus
fuscus(l7o),Myotis
septentrionalis (lVo), Myotis leibii (0.87o),
Pip istreIlus subflavus(0.3Vo),
andunidentified (3.1Vo).
Bats were found in 90 of the ll2 sites checked.
Myotis lucifugus was the most often encountered,
occuning in TlVo of the 90 occupiedsites. It was
followed by M. septentionalis (65Vo),E. fuscus
(61Eo),P. subflavus(55Vo),M. Ieibii (27Vo),andM.
sodalis(97o).Five locationscontained587oof all bats
actuallycountedand l0Vo of the estimated174,000
that were countedor observed. The largest site
40,000+batsand is the largest
containsan estimated
hibernating population of bats known in the
Northeast.It is also one of two sitesin which over
450M.leibii werecounted,bothof whichexceedthe
largestpopulationsreportedin the literaturefor that
spccies.Althoughhistoricaldataare scarce,theydo
not suggestthat dramaticdeclinesin batnumbershave
occurredin New York. Minor declinesthat have
apparentlyoccurredin caveshave beenmore than
in man-made
offset by populationsnow established
mines. Four of the state'sfive largestknown
winteringbat populationscurrentlyoccur in mines.
Bandedbatswereobserved
at 16hibemacula;
manyhad
beenbandedin the earlyto mid 1960's.Four banded
bats were recoveredat sites other than their banding
location.

I
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The Bet Community of Mt. Makiling, Luzon Island,
Philippines
Nina Ingle, Departmentof Natural Resources,
Cornell
University

I
I

I

Over 1400 bats were netted within 300 ha. of old
secondgrowth dipterocarpforestat 200-500m elevation
on Mt. Makiling, Luzon Island,Philippines,from January
to August,1989.Most of thebatswerenettedin pair of 6m
x 2m mist netssetin gaps4m to l4m abovethe ground.
Net successaveraged 15 bats per net pair per night.
Captured bats were identified to species,sexed,aged,
weighed,their forearm measured,and their reproductive
They were marked with a numbered
condition assessed.
bandon a ball<hain necklacebeforerelease.Frugivorous
speciescaptured were Ptenochirus jagori, Cynopterus
brachyotis, Macroglossus minumus, Haplonycteis
fscheri, Rousettus amplexicaudalus, and Eonycteris
spelaea Insectivores included Hipposideros diadema,
Megaderma spasma, Philetor brachypterus, Murina
cyclotis, Emballonura alecto, Rhinolophus spp., Myotis
spp., and Pipistrellus spp. henochirus jagori accounted
for 7O%of thecaptures.The high netsuccess
rateand high
proportion of frugivores captured could be due to net
placement.The few nets set at ground level caught few
bats although most of thesewere insectivorous,while
higher netscaught many more bats, which were almost
exclusivelyfrugivouous.Captureand recapturedata for
P.jagorisuggestthat thisspeciesoccursin higherdensities
and has a larger home range than was previously
suspected.The demographicsof P. jagoi will also be
discussed.

Responsesof Inferior Collicular Neurons of the Big
Brown Bat, Eptesicus tuscus to Different Repetition
Rate and Duration of Acoustic Stimulus
Philip H.-S. Jen, A. Daniel Pinheiro, Min Wu and
University
HaibingTeng,Division of BiologicalSciences,
of Missouri
In echolocation, as the big brown bat searches,
approachesandfinally capturesinsects,its emittedsignals
shortenin duration,and decreasein intensity.At thesame
time,asthebatnarrowsin on theinsect,therepetitionrate
of is emitted signals increasesup to as high as 200
pulses/sec.In order to examine how the bat auditory
neuronsmay reflect thesechangesin signalparameters,
ofinferior collicular (IC) neuronsto variationin
responses
stimulusrepetitionrate and duration were studiedunder
freefield stimulationconditions.Thebestfrequency(BF)
andminimunthreshold(MT) ofa recordedIC neuronto a
sound(4 msduration,0.5ms risedecaytimes)delivered
23 cm in front of the bat were first determined.A BF
stimulus was then raisedat 10 dB incrementsabovethe
neuron'sMT and the number of impulsesto acoustic
stimulus delivered at different repetition rates were
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collectedand processed
by an IBM AT computer.Tne
responsepattern of each neuron was displayed in a
post-stimulus
time , PST)histogramwhennecessary.
At a
chosenstimulusinl "nsity,thenumberofimpulsesofeach
neuronto differentcombinationsof repetitionrate and
duration of the BF stimulus was again measured.Thus,
responsesof the neuron to different stimulus duty cycle
was studied.A total of l7l IC neuronsand 8 evoked
potential respons€swere recordedat depthsof 147 and
2280 u m from the exposedbrain surfaceof 5 bats.Only
l0 neurons were spontaneouslyactive. While 7 tonic
neuronsdischarged
impulsesthroughoutthestimulus,the
remainingeitherdischarged
l-3 impulses(N = 82,49Vo)
or
aburstofimpulses
(x7; 1y= 30,48%)duringthestimulus.
BF rangedfrom 12.5 to75.3 kHz wirh a majority (N =
l2l,7UVo)between20 and 60 kHz which corresponds
to
thefrequencyrangeof the predominantcomponentof the
bat'secholocationsignals.All thresholdcurvesmeasured
from 42 neurons were inverted triangular shape with
Q,o-dB valuesrangingbetween 1.9 and 54. Response
latencywasbetween5.4 and 28.4msbut most(N = 128,
77Vo)were
below 12.5ms.MT rangedfrom 7 to 102dB
SPL but the majority (N = 139, SlVo)werc below 60 dB
SPL.The numberof impulsesof a recordedIC neurons
generally varied with stimulus repetition and duration.
For a given stimulusintensity,each neuron generally
dischargedmaximally to a particular repetitionrate (the
best repetitionrate). Furthermore,at a given stimulus
intensityand repetition,each neuron also discharged
maximally to a particular stimulus duration (the best
stimulusduration). However, not all IC neuronsstudied
showedsignificantlycorrelatedresponses
to thevariation
in stimulus duty cycle. Neverthelessour study has
demonstrated
that IC neuronsmay respondmaximallyto
a particularcombinationof repetitionrateand durationof
the acousticstimulusat a given intensity.This finding
provides some neural basis underlying reception of
ultrasonic signals whose parameters change during
different phasesof echolocation. (Supported by NIH
grant NS 20527).

PostnatalDevelopmentof Auditory Spatial Sersitivity
of Inferior Collicular Neurons of Eptesicus luscus
Under Normal and Mon-aurally Plugged Conditions
Philip H.-S. Jen and Xinde Sun, Division of Biological
Sciences,University of Missouri
Postnataldevelopmentof auditorysensitivityin thebig
brown bat,,Eptesicusfuscuswasstudiedbv measuringthe
auditory spatial sensitivityof inferior loilicular iIC)
neuronsofjuvenile batswhich were raisedundereither
normal (control) or monaurally plugged condition.
Manaural plugging was performed on differentjuvenile
batsat 7, 14,21,28 and 35 daysof age.Auditory spatial
sensitivity was then determined for IC neurons of
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monaurally pluggedand control bats at 58-69 daysafter
birth. The best frequency(BF) and minimum threshold
(MT) of an IC neuron wasfirst determinedby delivering
acousticstimuli from a loudspeakerplaced23 cm aheadof
the bat. Then a BF stimulus was delivered from the
loudspeakerwhich wasmanually moved acrossthe bat's
frontal auditory spacein order to determinethe neuron's
responsecenter in azimuth and in elevation, At the
responsecenter,the neuron had its lowest MT (Maximal
spatialsensitivity).The auditory spatialsensitivityof the
IC neuronwasthendeterminedbymeasuringitsvariation
in number of impulsesand MT to a BF sounddelivered
from differentazimuthalanglesbut at thesameelevation.
Our study showedthat monarual plugging did not alter
the dischargepattern,distribution of BF and latencyof IC
neurons,but it raisedthe MT of IC neuronsof plugged
juvenilebatsby an averageof 24dB..Monauralplugging
also appeared to modify postnatal develop-ment of
auditory spatialsensitivity.The auditoryspatialsensitivity
of IC neuronswas sharperwhen the earplug was intact
than when the earplug was removed. Thus the spatial
sensitivityof IC neuronsof the monaurally pluggedbats
was more comparableto IC neuronsof the control bats
before the earplugwas removed.Thesefindings suggest
that the neural circuits underlying auditory spatial
sensitivity of IC neurons of the monaurally plugged
juvenile bats have undergone modifications to
compensatefor the unnatural binaural disparity during
postnataldevelopment.The auditory spatial sensitivity
was also determined for two control juvenile bats at 49
and 60 daysofage and for an adult bat (more than I year).
Our measurement
showedthat auditoryspatialsensitivity
ofIC neuronssharpenedwith postnatalage.Furthermore,
sharpeningprocess
appearedto bestill in progressevenat
49 daysafterbirth. (Supportedby NIH grant NS20527)
Tonotopic Organization and Spatid Sensitivity of
Inferior Collicular Neurons of the Big Brown Bat,
Eptisicus fuscus
Philip H.-S. Jen, Xnde Sun, Paul W.F. Poon and
Tsutomu Kamada, Division of Biological Sciences,
University of Missouri
The tonotopic organization and spatial sensitivityof
217 inferior collicular (IC) neuronsof Eptesbusfuscus
were studied under free field stimulation conditions.
Acoustic stimuli were delivered from a loudspeaker
placed 2l cm ahead of the bat to determine the b€st
frequency(BF) andminimum threshold(MT) of isolated
IC neurons. A BF stimulus was then delivered as the
loudspeakerwas moved horizontally acrossthe frontal
auditory spaceofthebat to locatethebestazimuthalangle
(BAZ) at which the neuron had its lowest MT. The
stimulus was then raised 3 dB above the lowest MT to
determine the horizontal extent of the auditory space
within which a sound could elicit responsesfrom the
neuron. This wasdone by moving the loudspeakerlaterally at 50 or l0o intervals until the neurons failed to
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respond.Thesemeasurements
alsoallowed usto redetermine the BAZ at which the neuron fired a maximal
numberof impulses.Electrodeswereplacedevenlyacross
the whole IC surfaceand IC neuronsweresampledat as
manylocationsaspossiblewithin eachelectrodepenetra_
tion. Tonotopic organizationand spatialsensitivitywere
examinedamongall2lT lC neuronsasawhole,aswell as
among IC neuronssequentiallysampledwithin individual electrodepenetrations.The whole population of 2 I 7
IC neuronsisorganizedtonotopicallyalongthedorsoventralaxisofthe IC. Thus,lowfrequencyneuronsaremostly
located dorsally and high frequency neurons ventrally
with medianfrequencyneuronsin between.The BAZ of
these217 IC neuronstendsto shift from lateralto medial
portions of the contralateralfrontal auditory spacewith
increasingBF. Thus,theauditory spaceappearsio havean
orderly representationalong the tonotopic organization
and spatialsensitivityofsequentiallyisolatedIC neurons
withineachelectrodepenetration
may varywith thepoint
of electrodepenetration.This variation may beexplained
on the basisof the arrangementand thicknessof each
frequencylaminawithin the IC. (SupportedbyNlHgrant
NS 20527)

Reproductive Strategiesin Relation to Seasonalityof
Food Resources
Catherine Koehler, Depatment of Biological Sciences,
University of Calgary,Calgary, AJberta,T2N-IN4
Temperate microchiropteranscan be ordered into
three categories, HIBERNATORS, MIGRATORY
HIBERNATORS, and MIGRATORS, regarding the
manner in which seasonalityof food resourcesis dealt
with. Differencein dealingwith this aspectof seasonality
may correlatewith variability in reproductivestrategies.
HIBERNATORS, species which do not undergo
distinct migrationsto milder areasin the fall, are faced
with short growing s€asons.Typically, litters of one,
occasionally two, are produced; the latter appearsto
impose greaterstresson the mother (Burnett and Kunz
1982).Fledglingyoungaretypicallygreaterthan7SVoof
adult mass, attaining near-adult proportions before
hibernation. Young and adults must accumulate fat
reservesbeforehibernation.
MIGRATORY HIBERNATORS migrateto warmer
area,thenhibernatecomecolderweather.MIGRATORS
travel evengeater distancesto areaswith a year-round
food source. Essentially, these species elongate the
juvenile growing season,as cold weathersetsin later in
warmer regions.
I predictthat batswith longerjuvenilegrowing seasons
showatendencyto producelittersgreaterthanone.Ifhigh
growth ratescomparableto thoseof specieswith more
restricted growth periods need not be maintained,
reproductivestrcseson femalemay by lessened,
allowing
for larger litters to be produced.
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Field data to test this theory were collected at the
University of Manitoba Field Station (Delta Marsh),
Manitoba, Canada. Growth rates of young Iasiurus
cinereus(MIGRATORS) were recorded,with attention
given to sizeat fledglingand throughoutmigration' Mass
of femalesthroughoutlactationwasmonitoredwhenever
possible. Migrating L. cinereus, Lasiurus borealis
(MIGRATOR)
and Lasionycteris noctivagans
(MIGRATORY HEERNATOR) were caught in
mistnets starting mid July. Myotis lucifugus
(HIBERNATOR) enroute to hibernaculanorth of the
study site were also netted. Forearm and mass
measurementsof juveniles were compared to those of
adult conspecifics.Data from other sourcesregardingthe
mentioned characteristicsof other specieswas (and still is
being)collected,with eachspeciesbeingplacedinto one
of the threecategories.Accumulation of dataon asmany
speciesas possiblewill show if similarities within, and
differences between categoriesexist with respect to
growth rate and litter size.
Activity Patterns and the Use of Space in the Pallid
Bat, Antrozous pllidus.
Dorothea Krull, ZoologischesInstitut, Luisenstr. 14,
8000 Munchen 2, West Germany
The activitypatternand foragingbehaviorofthepallid
bat, Antrozous pallidus, were studied using radiotelemetry from the end of May to mid-August 1989 in
Iajitas, Texas.Six adult males, l0 adult females,and 5
juvenileswerecapturedintheir foragingareasoratanight
roost and fitted with 0.7-0.99 radio-tags;18 bats were
trackedfor a total of 101 bat-nights.The nightly activity
pattern of the pallid bats is characteraedby alternating
periodsofforagingand night roosting.Taggedindividuals
foragedover open dry and rocky desertterrain,between
and along bushescloseto the Rio Granderiver and over
the local golf course.Adults andjuveniles of both sexes
speut53.47o(n=3 bats)and 46.77o(n=3bats)respectively
of thetimenight roosting(definedasrestingperiodslonger
than20 min). IndividualsshowedbetweenI and 5 resting
periodspernight.Theyeitherhungin bushescloseto their
foraging areasor used buildings traveling up to 3 km
betweenforagingbous. The bas did not alwaysuseonly
one night roost but visited up to threedifferentlocations
per night. This study demonstratesthe nightly activity
patternsof pallid batsare variablebetweenindividualsas
well as on a night to night basisfor the sameindividual.

change,water flux and field metabolic rates (FMR) in
pups and lactating females. Age+stimation equations
weredeterminedfrom growth analysisand usedto asign
agesof pups and stagesof lactation to females (when
mother-puppairswerecaptured)in experimentson milk
composition analysis, FMR, water flux, and body
composition analysis. FMR and water flux were
determined from the turnover of doubly labeled water
(tritium and oxygen-I8). As an index of maternal
investment,data on daily water intake of pups and the
proximatecompositionof milkfromfemales wereued to
quantify milk energyoutput of lactating females.Daily
energybudgetsof lactatingfemaleswere estimatedfrom
FMR, milk energyexport, and radiotelemetry.
One hundredand sixteenmilk sampleswere collected
and subsequentlypooled into 3l samplesfor analysis
representingsix stages(weeks) of lactation. Averagefat
content increasedftom 18% during the first week of
lactationto an avengeoIZ9Voby thesixth week.This level
of milk fat is approximately two times greaterthan has
beenreportedfor other bat speciesand approacheslevels
reportedfor somemarine mammals.Proteincontentwas
higher (8.5%) during mid-lactationand lower (7.5%)
during earlyandlate lactation.lactose contentdecreased
from 3.8%in early lactation to 3.27oin late lactation.
Estimatesof FMR and total daily energy intake in
lactatingfemales(n=14) revealedtlto;tT. brasiliensuhas
one of the highest daily energy budgets reported for
free-ranging insectivorous bats. These results are
consistentwith radiotelemetrydata which indicate that
lactatingfemales(n= l6) may spendan averageof 8 h in
flight eachnight. Radiotelemetrydata also revealedthat
therearetwonightly foragingperiodsduringlactation,the
first averaging5 h 20 min andthe secondaveraging2 h 30
min. These two foraging periods are separatedby a
night-roosting(suckling)periodaveraging3 hours.FMRs
determinedfor 37 pups, ranging in age from birth to 43
days,increasedfrom200ml CO"day-l atbirth to600 ml
the FMR of anaverage
CO. day-I at weaning.By contra-st
lact6tingfemalewas 1293 ml CO, dayJ, approximately
twice the value reported for a mlaturebat (adult size)
beforeit beginsto fly (forage).When milk energyoutput
(production) is added to assimilated energy
(xmaintenance),the daily energybudgetof a lactatingZ
brasiliensisranged from 43.7 kJ per day during early
lactation to I11.7 kJ per day during peak lactation.
Torpor Pattern in Food-Deprived Little Brown Bats
(Myotis lucifugus)

Msternsl Investment end the Energetics of Lactation
in the Mexican Free-tailed B at, Tadarida brasiliensis

A. Kurta, Department of Biology, Eastern Michigan
University

Thomas H. Kunz, Department of Biology, Boston
University

Temperateinsectivorousbatscommonlyareprevented
from foraging by cold or wet weather. This study
examinesthe effectof missinga singlenight of foragingon
the energeticsof pregnantand lacting little brown bats
(Myotis lucifugus) under simulated roost conditions.
After not foraging, the dayroosting metabolic rate of

The energy and material transfer between Mexican
free-tailedbat mothersand their pups during the 6 week
lactation period was measuredusing data from mass
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pregnantM. lucdugus was reducedby 617oand that of
lactating bats by 46Vo.Although previous laboratory
studiespredictedthat fooddeprived batsshouldremainin
torpor throughout the dayroostingperiod, M. lucifugus
consistently'aroused
from torporbetweenI 100and I 500
hoursand maintainedelevatedmetabolicratesfor therest
of the day. When deprived of food for one night, M.
lucifugus apparently used a hybrid thermoregulation
strategyinvolving poikilothermy during thecool morning
houn. and homeothermy during the relatively warm
afternoon.

Echolocation Calls of Jamaican Mormoopidae
WinstonC. lancaster,O.W. Henson,Jr. andArthur W.
Keating, Department of Cell Biology and Anatomy,
University of North Carolina at Chapel Hill
The family Mormoopidae is representedin Jamaica,
W.I. by four species.Theecholocationcallsof Pteronotus
parnelliiparnel/iihave beenintenselystudied,but thoseof
P.fuliginosus,,P. macleayiiandMormoopsblainvillii are
Aspartof astudyon the correlationbetween
undescribed.
echolocation bebavior and cochlear function, we
recordedthe calls of flying Jamaicanmormoopidsin the
laboratory and studied them using digital signal
processingtechniques.
As previouslydescribed,Pteronotusp. parnellii pulses
usuallycontainthreecomponents,a short,initial, upward
frequencymodulation (FM), a long constantfrequency
(CF) componentand a terminal FM. Eachcomponentis
representedby a series of four harmonics, with the
majority of the energy con@ntratedin the second(ca.
6lkHz). Searchphasecalls rangefrom 17 to 40 ms in
duration. Duration of the CF and terminal FM decrease
progressivelyin the approach and terminal phases.
Other Jamaican mormoopids use FM signals and
multiple harmonics.The searchingcalls of Pteronotus
fuliginosus fuliginosus and P. macleayii grisea are
composedof three harmonics; the secondis usually the
most intense.Four harmonics are sometimespresentin
the calls of Mormoopsblainvillii.ln P.f. fuliginosat the
secondharmonicsweepsfrom approximately8l kHz to
64 kHz startingwith a slow sweepfrom 8 1 kEzto 77 kHz
and thena fast sweepfrom 77 kHz to 65 kHz. A short,
initial, upward FM (ca. I kHz) is occasionallyseen.The
searchphasepulsesof P. macleayii grisea are lower in
frequency and more complex than those of P. f.
fuligino s us.The secondharmonic sweepsfrom 70 kHz to
5l kHz andis divisibleinto threeportions:an initial slow
sweepfrom70 kHz to 68 kHz,a fastsweepfrom 68 kHz to
54 kHz anda terminalslowsweepfrom 54 kHz to 5 I kHz.
In thesetwo spectesof heronotus, changesin sweeprates
are marked by inflection points on frequency vs. time
plots. Secondharmonic sweepsof Mormoopsblainvillii
searchphasecallsgp-e{ly rangefrom 63kHzto 45kHz.
The FM sweepratechangesgradually,but doesnotshow
an inflection point"Under laboratory conditions,search
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phasepulsesof P.f. fuliginor&s are usually 2-3 ms long,
those of P. macleayii gisea 3-4 ms, and calls of 14
blainvillii rangefrom 2-4 ms.
to 1.0
Approachphasecallsof P.I /u li ginosus decrease
- L5 ms and it is prirnarily the intital, slow FM that seems
to beshortened. P. macleayii grisea docreasesits approach
phase calls to 2 ms, with initial components being
abbreviated.Thesepulsessweepfrom 67 kHzto 51 Khz.
Approach pulsesof M. blainvillii shorten slightly, but
show little changein sweeprate. Pulsesemitted at high
repetitionrate and low intensiry(terminalphase)were
difficult to analyzeby the methodologywe employed.In
all speciesexceptP.parnel/it, repetitionrate increasedto
approximately190per secondduring theterminal phase.
This work hasbeen supportedby grant DC00l 14 from
the National Institute of Deafness and Other
CommunicativeDisorders.
Population Dynamics of Uro der ma b i lo ba tu m Dut'mg
Maternity Roost Establishment
SusanE. kwis, Departmentof Ecologyand Behavioral
Biology, University of Minnesota
The social organization of a population of Peter's
tent-making bat, Uroderma bilobatum was studied in
June and July, 1989, during the wet-seasonperiod of
parturition.A total of 57 tentsin a groveof 54 coconut
palms(Cocosnuciftra) in PaloVerdein the Guanacaste
province of CostaRica were surveyeddaily for roosting
bats.The numberof batsin the grove increasedfrom less
than l0 to 30 during the six week study,with the increase
in population apparentlycorrelatedwith an increasein
rainfall. As the population sizeincreased,the proportion
of bats roosting in groups also increased.Observations
suggestthat thesegtoups were maternity clusters.All
femalescapturedbymist nettingin lateJune(n = 10)were
pregnant.Parturitionbeganon 3 July and appearedto be
synchronousamong the colony. Most births occured
within l0 days.Maternitygroupformationmay provide
thermoregulatory advantage,asbatswereseento cluster
togetherwithin a tent in the cooler times of the day and
separatewhen the sunwas shiningon the tent. Although
individual tents fluctuated in numtrers,observationsof
eightmarkedbatsshorvedthat eachbat tendedto roostin
the same tent for severaldays. Factors that affect tent
occupation,especiallythe heightofthe frond and the age
of the tree. were investigated.The total population size
and the number of femaleswith nutritionally dependent
offspring roosting in this area were lower in July 1989
than in July 1988.The effectof environmentalfactors
including temperature and rainfall may be important
determinantsof roost site dynamics.

Winter 1990

Bat ResearchNews

Time Deley and Cross-Correlation Delay Trade-Offin
a Range-Discrimination Experiment With Big Brown
Bats, Ep tes icus .,/irscus
W. Mitchell Masters,Departmentof Zoology,Ohio State
University
The questionof whether FM bats like Eptesicususe
matched filtering (cross<orrelation reception, pulse
compression)to determinethe time of arrival of an echo
has not been answereddefinitively, but there is some
evidencethat they do. Matched filter processingwould
imply that batshavea built-in templatethatspecifiesthe
expectedsignal (echo) and with which they compare
(cross-correlate)incoming sounds.If bats have such a
template, then a change in echo structure could, by
changingthecross-correlationfunction (XCF), affectthe
bat'sestimateof targetrange.To testthis hypothesis,bats
were trained to echolocatetwo electronicallysimulated
('phantom') targetsusing model echoes,i.e., echoes
designedto mimic eachbat's typical sonaremission.The
bat'staskwasto selectthe nearerof two phantomtargets,
one of which (the correctchoice) was alwaysat an echo
delay equivalentto a targetdistanceof 80 cm, and the
other of which appearedto be farther away. After bats
learnedthistask,theoriginal modelechowasreplacedby
two others,onein which thefrequencywasshiftedslightly
upward, the other in which it was shifted slightly
downward. Cross-correlatingtheseshiftedversionswith
the original model resultsin changein the position of the
peakof the XCF (upward frequencyshift delaysthe peak,
downward shift advances it). If target distance is
determinedby the peakof the XCF, asmatchedfiltering
would imply, then moving the XCF peakshouldcausea
shift in apparent range of the target. An experiment
trading off echo time-of-arrival (time delay) and crosscorrelationdelaywascarriedout with threebatsand four
target-rangedifferences(1.0, 0.75, 0.5 and 0.3 cm).
Comparisonof error rateswhen targetdistancewas set
delay,
entirelyby time delay,entirelyby cross-correlation
or when time delay and cros-conelation delay were in
opposition,showedno significantdifferencefor any bat
for any rangedifference.This suggests
that to thebatstime
delayandcross-correlationdelayareinter-convertible,as
matchedfiltering predicts.

Project X-Ray: the World War II Bat Bomb
Gary F. McCracken,Departmentof Tnology,University
of Tennessee
During 194l-1944, the U.S. Military experimented
with the possibility of using Mexican free-tailed bas
(Tadarida brasiliensismexicana) to invade Japan.I have
obtained the Navy's World War II Command File
recordsconcerningthis projectaswell asotherreferences
pertaining to it. The project is well describedby the
following quotetakenfrom a letterto me from R.A. von
Doenhoff, an officer in the Military ReferenceBranchof
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the U.S. National Archives. "Project X-Ray was an
experimentundertakenby theDepartmentof theNavyto
determineif incendiarydevicesattachedtobatswould be
useful if they were releasedby aircraft over major
Japanesecities.The theory was that the bats would be
releasedjust before dawn with incendiary deviceswith
timers attachedto eachbat. As daylight apporached,the
of wooden Japanese
bats would head for dark recesses
houses.When the batsweresafelyasleep,the incendiary
deviceswould ignite, thus producing a conflagrationof
unprecedentedproportions.A testrun ofthis theory was
carried out in the southwesternUnited States.However,
the adventof the atomicbomb renderedthisexperiment
moot."

Patterns of Rarity and Commonness in Mexican Bats
Rodrigo A. Medellin and Hector T. Arita, School of
ForestResources
and Conservation,Universityof Florida
A major issuefor conservationbiologistsis to protect
thosespeciesthat are rare,astheseareby definition more
vulnerable to extinction. But the determination of
whether a speciesis rare or not is frequently basedon
subjectiveand ambiguouscriteria. This is especiallytrue
for little-known, largegroupsof species,asis the caseof
bats.To generatea rankingsequence
ofrarity for all 137
Mexican bat species,we usedtwo variables:sizeof the
distributionrangewasquantifiedfrom publisheddistribution maps.To estimatethe scarcityor abundanceof each
species,we examineda databaseof over 40,000Mexican
bat recordsfrom museums,analyzedby localityand by
speciesto obtain an averageproportion of individualsof
each speciesfor all localities where a given specieshas
beenrecorded.Bivariateplots were then producedwith
thosetwo variables,and theseproved to be correlated.
Then we examined the effectsof body size,phylogeny,
and diet, on whethera particular bat specieswas rare or
not. Thereis no evidenteffectof body size.Someeffectsof
phylogenyare evident;for example,most vespertilionids
arecommon,and many molossidsarescarce,but widespread. The effects of diet are interestingin that most
pollinivorous speciesarecommon, but mostgleanersare
rare.
With this methodology we produced our lists of species: l) Abundant but with restricteddistribution,2)
abundantandwidespread(=common),3) scarceandwith
restricteddistribution (=), and 4) scarcebut widespread.
This is a first approach to determining which species
shouldbe morecloselylookedat andprobablyconsidered
fragile,vulnerable,or endangered,but theselistsare only
basis
for thedecisionmakersto evaluateon a case-by+ase
and resolve whether any given speciesis adequately
allocatedto a certaingroup or belongsin a differentone.
This is an objectivemethod of detectingrarespeciesand
canbe appliedto virtually any areaof the world and any
group of mammals that is relatively well representedin
museumcollections.
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A Comparison of Proportions of Tympanate and
Atympanate Moths in the Diets of Lasiurus borealts
and Lasiurus cinereus
Cathy Merriman,Departmentof Biology,Wilfrid l,aurier
University
Certain moths, particularly of the families Noctuidae
and Arctiidae, are know to possesstympana. These
sensory organs allow them to hear the approach of
echolocatinginsectivorousbats,and tosubsequentlytake
action to preventbeing captured.In order to examinethe
effectivenessof such strategies,I observedthe foraging
behavior of L. borealis and I. cinereus at Pinery
Provincial Park near Grand Bend Ontario. The batsprey
mainly on moths at well-lit feedingsites.From June to
August I 989 I collectedmoth wingsculledby bats,aswell
as moths that bats attacked unsuccessfully.A light trap
sampledall mothsavailableon eachnight.I am analysing
the diet of the bats to determine relative proportions of
tympanateand atympanatemoths within both the culled
wings and the missed moths. By comparing these
proportions with the relative proportions of hearingand
non-hearingmoths in the light trap sample,I can testthe
hypothesisthat the bats'diets will contain a high relative
proportion of atympanatemoths, and converselya low
proportion of tympanate moths.

Progress at Bat Conservation International
P.A. Morton, Bat ConservationInternational
Holy Batman, it's been a good ye,ar at BCMn
Novemberof 1988,with the helpof manymembersand
friends,BCI's lobbying efforts paid off with passageof a
bill to establisha national park in America Samoa and
greatlyaidedthe passageofthe FederalCave Resources
Protection Act. t ast April the National Geographic
grantto Merlin Tuttleand Ted
Societyawardedaresearch
Flemingto study bat-cactusrelationshipsin the Mexican
SonoranDesert.Brock Fenton conductedBCI's first Bat
Study Workshop in August, training wildlife biologists
and naturalistsin the useofbat field researchtechniques.
Severaleducationitemswereproducedincluding a book,
poster,slideshowandvideoon thebatsofNorth America,
as well asa book in Spanishon tropical American bats.
News media publicity continuesto educatehundredsof
millions of people. BATMAN publicity doubled BCI's
normalrateofrequestsfor information.One of BCI'smost
importantprojectsoverthennext l2 monthsisthefilming
of a CBS primetime specialon bats that will air in 103
countries.BCI is also sponsoringa conferenceon the
conservationof Pacific Islandflying foxesand is assisting
Dixie Piersonand Bill Raineywith CITES listingsand
statussurveysfor flying foxes.
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Population Ecology and Conservation of Little Brown
Bat, Myotis lucifugus
Alison Neilson,Departmentof Biology, York University
Betweenl5 May 1989and 29 August1989,I studied
the movementsof individual Myotis lucifugasand that of
the entire nurs€ry colonies at severallocations on the
groundsofthe ChautauquaInstitution,Chautauqua,New
York. Approximately 15,000batsform nurserycolonies
during the springand summermonths.Batswerecaught
theylefttheirroostsatduskto forage.More
andbandedas
than 95Voof the bats that were banded and recaptured
retrunedto their original roostingsite.I relocatedbatsand
kept them in 5 various bat houses for 24 hours to
encouragethem to live there.Threeseedingexperiments
Onehousethat wasbuilt andseededwith
weresuccessful.
batslast yearhad 4 batsliving in it this summer.A house
purchased from Bat Conservatiod International was
seededwith 2 pregnantfemaleswho gavebirth there.Both
babieswereeventuallyabandonedbut oneof the females
returnedand took up residency.The third house,mainly
ofold woodfrom batinfestedattics,wasbuilt
constructed
from thedesignof the Missouristylebat house.Six of 94
relocatedbats remainedin this houseafter seeding.

Muscle Fibre Ultrastructure and
Histochemistry' Wing
Design and Flight Ecology in Bats and
B i rds
U. M. Norberg, Deptarlment of Zoology, University
ofGothenburg, Sweden
In flying vertebrates(bats and birds) there are
apparent relationships between flight-muscle fibre
ultrastructure and histochemistry (here reviewed from
various sources)and body size, wing design and flight
habits. The fibre structures of flight muscles have
been extensively investigatedin birds. For example,
high aspect ratio (AR equals wing span2/wing area)
plus low wing loading (WL e4uals weight/wing area)
in birds are correlated with slow continuous flight,
soaring and gliding, and with fast-twitch oxidativeglycolytic (FOG, "red" and "intermediate")fibres for
aerobic contraction and enduranceplus slow tonic (ST)
fibres for isometriceconomy. High AR plus high WL
are correlated with fast continuous flight and with
FOG ("red") fibres plus fasrtwitch glycolytic (FG,
"white") fibres for rapid isotonic contractions (e.g. takeoffs). Low AR plus high WL are correlated with
expensive flight within vegetation and perching and
with FG ("white") and fast-twitch oxidative-glycolytic
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(FOG, "red" and "intermediate")fibres. Low AR plus
low or average WL arc correlated with slow expensive
flight within vegetationand with "red" (mainly in the
smallcr birds) or "red" plus "intermediate" FOG fibres.
Howevcr, variations in catabolic enzyme activities
have bcen found in the pectoral muscle in both birds
and bats, showing that muscle histochemistry can
changeand adapt to various conditions. In bats there
are similar relationships betwsen fibre structure and
histochemistry, wing form and flight ecology: high
AR plus high WI- are correlated with aerobic
metabolism, and low AR plus high WL with
anaerobic metabolism. Fast-twitch oxidative (FO,
"red"), fasrtwitch oxidative-glycolytic (FOG, "red" and
"intermediate")and slow oxidative (SO, "red") fibres
are found in bats with slow, manoeuverableflight (low
or averageAR plus low WL). The only bats which
have been found to use gliding in slope lifis belong to
thc genusPteropus, and the anly Pteropus investigated
has "red" and "intermediate" FOG fibres like manv
soaringand gliding birds.

The chnngeoffreq:.ilncy parametersinlasiurus cinereus
led to a rlrasticincreaseof the call's bandwidth and their
pertime.Variability(CV) of most
rateof frequencyswept
of this speciesdecreased
echolocationsignai,;arameters
whenconspecificstcr'*gedcl oseby.Insiurusborealis and
Lasiurus cinereusrespondedindividualiy specificto the
presenceof other bats.
When conspecificsbecome audible, sorne species
preferably keep the average call design constant and
increaseits variability, others clearly change the call
design and decreasethe variability, others again show
intermediatechangesin the mean and the variability of
their signals.
The results strongly support the hypothesis that
vespertilionidbats adjust the designof their orientation
callsto the needsof interindividual jamming avoidance.

Jsmming Avoidance in Yespertilionid Bats

In his dissertation,Carter (1962) concluded that the
sedentarypopulationsof Tadarida brasiliensisliving in
the southeasternUnited States were reproductively
isolatedfrom themigratorypopulationsofthesouthwest.
Few subsequent
authorshavefollowed hisrecommendation for specific status for Tadarida cynocephala,the
locus
sedentaryform. Svoboda( 1984)foundan esterase
with what appearedto bea fixed allelicdifferencebetween
populationsof T.b. mexicanc(the migratoryform) and Z
b. cynocephala(the sedentaryform from the southeast).
We haveexaminedthis esteraselocusin batsobtained
from Z b. cynocephohpopulationsin l.ouisiana,Florida
and North Carolina; from Z b. mexicana in Texasand
Oklahoma; and from populations from the Antillean
islandsof Cuba,Jamaica.and Dominica. Basedon this
locus,and on the body of evidenceassembledby Carter
for hisdissertation,we believethat thereislittle or no gene
flowbetween T. b. mexicana andT. b. cynocephalaand
the nearest Antillian populations.
It will be of general interest to Antillean
zoogeographers
to determinethe origin of the sedentary
southeasternform of Tadarida brasiliensis. We are
pursuing this and related questions with analysis of
additionalenzymeloci,andareplanningcollectionofbats
from additionallocalities.

Martin Obrist, Deptartmentof Biology. York University
Recognitionof its own sonar signalsis crucial for a
successfulhunt by an echolocatingbat. However, bats
probably only need clear discernability of their
orientationcallsin theimmediatevicinity of echolocating
conspecifics.
To assess
the extent to which bats exchangetheir call
designin thesepotentiallyjammingsituations,recordings
of individually known bats (Euderma maculatum,
Eptesicus fuscus, Lasiurus borealis and Lasiurus
cinereus) were obtained in two places in Canada.
Recordingsof 3545searchphasecalls,includingsignalsof
16 individual bats flying alone and in group, were
analysedfor ten call measures(Obrist, 1988)l and the
signals of individuals were compared statistically for
differencesdue to the presenceof conspecifics.
Despitethe mutual avoidanceexhibited by Euderma
maculatum,the analysisrevealedthat batsincreasedthe
overall variability of severalsignalmeasureswhen other
bats were within audible distance.Eptesicusfuscus,
foragingin densegroupsat therecordingsite,showedonly
slight reactions to the close presenceof conspecifics.
Increasesin the highest frequency, the frequency of
maxiumum energy,andthecoefficientsof variation(CV)
of frequency parametersand call intensity were most
common. Significantly shorteningthe calls and slightly
decreasingtheir tlandwidth led to a higher rate of
frequencysweptper time anda decreased
duty cyclein the
echolocation calls of Lasiurus borealis. All measured
frequencyparametersare significantly shifted upwards
and cali duration and interval showed a significant
increaseofthe variability in the presenceofconspecifics.

Systematics and Zoogeography of Antillean and
North Ameri can Tadarida brasiliensis
Robert D. Owen, Ronald K. Chesserand Dilford C.
Carter, Departmentof Biology, University of MissouriKansasCity, and The Museum, TexasTech University
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Tracking Insect Prey From the Roost: Bats and
Barometric Pressure
Ken N. Paige,Karen Tyrell, Tom Juengerand Garth
Fuller, Institute for Environmental Studies and
Department of Ecology, Ethology and Evolution.
Experimental and observational resultssuggestthat
insectivorous
batstrackbarometricpressuremetabolically.
With a drop in barometric pressurebats respondby
lowering metabolic rate independent of torpor (i.e.,
without a drop in body temperature).Such intricate
trackingallow batsto conserveenergyandyet,remaining
cognizant, extend a previously obtained meal, and
indirectly track aerial insectprey from the roost (insects
decreaseactivity concurrent with a drop in barometric
pressure).Barometric pressuretracking is viewed as an
alternativeevolutionary strategyto torpor.
Comparative Development of the Skull in Artifuus
jamaicensis and Eptesicus fuscus
S.C. Pedersen,University of Nebraska
I compare the early developmentof the skull in
A rtibeusj amaic ensis andEptesicusfuscus, eachbat being
a common and well studied representative of the
Phyllostomatidae and Vespertilionidae, re.spectively.
Developmental series (limb bud stage through volant
young) of Artibeus (n=20) and Eptesicus(n=25) were
clearedand differentially stainedfor bone and cartilage.
For eachspecies,I describethesequentialappearanceof
eachbone in the skull and compare the developmental
trajectoriesof severalstandardmorphometric characters
usingbivariate and multivariate approaches.Similarly, I
describethe dynamic volumetric relationshipsbetween
thedifferentfunctionalunitsof thecranium (e.g.,rostrum,
bullae, basicranium, and cranial vault) throughout
development. These data are preliminary to a larger
comparative eco-morphological study of chiropteran
skeletogenesis.

The Mitochondrial Genomein the Jamaican Fruit Bat.
Artibeus jamaicensis
CarletonJ. Phillips,Dorothy E. Pumo, ColleenMillan,
May Nouri, Alexandra D. Warmhold, and Hugh H.
Genoways,Department of Biology, Hofstra University,
and University State Museum, University of NebraskaLincoln
The mitochondrial DNA (mtDNA) in Artibeus
jamaicensisis a maternallyinherited molecule of about
16.5kilobasepairs.As in other mammals,the mtDNA in
thesebatsevolvesrapidly and consequentlycan be used
for high resolution genetic comparisonsin disjunct
populations. We are using restriction site mapping,
Southern blot hybridization, and DNA sequencingto
analyzemtDNA in this species.Specimenshave been
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collected and studied from Mexico, Cuba, Jamaica.
Puerto Rico, Anguilla, St. Lucia, St. Vincent, Barbados,
Trinidad,and FrenchGuinea.The following highlightsof
this researchwill be sumarized:I ) maternalrelationships
among traditionally recognizedsubspecies;2) dispersal
patternsin the Caribbean;and 3) unusualfeaturesbfthe
mitochondrial genomein A rtibens.Fundedby NIH grant
R01cM42563-01 (DEP and CJp) and Hofstra
University HCLAS grants.

Postnatal Histochemical Development of Three
Muscles in Myotis lucifugus end its Relation to the
Behaviorel Development of Flight
l.auren V. Powers, Department of Biology, Boston
University
Three muscles,the pectoralis,the acromiodeltoideus
and the superficialquadriceps,of Myotis lucifugus were
studiedduring postnataldevelopment(birth to 30 days)
usinghistochemicalanalysisof threemetabolicenzymes,
(SDH), alpha-glycerophosphate
succinatedehydrogenase
dehydrogenase(ol-GDPH), and myosin ATPase.
Changesin fiber areawere also recorded.To determine
the behavioral development of flight, young bats of
variousageswere dropped from a predeterminedheight
andtheir perfonnancewasrecordedusingavideocamera.
Thesedata were comparedto determinethe correlation
betweenbehavioraland musculardevelopmentof flight.
Musclefibersat birth were small and staineddarkly in
an alkali preincubation for myosin ATPase in the
acromiodeltoideusand in the pectoralis, indicating a
homogeneouspopulation of fast fibers.By the time that
batsfirst beganto fly (at the ageof I 7 days),fibersin these
muscles had increaseddramatically in size and were
comparablein areato adult fibers.All fiberscontinuedto
stain darkly for myosin ATPase,although the intensity
decreasedwith increasingage.Quadricepsfibersat birth
werehomogeneousformyosinAPTaseandwerelargerin
areathan the two flight muscles.Early in development,
weakly stainingfibers of the quadricepswere ob,served,
indicatingthat a mixed population of fastand slow fibers
was forming.
Fibers that stained for SDH and o&GPDH were
dark at birth for eachof thethreemuscles.
homogeneously
Early in development,largerfibersbeganto appearin the
acromiodeltoideusand in the quadricepsthat stained
darkly for O|-GPDH and lightly for SDH. Small fibers
staineddarkly for SDH and weakly for dvGPDH in these
two muscles.In the pectoralis,the stainingintensityfor
SDH was so dark that no change could be detected
throughoutthe postnatalperiod. larger fibers,however,
appeared at abut the same time as in the
acromiodeltoideus and stained more intensely for
OTGPDH.

Winter1990

Bat ResearchNews

In the highly specializedprimary flight musclesuchas
the pectoralis,metabolic developmentis not expected
until the onset of flight. The sameshould hold true for
accessoryflight musclessuch as the acromiodeltoideus.
By contrast, early development in the quadriceps is
expectedsincethismuscleisessentialfor babybatsto cling
firmly to their mothersand the roost substrate.
The Superior Colliculusin the Rufous HorseshoeBat,
Rhinolophus rouxi
Katrin Reimer,ZoologischesInstitut, Luisenstr.I 4, 8000
Munchen 2
Thesuperiorcolliculus(SC)of mammalsisknown asa
centerof sensori-motorintegration.Electricalstimulation
that
studiesin the horseshoebat by G. Schullersuggested
theSC mightbe involvedin vocalization.The aim of this
study was to characterizeneural responseproperties
during vocalization,andalsoto defineauditoryproperties
of the SC in the horseshoebat.
the animalswereawake
During the recordingsessions
and vocalized spontaneously. No neural activity
specificallyrelatedto the bat'sown vocalizationcould be
recorded.Neural activity correlatedto the vocalization
could alwaysbe identi{iedasa responseto stimulationof
the auditory systemby the bat's own vocalization.
Acousticresponsepropertieswerestudiedusingclosed
field stimulation. Most units recorded (747o)had best
frequencies in the range of the constant frequency
componentof theecholocationcall. Units wereassharply
tuned as neurons in classicalauditory centers of the
horseshoe
bat with Q-,ndB valuesup to 200. The main
responsepattern,an ohtet responsewith a singlespike
dischargeper stimulus,correspondsto the main response
type found in the SC of other mammals.
Neuronswere mainly driven by contralateralstimuli,
whenstimulatedmonaurally.With binauralstimulation,
however, 707oof the units proved to recieve binaural
input. The maln binauraleffectconsistedin suppression
of
the contralateralexcitatory responseby the ipsilateral
stimulus.The degreeof inhibition was dependenton the
interaural intensity difference (IID). Most units were
completelyinhibited at IlD-values of l0 or more dB
favoring the ipsilateral ear. A significant gradient of
IlD-values was observedalong the mediolateral axis of
the SC.
All in all,propertiesof SCneuronsin thehorseshoebat
do not appear to be very different from those in other
mammals.Specializations,
like overrepresentation
of the
CF-frequency,seemto dependon the specializationsof
the bat's peripheralauditory system.
Connectionsof the SC were studiedusinghorseradish
peroxidase.The main possiblesourcesof auditoryinput to
theSCappearto betheparalemniscalzone,
asdefinedfor
bat by W. Metzner,and the nucleusof the
thehorseshoe
centralacoustictract. Structuresofthe classicalauditory
pathway, such as the inferior colliculus, including the
externalnucleus,and the auditory cortex contain only a
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fewretrogradely
labeledcells.
Nocellswerelabeledin any
of the nuclei of the lateral lemniscus.
The SC also has several connections with centers
assumedto be involved in the control of vocalization.
Thesestructuresincludecingulatecortex,hypothalamus,
pretectal area, cuneiforme nucleus, and again, the
paralemniscalzone.
(Supportedby DFG, SFB 204lTP l0)
Variation in the Isolation Calls oflnfant Evening Bats,
Nycticeius humeralis
J.A. Scherrer, Department of Zoology, University of
Maryland
Vocalizations of sibling infant Nycticeius humeralis
were analyzed to determine whether the variation in
isolation calls is greaterbetweeenunrelatedindividuals
than that between siblings. Over 300 recordingswere
madefrom wild pupsthat wer€ capturedin theroostand
seperatedfrom their mothers long enough to record
approximately 100 calls. Pups nursing from the same
mother at the time of capturewere treatedassiblings.In
addition, nine pregnantfemaleswerecapturedfrom each
of two colonies,and kept until pups were volant. Agesof
wild batswereestimatedwith a regressionof captivepup
forearm and weight on age (r2r..".r=.91, r2.nro=.94).
Fourteen call variablesthat describefrequency,time
and spectral characteristicsof the first and second
harmonicsweremeasuredon at leastsevencallsfrom each
pup. The pattern of frequencychangeover time exhibits
high repeatability within individuals but extensive
variability between individuals of the same age.
Classificationof callsof 39 individuals into l9 familiesby
discriminant function analysisrevealsthat the calls of 3
day old sibscan be assignedto their conect family 80%of
thetime. Furthermore,malesdiffer from femalesin those
variablesrelatedto spectralcharacteristics.Theseresults
indicatethat isolation calls can serveas vocal signatures
that containinformation about pup sexandfamily identy.
Repeatedmeasuresanalysisofthecalls ofcaptivebatswill
describethe ontogenyof vocalizationsand explain how
call variableschangeas pups mature.
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Postnatsl Growth Curves end Predictive Age
Equations For Antrozous pallidus and Eptesbus
fuscus in Arlzonr
RonnieSidner,Departmentof Ecologyand Evolutionary
Biology, University of Arizona
Measurementsof weight, forearm length, and the
epiphysesof wing boneswere recordedin the field from
marked juveline bas of known age. Individuals were
capturedfrom one to twelve times during the surnmerof
postnatal development. From these data, empirical
growth curves were drawn and linear portions of the
curves were usedin regressionanalysesto constructage
predictive regressionequations for the two speciesof
insectivorousbats.Predictiveageequationsprovide the
necessarytoolsfor determiningagein unknown juvenile
animals, the importance of which has been discussed
previously.Thepallid baaandbigbrown batsin thisstudy
utilizethesamematernitysitesandaresubjectedtosimilar
environmental conditions during post natal growth.
Comparisonsof thegrowth curvesbetweenthesespecies
and between geographically separatedpopulations of
thesespecieswill eventually be usedto test hypotheses
about adaptive changesin closely related populations
under different environmental selection pressures.In
addition,thesignificanceof thesepatternsto the evolution
of other life history phenomenawill be evaluated.
An Integrated View of Acoustic Imaging by the FM
Echolocating Bort,Eptesicus Juscus
James A. Simmons, Department of Psychologyand
Section of Neurobiology, Division of Biology and
Medicine, Brown University
The big brown bat, Eptesicusfuscus,emitsfrequencymodulated (FM) echolocation signals and perceives
spatialimagesderivedfrom auditory processingof echoes.
The initial neuralrepresentationof emissionsand echoes
is a spectrogramcomposedof dischargesmarking the
time-of-occurrenceof differentfrequenciesin FM sweeps.
The integration-timefor FM signalsbeing convertedto
spectrograms is about 3601sec. Target range is
determined from echo delay and representedas a
frequency-by-frequencyset of estimates of the time
betweenthe emissionand echospectrograms.The image
formed from these spectrogram delays is the
crossconelationfunction of echoes.Theshapeof targetsis
perceivedin termsof rangeprofile, or the distribution of
reflecting points along the range axis. Shape is thus
quantified by rangeseparationwithin the target.If two
reflectingpointsin a targetare closertogetherthan 6 cm,
they return echocomponentsseparat€dby lessthan 350
havelinear
4sec.(the insectspursuedby Eptesicususually
dimensions smaller than 6 cm.) The spectrogram
representations
ofthe echocomponentsmix togetherand
are no longer separable in time. Mixing of echo
compon€nh within the 350-7sec integration-time

Volume30:4

window createsan interferencespectrumwhose peaks
and notchesarerelatedto the original time separationof
the echo components. Although the sectrum of the
combinedechocomponentsis relatedto thetarget'srange
profile, thebat nevertheless
transformsspectralpeak and
of theecho
notchesinto anestimateof thetime separation
components.Eptesicusexplicitly perceivesthe targetas
having two partslocated at different ranges.The image
that is derivedfrom thespectrum-transformed-into-timeseparationis alsothecrosscorrelationfunctionfor echoes,
in this casefor echoesfrom the secondreflectingsurface.
The bat thus usestwo sigtal-processingpaths to the
complete croscorrelation function of echoes:Echoes
from thetarget'sleadingedgefollow a directpathfrom the
spectrogram delays to the crosscorrelationfunction.
modify thespectrum
Echoesfrom thetarget'strailingedge
of the echo from the target cakenas a whole, and an
indirect path leads from this spectrum to the
crosscorrelationfunction. The second crossconelation
function is then added to the first to form the image
perceivedby the bat. The perceiveddimensionofdelaytime supports construction of the whole image and is
by
perceivedwith an accuracyofabout l0 nanoseconds
Eptesbus.

The Energetics of lactation in the Evening Bat'
Nycticeius humeralis
S.R.E. Steele,Department of Zoology, University of
Maryland
FemaleNycticeiushumeralis raisetwo offspring in a
reproductiveseasonwhile many other North American
bat speciesraiseonly one.The reproductivebiology ofl/.
humeralis was studied at four matemity colonic in
northern Missouri to determine whether the pattern of
reproductive investmentdiffers from speciesthat raise
only one offspringin a season.The energyexpendedby
femalesduringlactationwasmeasuredasanindicationof
reproductive investment. Females gave birth to 2'2
offspring in early June. The combined weight of the
newbornoffspringwasapproximately407oof thefemale's
weight andexceededI 30%when theybeganforaging3-4
weekslater.Ajuvenile wasconsideredtobeforagingafter
the last date it was caught without insect debris in its
mouth. Field Metabolic Rates(FMR) of 20 freeranging
femaleswere obtainedusing doubly labeledwater' The
mean FMR for early (12 June), mid (22'24 June),and
latelactation( I 0- I 5 July) w ere96'07, I 39.3l, and89.29
ml COr/gran day respectively,while the mean post
lactatioi level was 77.90 ml COr/gd (24 August). The
energyexpendedin milk productionwill be measuredby
determining the caloric content of milk by bomb
calorimetry and the volume produced estimated by
isotopedilution in the pups' Factorsthat may allow i{.
humeralis to use a different reproductive investment
pattern and reproduceat a higher rate than many other
North American speciesare discussed.
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Electrical Stimulstion of the Auditory Cortex
Facilitates Acoustically Evoked Responses of
Cerebellar Neurons of the Echolocating Bat,
R hino lop ho us pear so ni' chine sis
DexueSun,XindeSunandPhilipH.-S.Jen,Department
of Biology, East China Normal University, PRC and
Division of Biological Sciences,University of Missouri
The influenceofthe auditory cortex on the cerebellum
of the CF-FM bat, Rhinolophus pearsoni chinesis was
studiedby examiningtheeffectofelectricalstimulationof
the auditory responses
of 284 neuronsisolatedfrom the
cerebellar vermis, hemispheres,and paraflocculus of
Rhinolophuspearsonicchinesiswere first studiedunder
freefield acousticstimulationconditions.The BFsof these
rangedfrom24to 76 kHzbut
cerebellarauditoryneurons
theymostlyfall eitherbetrween48 and 64 kHz or between
65 and 76 kHz However. the BF distribution varies
among vermal, hemisphericand parafloccularneurons.
Threshold curves of cerebellar neurons are generally
broadbut thosetunedto thefrequencyof thepredominant
CF componentareextremelynarrow. Response
latencies
ofcerebellarDeuronsrangedfrom 2 to 48 ms suggesting
multiple auditory cerebellar pathways. The latency
distribution also variesamong vermal,hemisphericand
parafloccular neurons. Although both the vermis and
hemispherescontain
a disproportionate
numberof 65-74
kHz neurons,the responselatenciesof those neurons
isolatedfrom thevermisaregenerallystabilizedbetween5
and 12 ms. Electricalstimulation of the auditory cortex
evokes dischargesfrom a recordedcerebellarauditory
neuron.Cortical stimulation also facilitatesthe response
ofan acousticallyevokedcerebellarneuronby increasing
its number of impulses. The degree of facilitation is
dependentupon the amplitude of the acousticstimulus.
For a given electricaland acousticstimulationcondition,
thefacilitativelatencyand thedegreeoffacilitation varied
with the inter-stimulus-interval.Among 23 neurons
studied,mostof them( I 9 neurons,82.6%)had a maximal
facilitativelatencybetween2 and l0 msec.By examining
the difference in the facilitative effect in each isolated
cerebellar auditory neuron before and after a topical
applicationoflocal anesthetic,procaine,onto thepoint of
electricalstimulationin theauditorycortex,wefoundthat
thepathwaysto vermaland hemisphericneuronsmay be
differentfrom the pathwayto parafloccularneurons.The
facilitatative influence of the auditory cortex on the
cerebellarauditory neuronsis assumedto enhancethe
cerebellarrole in acousticmotor orientation.(Supported
by NIH grant NS20527).
Ultrastructural Yariation in Chiropteran Salivary
Glands
Bernard Tandler and Carleton Phillips, Case Western
ReserveUniversity and Hofttra University
Mammalian salivaryglandsare functionally complex
being involved in diverse biological roles, including

digestion,behavior, protection of the digestivemucosa
and teeth and control of oral bacteria and viruses.The
histology and ultrastructure of salivary glands in some
ways relate to each of these manifold roles. We have
selected bats as a model system for evaluating the
structure-function relationship in salivary glands. We
nine
representing
haveexaminedmorethan 150species,
familiesof bats.No two specic areexactlythesameat the
ultrastructural level. For intance, the granules in the
seoetory cellsin theendpiecesoftenarehighly structured;
theyvary in waysthat correlatewith geneticrelationships.
This issignificantbecausethegranulecontentsincludethe
macromoleculesthat form the organiccomponentof the
primary saliva.Variation in thesecontentsmight relateto
specificrequirements,dietary or otherwise,of individual
species.The duct systemalsois highly variableand seems
tobe morecloselycorrelatedtodietthanarethesecretory
cells.For example,vampire batspossessa brush borderlike array of microvilli on the luminal surface of the
striatedduct. This complex may be relatedto the sodium
load taken on by theseanimals by virtue of their blood
diet. In contrast,striatedduct cellsin many fruit batslack
microvilli, but have leaflike apical processeswhose
limiting plasma membrane is underlaid by a seriesof
repeating subunits, the portasomes,which have been
shown to play a role in sodium conservationin other
organsin a varietyof animals.In additionto theirrole in
electrolyte homeostases,striated ducts cells have a
secretoryfunction elaboratingorganic macromolecules
that probably include severalgrowth factors and vasoactive and pheromone-likesubstances.We have found
that comparisons of chiropteran salivary gland
ultrastructurehave taxonomic utility, may suggestnovel
features of chiropteran behavior and could clarify a
numberof aspectsof secretorycell evolutionand function.
Supportedby N.I.H. # DE 07648.

Detecting Doppler Shift
John Taylor, Departmentof Biology, York University
The term "constant frequency" (CF) is often usedto
describenarrow band signalsusedby echolocatingbats.
Although a variety of signalshave been labelled "CF"
thereappearsto havebeenlittle effort to definethis term.
For batswith the appropriateauditory specializationsan
important advantageof CF calls is the ability to exploit
Doppler shiftedechosgeneratedby the beatingwings of
insectprey. My investigationwas designedto determine
the characteristicsof an artificial signal that produced
appreciable Doppler-shifted echoesoff of a fluttering
target. I considered signal frequency, duration and
bandwidthaswell astherateoffluttering andtheinfluence
of backgroundclutter. The resultswill be discussedin the
context of the auditory systems of bats and the
echolocationcalls usedby bats.
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Response Properties of Neurons in the Dorsolateral
and Lsteral Pontine Nuclei of the Big Brown Bat,
Eptesicus tuscus, to Acoustic StimuH

The Supression of the Alarm of the Hibernating Bat
Clock by Ught and the Stimulation of Arousal from
Hibernation by the Cessation of Light.

Haibing Teng,DivisionofBiological Sciences,University
of Missouri

John W. Twente and Janet Twente, Division of
Biological Sciences,University of Missouri

In acousticsignal transmission,the outflow from the
auditory cortex and the inferior colliculus terminatesat
the pontinenuclei (PN) which in turn project fibersupon
the cerebellum.Somecerebellarfibers also project onto
the PN. Thus, auditory information can be intergratedat
the PN before it reachesto the cerebellum which is
involved in motor orientation.To understandhowthe PN
are involved in acoustic signal integration, response
propertiesof 501 pontine neuronsto pure tone stimuli (4
msecduration, 0.5 msecrise-decaytimes) in 9 Eptesitus
fuscus were studied under free-field stimulation
conditions. Pure tone pulses were delivered from a
loudspeakerplaced68 cm in front of a bat. 3M KCI glass
micropipetteelectrodeswereinsertedventrallyat anangle
of about 60o to the horizontal plane of the exposedbat's
brain. A tungstenwire electrodewas always usedfor the
lastrecordingsothattwo smalllesionsonthefirstandlast
recorded neuronswere made for reconstructionof the
recording track. All 501 neurons were recordedat the
dorsolateraland lateral PN. The responsepatternof 493
neuronswas examined.Most of them (N=423, 86%)
dischargedeitherlessthan 3 impulses(phasicresponders,
N=143, 29Vo)or 4-7 impulses(phasicbursters,N=280,
57Vo).Tlneremaining (N=69, l47o) were tonic neurons
which fired many impulsesthroughout stimulus.An off
responder which dischargedupon the cesgtion of the
stimuluswasalsorecorded.The responselatencyof these
neuronsrangedbetween3 and 38 msec.Neuronsin the
rostralPNhadalongerlatency(N=285,mean=t0.63L4.24)
than those recorded in the caudal PN (N=208,
mean=7.38!2.76)(P (0.001). This observationsuggests
that thePN receiveauditoryinputsfrom differentauditory
centers.The minimum threshold of these neuronswas
between4 and 9l dB SPL but most (N=423,84Vo)were
below 50 dB SPL. The best frequency (BF) of these
neuronsrangedfronl4to 100kHzwithmost(N=39,787o)
between 30 and 60 kHz. All threshold curves of 164
neuronsmeasuredwere broad with their QrodB values
less than 15 (mean=4.65t2.74). Furthermore, the
distribution of BFs of recordedpontine neuronswas not
orderly organized. The fact that all these response
properties are similar to those of cerebellar auditory
neuronssuggeststhat the PN have intergratedincoming
auditory information before sendingto the cerebellum.
(supportedbyNIHgrant lROl-NS20527 toP H-S Jen).

We have reporteda powerful biological alarm clock
that arouseshibernatingbig brown bats(Eptesicusfuscus)
only in the afternoon and evening hours, even after
periods of hibernation of 38 days in duration. Despite
maintenancein continousdarkness,the rhythm did not
becomefree-runningand,wheretested,persistedwithout
significant deviation from November to April. The
rhythm wasindependentofthe duration ofthe p€riod of
hibernation;temperature;time of entry into hibernation;
time of day of sunset;changesin air pressure;and other
obviousenvironmentalvariables.We havebeenunableto
establishwhether this remarkable rhythm was under
exogenousor endogenousregulation.
Attempts to rephase this rhythm by exposing
hibernatingbatsto differentlight regimenswerenegative,
but they resulted in the following unexpected and
unexplainedresults:( I ) daily exposureofhibernatingbats
to 8- I 2 hoursoflight, irrespectiveofintensity ( I x 10-3to I
x 10-t watts/cm2) suppressedarousal at the expected
times;virtually neverdid a bat arouseduring illumination;
(2) arousals, if they were to occur (bats frequently
hibernated many days through as many exposures)
always proceeded within two hours after the
extinguishmentof light; (3) shifting of the time of day of
exposure had no effect upon the previous two
light alwaysinhibited arousalandarousal,if
observations:
it occurred,alwaysdid sowithin two houn afterthelights
were abolished;(4) exposureto light did not rephasethe
rhythm to hibernatingbats:when the batswere returned
to continuousdarknessafter experimentswith light they
revertedto previousarousaltimes.
The stimulationof arousalafterthecessationof thelight
stimulus would seem to be a unique, behavioral
adaptation which may have adaptive siglificance. E
fuscus often hibernate near cave entranc€sin dimly
lightedplaces(e.g.,ca. I x I 0-7watts/cm2).Thelow levels
of light effective in stimulation arousal upon
extinguishmentunderexperimentalconditionsarewithin
the levels naturally experienced.Bats in lighted zones
would be arousedfor evening flight for movement of
feeding at propitious times, whereasthose in darkness
deeper within the cave would rely upon the biological
alarm clock for the same signal.

Winter 1990

Bat ResearchNews

A Technique for Monitoring Insect Abundance and
Biomass in Real-Time

Fruit Consumption and Seed Dispersal of Three Fig
Species by Frugivorous Bats (Pteropodidae) in a
Philippine Primary Forest

Karen Tyrell, Department of Ecology, Ethology, &
Evolution, University of Illinois at Urbana

Ruth C. B. Utzurrum, Departmentof Biology, Boston
University

Bat researchersmay be interestedin the activity and
abundance of flying insects in areas where bats are
foraging.I havedevelopeda techniqueby which both the
number of flying insectspresentand the biomassof these
insectscanbe quantifiedin real-time,allowing thesedata
to be correlatedwith changesin the environmentwhich
occur over time. Furthermore,the investigatorneednot
be presentto collect samples.
A "bug zapper"(electronicinsectkiller) wasplacedin
theareaofinterest.Amicrophone wasplaced0.25m from
the bug npryr, and connected to the mic input of a
tap€recorder.Out-putfrom thetaperecorder(set
cassette
on "record") was fed into a chart recorder via the
"monitor" output jack. (The circuit diagram for
connectingthe cassetterecorder and the chart recorder
will be made available.)An extensioncord (125 m)
connectedthemic to thecassettetaperecorder,sothat the
recorderscould be housedin a rain-proofenclosurenear
an AC posersource.The bug zappercameequippedwith
a photocellonloffautomatic timer;a photocellcould also
be usedto turn on the chart and tape recorders.
Insectswereattractedto the blacklight at the centerof
the "zapper" and electrocutedasthey nearthe metalgrid
surroundingthelight. Thisproduceda brief,intensesound
(relative to background) which was transducedand
displayed as an easily-recognizablepeak on the chart
recorderprintout. The numberofpeak appearingon the
printotrt wasapproximatelyequalto thenumberof insects
killed. Relative biomass of thce insects could be
determinedby calculatingtheareaunderthecurveofeach
peak (a straightforwardmeasurementdue to the nearlinear onsetof the peaks):the greaterthe area,the greater
the biomass.
Resultsof control experimentsshowedthat on nights
where more insectswere captured using conventional
insecttrapping methods,more insectswere zapped,and
that biomassestimatesfrom the techniquesused were
similar. However, this techniquehad a few drawbacks:
only positivelyphototaxicinsectswill be attractedto the
blacklight; insects zapped simultaneously cannot be
distinguished; very large insects were probably
underrepresented
becausethey cannot easily reach the
killing grid. While the chart printout cannot be usedto
directlyidentify species,
a tray canbeattachedbeneaththe
zappr to collect the dead insectsfor identification.

Patternsof fruit consumptionandseeddispersalaround
individuals of three fig species(i.e.,Ficus chrysolepis,F.
crassicalyx, and F. pubinervis) were documented in a
partially disturbedprimary rain forestsurroundinglake
Balinsasayao(800 m elev.) in Negros Oriental, central
Philippines. Diurnal and nocturnal visitors were
recorded,bat-generatedseedshadowswere examined;
andsampleseedsfrom ejecta,splats,and fallenfruits were
germinatedon moist filter paper in petri dishes.
Eight of ten pteropodid frugivores in the area were
found to consume the fig fruits. F. chrysolepis and F.
pubinervis wereeatenby potentially all 8 species,from a
20 g Haplonycteris fischeri to a 1000+ g Acerodon
jubatus. Only the three largest bats consurned L
crassicalyxfruits.All threefig specieswere canopytrees.
Exceptfor 11crassicalyx(which turned red and mushy),
fruits remained generally green-coloredand firm upon
(22.8%insplaa)
maturity.Atotal of 1,088seedaggregates
were collected from the F. chrysoleplstransectsover a
25-day period; 45.57owere taken beneath the crown.
1,605 aggregateswere collected from fi, pubinervis
transectsovera224ay period;l% wasin splats,and75.5%
were beneath the crown. Only 15 aggregatesof ,R
crassicalyxwere collectedover 81 days:46.77oas splats
and l00Vo as beneath-crown deposits. Macacques
(Macacafascicularis)werethe only diurnal visitorsin F.
chrysolepis;none were observedat the F. pubinervis.
Small doves (Phapitreron spp.) made infrequent feeding
visits to F. crassicalyx.
of .E chrysolepis*eds
Mean germinationpercentages
were 27.83Vo,3938% and 60.07ofor samplestaken from
fruits (N=20), ejecta (N=16), and splats (N=16),
respectively.Splatshad higherseedcontentper unit mass
than either fruits or ejecta; they also had higher
proportionsof matureand intact seeds(85-99%)than do
fruits (35-50%)and ejecta(0-3570)
Theseresultsindicate the importance of fig fruits as a
resourcefor frugivorous bats in the area, and probably
elsewherein the Philippines. They indicate interesting
physiological and nutritional aspects to observed
differential patterns of consumption that need
investigating.Although seedshadowsare highly skewed
towardsthetreebaseandreflecta localizedpatternof seed
fall, since a high percenta9earc in the form of ejecta
containing fewer viable seeds(based on germination
results),it is mostlikely that the fruit batsdo contribute
significantlytoeffectivedispersaloffigseedsin theform of
splats. These findings bear important implications to
Philippine forest conservation,especiallyon aspectsof
natural regeneration of disturbed areas that adjoin
remnantsof primary forest.
This presentation was awarded second place
i n the student honors compet it ion.
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Innervation of the Lips of the Fringe-lipped Bat'
TrachoPs cbrhosus
Allison Weiss,Robert S. Gilley, and CarletonJ'.Phillips'
Department of Biology, Hofstra Univenity
The fringe-lipped bat Trachops cirrhosus; is best
part of
known for iis usi of neotropicalanuransasa major
of
itt Jitt. Trachops is distinguishedby the presence
Immunohistochemical
nnger-tite projectionson its lips'
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Nonparental Suckling in the Evening Bafi Effects of
Food Availability end Foraging Success
Jerry Wilkinson, Departmentof Zoology, University of
MarYland
Female evening bats have been reported to nurse
indiscriminatelyaftertheir youngreachtwo weeksofage'
For the past two summerswe have observednursing
femalesand pupsin an attic-nursery
a.ong
"olot-banded
to confirm or refute this
Missouri
.oion! in northern
our resultsindicate
of
observations
l50h
over
After
claim.
that most young nursefrom a singlefemale'However,at
least28 of Ca3nuning bous were nonparentalbecause
pupsnursedfrom mori than one female,had maternally
incompatible electrophoretic genotypes or were
estimaied to be at least 5 days older or younger than
tno*n offspring. These bouts were comparable in
duration to thote bet*een same-agedpupsand mothers'
Although femaleeveningbatsreturn to their natalcolony
to reprfouce, we do not have evidencethat nonparental
nursing occurs among kin or kin groups' The alerage
relarcrJnessbetween nonparental females and pups
(r = 0.025) is indistinguisable. from . the . average
ielatednessamong adult femalesin a colony (r=0'007'
basedon 7 colonies).Although we did observeonecaseof
reciprocal nursing,given the rarity ofthis behavior we
doubt that reciprocalnonparentalnursingcan provide a
substantialbenefit to participants.At presentwe suspect
that nonparentalnursing,when it occun, imposesa small
coston tire femalebut providesa potentiallylargebenefit
to the pup. Nonparental nursing occurs near the age
(av erage=26 dayi)at which youngarelearningto fl y and
iorage-independentlyand their mother's milk flow is
begiining to wane. by monitoring variation in nightly
prJy Oeniity throughout the summerwith five Johnson'f"ytot
typ" suctiontrapswe found that the frequencyof
nonparenialnursingcorrelateswith averagepreydensity'
Theie data are consistentwith the hypothesisthat pups
seekmilk from adultswith an
which forageunsuccessfully
abundancJofmilk. We arecunently testingthisideausing
video records of bat departure and arrival times and
weights.
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After many seasonsof separatingmother bats from their babies and
causing them untold anxiety and grief, Gary McCracken is shown here
being separatedfrom the rest of us and carried off to his just rewards by the
biggest"mother" of them all.

