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ln 1977 EMC Corporation of St. Paul Minnesota published a book on bats for young readers. The author is
George Shea, Scott W. Earle has done the i l lustrations, and the book is called 'Bats'. TheLibrary of
Congress numbr is JUV OL 737 C5 S49.

The National Speleological Society has formed a Bat Subcommittee, under the NSS Conservation Committee.
The objectives of this subcommittee are (1)to promote the preservation of and public education of bats,
and (2) to develop a membership which wil lwork actively toward the first objective. Persons interesting
in becoming a member should contact  Thomas Lera,  the Chairman of  the bat subcommit tee;415 Aldine
16-D, Chicago l l l inois 60657. ( th is f rom the NSS News, Dec. 1977).

R. V. Peterson, (Biosystematics Research Institute, Agriculture Canada Research Branch, K.W. Neatby Build-
ing, Ottawa, Canada KIA OC6) made the following request about some bat ectoparasites. ' ln connec-
tion with current studies on the New World Nycteribiidae, Streblidae (Diptera) and polyctenidae
(Hemiptera) - ectoparasites of bats - | am anxious to receive specimens from as many localit ies as poss-
ible. Specimens from all of eastern North America, and especially from the southeastern States are
urgently needed. lf any readers of BRN have specimens they could donate or make available for study,
I would be pleased to receive them.'

Several readers sent me copies of a ghastly advertisement which offers people a solution to problems with
bats.  The BATRAP KILLS YOUR BATS, you don' t  see them! you don' t  handle themland, there's no
odor! | hope that the people who designed, sold or used this ghoulish device are appropriately rewarded
(as soon as possible).  Bats do need fr iends.

MEETINGS

Fif th Internat ional  Bat Research Conference, 6 -  11 August 1978 in Albuquerque, New Mexico. For fur ther
information contact James S. Findley. Museum of Southwestern Biology, University of New Mexico,
Albuquerque, New Mexico 871-31, or Don E. Wi lson, Nat ional  Fish andWildl i fe Laboratory,Nat ional
Museum of Natural History, Washington, D.C. 20b60

The Second "Congressus Ther io logicus Internat ional is"  tb be held at  the Brno Exhibi t ions and Fairs,  Brno,
Czechoslovakia between 20 and 27 June 1978. For more information contact: The Secretary, l l .
Congressus Theriologicus Internationalis, Institute of Vertebrate Zoology, Czechoslovak Academy of
Sciences, Kvetna 8, 603 65 Brno, Czechoslovalia.
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insect bat, Tadarida niqeriae. Acta Zool. b8: 83-g3.
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Gosling, N.M. 1977. Winter record of the silver-haired bat, Lasionycteris noctivagans LeConte, in Michigan.
J.  Mamm. 58: 657. Department of  Biology, Western Michigan Universi ty,  Kalamazoo, Michigan 49008.

Harvey, M.J. ,  M.L.  Kennedy and T.L.  Best.  1976. Distr ibut ion and ecology of  bats in the state of  Col ima,
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Gofdman, L.J. and O.W. Henson Jr. 1977. Prey recognition and selection by the constant frequency bat,

Pteronotus parnell i i  parnell i i . Behav. Ecol. Sociobiol. 2: 41142O. Department of Anatomy, Univer-

s i ty of  North Carol ina.  Chapel  Hi l l ,  N.C. 27514.

Gopalakr ishna, A. and P.N. Choudhar i .  1977. Breeding habi ts and associated phenomena in some Indian bats,

Part  |  -  Rousettus leschenaul t i  (Demarest)  -  Megachiroptera.  J.  Bombay Nat.  Hist .  Soc.74: 1-16.

Howel l .  D.J.  1977. Time shar ing and body part i t ioning in bat-plant pol l inat ion systems. Nature 27: 5O9.

Manly,  B.F.J.  1977. The analysis of  t rapping records for  b i rds t rapped in mist  nets.  Biometr ics 33: 44-410.

Biometr ics Uni t ,  Universi ty of  Otago, P.O. Box 56, Dunedin,  New Zealand.

O'Farrel l ,  M.J.  and E.H. Studier.  1976. Seasonal  changes in wing loading, body composi t ion and organ

weights in Myotis thysanodes and M. lucifugus (Chiroptera : Vesperti l ionidae). Bull. South. Calif. Acad.

Sci. 75: 258-266.
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Poots, L. 1977. Tiivulised vs1nut16. Eesti Loodus 1977 no.7: 435438.
Robbins,  L.W.,  M.D. Engstrom, R.B. Wi lhelm, and J.R. Choate.  1977. Ecogeographic status of  Myot is le ib i i

in Kansas. Mammal ia 41: 365-366.

Biology of Bats

Volume 3 of  Biology of  Bats,  edi ted byW.A.Wimsattwaspubl ished in December 1977,and isavai lable
from Academic Press. lf you are a subscriber to the series, the cost is $50.00 U.S., if you are not, the cost is
$59.00 U.S. The book, which includes an introduction by Wimsatt, contains five chapters . . .

Bradbury, J.W. Social organization and communication. Chapter 1.
Novick, A. Acoustic communications. Chapter 2.
Kallen, F. Cardiovascular systems of bats: structure and function. Chapter 3.
Riedesel ,  M. Blood physiology. Chapter 4.
Rasweiler, J.J. lV. The care and management of bats as laboratory animals. Chapter 5.

lN PRESS (or accepted for publ icat ion)

Arata, A. and M. Thomas. in press. Reproduction and pupulation dynamics of Neotropical bats. Revue
Suisse de Zoologie.

Koopman, K.F. in press. The genus Nycticeius (Vesperti l ionidae) with special reference to tropical Australia.
Proc. East African Acad. Sci.

Koopman, K.F. in press. Zoogeography of Peruvian bats with special emphasis on the role of the Andes.
American Museum Novi tates or Bul l .  Am. Mus. Nat.  Hist .

Koopman, K.F., R.E. Mumford and J.F. Heisterberg. in press. Bat records from Upper Volta, west Africa.
American M useum Novitates.

I hope that some of our readers might take a few moments and send in some more material for this abbreviat-
ed sect ion.  Thank you!

outcKlEs

This month we have two . . . One, by C.V. Trimarchi was solicited by me, the other was submitted for consi.
deration and accepted.
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RABIES IN INSECTIVOROUS TEMPERATE-ZONE BATS

Charles V. Tr imarchi

In recent years several cases of human rabies from the bite of insectivorous bats have

been reported; the most recent was in 1976, when a woman died of rabies after being

bitten by a rabid big brown bat. Although only 10 cases of human deaths from rabies trans-

mitted by bats have been reported in the United States, the very nature of this disease at-

t racks wide at tent ion and el ic i ts demands for the el iminat ion of  bat  populat ions.  However,

there is no evidence that the destruction of bats and their habitat is effective in reducing the
public health hazard of bat rabies. Better understanding of bat rabies would ensure that
ecologically sound and effective measures are adopted for the management of this disease.

The f i rst  rabid bat reported in North America was found in Flor ida in 1953. Since

that t ime the disease has been reported from all 48 contiguous United States and all pro-

vinces of Canada except the Martimes; a small number of cases have been reported in
Europe and Asia. The total number of rabid bats reported each year in the United States
has increased to an average of nearly 500 and now accounts lor 10-2oo/o of the number of all

species. The geographic distribution of bat rabies is largely independent of that for rabies in

terrestrial animals. Each year there are 10 to 15 states. generally in the northwest and

eastern seaboard, which report rabies exclusively in bats. Most cases of rabies in nontropical

bats have been reported during the summer months.

The virus has been isolated from most species of North Temperate Zone bats, includ-

ing almost al l  that  have been adequately sampled. Rabies in migratory species,  including

Lasiurus borealis and L. cinereus and Lasionycterus noctivagans, account for roughly 40%

of reported cases. In these species the positivity rate in submitted specimens is much higher

that in colonial bats. This is, at least in part, a reflection of the rarity of contact between

humans and healthy migratory bats. In New York State during the last decade the infection
rate in bats submit ted for examinat ion,  which includes a large number of  animals behaving

abnormally, has remained remarkably constant at 3-5% each year.

Rabies is an acute, infectious disease of the central nervous system. lt is caused by a
bul let-shaped RNA virus of  the rhabdovirus group, which is normal ly t ransmit ted by the bi te

of an infected animal. After exposure there is an incubation period varying in length from

two weeks to several months. With rare exceptions, the disease is fatal orice clinical symp-
toms develop.

The course in Temperate Zone bats is similar. Naturally infected bats exhibit ab-
normal behavior, including aggressiveness, paralysis, and death after 3-5 days. Early reports

of bats as asymptomatic carriers of rabies virus have not been substantiated for Temperate

Zone insectivorous species. Modern virologic techniques have not demonstrated rabies virus

in the sal ivary glands of  bats unless i t  is  a lso present in brain t issue. However,  unusual ly

long incubation periods of over one year have been reported in captive bats. In big brown
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bats there have been extended per iods of  up to 10 days'c l in ical  i l lness wi th v i rus being shed in

the sal iva dur ing the ent i re per iod.

Aerosol  t ransmission of  rabies v i rus f rom bats to man and other terrestr ia l  mammals,  wel l

documented in the Fr io Cave populat ion of  Mexican freetai ls,  is  apparent ly dependent of

unique condi t ions of  animal densi ty and extremely high bat infect ion rates,  which have never

been reported in North Temperate Zone bats. Although rabies virus can be demonstrated in

the lungs, nasal  mucosa, and ur inary bladder epi thel ium of natural ly infected bats,  the low

quantit ies of virus in these organs compared to salivary glands, along with the frequency of

bit ing even among healthy bats, suggest the bits route as the most common route of transmis-

sion of the virus between bats.

Although one might expect that a virus transmitted by bite would move rapidly through

a populat ion of  animals having as much physical  contact  as our colonial  bats,  th is does not

appear to be the case. Once virus has been confirmed in a population of bats, however, the l ike-

l ihood of  some addi t ional  infected indiv iduals in subsequent years is qui te high. For several

years I  have invest igated colonies f rom which rabid batshave been conf i rmed. Every animal in

the colony found dead. s ick,  or  act ing abnormal ly was examined for v i rus and, i f  a l ive,  for

antibody. ln each colony the result has been identif ication of one or two rabid bats per year.

In addi t ion,  on two occasions, exterminat ion of  an " infected" colony resul ted in rapid recolon-

izat ion of  the roost and ident i f icat ion of  one or more rabid indiv iduals in the new populat ion.

On the other hand, examinat ion of  randomly selected colonies of  bats rarely turns up evidence

of rabies infect ion.  These observat ions,  a long with the relat ively smal l  number of  rabid bats

identif ied each year among the animals referred to our laboratory for study, suggest a low

incidence of infection in bats.

Studies designed to measure susceptibil i ty of terrestrial animals to rabies from bat bites

have produced varying resul ts.  Intamuscular inoculat ion of  red bat rabies v i rus isolates caused

infection in several species of animals, but numerous bites by rabid red bats failed to infect

striped skunks. Bites by big brown, silver-haired, and MYotis bats were capable of infecting

laboratory mice. The face that several states report bat rabies but have been free of terrestrial

animal rabies for years also belies the significance of bats as a source of rabies virus for other

mammals.  Ser ia l  passage of  rabies v i rus through mice or t issue cul ture resul ts in the modif ica-

t ion or at tenuat ion of  the v i rus and thus lessens i ts pathogenic i ty for  other hosts.  l t  is  l ikely

that bats are infected with rabies only through the bites of other bats. This bat-to-bat trans'

mission of  the v i rus for  an enormous number of  passages may have diminished i ts ef fect  upon

certain other species wi thout necessar i ly  reducing i ts v i ru lence in bats.

Natural-occurring antirabies antibody has been demonstrated in 5 to 2Oo/o of big and

litt le brown bats in infected colonies. A new microvolume serum neutralization test enables

further studies of  th is phenomenon without the need to k i l l  the bats examined. However,

correlation of antibody levels with a recent incidence of rabies infection in a population has

yet to be established. The appearance of antibody in "healthy" bats can be explained by

recovery from rabies infection, by exposure to rabies virus without infection. or less l ikely, by

BRN 8
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exposure to other viruses of the rhabdovirus group which cross-react serologically with rabies
virus.

The role of stress in the susceptibil i ty of bats to rabies infection cannot be adequately
assessed at this time. However, the high incidence of rabies in bats in captivity. along with
reports of virus reactivation by treatment of test animals with corticosteroids and by over-
crowding, suggests some relat ionship.  Thisfactorsmay play a role in the seasonal  d istr ibut ion
of bat rabies,  especial ly in nonhibernat ing species.

Certainly the public must be informed of the real hazards of contact with bats. but they
must also be made aware of  the s igni f icant ecologic role bats play in ourenvironment.  Publ ic
heal th of f ic ia ls must be cognizant of  the fact  that  use of  toxicants such as DDT in a roostcan
compound the problem by dispersing the weakened and dying animals.  thus increasing the
chance of  human exposure.  Exterminat ion is a temporary solut ion at  best ,  for  bats quickly
recolonize a roost.  Also,  control  ( fumigat ion) measures against  several  colonies of  bats in an
area may produce art i f ic ia l ly  large populat ions in neighbor ing colonies as bats respond to the
disturbance and move. This could create overcrowding and stress,  a favorable environment for
severe epizoot ics such as those found with other wi ld l i fe species.

In response to demands from indiv iduals and government of f ic ia ls to el iminate bat
populat ions.  a comprehensive program to deal  wi th the problem should be evolved. l t  musr
reduce the hazard of human exposure to rabid bats while protecting our bat populations. We
must also cont inue to answer quest ions on the extent,  d istr ibut ion,  and epidemiology of  bat
rabies. Bats should be collected for virologic and antibody studies from each colony where
there has been a laboratoryconf i rmed case of  rabies.  Bat colonies in bui ld ings such as schools,
hospi ta ls,  and homes, where the hazard of  human exposure is high but no recent history of
rabies exists,  should be displaced by structural  modif icat ion of  the bui ld ings.  This can include
the closing of  entrance holes,  removal  of  sof f i ts ,  repair  of  roofs and chimneys, and change in
vent i lat ion or l ight ing.

The public must be aware that if they are bitten by a bat, they should was the wound
immediately.  see immediate medical  t reatment,  and see that the bat is examined for rabies.
Physicians and emergency rooms must be informed of current procedures of treatment. Post-
exposure immunizat ion for  rabies is undergoing major modif icat ions at  th is t ime. For passive
immunizat ion ant i rabies serum of equine or ig in has now been general ly replaced by hyper-

immune globul in of  human or ig in.*  This el iminates many adverse react ions.  For act ive im-
munizat ion a new vaccine using virus grown in cel l  cul ture and then inact ivated is already
avai lable in Europe and in Canada and is expected to be l icensed short ly in the Uni ted States.
The higher potency and reduced risk of adverse reactions of these new vaccines should also
encourage indiv iduals studying bats to receive preexposure immunizat ion.

*Rabies lmmune Globul in (human) "Hyper Rab,"  Cutter Laborator ies,  Inc. .  Berkeley,  Cal i f .
947 10
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Although bat infection rates are low and human deaths from bat rabies rare, many

people receive precautionary rabies immunization because of known or suspected bat bites.

Because of  th is,  bat  rabies wi l l  cont inue to be a highly publ ic ized publ ic heal th issue. Research

is necessary to define the extent and distribution of bat rabies and its relation to rabies cycles

in other vertebrates. The results of these studies wil l hopefully lead to the management of this

problem, which threatens what should be a harmonious coexistence of bats and man.
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NEW RECORDS OF DIPTERAN AND ACARINE ECTOPARASITES OF BATS

FROM INDIA

B.D. Sharma and Tej  Sharma

While investigating some Arthropoda ectoparasitic on bats in Jammu and Kashmire State, we found new

records of infestation by fl ies and mites. In the Poonch and Srinagar regions, six specimens of Myotis blythi

Tomes were examined and on four of them we found MacronYssus sp. (Dermanyssidae) and Spintu@rylis
(Kol.) (Spinturnicidae). In the Poonch Valley, of eight specimens of Nyctalus noctual Schreber collected from

cellars and an old ruin, two were infested with the mites Leptotrombidium f-!.t"!g!_Wotersley and Haeslip,
previously unrecorded from lndia: Six of ten other N. noctula from Poonch, Jammu and Srinagar Regions

harboured the nycteribiids Penicil l ida (Penicil l idal dufouri West-wood and Stylidia sp.

We thank Dr.  R.G. Fennah, Director (ClE, London) and Dr.  P.H.V. Grandjean, Hooper Foundat ion
(USA) for identif ication of the ectoparasites. We are especially grateful to Robert Barclay of the Department

of Biology at Carleton University for assistance with this manuscript.

Department of Zoology

Universi ty of  Kumaon

Naini ta l  263001 (U.P.)  INDIA

BOOK REVIEWS

Among the material forwarded to me by the former Editor of Bat Research lews was some books

submitted to him for review by BRN. I have asked some of the graduate students here at Carleton to write

reviews of said books. In future other books that are submitted for review wil l also be distributed to Graduate

Students (here or elsewhere) for review.
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THE LIVES OF BATS by D.W. Yalden and P.A, Morr is.  New York Ouadrangle Press,  the New York Times

Book Co.,  247 pp, i l lustrated. 1975. $9.95.

This straight-forward, easy to read book covers many aspects of bat biology and wil l answer questions about

bats f rom people who are not fami l iar  wi th them. l t  has chapters on f l ight ,  feeding, hibernat ion,  reproduct ion,
population dynamics, echolocation, and the conservation of bats, and a who's who for bats at the end.

The sty le unfortunately is a mixture for  technical  and popular wr i t ing.  The scient i f ic  sect ions include
quoted references (most of  the t ime) and this c lashes with the rest  of  the book which is general ly chatty and

opinionated. Had the authors el iminated the vest igal  scient i f ic  prose. gone into more detai l  in some areas, and

made fewer assumptions about the biological background of their readers, this would have been a very good

book for the general  publ ic.  As i t  stands, i t  could make interest ing reading for scient ists who do not work

with bats.

Al though publ ished in 1975, the book does not make much use of  current l i terature.  In part icular

the chapter on echolocat ion admit tedly rel ies heavi ly on Gri f f in 's Listening in the dark (1958).  Al though

echolocation is an active area of bat research, the most recent reference to that l i terature is 1970.

The book has a strongly European f lavour and much of  the discussion of  h ibernat ion,  reproduct ion

and pupulat ion studies is based on work done in Europe, wi th only passing reference to extensive American

work on the subject.

Many assumptions concerning the readers 'knowledge of  taxonomy would easi ly have been avoided had

reference been made to the (out-of-date) section bats ltVho's Who'.

The use of  sentences such as'Biological ly i t  is  fascinat ing.  but f rom al l  other v iewpoints ut ter ly re-
vol t ing' ,  leads me to th ink that  the book was intended for people wi th a moderate scient i f ic  background and
some cur iosi ty about the 'L ives of  Bats ' .

Br ian C. Hutchinson, Department of  Biology, Car leton Universi ty,  Ottawa Canada

BIBLIOGRAPHY OF BATS (MAMMALIA :  CHIROPTERA) 1958-67 by Adam Krzanowski .  Rheinische
F reder ich-Wilhel  ms-Un iversi tat ,  Bonn, 599 pp. undated.

Al though i t  is  a far  cry f rom the or ig inal  stated goal  of  a 200 year bibl iography of  bats,  th is s izeable volume
is thorough and useful. lt provides accurate reference to more than 5000 tit les spanning the years 1958 to
1967, and including systemat ics,  anatomy, physiology. ecology, behaviour,  management,  and much more.

I made a random search of about 100 tit les published in 1966 as documented in Biological Abstracts or
The Zoological  Record,  and fai led to f ind a s ingle omission in th is volume. I  d id f ind a few ( three) errors in
paginat ion or other referencing detai ls.  One minor but annoying inconsistency I  found concerned the language
of t i t l ing.  Some German and Russian papers are l is ted wi th Engl ish t i t les,  whi le others are not,  and one t i t le,
a paper in Russian with an abstract  in German, is l is ted in German.

The volume is cross- indexed under 88 di f ferent subject  headings. l t  is  a valuable contr ibut ion,  exhaus-
tive in its coverage, and easy to use. We can look forward to the second volume covering 1968 to 1973 and
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promised in the near future.
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Gary P. Bell, Department of Biology, Carleton University, Ottawa, Canada.

BIOLOGY OF BATS OF THE NEW WORLD FAMILY PHYLLOSTOMATIDAE, PART I .  Edi ted by R. J.

Baker, J.K. Jones Jr., and D.C. Carter. Texas Tech University, The Museum Special Publication no. 10,

Texas Tech University Press. 218 pp. 1976. $6.00.

After reading the Editors'introduction which promised a treatise on the phyllostomatids made necessary by

the 'wealth of information . . . which has been gathered', I was disappointed to find how litt le of the volume

actually dealt with this family. The volume is a loosely arranged anthology dealing with bat research in general

with heavy emphasis on the Phyllostomatidae.

The annotated checklist and keys to subfamilies and genera (Jones and Carter) is a valuable took contain-

ing information on species distribution and systematics, and providing key references for some controversial

species. This would have been more useful had some synonyms been included.

The chapter on zoogeography (Koopman) is adequate. However. the lack of data about present distri-

butions and especially about the situation in the past, makes speculations about colonization and centers of

differentiation a bit tenuous. I think that some maps would have been useful in following the analysis of

subregions.

The discussion of chiropteran evolution (Smith), through slanted towards the phyllostomatids, is gener-

al, and suffers from a general lack of data. This chapter is an adequate introduction to the 'state of the art ' in
phyl lostomatid systematics.

The papers on collecting techniques (Tuttle) and care in captivity (Greenhall) are useful and applicable

to bats in general, but short on details about phyllostomatids. The chapter on care in captivity in particular

deals as much with Vesperti l ionidae and Molossidae as it does with Phyllostomatidae.

The brief discussion about economics and conservation (C. Jones) emphasizes bat-human conflict,while

the importance of some phyllostomatids in plant poll ination and dispersal and their relationships with insects

are alluded to only briefly. The excellent discussion of brain anatomy (McDaniel) comes closest to fulf i l l ing

the Editors' promises, and this chapter appears to include much of the data arising from the author's Ph.D.

thesis.

The volume is completed by a review of lactation and milk (Jenness and Studier) which, more than any
other, suffers from a lack of information. The discussion of lactation in the Phyllostomatidae seems strained

since it is based on analysis of 23 species of bats, seven of which are phyllostomatids.

On an individual basis most of the papers in this volume are interesting and useful. A sometimes lack

of data on the Phyllostomatidae notwithstanding, workers in all f ields of bat research wil l f ind this volume

extremely useful.

Gary P. Bell, Department of Biology, Carleton University, Ottawa, Canada.
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NEW SUBSCRIBERS
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In gne of the next numbers of this volume year we wil l include a complete l ist of subscribers based on the
records in the computer.

GRADUATE STUDENT AWARD

Due to the present logistical support provided by both Carleton University and the State University
College at Potsdam, we have been able to effect an unanticipated savings in our operational expenses. This
amount appears to be about $150.00 U.S., the equivalent of approximately $.30 per BRN subscriber. Rather
than adjust the subscription cost by such a token amount, we have decided to make this money available as an
award for a Graduate Student working in Bat Biology. We hope that this money wil l stimulate student in-
terest in bat research.

Specifically this award wil l be presented to that graduate student at the Albuquergue meetings whom we
consider to have presented the most oustanding paper arising from his/her graduate research. By graduate
student we mean someone registered in a graduate programme and working on an advanced degree in the
1977-78 academic year. We reserve the right to verify the academic standing of any applicants. While we
intend this award for graduate students, we do not preclude senior undergraduates from the competition.

Pending the continued availabil ity of these funds, we wil l present the money to the winner at the Albu-
querque meetings. The winner wil l be selected by a panel of f ive people, including J.A. Simmons, K.F. Koop-
man, J.S. Findley,  G.R. Horst  and M.B. Fenton.

To be considered for this award, graduate students submitting their abstracts for the programme should
draw attention to their eligibil i ty in a covering letter to the programme chairman (G.R. Horst).
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PROGRAM OF THE EIGHTH ANNUAL NORTH AMERICAN
SYMPOSIUM ON BAT RESEARCH

BRN I6

october 14 -  15,1977
Carleton University, Ottawa, Canada

Friday, October 14, 1977

8:00 Registration

8:45 Opening Announcements

Wekcome by Dr. G. Paquet, Dean of Graduate Studies and Research, Carleton University

Session on Systematics, Karl Koopman, Chairman, American Museum of Natural History

9:15 Introductory Comments by Dr. Koopman

9:35 SIGNIFICANCE OF THE D]STAL PART OF THE HUMERUS IN THE IDENTIFICATIoN oF
EGYPTIAN BATS. Gamal Madkour, Department of Zoology, Faculty of Science, Tanta Univer-
sity, Tanta, A. R. Egypt.

9:50 CHIROPTERAN ABUNDANCE lN TWO WORLDS: ARE BATS RARE tN AFRTCA? JamesS.
Findley,  Universi ty of  NewMexico, Albuq.rerque, N. M. and Don E. Wi lson, Nat ional  Fish and
Wildlife Laboratory, Washington D. C.

10:05 Coffee Break

1O:25 EMBALLONURID PHYLOGENY: THE REFUTATION OF AN HYPOTHESIS. James DaIe
Smith, California State University, Fullerton, CA.

10:40 VARIATION lN THE AFRICAN MOLOSSID TADARIDA BIV|TTATA. Judi th L.  Eser and
R. L. Peterson. Royal Ontario Museum, Toronto, Ontario.

10:55 ON THE STATUS OF SOME MYOTIS FROM WESTERN MEXICO, WITH COMMENTS ON
VARIATION lN M. NIGRICANS. Michael  A.  Bogan, Nat ional  Fish and Witdl i fe Laboratory,
Washington D. C.

l1:10 Coffee Break

Session on Reproduction, Will iam A. Wimsatt, Chairman, Cornell University

11:20 MORPHOLOGY OF THE UTERUS, PLACENTA AND PARAPLACENTAL ORGANS IN THE
DISC-WINGED BAT THYROPTERA TRICOLOR SPIX. Wi l l iam A.Wimsatt ,Cornett  Universi ty,
I thaca. N.Y. and Al len C. Enders,  Universi ty of  Cal i fornia,  Davis,  CA.

1I :40 COMPARATIVE MORPHOLOGY OF THE YOLK SAC IN THREE SPECIES OF INDIAN CHIR.
OPTERA. K. B. Kar im, Inst i tute of  Science, Nagpur,  lndia.

11:55 AGE DETERMINATION OF MYOTIS LUCIFUGUS BY EPIPHYSEAL closuRE. W.T. Rum.
age l l l ,  E.  L.  P.  Anthony andT. H. Kunz, Boston Universi ty,  Boston, MA.
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12:10 Lunch
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Session on Echolocat ion,  James A. Simmons, Chairman, Washington Universi ty

2:OO THE VARIETIES OF ECHOLOCATION lN BATS. James A. Simmons, Washington Universi ty,

St.  Louis,  MO.

2:2O INSECT FLIGHT SOUNDS DISCRIMINATION BY THE BIG BROWN BAT. Josef Hamr, Univer-

s i ty of  Guelph, Guelph, Ontar io.

2:35 MODIFICATION OF M. CRICOTHYROIDEUS AND THE LARYNX FOR THE AMPLIFICA-

TION OF HIGH FREOUENCY PULSES IN THE MORMOOPIDAE. Thomas A. Gri f f i ths,  State

Universi ty Col lege, Plat tsburg,  N. Y.

2:5O MOTH EARS AND BAT CRIES: SOME RELATIONSHIPS. J.  H. Ful lard,  Car leton Universi ty.

Ottawa, Canada.

3:05 Coffee Break

3:20 PHOTOGRAPHIC EVIDENCE FOR ORAL EMISSION OF ECHOLOCATION SOUNDS lN

CERTAIN PHYLLOSTOMATID BATS. J.  Scott  Al tenbach, Universi ty of  NewMexico, Albu-
querque, N. M.

Session on Anatomy, Kunwar Bhatnagar,  Chairman, Universi ty of  Louisvi l le

3:35 OLFACTORY RECEPTOR-GLOMERULAR RATION VERSUS OLFACTORY ACUITY lN

EPTESICUS, ARTIBEUS, AND DESMODUS. Kunwar Bhatnagar,  Universi ty of  Louisvi l le,

Iffilll.,-rv

3:55 PENIAL MORPHOLOGY OF BATS. James Dale Smith,  Universi ty of  Cal i fornia.  Ful ler ton,  CA

and Gamal Madkour, Department of Zoology, Faculty of Science, Tanta University, Tanta, A. R.

EgYPt.

4:1O ECO-ETHOLOGICAL SIGNIFICANCE OF THE ALLOMETRIC DEVELOPMENT OF THE TWO

VISUAL SYSTEMS AMONG CHIROPTERA. Georg Baron, Universi te de Montreal ,  Montreal ,

Canada.

4:25 Coffee Break

4:35 DENTAL HISTOLOGY OF ARTIBEUS JAMAICENSIS. John P. Farney, Kearney State Col lege,

Kearney, NB.

4:50 USE OF THE cHEEKS AS TEMPORARY FOOD STORAGE RESERVOIRS lN SOME MOLOS-

SID BATS. Timothy L.  Str ickler,  Duke Universi ty,  Durham, NC.
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Saturday, October 15, 1977

Session on Ecology, T.  H. Kunz. Chairman, Boston Universi ty

9:00 RESPONSES OF BATS TO INSECT PATCHINESS. T.  H. Kunz, Boston Universi ty,  Boston,
MA, S. McCoy, Mount Holyoke Col lege, South Hadley,  MA and K. Kosciusko, Bates Col lege,
Lewiston, ME.

9:2O ANNUAL AND LOCAL VARIATION lN THE DIET OF MYOTIS LUCIFUGUS lN SOUTH-
EASTERN ONTARIO. K. L.  Strong, Brandon Universi ty,  Brandon, Ontar io.

9:35 THE FEEDING GROUNDS OF BATS AROUND A LAKE lN SOUTHEASTERN ONTARIO.
T. M. Harr ison, Car leton Universi ty,  Ottawa, Canada.

9:50 SURVIVAL AND LIFE-EXPECTANCY CALCULATIONS FOR WINTER-BANDED BATS.
Robert  Keen, Michigan Technological  Universi ty,  Houghton, Ml.

10:05 Coffee Break

10:25 THE STRUCTURE AND DYNAMICS OF ARTHROPOD COMMUNITIES OF BAT GUANO
ECOSYSTEMS. E. R'obin Frankl in,  Boston Universi ty,  Boston, MA.

10:40 PARTITIONING OF FOOD RESOURCES BY INSECTIVOROUS BATS. M. B. Fenton, Address
unknown.

Session on Behavior,  Edwin Gould,  Chairman, The Johns Hopkins Universi ty

10:55 FORAGING BEHAVIOR OF MALAYSIAN NECTAR FEEDING BATS. Edwin Gould.  The
Johns Hopkins Universi ty,  Bal t imore, MA.

11:15 A COMPARISON OF FLIGHT MECHANICS OF THE LESSER BULLDOG BAT AND THE
MEXICAN FREE-TAILED BAT. Car l  Brandon, Vermont Technical  Col lege, Randolph Center,
VT.

11 :30 Coffee Break

1 1 :40 Business Meet ing -  Plans for 1978. James Findley

12:10 Lunch

2:00 DRY SEASON FORAGING BEHAVIOR OF TWO AFRICAN FRUIT BAT SPECIES. Donald
W. Thomas, Carleton University, Ottawa, Canada,

2:15 VOCAL COMMUNICATION AND SOCIAL BEHAVIOR OF MYOTIS LUCIFUGUS. R. M.
B arclay. Carleton U n ive rsity, Ottawa, Canada.

2:30 OBSERVATIONS ON FEEDING EFFICIENCY OF CAPTIVE GLOSSOPHAGA SORICINA. John
R. Winkelmann, Gettysburg Col lege, Gettysburg,  PA.
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2:45 THE IMPORTANCE OF ACOUSTIC AND OLFACTORY STIMULI IN THE LOCATION OF

BATS, A POTENTIAL FOOD SOURCE, BY PEROMYSCUS MANICULATUS. KAIhICCN MATtiN

and M. B. Fenton, Carleton University, Ottawa, Canada.

3:00 Coffee Break

Session on Conservation, Merlin Tuttle, Chairman, Milwaukee Museum

Introductory Comments by Dr. Tuttle

STATUS OF THE ENDANGERED BATS, MYOTIS GRISESCENS AND M. SODALIS, IN MIS.

SOURI.  Richard K. LaVal,  Fish and Wildl i fe Research Center,  Columbia,  MO'

STATUS OF -PLECOTUS IOWNSEND.I I  TNGENS AND THE KENTUCKY POPULATION OF

U'ro.MichaelJ.Harver,MemphisStateUniversi ty,Memphis,TN'

Coffee Break

MANAGEMENT PROGRAMS FOR VAMPIRE BAT POPULATIONS IN LATIN AMERICA. AN

ASSESSMENT. G. Clay Mitchell, Denver Wildlife Research Center, Lakewood, CO'

RABIES AND THE BAT RESEARCHER: AN UPDATE ON PRE'EXPOSURE IMMUNIZATION

AND THE NEW VACCINES. C. V. Timarchi ,  Div is ion of  Laborator ies and Research, N.Y. State

Department of  Heal th,  Albany NY.

4:45 VESPERTILLIONID TRANSMISSION OF RABIES TO CARNIVORES IN TEMPERATE

NORTHERN REGIONS. David H. Johnston, Ontar io Ministry of  Natural  Resources, Maple,

Ontar io.

5:00 Business Meeting

3:20

3:35

3:50

4:05

4:15

4:30
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ABSTRACTS

In alphabetical order by first author
(late abstracts appear last)

BRN 20

VOCAL COMMUNICATION AND SOCIAL BEHAVIOR
OF MYOTIS LUCIFUGUS

R.M. Barclay

Vocalizations used by l itt le brown bat in a variety of social contexts were recorded in the field. Tape record-
ing of  vocal izat ions and behavioural  observat ions were made throughout the year.  at  a nursery colony, night
roosts,  feeding areas, and dur ing swarming and mat ing at  a hibernaculum. Dist inct  cal l - typeswere ident i f ied
by analyzing the tapes using a period meter/oscil loscope display and a sonagraph. The structure and associated
behaviours of the calls wil l be discussed. The vocal repertoire of this species appears to be somewhat l imited,
although stereotyped vocalizations are used in maternal-infant interactions and mating. There is also a general

class of highly variable, broad-band vocalizations which are used in intraspecific aggressive encounters, and
appear to take the place of physical aggression.

ECO.ETHOLOG ICAL SIGN I  F ICANCE OF THE ALLOM ETR IC D EVE LOPMENT
OF THE TWO VISUAL SYSTEMS AMONG CHIROPTERA

Georg Baron

Volumes of  the rostral  col l iculus and the nuclei  of  the geniculate body were examined in 19 species of  Chirop-
tera belonging to 8 families characterized by different eco-ethological adaptations. These volumes were com-
pared to those of Basal insectivores using the allometry formula. The data were expressed in terms of pro-
gression indices which estimate how many times a given brain center is greater than that of a Basal lnsectivores
of the same body weight. According to the progression indices of the rostral coll iculus, Chiroptera separate
into two groups: the Megachiroptera which have a mean index of 331 and the Microchiroptera with a mean
index of 188. On the other hand, mean indices of the lateral geniculate body distinguish between three
groups: the Megachiroptera (mean 869); the frugivorous and nectarivorous Microchiroptera (mean 293l': '
the insect-eat ing,  b lood sucking, and f ish eat ing Microchiroptera (mean 135).  The resul ts indicate that the
two anatomical ly and structural ly dist inct  e lements belong to two funct ional ly di f ferent v isual  systems which
have evolved somewhat independently. The relation between allometric development of these visual centers
and the eco-ethological adaptations of the species examined reveals, to a certain extent, the relative impor-
tance of the different functional aspects of vision.

OLFACTORY RECEPTOR.GLOMERULAR RATIO VERSUS
oLFACTORY ACUTTY rN EPTESTCUS, UIBEq$, AND DESMOpUS

Kunwar P. Bhatnagar

Cytoarchitecturally, the olfactory bulb appears strikingly uniform throughout the vertebrate series. Based
upon sporadic quantitative studies on mammals it has been reported, for example, that the size of the olfac-
tory glomerulus is direct ly proport ional  to the bulb s ize so that the total  number of  g lomerul i  remains more or
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less constant, and that in species as divergent as !E!!gS and Homo, the numerical density of glomeruli per

rnr2 bulb surface is almost identical. Nevertheless, a wide diversity exists in the acuity of the sense of smell in

different animals. lt might be suspected that these differences, since macrosmatic animals tend to have more

extensive olfactory epithelial areas than microsmatic animals. could be expressed in terms of ratio of receptors

to glomeruli. However, the only species for which the receptor-glomerular ratio has thus for been determined

is the rabbit. To test this hypotheses then the present investigation has dealt with the quantitative estimation

of the number of olfactory receptors projecting upon a glomerulus in three species of bats with differential

olfactory acuity. Live bats were Bouin-perfused. The decalcif ied heads were serially sectioned at 1Omm and

stained with trichrome, Protargol S or cresyl violet. Every fifth section was examined. Measurements of

ol factory epi thel ia l  surface areas (SA),  in mm2, were made using camera l ic ida and project ion techniques.

Mean height (h) of the receptor neclear compartment within the olfactory epithelium, and the mean diameter

(d) of a receptor nucleus, in mill imeters, were carefully determined. Total number of receptors per nasal

cavity was estimated from the formula: SA x h d3/6, where the denominator represents the volume of one

receptor nucleus, in mm3. Glomerul i  were counted direct ly under the microscipe. Their  total  number was

est imated using Abercrombie's formula.  The fol lowing resul ts were obtained:

receptors per

nasal cavity

glomerul i
per bulb

mean glomerular receptor-

diameter glomerular
(m) rat io

Fptesicus
fuscus

Artibeus
jamaicensis

Desmollus

Iotundus

1.561 x 107
(5)

8.938 x 107
(21

9.432 x 107
(1)

970
(6)

1,188
(1)

1.336
(1)

60

130

80

16,095 :  1

75,240 :1

70,595 : 1

(  )  = number of  animals examined

Artibeus and @!g3, the Jamaican fruit-bat and the vampire bat respectively, recognized for their far keen-

er sense of smell and a well-developed olfactory apparatus, when compared with the less-well endowed in-

sectivorous Eptesicus, do indicate a much higher receptor-glomerular ration. These data when compared with

the one avai lable for  rabbi t  (5.0 x 107; 1,999; 185; 26,000 :  1)  suggests that  the receptor-glomerul i  are not

numerically constant amongst species. Data is being gathered from many other species to make a more ob-

jective analysis. lt is hoped that these data wil l provide greater insight into the elements of olfactory acuity'

ON THE STATUS OF SOME MYOTIS FROM WESTERN MEXICO,

WITH COMMENTS ON VARIATION IN M. NIGRICANS

Michael  A'  Bogan

The small Myotis from the lslas Tres Marias, Nayarit, Mexica, heretofore known as M. c3llornicus mexicanus,

in fact represent a previously undescribed species. The island form has it closest affinit ies with M. nigricans

carteri, a form which also warrants specific status. An overview of variation M.r11q119gm supports the specific

status of M. carteri, confirms the distinctness of M. nigricans extremus, and does not support the subspecific

status of M. n, punensis.
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A COMPARISON OF FLIGHT MECHANICS OF THE LESSER BULLDOG BAT
AND THE MEXICAN FREE-TAILED BAT

BRN 22

Carl Brandon

Noctil io albiventris and Tadarida brasil iensis both share an efficient high aspect ratio wing planform. In other
respects, these bats are very different. Tadarida has many advanced morphological adaptation which are lack-
ing in Noctil io. The fl ight of both bats was analyzed with the aid of high speed strobe motion pictures of the
bats f ly ing in a wind tunnel  over a range of  a i rspeeds and of  the landing maneuvers of  both bats in a f l ight
room. The results of these studies point out many differences in the fl ight mechanics of these two bats, such
as the method of landing and the use of the tail membrane for pitch control.

VARIATION IN THE AFRICAN MOLOSSID TADARIDA BIVITTATA

Judith L.  Eger and R. L.  peterson

Tadarida bivittata (b:g:ggi and Ljlgggjg) inhabits dry woodlands and savanna areas of central Africa.
Discrimination of nine local populations using 27 morphometric characters indicated the presence of two
major groupings. Apparent anomal ies were present in the groupings provided by the discr iminant funct ions
analysis. Consideration is given to possible ecological and geographic explanations for the anomalies.

DENTAL HISTOLOGY OF ARTIBEUS JAMAICENSIS

Dr. John P. Farney

Fifty-five specimens of A. jamaicensis were used in the analysis. Descriptive microscopic and macroscopic
features were divided into four components of dental structure, enamel, dentin, cementum, and periodontal
l igaments.  Ground sect ions and a scanning electron microscope were used. Ground sect ions were examined
with phase-contrast and bright f ield microscopy.

PARTITIONING OF FOOD RESOURCES BY INSECTIVOROUS BATS

M. B. Fenton

A variety of studies has shown that insectivorous bats may be either very selective or very general in their food
habits. Most species for which data are available show this mosaic of generalized/specialized feeding, a phe-
nomenon sometimes interprested as evidence for differential use of some insects as food. A more parsimon-

ious explanation of these data, and one compatible with reported variation and the high energy demands
associated with fl ight by small bats, is opportunistic feeding. Data on habitat use, diet and patterns of activity
for some communities of bats suggest high levels of overlap in all of these parameters and do not point to
obvious patterns of food and habitat partit ioning by sympatric insectivorous bats. These observations further
imply that opportunistic feeding is a strategy common to many insectivorous bats.
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CHIROPTERAN ABUNDANCE IN TWO WORLDS: ARE BATS RARE IN AFRICA?

James S. Findley and Don E. Wi lson

Data are presented which suggest that fewer bats are captured per net-night in Africa than in the Neotropical

or Nearactic region. Possible expanations of this phenomenon are discussed, and include the great abundance

of easily captured phyllostomid bats in the Neotropics, the ease of capturing western Nearctic bats over water

holes,  and the possibi l i ty  that  chiropteran biomass is real ly less in the Ethiopian region.

THE STRUCTURE AND DYNAMICS OF ARTHROPOD COMMUNITIES OF BATGUANO ECOSYSTEMS

E. Robin Frankl in

Deposi ts of  bat  guano in bui ld ings harbour unique isolated communit ies of  ar thropods. Guano in three sum-
mer roosts of Myotis lucifugus located in New Hampshire has been sampled monthly from February through

April and twice a month from May through September, 1977. Arthropods are extracted from the guano in
Ber lese-Tul lgren funnels.  Prel iminary community analysis shows smal l  mites to outnumber other arthropods
which include dermest id.  tenebr ionid,  and hister id beet les,  and bat f lea,  a booklouse, a pseudoscorpion, a
cimicid, and the masked assassin bug. As nutrient input begins after bats return in May, and as temperature

and relative humidity increase, data suggest an increase in numbers of arthropod individuals and species. Data

also suggest preferences of some species for either the top or bottom layer of guano.

MOTH EARS AND BAT CR IES: SOME RELATIONSH IPS

J. H. Ful lard

Arcti id moths possess paired tympanal organs which, l ike those of noctuids, alert the insects to the approach
of echolocating bats. Using sound production as a behavioural threshold cue, specimens of Cycnia tenera, the
Dogbane Tiger Moth, were exposed to artif icial bat cries of differing frequencies to determine the auditory
sensitivity of the ear. Compared with non-acoustic sclerites, the arcti id ear remains relatively constant in size

throughout the different sizes of species in the family. This is believed to be a morphological response based

on tuning characteristics of the tympanum to those frequencies most predominant in the echolocation cries of

sympatric insectivorous bats.

FORAGING BEHAVIOR OF MALAYSIAN NECTAR FEEDING BATS

Edwin Gould

Feeding strategies of Malaysian, nectarivorous bats include trapline foraging and territoreal defence of re-

sources. A high init ial visit rate with a subsequent leveling off of activity by bat poll inators is related to a
nectar parcell ing mechanisms of Oroxylum indicum (Bignoniaceae) flowers. Differing temporal patterns of
visitation to Durio, Parkia and Musa reflect different f lowering strategies. Patterns of visitation to flowers may
provide a usefulcomparative measure of pat poll ination energetics in the New and Old World Tropics.
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MODIFICATION OF M. CRICOTHYROIDEUS AND THE LARYNX FOR THE AMPLIFICATION

OF HIGH FREOUENCY PULSES IN THE MORMOOPIDAE

Thomas A. Gri f f i ths

Mormoopid bats have been shown to emit  a constant f requency (CF) cal l  composed of  3 to 5 f requencies.  This

cal l  consists of  a fundamental  f requency of  approximately 30kHz. and harmonics at  approximately 60,90,

and sometimes 120 and 150 kHz. Most of  the sound energy (ampl i tude) is contained in the second harmonic
(60 kHz.)  port ion of  the cal l .  l t  is  th is ampl i f ied second harmonic that  these bats employ in echolocat ion.

Specimens of Mormoops megallophylla and Pteronotus davyi were dissected their hyoid, laryngeal, and phar-

yngeal regions were compared with those of Macrotus ryglgl!g!:!, Phyllostomus hastatus, Artibeus jamaicen-

sis, Phyllops haitiensis, Glossophaga r.ri"i*, and Phyllonycteris poeyi. Mormoopid bats possess two modifi-

cations of the larynx that were not observed in other species dissected. First, the anterior f ive to seven trach-

eal  r ings are enlarged, forming a large chamber immediately poster ior  to the laryngeal  chamber.  Secondly,  M.

cr icothyroideus has spl i t  into two separate muscles.  One runs anter ior ly-poster ior ly f rom the cr icoid to the

thyroid cart i lages, as in non-mormoopid bats.  The other runs medial ly f rom long, calc i f ied,  poster ior  thyroid

cornua to insert  on the soft  cart i lage wal ls of  the laryngeal  chamber.  These modif icat ions permit  the mor-

moopid larynx to act  as a tuneable resonat ing chamber,  ampl i fy ing the second harmonic in a manner s imi lar

to the vaiable Helmholtz resonator.  This tuneable resonator permits:  1)  increase or decrease in ampl i tude

dur ing a CF pulse;  or  2) maintenance of  a constant ampl i tude over s l ight  var iat ions of  f requency within a s in-

gle pulse.

INSECT FLIGHT SOUNDS DISCRIMINATION BY THE BIG BROWN BAT

Josef Hamr

Big brown bats (Eptesicus fuscus) learned to associate insect f l ight sounds with food presented to them at

platforms in two choice tests. The bats reacted positively to these sounds, regardless of the actual presence of

food at  the sources of  sound. Eptesicus were able to discr iminate between the f l ight  sound of  Jume beet le and

a bee and between Jume beet le and pure f requency tones of  3kHz,5kHz, and 14kHz. Discr iminat ion was

also made between the fl ight sounds of a house fly and a bee. The insect f l ight sounds presented to the bats

ranged from 500-Hz to 5000-Hz in frequency and from 50-dB to 60-dB (A; re .0002 dynes/cm2) in intensity.

Eptesicus can apparently identify the fl ight sounds over a wide range of grequency composition. Observations

made during the testing suggest that the bats relied more on passive l istening than on echolocation when

making their  choices.

THE FEEDING GROUNDS OF BATS AROUND A LAKE IN SOUTHEASTERN ONTARIO

T. M. Harr ison

I used 40 kHz ultrasonic detectors to monitor the activity of bats along a series of transects on and near Lake

OpiniconinsoutheasternOntar iodur ingJulyandAugust l9T6andl9TT. Theact iv i tydataindicatethatbats

use some areas more than others and that the pattern of use varies seasonally and temporally. Dispersal of

l ight-tagged Myotis lucifugus from two nursery colonies in this area showed that the bats from the colonies

used common feeding areas on and around the lake. Wind direct ion and wind speed appeared to inf luence the

availabil ity of insects and also affects patterns of bat activity. Bats were most active along shorelines, less over

open water and least  in land.
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KENTUCKY POPULATION OF P. T.  VIRBINIANUS

BRN 25

Michael  J.  HarveY

The Ozark big-eared bat (Plecotus townsendii ingens) and the Virginia big-eared bat (P. t. virginianus) wil l

soon be added to the United States l ist of endangered species. The Ozard big+ared bat has been reported in

small numbers from only a few caves in northwestern Arkansas, southwestern Missouri, and eastern Oklahoma.

The total  surviv ing populat ion may number no more than a few hundred indiv iduals.  In February 1975 a

colony of 60 P. t. ingens was discovered hibernating in a cave in western Arkansas. None were found in the

cave dur ing the fol lowing winter.  No cr i t ical  habi tat  for  the Ozark big-eared bat has been recommended. The

Virginia big-eared bat is found in three separate populat ions centered in western Virginia,  eastern West Virgin-

ia,  and Eastern Kentucky.  The total  number surviv ing is est imated to be 2500-3000 indiv iduals.  The ent i re

Kentucky populat ion of  P.  t .  v i rg in ianus is thought to hibernate in a s ingle cave. Est imates of  the hibernat ing

colony size dur ing the past 14 years range from 472 to 1000 bats.  As many as 300 indiv iduals,  most ly fe '

males. have been reported to be present in the cave during the summer. The cave wil l be l isted as crit ical

habitat for PL. virginianus.

COMPARATIVE MORPHOLOGY OF THE YOLK SAC IN THREE SPECIES OF

INDIAN CHIROPTERA

K' B'  Kar im

In most bats at least (unlike many other mammals) the yolk sac persists throughout pregnancy as a functional

entity, but the pattern of its differentiation and presumably its functions differ profoundly among the major

groups. The development and the definit ive structure of the yolk sac in three species of Indian bats represent-

ing three different families have been studies uit UI!5 leschenaulti (Pteropidae), Hipposideros fulvus

fulvus (HiROosideridae) and Pipistrellus 
-irnur 

mimus {Y*p"ttit io"tO*}. In Rousettus leschenaulti the yolk

iac unO.rgoes complete collapse, its lumen is totally obliterated and ultimately it becomes converted into a

r ichly vascular,  endocr ine glandJike structure.  The endodermal cel ls hypertrophy and form numerous duct less

acinus- l ike groups embedded in a mesodermal matr ix.  The mesenchymal epi thel ium facingtheexocoelom re-

mains continuous and its cells show minimal hypertrophy. The yolk sac is progressively drawn towards the

embryonic pole of the chorionic sac where in late stages it comes to rest abutting against the placental disc. In

Hipposideros f"l*r t:t"* the vascularized yolk-sac splanchnopleure is separated from the somatopleure and

.rnOergo;s collapse accompanied by further hypertrophy of the endodermal cells. The lumen of the yolk sac

however persists in the form of an interrommunicating system of strak-like spaces. The yolk sac appears to

be progressively displaced towards the placental disc; it has a collapsed shrivelled structure. Thus inRousettus

and Hipposideros the final location of the yolk sac is opposite to its earlier (abembryonic) position. ln Pipis'

trellus mimus mimus the yolk sac retains its original position (abembryonic) unti l term. However, as the

exocoelom explands the embryonic segment of the yolk sac, that is, the roof of the yolk sac, becomes invag-

inated towards the abembryonic t r i laminar omphalopleure.  Unl ike the other two species,  in PiPistrel lus the

mesodermal epithelium of the invaginated roof of the yolk sac becomes markedly hypertrophied' The exo-

coelomic surface is also thrown into numerous redundant fo lds,  involv ing both the epi thel ium and under ly ing

vascularized connective tissue; these project into the exocoelom, The endodermal surface however, remains

unfolded and the l in ing epi thel ium persists as a layer of  hypertrophied cubical  to columnar cel ls.  Possible

functional implications of these transformations of the yolk sac wil l be briefly discussed.
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SURVIVAL AND LIFE.EXPECTANCY CALCULATIONS

FOR WINTER-BANDED BATS

Robert Keen

Convent ional  techniques of  banding and recovery of  winter-hibernat ing bats provide survival  data which are

not readi ly amenable to convent ional  populat ion and l i fe- table analysis,  pr imari ly because the bats 'ages are

not determined when they are banded. Current methods for calculat ing survivorship and l i fecxpectancy wi l l

be cr i t iqued, using publ ished resul ts pr incipal ly for  Myot is luci fugus. Corrected l i fe-expectancy values wi l l  be

presented. based on geometr ic mean Lx values, rather than ar i thmet ic mean values.

RESPONSES OF BATS TO lNSECT PATCHINESS

T. H. Kunz, S. McCoY and K. Kosciusko

Studies on feeding ecology of  insect ivorous bats have tradi t ional ly considered populat ions as s ingle points in

space and t ime. This study more broadly examines populat ion responses of  the bat,  Myot is luci fugus to insect

patchiness. Three general  patches are considered: hor izontal  and vert ical  space, and t ime. Cyl indr ical  st icky

traps were posi t ioned at  the surface of  the water of  a smal l  l ike (near shore and in the middle) to assess the

hor izontal  d istr ibut ion of  insect patches. Vert ical  insect patches were monitored by posi t ioning st icky t raps

at the water surface, and at 4 and 8 m above the water. Responses of bats to these patches were determined

by recording bat passes and feeding buzzes, and direct ly observing feeding act iv i ty in di f ferent patches. Feed-

ing activity was significantly greater at the pond edge in 85o/o of the observational periods. The numbers of

insects,  operat ional ly important to the bats,  caught at  th is locat ion exceeded the mid' lake catch 80% of the

t ime. Insect densi ty was markedly strat i f ied along the lake edge. Ref lect ing th is vert ical  patchiness, bats con-

sistently foraged over the lake within 0.5 m of the water surface. These data support existing theory of opti-

mal patch use in that  bats usual ly forage in the most predictable patches.

SIGNIFICANCE OF THE DISTAL PART OF THE HUMERUS

IN THE IDENTIFICATION OF EGYPTIAN BATS

Gamal Madkour

This invest igat ion deals wi th a comparat ive study of  the distal  part  of  the humeri  of  fourteen bats which are

Rousettus degyptiacus aegyptiacus (Pteropidae) - Megachiroptera - Rhinopoma hardwichei gennaaviense, &

rffittyffrnr nrrc-*Vf f:rn tnfti"opomatidae) - Taphozous perforatus perforatus, T. nudiventris nudiventris

(e1nOJtonuridae), Nycteris thebaica thebaica (Nycteridae), frrinolophus clivosus brachYgnathus, nsgtlg.t{-

ens tridens (ThinolophoiOea),t"t,ttt t<utrti margi.natus, ! ruppell i I 'pA.!i '  Otonvolg[hemprichi hem'

gr,"ti ffgeg austriacus gll:!9fv*pffioniO..L iadavida aesyptiaca aegvqtigga, T. teniotis ruppelli

( fVtotossiO..)  -  Microchiroptera.  This distal  part  of  the humerus shown no remarkable special izat ion in the

Megachiroptera,  whi le in the Microchiroptera the entocondyloid tuberosi ty is large. Other structures were

also described in these bats.
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THE IMPORTANCE OF ACOUSTIC AND OLFACTORY STIMULI IN THE LOCATION OF BATS,
A POTENTIAL FOOD SOURCE, BY PEROMYSCUS MANICULATUS

Kathleen Mart in and M. B. Fenton

Mice within the Renfrew mine (Renfrew County,  Ontar io)  appear to use both ol factory,  audi tory cues and
random searching to locate bats, which account for an important part of their winter diet. Experimental evi-
dence suggests that the auditory stimuli may provide the mice with an indication of the physical condition of
the bat. A healthy bat is able to produce a callwhich may serve to deter mice from approaching too near.

MANAGEMENT PROGRAMS FOR VAMPIRE BAT
POPULATIONS IN LATIN AMERICA-.AN ASSESSMENT

G. Clay Mitchel l

Annual  bovine losses resul t ing f rom vampire bat- t ransmit ted rabies are est imated at  approximately 1 mi l l ion
head in Lat in America.  Dai ly loss of  b lood, mortal i ty of  other l ivestock.  and human predat ion fur ther aggra-
vate the problem. In 1968 the Agency for Internat ional  Development (AlD) funded the U.S. Fish and Wildl i fe
Service to develop species-specific control methods to manage vampire bat populations and to reduce vampire-
transmitted rabies. In the early 70's two control methods were developed--tropically treating vampire bats
with the ant icoagulant,  Diphenadione, and systemical ly t reat ing catt le wi th the same compound. Fol lowing
development of  control  methodology, the research program, located in Mexico.  was terminated. AID has
continued to fund this program with two main objectives--for DenverWildlife Research Center biologists to do
adaptive research when necessary and to assist Latin American countries develop and init iate control cam-
paigns through training and technical  assistance. Benef i ts received form the control  programs include el imina-
tion of vampire bat-transmitted rabies in Nicaragua, reduction of human predation in Nicaragua and Panama,
reduction in rabies losses in the 10 Latin American countries with management programs, benefits to non-
haematophagous bat species by vampire bat population management and increase of 16% in milk production

after vampire predation was removed in Nicaragua and other countries.

AGE DETERMINATION OF MYOTIS LUCIFUGUS BY EPIPHYSEAL CLOSURE

W. T. Rumage l l l ,  E.  L.  P.  Anthony and T. H. Kunz

During the summer of 1977, growth of newborn Myotis lucifugus was monitored at a nursery colony in
Canaan, New Hampshire in an effort to devise a method for age determination in juveniles. The colony was
sampled at  weekly intervals.  Between 19 June and 10 July,  110 known-age juveni le bats were banded, and the
forearm was measured to the nearest 0.1 mm with dial calipers. Length of the carti laginous gap in the proxi-
mal epiphysis of the fourth and fifth fingers was measured to the nearest 0.05 mm using a dissecting scope
fitted with an ocular micrometer. The same measurements were made on recaptured individuals unti l 7
August. For juveniles whose forearm is less than 32.5 mm, age can be determined most easily and consistently
by forearm size (Kunz and Hamil l ,  in prep.) .  However,  when the forearm reaches 32.5 mm (at  an age of  13
days), and the epiphyses begin to fuse, l inear measurement of carti lage can be used to accurately estimate age
of the bats up to 36 dats (N=47 observat ions;43 indiv iduals) .  Al though epiphyseal  c losure is a curvi l inear
function of t ime. the natural logarithm transformation yields a straight l ine: y=2.965 - 0.062x, where x=age
in days and y=1n ( length of  the cart i laginous gap of  the fourth proximal epiphysis in mm). Rate of  c losure
was similar in both sexes.
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THE VARIETIES OF ECHOLOCATION IN BATS

ames A. Simmons

Bats use a var iety of  d i f ferent types of  echolocat ion systems for di f ferent environmental  and perceptual

s i tuat ions.  The kinds of  s ignals used by a bat is a given task in the f ie ld or in the laboratory provide a c lue to

the bat 's perceptual  interests and intent ions.  Some species appear to be very f lexible in adapt ing their  sonar to

di f ferent informat ion-gather ing problems whi le other species appear to be more r ig id in echolocat ion.  Free-

tai led bats !_Tadar ida) feed in open spaces with no clut ter  or  obstacles,  using single-harmonic.  constant- f re '

quency (CF) s ignals to search for prey and single-harmonic,  f requency-modulated signals for  target local izat ion

and ident i f icat ion.  In c lut tered si tuat ions Tadar ida used mult ip le-harmonic FM signals s imi lar  to the somar

sounds of  Eptesicus.  Bats that  pursue prey in the neighborhood of  obstacles but wi th the target f ly ing a short

disdance away from clut ter  (Egg:tg"r ,  Myot is)  use mult ip le-harmonic FM-plus-CF signals for  searching and

FM signals for  target local izat ion and ident i f icat ion.  .Pterontus uses CF-plus-FM slgnals in the same way. The

presence of  an FM component in al l the s ignals seems to represent the animals 's interest  in observing obstacles

to f l ight  whi le also hunt ing.  Bats that  operate in denselyclut tered environments (Phyl lostomus, Mggaderma)

use many harmonics in Fm signals which are usual ly weak in intensi ty.  They appear to resort  to high-resolu-

tion imaging of all objects in a small area to pick out targets of interest. Some bats (Rhinolophus, l lPpg!-

glglgg Pteronotus parnell i!) use long CF signals for Doppler resolution of targets from clutter and FM signals

for target ident i f icat ion and clut ter  imaging. Plecotus phyl lot is can use both weak, mult ip le-harmonic FM

signals in c lut tered spaces and long CF-plus-FM signals for  hunt ing prey.  Compound signals to be sorted out

with mult ip le neural  sonar receivers are used by many species.  Short  CF signals are general ly used for target

detect ion i f  the target is not too int imately associated with c lut ter .  Bats adapt to dense clut ter  e i ther by ex-

tending the length of  the CF signal  to exploi t  veloci ty (Doppler)  informat ion or use very broadband, mult ip le-

harmonic s ignals to obtain high-qual i ty mult id imensional  acoust ic images of  targets in c lut ter .  Some of these

adaptat ions appear only in species di f ferent iat ion whi le other appear also as adapt ive changes in behavior wi th-

in indiv iduals.

EMBALLONURID PHYLOGENY: THE REFUTATION OF AN HYPOTHESIS

James Dale Smith

ln a recent paper,  Barghoorn (1977, Amer.  Mus. Novi t . .  2618:1-29) descr ibed new mater ia l  of  Vespert i l iavus

Schlosser and proposed a phylogenet ic hypothesis for  the relat ionships among embal lonur id bats.  His descr ip-

t ion and stereophotographs of  AMNH 55349 are wel l  done, but his assessment of  embal lonur id k inship rela-

t ionships leaves much to be desired. In his analysis of  these relat ionships,  he has employed cladist ic proce-

dures wi th which I  have no argument.  My concerns are that  he has selected character ist ics (some23) the

major i ty of  which,  by his own admission, are of  doubtful  use in elucidat ing relat ionships among embal lonur ids

or chiroptera as a whole.  He ci ted extensive independent and convergent acquis i t ion of  character states as the

obfuscat ing factors involved. On the contrary,  I  bel ieve poor choice of  characters,  inaccurate coding. and a

loose adherence to the homology pr inciple more appropr iately confound his phylogenet ic analysis.  Barghoorn

r ight ly cr i t ic izes the t radi t ional  systemat ist 's  pract ice of  not  precisely def in ing plesiomorphic (pr imit ive) and

apomorphic (der ived) character states and how these relate to the formulat ion of  monophylet ic c lades. How-

ever,  he also has neglected such careful  and precise def in i t ion in his construct ion of  t ransformat ion ser ies

which resul ts in dubious polar i t ies of  these morphocl ines.  An independent analysis of  h is characters lends

l i t t le support  to his proposed phylogenet ic hypothesis for  embal lonur id bats.  Essent ia l ly  two monophylet ic

clades are apparenq one involv ing Taphozous, Saccolaimus, and Vespert i l iavus, on one hand, and on the other,

the remaining embal lonur ids.  Whereas these two monophylet ic groups may be val id,  the focus in the lat ter
group is observed by a high degree of  autapomorghy which del imits the group. The resolut ion of  the relat ion-

ships Embal lonura and Dicl idur ines to other embal lonur ids is inadequate and largely paraphylet ic.  These

matters wi l l  be discussed and an al ternat ive hypothesis proposed.
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PENIAL MORPHOLOGY OF BATS

James Dale Smith and Gamal Madkour

BRN 29

Very l itt le is known concerning the comparative histomorphology of the penes of bats. For that matter, com-
paratively l i tt le information exists for mammalian penes in general ; a great deal has been published on the
isolated os penis of bats as well as other mammals. In the past year, we have transversed and serially sectioned
(stained by Gomori 's  t r ichrome) penes of  80 bat species (14 ot  17 fami l ies) and several  other supposed mam-
malian sister-groups. The purpose of this research is to examine phylogenetic hypothese of chiropteran rela-
tionships especially that concerning the proposed monophyletic relationship between mega and microchirop-
tera. The general histomorphology of bat penes wil l be discussed as well as some preliminary observations
concerning the question of mega and microchiropteran relationships.

USE OF THE CHEEKS AS TEMPORARY FOOD STORAGE RESERVOIRS IN
SOME MOLOSSID BATS

Timothy L.  Str ickler

This paper discusses the use of the cheeks as temporary storage reservoirs in Tadarida Aacrotis and several
other species of molossid bats. The molossid species Edoid., glgggry and Eumops have moderately large
to large expandable cheecks which are f requent ly f i l led wi th part ia l ly  mast icated food in capt ive animals.
Smaller-l ipped species such as Molossus do not appear to display this behavior. Such hoarding may be asso-
ciated with mass foraging in TltiE-Erasil iensis, and its presence in the other species reported here may be
related to similar foraging patterns at some stage in their evolution. lt is suggested that such behavior may be
practiced by numerous other mammalian species which show no obvious external manifestations of a cheek
pouch. Further elaboration of large cheeks such as those of the above molossids into definit ive cheek pouches
may be associated with the acquisit ion of food processing functions by these structures, or may simply reflect
the need for larger storage spaces.

ANNUAL AND LOCAL VARIATION IN THE DIET OF MYOTIS LUCIFUGUS
I N SOUTH EASTE RN ONTAR IO

K. L.  Strong

By analysis of feces I compared the diets of Myotis lucifugus from two nursery colonies and a night roost
within 2 km of one another. Between June 1976 and June 1977 one colony showed a marked increase in the
number of caddisfl ies consumed, and in the summer of 1977 one colony relied heavily on caddisfl ies for their
food while the other used mainly chironomids. Data from the night roost suggested that in the first feeding
period the bats ate more chironomids, while during later feeding they fed more on caddisfl ies.

DRY SEASON FORAGING BEHAVIOUR OF TWO AFRICAN FRUIT BAT SPECIES

Donald W. Thomas

Species composition, habitat use, and foraging behaviour of the fruit bat community in Rhodesia was examin-
ed during the dry season by means of mist net captures and radio tracking. The two species present (Epo-

mophrus gambianus and Rousettus aegyptiacus) were caught primarily in riverine habitat where Diospyror
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,senesis (Ebanaceae) was the only abundant f ru i t .  Radio t racking of  two e.S.t ! ! .nyf indicated that th ier

iangut were restricted to one or several adjacent D. senensis trees and to nearby thick canopied roost trees.

Rousettus aegyptiacus appeared to forage in groups. Competit ive foraging strategies for the two species are

discussed.

RABIESAND THE BAT RESEARCHER: AN UPDATE ON PRE-EXPOSURE

IMMUNIZATION AND THE NEW VACCINES

C. V. Tr imarchi

Rabies had been reported in bats in al l  48 cont iguos United States and al l  provinces of  Canada except the

mari t imes. Because persons handl ing bats in f ie ld and laboratory are at  a high r isk of  exposure to the v i rus,

pre-exposure immunizat ion is recommended. This current ly requires three in ject ions of  Duck Embryo Vac'

c ine (one each month for  two months wi th the th i rd given three months later)  fo l lowed by a blood-serum

test,  and a booster each year for  cont inued protect ion.  New vaccines, including a hamster k idney cel l  cul tu ie

vaccine avai lable in Canada, and a human diploid cel l  cul ture vaccine, soon to be l icensed in the Uni ted States,

may reduce the number of  in ject ions necessary and increase ant ibody levels achieved through immunizat ion'

Trials show that the cell culture vaccines reduce the frequency of adverse reactions associated with the old

nervous t issue and avian embryo mater ia l .  Also,  hyper immune serum of human or ig in is now commercial ly

avai lable to replace horse serum for passive immunizat ion in cases of  severe exposure or post-exposure vaccina-

t ion of  unimmunized indiv iduals.

MORPHOLOGY OF THE UTERUS, PLACENTA AND PARAPLACENTAL

ORGANS IN THE DISC-WINGED BAT THYROPTERA TRICOLOR SPIX.

Wil l iam A. Winsatt  and Al len C. Enders

The studv is based on a smal l  ser ies of  pregnant and non-pregnant remales col lected over a four year per iod

from the same local i ty in southern Veracruz,  Mexico.  Pregnant animals were col lected in January.  March and

May. These presented a development series progressing from recently implanted pre-somite embyros in

January,  l imb-bud stage embryos in March, to term fetuses in late May; th is suggests that  gestat ion length in

Thyroptera may exceed f ive months. The uterus was found to be bicornuate, although the horns are exceed-

ingly short .  The corpus uter i  was unusual ly voluminous, th in-wal led,  and lacked the glandular densi ty observ-

ed in the cornua. The cervical  canal  was long, th ick wal led and opened by a s ingle opening at  the apex of  a

prominent os project ing into the vagina. The cervical  canal  was heavi ly pleated in i ts longi tudinal  axis.  The

voiducts open into the apex of  the uter ine cornua direct ly;  there is no oviductal  papi l la at  the junct ion.  The

ovar ies are completely surrounded by a th is capsule.  but  the intracapsular space communicates wi th the

per i toneal  cavi ty v ia a smal l  opening. Never more than a s ingle embryo or fetus was present in the uterus and

only a s ingle corpus luteum was observed in one of  the ovar ies;  th is indicates that Thyropter4 l ike most

bats.  is  monovular.  Ovoimplantat ion occurs in one of  the horns of  the uterus and is interst i t ia l .  as indicated by

the presence of  a decidua capsular is.  Ear ly growth and expansion of  the conceptus rapidly expands the wal ls

of both cornua such that even in late pre-somite stages the ttterus had assumed a symmetrical ovate shape in

which i ts or ig inal  becornuate conformat ion could no lonpr be discerned grossly.  Amniogenesis is accompl ish-

ed precociously,  presumably by cavi tat ion as in the human. The yolk sac is voluminous fol lowing implanta-

t ion and is rapidly invested by mesoderm convert ing i t  into a t r i - laminar structure.  There was at  least  a t rans-

ient  chor io-v i te l l ine placenta wi th both vasci lar  (embryonic s ide) and avascular (adembryonic s ide) segments.
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In late stages the embryonic hal f  of  the sac is invaginated into the adembryonic hal f  and the chor iovi te l l ine
placenta is thereby obliterated. The development of the definit ive allantoic placenta resembles that of other
bats (e. g. Myotis, Desmodusl. The maternal endothelium disappears soon after trophoblastic invasion of the
endometr ium so a hemochor ia l  condi t ion of  the interhemal membrane is establ ished relat ively ear ly.  Electron
microscopic examination revealed that the definit ive barrier is hemodichorial, and otherwise resembles the
conditions described by us in Myotis.

OBSE RVATIONS ON FEEDING EFF ICIENCY
OF CAPTIVE GLOSSOPHAGA SORICINA

John R. Winkelmann

Feeding ef f ic iency in glossophagine bats is v i r tual ly undocumented, despi te abundant interest  in the ecology
and morphology of  f lower-feeding. The volume of  nectar ingested dur ing a f lower v is i t  depends not only on
the amount available, but also on the capacity of the tongue and the number of tongue dips per visit. These
and other feeding characteristics were studied in captive Glossophaga soricina. The bats were maintained in
fl ight cages on a diet of 2O% honey and water plus 5o/o (by weight) powdered nutrit ional supplement (En-
fami l ) .  Automat ic monitor ing of  the feeding act iv i ty of  15 bats over four 24 h per iods revealed nosubcycles
in their aggregate feeding activity. The fewest visits recorded in any ten minutes during the dark period was
eleven and the highest was 85. Mean number of  v is i ts and mean food consumption per bat for  the four 24 h
per iods were 224.4 and 14.O2 ml,  resul t ing in the removal  of  0.063 ml of  l iquid per v is i t .  Mean volume per
tongue dip was found to be 0.038 ml by count ing tongue dips (456) and measur ing volume deplet ion in a
modif ied pipette.  Thus, even in fami l iar  c i rcumstances and with easy access to unl imited food, the number
of tongue dips (1.64) and amount of  food removed per v is i t  is  smal l .  Vis i ts seldom lasted as long as one
second although bats feeding at barely accessible food supplies hovered as long as eight seconds. Such beha-
vior is compatible with field observation of very rapid visits to flowers of two species of Call iandra (nectar
volumes of  O.24 ml or less).  Wi ld bats,  wi th higher energy budgets and more di lute food (about 14% sugar in
Call iandra nectar), must make many more flower visits and ingest much more l iquid than captives. Therefore,
aerodynamic considerations. as well as renal physiology would seem to require intermittent feeding.

LATE ARRIVALS:

PHOTOGRAPHIC EVIDENCE FOR ORAL EMISSION OF
ECHOLOCATION SOUNDS IN CERTAIN PHYLLOSTOMATID BATS

Scott Altenbach

Phtographs of f lying Phyllostomatid bats show that the mouths of several species are open to varying degrees,
and suggest possible oral emission of echolocation sounds. Caroll ia perspicil lata, Caroll ia castanea, and
Trachops cirrhosus consistently have the mouth open slightlyG6Fth;;pp;can'iiEl6gt6:--th-;btunt
tongue is extended to l ie in the lower aspect of the open mouth and protrudes slightly beyond the lower l ip.
In contrast, the mouths of Ectophylla alb4 Vampyressa lymphaea, Artibeus plraeotis, and Artibeus jamaicen-
sis are closed tightly and suggest nasal emission of the sounds.
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STATUS AND PROTECTION OF THE ENDANGERED MYOTIS GRISESCENS AND

MYOTIS SODALIS IN MISSOURI.

l ichard K. LaVal

Populat ions of  h ibernat ing Myot isgg!3! j1 in Missour i  decreased 19% between 1960 and l9T6,whereashiber-

natinglVlyotis grisescens may be down only about 10% over the same period. The w!. grisescens hibernacula

seem reiat ively safe at  th is t ime. Al l  the larger M. sodal is hibernacula are ei ther reasonably safe or.we hope,

soon wil l be. Summer populations of Myotis grisescens may be down as much as 65% this century. due mainly

to human disturbance of maternity colonies in caves. We hope to acquire and protect some of the larger co-

lonies over the next few years.  but  protect ion of  the mult i tude of  smal ler  colonies would be very di f f icul t ,  at

best. Myotis sodalis seems to occur through much of the state in summer, but its status is poorly known at

this time. Pesticide poisoning is a known threat to some M. grisescens maternity populations, and may effect

M. sodal is as wel l .

VESPERTILIONID TRANSMISSION OF RABIES TO

CARNIVORES IN TEMPERATE NORTH AMERICA

C. D. Maclnnes and D. H. Johnston

There is a controversy surrounding the role of vesperti l ionid bats as transmitters of rabies to terrestrial mam-

mals in the temperate zone of  North America.  Epidemiological  evidence indicates that t ransmission probably

occurs in some geographic regions where bat rabies is endemic but not in others. Observations on wild Eptesi'

cus fuscus found fl ightless and dying of rabies suggest that their behavious made them highly attractive to

being eaten by carnivores. Transmission of rabies could occur by two modes, direct virus inoculation through

biting, or absorption through the gastriontestinal tract following ingestion. Transmission by these means could

potentially be a significant route of infection for carnivores such as foxes, raccoons and skunks in temperate

North America.
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Dedee P. Woodside and Chris Tidemann (Department of Zoology, Australian National University, Box 4,
G.P.O. Canberra, A.C.T. 2600, Australia) have developed a collapsible version of the Tuttle Bat Trap.
The details of the trap are provided in a paper scheduled to appear soon in the Australian Wildlife
Research (volume 5, number 3). I have had the opportunity of trying this trap in the field and can
assure readers that it works and that it is very portable. The first night we used it up in this area we
caught six species which represents a significant portion of our bat fauna of 8 species.

Stephen Cross (Southern Oregon State College. Ashland, Oregon 975201 and a group of his students have
produced a spiral bound manuscript entit led 'A survey of bat populations and their habitat preferences
in southern Oregon'. This useful publication has distribution maps. and a variety of other information
(habitats, etc.) on bats of southern Oregon. He has indicated that there are a number of copies sti l l
available, and that interested parties should contact him directly.

Giancar lo Baldini  P.  (Centro de Estudios Cient i f icos'Vincente Marcano'Apartado de Correos no. 14.191,
Caracas 1010, Venezuela) has written to report that the Association Louis pasteur of Science Students
has been closed, and replaced by the Centro de Estudios Cient i f icos'Vincente Marcano'(CENECI).

EDITORIAL

This issue of the Bat Research News contains a valuable contribution from three of our colleagues in
Czechoslovakia. J. Gaisler, V. Hanak and l. Horacek have produced a summary of bat research in Czechoslo-
vakia which could be of great value, particularly to Mamrnalogists planning to attend the International Congress
in Brno this summer. I am very grateful to these gentlemen for taking the time to assemble this information
and to sent it to me for BRN.

I would be very happy to receive similar submissions from other groups of bat biologists. lf, in each
issue, we could include this kind of a review by country, state or province, or even by laboratory, it would
make this newsletter much more useful to its subscribers.

Please consider this an invitation to assemble that kind of a summary and having taken the trouble to
do that, please send it along so that I can include it in the next issue of BRN.

Frankly,  I  wi l l  not  hold my breath.  The number of  people actual ly contr ibut ing to th is newslet ter  is
very small, and miniscule relative to the number of subscribers. Several colleagues have promised manuscripts
on techniques for studying different aspects of bat biology, but tatk is cheap. Only one person, apart from
this Editor, consistently sends in l iterature citations, but one is better than none.

I hope that this newsletter serves a valuable function. lt could be very useful if we carried summaries of
the work done on bats in different places. I think that the Literature section could be very valuable. but if a
few more people each took a l itt le t ime to send in citations, the coverage could be significantly broadened.

Roy Horst and I hope to include a complete l ist of subscribers in the next (August) issue. This wil l
fatten up an otherwise lean Newsletter since I expect to be in the field for most of June and July and may not
have as much time to devote to BRN.

I look forward to being overwhelmed by submissions.
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PRESENT STATUS OF BAT BESEARCH IN
CZECHOSLOVAKIA

Jir i  Gais ler .  Vladimir  Hanak and lvan Horacek
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To provide our colleagues in other parts of the world with some idea about the type of work being done
with bats in Czechoslovakia, we have prepared the following summary about the status of bat research here.
The summary is div ided into several  parts,  including: 1.  t rends in former act iv i ty,  2.  future work,  3.  some
suggest ions for internat ional  cooperat ion,  4.  a short  l is t  of  some Czechoslovak chiroptologists,  5.  selected
references, 6.  papers in press,  7.  unpubl ished theses ( in Czech),  8.  l is t  of  Czechoslovak bat col lect ions.
We hope that th is informat ion wi l l  be of  special  value to col leagues planning to at tend the mammal conference
in Brno this summer.

1.  Trends in former act iv i ty
a- In the last two decades, a major part of bat research activity was focused on completing the basic faunal-

ecological surveys. Thus we now have reasonable data for species such as Rhinolophus hipposideros,Myotis
myotis, Plecotus austriacus and P, auritus, species which l ive in caves or in buildings. Recently we have spent
more time working on tree and fissure species such as members of the genera Nyctalus, Pipistrellus, Eptesicus,
Vesperti l io, and Barbastella. In these investigations, many zoologists, some of them from regional museums.
part ic ipated, and some of the publ icat ions ar is ing f rom this work include numbers 6,  8,  10,  11,13, 14, 19,20,
34 , 35, 44 , and 45.

b- The systematics, taxonomy and distribution of Palaearctic Plecotus spp., Myotis mystacinus and Myotis
brandti, and Rhinolophus bocharicus have received special attention from Hanak, while he and Gaisler have
studied some Eptesicus spp, Pipistrellus nathusii and P. pipistrellus. More general evaluations were made of
other mater ia l  col lected abroad: the bats of  Afghanistan and Egypt -  Gais ler ,  Albania -  Hanak, Bulgar ia -
Hanak, Horacek and Cerveny. Publ icat ions ar is ing f rom some of these studies include: 7,15,16, 17,18,19,
21, 22, 23, 24, 25, 26, 28, 30, 66, and 67.

c- Research on palaeontology and palaeoecology has only recently been init iated, and to date is based on
Holocene thanatocenoses, with some attention to Neocene and Pleistocene material. The main workers have
been Rybar and Horacek, and publ icatons ar is ing f rom this work include 49.50,62, and 69.

d- Research on bat ecology arises out of a wide programme of bat banding to which most Czechoslovak
chiroptologists contr ibuted. Resul ts f rom these studies have been analyzed on ei ther a nat ional  (Gais lerand
Hanak) or regional  point  of  v iew (Hurka, Nevr ly.  and Cerveny),  or  incorporated into more detai led studies of
the ecology and reproduction of certain species, including: Rhinolophus hipposideros (Gaisler), Myotis
Myotis (Sklenar, Kratky, Solcova and Horacek), Plecotus spp. (Hanak, Hurka, Soucek, Horacek), Pipistrellus
pipistrellus (Hurka), and Myotis emarginatus (Gaisler). A number of publications has been produced by this
work,  some of them concentrat ingon hibernat ion (4,5,6.8,  10,  11,12, 13,20,27,29,33,34,35,41 ,44,
45, 48,59,7 1 ,  and 72l , .

e- Studies of bat morphology have included a variety of topics ranging from morphology and growth of
pelage (Kl ima, Gaisler and Mazak),  myology (Sterba, and Trnkova),  brain morphology (Sigmund, Zaj icova and
Petrovicky),  postcranial  osteology {Zalman, Cerveny and Sigmund).  morphology of  bacula (Vlcek),  and
postnatal  development (Gaisler,  Sklenar,  Rybar and Kratky).  References include: 1,3,9,38, 39, 40,42,46,
47, 51, 53, 54,55. 56, and 58.

f- Several workers have been studying different aspects of bat parasites, including insects (Hurka), mites
(Dusbabek).  helminths (Hurkova, Rysavy, Tenora,  and Barus),  and protozoans (Kucera and Sebek).  Papers
ar is ing f rom these studies include: 2,31 ,32,36,37, and 43.
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s- There are several other studies which have been completed, including: population ecology of Myotis
myotis (Horacek) and karyology of all central European species of bats lZimal . Bauerova investigated the
feeding ecology of Myotis myotis, Plecotus austriacus and some other species. while the autecology of Eptesi
cus serotinus (Rumler), Nyctalus noctula (Gaisler, Hanak, and Dungel). and Myotis daubentoni (Hanak and
Kratky) have also been examined. Publ icat ions based on these studies include: 57,58,65,61,68,70, and
73.

2. Future Work

One of the priorit ies in bat research in Czechoslovakia is the use of quantitative approaches to assess
population densities and structures of bat communities. One winter and two summer censuses are conducted
using a l imi ted banding-and-recapture programme which involves nett ing and visual  observat ions of  f ly ing bats.
We pay special attention to abundance and behaviour of bats in towns. A comprehensive and multidisciplinary
study of Myotis nattereri is in progress. Some workers are using scanning electron microscopy to study hair
morphology, electrophoresis for sperm proteins, and others using sectioning to examine age structure of popu-
lations. Apart from these innovations, former work on general ecology, palaeontology, morphology and
par is i to logy is being cont inued.

3. Some suggestions for lnternational Cooperation

We have provided this information to give bat biologists in other parts of the world a picture of the type
of work we are conducting. We would be happy to see some specific studies, for example relationships bet-
ween Palaearctic and Nearctic bats such as Myotis nattereri and M. thysanodes, and would be happy to
collaborate in this context.

It is obvious from the recent l i terature that a number of ecological studies is underway, and we hope
that a more general standardization of methods could be achieved to facil i tate comparison of data from
different sources.

We welcome opportunities to study bats and are anxious to increase the levels of international co-
operation.
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Appendix l: A short l ist of Czechoslovak chiroptologists.

Dr.Zdena Bauerova /  Dept.  of  Animal Biology, J.E. Purkyne Univ.  / ,  Kot larska 2,  611 37 Brno

f ng. Jaroslav Cerveny / Inst. of Animal Breeding /, pricna 8, 1 1 0 00 Prahal

Dr.  Frant isek Dusbabek /  Inst .  of  Parasi to logy C.A.S. / ,  Flemingovo nam. 3,  160 00 Praha 6

Dr.  J i r i  Gais ler  /  Dept.  of  Animal Biology, J.E. Purkyne Univ.  / ,  Kot larska 2,611 37 Brno

Dr.VladimirHanak/ lnst .of  Systemat icZoology,Char lesUniv. / ,Vinicna7,128 44 Praha2

Dr.  lvan Horacek /  Dept.  of  Ouaternary Res.,  Inst .  of  Geology C.A.S. / .  Sidl .  Michelska 1182, 145 00 Praha 4

Assist. Prof. Dr. Karel Hurka / Inst. of Systematic Zoology, Charles Univ. /, Vinicna 7 , 128 44 Praha 2

Dr.  Ludek Hurka /  West-Bohemian Museum / ,  Kopeckeho sady 2,301 50 Plzen 1

Dr.  J i r i  Kratky /  Museum of the Sumava Mts.  / ,34192 Kasperske Hory

Dr.  Mi loslav Nevr ly /  North-Bohemian Museum 1,460 OO Liberec

Dr. Jozef Palasthy / Museum SRR /, 080 00 Presov

Dr.PetrRybar/Regional  centreof NatureConservancy 1,531 l6Pardubice-zamek4

Dr.  Zdenek Rumler /  The regional  museum/.  nam. Republ ikV,771 73 Olomouc

Dr.  Jan Sklenar,  /  East-Bohemian Museum / ,  531 00 Pardubice -  zamek 4

Dr. Jan Zima I Inst. of Vertbrate Zoology C.A.S. /, Kvetna 8, 603 65
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Appendix l l l :  L ist  of  Czechoslovak bat col lect ions.

Over 7000 specimens belonging to 120 bat spp. are deposi ted in approx.  25 col lect ions,  12 of  which
contain over 100 specimens:

/Al Inst. of Systematic Zoology , Charles Univ., Praha - 3500 spec.
Dr.  V.  Hanak /se App. l /

/B/  Inst i tute of  Vertebrate Zoology C.A.S.,  Brno -  2150 spec.
Dr.  J.  Gais ler  /see App. l /

/C/ Dept.  of  Animal Biology, J.E. Purkyne Univ. ,  Brno -  300 spec.
Dr.  J.  Gais ler  /see App. l /

/D/ East Slovakian Museum, 040 00 Kosice - 27g spec.
Ing. A. Mosansky

/E/ Nat ional  Museum /Nat.  Hist . / ,  115 79 Praha 260 spec.
Dr.  J.  Hanzak

/F/ Si lesian Museum, 746 46 Opava -  243 spec.
Dr.  B.  Benes

/G/ Slovak Nat ional  Museum.800 00 Brat is lava 22}spec.
Dr.  B.  Matousek

/H/ Regional  Museum Bardejov,  085 01 Bardejov 200 spec.
T. Weisz

/ l /  West Bohemain Museum, Plzen -  190 spec
Dr.  L.  Hurka /see App. l /

/J/  East Bohemian Museum, Pardubice 150 spec.
Dr.  J.  Sklenar /see App. l /

/K/  Regional  Museum, Olomouc 120 spec.
Dr.  Z.  Rumler /see App. l /

/L/  Moravian Museum, 600 00 Brno -  100 spec.
Dr.  M. Sebela

Other cited col lections :

/M/ South Bohemian Museum, 370 00 Ceske Budejovice - 50 spec.
Dr.  P.  Burger

/N/ Regional  Museum, 071 01 Michalovce -  50 spec.
Dr.  S.  Danko

ln these col lect ions,  most of  the bat mater ia l  is  preserved as / l lprepared dry skins and skul ls,  /2/
skuf ls /prepared mostly by means of dermestid beetles /31 cadavers in alcohol.

Species composition of a larger Czechoslovak collections of the Palaearctic and north-Oriental forms
/obtained mostly through our own collecting activity/ is reviewed in a following table.

Besides this.  a lso a ser ies of  Cuban bats occures in the col lect ions A, B. C, F and |  / in total  275 speci-
mens/:  Noct i l io lepor inus-4,  Eptesicus fuscus-4,  Natalus macer-8,  Natalus lepidus-23, Tadar ida minuta-10,
T. macrot is-2,  T.  midas-10, T.  brasi l iensis-12, T.  lat icaudata-2,  Molossus major-10, Eumops glaucinus-. l ,  Chi l -
onycter is parnel l i -4,  C. macleayi-10, C. fu l ig inosus-21. Mormoops blainvi l le i -21,  Macrotus waterhousi-28,
Monophyl lus cubanus-1,  Brachyphyl la serehorni-10, Brachyphyl las nana-27, Art ibeus jamaicensis-38, phyl l -
onycteris poeyi-29.
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Of the other areas only a few specimens /obtained mostly through exchange/ are available lE,A,B,C, - a

total of about 150 spec./: Cynopterus sphinx, Pteropus giganteus, P. hypomelanus, P. policephalus, Eidolon

helvum, Hypsignathus monstrosus, Nyctinme spp., Hipposideros commersoni, Myotis lucifugus, M. nigricans,
M. grisescens, Eptesicus fuscus, Pipistrellus subflavus. Scotophilus nigrita, Nycticeius humeralis, Cheiromeles
parvidens, Tadarida cynocephala, Molossus obscurus, Glossophaga soricina, Caroll ia perspicil lata, Phyllostomus

hastatus, Desmodus rotundus, etc.

As concerns exchange of specimens, we always shall be aggreable, especially in cases concerning

forms having relation to Palaearctic taxa le.g. Kerivoula, south-Asiatic and African Mytois, Pipistrel-

lus. Eptesicus, etc./.

For purpose of scientif ic study, of course, most of the material reviewed above wil l be available

from the curators of individual collections.
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BAT MONTH: PUBLIC EDUCATION AT THE TACKAPAUSHA MUSEUM

Kenneth H. Balcom

The largest number of compaints about bats to the Nassau County Health Department
are received during the month of October, apparently corresponding to increased swarming
and migratory act iv i t ies among Long ls land bats (Connor,1971l  .  In ant ic ipat ion of  increas-
ed bat and human interact ions,  a publ ic educat ion program cal led Bat Month was developed
by the Tackapausha Museum a regional natural history museum operated by the Nassau
County Department of Recreation and Parks. Each October for the past three years, the
museum has presented this unique program designed to contradict common sterotypes about
bats. To do this we feature demonstrations involving l ive bats. a weekly children's program,
an "Animal-of-the-Week," and workshops for students, health department personnel and the
general  publ ic.  ln addi t ion,  a formal.  f i f ty-minute presentat ion ent i t led "The Untold Truth
About Bats" is available to school groups at other times of the year. Bat Buttons and fact
sheets about bats are sold at the sales desk. T-shirts with bat motifs are also available to the
vis i tors dur ing special  T-shir t  day promot ions.

This program has at t racted considerable publ ic i ty f rom televis ion,  radio and news-
papers all of which have cooperated in presenting bats in a positive way. The subject of
rabies is given careful  at tent ion in al l  of  the presentat ions and the importance of  minimizing
disturbances to bats, especially hibernating colonies is also stressed. Preserved bats, skele-
tons, slide programs and a l ive silver-haired bat all prove effective means of informing people
about bats.

Connor,  P.F.  1971. The Mammals of  Long ls land, New York,  N.Y. State Mus. and Sci .
Svce.,  Bul l .416. 78 pp.

Tackapausha Museum and Preserve, Nassau County Department of  Recreat ion and Parks,
Washington Avenue, Seaford, New York 11783.
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A Technique for Electromyographic Study of  Unrestrained
Locomotion in Smal l  Mammals Using Radiotelemetry

Timothy L.  Str ickler
Department of Anatomy

Duke Universi ty Medical  Center
Durham, North Carol ina 2771O

In recent years numerous commercial ly avai lable radiotelemetry uni ts designed for use
in electromyography have appeared on the market.  These uni ts al low single and mult i -
channel  EMG recording in unrestrained animals,  and thus represent an important technologi-
cal  advance in the study of  animal locomotion. However,  most of  th is equipment is useful
only wi th relat ively large animals (4 t tg. l ,  and is qui te expensive.  The purpose of  th is
communicat ion is to descr ibe the use of  a custom bui l t ,  l ight  weight and relat ively inexpen-
sive radio t ransmit ter  in the study of  e lectromyographic act iv i ty in smal l  mammals.

The transmit ter  was designed by O.W. Henson (Dept.  of  Anatomy, Universi ty of
North Carol ina,  Chapel  Hi l l ,  North Carol ina) for  use in audi tory system recording in f ly ing
bats, and its construction and use in this application were recently described (Henson and
Goldman, 1978).  lhaveusedthesametransmit ter inthis laboratory,wi thoutmodif icat ion,
to record EMG's in the laboratory rat ( httus norvegicus )and in the crab-eating macaque
{Macaca fasciculars}.  The electr ical  components were assembled on a 1x10x15 mm piece

of balsa wood, and the completed uni t  weighs less than 1.0g. including the power source
(1.34 V. battery).  The transmit t ing f requency can be adjusted over the ent i re range of  a
standard FM receiver using a var iable inductor,  and the transmit t ing distance is approxi-
mately 8 meters. The total cost of the electrical components is in the vicinity of $35.00
U.S. O.W. Henson is presently preparing a description and schematic of the transmitter for
pu bl icat ion.

For exter ior iz ing the EMG leads, I  used a s i l icone plug simi lar  to that  descr ibed by
Altenbach (19721 . Several modifications were made to Altenbach's procedure to facil i tate
the cast ing of  the plug. speci f ical ly,  I  made a mold f rom a 2 cm square piece of  1cm
thick plexiglass by f i rst  bor ing a 5 mm diameter hole through the center of  the block.
Using a 7.5 mm diameter mi l l ing bi t ,  the in i t ia l  hole was enlarged to adepth of  6mm. On
the opposi te s ide of  the block a 9 mm diameter mi l l ing bi t  was used to enlarge the in i t ia l
hole to a depth of 2 mm. The block was then bisected to produce a two piece mold (see
f igure).  To prepare the plug I  removed the insulat ion f rom the terminal  1 cm of each of
two 15 cm lengths of  .025 mm diamter tef lon coated plat inum-ir id ium electrode wire
(Medwire Corp.) .  Each uninsulated t ip was cr imped into the base of  a 10 mm long female
amphenol connector, and the connectors plugged into a two-pronged jig. The plexiglass
mold was l ight ly coated with glycer ine before each hal f  was f i l led wi th Sears Si l icone Adhe-
sive Sealant. The jig, connectors and electrode wires were positioned in one half of the
mold and the two halves were fastened together. After curing for 24 hours the mold was
opened and the f in ished plug removed and tr immed of  excess si l icone.
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I used the fol lowing procedure to implant the electrode wires in the rat .  The animal
was anesthetized with methoxyflurane, and the hair on its dorsal surface removed with a
depi latory (Surgex).  Two incis ions were then made;one over the muscle to be recorded, and
one in the midl ine over the upper lumbar vertebrae. I  passed a long, large gauge hypodermic
needle subcutaneously from the first incision to the second, and fed the two electrode wires
into the t ip of  the needle.  When the needle was withdrawn the wires were lef t  in i ts path.

wi th the t ips accessible through the f i rst  incis ion.  The si l icone plug was sutured to the th ick
lumbodorsal  fascia in three separate locat ions.  spaced 120o apart .  I  then perfused the
second incis ion wi th penic i l l in G and drew the skin up t ight ly around the neck of  the s i l i -
cone plug with single sutures. The tips of the electrode wires were prepared before the
operat ion by removing the insulat ion f rom a 1 mm port ion of  their  length,  S mm from the
t ips of  the wires.  The t ips were pushed through the muscle as c lose together as possible,  so
that the bared port ion of  the wire remained enclosed within the muscle.  The insulated t ips
were tied tightly together with suture thread to prevent the electrodes from being withdrawn
during locomotion. the area f lushed with penic i l l in G and the wound closed. The fact  that
the t ips of  the electrode wires were uninsulated did not af fect  the abi l i ty  of  the uninsulated
intramuscular portion of the electrode to record electromyographic activity in the muscle
to which it was attached. This method of electrode placement was superior to several others
which were used in prel iminary studies,  especial ly wi th respect to i ts long-term abi l i ty  to
reamin in place postoperat ively.

Prior to recording, I adjusted the broadcasting frequency of the transmitter to corre-
spond to a f requency range which was si lent  on the receiver ( that  is ,  a range within which
no FM radio stations could be detected). Two male amphenol connectors were attached to
the transmit ter  inputs dur ing construct ion and then glued to the balsa f rame. To record
electromyograms these connectors were inserted into the s i l icone plug and the animal
released. The transmitted isgnals were detected by a Kenwood stereo receiver (KR-2600),

and recorded on a Gould 260 chart  recorder.  The animals 'movements and the chart  record-
er output were f i lmed on a s ingle v ideo tape using the spl i t  screen feature of  a special  ef fects
generator.

The electromyograms which were recorded from the rat  g luteus superf ic ia l is  and the
monkey masseter using the system descr ibed above were vi r tual ly indist inguishable in
qual i ty f rom publ ished records on non-telemetered EMGs. When the electrodes are proper ly

inserted, noise in the system is minimal,  and Inoted no art i facts due to electrode wire
movement between the plug and muscle.  Al though I  have not yet  quant i f ied the EMG
recordings, s imultaneous recordings of  masseter electr ical  act iv i ty and mandibular bone
strain in the macaque showed that qualitative differences in the recorded EMG were related
to differences in the strength of muscular contractions. Increased amounts of bone strain
in the macaque mandible corresponded to increased activity in the masseter (indicated by
greater EMG apl i tude),  and even without quant i tat ive analysis,  qual i tat ive assessments of
the relative strengths of muscular contractions can be made.
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I plan to use this transmitter to record activity patterns in several bat shoulder muscles

dur ing f l ight ,  and I  ant ic ipate no major problems with i t  in th is appl icat ion.  Dur ing several

of our init ial operations on rats wer failed to attach one of the two electrode wires properly,

and discovered that when the bared wires are lodged in the subcutaneous tissue, the system

can be used to record electrocardiograms.

The research reported here was supported by two grants from the Duke University

Medical Center Research Awards Committee (393-5033; 393-5037). I thank Dr. O.W.

Henson for his wil l ingness to share the details of construction and operation of his trans'

mit ter  wi th me, and Dr.  Wi l l iam L. Hylander,  Duke Universi ty Anatomy Department.  for

his co-operat ion in the macaque exper iment.

BIBLIOGRAPHY

Altenbach, J.S. 1972. A si l icone rubber plug for chronic exter ior izat ion of  EMG leads in

smal l  mammals.  J.  Mammalogy,53 (3):  630-632.

Henson, O.W.,  Jr .  and L.J.  Goldman. 1978. Radiotelemetry of  Cochlear potent ia ls f rom

fly ing bats.  Anat.  Record,  190 (2):  610-611. Abstract  only.

' I tlllf
r2.smml I  r l  l l  l

I  t |  iJJ
I  J/ \  l r -
Ll! : :_

Details of Sil icone plug construction. A. The two piece mold(a) with j ig (b), amphenol con-
nectors (c) and electrode wires (d) in place prior to fi l l ing the mold with sil icone.

B. Lateral view of the completed plug.
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NEWS

In the most recent issue, I included a reference to a paper accepted for publication, specifi-
cally,

Potter, F.L. in press. Roosting patterns and social behavior in captive @rtli".p"*pi"it-
-lata. Journal of Mammalogy.

This was incorrect. The author is Fran PORTER, the mistake is mine.

QMC Instruments (229 Mile End Road London El 4AA England) has sent me an advertise-
ment for a new model of their bat detector. This is a QMC Mini Bat Detector which is
pocket* izedandtuneable,andincludesthefol lowi ' 'gf f i rophone
which covers all known animal ultrasound (i0 to 16OkHz); aclip-onhorn fordirection
finding and increased sensitivity; an automatic gain control for finding increased dynamic
range; a built-in beat frequency oscillator for continuous or long signals; an output
socket for an ear plug; and a self il luminated dial pointer. The machine is 130 by TOby
40 mm, and runs on two AA cells. The cost, including packing and delivery charges, is
5 3.50 pounds sterling. They advertise 'special prices' for bulk orders.

Cavelights (523 Tomahawk Tr. no. 2309,Indianapolis, Indiana 4622+) is selling lights which
they call 'Midnight Sun'. I recently purchased a modified 'Midnight Sun' headlight
(Model 1000) and have had occasion to use same in the field. The lamp fcatures re-
chargable 'Gel/Cell' battery and a variety of bulbs to achieve different light brightness
and life. I was very favourably impressed with the function of my light during a recent
trip to Africa.

R.L. Peterson (Department of Mammalogy, Royal Ontario Museum, Toronto, Canada M5S
2C6) reported that although he found the recent article on Czechoslovakian bat research
very interesting, he was unable to take advantage of the information on collections of
bats during the recent conference at Brno. It turned out that when he arrived there he
was informed that without prior permission it was not possible to view any of the collec-
tions. Persons counting on visiting the collections mentioned in the article should bear
this in mind and make the necessary arrangements.

Kunwar Bhatnagar has written to say that he will be on sabbatical leave between I September
1978 and 31July 1979. Dur ingthist imehisaddresswi l lbe'  unt i l  3 l  December c loDr.
H. Stephan, Max-Planck Institut fur l{irnforschung, Neurobiologisches Abteilung,
Deutschordenstrasse 46, Postfach 710 4O9, D-60O0 Frankfurt/M Tl Niederrad, Federal
Republ ic of Germany; and from l  January to 31July,  c/o Prof.  Dr.  med. Winr ich
Breipohl, Institut fiir Anatomie, Universititsklinikum Essen, I{ufelandstrasse 55, D-4300
Essenl,  Federal  Republ ic of Germany.

The New York State Department of Health, Division of Laboratories and Research, recently
held a Symposium on the Management of Bat Rabies as a Public ltealth Problem. The
symposium was organized by John Debbie and Chuck Trimarchi on 6 and 7 June 7978
in Albany, New York. The programme included presentations from various State and
Provincial Officials, as well as presentations from people working with bats. I found the
Symposium very interesting and was particularly encouraged to find out that so many
government officials were reluctant to authorize the use of pesticides in bat control.
ln my opinion, the Symposium represented an important effort to put the Public Health
officials in contact with some bat researchcrs, and perhaps gave both groups a better idea
of the views and problems that each faces. 'fhe organizers ofthe symposium are to be
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heartily congratulated for their efforts. The following comment, overheard in the hall-
way, indicates that not all pubiic health people are encouraging people not to use pesti-
c ides,

'You might as well kill them with DDT because if you just chase 'em
away they'll die in the freezing weather znyway. The biologists should
know this, they've studied their behavior' . . .

Fortunately, this remark, and similar broad-minded comments from some bat workers,
does not reflect the prevailing attitudes of the Symposium.

Don Mairs of the Pesticides Conuol Board for the State of Maine recently contacted me about
controlling bats in buildings. They have been swamped with requests for bat control
this summer but have kept the number of applications of pesticides to an absolute mini-
mum. They recommend exclusion of bats as the only effective means of control but find
that slate roofs are a difficult problem. The Director of the Public l{ealth Laboratory,
Dr. Howard Lind, has supported the Pesticides Control Board in minimizing the appli-
cation of pesticides as a means of controlling bats in buildings.

Jay P. Kennedy (Box 183 Myerwille, Maryland 21773) has sent me the most recent issue of
Frederick Underground (Volume IV, no. 4) which contains a number of articles about

@roundisamonthlypubl icat ionoftheFreder ickGrottoofthe
Nationa@

Carol Conroy, one of our subscribers, has moved, her new address is: 64O0 Macarthur Blvd.,
Washington, D.C. 20076.

K. Usman (c/o Dr. M.K. Chandrashekaran, Unit of Animal Behaviour, School of Biological
Sciences, Madurai University, Madurai 625821, India) is a teacher and is currently work-
ing towards his Ph.D. He is interested in Ecological and Ethological studies of insecti-
vorous bats, and specifically the effect of light and seasonal variation on the activity of
bats. He would be glad to correspond with others who are working in this area.
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NEWS

Kunwar BHATNAGAR, who is enjoying the tranqui l i ty  of  a sabbat ical  leave, has sent me a copy of  astamp recent ly
issued by West Germany, that shows a fossil bat. The bat, Palaeochiropteryx tupaiodon, was recovered from
the mine Messel  near Darmstadt,  which is near Frankfurt /M, is about 50 mi l l ion years old,  and is excel lent ly
preserved, showing impressions of  some soft  t issues in the abdominal  region. The starnp was issued on 13 July
1978, i t  is  25.5 by 43 mm, and costs 80 Pf.  Kunwar,  and his col league Dr.  Heiko FRAHM of the Max-Planck-
Inst i tut  fur  Hirnforschung are to be thanked for drawing the stamp to rny at tent ion.

In Apr i l  1978, the Canada Diseases Weekly Report  carr ied informat ion about a suspected case of  Human Rabies
reported from Nova Scot ia.  The report  was picked up by the Bureau of  Epidemiology and Veter inary Publ ic
Health Coordinator,  CDC (Center for  Disease Control)  Veter inary Publ ic Heal th Notes.  The vict im, a 63-year-old
man from Parrsboro,  Nova Soot ia,  was admit ted to a hospi ta l  in Hal i fax on g August 1977 with an undiagnosed
acute neurologic condi t ion,  and he died on 11 August 1977. Dur ing the Iast  12 hours before his death the pat ient
had to be moved to a pr ivate room because of  h is v io lent behaviour which was uncontrol led by sedat ives.  The
postmortem f indings revealed no def in i te cause o{ death.  but  the pathological  evidence was consistent wi th the
diagnosis of  rabies,  even though the symptomslslogV was not that  of  c lassical  rabies.  Invest igat ion showed thar
the man had been bi t ten by a bat about a year before the onset of  h is i l lness,  that  he had not t ravel led outside of
the province in the previous year and that the fami ly dog did not have rabies.  The t ime lapse between possible
exposure in 1976 and the onset of  i l lness in 1971 is wi th in the outer l inr i ts of  the incubat ion per iod for rabies.
The connection between the possible bat bite and the disease seems somewhat tenuous. Editor.

F.A. MUTERE, the Dean of  the Facul ty of  Science at  Kenyatta Universi ty Col lege (P.O. Box 43844, Nairobi ,  Kenya)
has wri t ten concerning the of f ic ia l  pr ices of  the proceedings of  the Nairobi  Fourth Internat ional  Bat Research
Conference. In his letter of 23 August 1978, he indicated that the prices were as follows:

KShs 90.00
u.s.$ 16.95
u K 6.80

Copies may be ordered from:
Sales and Distr ibut ion
Kenya Literature Bureau
P.O. Box 30022
Nairobi ,  Kenya

People who at tended the bat conference in Albuquerque (abstracts enclosed in th is volume),  and who paid for
copies of the Nairobi proceedings at a higher rate, wil l be repaid the difference between this lower price and the
pr ice they were mistakenly charged in August.

Denny G. CONSTANTINE (Veter inary Publ ic Heal th Uni t ,  Cal i fornia Department of  Heal th,2i5l  Berkeley Way,
Berkeley,  Cal i fornia 947041 sent the fo l lowing oi t  of  informat ion f rom The Br i t ish American of  August 1978,
page 34: "An anonymeus conservat ionist  has paid 24,000 pounds ster l ing for  a derel ict  mansion which wi l l
preserve a rare kind of bat. The 25-bedroom house, in Woodchester Park, Strand. Glos., is overrun by Greater
Horseshoe bats.  When the bui ld ing was put up for sale ear l ier  th is year by a forestry company, conservat ionists
had feared a developer would buy it and scare the colony away. Now the bats wil l be allowed to stay".

Denny also sent copies of an exchange of letters between him and Dr. K.F. Girard of the Massachusetts Department ol
Heal th,  concerning 'Bats,  Rabies and DDT'.  I  am loathe to present the exchange in i ts ent i rety,  but  readers may
avai l  themselves of  the informat ion in the let ters by consul t ing The New England Journal  of  Medicine, of  20
Apri l  i978, pages 915-916. The gist  of  the exchange is that  Dr.  Constant lne and Dr.  Girard have di f ferent
opinions about the use of  DDT in control l ing bats in bui ld ings.

The Nat ional  Speleological  Society Bat Subcommit tee is producing anewslet ter  NIGHT FLYER (edi torThomas Lera,
5350 Amesbury Dr ive,  no.616, Dal las,  Texas 75206)-and I  have recent ly received Volume, l ,  number4. l f  vou
are interested in being included on their  mai l ing l is t  you should contactThomas Lera.

There is relat ively l i t t le in the way of  news this t ime, in part  because of  the recent ly 'set t led'postal  str ike in Canada.
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BIOLOGY OF BATS. Volume l l l .  Edi ted by W.A. Wimsatt .  New York,  Academic Press.6b1 pp. 1971. $b9.00

This long awaited thi rd volume of  W.A. Wimsatt 's  ser ies,  publ ished af ter  a considerable delay,  contains but f ive
chapters in over 600 pages. l t  includes sect ions on social  organizat ion,  acoust ic or ientat ion,  the cardiovascular svstem.
blood physiology and bats as laboratory animals.

J.W. Bradbury 's chapter on Social  Organizat ion and Communicat ion is perhaps the most readable and wel l
organized sect ion in th is volume. Unfortunately,  however,  i t  suf fers the most f rom the long delay pr ior  to publ ishing
and the references include only those as recent as 1974. This is disappoint ing consider ing the wealth of  informat ion
on chiropteran behaviour which has been published in the last several years. None-the-less, the author stimulates the
reader with some interesting hypotheses and relates the social organizations of bats to those typical of other mammals.

The chapter on Acoust ic Orientat ion by A. Novick suf fers pr imari ly f rom i ts length (200+ pages) ,  which is due.
at least in part, to the continual repetit ion of the same examples in various sections of the chapter. The review is
certainly very thorough and has an extensive reference list, as do all the chapters in the volume, but the language in
places is rather technical and often requires several readings before becoming clear. The lack of any figures is
unfortunate and sonagraphic representations of echolocation types might have been very useful. The author does pose
some intr iguing suggest ions concerning the structure,  funct ion and evolut ion of  var ious aspects of  echolocat ion in
DAtS,

F.C, Kal len's chapter on the Cardiovascular System, al though also some 200 pages long, suf fers less f rom this
than the previous chapter because the author refers back and forth to various sections rather than needlessly repeating
informat ion.  Again the content is highly technical  in places but is accompanied by some truly excel lent  d iagrams which
do help c lar i fy some points and add great ly to the work.  Throughout the chapter,  Kal len stresses the under ly ing
typical ly mammal ian structure of  the bat 's cardiovascular system whi le concentrat ing on the unique adaptat ions that
these animals have evolved.

The shortest  chapter is that  by M.L.  Riedesel  on Blood Physiology. This brevi ty,  as the author states,  is  due in
part  to the lack of  informat ion on the subject  but also to the use of  tables in summariz ing the data presented. Again,
the unique characteristics of bat blood are stressed and Riedesel demonstrates how the animals cope with the special
problems they encounter in an interest ing fashion.

For those comtemplat ing or already maintaining bats in the laboratory,  J.J.  Raswei ler 's chapter on the subject  wi l l
undoubtedly serve as a valuable compi lat ion of  informat ion.  Again,  however,  a l though there is an extensive reference
l ist ,  only a few post-1973 ci tat ions are given. The chapter does include a long review of  what is known about the
natural feeding habits of bats and artif icial diet recipies are given prominent coverage. As well a source l ist of products
is given and should prove useful .

Undoubtedly one of  the major cr i t ic isms of  th is volume has to l ie wi th the numerous obvious typographical
errors.  In some places complete l ines are missing and the number of  misplaced or incorrect  let ters leads one to
wonder about the spel l ing of  unfami l iar  words.  This is inexcusable for  a book cost ing near ly $60.

On the whole,  th is volume contains a weal th of  informat ion on the f ive subjects covered and should be very
useful  especial ly for  new students of  chiropteran biology. l t  is  thus unfortunate that  many wi l l  have to pass over the
book because of  i ts  h igh pr ice.

Robert  Barclay,  Biology Department,  Car leton Universi tV,  Ottawa, Canada.
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ABSTRACTS OF THE
NINTH NORTH AMERICAN and

FI FTH INTERNATIONAL SYMPOSI UM
on BAT RESEARCH

August 6-11, 1978
University of New Mexico
Albuquerque, New Mexico

ROUSSETUS AEGYTIAGUS, E. GEOFFROY (CHIROPTERA) _ A POTENTIAL RESERVOIR, HOST,
AMPLIFIER AND DISSEMINATOR OF JAPANESE B ENCEPHALITIS VIRUS IN EAST AFR ICA.

BY

P.A.K. Addy, M. Lule and E. Sekyalo
Department of  Arbovirology and Serology
East Afr ican Virus Research Inst i tute
P.O. Box 49, Entebbe, Uganda

This study was designed, on the one hand, to complement previous bat serological  f indings by Addy et .  a l . ,
(1975) and to determine the possible role Roussetus aegypt icaus bats rnay play in the maintenance, ampl i f icat ion
and disseminat ion of  Japanese B encephal i t is  v i rus,  on the other hand. For th is purpose,355 blood samples f rom
Roussetus aegypticaus bats were collected and serologically examined for haemagglutination inhibit inS (HAl)

ant ibodies of  f ive group B arboviruses, namely,  West Ni le (WN), Japanese B encephal i t is  (JBE),  Entebbe Bat Sal ivary
Gland (ENT),  Bukalasa Bat (BB),  and Dakar Bat (DB) v i ruses, and the resul ts obtained revealed that the rate of
JBE HAI ant ibody incidence was qui te high, so that JBE virus could be considered to be in c i rculat ion among
Roussetus aegytiacus bats in Uganda.

A further 20 Roussetus aegypt iacus bats were examined serological ly for  ant ibodies,  th is t ime to WN and JBE
viruses only.  Bats whose sera were found to contain no ant ibodies to both WN and JBE viruses, were infected sub-
cutaneously wi th 0.1 ml of  3.5 loglg of  JBE virus ant igen suspension. Thus, blood samples col lected for 15 consecut ive
days, f rom 15 sero-negat ive bats 24 hours af ter  infect ion wi th JBE virus,  revealed through Virus reisolat ion at tempts
that viraemia occurred 3 days (72 hours) after infection and persisted {or a period of 7 days. Results of Serological
tests on sera f rom the i5 JBE virus- infected bats,  revealed that haemagglut inat ion inhibi t ing and protect ive (neutral-

lz ing) ant ibodies made their  respect ive appearances, 9 and 10 days af ter  infect ion,  i .e.  at  a t ime when viraemia had just

begun to disappear.
From these findings, it was concluded that the bat species, Roussetus aegyptiacus, may be considered a potential

reservoir  host ,  ampl i f  ier  and disseminator of  JBE virus.
Eprdemiological  impl icat ions of  these f  indings were discussed.

AGING BATS (MYOTIS DAUBENTONI} LEAVING HIEERNACULUM

Dr. Hans J.  Baagoe
Zoological  Museum, Universi tetsparken 15. 2100 Copenhagen, Denmark

Earl ier  studies of  epiphyseal  fusion in hand bones have shown tht  special  X-ray techniques can be used to separate

young from old bats for  a longer t ime than when classical  methods are appl ied (Baagoe 1977a + bl .

X-ray studies of l ive Danish Myotis daubentonii showed that a large number of young can be distinguished when

they leave their  winter quarters in March-Apr i l ,8-9 months old.  Further studies of  museum specimens indicated that the
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X-ray method can not be uscd much beyond this age.

The X-rav method has now been used in a study of  thr :  departurc of  M. daubentoni i  f rom the winter quarters in

Monsted Limestone Pi t ,  in Northern Jut iand, Denmark.  (Baagoe, Degn, and l ' . l ie lsen in prep.) .

Twice a week from late March to late Apr i l  1971 the only entrancc to the mine was covered with a Tutt le t rap and

al l  bats leaving the mine that night were cai-rgh1, counted, sexed, an marked tr- 'mporar i ly  by toe c law cutt ing.  Approximately

2000animalswerehandled. SamplesfromeachnightwereX-rayed,andal l  i )atswerereleasedshort lyaf ter ,about l000bats

were X-raved.

By weight ing the percentage of  young obtaineci  in each sarnple against  the curvc of  departure based on the tut t le

trap catches i t  is  possible to calculate the percenlage of  young in the winter populat ion (males 23.9%, fernales 18.2%). Also

an at tempt was made to est i rnate bat act iv i ty arr iund the entrance by registrat ing the number of  interrupt ions of  laser beams.

Resul ts f rom these invest igat ions wi l l  be presented and comparisons wi l l  be rnade of  departure curves for males and

females,  and young and old.

THI NATURE OF THE CHROMOSOMAL CONIACT ZONE
iN URODEBMA BILOBATUM

Robert  J.  Baker
Departrnenr of  Biology
Texas Technical  Universi tv
Lubbock. Texas

Tht-. interaction at the zone of contact betrveen two chromosomal races of the Peters' tent-making bat,
Uroderma bi lobatum, have been extensively r :xamined. One parental  stock is character ized by a 2n=38. G-banding
analysis reveals that  three chromosornal  events (a r ;entr ic fusion or f iss ior . r ,  a t ranslocart ion of  a smal l  acrocentr ic to the
distal  end of  a large acrocentr ic,  and a t ranslocat ion of  a nr i , iJ ium si , rc,- l  acrocef l t r ic  to a smal l  b iarmed element)
explain the var iat ion.  Extensive hybrrdirat ion occurs betwecn the two cytotypes and Fland backcross indiv iduals
are fer t i le.  These data suggest that  thc magnitude o{ negat ivr , 'meiot ic l reterosis rs not as great as expected in an
indiv idual  heterozygous for one, two or three chromosomal changes. These data ar.e interpreted as implylng that
rapid phylet ic change can occur in the karyotype of  a populat ion wi thorr t  srnal l  derne sizc as a requis i te.  The canal-
izat ion model (Bickham and Baker)  of  chromosomal evolut ion is discussed in l iqht  of  these data.

ON THE EVOLUTIONARY ORIGIN OF VAMPIRE BATS

Rebecca A. Bass and Robert  J.  Baker
Texas Tech Universi ty.  Department of  Bioiogical  Sciences, Br. .x 4149, Lubbock, Texas 79409

G'banded chromosornal homoloqiets r;f Dermodus rotundus, Diaemus youngii, Diphylla ecaudata, Glossophaga
soricina, Monophyllus redmani, Phyllonycteris aphylla, Erophylla sezekorni, and Brachyphylla nana were analyzed
using modif  icc i  Hennigian cladlst ical  met l rods in an ef for t  to eluc ' idate the evolut ionary or ig in c.r f  vampire bats.  Phyloge-
nei ic relat ionships wi th in t f re Desmodont inae anC a pr i rn i t ive karyotype of  2N=34; t iN=60 are proposed for the sub-
fami ly.  G-ganded patterns of  Diaemus and Glossophaga are examirred in relat ion to the karyorype prevlousty proposed
as pr imit ive for  the fami ly Phyl lostomat idae. Evolut ionary i rnpl icat ions are discussed and a c ladogram incorporat ing
ch romosr-rmal rearrangements is presented.
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URINE CONCENTRATION IN THE POSTPRANDIAL INSECTIVOROUS BAT:
A PROPOSED MECHANISM OF KIDNEY FUNCTION

John E. Bassett
Department of  Physiology and Biophysics,  Universi ty of  Washington, Seatt le,  Washington 98 195

lnsect ivorous bats produce maximunr ur ine concentrat ions af ter  fceding. Previous invest igators have reported
maximum ur ine concentrat ions achieved by postprandial  bats but have not studied the dynarnics of  the ur ine concen-
trat ing process. In th is invest igat ion,  ur ine f low rdte,  r , r ine conccntrat ion,  and fr lasma concentrat ion were deterrnined
before and af ter  feeding in the l i t t le brown bat (Myot is luci fugus luci fugus) whi le exposed to an environrnental  dehy-
drat ion stress.  Renal  osmot ic c learnace was used to descr ibe the dvnamics of  the ur ine concentrat inq process in the
postprandial  bat .

Ur ine f low rate t r ip led wi th feeding and remained elevated for 9.5 hours posprandial ly.  At  that  t ime ur ine
f low rate returned to the prufeeding level .  Ur ine concentrat ion doublr :c j  wi th feeding and remained eievated for at
least  i4.5 hours posprandiai ly.  Plasma concentrat ion increased markedly wi th in 2 hours of  feedingand then increased
more slowly over ihe remainirrg 12.5 hours of  the stress nxposure.  The ronar l  osmot ic c lerarance of  the bat,  the product

of  ur ine f low rate and the rat io of  ur ine to plasma r :srnolal i ty,  quadruplr : r . l  wi t i r  feeding. Osmotic c learance remained
elevated unt i l  9.5 hours posprandial ly when i t  returned to the prefeeding l t rvel .  Ciranges in osmot ic c learance paral le led

changes in ur ine f low rate.
Ttre postprandial  oat  var ied the rate of  product ion of  a rnaximal ly concentratecj  ur ine.  The direct  re lat ionship

of somot ic c learance and ur ine f low rate in the bat,  when compared with theoret ical  r :cnsiderat ions and actual  data

from other perrodical ly feeding carnivores,  suggests ar,  increase in glomr:rular f l l t rat ion rate (GFR) wi th food con-

l 'he postprandial  bat  var ied the rate of  product ion of  a maximal ly conccntrated ur ine.  The direct  re lat ionship

of somot ic c learance and ur ine f low rate in the bat,  when conrpared wit l l  theoret ical  constderat ions and actual  data

from other per iodical ly feeding carnivores,  suglJests an increase in glonrcrular f i l t rat ion rate (GFR) wi th food con-

sumption. The observed ur ine concentrat ing behavior of  the postprandizr l  bat  k idney resul ts f rom var iat ion of  GFR at

ur ine f lows below those which saturate the k idrrey's water reabsorpt ion nrechanism. The increased GFR with food in-

take provides for rapid and ef f ic ient  removal  of  urea and solutes,  and the decreased GFR after solutes and urea have

been removed results in water conservaiion during intervals between feedings.

HABITAT USE BY SYMPATRIC SPECIES OF INSECTIVOROUS BATS

G.P. Bel l
Department of  Biology, Car leton Universi ty,  Ottawa, Canada K1S 586

I used the echolocat ion cal ls of  insect ivorous bats to assess patterns of  habi tat  use in three dis-
crete habi tats in southeastern Ar izona: desert  grassland, oak- juni t rcr  sctub. and deciduous r ipar ian

woodland. The cal ls were picked up by a broaC-band sol id dielectr lc capaci tance nr icrophone and
analyzed by a zerocrossing transient s ignal  analyzer ( 'per iod meter ' ) .  An osci l loscope display of  th is
analvsis permit ted ident i f icat ion of  the bats and l r :cal izat ion of  habi tats used for hunt ing.  The ef fect
of concentrations of insects on these patterns of habitat use were assessed by attracting insects to a por-

table ul t ra-v io let  I  iqht .
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FINE STRUCTURAL OBSERVATIONS ON THE ADRENAL CORTEX OF ACTIVE AND HIBERNATING LITTLE

BROWN BATS, MYOTIS LUCIFUGUS LUCIFUGUS

Belt ,  W.D.,  and A.W. Gustafson

Department of  Anatomy, Tufts Universi ty School  of  Medicine, Boston, Massachusetts 0211i

Adrenal  cort ical  f ine structure was studied in bats col lected in January and in mid-July.  To provide funct ional

correlates,  cort isol  levels were determined by radioimmunoassay from plasma of  animals col lected at  the same per iods

of the year.  The cel ls of  the zona glomerulosa were general ly s imi lar  in both t ime per iods.  They contained numerous

f ine l ip id droplets,  abundant mitochondr ia wi th tubular and plate- l ike cr istae, a wel  l -developed Golgi  apparatus,  a mo-

derate amount of  agranular endoplasmic ret iculum, l i t t le granular endoplasmic ret iculum and abundant f ree r ibosomes.

The cel ls of  the remainder of  the cortex had some features which were relat ively constant.  Thesmal l  Golgi  apparatus

and the abundant mitochondr ia wi th predominant ly tubular cr istae changed l i t t le.  Some of the other organel les

changed dramat ical ly.  In January,  the agranular endoplasnr ic ret iculum was extensive,  f i l l ing most of  the cytoplasm

between mitochondr ia,  the Golgi  apparatus and a few large l ip id droplets.  Some free r ibosomeswere present.  In mio-

July,  large l ip id droplets and r ibosomes were more abundant;

July,  large l ip id droplets and r ibosomes were more abundant;  agranular endoplasmic ret iculum was drast ical ly reduced.

Plasma cort isol  levels (mean + SE) were 0.56 + 0.04 ug/ml in July and rose to 1.14 + 0.06 ug/ml in January (human

range = O.O2-O.25 uS/ml) .  No speculat ion can be made concerning the unusual  levels of  cort isol ,  but  the observed

changes suggest that  h ibernat ion represents a stress and that the Iarge quant i ty of  agranular endoplasmic ret iculum is

a mechanism for synthesis of  cholesterol  not  provided by diet  as a hormone precursor whi le dur ing the summer,  d ietary

cholesterol  is  avai lable.  The abundance of  r ibosomes in summer could be in ant ic ipat ion of  synthesis of  the membrane
proteins for  the agranular ret iculum needed in the subsequent hibernal  per iod.

FEEDING ECOLOGY OF A BAT COMMUNITY IN INDIANA

WITH EMPHASIS ON THE INDIANA BAT, MYOTIS SODALIS

Jacquel ine J.  Belwood
The Flor ida State Museum, Museum Road, Universi ty of  Flor ida,  Gainesvi l le 32661

Insect remains in feces were compared with the aer ia l ,  nocturnal  insect community monitored

simultaneously in three habi tats useci  by seven species of  bats for  foraging from ear ly summer through

ear ly autumn. The ef fect  of  seasonal  and habi tat  d i f ferences in the insects avai lable to bats as prey are

discussed with respect to bat foraging behavior and prey selection. Changes in foraging are examined

as adaptat ions of  species to their  respect ive niches, and as seasonal  adjustments to changing food supply

and to the varying energet ic demands of  l i fe history phases such as lactat ion and migrat ion.  Var ious as-
pects of bat jaw morphology that accompany feeding strategies for different types of insects are also

d iscussed.
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PR E LI  N/ I  NARY I  NVESTIGA-I IONS AN]D
MANAGEMENT OF THE INDiANA BAT (MYOTIS SODALIS)

IN NEW YORK STATE

Andrea S. Bergstrom
New York State Department of  Environmental  Conservat ion
Wildl i fe Resources Center
Delmar,  New York 12054

Under a .  coperat ive endangered species agreer l rent  wi tn the federal  government New York 's Departrnent of  Environ-
mental  Conservat ion Endangercd Species Urr i t  has l regun invest igat ions into the s iatus o{ the Indiana bat Myot is
sodal is wl th in New York and has inst i tuted prelrr i r inary nranagement plans for k ' r rown M. sodal is hibernaculae.
A cont inuing searcfr  of  l i terature pert inent to M. sodal is in generai  wi th part icular reference to New York is under way.
Bat researchers and cavers throughout North America have becn and i r re being corr tacted in an at tempt to establ ish
the history of  bat  research and banding in New York arrd to gather locat ions and inforrnat ion on known or possible
M. sodal is hibernaculae in the state.  Potent ia l  h ibernaculae are beinq i r rvest iqated arrr j  known hibernaculae are being
monitored to determine bat numbers,  cause () f  mortal i ty of  dead bats found and cause of  anv threat to the bat
populat ions.  Cooperat ive agrL.ements between the Department and certain lanclowners are being formulated to provide
enforcement of  laws protect ing M. sodal is,  to restr ict  access to the hibernacula cave areas in winter,  and to formulate a
permit  system for regulat ion of  access to the caves throughout the rest  o i  the year.  Plans are also being developed for a
research project to study the summer range of M. sodalis in northern New York.

ECHOLOCATION BEHAVIOR DURING HUNTING AND OBSTACLE AVOIDANCE IN THE BATS
MEGADERMA LYRA AND MYOTIS MYOTIS: A COMPUTER ANALYSIS OF ECHOLOCATION

SOUNDS RECORDED UNDER CONIROLLED BEHAVIORAL SITUATIONS

Karl  Beuter,  Joachim Fiedler,  Jorg Habersetzer
Un iversi ty Frankf urt
Department of  Biology
AK NRP, Siesmayerstr .  70
D 6000 Frankfurt

ln iaboratory exper i rnents bats had to perform prescr ibed tasks.  The { l ight  phases were photographed ano
simultanecusly echolocat ion sounds were recorded to f ind out structrrral  regular i t ies.  Sound analvses with power
spectra,  t ime-frequency spectrograms and ambigui ty funct ions were perfornred orr  a PDP-11 computer.  The data
were interpreted using the iheory of  technical  echolocat ion systems to explai i r  the struclure of  the sounds.

The bat Megaderma lyra located l iv ing prey and acoust ical ly s imrr lated prey by passive l is tening but used act ive
echolocat ion for  detect ing deerd prey.  Dur ing act ive or ientat ion th is bat oharacter ist ical ly used short  groups of  u l t rasonrc
pulses.  Three dist inct  groups could be ident i f ied and correlated with di f ferent or ientat ion phases. The sounds cl i f fereo
in f requency spectra,  pulse durat ions and repet i t ion ratcs.

In the bat Myot is myot is t l . re durat ion,  harmorr ic structure,  banclwidth and repet i t ion rate of  echolocat ion
sounds changed in a predictable way dur ing goal  d i rected f l ights toward mealworms. The terminal  buzz could be
expanded by pul l ing the rarget away along the f l ight  path.

In a systents theoret ical  analysis i t  cot i ld be shown that the observed souncls potent ia l ly  would give near ly
constant c l is tance resolut ion and signal  strenglh at  the output of  an opt imum receiver independcnt ot  the hunt ing phase.
This invar iance of  importarr t  echolocat ion propert ies is achieved by adarpt in0 the s ignal  energy and the bandlry idth-
t ime product of  the emit ted sor:nds to the hunt ing pfrase. The data presented suggest that  these bats obtain opt imum
resul ts by providing their  acoust ic processor wi th cues best sui ted to the s i tuat ion.  This is accompl ished throLrqh the
choice of  e i ther passive or var ious forms of  act ive or ientat ion.
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THE CHIROPTERAN VON/ERONASAL ORGAN: ITS RELEVANCE TO THE PHYLOGENY OF BATS

Kunwar P. Bhatnagar

Department of  Anatomy, Universi ty of  Louisvi l le,  Louisvi l le,  KY 40201

Situated bilaterally in the anteroventral nasal septum, a well-developed vomeronasal (Jacobson's) organ has been
described in most mammals. lts widespread occurrence in the order Chiroptera has been recognized only recently.
Classical  anatomists,  not ing a str ik ing constancy in i ts morphology and relat ions,  considered that the vomeronasal
organ might prove valuable in determining the phylogenet ic af f in i t ies of  animal groups; perhaps of  greater value than
ei ther dent i t ion of  p lacentat ion.  This invest igat ion was undertaken to test  the above hypothesis by character analysis
of the vomeronasal organ with reference to the phylogeny of the Chiroptera. The degree of development of the adulr
vomeronasal  organ complex has been taken for purposes of  th is discussion only as a pr imit ive character ist ic;  the more
developed the organ, the more pr imit ive the group.

This study encompassed 37 species represent ing al l  of  the chiropteran superfami l ies and l3 of  the 17 fami l ies,
as wel l  as 13 subfami l ies of  the 5 fami l ies.  Specimens from fami l ies Crasconycter idae, Fur ipter idae, Myzopodidae, ano
Mystacinidae were unavai lable.  Snouts of  adul t  bats were var iously f ixed, decaldi f ied,  embedded in Paraplast ,  and
ser ia l ly  sect ioned at  10 /m. Sect ions were stained with Gomori 's  one-step tr ichrome, per iodic acid-schi f f  (pAS)
technique. or the Protargol  s i lver method of  Bodian.

The vomeronasal  organ complex was found to be wel l  developed in the fami l ies Phyl lostomat idae (wi th the
except ion of  Brachyphyl la)  and Mormoopidae. l t  is  rudimentary in the fami l ies Rhinopomatidae, Megadermat idae,
Rhinolophidae, and Thyropter idae. The organ complex is lacking in the invest igated species of  the fami l ies Ptero-
podidae, Embal lonur idae, Noct i l ionidae, Nycter idae. Natal idae, Molossidae, and Vespert i l ionidae (wi th the except ion
of Miniopterus). The comparative morphology of the vomeronasal organ and its related carti lages are described ano
some funct ional  impl icat ions discussed.

In general the vomeronasal organ complex tends to be represented in one form or another in the suborder
Microchiroptera, but is lacking in the investigated species of the suborder Megachiroptera. Based on this finding ano
the fact that the organ is well represented in groups known to be closely related to bats (e.g. insectivores and
pr imates),  i t  would seem that the Microchiroptera share a c loser af f in i ty wi th other mammal ian groups than they do
with the Megachiroptera.  The two chiropteran suborders thus would appear polyphylet ic in or ig in.

The avai lable data on the chiropteran vomeronasal  organ complex supports the addi t ional  conclusions that
(1) the phyl lostomat id bats are most pr imit ive,  wi th Brachyphyl la occupying a posi t ion much higher in the group.
Vespert i l ionids are at  the other extreme, wi th Miniopterus holding a basal  pr imit ive posi t ion.  Rhinolophids and
embal lonur ids appear between the other two microchiropteran superfami l ies;  (2)  the wel l  developed condi t ion of  the
organ in f rugivorous, nectar ivorous, and sanguivorous microchiroptera strongly indicates an ol factory role in feeding.
thus suggesting the order Chiroptera as an ideal group in which to study the sti l l  debated question of vomeronasa
organ function; (3) functional anatomy of the organ does not support the speculation that bats perform the facia.
gr imace cal led Flehmen; (4) the pr imit ive ancestral  bat  may have had a fu l ly  developed vomeronasal  organ; (5) in
itself it may not appear to be a significant criterion but along with other characters the organ could provide a reliable
index for determrnat ion of  af f in i t ies wi th in a group; (6) before any def in i t ive conclusions are drawn, the organ needs
to be studied in a much broader spectrum of species; and (7) considering primates and bats together, the organ is
fully developed in the New World species, whereas it is either rudimentary or lacking in the Old World species.
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REPRODUCTIVE STRATEGIES OF AN AFRICAN INSECTIVOROUS BAT COMMUNITY
IN RELATION TO FOOD SUPPLY

Hal L.  Black
Department of  Indian Educat ion and Zooiogy, Br igham Young Universi ty,  Provo, Utah 8460i

periods of reproduction in several species of cave dwell ing insectlvorous bats in Central Africa were

found to be seasonal. Pregnancy, lactation and weaning occurred during the wet season when insect abun-

dance was at a yearly maximum; however, these activit ies were not highly synchronized between species sug-

gesting a temporal partit ioning of cave space. Food supply is hypothesized to be a l imiting factor to polyestry.

FORAGING BEHAVIOR OF THREE SPECIES OF CARNIVOROUS GLEANING BATS
(PHYLLOSTOMIDAE) I  N PANAMA

Frank J.  Bonaccorso, Terry L.  Zinn, and Stephen R. Humphrey
The Flor ida State Museum
Museum Road
Universi tv of  Flor ida
Gainesvi l le.  Flor ida 3261 1

Three species of phyllostomid bats, Trachops cirrhosus, Tonatia sylvicola, and Tonatia bidens, all similar in

body size,  are reupted as being "Gleaning Carnivores".  Al l  three species were studied in Tropical  Moist  Forest  on

Barro Colorado ls land. Panama. Di f ferences in habi tat  select ion,  vert ical  strat i f icat ion,  and prey select ion in these

three species prevent
Tonatia bidens and perhaps the other two species feed considerably on insects that produce sound. The primary

means of prey capture may be auditory signals produced by the prey and not echolocation.
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BEHAVIORAL ASPECTS OF REPRODUCTION IN CHIROPTERA

Jack W. Bradburv
Universi ty of  Cal  i fornia
San Diego, Cal i fornia

Whi le reproduct ive cycles in the Chiroptera are grossly adjusted to ambient environmental  cycles,  one tends to forget
the fact  that  there is a great degree of  f  ine tuning and hence diversi ty in these cycles both wi th in habi tats and within
species.  Behavioral  interact ions,  d i f ferent ia l  use of  a common habi tat ,  and var iat ions in demographic strategies al l  com-
bine to modulate the basel ine seasonal i t ies and thus generate these diversi t ies.  As an example of  th is process, I  shal l
d iscuss several  examples of  species in which reproduct ive t iming is modulated by behavioral  and ecological  factors.
Within habi tat  d iversi ty in t iming can be shown in a sui te of  4 embal lonur id bats which we have studied in westerrr
Costa Rica. Whi le roost ing sympatr ical ly these bats part i t ion up the sui table foraging areas and thus exper ience
di f ferent degrees of  seasonal  var iat ion in food. The species wi th low seasonal  var iat ions have higher adul t  survivals ano
t ime reproduct ion to {avor the parent at  the expense of  the of fspr ing;  those with more seasonal  var iat ions in food
have lower adul t  survival  and show t iming which favors the of fspr ing at  the expense of  the adul ts.  Within species
diversi ty wi l l  be demonstrated by comparing the di f ferences in t iming of  the 2 sexes in epomophorine bats and within
a s ingle sex through dominance interact ions in embal lonur ids.  In the lat ter  cases, the behavioral  data suggest some
interesting ties between access to resources and reproductive physiologies which deserve future studv.

FLIGHT MECHANICS AND FUNCTIONAL MORPHOLOGY OF TWO BATS (NOCTILIO ALBIVENTRIA AND
TADARIDA BRASI LIENSIS}

Carl  Brandon
Vermont Technical  Col lege, Randolph Center,  Vermont 0b061

Tadaria brasi l iensis has many musculo-skel te l  special izat ions for  ef f ic ient  f l  ight ,  character ist ic of  the fami ly
Molossidae. The great ly expended greater tuberosi ty of  the humerus al lows for a strong humero-scapular lock which
enablestheserratusanter ior topartakeintheini t iat ionofthedownstroke. Themedial  posi t ionof thecoracoidprocess
al lows for an expended coracoid head of  the biceps brachi i  for  a powerful  downstroke. The high aspect rat io wing re-
sults in less induced drag during fl ight. Nocti l io albiventris was compared to Tadarida brasil iensis, because while it has
a high aspect rat io wing, i t  lacks the many internal  special izat ions of  Tadar ida. The di f ferences in f l ight ,  as predicted by
Vaughan (1959),  due to the musculo-skeletal  d i f ferences revealed through dissect ion,  were conf i rmed with the aid of
hlgh speed strobe cinematography and st i l l  photographs taken in a f l ight  room and a wind tunnel .  Tadar ida requires
much less change in flight speed. Many other diffurences in the level f light and landing maneuv€rs were observed.

A COMPARISON OF NEONATAL VOCALIZATIONS AND HEARING IN FM AND CF BATS

Patr ic ia E. Brown and A.D. Grinnel l
Department of  Biology, UCLA
Los Angeles, California 90024

The adul t  moustache bat,  Pteronotus parnel l i i  uses long constant f requency (CF) pulses wi th a terminal
f requency modulated (FM) component for  echolocat ion.  The audi tory svstem is sharply tuned to the CF port ion of
the pulse.  Newborn Pteronotus parnel l i i  emit  long (  SO msec) audible (below 20 kHzl  isolat ion cr ies of ten wi th
FM components at  the beginning and/or end. In addi t ion shorter (about 15 msec) pulses are recorded. Audi tory
evoked potent ia ls and single uni ts recorded from the poster ior  col l iculus show the infants to be most sensi t ive to
frequencies around 20 kHz, but to be responsive up to 75 kHz, wi th a relat ive peak around 60-65 kHz, the range of
the adul t  CF component.
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Adult  Pteronotus suapurensis emit  short  CFlFM pulses,  and exhibi t  maximal sensi t iv i ty,  but  wi th less sharp
tuning, in the range of  the CF component (  55 kHz).  Newborn P. suapurensis emit  pulses wi th both FM and CF
components.  Whi le their  absolute sensi t iv i ty is much less than that of  the adul ts,  they too have the lowest threshold
for sounds around 50 kHz, wi th responses up to 100 kHz.

Adul t  pal l id bats (Antrozous pal l idus) and cave myot is (Myot is vel i fer l  use short  FM sounds in echolocat iorr .
Their  audi tory systems are broadly tuned to analyze these vocal izat ions.  Infant pal l id batsare born deaf ,  wi th evoked
audi tory potent ia ls f i rst  recorded on day six to low frequency sounds. They emit  only long FM isolat ion cal ls,  wi th
ul t rasounds appear ing at  day 9.  In contrast ,  the more precocial  cave myot is can hear loud low frequency sounds at
bir th.  Newborn Myot is emit  audible isolat ion cal ls,  but  wi th in a few days these become ul t rasonic and a shorr
or ientat ion-type pulse appears.

ALLOMETRIC SCALING OF RESPIRATORY VARIABLES IN BATS

Roger E. Carpenter

Department of  Zoology, San Diego State Universi ty,  San Diego, Cal i fornia 92182

The metabol ic expendi tures of  bats inf l ight  are twice as high as the maximum sustained metabol ic levels of

terrestr ia l  mamnrals of  comparable s ize (Carpenter,  1975. pp. 883 -  890 in "Swimming and f ly ing in nature",  vol .

2, f  .Y.T.-Wuetal .edi tors,Plenum,N.Y.;  andThomas,S.P. 1975. J.Exp.Biol . ,63:  273-293.)  Theserequirements

are met aerobical ly,  indicat ing that there must be a combinat ion of  adjustments in the oxygen del ivery systems of  bats

to assure such high rates of oxygen supply. Scattered l iterature references present data that may reflect adaptations for

increased oxygen delivery, but there has been no survey of any obvious avenues of increased oxygen supply for a wide
array of  bat  species.  This paper combines appropr iate l i terature valuesand many new data in a systemat ic descr ipt ion

of the various mechanisms for enhanced oxygen delivery in bats, including a consideration of the effect on such para-

meters of a wide range of body sizes.
Heart  s ize,  stroke volume and total  lung volume increase with approximate l inear i ty as body size increases,

but al l  values are above those predicted by scal ing equat ions (Stant,W. R.,  1967. J.  Appl .Physio. ,22:  453460l l  for

mammals of  s imi lar  s ize.  Rest ing heart  reates and vent i lat ion f requencies decl ine al lometr ical ly wi th increased body

size. However, standard metabolic rates are similar to those of other mammals; therefore the resting heart and ven-

t i lat ion rates are lower than predicted by Stahl 's equat ions for mammals in general ,  and approach the values for bi rds
(Calder,  W. A.,  1968. Condor,  70:  358-365).  Blood capaci ty are independent of  body weight but have mean values

higher than those of  other groups of  mammals,  except for  marine species.

LEAD CONCENTRATIONS: BATS VERSUS TERRESTRIAL SMALL MAMMALS
COLLECTED NEAR A MAJOR HIGHWAY

Donald R. Ciark,  Jr .
U.S. Department of  Inter ior ,  Fish and Wildl i fe Service,  Patuxent Wi ld l i fe Research Center,  Laurel ,  MarVland 2O8j1

Lead concentrations had never been investigatedin bats l iving near a maior highway. Meadow voles, white-footed
mice, and short-tailed shrews were trapped adjacent to the Baltimore-Washington Parkway and also near Monpelier Barn
located 0.61 km NNW of the Parkway. Big brown and l i t t le brown bats were captured at  their  roosts in Montpel ier  Barn.
Stomach contents and whole mammals were analyzed for lead by either furnace or f lame atomic absorption. Average lead
concentrations in bats exceeded those in terrestrial mammals except that Parkway shrews and litt le brown bats contained
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stat ist ical ly s imi lar  leveis.  Concentrat ions in Parkway shrews and white-footed mice exceeded those publ ished previously

for these two species. Estimated dosages of lead ingested by l itt le brown bats, Parkway shrews, and Parkway voles equalled

or exceeded dosages that have caused mortality or reproductive impairment ln domestic mammals. Average lead concentra-
t ions in the bats and Parkway shrews equal led or exceeded those in f ie ld voles and/or f ie ld mice that showed lead- inouceo
renal  inclusions and/or renal  edema and were col lected at  abandoned mine si tes in Wales.

THE NEW ZEALAND SHORT-TAILED BAT (MYSTACINA TUBERCULATA GRAY,1843; FAMILY MYSTACINIDAE):

A REVIEW OF PRESENT KNOWLEDGE

M.J. Daniel

Ecology Divis ion,  Depaftment of  Scient i f ic  and Industr ia l  Research, Lower Hutt ,  New Zealand

Research on the New Zealand short- ta i led bat is reviewed from publ ished and unpubl ished studies.  The monotypic

fami ly Mystacinidae, present ly al igned with the Vespert i l ionidae and l ,u lo lossidae, is considered to be best re-associated with

theEmbal lonur idaeandNoct i l ionidae. Thetwosubspeciesof M.tuberculataareretainedpendingelevat iontospeci f icstatus.

The dichotomy of  Mystacina stock probably occurred in the Pl iocene with the lesser short- ta i led bat (M.t .  tuberculata) and

the greater short-tailed bat (M. t. robusta) evolving north anci south respectively of the Pliocene Manawatu Strait at the onset

of  Pleistocene cool ing.  Mystacina has no fossi l  record and i ts or ig in and phylogeny are uncertain.  The possibi l i t ies of  an ear ly

to mid-Tert iary or ig in in Antarct ica,  Austral ia or South America and an ear l ier  Cretaceous or ig in in Gondwanaland are dis-

cu sseo .
sprrpral  rc lanta1i665 of  Mystacina for terrestr ia l  behaviour,  such as the manner of  fo ld ing and protect ing the wingsvveP rv

and the basal  ta lons on the aws of  the robust feet ,  are unique among the Chiroptera.  These assist  the bat whi le feeding

on f  ru i t ,  nectar,  pol len and f l  ight less arthropods as wel l  as for  roost ing.  Colonies are usual ly in hol low trees or caves, but may

also be in other terrestr ia l  s i tes,  such as abandoned seabird burrows, holes in c l i f fs  of  volcanic pumice, or bat-excavated tun-

nels in the decayed f loors and sides of  fa l len hol low kaur i  t rees.  The short ,  erect ,  velvet- l ike fur  of  th is bat and the unique

talons on the claws of  the toes and thumbs are probably adaptat ions for  th is crevice-dwel l ing and tunnel-digging behaviour.

The absence of  mammal ian predators and the lack of  compet i t ion f rom other mammals throughout the Tert iary are thought

to have signi f icant ly inf  luenced the evolut ion of  the terrestr ia l  and arboreal  adaptat ions of  th is bat.

Mystacina is a relat ivelV smal l  bat .  Adul t  male and female lesser short- ta i led batsweigh about 12-159 and have fore-

arm lengths ot  4043 mm. A temale bat wi th fu l l - term foetus weighed 20 g and a young bat soon af ter  b i r th weighed 3.2 g.

Greater short-tailed bats have not been weighed, but probably weigh 25-35 g, with forearm lengths of 44-49 mm.

Lesser short- ta i led bats at  lat i tude 35 S are monoestrous and monotocous. Copulat ion probably occurs in autumn

and partur i t ion in summer (December-January).  Reproduct ive data for  greater short- ta i led bats at  lat i tude 47 S suggest

that these bats may be polyoestrous and monotocous with partur i t ion occurr ing f rom spr ing to autumn.

Mystacina feeds seasonal ly on forest  f ru i ts,  pol len and nectar,  and probably the year round on f ly ing and f l ight less

arthropods. The fami ly Mystacinidae thus jo ins the two tropical  fami l ies Phyl lostomat idae and Pteropodidae as the only

fami l ies,  of  the 19 present ly recognised in the Chiroptera,  to feed whol ly or part ia l ly  on plant food. The part ia l ly  extensi le

tongue of  Mystacina has a brush of  f ine papi l lae on the t ip suggest ing modif icat ion and speci l isat ion for  a nectar,  pol len and

frui t  d iet .
Parasites and associated fauna of Mystacina include the recently described family, genus and species of bat-fly

(Mystacinobia zelandica) which,  unl ike al l  other bat- f l ies,  feeds on the frui ty guano in the roosts and not on bat blood.

Mystacina also has an undescribeci t ick (Argas (Carios) sp.), about 6 undescribed species of fur mites, and a recently described

subfamily, genus and species of sarcoptic wing mite (Chirophagoides mystacopsl. This bat appears to have no streblids,

nycter ib i ids,  f leas or parasi t ic  bugs, nor have any demodicid harr  fo l l ic le mites,  cestodes, nematodes, or blood parasi tes been

found.
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FIELD ACTIVITY OF A COLONY OF EPTESICUS SEROTTNUS

Hans Jorgen Degn
Inst i tute of  Biology
Odense Universi tv
5230 Odense. Denmark

A colony of  ' l  5 to 20 female Eptesicus serot inus has been studied in the f ie ld 1976 to 1978 bv v is ion and bv the
ultrasonic detector described in J. Mamm. 58 226-229. Observations have been made on foot, only in one place an
automat ic registrat ion uni t  has been constructed, using a modif ied detector.

The bats leave the roost a guarter to half an hour after sunset, ancl often follow a rather fixed route 400 m
northeast and then spread out.  Animals f rom the roost are recorded up to ' l  km away, but as the roost is in the
southern part  of  the home range, th is only covers 2km2. l t  consists of  open farmland with scattered trees and hedqes,
forest  edges and closed beechwood, which is al l  ut i l ized.

The home range of  the colony is not div ided in indiv idual  terr i tor ies.  Sometinres even the whole colony is
found in one smal l  area. More of ten they are a few together or even alone. They never f ly  in the same smal l  area for
more than hal f  an hour at  a t ime, and they do not use the same area regular ly through the whole season.

Also dur ing the night bats rest  in thc roost.  They may take up to three rounds in the f ie ld per night,  but  i f
the weather is unfavourable they omit  the last  one or two. Act iv i ty stops more than an hour before sunr ise.

Some of these resul ts do not agree with those of  Nyholm ( ,Ann. Zool .  Fenn.2:  77-123).  Hefound forexample
that Myot is mystacinus and M. daubentoni i  had indiv idual  terr i tor ies in woodland unt i l  the beginning of  August,
then hunt ing together in open areas.

SYSTEMATIC AND EVOLUTIONARY IMPLICATIONS OF GENIC VARIATION IN THE MASTIFF BAT,
EUMOPS (CHIROPTERA: MOLOSSIDAE)

Patr ic ia G. Dolan, Rodney L.  Honeycutt
Department of Biological Science, Texas Tech University, Lubbock, Texas 79409

Starch-gel electrophoresis was used to characterize the levels of genic divergence associated with morphologi-
cally derived species groupings. A total of 24 loci encoding for 14 proteinswere identif ied and scored in the following
species: Eumops glaucinus, E. auripendulus, E. underwoodi, E. bonariensis, E. hansae, and E. dabbenei.

A phenogram of genet ic relat ionships is remarkably l ike the phenet ic c lassi f icat ion proposed by Eger (19771 ,
but with two noteable exceptions. Electrophoretic data indicate that E. auripendulus and E. glaucinus are genetically

less closely all ied than morphological evidence would suggest. Also, E. dabbenei shares a 957o Rogers'similarity coeffi-
cient with E. underwoodi. We suggest that the markedly larger size of E. dabbenei reflects an independent rate of
change in morphology that was made possible through the geographic isolation of this race and which proceeded with-
out concomitant genic evolut ion.  Low levels of  heterozygoisty and low numbers of  polymorphic loci  point  to the fact
that Eumops is apparently conservative in its genetic make-up; as such, high similarity values between even widely se-
parated geographic localit ies is expected.

E. hansae appears as divergent genical ly as it is morphologically. lts degree of differentiation is sufficient to
make i ts inclusion within the genus Eumops suspect and worthy of  addi t ional  study.
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MORPHOLOG ICAL CHARACTE R ISTICS AND D ISTR I  BUTION OF P LECOTUS
AURITUS AND PLECOTUS AUSTRIACUS IN SON/E REGIONS OF YUGOSLAVIA

Beatr ica Dul ic
Department of  Zoology
Facul tv of  Natural  Sciences and Mathematics
Zagreb, Yugosiavia

The cranial  and body dimensions of  Plecotus aur i tus and P. austr iacus from Yugoslavia,  and cranial  d imensions of
specimens from other European countr ies were invest igated. For the f i rst  t ime the part ia l  d istr ibut ion of  P.  aur i tus
ir i  Yugoslavia was establ ished, and a del imitat ion between di f ferent populat ions of  P.  austr iacus in western and
southern parts is given. The dimensions of  P.  aur i tus are somewhat larger than in other European specimens, but th is
di f ference is not s igni f icant.  This species occurs in lowlands of  Northern Yugoslavia,  and highlands of  Western and
Central  Yugoslavia.  l ts  range toward the most eastern parts of  the country has to be establ ished. In some regions the
area of  d istr ibut ion of  P.  aur i tusis sympatr ic wi th those of  P.  austr iacus. Looking at  the dimensions of  P.  austr iacus
i t  was found that populat ion wi th large dimensions occurs in northern and southeastern regions of  Yugoslavia,  in
Central  Croat ia and Bosna an intermediary populat ion between those with large and smal l  d imensions, and on coastal
mainland and the is lands of  the Adr iat ic the populat ion wi th smal l  d inrensions only.  This later populat ion wi th
smal l  d imensions is descr ibed as a new subspecies P. austr iacus ki lombatovic i .  For better discr iminat ion of  P.  aur i tus
and P. austr iacus as wel l  the subspecies of  the later named species,  scatter diagram the length of  interorbi ta l  constr ic-
t ion plot ted against  the length of  tympanic bul la is given. The baccula of  Yugoslav specimens of  both species are
descr ibed, and also the chromosomes of  insular populat ion are analysed. Karyotypical ly the insular specimens do not
di f fer  f rom P. austr iacus from Poland and Tunis ia except that  the fourteenth pair  represents possibly the smal l  b iarmed
chromosomes.

CHARACTERISTICS OF CIRCADIAN ACTIVITY SYSTEMS
IN NEOTROPICAL BATS

Hans G. Erkert
Inst i tut  fur  Biology
der Universi tat  Tuebinqen

Comparat ive studies on di f ferent neotropical  bat  species such as Molossus ater (M.a.) ,  Molossus major (M.m.)

belonging to the fami ly Molossidae, Phyl lostomus discolor (P.d.) ,  Glossophaga sor ic ina (G.s.) ,  Sturnira l i l ium (S.1.) ,

Art ibeus l i turatus (A.1.)  and Art ibeus iamaicensis (A. j . )  belonging to the Phyl lostomidae have shown that c i rcadian
systems even for exclusively tropical Chiroptera can be distinct from one another. The period lenth of the free-

running circadian rhythm depends in each case on the l ight  intensi ty and fol lows Aschoff 's  ru le.  Within the l ight

intensi ty interval  f rom i0-7 lx (physiological  darkness) to about 10 lx,  changes remarkably for  both insect ivorous
Molossidae, M.a.  and M.m. (22,2 -24,6hrs for  P.d.  and G.s.) .

Corresponding to a larger plast ic i ty of  the c i rcadian systems, the range of  entrainment of  the biological  osci l lat ion
above 20-30 hrs in a LD-cycle of  101 :  10-4 lx is also very large for both Molossus species.  For P.d.  the average l ies
between 23,5 and 27 hrs, for S.l. between 22,5 and 2'/, and for G.s. only between 24 and 25 hrs. By reducing the
intensi ty of  the Zei tgeber-LD to i0-2:10-4 lx the range of  entrainment decreases to 22-26 hrs for  M.m. and 23-25
hrs for  a M.a. .  On the contrarv,  P.d.  and G.s.  under the same condi t ions can only synchronize by 24 hrs l ight-dark
cycles.

After a phase shi f t  of  a synchronrzing LD-cycte 12 1 2 hrs (101:10-4 lx)  of  =* resp. -B hrs species wi th
wide var iat ion range of  the per iod lenth and range of  entrainment resynchronize very fast .  bats wi th a smal lvar iat ion
range of  the per iod lenth need in contrast  a larger number of  t ransient-cycles in order to resynchronize (G.s.  up to
22 ], . Thereby strong asymmetry effects occur. Reduction of the intensity of the Zeitgeber by decreasing the l ight
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intensity in the l ight phase to 10-2 tx leads to a remarkable elongation of the period of resynchronisation for all
sPecies.

Besides the range of entrainment and the speed of resynchronisation, also the phase position of the entraineo
circadian rhythm and the overt activity pattern depends on the l ight intensity during the l ight and dark phase of the
LD-cycle. In this case the l ight intensity does not only function as a controll ing exogenous factor over the circadian
system, but also directly modifies the respective circadian activity level. The various bat species differ strongly from
one another in regard to the extent of this masking direct effect of l ight intensity. Whereas the course of gross loco-
motary activity by P.d. doesn't change essentially through changes of the l ight intensity in the D-time, the activitv
pattern of A.l. can. be varied optionally by this means. Under natural l ighting conditions this strong direct photo-
sensitivity of the activity pattern of A.l. leads to strong lunarperiodical changes of the activity pattern and to
corresponding periodical masking of the phase position of onset and end of activitv.

NEURONS WHICH DETECT SONAR ECHOES AND CODE ECHO TIME DELAYS IN THE AUDITORY SYSTEM
OF THE BAT EPTESICUS FUSCUS

A. S. Feng
Department of  Physiology and Biophysics,  Universi ty of  l l l inois,  Urbana, lL 61801

S.A. Kick and J.  A.  Simmons
Department of  Psychology, Washington Universi ty,  St .  Louis,  MO 63130

We have recorded from single neurons in the infer ior  col l iculus,  audi tory cortex,  and nucleus intercol l icular is
of the echolocating bat, Eptesicus fuscus. Previous research by Nobuo Suga and by George Pollak and his colleagues
has shown the existence of  neurons in the infer ior  col l iculus that  mark the t ime of  occurrence of  outgoing sonar sounds
or returning sonar echoes. We have found neurons in the nucleus intercol l icular iswhich respond only to echoeswithin
a small span of echo time delays. They have characteristics that might be expected from knowledge of target-range
perception by echolocating bats, and they may code target range in a spatial map in the brain. These neurons may pro-
vide information about distances to objects to the multimodal spatial system in the superior coll iculus. These obser-
vations, together with the extensive research by Suga and his colleagues, indicate that the bat's brain contains maps of
the spatial positions of sonar targets in the bat's environment.

THE INFLUENCE OF MOTH HEARING ON PREY CAPTURE BY INSECTIVOROUS BATS

M.B. Fenton and J.H. Ful lard

Department of Biology, Carleton University, Ottawa, Canada K 1S 586

A large variety of moths in several families has ears which are sensitive to the ultrasonic cries of bats. Physical

characteristics of the moths' ears influence the hearing ranges of the moths. For example. a typical North American

arctld, geometrid, or noctuid moth has an ear which is broadly tuned from 30 to 60 kHz, and with this the moth

could detect an echolocating Myotir lucifugus or Eptericur furcur at approximately 30 m. The same moth could not

detect a bat using a high intensity 100 kHz CF echolocation call beyond 1 m. In this paperwe report the results of a

study which assessed the incidence of bats using different echolocation strategies and the tuning of moths'ears from

a study site in west Africa.
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COMPARATIVE MORPHOMETRY OF THE ACCESSORY OLFACTORY BULB IN BATS

Dr. Heiko Frahm

Max-Planck- lnst i tut  fur  Hirnforschung, Deutschordenstr .46,6000 Frankfurt /M. -  71,  Germany

Serial  sect ions of  bat-brains of  66 species belonging to nine di f ferent fami l ies were invest igated for the pre-

sence of an accessory olfactory bulb (which receives its sensory afferences from the vomeronasal organ).

The occurrence of  th is brain structure is widespread among the south american bat fami ly of  Phyl lostomat i -

dae, where i t  could be observed in 23 out of  26 species.  l t  is  a lso present in vampire bats (Desmodus rotundus and Di-

phyl la ecaudata) and in the vespert i l ionid bat Miniopterus schreibersi .

The size of  the accessory ol factory bulb var ies between 0,O22 mm in Sphaeronycter is toxophyl lum and

0,616 mm in Phyl lostomus discolor.  A comparison of  the volumesof accessory ol factory bulb versus body-weight

in a double logar i thmic scale (al lometr ic method) shows that th is structure is best developed in the phyl lostomat id

subfami ly of  Glossophaginae, fo l lowed by Phyl lostomat inae, Carol l i inae, Stenoderminae and Desmodont idae, whereas

i t  is  of  minute s ize in Chi lonycter is rubrginosa and Miniopterus schreibersi .  Within the Phyl lostomat idae, a posi t ive

correlat ion between presence of  th is brain component and feeding habi t  on f ru i ts,  pol  len or nectar becomes obvious,

supported by the fact  that  the insect ivorous Chi lonycter i inae Mormoops megalophyl la and Chi lonycter is personata

have no accessorV ol factory bulb.  l ts  absence seems also to be the rule in str ict ly insect-eat ing fami l ies,  e.g.  Embal lo-

nur idae, Molossidae and, wi th except ion of  Miniopterus schreibersi ,  the Vespert i l ionidae.

ECOLOGY OF THE STRAWCOLOURED FRUIT BAT (EIDOLON HELVUM KEER, 1792} IN SOUTHERN NIGERIA

Oluwadare Funmilayo

Department of  Agr icul tural  Biology, Universi ty of  lbadan, lbadan

The distr ibut ion and the feeding and roost ing act iv i t ies of  the straw-coloured frui t  bat  (Eidolon helvum Kerr)  were

determined from visual  observat ions.  Studies on populat ion structure and reproduct ion were made on bats col lected per iodi-

cal ly wi th gun-shots.

The straw-coloured frui t  batwas found l iv ing gregar iously in isolated colonies compris ing of  thousands of  indiv iduals

in several  parts of  Niger ia.  The distr ibut ion is not stat ic,  migrat ions related to persistent disturbance to the populat ion,  food

shortage and other less understood causes being frequently observed. Roosts are very noisy and are usually situated in groves

and thickets c lose to human habi tat ion in places l ike churches, parks,  markets,  local  shr ines and marshy areas which of fer

sanctuary to the bats. The roosting period is 6.00 a.m. to 7.00 p.m. local t ime and the trees most favoured for roosting are

those that pro.ject above the surrounding vegetation.
Feeding takes place mainly between 7.00 p.m. to 6.00 a.m. when the bats are widely dispersed from around the

roost to distant places to obtain sui table plant food. The diet  consists exclusively of  a var iety of  r ipe succulent f ru i ts,  f loral

parts and leaves.
Mat ing and fert i l izat ion occur mainly in May to July wi th about 57 -  91o/o of  females being pregnant.  The oviduct

of  the f reshly-pregnated female weighs, on average, about 0.3 g and retains th is weight unt i l  about the end of  November.

The average weight of  the oviduct increases from about 2gin ear ly December to about 40 g in February.  Babies are born in

March to May at  30 -  60 g body weight.  Each mother cont inuously carr ies about her s ingle baby unt i l  June or July when the

babies are weaned at 120 - 150 g body weight.
E. helvum is of  t remendous importance in the local  economy. First ly,  by i ts roost ing act iv i t ies these bats cause

mechanical  damage, and of ten death to some economical ly important t rees l ike oi l  palm (Elaeis guineensis) ,  l roko (Chloro'

phoro excelsa) and teak (Tectona grandis). Feeding on fruits l ike mango, pawpaw, guava, pea, plantain and banana cause

yield losses and a qual i tat ive devaluat ion of  f ru i ts.  Faeces from thousands of  bats cause much f i l th and stench in the environ-

ment of  roosts and the clamour of  bats in roosts or whi le feeding near human habi tat ion is very exasperat ing.  Bats are how-

ever an important i tem of the diet  in al l  local i t ies where they occur.  They also serve as pol l inat ing agents for  a numberof

economical ly important t rees in the fami l ies Moraceae and Bombacear.
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THE HIBERNATION BEHAVIOUS OR RHINOLOPHUS FERRUMEOUINUM IN RELATION TO AGE, SEX,
AND EVOLUTIONARY HISTORY

B.H. Gaskel l
New Col lege, Oxford,  England

In termperate lat i tudes the winter behaviour of  the Rhinolophidae di f fers considerably f rom that of  the more
typical ly hiberant ing Vespert i l ionidae. For example in England, where both fami l ies are represented, torpid rhinolo-
phids roost almost exclusively in caves, whi le many vespert i l ionids do not.  Here,  re lat ive to vespert i l ionids,  they se-
lect higher and more constant temperatures, assume a different type of posture, and show different patterns of clus-
ter ing behaviour.

Dur ing several  winters in southern England, a number of  behavioural  adaptat ions to torpor have been mea-
sured in a smal l  banded populat ion of  Rhinolophus ferrumequinum. These include (1)temperatureseiect ion,  (2)  pos-

ture,  (3)  'physiological  c luster ing'(contact) ,  (4)  'social  c luster ing'(proximity) ,  and (5) geographic distr ibut ion.  In addi-
t ion homeothermic act iv i ty patterns (e.9.  arousai  and feeding) have been recorded and inferred.

I t  is  found that s igni f icant indiv idual  d i f ferences in these trai ts are funct ions of  sex and fat  reserve weight.
An at tempt is then made to interpret  Rhinolophus hibernat ion behaviour in terms of  (1)  opt i rn isat ion of  foraging ef f i -
c iency and fat  reserve conservat ion,  (2)  tne di f ferent reproduct ive roles of  immatures,  males,  and females,  and (3) mor-
phological  and perhaps physiological  constraints resul t ing f rom the or ig in and expansion of  the Rhinolophidae in the
tropics,

ROOSTING ECOLOGY OF INDIAN DESERT RAT-TAILED BAT,
RH INOPOMA KINN EARI,  WROUGHTON

B.S. Gaur
Department of  Zoology, Universi ty of  Jodhpur,  Jodhpur,  342001, Rajasthan, India

The roost ing ecology of  the Indian Desert  rat- ta i led bat,  Rhinopoma kinnear i  Wroughton (Syn.
R. microphyl lum Brunnich) Rhinopomidae, an insect ivorous bat was studied in the lVlandore Garden,
10 km North of  Jodhpur.  This place harbours a large populat ion of  bats f rom March to mid-October of
each year.  Dur ing September and ear ly October,  they migrate to their  winter roost ing s i tes.

These bats have a great affinity ot their niche and do not leave it even when disturbed. They
roost indiv idual ly on the cei l ing,  in groups (20-or more).  in the corner of  the compartments (rooms) and
at the junct ion of  the cei l ing wi th the wal ls of  the compartment.  Temperature and relat ive humidi ty
was recorded outside and inside the tunnel  dur ing the course of  the present study (1973-1975) which
revealed that bats by v i r tue of  their  nocturnal  habi t  do not face the problem of extreme diurnal  var ia-
t ion of  temperature and relat ive humidi ty.

Dur ing most of  the day the bats remain inact ive,  but  respond immediately to anv external  st imul i
as l ight, sound etc. Their activity starls 2-21/2 hours before the sunset (when it is hottest inside the tun-
nel)  and they start  moving from the eastern end to the western end of  the tunnel .  Their  c i rcadian
rhythm has been correlated with the environmental  condi t ions.

RENAL FORN/ AND FUNCTION lN BATS: AN ECOPHYSIOLOGICAL POINT OF VIEW

Kenneth N. Geluso
Department of  Biology
Universi ty of  Nebraska
Omaha. Nebraska

In the last  ten years,  an ecophysiological  approach has prevai led in chiropteran l i terature deal ing wi th renal  form and
funct ion.  Studies have been concerned pr imari ly wi th relat ionships between the ecological  d istr ibut ion and habi ts

of  bats and their  abi l i ty  to conserve ur inary water.  Based on these studies,  three factors cart  be shown to be correlated

with renal  performance: 1.  d ietary intake of  protein,  ?- .  body size,  and 3.  ecological  d istr ibut ion.  Further explanat ion

of var iat ion in renal  concentrat ing abi l i ty  in bats wi l l  be accompl ished nrost  readi ly by determining when these
maximal capaci t ies are employed under natural  condi t ions.  Ways to interpret  concentrat ion values oJ f ie ld-col lected

urrne wi l l  be discusseci .
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FOETAL MEMBRANES AND PLACENTATION IN THE CHIROPTERA

A. Gopalakr ishna and K. B. Kar im
Department of  Zoology
Inst i tute of  Science
Nagpur,  India

The foetal  membranes and placentat ion in one or more representat ives of  the fami l ies Pteropidae, Rhino-
pomatidae, Embal lonur idae, Megadermat idae, Rhinolophidae, Hipposider idae, Vespert i l ionidae and Molossidae are
described. Amniogenesis occurs exclusively by cavitation in Scotophi!us temmincki, primitive amnion by cavitation
but the def in i t ive amnion by fo ld format ion in most other species and by the development of  two cavi t ies -  a pr imarv
and a secondary amniotic cavities - in Cynopterus sphinx gangeticus.

Three main t rends are not iced in the development of  the yolk sac -  ( i )  the abembryonic iegment of  the yolk sac
persists unt i l  term in Megaderma lyra lyra and al l  vespert i l ionids,  ( i i )  the splanchnopleure,  which gets completely
separated from the chor ion,  u l t imately occurs as a col lapsed bag with highly fohJed wal ls composed of  hypertrophied
cel lu lar  e lements in Rhinopoma kinnear i ,  Taphozous longimanus, Rhinolophus rouxi  and al l  h ipposider ids,  and ( i i i )  the
free yolk-sac splanchnopleur gets converted into a sol ic.  vascular gland- l ike structure in which the endodermal cel ls
become hypertrophied and occur in the form of acinus- l ike groups without lumina in al l  pteropids and Tadar ida
aegyptiaca.

The allantoic vesicle, which is iarge unti l about mrd-pregnancy in all the species, becomes progressively reduceo
unt i l  i t  is  e i ther total ly lost  or  is  reduced to a narrow duct or a sol id cord wi th in the umbi l ical  cord.

The def in i t ive al lantoic placenta is located mesometr ia l ly  in Pteropidae, Rhinopomatidae, Megadermat idae,
Rhinolophidae, Hipposider idae and Molossidae, lateral ly wi th the nresometr ia l  moiety being converted into a haema-
toma in Embal lonur idae and ant imesometr ia l ly  in al l  Vespert i l ionidae. The placenta becomes double discoidal  dur ing
the last  quarter of  pregnancy in Rhinolophidae, Hipposider idae and,Miniopterus schreibersi i  among Vespert i l ionidae.
A discoidal ,  labyr inthine haematoma-l ike structure develops within each placental  d isc in Miniopterus schreibersi i .

The placenta is vasochor ia l  in al l  the bats except Bousettus leschenaul t i  among Pteropidae, al l  vespert i l ionids
and Tadar ida aegypt iaca in which i t  is  haemochorial .  The nature of  the t rophoblast ,  which forms a part  of  the placental
barr ier ,  d i f fers in di f ferent species.

EVOLUTIONARY GENETICS AND SPECIATION IN HYBRIDIZING CYTOTYPES OF THE TENT.f iTAKING BAT,

URODERMA BILOBATUM

lra F.  Greenbaum

Department of Biological Science and The Museum, Texas Tech University

Genetic variation at 22 loci was examined for 407 individuals of Uroderma representing two species and three

chromosomal forms. Uroderma magnirostrum (2n=36) is specifically distinct from other Uroderma. The genic data

support specific status of U. magnirostrum revealing maintenance of genetic integrity in this species when sympatric

with other Uroderma.
Uroderma bilobatum davisi (2n=44) and U. b. convexum (2n=38) are parapatrically distributed and form a

200 km hybrid zone along the western versant of Middle America from central El Salvadore to northwestern Nicaragua.

Distribution of marker alleles at 11 polymorphic loci indicates that these two cytotypes are maintained as distinct gene-

t ic uni ts (species) despi te the absence of  an ef fect ive premat ing isolat ion mechanism. In no casewas a marker al le l  for

either cytotype detected in a population of the other cytotype outside of the chromosomally defined hybrid zone.

Genic s imi lar i ty for  the two cytotypes is unusual ly high. S = .972, and is interpreted as suggest ing sympatr ic speciat ion

via a chromosomal mechanism for U. b. davisi and U. b. convexum.
The genic and chromosomal data for the U, b. davisi-U. b. convexum complex do not indicate biological para-

meters consistent with currently accepted hypotheses for chromosomal speciation. Electrophoretic data reveal that

funct ional  vagi l i ty  is  h igh in Uroderma. Addi t ional ly,  there is suf f ic ient  gene f low between populat ionsof each cyto-
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type to suggest that populations of Uroderma are not subdivided into small demes or adapted to high levels of in-
breeding and therefore evolution of these bats is unlikely to be dependent upon the effects of genetic drift. The pre-

sence within the hybrid zone of at least two successful generations of backcrosses and of reconstituted parental karyo-
types is evidence that individuals heterozygous for several chromosomal rearrangements do not of necessity experience
significantly reduced fecundity.

A model of chromosomal rearrangement incorporation and subsequent speciation based on the assumptiorr
that chromosomal rearrangements provide increased fitness is presented. According to this model, incorporation of a
chromosomal rearrangement is the result of the fitness conferred to heterozygous individuals by the new arrangement
overbalancing the negative meiotic effect of chromosomal rearrangement heterozygosity. Subsequent selection for the
rearranged homozygote which possesses the adaptively superior karyotype but does not experience the gametic loss
resulting from chromosomal heterozygosity drives the rearrangement to fixation. This model is applicable to organisms
without regard to biological  character ist ics of  in i t ia l  deme size,  populat ion local i ty,  inbreeding, dr i f t  or  bagi l i ty .

LONG LATENCY, "SUBTHRESHOLD" RESPONSES OF SINGLE UNITS TO THE CF COMPONENT
EMITTED BY THE SHORT CF.FM BAT, PTERONOTUS SUAPURENSIS

A. D. Grinnel l  and Patr ic ia Brown
Department of  Biology, UCLA
Los Angeles, California 90024

Neural adaptations for the use of the constant frequency (CF) component of orientation sounds are much less
conspicuous in bats emit t ing short  CF components (short  CF-FM bats) than in ones using long (  10 msec) CF
components. However, we report here a previously undescribed auditory response pattern that appears to be related
to the short CF component in the neotropical bat, Pteronotus 3uapurensis. In the posterior coll iculi of this species,
many single uni ts that  were tuned to,  or  s l ight ly above, the f requency of  the emit ted CF components (about E2kHz
and 78 kHz, the dominant harmonics) showed the fol lowing behavior:  At  moderate intensi t ies,  these uni ts.  l ike al l
others in the coll iculus, responded to tone pips within a given frequency range with a short burst of spikes at a
latency of 3-i0 msec. As a tone pip was reduced in intensity, the response area narroweo and the unit eventually
ceased fir ing even at its best frequency. As intensity was further decreased below this threshold value, however, the
unit began responding again, at a greater latency (12-2O msec). This was often a very vigorous response, associated with
a negative slow wave also not seen at higher intensities. The threshold of the late response was as much as 35 db
(average 14.41 lower than that of the short latency response. The long latency response, which wasseen onlv in units
responding around the frequency of the CF component, was often most vigorous and of l lowest threshold at CF
durat ions of  1.5 -  3 msec, approximately the durat ion of  the bats 'CF emission. The late responses sometimes
showed different directionality than the short latency responses of the same units. Recovery cycles of the late
responses were very long. Long latency responses of this type were not found in other species studied, includinq
P. parnell i.

Although the circuitry leading to these late responses is not known, it seems likely that they are involved in
analysis of the CF component of echoes, perhaps in init ial target detectron.
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MALE REPRODUCTIVE CYCLES IN HIBERNATING BATS

Gustafson, A. W.
Department of  Anatomy
Tufts Universi ty School  of  Medicine
Boston. Massachusetts 021 1 1

The seasonal  reproduct ive cycles of  certain male bats that  h ibernate represent unusual  and unique reproduct ive
strategies.  They are character ized annual ly by a total  temporal  separat ion of  pr imary and secondary sexual  funct ions:
pr imary spermatogenic aci tv i ty of  the test is occurs only dur ing the summer or somet imes into ear ly fa l l ;  in contrast .
secondary sexual  act iv i ty related to maximal ly-st imulated accessory organs, l ib ido and associated mat ing behavior occurs
later dur ing a breeding per iod which in most species over laps the hibernat ion per iod.  Undoubtedly,  the asynchronous
nature of  c i rcannual  reproduct ive per iodic i ty,  observed only in bats of  the fami l ies Vespert i l ionidae and Rhinolophidae.
is largely a physiological  response to hibernat ion.  When the cycles of  the semini ferous epi thel ium, the interst i t ia l  cel ls
of  Leydig,  and the accessory reproduct ive organs are examined together and in relat ion to the associated conspeci f ic
female strategies of  e i ther delayed ovulat ion or delayed implantat ion,  interspeci f ic  d i f ferences in the response to
hibernat ion are apparent.  For example,  Leydig cel l  act iv i ty may occur only dur ing spermatogenesis in some species.
whereas i t  seems to be maintained throughout the hibernal  interval  in others.  In addi t ion,  accessory organs may
exper ience involut ion ei ther before or af ter  the hibernat ion per lod.  Nevertheless,  a l l  species exhibi t  temporal
separat ions of  spermatogenesis and accessory reproduct ive funct ion.  Thus, the pecul iar  asynchronies or reproduct ive
cycl ic i ty observed in bats that  h ibernate are not only unusual  strategies among bats overal l ,  but  a lso are apparent ly
unique relat ionships in mammal ian reproduct ion in general .

VOCA L COMMU N I  CAT I  ON BY RHINOLOPHUS FERRUMEOUINUM

Just in A. T Hal ls
Department of  Zoology and Comparat ive Physiology
Oueen Mary Col lege
Mile End Road
London E1 4NS Enqland

Over a per iod of  two seasons a high-frequency microphone has been placed in the summer roost of  a colony of  Greater
Horseshoe bats and recordings were made of  their  vocal isat ions.  This paper descr ibes some of the types of  cal l
produced and compares their  structures wi th the echolocat ion cr ies used by the same bats in and around the roost.
Comparisons are drawn between these cal ls and those of  other species of  Rhinolophusin capt ive,  hand-held s i tuat ions.

ONTOGENY OF THERMOREGULATION CORRELATED WITH OXYGEN CONSUMPTION
IN THE PALLID BAT (ANTROZOUS PALLIDUS) AND THE CAVE MYOTIS (MYOTIS VELIFER).

Harr ison, J.B.,  Brown, P.E. and Huang, S.
Universi ty of  Cal i fornia,  Los Angeles
Department of  BiologY
Los Angeles,  Cal i fornia 9OO24

The body temperature and oxygen consumption of  19 infant pal l id bats were recorded over a wide range of  ambient
temperatures,  f rom 24 C to 4 C. Very young bats less than 10 days old are essent ia l ly  poik i lothermic,  unable to
maintain a high body temperature as the ambient temperature drops. Ordinar i ly ,  such infants would remain c lose to the
mother in a roost or in f l ight .  Af ter  several  weeks the infants are able to maintain a high body temperature at
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increasingly low ambient temperatures.  The onset of  thermoregulatory abi l i ty  is  correlated with increasing insulat ion,
i.e., fur, and shivering. Recorded oxygen consumptions reveal that in the early developmental stages of thermo-
regulat ion high body temperature is maintaingd at  a very high metabol ic cost  wi th oxygen consumption per gram
body weight under cold stress increasing drast ical ly at  about age 23 days. More mature infants are capable of  maintain-
ing a high body temperature at  lower ambient temperatures approaching freezing, but th is is st i l l  achieved very
ineff ic ient ly.  Oxygen consumption per gram body weight at  room temperature Q4 Cl increased from bir th toage 18
days, peaked between 18 and 26 days, then decreased unti l i t reached and remained at the adult level by age 32 days.
Adul t  pal l id bats can maintain their  body temperature over a broad range of  ambient temperatures wi thout a great
metabolic expenditure. Body temperature and oxygen consumption of seven infant cave myotiswere recorded. These
showed a sharp increase in oxygen consumption per gram body weight under cold stress at age 15-20 days. Oxygen
consumption of several adults of each species was also studied.

STATUS OF THE ENDANGERED BATS, MYOTIS SODALIS,I \4.  GRISESCENS,
AND PLECOTUS TOWNSENDII  INGENS, IN THE SOUTHERN OZARKS

Michael  J.  Harvey
Ecological Research Center
Department of  Biology
Memph is State Un iversity
Memph is, Tennessee 381 52

Three bat taxa (Myotis sodalis, Indiana myotis; M. grisescens, gray myotis; Plecotu$ townsendii ingens, Ozark big-eared
bat)  considered to be endangered occur in the southern Ozark Mountains.  Smal l  colonies of  M. sodal is hibernate in
several  caves throughout the region. The largest known Indiana Myot iscolony in the southern Ozarks numbers less than
2000 indiv iduals and has decreased in s ize dur ing recent years.  ln summer,  smal l  numbers of  male M. sodal is inhabi t
a few caves. M. grisescens maternity colonies occur in several caves scattered throughout the southern Ozarks. During
winter,  most gray myot is of  the region hibernate in a Baxter County,  Arkansas, cave. The hibernat ing colony in the
cave has been estimated to number from 'l 75,000 to 250,000 indlviduals. The cave was recently gated to protect the
colony from disturbance. The total surviving population of Plecotus townsendii ingens may number only a few
hundred indiv iduals.  Hibernat ing groups of  60 and 45Ozark big-eared bats have recent ly been discovered in Washington
County, Arkansas, caves. A few additional southern Ozark caves serve as hibernacula for small numbers of P. t. ingens.
Nothing is known about the summer habi tat  of  th is bat.

FORELIMB MORPHOLOGY OF THE PALLID BAT (ANTROZOUS PALLIDUS)

John W. Hermanson

Department of  Zoology, Universi ty of  Vermont,  Bur l ington, Vermont 0540' l  USA

A morphological  analysis of  the forel imb of  the pal l id bat,  Antrozous pal l idus,  is  presented which provides

descriptive information regarding aspects of the osteology and myology of the l imb. Earlier investigators have eluci-

dated a ser ies of  adaptat ions for  f l ight  which are unique to chiropterans. These include osteological  special izat ions

to constrain humeral  excursion and a myological  d iv is ion of  labor in the pr imary downstroke musculature.  In th is

study, a mechanism is proposed which incorporates the involvement of  c lavicular movements in a t ransverse plane with

humeral movements during the wing stroke. lt is hypothesized that this arrangement serves to maximize the mechani-

cal advantage of select downstroke muscles and to minimize the bending forces effected on the clavicle as it prevents

medial collapse of the shoulder. Interpretations are based upon anatomical analysis of fresh and dissected specimens

and upon x-ray analysis of  the shoulder region.
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POSSIBLE GEOGRAPHICAL INFLUENCE ON SURVIVAI- BY SEX IN MYOTIS LUCIFUGUS

Harold B. Hi tchcock

1 Locust Larre,  Middlebury,  Vermont 05753

Stat ist ical  analysis of  survival  of  unaged, winter-banded Myot is luci fugus in an Ontar io hibernaculum 1547-48

through 1974-75 show that males out l ive females.  Simi lar  studies in southern Indiana and northern Kentucky by Hurnphrey

and Cope (1976) show the opposi te -  that  females out l ive males.  Environmental  factors that  may inf luence the success of

survival of the two sexes are discused.

BIOCHEMICAL VARIATION AI ' I |D GENIC SIMILARITY I f t i  THE THREE SPECIES OF VAIITPIRE BATS,

DESMODUS ROTUNDUS, DIAEMUS YOUNGII,  AND DIPHYLLA ECAUDATA

Rodney L.  Honeycutt  ,  l ra F.  Green baum and Robert  J.  Baker

Departnrent of Biological Sciences, Texas Tech University, Lubbock, -l-exas 79409

The genetic structure of l2 populations representing three genera of vampire bats (Desmodus, Diaemus, and

Diphyl la)  was examined uslng isozyrrre electrophoresis.  Of tne 21 loci  coding for enzymes and proteins,  s ix were corr-

s idered monomorphic,  wi th the sarne al le l  f ixed in the three genera.  The mean proport ion of  polymorphic loci  per

population for the three genera ranged from 0.00 to 0.24, whereas the mean proportion of loci heterozygous per indr-

vidual was 0.000 to 0.036. The estirnates of heterozygosity indicate a trend toward low values for phyllostomatid

bats. Similarity values between pairecj combinations of the three genera are witf,rn the range of those reported between

other genera of  phyl lostomat id bats represent ing the same subfami ly.  Rogers 'coeff ic ient  of  s imi lar i  ty values between

Desmodus and Diaemur (5=0.613) and between Desmodur and Diphylla (5=0.524) indicate that Diacmus and Diphylia

are equidistant from Dvsnrodua. Similarrty values berwecn Diaemus and Diphyllu (S=0.398) suggest tnar these bars

were independent derivatives and drd not share a common ancestor once tite divergence frorn the desrnociontine pro-

genitor occurred.

Similariry values afnong seven populations of Dermodur rotundus ranging fronr sotttnorn Mexico to soutilvrn

Costa Rica are s imi lar  to values found;enong other populat ions of  conspeci f ic  bats.

ELECTFOTiETINOGRAPHIC ESTIMATES OF THE SPECT'RAL CAPI\CITY AND DYNAT*!C } IAI 'JGE OI3 THE

RETIN'{S OF FOUR SPECiES OF VESPERTILIOI$JiD }"DT'I PHYLLOSTOiI'|ATID iiATS

G.M. f ' lope arrd Kurrwar P'  Ghatnagar

Depaftments of  Ophthalnrology and Anatomy, Universi ty of  Louisvi l le,  Scnc. 'o l  of  Meoicir re,

Heal th Scierrces Cert ter ,  Louisvi l le '  Kentucky 40201

Avail irble evidence indicares that the visuai sysrerns of the Chiroptera are strucrurally acequate and can sttp-

port behaviorally evinccd vision. Litt le ls known of the physiology of the visual sysrems of tnis oruer ftowever. Ttris

repon communicates prelinrinary resufts of elecrrophysiological experirnents designeci to estimate l irnitations irnposeci

on vision by the abil ity of these relnas to funcrion in response ro spectral stimulation and unoer l igirt adapted con-

ditiorrs. Eptesicus fucus were collected locally arrd Decmcdus rotuncius, Csrull ia perrpicii lata arro Artibeus



1 978 BRN 82

iamaicesis were col lected near Tlapacoyan, Puebla,  Mexico.  The bats were anesthesized by interper i toneal  in iect ions

of sodium pentobarbi ta l  and their  pupi ls di lated with atropinesul fate.  Electroret inograms (ERGs) were recorded fronr

the cornea with the animal restrained in a head-holder.  Signals were di f ferent ia l ly  ampl i f ied (1000X.0.1-300 Hertz)

computor averaged and permanent ly recorded onan X-Y piot ter .  A dual  channel  opt ical  system, providing control  of

intensity, spectral content and timing of each beampath. delivered a corneal irradiance of 4.0 log microwattslcm ei-

ther as st imulat ion or adaptat ion.

The funct ions descr ib ing the responses to equal  energy st imul i  at  20 nanometer (nm) intervals f rom 440 to

680nm were very similar for the four species studied and could be adequately matched by pigment absorption curves

with peaks at about 500 nm. The dynamic range of the retina of Eptesicus was very narrow while that of Artibeus was

the broadest of the four species, ERGs were unrecordable from Eptesicus prior to several hours of dark-adaptation,

while those from Artibeus could be recorded at up to about -1.0 log microwatts per cm . Caroll ia and Desmodus fel I

between these levels. These results suggest that these retinas are suited only for nocturanl function, although Artibeus,

at  least ,  probably could funct ion v isual ly at  a relat ively low l ight  level  .  These ret inas did not appear to funct ion in a

manner suggest ing cone presence. l f  more than one class of  photoreceptors is present,  their  numbers are too smal l  to

be detected under these condi t ions.  In al l  probabi l i ty ,  v isual  funct ion in these species is subserved by only rhodopsin

bearing photoreceptors.

ECONOMICS OF NECTAR FEEDING: PHYSIOLOGICAL AND ENVIRONMENTAL
VARIABLES AND A COMPARISON WITH OTHER NECTARIVORES

D.J.  Howel l
Purdue Universi ty
West Lafavette
Indiana

Some economic factors in nectarivory are: What and how much to eat from a cafeteria choice, when to eat it.
to forage singly or jo int ly,  when to abandon a patch of  depleted resource and move to another patch. Such decis ions
are inf luenced by plant parameters (spacing, phenology, calor ic rewards) and biot ic factors (compet i t ion,  predat ion)

These points are discussed for nectar-feeding bats; comparisons with insects and birds are made. Areas for
fruitful research are suggested.

Flight metabolism for nectar-feeding bats may be 14X SMR. The bats expend 630/o of their 24 hr. energy
budget in the 3 hours spent foraging. This is more than birds,  but  wi th in the general  cost  range. In summer
Leptoncyter is forage in f locks which search more ef f ic ient ly and exploi t  patches more thoroughly than woulc
indiv iduals.  Group feeding al lows intermit tent  communal roost ing which af fords more ef f ic ient  d igest ion.

The ef f ic iency of  an indiv idual  rn a f lock depends on his own physiology, on the f loral  rewards and on propert ies
of the f lock.  A model is given of  these interact ing factors which may inf luence f lock s ize.

Al though opt imal foraging is a theoret ic ian's dream, there is l i t t le support ing data f rom real  organisms.
Indeed, unless the resource involved is a l imi t ing resource, there is no compel l ing reason to expect foraging to be
opt imal.  Smal l  volant endotherms ( including insectsl  are ideal  organisms for invest igat ion of  opt imal foraging since

they are l ikely energy- l imi ted. In switchrng from a "worked" patch, Leptonycter is adopt a strategy
which maximizes return on investment.  Safety factors ar is ing f rom their  social i ty and the shape of  the foraging/plant

deplet ion curve al low indiv idual  bats to be somewhat s loppy in their  decis ions wi thout sacr i f ic ing feeding ef f ic iency.

Sunbird foraging may also f  i t  opt imizat ion paradigms.



BRN 83 Volume 19(4)

OBSTACLE AVOIDANCE BY ECHOLOCATING BATS

Phi l ip H.-S. Jen and J.  Kenneth McCarty
Divis ion of  Biological  Sciences, Universi ty of  Missour i ,  Columbia,  Missour i  65201

Echolocat ing bats emit  u l t rasonic s ignals and l is ten to returning echoes. The abi l i ty  of  echolocat ing bats to
avoid obstables was measured by making them f ly through an arrav of  vert ical  metal  wires or monof i lament nvlon l ines.
The numbers of misses and hits were recorded relative to wires or l ines that were stationary or were moving at an
average speed of 7 cm/sec. Four different sizes of wires or l ines ranging from 0.23 to 1.53 mm were used for the
tests.  The inter-wire or inter l ine intervals were always kept at  30 cm. The resul ts showed that echolocat ing bats could
f ly successful ly between obstacles,  even those with diameter of  0.23 mm,75o/o of  the t ime. The bats could dodge
these obstacles wi th a s igni f icant ly higher number of  misses when the obstacles were moved hor izontal ly than when
kept stat ionary (p 0.05).  Thus, in terms of  the avoidance of  obstacles,  echolocat ing bats appear to perform better
when confronted with an array of moving obstacles than with stationary ones. These data suggest that the auditory
system of a bat may contain neurons which are highly sensi t ive to moving objects (Supported by NSF Grant BNS 77-
23834).

FEN/ALE REPRODUCTION IN NON.HIBEBNATING BATS

D. P. Jerret t

The major female reproduct ive events in the estrus cycle(s) of  both non-hibernat ing mega and microchr iopter-
an species is reviewed. However,  special  at tent ion is given to the reproduct ive biology of  the temperate North American
species Tadar ida brasi l iensis mexicana (Molossidae),  the Mexican free-tai led bat,  which expresses dextral  uter ine and
ovar ian dominance. Only the larger r ight  ovary is capable of  producing an ovulatory fo l l lc le and the lef t  has long been
considered atrophic.  In order to elucidate the normal estrous cycle and def ine the structural  and funct ional  character-
ist ics of  the ovar ies of  th is non-hibernat ing bat several  analyt ical  techniques were ut i l ized. These included l ight
microscopic analysis,  h istochemical  local izat ion of  5,38 hydroxysteroid dehydrogenase (HSD) act iv i ty,  t rans-
mission electromicroscopy and compet i t ive binding radioimmunoassay of  seasonal  p lasma progesterone Ievels.

Interst i t ia l  t issue is found in both ovar ies but the lef t  is  a lmost ent i re ly an interst i t ia l  organ. Enzyme
histochemical  analysis demonstrates that  the gonads have seasonal  varying amounts of  5,  gg FiSO local ized ei ther
rn the thecal  cel ls of  the Graaf ian fo l l ic le or in the ovar ian interst i t ium. Transmission electron microscopic observat ions
of interst i t ia l  cel ls disclose the presence of  cytoplasmic organel les typical  of  those character ist ic for  steroidogenesis.

The corpus luteum persists throughout gestat ion reaching i ts maximum development just  pr ior  to partui t ion.
Circulat ing plasma progesterone values correlate direct ly wi th luteal  g land size and peak at  106 ng/ml when the
corpus luteum was largest.

DETEBMINATION OF THE PRIMITIVE KARYOTYPE FOR THE STENODERMINE BATS

Anette Johnson and Robert  J.  Baker

Department of  Biological  Sciences; Texas Tech Universi ty,  Lubbock, Texas

The subfami ly Stenoderminae has diploid numbers ranging from 14 to 44 and fundamental  numbers of  20 to

62. Gardner (19771 proposedthatthepr imit ivekaryotypeforthesubfami lyhada2n=4OormorewithalowFN,

with the present array of  karyotypes at ta ined through centr ic f iss ions and possible addi t ions of  heterochromat in.

G-and C-banding analyses were performed on the following stenodermine genera: Artibeus, Centurio, Chiroderma,
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Enchistenes, Sturnira, Uroderma, Vampyrorsa, and Vampyrops. Reciprocal translocations, pericentric inversions,
and fusions, rather than frssions, appear to have been the major modes of chromosomal rearrangements. Most hetero-
chromat in was centromeric,  or  occasional ly,  interst i t ia l .  No whole arms were found to be heterochromat ic.  The
banding data from these bat genera indicate an ancestral karyotype with 2n=30-32 and FN=56€0, a totally biarmecl
karyotype. The Stumira'Artibeus-Vampyrops Iineage is believed to approximate the primitive subfamilial karyotype
(2n=30-31, FN=56).  Al l  three genera appear to have almost ident ical  G-banding patterns.  Enchistenes di f fers f ronr
these genera by a reciprocal translocation. All other genera examined differ from the proposed ancestral karyotype by
several rearran gements.

FEEDING AND BREEDING HABITS OF SOME CENTRAL INDIAN MICROCHIROPTERA

H Khajur ia
High Al t i tude Zoology Field Stat ion,  Zoological  Survey of  India,  Solan, India

Feeding and breeding habi ts of  n ine Central  Indian Microchiroptera were studied in capt iv i ty and as
far as possible in the wi ld also.  The species studies are:  Scotophi lus h.  heathi  Horsf ie ld,  S.  temmincki
wroughtoni  Thomas, Scotozous d.  domeri  Dobson, Pipistrel lus m. mimus Wroughton, P.C. cormandra Grav
(Family Vespert i l ionidae);  Hipposideros f .  fu lvus Gray, H. c ineraceus durgadasi  Khajur ia,  Rhinolophys
l .  lepidus Blyth ( fami ly Rhinolophidae) and Megaderma l  lyra Geoffroy ( fami ly Megadermat ic lae).

The nocturnal  habi ts of  bats and through mast icat ion of  food make the study of  feeding habi ts di f f i -
cult. A new method was developed to study the feeding habits in captivitv. Common nocturnal insects were
col lected with l ight  t raps in hot season part icular ly dur ing rains wl  - .n the feeding act iv i ty is maximum. They
were tried as food of captive bats. lt was found that food taken is selective and thus appears natural.

Considerable unrecorded data has been collected on mating habits, gestation period, parturit ion, care
of young, etc. The observations were spread over a period of over six years.

EXTERNAL GENITALIA AND BACULA OF SOME CENTRAL INDIAN MICROCHIROPTERA

H. Khajur ia

External  genttal ia of  n ine and bacula oi  ten species/subspecies belonging to seven genera arrd three farni l ies
of Central Indian Microchiroptera have been descrrbed and il lustrated wherever necessary. The forms studied are.
Megaderma l. lyra, Hipposideros fulvus fulvus, H. cineraceus ciurgadari, Rhinolophus l. lepidus, Myotis peshwa, Pipistrel-
lus c. coromandra, P. m. mimus, P. ceylonicus indicus, Scotozous d. dormeri, Scotophilus tcmminicki wroughtoni and
Scotophi lus h.  heathi .  External  male geni ta l ia may possibly provide dist inguishing characters upto speci f  ic  and gener ic

levels but the mater ia l  avai labie did not permit  a more detai led study. Al though there is a corrs iderable var iat ion in
shape and size of  bacula,  genera and in many cases species can usual ly be dist inguished by bacular characters.  An ar-
tempt has been made to def ine bacular characters of  some Indian genera on the basis of  avai laole informat ion.

PHYLOGENETIC ANALYSIS OF CHIROPTERAN DENTITION

Karl  F.  Koopman and Gi les Maclntyre

The dent i t ion of  the most pr i rn i r ive Microchiroptera snows few di f ferences from that of  pr i rn i t ive placental  mammals.
Assuming that the condi t ion of  having the paracone and metacone near the labial  nrarqin of  the nrolar tooth is
pr imit ive,  then the condi t ion of  having these two cusps near tne center of  the molar is c jer ived. With th is lat ter
condi t ion goes a W-shaped ectolopn arrd a shi f r  of  t r re hypocorrul id to a l ingual  posi t ion near the entoconid.  This
presumeably der ived condi t ion is found in rnclst  Microchiroptera,  Scandent ia ( t ree shrews),  Dermoprera,  and some
Insect ivora {shrews, moles,  Nesophontes),  but  not in Pr imates or hedgehogs. l f  ihe Archonta (sensu McKenna) are a
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monophylet ic group, then, on the basis of  molar pattern,  the Scandent ia,  Derrnoptera,  and (Micro) chiroptera,  could
be considered a derived monophyletic subgroup within the Archonta. The Scandentia also share the same derived
dental  formula wi th the most pr imit ive Microchiroptera,  but  s ince this involves only incisor and anter ior  premolar
reduct ion,  i t  is  probably not part icular ly s igni f icant.  Frui t  and nectar feeding Phyl lostomidae show progressive
modif icat ions of  the pr imit ive microchiropteran molar pattern,  which,  in extreme cases, could probably not be clear ly
homologized with i t  i f  intermediate condi t ions were lacking. Megachiropteran molars are also highly modif ied in
connection with frugivory, and while they show some vague general resemblances to some frugivorous Michrochiroptera
and Pr imates,  there is no f i rm basis for  postulat ing homology, let  a lone synapomorphy. The abi l i ty  to homologize
pr imit ive microchiropteran molar patterns,  and the fai lure to do this for  Megachiroptera,  has a sound funct ional  basis.

MALE REPRODUCTIVE CYCLE IN NONHIBERNATING BATS

Phi l ip H. Krutzsch
Department of Anatomy
Universi tv of  Ar izona
Tucson. Arizona

Most knowledge relative to bat reproduction has been gained on temperate North American and European bats

that have evolved unique specializations to deal with prolonged hibernation. Students of bat reproduction have

neglected the less bizarre reproductive processes of the more typically mammalian cycles of the tropical bats. The

male reproductive events in the nonhibernating chiropteran species are discussed with special attention directed

.toward the wide variety in morphological organization of the reproductive organs.
Attention is also directed at the relative structural stabil ity of the male sex accessory organs in certain families

( i .e.  Molossidae and Pteropodidae) as compared to the wide ranging var iat ion in others ( i .e.  Vespert i l ionidae).
The male reproductive cycles of representative genera from several primarily nonhibernating families of chiroptera

are reviewed. Seasonal and aseasonal breeding patterns are discussed.

DAILY ENERGY BUDGETS OF FREE-LIVING BATS

Thomas H. Kunz
Department of Biology
Boston University
Boston, Massachusetts 0221 5

This review examines the assumptions, methods, l imitations, and results of estimating energy budgets for free-living
bats. Daily energy budgets (DEB) derived from two independent methods are summarized for a temperate zone
insectivorous bat (Myotis lucifugus), These independent estimates of energy uti l ization. based on food consumption
and time-budget studies, produce comparable values. A comparison of DEB reported for this and other species yields a
first-order, general predictive equation for estimating energy budgets of free-living bats from body weight.
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A COMPARATIVE FOOD HABIT STUDY OF TWO FOLIAGE.GLEANING BATS,
NYCTERIS THEBIACA (AFRICA) AND MICRONYCTERIS MEGALOTIS {CENTRAL AMERICA)

Richard K. LaVal and Margaret  L.  Laval
Fish and Wildl i fe Research Center,  Missour i  Department of  Conservat ion,  Columbia,  Mo. 65201

Prey select ion by two fol iagegleaning bats,  Nycter is thebiaca (Afr ica) and Micronycter is megalot is
(Neotropical America) is compared and contrasted based on remains of prey deposited under roosts. Orthop-
terans comprised 54% of the diet of N. thebiaca within the study period, whereas the second most commonly
encountered order, Lepidoptera, only accounted for 20o/o. ln contrast, the diet of M. megalotis consisted of
onlY 23o/o Orthoptera and 5% Lepidoptera. The prey of M. megalotis seemed to be largely Coleoptera (57y"1 ,
which had only accounted for 13% of the N. thebiaca diet .

Nycter is thebiace, a large-winged (FA=47l ,  medium-sized (wt=11.5) fo l iage-gleaner,  seemed to employ
the strategy of  catching a maximum number of  large insects,  especial ly orthopterans such as katydids and
cockroaches. Micronycter is megalot is.  a smal l -winged (FA=34),  smal l -s ized (wt=6.7) fo l iage-gleaner,  depended
on its apparent abil ity to capture large numbers of small insects, such as small beetles, but also captured
orthopterans and other large insects when the opportunity presented itself .

BAT MANAGEMENT IN THE UNITED STATES: A SURVEY OF LEGISLATIVE ACTIONS,
COURT DECISIONS AND AGENCY INTERPRETATIONS

Thomas Lera
U.S. Environmental  Protect ion Agerrcy
203 South Dearborn Street
Chicago, I  l l inois 60604

ln 1966, Congress enacted legis lat ion which af forded nat ive animals legal  protect ion.  Since that t ime, th is
legis lat ion has been twice revised. The current Endangered Species Act of  1973, provides not onlV animals but also
plants with what appears to be a reasonable degree of protection and survival. Recent court decisions support the
cc rcept and val id i ty of  the Endangered Species Act of  1973.

This paper is the result of a survey conducted throughout fourteen Federal departments and agencies in order
to obtain their  interpretat ion of  th is legis lat ion,  and more speci f ical ly,  how bats are protected by th is interpretat ion.
The survey included four quest ions:

1.  What Federal  laws. regulat ions and guidel ines govern your agency's act ions regarding both the protect ion
and/o( eradication of batsT

2. How has your agency interpreted these laws, regulat ions and guidel ines in the format ion of  i ts  internal
pol ic ies?

3. What do your protect ion pol ic ies rnclude?
4. l f  eradicat ion is necessary,  what methods and recommendat ions are fo l lowed and what chemicals and in

what dosages are allowed?

DEVELOPMENT OF ECHOLOCATION IN THE GREATER HORSESHOE BAT'

RHINOLOPHUS FERRUMEOU INUM

Glenis R. Long
Polytechnic of  Central  London, London, England

The developmentof echolocation in the Greater Horseshoe Bat, Rhinolophus ferrumequinum, was studied

under natural  condi t ions.  A microphone was placed in the at t ic  of  an empty mansion which is consistent ly used as

a nursery colony by Rhinolophus ferrumequinum. Becording could thus be obtained at  any t ime of  the day without

disturbing the bats.  The at t ic  was also entered when the adul t  bats let t  fcr  their  evening feecjs and recordinqs were ob-



BRN 87 Volume 19(4)

tained from bats of  known age with minimal disturbance to the colony.
Constant frequency pulses were emmitted on the first day and after the fourth day (upward sweeping frequen-

cy modulated pulses were emmitted on the 2nd and 3rd and subsequent days) . The fundamental frequency of these
pulses showed a logar i thmic increase in f requency unt i l  the 15 day when the bats started f ly ing.  The frequency at  th is
age was about 2 kHz below that of  adul t  bats in the same colony. Sounds emmit ted before the 1Oth day had strong
harmonic structure,  th is is reduced af ter  the tenth day with the suppression of  the fundamental .

LONGEVITY OF WILD DESMODUS ROTUNDUS IN MEXICO

Wil l iam Lopez-Forment
Inst i tuto de Biologia,  U.N.A.M.,  Ap. Postal  70-153, Mexico 20,D.F. Mexico

A series of Desmodus rotundus murinus were banded in three caves in the Mexican State of Guerrero in 1969.
One of  these caves, wi th the largest populat ion of  these vampires was vis i ted twice in 1975, and once in 1978,when al l  un-
banded bats were sexed and banded, and their reproductive state was noted. Only one bat, banded in one of the other two
caves, changed roost,  af ter  three months.  Thus, a ser ies of  data were obtained, giv ing us informat ion on the longevi ty of
these animals in a wi ld state,  the populat ion turnover and an idea of  the number of  years that  these animals are fer t i le.
These vis i ts wi l l  proceed into the future,  hopeful ly giv ing us an idea of  the maximum longevi ty of  Desmodus rotundus in
the wi ld,  which at  th is date is of  n ine years,  minus one week.

THE USE OF FETAL MEMBRANE DATA IN ASSESSING CHIROPTERAN PHYLOGENY

Luckett ,  W.P.
Department of Anatomy
Creighton Universi ty
Omaha. Nebraska

The mammal ian fetal  membranes develop from al l  three germ layers and comprise a complex and interrelated

organ system which is essent ia l  for  normal embryonic development.  Di f ferences in fetal  membrane development are

rare wi th in mammal ian fami l ies,  and this evolut ionary conservat ism aids in morphotype reconstruct ion of  fetal  mem-

brane patterns wi th in each fami ly.  Using sound pr inciples of  character analysis and phylogenet ic reconstruct ion,

developmental features of the fetal membranes can be uti l ized to test hypotheses of relationships among the families

and superfami l ies of  Chiroptera.  Of part icular interest  is  Smith 's (1916, 1917l ,  hypothesis concerning the possible

diphylet ic or ig in of  megachiropteran and microchiropteran bats,  based ln part  on observed di f ferences in wing
morphology and dent i t ion.  In addi t ion,  fetal  membrane data may be used to test  hypotheses of  phylogenet ic

relat ionships between Chiroptera and other euther ians,  in part icular,  the postulated superordinal  re lat ionship among

Chiroptera,  Dermoptera,  Tupai idae, and Pr imates as the Archonta.

Comparison and analysis of developmental features of chiropteran fetal membranes with those of Dermpotera,

Tupai idae, Pr imates,  L ipotphyla,  Macroscel idea, and al l  other orders of  Euther ia corroborate the hypothesis of  a
monophylet ic or ig in for  the Chiroptera.  Mossman's (1937) suggest ion of  the possible diphylet ic or ig in of  bats was based
pr imari ly on str ik ing fetal  membrane di f ferences between pteropodids and vespert i l ionids;  data for  most microchirop-
eran fami l ies were lacking at  the t ime. However,  developmental  pat terns of  the fetal  membranes are qui te s imi lar  in
pteropodids,  megadermat ids,  rh inopomatids,  h ipposider ids,  and rhinolophids,  and the morphotype reconstructed for
these fami l ies may closely approximate the ancestral  chiropteran condi t ion.  Avai lable fetal  membrane data support
the monophylet ic relat ionship of  the Phyl lostomatoidea, including the Phyl lostomat idae, Desmodont idae. and probably

the Noct i l ionidae. Shared, der ived character states of  the fetal  membranes strongly support  the hypothesis (Smith.

1972) that  Noct i l ionidae is c losely related cladist ical ly to other phyl lostomatoids.  Fetal  membranes of  vespert i l ionids
are quite different from those of most other chiropteran families; incomplete data suggest that thyropterids and
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natal ids resemble the vespert i l ionid pattern.  Relat ionships among vespert i l ionids,  embal lonur ids,  and molossids are

unclear from analysis of their fetal membranes; they possess few shared, derived character states in common which do
not occur in other microchiropterans.

Phylet ic relat ionships among "archontans" are not c lar i f ied by character analyses of  their  fetal  membranes,

Among archontans, the morphotype of  chiropteran fetal  membranes most c losely resembles that of  Pr imates;  however,

the pr imate morphotype approximates the postulatedeuther ian morphotype. The hypothesis that  Chiroptera and

Dermoptera are s ister groups is not supported by analysis of  the fetal  membranes. Fetal  membranes of  the monofami l ia l

Dermoptera are relat ively der ived when compared ro the cniropteran morphotype. Al though character analysis of

fetal  membrane data provides addi t ional  tests for  hypotheses of  chiropteran phylogeny, i t  is  emphasized here that

mult ip le phylogenet ic analysgs of  both "sof t"  and "hard" anatornical  features,  as wel l  as a considerat ion of  the

avai lable molecular data,  are the best methods for phylogenet ic reconstruct ion of  Chiroptera and other Euther ia.

ON THE ECOLOGY OF INSECTS ECTOPARASITIC UPON MALAYSIAN BATS

Dr. Adr ian G. Marshal l

Department of  Zoology, Universi ty of  Aberdeen, Aberdeen, ABg 2TN, Scot land, U.K.

In West Malaysia (Malaya) 86 species of  bats belonging to 7 fami l ies occur,  and they are parasi t ised by 83 species

of insect f rom 6 fami l ies and 4 orders:  2 species Ar ixeni idae (Dermaptera),  3 species Clmicidae and 3 species Polyctenidae

(Hemiptera),  42 species Nycter ib i idae and 29 species Strebl idae (Diptera),  4 species lschnopsyl l idae (Siphonaptera) '  The

major i ty of  these insects are highly host-speci f ic  permanent ectoparasi tes and they show a number of  adaptat ions for th is

mode of  l i fe such as a blood diet ,  v iv ipar i ty,  winglessness and the possession of  combs. The major i ty of  bat  species are parasi-

t ised by at  least  one species of  insect,  but  infestat ions vary great ly in s ize and diversi ty,  being general ly smal l  and not diverse.

The major cause of  mortal i ty is predat ion by the host,  and this accounts for  any imbalance in the sex rat io.

MOTHER-INFANT COMIVIUNICATION IN THE GREATER HOFSESHOE BAT

Sumiko Matsumura and Toshitaka Hidaka
DePartment of  ZoologY
Facul tY of  Science
Kyoto Universi tY
Sakyo-ku, KYoto,  606, JaPan

A Japanese Constant Frequency bat,  Rhinolophus ferrumequinum nippon, has a c lose mother- infant relat ionship '

Infant vocal izat ion and i ts development probably serving as a basis of  mother- infant communicat ion were analyzed by

tracing their  vocal izat ion and behaviour.  The baby can emit  oral  and nasal  cal ls.  Development consists in a shi f t  f rom

orals to nasals.  low to higher f requency and noisy to pure tones. The shi f t  occurs even within a syl lable.  Morphological

perfect ion of  the laryngo-nasal  junct ion under l ies vocal izat ion development.

The pattern of  mother- infant acoust ic communicat ion was then analyzed. Communicat ion between an

exper imental ly separated mother and 3-week old infant couple starts wi th noisy oral  cal ls of  the infant.  The mother

answers by emit t ing a t ra in of  long " lead signals".  Then the infant turns to emit  pure nasal  s ignals.  The mother soon

begins to act ively synchronize her s ignals wi th the infants.  Then, the infant also t r ies to synchronize i ts s ignals to the

mother,s. This results in a quite regular antiphonation in two-to-two or two-to-three syllable relationship. After estab-

l ishment of  such pattern of  ant iphonat ion,  communicat ion shi f ts into part ia l  duett ing.  Gradual  r ise of  the f requency of

the infant signals and eventual coincidence of it with that of mother's become to be f requently observed. When the fre-

quency coincidence is sti l l  incomplete, interference between mother's and infant's signals produces characteristic band-

ed otttorns on sonagrams. Because CF bats emit long and constant-frequency signals, the moths's lead signals play a
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role of  f requency-guide. In the f inal  stage of  communicat ion just  pr ior  to the reunion of  separated mother- infant couple,
ser ies of  synchronized ant iphonat ion and duett ing is repeated in temporal ly much compressed and extremely high-
pi tched trains.

The most important part  of  the communicat ion for  the complet ion of  mother- infant reunion seems to be the
high-pi tched duett ing wi th f requency coincidence. Some acoust ic s ignals used in the communicat ion,  such as the " lead
signals" of  the mother and "contact  cal ls"  of  the both af ter  the reunion, appear to be exclusively comnrunicat ive.
Al though ant iphonat ion of  mother and infant has been observed and referred to as character ist ic to mother- infanl
communicat ion in FM bats as wel l  as in macrochiropterans, the high-pi tched and frequency-coincided duett ing may be
essent ia l  in the CF bats.

SOCIAL ORGANIZATION AND GENETIC PATERNITY STUDIES IN THE POLYGYNOUS BAT,

PHYLLOSTOMUS HASTATUS

Gary F,  McCracken

Department of  Biology, C-016, Universi ty of  Cal i fornia,  San Diego, La Jol la,  Cal i fornia 92093

In Tr in idad, W.1.,  the bat Phyl lostomus hastatus has a highly polygynous social  organizat ion.  Adul t  females

roost In large (mean average size,  18 females/harem) harems tended by a s ingle adul t  male.  Residual  adul t  males roost

in bachelor c lusters.  The composi t ion of  harems is very stable and the same females may roost together for  l i fe.  The

same adul t  male may retain a harem for three or more years.  Genet ic-paterni ty studies show that the harem male has

preferred reproduct ive access to the females in his harem and that strong polygyny resul ts in marked changes in gene

frequencies between generations. However, dispersal of offspring prevents the development of significant genetic

heterogenei ty among social  uni ts.  New harems are formed by aggregat ions of  year l ing females f rom di f ferent harems

and caves, and kin select ion cdnnot explain the social  cohesiveness of  these groups. Radio-telemetry studies on foraging

behavior show that harem mates have indiv idual  foraging areas close to one another,  and suggest that  indiv iduals in a

harem mav help one another locate food.

INTERACTIONS BETWEEN BATS AND GREEN LACEWINGS IN FREE FLIGHT

Lee A. Mi l ler
Inst i tute of  BiologY
Odense Universi tv
D K-5230. Odense, Denmark

Green lacewings can hear and respond to pulsed ul t rasound. This capabi l i ty  presumably provides a defense mechanism

against  marauding bats.  The avoidance behavior of  f ree f lyrng green Iacewings was studied in the presence of  hunt ing

bats and artif icial bat cries. Several bats of two species (Pipistrellus pipistrellus and Myotis brandtii) were trained to

catch mealworms. Interactions between bats and green lacewings, rlostly Chrysopa carnea, Neuroptera, were photo-

graphed using stroboscopic f lashes. Cont inuous recordings of  the bats 'or ientat ion cr ies were made using two ul t rasonic

detectors.  Art i f ic ia l  bat  cr ies were synthesized in the standard manner,  wi th each pulse having a constant f  requency of

50 kHz. Free f ly ing green lacewings respond to hunt ing bats most ly by fo ld ing the wings and fal l ing in a nose dive,  in

what can be considered as an ear ly warning response. This response tends to take the insect out of  the bat 's acoust ic

f ie ld.  However,  should a bat detect  and at tempt to catch a fa l l ing green lacewing, the insect can switch to a last  chance

maneuver. This maneuver consists of a momentary extension of the wings provoked by the bat's high cry repetit ion rate
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dur ing the buzz, which is always associated with an at tempted catch. The last  chance response is ver i f ied by exper i -

ments using art i f ic ia l  bat  cr ies.  The green lacewing's behavioral  repertoire is not l imi ted to ear ly warning and last

chance responses. Insects can change their  f l ight  pat tern or fa l l  wi th the wingsextended. The probabi l i ty  of  avoidance

behavior occur ing is a funct ion of  st imulus intensi ty and repet i t ion rate.  Responses can vary on the indiv idual  and the

population level for the same stimulus repeated successively. The selection pressure, as defined by the number of

catches div ided yb the number of  insects f ly ing in the catch area that could have been caught,  is  about 0.04. The

insect 's ears can be destroyed without otherwise interfer ing wi th i ts f l ight .  In th is case the select ion pressure for  non-

react ing green lacewings is 0.40. The select ive advantage for responding to bat cr ies about 0.36, which is s imi lar  to

that for  moths react ing to hunt ing bats contra non-react ing rnoths in the f ie ld.  In addi t ion,  the responses of  f ree

f ly ing green lacewings provide a behavioral  substrate for  interpret ing neurobiological  studies of  avoidance behavior.

LOCA LI ZATI ON O F ADENOSI N E TR I  PHOSPHATASE AND U LTRASTR UCTU R E

OF THE MUCOSAE OF THE STOMACH OF THE COMMON

VAMPIRE BAT (DESMODUS ROTUNDUS) DURING FLUID TRANSPORT

David Morton
Wright State Universi ty
Davton. Ohio

As the vampire feeds, the fundic caecum expands to accomodate the bulk of  the ingested blood. Within minutes

fluid is transported across the mucosae thus concentrating the meal. One group of f ive bats were allowed to feed on

CDP di luted bovine blood for a hal f  hour.  Another group of  f ive bats were starved for twenty-four hours.  Af ter

ether izat ion,  p ieces of  the middle segment of  the caeca were excised and ei ther f ixed in 5% glutaraldehyde in 0.067M

cocadylate buffer (pH 7.21 for two hours, or frozen. Both ten micron frozen sections aff ixed to glass sl ides and

loose forty micron frozen sect ions were f ixed in 0.5% glutaraldehyde for f ive minutes and subsequent ly placed in

Wachstein-Meisel  medium for the demonstrat ion of  magnesium dependent adenosine tr iphosphatase. Both pieces and

loose sect ions were embedded in ei ther glycol  methacrylate or Spurr  resin for  l ight  and electron microscopy,

respect ively.  Dur ing f lu id t ransport  act ive adenosirre t r iphosphatase is present along the lateral  p lasma membranes of

the mucosal  eoi thel ia l  cel ls.  This react ion is inhibi ted by 0.1M sodium f  luor ide.  The intercel lu lar  spaces in the mucosal

epi thel ium, the under ly ing connect ive t issue and resident blood vessels are distended by the increased hydrostat ic
pressure.  l t  is  probable that  the act ive t ransport  of  sodium into the intercel lu lar  spaces between mucosal  epi thel ia l

cells produces hyperosmotic conditions which drive passive water transport.

THE STATUS OF THE CHIROPTERAN FAUNA OF THE KINGDOM OF SAUDI ARABIA

lyad A. Nader

Col lege of  Educat ion at  Abha, Universi ty of  Riyadh, Abha, Saudi  Arabia

The chiropteran fauna of  the Kingdom of Saudi  Arabia consists at  the present t ime of  e ighteen species belong-

ing to eight families. Three species of bats are reported here for the first t ime from Saudi Arabia. These are the Sunde-

vall 's Leaf-nosed bat Hipposideros caffer, the Egyptian Free-tailed bat Tadarida aegyptiaca, and the Schreiber's bat

Miniopterus schreibersi. Also the presence of an undescribed subspecies of the Slit-faced bat Nycteris thebaica is re-

oorted. The known distr ibut ion of  the eighteen bats in the Kingdom are discussed with some notes on their  b io logy.

More intensive col lect ing may reveal  the presence of  four addi t ional  species of  bats in the Kingdom.
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PHYLOGENETIC ANALYSIS OF THE CHIROPTERAN AUDITORY REGION

Michael  J.  Novacek
Department of Zoology
San Diego State University
San Diego, Cal i fornia

Bats show marked var iat ion in audi tory morphology, but the phylogenet ic impl icat ions of  such patterns are not
adequately understood. A survey of  chiropteran ear regions and comparisons with other mammal ian orders suggest
that bats typical ly retain severat  pr imit ive euther ian features.  These include: a hor izontal lv incl ined, annular
ectotympanic,  retent ion of  the major branches of  the internal  carot id arter ies,  ventral  exposure of  the fenestra
rotundum, the absence of  bony tubes for vessels coursing through the middle ear cavi ty,  and a smal l  tympanohyal
process. Pr imit ively,  the chiropteran audi tory bul la is a smal l  e lement formed pr imari ly by the rostral  entotvmpanic.
ln more der ived states the bul la is var iously expanded and inf lated, and may lnclude contr ibut ions f rom the
ectotympanic.  Microchiropterans are general ly more der ived than megachiropterans in showing modif icat ions of  the
bul la,  more vert ical  or ientat ion of  the tympanic r ing,  pronounced enlargement of  the promontor ium, opening of  the
pyriform fenestra and several other features. However, the distribution of apomorphic characters in these suborders
and in other euther ian orders does not support  a diphylet ic or ig ln for  bats;  the morphotypical  p lan for chiropteran ear
regions is merely di f f icul t  to def ine because of  the abundance of  pr imit ive euther ian characters.  Some interest ing
simi lar i t ies between megachiropteran and dermopteran ear regions are observed but these are general ly plesiomorphous.
Moreover,  the tympanic chamber of  Dermoptera shows a number of  uniquely der ived features,  including the anomolous
pattern of  the petrosquamous drainage, which are not shared by any chiropterans considered in th is survey

SOCIAL ORGANIZATION AND THE ANNUAL CYCLE IN A KENYA
POPULATION OF PIPISTRELLUS NANUS

Thomas J.  O'Shea
Department of  Blological  Sciences
Northern Ar izona Universi ty
Flagstaf f  ,  Ar izona

A f ie ld study of  social  organizat ion,  behavior and ecology of  the 3.5 gram bat Pipistrel lus nanus was conducted
near Kibwezi ,  Kenya from June 1973 through July 1974. The bats roosted only in dead over lapping palm fronds or in
roof ing mater ia l  made of  bundles of  palm fronds. Dai ly censusing of  marked bats roost ing in roofs showed that males

were territorial at roosts and that females gathered at favored male roosts in small groups. Females were attracted to
roost at  these si tes bv audible male vocal izat ions.  These terr i tor ia l  cal ls are descr ibed physical ly,  and indiv idual ,
seasonai  and contextual  var iabi l i ty  in their  usage is documented. Group size and composi t ion,  s i te f idel i ty and
var iabi l i ty  in social  organizat ion are summarized quant i tat ively and descr ipt ions of  temporal  pat terning of  act iv i ty and
behavior are provided. Heterothermy and foraging behavior are also documented. Reproduction was annual and
synchronous with the f lush of  communrty product iv i ty dur ing the November rains,  but  the social  system did not
change qual i tat ively over most of  the year.  Deviat ions f rom typical  mammal ian sex rat ios and patterns of  s ize
dimorphism are discussed, as is the inf luence of  the strongly seasonal  environment on quant i tat ive aspects of  social
organizat ion.
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TONOTOPICAL ORGANIZATION OF THE AUDITORY CORTEX IN THE CF-FM BAT
RHINOLOPHYS FERRUMEOUINUM

Joachim Ostwald
Arbei tsgruppe Neurobiologie
Fachbereich Biologie
Lahnberge, 355o Marburg
Federal  Republ ic of  Germany

For echolocation, the Greater Horseshoebat, Rhinolophus ferrumequinum, uses pulses of about 50 msec
durat ion,  consist ing of  a long, constant f requency (cf)  component (ca.  80-85 kHz) fo l lowed by a short ,  downward
frequency modulated ( fm) component.  Dur ing f l ight  they lower their  emission-frequency in order to compensate for
the frequency shifts caused by Doppler effects. Each individual receives its echoes at a characteristic frequency. This
acts as a constant carrier frequency for fast frequency modulations caused by the movement of targets, for instance
the wingbeats of  f ly ing insects.  In behavioral  exper iments,  the animals were shown to be able to detect  such frequency
modulat ions.  They might be an important parameter for  c lassi f icat ion or even ident i f  icat ion of  targets.

According to the resul ts obtained from the somatosensor ic and visual  cortex of  other mammals and the audi tory
cortex in Pteronutus, one might expect that the important. echo frequencies would be overrepresented in the
Rhinolophus cortex.  In order to detect  smal l  changes in f requency, neurons with best f requencies (BF's)  around the
resting frequency should have a higher frequency selectivity than those in other frequency ranges.

"N/ul t i  uni t"  recordings were made to invest igate the tonotopical  organizat ion of  the audi tory cortex in
Rhinolophus. Pure-tone-pulses of 50 msed duration were used as stimuli. Each measured frequency was normalized to
the rest ing f requency of  the indiv idual  bat  to conform to the biological  s i tuat ion.

The populat ion of  neurons concerned with the processing of  f requencies around the rest ing f requency and the
fm component occupy a large area of  the audi tory cortex.  The tonotopical  organizat ion of  neurons concerned with
frequencies lower than the echo frequencies is very s imi lar  to that  of  other mammals.  Neurons with ident ical  BF's
in the fm part of the sound are organized in the same dorso-ventral structrue but with a stretched frequency-axis

The area ventral of the fm area is occupiod by neurons having thcir BF's at and up to several kHz above the resting
frequency. Areas of equal BF's are widely spread and form semicrrctes around each other with the resting frequency
at the outside.

As in other mammals,  the audi tory cortex of  Rhinolophus is organized in columns perpendicular to the cortex
surface. Uni ts found in perpendicular penetrat ions show very s imi lar  behavior,  especial ly wi th respect to their  BF's

The O-1o-dB value was used to measure the f requency-select iv i ty of  the neurons. Only neurons with BF's
between +1 1 and -5 kHz in relation to resting frequency showed very high Q-loddB values of more than 3o and up to
417. For f requencies not occur ing in the echolocat ion sounds, the O-1o dB values were much lower.

Single cel ls in the audi tory cortex are able to detect  f requency modulat ions in the st imulus down to 0.5%
modulat iorr  range. At higher ranges phase- locked f i r ing occurs.

The behaviorally relevant echo frequencies are overrepresented in the auditory cortex of Rhinolophus,
neurons in th is f requency-range show a very high frequency-select iv i ty,  and single neurons can code even very smal l
frequency-modulations. All three properties are very well adapted for processing the frequency modulations on the
echo carrier f requency.

FEN/ALE REPRODUCTIVE CYCLES IN HIBERNATING BATS

Brett  A.  OxberrY
Department of  AnatomY
Universi tv of  Ar izona

Hibernat ion exerts a profound inf luence on the physiology of  reproduct ion in two fami l ies of  bats,  Vespert i l ionidae

and Rhinolophidae. The imposi t ion of  a per iod of  h ibernat ion on the female reproduct ive cycle appears to arrest  the

progress of  reproduct ive events begun in the autumn and postpone their  complet ion unt i l  spr ing.  The basic sequence

of reproduct ive events is s imi lar  in al l  h ibernat ing bats except the vespert i l ionic l  genus, Miniopterus,  Estrus and copu-

lat ions are in i t iated in late summer and ear ly autumn and the bats typical ly enter hibernat ion soon thereafter.

Intermit tent  arousal  and addi t ional  copulat ions may occur throughout the hibernat ion per iod.  Spermatozoa are then
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stored in the female reproductive tract unti l after permanent arousal in the spring when ovulation, ferti l ization ano
gestat ion take place. In Miniopterus,  copulat ion in autumn is fo l lowed immediately by ovulat ion,  fer t i l izat ion ano
ini t ia l  embryogenesis,  and the females enter hibernat ion in a pregnant condi t ion.  Dur ing hibernat ion embryonic
development is arrested and does not resume until after permanent arousal in the spring. The signif icant features thar
are of special interest in the reproductive processes of hibernating bats are the delay of ovulation and storage of sperm
fol lowing copulat ion or in the case of  Miniopterus the delay of  embryogenesis.  Morphological ,  physiological  ano
experimental analysis of gamete and steroid production by the ovary, and pituitary control of these processes with
respect to hibernation is reviewed in this paper. This evidence indicates that the phenomenon of hibernation and
external factors regulating it supress endocrine activity of the pituitary and ovary resulting in the protraction of certain
reproductive stages. However, while there is considerable evidence to support this thesis particularly with respect to

MORPHOLOGIC VARIATION AND HYBRIDIZATTON IN MYOTIS YUMANENSIS SOCIABILIS AND MYOTIS
LUCIFUGUS CARISSIMA

Aida M. Parkinson
Department of  Zoology, Universi ty of  Cal i fornia,  Davis,  Davis,  Cal i fornia 95616

Morphologic variation was examined in 240 Myotir yumanenris sociabil is and 169 Myotis lucifugus carissima
from northeastern Cal i fornia dn southcentral  Oregon to determine whether extreme simi lar i ty is due to intraspeci f ic
var iat ion or hybr id izat ion.  Seven external  and eight cranial  var iables were analyzed using mult ivar iate discr iminant
analyses. Intraspecific variation is partially responsible for morphologic overlap so that forearm length and greatest
length of  skul l  do not di f ferent iate large M. yumanensis f rom smal l  M. luci fugus. Pelage color and shape of  skul l  pro-
f i le also fa i l  to dist inguish some indiv iduals.  Intermediate indiv iduals were found in roosts wi th both species.  A charac-
ter index using forearm length,  greatest  length of  skul l ,  and skul l  prof i le was calculated to assign specimens to a
yumanensis group, a luci fugus group. or an intermediate group. Discr iminant analyses of  these groups assigned 100%
of the M' lucifugus group and 98% of the M. yumanensis group to those species. Ninety-four percent of 228 M. yuman-
esis as identif ied by forearm length were assigned to that species by the discriminant analysis and g3% of the 72 M.
fuci fugus ident i f  ied by the same var iable.  Using greatest  length of  skul l ,  the percentages wereg4o/o of  21: t  M.yumanen-
sis and 96% of 45 M. lucifugus. Using skull profi le, the percentages were g1o/o oI 1gO M. yumanensis and 76% of 76
M. luci fugus. Two discr iminant analyses using al l  var iables showed condylobasal  length of  skul l  to be the best dis-
criminating character although separation of the two species based on this character alone was poor. Eleven animals
were classified as probable hybrids based on computer€enerated probabil it ies. The reason for hybridization is sug-
gested to be the relatively recent establishment of sympatry between these two species due to Pleistocene climatic
events. The extent of hybridization is greater than that reported by Harris (1g74) tor M.l.carissima and M.y.yumanen-
sis.  Because intraspeci f ic  var iat ion compl icates ident i f icat ion of  hybr ids,  i t  is  impossible to determinewhether or nor
introgression is occurring. The current status of the two species in other areas of sympatry suggests that it is not.

NOTES ON BATS FROM THE STATE OF RIO DE JANEIRO, BRAZIL

Adriano L.  Peracchi
Universidade Rural ,  Rio De Janeiro,  Brasi l

lntensive f ie ld work carr ied out dur ing the past 10 years in the State of  Rio de Janeiro,  Brazi l ,  permit ted a survey
of the bats occuring in that region. Forty-five species were recorded and many biological observations were obtained.
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FREOUENCY ENCODING CHARACTERISTICS OF ECHO.RANGING NEURONS tN THE INFERIOR
COLLICULUS OF MEXICAN FREE.TAILED BATS

George Pollak, Robert Bodenhamer and David March

Departmcnt of Zoology, University of Taxas, Austin, Texas 78712

Phasic constant latency responders (pCLRs) are inferior coll icular neurons characterized by a highly stable

latency to repetit ive acoustic signals. Thesc neurons can accurately encode the time interval between two frequency

modulated (FM) signals (i.e., simulated pulse and echo) and are of value for echo-ranging. The consistent f ir ing latency
results, in large part, from the excitation produced by one frequency component in a downward srueeping FM pulse

and,thus,theneuronsarerespondingtoinstantaneousfrequency. Thisfeatureof thepCLRswasstudiedbypresent ing
FM pulses having various durations where the frequency of each signal swept downward from 50 to 25 kHz. In each
neuron the fir ing latency increased as the signal duration was lengthened. In othcr words, the fir ing latency followed.

in a precise fashion, the temporal position of the excitatory frequency in the FM signal. The excitatory frequency was

determined by noting the amount of latency shift associated with each change in signal duration. In pCLRswhich also

responded to pure tone bursts the putative excitatory frequency, determined from latency shifts, agreed closely with

the unit 's best frequency. The pCLRs, together with the most sharply tuned units in the long CF/FM bats, appear to

have the greatest frequency sleectivity of any units so far observed in the mammalian auditory system.

BEHAVIOR AND ACOUSTIC COMMUNICATION IN CAROLLIA PERSPICILLATA

Fran L. Porter
Department of Psychology
Washington University
St. Louis, Missouri 63130

Quantitative and descriptive data regarding social organization, acoustic communication and reproductive, agonistic

and mother-infant behaviors were collected on a captive colony of up to 46 Carollia pertpicillata over aperiodof 2lz
years. Behavioral observations were made on a random basis during the 12 hour reversed dark cycle of the enclosure

and represent approximately 1200 hours of observation. For each bat, roosting pattern data were also collected

permitting analysis of group composition, group stabil ity, spatial and temporal relationships among individuals and

preferred roost sites. A condensor microphone which was positioned in the center of the enclosure and could be

remot€ly rotated 360 from outside the enclosure was used to record sounds emitted in behavioral contexts. A

variety of signal types revealed by sound spectrograms were recorded from adult bats under these naturalistic

conditions. Additional acoustic recordings were made with experimental techniques. Mother-infant pairs were

captured and acoustic signals were recorded while the infant was on the mother, during its,removal, isolation and

replacement. Sound spectrograms of infant signals wer€ compared to determine the effect of maturity on signal

characteristics and to determine if there were characteristics which distinguished one infant's signals from another'

Playback techniques were uti l ized to determine respons€s of adult bats to previously recorded infant signalswhilethe

infants were removed from the enclosure. The responsiveness of mothers to their isolated infants was investigated using

retrieval experiments. Behavioral and acoustic repertoir€s associated with recruitment of females, harem defense,

herding of females, mating, infant isolation and mother-infant interactions are described and some of their possible

communicative functions are discussed. Observations and experimsntal results revealed rich behavioral and acoustic

repertoires used in social contexts by Carollia perrpicilhu.
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A REVIEW OF BAT-DETECTOR TECHNIOUES

David PYe

Oueen Mary Col lege, London

The f i rst  descr ipt ion of  a detector for  u l t rasound in air  was publ ished by Noyes and Pierce in 1938; that  same
year i t  was used by Pierce and Gri f f in to discover the echolocat ion s ignals of  f ly ing bats.  Since then several  usefur

instruments have been developed as basic tools for  real- t ime detect ion and analysis ei ther in the laboratory or in the

f ie ld.  They fal l  into three major funct ional  c lasses: heterodyne instruments,  envelope detectors and devices which

operate upon a squared version of  the waveform. The general  pr inciples of  each are out l ined and their  re lat ive meri ts

and l imi tat ions discussed. Two new heterodyne machines -  one tuned or broad-band and th other a miniature tuned€n-

lV instrument -  wi l l  be descr ibed and demonstrated. Both are now commercial ly avai lable.

THE STRUCTURE OF THE COCHLEA IN SOME NEW WORLD BATS

Dr. Ade Pye
Department of  Pathology and Bacter io logy, lnst i tute of  Laryngology and Otology,

30 Gray's Inn Road, London EC1 XBE, England.

The structure of  the cochlea has been studied in nine species of  bats f rom the fami l ies Embal lonur idae, Mor-
moopidae and Phyl lostomat idea, which were col lected and intra-vi ta l ly  perfused in Panama/Canal Zone. The heads
were then doubleembedded and ser ia l ly  sect ioned in the hor izontal  p lane. The greatest  height of  the cochlea was
measured in modiolar sect ions and the number of  hal f - turns was counted. Other parameters measured at  everv hal f -
turn of  the cochlea in themodiolar plane were: the width of  the cochlea and the radial  posi t ion of  the arch of  Cort i ,
the width andthickness of  the basi lar  membrane, the height of  the cel ls of  Claudius and the length and width of  the
spiral l igament. Other interesting features were noted and discussed here.

In f ive species the cochlea had hi therto not been studies;  new specimens of  the other four species are com-
pared with their  counterparts col lected on ear l ier  t r ips to Tr in idad. The mode of  l i fe and the nature of  the echoloca-
t ion s ignals in these species wi l lbe considered br ief ly in relat ion to the structure of  their  cochleae.

FECAL ANALYSIS AND ITS LACK OF VALIDITY IN DETERMINING
GRAY BAT PREY PREFERENCES

Alan R. Rabinowitz
Graduate Program in Ecology, Universi ty of  Tennessee, Knoxvi l le,  Tennessee 37g16

Studies of gray bat (Myotis grisescens) foraging behavior over Norris Reservoir in eastern Ten-
nessee have demonstrated strong selectivity for certain restricted locations where mayflies are excep-
tionally abundant" Numerous direct observatiors have confirmed that gray bats prey heavily upon
these insects. Other areas, highly productive of beetles but with few mayflies, were ignored.

Despite these observations an analysis of feces, collected from gray bats returning from foraging
as well as from beneath their roosts, indicated the following order of dietary preference: Coleoptera
143.40/"1 , Diptera (34.3yo1 , Lepidoptera (17.5%1 , Ephemeroptera (1 .6%1 , Hemiptera (1.65) , Homoptera
(0.8%1 ,  Tr ichoptera (0.8%). Based upon this analysis alone, these bats might have been classi f ied as
beetle strategists, with mayflies ranking very low in order of preference. Nevertheless, an opposite
conclusion is more l ikely correct .  Clear ly,  ingest ion of  sof t -bodied prey or a wide var iety of  d i f feren-
tially digestible prey types may lead to false conclusions regarding bat prey preferences based upon fecal
analysis.
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SPERM STORAGE & SURVIVAL IN CHIROPTERA

p.A. Racey
Department of Zoology
University of Aberdeen
Aberdeen
AB9 2TN, U.K.

The occurrence and duration of sperm storage among temperate and tropical chiroptera wil l be reviewed together
with the results of those experiments designed to test the ferti l ising capacity of stored sperm. The sites of sperm
storage wi l l  be considered, including evidence that vaginal  p lugs store sperrn.  Both the morphological  and physiological
relationships between sperm and their storage organs wil l be reviewed together with evidence for the secretion ot
nutr ients by the uter ine,  oviducal  and epididymal epi thel ium. lmmunological  problems of  sperm storage wi l l  be
ment ioned and speculat ions made about the or ig in and adapt ive value of  sperm storage in Chiroptera.

THE CONSERVATION OF BATS IN THE WESTERN INDIAN OCEAN

P.A. Racey

Ptteropus seychellensis and Coleura seychellensis are the only endemic mammals of the granitic Seychelles. The fruit
bats on Praslin and neighbouring Seychelles islaricls were counted by three methods - when roostang, when disturbed
and when dispersing to feed. As a result of these counts the population has been estimated at 2,000 individuals.
Because of the extent of predation on this species by Man, particularly to provide food for restaurants, legislation to
prohibi t  t rading in bats has been recommended. Fel l ing of  t rees wi th in roosts should also be prohibi ted.  After
extensive searching, only six individuals of C. seychellensis were discovered. These results wil l be discussed with
reference to the status of bats on other islands in the western Indian ocean.

SPATIAL DISTRIBUTION OF DIFFERENT AGE AND SEX GROUPS
IN POPULATIONS OF RHINOLOPHUS FERRUMEOUINUM (SHREBERI

Roger D. Ransome
Morr ings,  148 Dursley Road, Dursley,  Glos. ,  England

Estimates of survival rates of bats require an understanding of the way in which the deme dis-
tributes itself throughout its natural range. The tendency to disperse widely to sites away from sampling
areas is one obvious problem, if i t in fact occurs. Investigation of detailed distribution patterns is
therefore an ess€ntial preliminary to survival rate calculation.

A populat ion of  the greater horseshoe bat,  Rhinolophus ferrumequinum, was intensively studied
near Nailsworth, Gloucestershire from 1956 to the present t ime. Data was collected in summer and
winter s i tes in al l  months.  In addi t ion a nearby populat ion in the Mendip Hi l ls  was studied at  the same
intensi ty,  but  only in winter s i tes.  Captures and r inging of  juveni les or f i rst  year bats in both areas at-
lowed almost al l  indiv iduals to be aged accurately by 1970. Thewinters oI  197 1/2to 1975/6form the
major part of the data presented. In each winter four visits were made to most of the seventeen sites
studied. In addi t ion summer breeding si te populat ion counts were made without disturbance dur ing
this t ime.

Populations present in winter caves can be broadly classif ied into three types:
a) First year sites with about 50% of the captures being of this age. Both sexes occur together.
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b) Second to seventh year sites with few juveniles and a predominance of these ages. Older
males may add to these sites, especially in severe weather.

c) Adult male territories occupied by a single resident male aged from four to 21 years. Severe
cold weather may force indiv iduals out of  smal l  s i tes in some years.  Smal l  groups of  mature
females from three up to twenty two years visit individual males especially in October and
Apri l .

Movements of f irst year bats to new sites as second years commonly involve distances of up to
16 km. The eventual  breeding si te control led by the male may be 60 km from the f i rst  year s i te of  cap-
ture. Adult females, although they may hibernate up to 40 km {rom the first year site. appear to adhere
strongly to the breeding cluster they were born in, and often are caught in or close to the first year site.
Captures of mature females at the breeding site gives a valuable cross check against cave data. No similar
check on the adult male cave survival data has been obtained.

In the summer months the mature females appear to regulate the return of  immature bats of
both sexes to the breeding site. Adult males cluster separately in caves,or retain their territories. ONe
adult male was found regularly in the same site over a period of twelve consecutive years, and another
two were found for nine vears each.

EARLY DEVELOPMENT AND IN/PLANTATION IN BATS

John J.  Raswei ler  lV
Department of Anatomy
Cornel l  Universi ty Medical  Col lege
Ithaca, New York 14850

Previous work wi th representat ives of  the fami l ies Phyl lostomat idae and Noct i l ionidae establ ished that embryonic
development proceeds to blastocyst  format ion and shedding of  the zona pel lucida (ZPl in the oviduct.  This is

associated with prolonged retention of the embryo in the oviduct ( 11 days in Glossophaga soricina, 13 days in
Caroll ia sp., 16 days in Desmodus rotundus). In contrast embryos of the emballonurid bat Pteropteryx kappleri
most frequently enter the uterus as zona-encased blastocysts, although a uterine morula has been observed in one
animal. Blastocysts have also been found by other investigators in the oviducts of Rousettus sp., but embryos of the
vespert i l ionids and rhinolophids general ly enter the uterus at  ear ly c leavage stages.

The ovum transport process in G. soricina and Noctil io albiventris distinguishes between living embryos and
dead ova from previous non-ferti le cycles, with only the former being passed into the uterus. A high incidence of
retained ova have also been observed in the oviducts of P. kappleri, suggesting that the differential transport mechanism
may not depend upon shedding of  the ZP by the embryo.

The blastocysts of G. soricina and Caroll ia sp. do not enter the main cavity of the strnplex uterus, but attach
circumferent ia l ly  and implant wi th in what in i t ia l ly  appears to be the uter ine end of  the oviduct.  This s i te ( the " intra-

mural  uter ine cornu")  appears to be homologous to the cranial  end of  a horn in a bicornuate uterus.  This assesment
is supported by observat ions that implantat ion in the noct i l ionids and embal lonur ids occurs at  the cranial  end of  one
of the uter ine horns.  In i t ia l  t rophoblast ic at tachment in N. albiventr is "bipolar"  ( i .e. ,  c lose to being circumferent ia l ) ,
put  decidual  necrosis subsequent ly f rees the abembryonic pole of  the blastocyst .  Al though implantat ion is ul t imately
interstit ial in G. soricina and Caroll ia sp. and partially interstit ial in N. albiven$is, the process in these species never-
theless bears s imi lar i t ies to the central  form of  implantat ion exhibi ted bV most other bats.
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THE INFLUENCE OF THE BIG BROWN BAT (EPTESICUS FUSCUSI ON THE FORAGING
ACTIVITY OF THE SILVER-HAIRED BAT (LASIONYCTERIS NOCTIVAGANS)

EVIDENCE FOR INTERSPECIFIC COMPETITION

Charles C. Rei th
Department of  Biology, Universi ty of  New Mexico, Albuquerque, New Mexico 87131

Abstract

Lasionycteris noctivagans was captured in mist nets at 29 different bodies of water in Southern
Oregon. Mist  net t ing was conducted on 37 nights over a70 dav per iod in midsummer of  1976. This
paper is an analysis of changes in the distribution of capture times of Lasionycteris at sites where dif-
ferent relative numbers of Eptesicus fuscus were captured. Capture frequency curves for Lasionycteris
were accumulated from (1) sites where Eptesicus fuscus was not mist netted, (2) sites where Eptesicus
was also netted, and (3) sites where Eptesicus was netted, but in numbers between 24 percent and 76
percent of the total number of individuals of both species captured. The first curve showed a steep
mode of  captures in the f i rst  two hours past sunset,  wi th very l imi ted act iv i ty dur ing the thi rd and
fourth hours fo l lowing sunset.  The third curye was signi f icant ly di f ferent,  wi th captures beginning
around one hour past sunset and continuing steadily over the subsequent four hours. The second curve
showed captures in a pattern intermediate between the other two.

The average capture time of Lasionycteris at a site was correlated to the relative abundance of
Eptesicus at that site. Results show large overlap in the spatial and temporal distribution of the two spe-
cies, therefore competit ion was postulated as a l ikely explanation for the apparent effect of Eptesicus
in delaying and prolonging the t ime dur ing which Lasionycter is is act ive and can be netted. Other fac-
tors known to influence bat activity such as roost proximity and topography had litt le influence on
changes in capture times for Lasionycteris.

THE ANTERIOR PITUITARY AND REPRODUCTION IN BATS

Bruce A. Richardson
Department of Anatomy
University of Arizona
Col lege of  Medicine
Tucson. Ar izona

With the diverse array of reproductive specializations found in bats it is surprising that relatively l i tt le work has been

done on the role of the endocrine system in the reproductive biology of bats. This paucity of endocrine research is
especially evident concerning the anterior pituitary and its involvement with the reproductive biology of bats. Most of

the research that has been conducted on the bat anterior pituitary has dealt with the seasonal alterations in the
cytology of hibernating temperate species at the l ight microscopic level. These data have been uti l ized to deduce on

an analogical  basis the under ly ing endocr ine mechanisms control l ing reproduct ion.  This presentat ion wi l l  review the

avai lable informat ion on the pars distal is of  the bat and i ts relat ionship to the reproduct ive biology of  both malesand

females in hibernat ing and non-hibernat ing species.  Recent structural- funct ional  studies by the author on the anter ior
pituitary of Macrotus californicus and its possible role in the process of delayed development wil l be discussed.
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THE PHENOMENON OF "SILENT HEAT" IN MINIOPTERUS (VESPERTILIONIDAE}

El izabeth Richardson

Department of Anatomy, College of Medicine, University of Arizona, Tucscon, Arizona 85724

Reproduction inMiniopterus schreibersii and M. australis was studied in detail at latitude 27 50'S to 28

50'S in eastern Australia, and comparative data collected from 18 50'S to 37 S. The study aimed to elucidate the

chronology and biology of the reproductive cycle with a view to substantiating current theories that extrapolate from

one species to the other on circumstantial evidence to provide a thesis for the evolution of reproductive patterns in the
genus and their  adapt ive s igni f icance.

Both species are monoestrous and monotocous. The left ovary providesgameteswhile implantation occurs in

the r ight  uter ine cornu. Bir th is in summer.  In M. schreiberr i i  concept ion occurs in autumn, about one month af ter

the release of sperm to the epididymides. lmplantation is deayed during the winter torpor but embryonic growth is

not com pletely arrested.

Data f rom other lat i tudes lend further support  to theor ies that  a lat i tudinal  c l ine exists in the t iming of  repro-

ductive events in this species. However, it appears that even in tropical latitudes, M. schreibersii mates during winter

and not in spring as previously suggested; delayed implantation of varying length may well be a consistent feature of

this species.

M. australis conceives in late winter after an extended period of spermatogenesis. Epididymal sperm are pre-

sent some 2% months pr ior  to inseminat ion.  I  p lantat ion does not appear to be delayed. No lat i tudinal  var iat ion in the

chronology of events is noted from 23 50'S to 31 S (southern l imit of the species) , and gestation remains the same

length as the (presumed) species speci f  ic  minimum (New Hebrides, 1 5 15'S).

The study has refuted theories that hold that tropical members of both species have a similar reproductive

cycle and that adaptive changes have occurred in M. au$ralis in temperate latitudes towards the pattern shown by M.

schreibersii. However, it is proposed that a silent ovulation, a phenomenon found to exist t inboth species at 28 50'S

several months prior to behavioural oestrus may be a mechanism by which such evolutionary shifts could be effected.

POPULATION DEVELOPMENT OF BATS IN THE FEDERAL REPUBLIC OF GERMANY

Hubert Roer
Zoologisches Forschungsinstitut und Museum Koenig
D 53 Bonn /  Rhein
Adenauerallee 1 50-1 64, Germanv

Regular stock of bats have become absolutely essential in view of the threat to many species. Developments in regard to
various species were numerically recorded and commented on. A nursery colony of nrouse-eared bats (Myotis myotis)

consist ing of  three quarters which, in 1961 ,  comprised 393 members,  dropped bV 26.7o/o wi th in a per iod of  15years.

In a large winter quarter in the Frankenalb/North Bavaria, where in March 1962 4500 Myotis myotis were counted, the

number had reduced to 400-500 by the winter of  1975176 ( i .e.  a drop of  B.B-11.1%). The decl ine in the populat ion of

the lesser horseshoe bat (Rhinolophus hipposideros) in Central Europe is also catastrophic. Of the total of 32 of this

species in 5 quarters in the Rhineland in '1966, for  example,  there were only 2 in 1977. ln the most parts of  the Federal

Republic of Germany Rhinolophus hipposideros died out. In the neighbouring country Belgium the last hipposideros

were ascertained 1977. As further investigations have proved, however, not all Central European species are directly

th reatened.
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OBSERVATIONS ON THE SOCIAL BEHAVIOR OF THE COMMON VAMPIRE BAT,
DESMODUS ROTUNDUS. IN CAPTIVITY

Christel  Schmidt and Uwe Schmidt
Zoological  Inst i tute
Bonn, West-Germanv

A number of  observat ions,  both in the f ie ld and in the laboratory,  have shown that the common vampire bat,
Desmodus rotundus, has a complicated social structure. lt is very l ikely that a number of individuals keep together for
a longer per iod of  t ime and establ ish a stable group. Especial ly the behavior related to infancy is highly special ised. As
young vampire bats rely to their mothers up to an age of 9 months, strong bonds have to be established that the
juveni les are not lost .  Not only the mother takes care of  the young one. but other group members as wel l  groom and
feed it. When the mother dies, another female of the group adopts the juvenile. After some days the lacteal glands
develop and the foster-mother is able to suckle the young one.

VISUAL PATTERN DISCRIMINATION IN THE COMMON VAMPIRE BAT.
DESMODUS ROTUNDUS

Uwe Schmidt and Uwe Manske
Zoological  Inst i tute
Bonn, West-Germanv

In a two-choice apparatus,2 common vampire bats, Desmodus rotundus, were trained to discriminate between
a vertical bar (2X12 cm, positive) and a circle (r=2.76 cm, negative). These "standart patterns" were white on a black
background and had the same area. The decision point, where the animals had to make their choice, was 50 cm awav
from the signs; the l ight  intensi ty was 250 lx.

In the crit ical experiments the pattern was altered in different respects, but the standart signs were,always offered
every three or four t r ia ls,  so that  the or ig inal  t ra in ing performance was maintained. Changing the background (black
signs on a whi te background) did not diminish the level  of  the performance, equal ly when drawing the patterns as
contours or broken outl ines. Altering the position of the positive bar showed that only the vertical bar was selected, at
an angle of 45 it was no longer preferred and a horizontal bar was significantly rejected. lf the area of the signs
differed very much, usually the most extensive pattern was selected (a circle was only selected when it was at least
three t imes bigger than the bar) t  In complex patterns the bats used for their  d iscr iminat ion,  besides the vert ical  extent
of the signs, the "vertical impression" of the pattern arrangement.

DETECTION OF TARGET MOVEMENTS BY ECHOLOCATING RATS

Hand-Ul r ich Schn i tz ler
Fachbereich Biologie,  Phi l ipps-Universi tat  Marburg/Lahn, Federal  Reoubl ic of  Germany

Different species of bats l ive in various ecological situations and as a result they have to solve different echo-
locat ion tasks.  Dur ing evolut ion,  in each species the emit ter  and receiver of  the echolocat ion system - that  means the
sound emission apparatus and the receiving auditory system - have been adapted for the evaluation of relevant informa-
t ion.  Echolocat ion sounds with a long constant f requency (cf)  and a short  f requency modulated ( fm) part  are very

effective for the detection of Doppler frequency shifts caused by the relative movement between bat and target.
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Some bats with long cf-fm sounds lower the frequency of the emitted cf-parts of their orientation sounds in
order to compensate for Doppler shifts caused by the relative movement between bat and target. The echofrequenc'y
is therefore maintained at a constant characteristic reference frequency. The properties of theis feedback system for
Doppler shi f t  compensat ion can be invest igated with electronical ly s imulated Doppler shi f ts.

The audi tory system of bats wi th long cf- fm sounds and Doppler shi f t  compensat ion is special ized for the anal-
ysis of echoes within the range of the reference frequency. At this frequency the auditory threshold shows a sharply
tuned minimum. In s ingle uni t  studies many extremely narrow-band neuronswith a best f requency nearthe reference
frequency have been found.

These results led to the hypothesis that the constant echofrequency adjusted by the Doppler shift compensa-
t ion is used as a carr ier  for  ampl i tude and frequency modulat ions caused by the moving wings of  insects.  The evalua-
tion of these echo features would give the bat information bout the nature of the fluttering target.

Behavioral discrimination experiments have shown that Rhinolophus ferrumequinum is able to detect even
very smal l  f requency modulat ions in the echoes caused by oszi l lat ing target movements and to use this informat ion to
discriminate a fluttering from a non moving target. The real-time-spectrum-analysis of such echoes reveals assysmetrical
bandwidth changes in succeeding spectra in rhythm with the wingbeat.  This suggest that ,  owing to their  special ized
auditory system, these bats are able to detect at least the wingbeat frequency of a flying insect. lt may even be possi-

ble, that  they can gain addi t ional  informat ion on the size,  form, agular direct ion and nature of  a f lut ter ing insect.

CODING OF SMALL SINUSOIDAL FREOUENCY AND AMPLITUDE MODULATIONS IN THE INFERIOR
COLLICULUS OF RHINOLOPHUS FERRUMEOUINUM - POSSIBLE MECHANISM FOR CODING OF WING BEAT

REFLECTIONS FROM INSECTS

Gerd Schul ler
Fachbereich 16-Zoologie-,  AK NRP, Siesmayerstrasse 70, D-6000 Frankfurt /Main,  GFR

Single nuurons in the infer ior  col l iculus of  the Greater Horseshoe bat,  Rhinolophus ferrumequinum, showed
two braod categor ies of  response patterns to s inusoidal ly f requency (SFM) or ampl i tude (SAM) modulated st imul i .
Tonic responding cel ls (best exci tatory f requency (BEF) between I0 and 90 kHz) showed a rough sinusoidal  modula-
tion of the discharge pattern to SFM. Transient responding neurons, generally showing on- or off-responses to pure

tones (BEF between 65 and 88 kHz),  d isplayed highly synchronized discharge patterns to SFM-cycles.  Modulat ion
rates between 20 and 100 Hz were most effective and some neurons encoded modulation rates up to 350 Hz. The
SFM responses were best synchronized to the modulat ion envelope for carr ier  f requencies in the upper port ion of  the
tuningcurve. SharplytunedneuronswithBEFaroundS0kHzhadthelowestthresholdformodulat iondepth(+10H2
or O.O25%1 . In general SAMs evoked the same type of response patterns and were encoded down to modulation index
of 3o/o.  The f ine f requency and ampl i tude discr iminat ions for per iodical  modulat ions by col l icular neurons is discussed
as related to the detection and discrimination performance of bats, r,vhen preying on flying insects in clustered sur-
roundings.

SINGLE NEURON ACTIVITY IN THE INFERIOR COLLICULUS ELICITED BY ARTIFICIAL ECHOES IN

VOCALIZING RHINOLOPHUS FERRUMEOUINUM

Gerd Schul ier

Dur ing act ive echolocat ion in bats the emission of  intense echolocat ion sounds leads to a strong sel f -st imula-
t ion of  the ear.  The echo intensi t ies commonly l ie far  below that of  the emit ted pulse and the echoes are delayed in
t ime and modulated in both f requency and ampl i tude depending on the distance and state of  mot ion of  the target.
In bats wi th long CF-components the echoes alwavs over lap wi th the emit ted sounds and this over lap has been proved
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to be essent ia l  for  the funct ionaing of  the Dopplershi f t  compensat ion system in Rhinolophus ferrumequinum. l t  is
argued, therefore,  that  the st imulat ion by the emit ted sound plays an important role in echolocat ion performance and
has not only masking ef fec.  Consequent ly,  the sei f -st imulat ion by the emit ted sound was used as one important
st imulus dur ing s ingle neuron recording exper iments in the infer ior  col l iculus of  Rhinolophus ferrumequinum.

Besides neurons that exhibi ted the response features known from usual  2- tone exper iments neurons were
found whose responses to acoust ical  st imul i  were speci f ical ly inf luenced by vocal izat ion in the fo l lowing way:

a) When the emit ted vocal izat ions were f rewuency shi f ted and played back to the bat 's ear (s imulat ion of  Dop-
plershi f ts due to the bat 's f l ight  speed) some neurons encoded the frequency shi f ts by changes in the response patterns
or the latency of  the onset of  the spike act iv i ty evoked by the played back echoes.

b) Some neurons encoded sinusoidal ly f requency modulated (SFM) signals (s imulat ion of  wing beat ref lect ions
of insects) by synchronized discharges much better or only when the vocal izat ions over lapped completely or part ia l ly
wi th the SFM-st imulus.  Vocal izat ions seem to inf luence the responses to an acoust ical  st imulus in a di f ferent wav than
does an art i f  ic ia l  tone in the 2-tone st imulat ion exper iments.

HETEROSCADASTICITY IN STATISTICAL ESTIMATES OF SPECIES PACKING IN BAT COMMUNITIES

Michael  Schum

Department of  Biology, Universi ty of  New Mexico, Albuquerque, NM

Thir ty one faunas of  insect ivorous bats occur i ing on the North American cont inent were studied with mult ivar iate
morphometr ic methods to test  the hypothesis that  communit ies of  bats do not become more t ight ly packed in character
at t r ibute space, and by inference ecological  resource space, as these communit ies increase in number of  species along a
temperate-tropic lat i tudinal  gradient.  Measures of  species packing based on Eucl idean distance coeff ic ients may be biased
i f  the character space is not orthogonal  or  i f  the distr ibut ions of  nearest  neighbor distances do not have equal  var iances.
This bias has been removed from a previous l inear regression predict ive model of  species packing by rotat ion of  the character
space to pr incipal  components,  recalculat ion of  the nearest  neighbor distances and the use of  the geometr ic mean distance
to nearest  neighbor in each fauna as a measure of  species packing. Species packing increaseswith number of  species in tem-
perate zone faunas. However,  in t ropical  faunas species packing remains near ly constant wi th increasing number of  species.

PHYLOGENETIC ADAPTATIONS OF ECHOLOCATION IN BATS

James A. Simmons
Department of Psychology and Program in Neural Science
Divis ion of  Biological  and Biomedical  Sciences
Washington Universi ty
St.  Louis.  Missour i  63130 U.S.A.

The orientation sounds of echolocating bats vary from species to species and within species from one situation to
another. The same factors in the acoustic environment seem to influence both phylogenetic and behavioral adaptations
of echolocat ion and echolocat ion sounds. Some bats ( for  example,  Tadar ida) are highly f lexible in their  use of  a
variety of echolocation sounds corresponding to the whole range of sounds used by several different and less f lexible

bats (for example, Myotis, Eptesicus, Macrotus, Pteronotus). Other bats are apparently highly specialized and may be
less f lexible on account of  their  special izat ion ( for  example,  Rhinolophus).

The sonar sounds of  bats can be organized by species,  genera,  and fami l ies into "phylogenet ic t rees" on the

basis of different assumptions about which characteristics of the sounds are primitive and which are derived. These
patterns, which can be interpreted as models of the evolution of bats and echolocation, are similar for several different

kinds of  assumptions about the features of  pr imit ive bats.  l f  one assumes (1) that  pr imit ive echolocat ing bats were
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insectivorous and used sonar to hunt for prey in or near vegetation, (2) that primitive bat larynxes produced short,
mult ip le-harmonic or ientat ion sounds with relat ively l i t t le vocal- t ract  f i l ter ing,  (3)  that  pr imit ive bats exhibi tec
relatively l i tt le f lexibil i ty in echolocation and that f lexibil i ty in echolocatlon evolved to satisfy increasingly adaptable
habits (excepting species with obviously advantageous but restricting specializations) , or (4) that primitive bats
possessed some feature not directly related to echolocation (such as "primitive" shoulder articulationsi, the resulting

hypothetical evolutionary trees for orientation sounds are surprisingly similar. Furthermore, this phylogenetic pro-

gression of orientation sounds is much like the pattern of adaptive changes present in the orientation sounds of
individual species, indicating the l ikelihood that the same acoustic and environmental factors converge on both
phylogenetic and behavioral adaptations of echolocation. A phylogenetic interpretation of the orientation sounds of
bats. supported by observations of adaptive behavior in individual species, may be useful in clarifying evolutionary
relationships among bats.

PHYLOGENETIC INFERENCE AND CHIROPTERAN PHYLOGENETICS

James Dale Smith
Department of Biology
Universi ty of  Cal i fornia
Ful ler ton. Cal i fornia

"The resemblance of the bats to one another and their differences from all other animals are so obvious that the
group has been intuit ively recognized from the dawn of mankind....the essentially independent nature of the order has
not been questioned for about a century (Simpson, 19451 ." In view of their rather poor fossil record and their
supposed morphologic uniqueness (possession of  wings),  the genealogical  re lat ionships of  bats st i l l  remain largely
unquest ioned.

The purpose of  th is symposium is to revi ta l ize cr i t ical  examinat ion of  the phytogenet ic relat ionships of  bats.  As
such, two major questions wil l be approached. The first, and perhaps most important, concerns the assessment of the
overall relationships of bats to other groups of eutherian mammals; specifically the lnsectivora and Archonta. The
focus of this question wil l be on the sister-group relationships of the two suborders Megachiroptera and Micro-
chiroptera. Most chiroptologists have recognized the marked distinctness of the Megachiroptera and most post-Linnean
classifications re{lect this with their assignment to some higher taxonomic category. However, Jew studies have
sought the shared similarit ies (other than the possession of wings) that these bats possess with Microchiroptera or other
non-volant mammals. Such relationships must exist, even among exant mammals, if we are to interpret
evolutionary relationships (i.e., descent with modification).

ADDITIONAL MATERIAL OF RHINOLOPHUS RUWENZORII HILL, 1942, WITH COMMENTS ON ITS NATURAL

HISTORY AND TAXONOMIC STATUS

James Dale Smith and Craig S. Hood

Department of Biology,Cal iforn ia State Un iversity, Ful lerton, Cal i forn ia

Natural History Museum o{ Los Angeles Co., Los Angeles, California

Eleven specimens (LACM 51141 -51 and57172-77) of  th is rare and dist inct ivehorseshoebatwi l l  be reported

from the east s lope of  M. Ruwenzor i  and two locat ions in the lmpenetrable Forest ,  Kigezi  Highlands, Uganda. The

latter constitute an extension of the known distribution, The species apparently occupies an altitudianl range between

1000-3000 m with the majority of specimens reported from above 2000 m. The reproductive status of the March-

taken specimens from the lmpenetrable Forest wil l be reported. Examination o{ stomach contents suggests that, in

March at  least ,  the species appears to prey,  exclusively,  upon macrolepidopterans presumably of  the fami l ies Noctuidae,
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Geometr idae, or Arct i idae. Judging from the size of  f ragmented pieces of  exoskeleton, prey s ize ranges from 8-12 mm
in length and 25-35 mm wing span. The taxonomic status of  R. ruwenzor i i ,  R, maclaudi ,  and B. hi l l i  wi l l  be discussed.
We wi l l  propose that among several  possible solut ions,  and in the interest  of  systemat ic stabi l i ty  and simpl ic i ty,  these
three species const i tute but a songle species Rhinolophus maclaudi  (by pr ior i ty) .  ln addi t ion,we suggest recogni t ion of
two subspecies R. m. maclaudi and R. m. ruwonzorii (new combination, by priority) for the West and East African
populat ions,  respect ively.  The recent distr ibut ion of  R. maclaudi  is  suggest ive of  a formerly broader Trans-sudenese dis-
t r ibut ion.  l f  R. maclaudi  is  indeed phylogenet ical ly related to the R. phi l ippinensis superspecies group, as has been
supposed, i t  represents a general ized track l inking Ethiopian Afr ica wi th Southeast Asia and associated Indo Austral ian
ls lands.

PENIAL HISTOMORPHOLOGY AND THE OUESTION OF CHIROPTERAN PHYLOGENY

James Dale Smith and Gamal Madkour
Department of  BiologY
Universi ty of  Cal i fornia
Ful ler ton. Cal i fornia

Relat ively l i t t le is known concerning the histomorphology of  the penis of  bats;  and for that  matter,  the internal
anatomy of  mammal ian penes in general .  In contrast ,  there is a rather extensive l i terature regarding the var iat ion of  the
isolated os penis (baculum) of  bats as wel l  as other mammal ian groups; especial ly of  rodents and carnivores.  The penis
seems to be an ideal  form/funct ion complex for  studying chiropteran phylogenet ics because, unl ike many such
complexes, i t  should not be expected to be involved in ei ther feeding or f l ight  adaptat ions and therefore al low direct
comparison among al l  possible mammal ian s ister-groups. The problems that we have encountered in th is study have
been in acquir ing suf f ic ient ,  wel l -preserved mater ia l ,  and general  confusion, in the l i terature,  re lat ive to anatomica,
or ientat ion and terminology. In addi t ion,  absolutely no assessment of  pr imit ive vs.  der ived characters or of  homology
has been proposed.

We have ser ia l ly  sect ioned (x-sec.)  and stained (Gomori  Tr ichrome -  speci f ic  for  connect ive,  muscular,  and
vascular t issues) penes of  approximately 100 bat species represent ing al l  extant fami l ies (except Myzapodidae).  In
addition, we have prepared sections of some insectivores, Tupaia, Cynocephalus, and several primates.

The penis of  bats is pendant ( judged to be pr imit ive among euther ian mammals) and of  the vascular type ( i .e.

erect ion by blood engorgement of  spongeous cisterns) .  External ly,  the penis is comprised of  the glans (distal  knob- l ike

structure in most cases) ,  prepuce ( f lap of  skin that  var iously covers the glans) ,  penial  shaft ,  and the proximal root.
Internal ly,  the structure of  the penis var ies considerably.  In Pr imates and pteropodids,  the glans consists ent i re ly of  a
distal  expansion of  the corpus spongiosum; an os penis may or may not be present.  In Microchiroptera,  shrews and
moles,  and Tupaia the glans is not so constructed and consists of  an os penis ( in most cases);  d istal  extensions of  the

corpora cavernosa; and extra spongeous tissue here referred to as accessory cavernous tissue. In these mammals the

corpus spongiosum does not appear to extend into the glans or i f  i t  does, i t  is  not  expanded. This lat ter  condi t ion is
judged to be pr imit ive (by communal i ty) ,  whereas that descr ibed for Pr imates and pteropodids is here considered

der ived. Dermoptera appear to possess an intermediate glans construct ion wi th apparent shared, der ived simi lar i t ies

with Pr imates and pteropodids.  There is l i t t le var iat ion,  other than bacular s ize and shape, wi th in the Pteropodidae.
The phylogenet ic relat ionships among microchiropteran fami l ies is less c lear,  and confused by a great deal  of

var iat ion.  Winge's superfami l ia l  groups seem to be corroborated. Vespert i l ionids possess the most internal ly com-
pl icated and external ly ornamented penes of  a l l  microchiropterans. The glans of  these bats is character ized by a
marked augmentat ion of  accessory spongeous masses in both the glans and prepuce. On the other hand, phyl lo-

stomatids possess the least complicated penes.
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DIET PREFERENCES OF CAROLLIA PERSPICILLATA

Edward Stash ko
Department of  Biology
Northwestern University
Evanston, l l l inois 60201

The diet preferences of Caroll ia perspicil lata were studied in Costa Rica in 1977-1978. The bats were captured
using mist nets and released into a large nylon fl ight cage. After acclimating to the cage for one night the bats were
indiv idual ly presented with ten f ru i ts of  two di f ferent types. The order of  consumption, rate of  consumption,
method of  consumption, and t ime of  passage through the gut were observed with the aid of  a night v is ion scope. In
this manner, a variety of fruits were offered to the bats during both wet and dry seasons with special regard for the
transition periods between seasons.

The bats preferred to eat fruits from the latest species to become ripe over fruits from species that had been
frui t ing for  some t ime. The resul ts of  the feeding exper iments wi l l  be compared with diet  informat ion obtained from
the feces of the free population of bats.

BAT CONSERVATION WORLDWIDE AND THE WORK OF THE
CHIROPTERA GBOUP, STJRVIVAL SERVICE COMMISSION, IUCN

R.E. Stebbings
Monks Wood Exper imental  Stat ion,  Abbots Ripton
Hunt ingdon PE17 2LS United Kingdom

Historic attitudes to bats and conservation measures already taken wil l be reviewed. The major current problem is the
very large number of bat species whose systematics and ecology are poorly known. A clearly differentiated species l ike
Ptteropus rodricensis whose world population is known to be less than 200 is obviously in need of conservation. But
can we regard Miniopterus schreibersi in Europe as the same species as in Africa, Asia, or Australia? Are there local
ecological races which ought to be protected? What criteria ought we to use to decide whether a species needs help?
Overal l  threats to bats include loss of  habi tat  and food, loss of  roosts and pol lut ion.  The solut ions to problems involve
protect ing cr i t ical  habi tat ,  educat ion,  legis lat ion and as a last  resort  capt ive propagat ion.  The S.S.C. Chiroptera Group
aims to identify conservation problems, formulate projects and seek funding and personnel to carry them out.

PRIMARY ASSESSMENTS OF SELECT CHEMICALS AS NONLETHAL BAT REPELLENTS

R. T.  Sterner,  S.  A.  Shumake, and S. E. Gaddis

USFWS, Bldg. 16, Federal  Center,  Denver,  Colorado 80225

The relative aversive or repellent effects of select chemicalswere compared in standardized laboratory testswith two

species of insectivorous bats (Eptesicus fuscus and Myotis lucifugus). Behavioral responses of individual, captive bats were
quant i f ied before and dur ing I0-minute indirect  sprayings of  a l ly l  isothiocyanate,  formal in,  paradichlorobenzine, ortho-
chlorobenzalmaloni t r i le,  and several  media (e.9. ,  water,  ethanol ,  Carbopol  941 )  wi th in an air t ight  chamber.  Relat ive to
pretreatment, allyl isothiocyanate produced increased crawling and fl ight responses in exposed bats,with movement distance
positively related to concentration (0.5%, 1.Oo/o, and 5.0%). Subsequently, a field trial to assess the effectiveness of spraying
bat roosts with allyl isothiocyanate aerosol was conducted at several sites in southern Massachusetts. Although resultsof this

trial were equivocal, data suggest that the efficacy of chemical repellents is dependent on the aversive properties of com-
pounds, the method of  appl icat ion used, and the nature of  roost s i tes.
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NIGHTLY DISPERSAL AND ACTIVITY PATTERNS OF THE GRAY BAT (MYOTIS GRISESCENSI
OVER AN EAST TENNESSEE RESERVOIR

Diane E. Stevenson and Merl in D. Tutt le
Vertebrate Div is ion,  Mi lwaukee Publ ic Museum, Mi lwaukee, Wisconsin 53233

Niqht ly dispersal  an act iv i ty patterns of  a materni ty colony of  8,000 gray bats were studied from Apri l
through July of '1976 and 1977. Seasonally variable but highly predictable patterns of activity were found at
the maternity cave entrance. Except for brief periods of extreme weather, these bats dispersed nightly along
approximately 362 km of reservoir shoreline. Bats traveled several regular routes to foraging areas, often in
loosely-formed groups. Most routes were over water, but one crossed a forested peninsula for a distance of 5.7
km. The most distant documented foraging site was 20.3 river-km from the cave.

Bats used the ear ly evening per iod of  maximum insect abundance for t ravel  and group foraging along
flyaways. Rates of travel were fastest over forest, where average fl ight speeds varied from 28 to 38 km/hr.
Travel ing groups decreased rapidly in s ize af ter  the f i rst  hal f -hour,  as indiv iduals and smal l  groups reached their
territories.

All foraging territories observed were over water, within 20 m of shore. oval in shape, and at least part-
ly protected from wind. The reservoir bottom at foraging sites was rocky, usually slab-rock. Different areas
had strikingly different nightly and seasonal use patterns which were repeated annually. No territories were
found over flooded farmlands, and areas of red clay bottom were invariabiy low-use areas. Inundation by the
reservoir appears to have greatly decreased the amount of habitat suitable for gray bat foraging, and foraging
si tes are in l imi ted supplv.

CONTRACTILE PROPERTIES AND FIBER TYPE COMPOSITION OF SOME FORELIMB MUSCLES IN
EPTESICUS FUSCUS

T. Str ickler and T.C. Col latos
Department of  Anatomy, Duke Universi ty Medical  Center,  Durham, North Carol ina 27710

In th is study the three major downstroke muscles (poster ior  d iv is ion of  pectoral is profundus, poster ior  d iv i -
sion of serratus anterior, and subscapularis) were studied histochemically in Pteronotus parnell i i  and Phyllostomus
hastatus. Relative contraction speeds, oxidation and glycolytic potentials of the fibers of these muscles were estimated
by using techniques for the determinat ion of  myosin ATPase, mitochondr ia l  NADH - diaphorase and mitochondr ia l
X-GPD act iv i t ies respect ively.  Unl ike the Myot is luci fugus pectoral is in which only fast  oxidat ive f ibers have been
descr ibed, the pectoral  is  in both studied species contains both fast  oxidat ive-glycolyt ic (FOG) and slow oxidat ive (SO)
fibers, with SO fibers being more numerous in Phyllostomus. The serratus and subscapularis muscles contain fast gly-
colyt ic (FG) f ibers in Pteronotus,  in addi t ion to FOG and SO, whi le FG f ibers are absent in Phyl lo l tomus. Histochemi-
cally, the serratus is more similar to the pectoralis in Phyllostomus than it is in Pteronotus. This fact may be related
to the greater degree of development of the humero-scapular lock in Phyllostomus, because this lock allows the serratus
to assist  the pectoral is in moving the wings.

PHYSIOLOGICAL ECOLOGY OF MYOTIS

Eugene H. Studier and
Department of Biotogy
Universi ty ot  rMrcnrgan, Fl int ,  Michigan,

Michael  J O'Farrel l

[ .repa, iment ot Blology

University of Nevada, Las Vegas, Nevada

Evidence cont inues to accumulate which incJicates that studies of  physiological  ecology of  capt ive bats and

other smal l  mammals f requent ly ref lect  maximum physiological  capabi l i t ies whi le providing l i t t le useful  data for

est imat ing actual  energy,  water and mineral  budgets of  f ree- l iv ing indiv iduals.  l t  is  important,  therefore,  to place



BRN 107 Volume 19{4)

greater val id i ty on studies done on bats in their  natural  set t ing or immediately af ter  capture f rom studies performed on
indiv iduals maintained even br ief  ly  (a few days) in capt iv i ty.

Bats of  the genus Myot is seem to be capable of  regulat ing their  body temperature (Tb) throughout most or al l
of  the year.  This abi l i ty ,  however,  is  not regular ly evidenced in f ree- l iv ing bats.  Natural ly roost ing females appear
most of ten to uni formly regulate Tb (at  or  s l ight ly above 30 C) in lower ambient temperatures (Ta) only dur ing
middle pregnancy and ear ly post lactat ion.  Al though some females regulate Tb at  other t imes of  the year,  i t  is  never
again a uni form character ist ic of  the populat ion.  In addi t ion,  appropr iate materni ty roost select ion coupled with dai ly
behavioral  thermoregulat ion provide minimal Ta stress and serve to minimize required metabol ic energy expendi ture for
dai ly rout lne maintenance. We feel  that  i t  is  tenable to hypothesize that energy budgets in f ree- l iv ing Myot is may not
be dependent on ingested energy level but that to a great extent, these bats maintain energy economy through
behavioral  and physiological  adjustment of  roost ing energy use.

Water turnover in Myot is is also highly var iable wi th roost ing metabol ic rate,  behavioral  thermoregulat ion
and outside environmental  condi t ions playing signi f icant roles in modify ing rates of  evaporat ive water loss (EWL).
Under most condi t ions,  EWL is the major route of  dai ly water loss in bats and is the route which is most readi ly
controlled. Species capable of f lying at reduced Tb may have reduced water vapor pressure deficits. They may
conserve signi f icant amounts of  water by dissipat ing the heat generated by f ly ing through radiat ive or conduct ive
heat loss rather than evaporat ive heat loss.  Dai ly fecal  water loss is relat ively constant and minimal.  Dai ly ur inary water
loss may be var iable due to di f ferences in ni t rogen load from feeding and di f ferences in roost ing EWL.

Relat ively l i t t le data are avai lable concerning mineral  cycl ing in bats.  Such l imi ted informat ion shows large
dai ly f luctuat ions in blood ion composi t ion which appear to relate direct ly to the extent of  roost ing EWL.

VISUAL SYSTEMS AND THE EVOLUTIONARY RELATIONSHIPS OF THE CHIROPTERA

Roderick A. Suthers
Medical Sciences Program and Center for Neural Sciences
lndiana Universi ty,  Bloomington, lndiana 474O1

Mark R. Braford,  Jr .
Div is ion of  Biological  Sciences
Universi ty of  Michigan, Ann Arbor,  Michigan 48109

Megachiroptera depend heavi ly on vis ion and have wel l  developed, nocturnal  eyes. Except for  certain rousett ine
species they lack an abi l i ty  to echolocate.  The visual  development of  the echolocat ing Microchiroptera var ies wi th
feeding habi ts and ecology. The megachiropteran eye is character ized by the presence of  a regular array of  microscopic
choroidal  papi l lae which protrude into the ret ina and impose their  undulat ions on the adjacent receptor cel l  layer.
These papi l lae are not present in Microchiroptera or in other vertebrates.  A capi l lary Ioop from the chor iocapi l lar ies
penetrates into the otherwise avascular ret ina f rom the t ip of  each papi l la.  The avascular ret ina of  Microchiroptera
is nour ished by di f fusion from the choroidal  c i rculat ion.  Avascular ret inas are found in some insect ivores.  In pr imates
the retina is perfused via a retinal artery. There is evidence for the existence of a few cone-like receptors in the
predominately rod ret inas of  both the Mega- and Microchiroptera.  Both groups lack an ident i f iable area or fovea. A
tapetum lucidum is present in Megachiroptera,  but  not in Microchiroptera.

The importance of  v is ion in the I i festy les of  var ious bats is ref lected in the relat ive development of  v isual  centers
in their  brains.  Two important v isual  centers are the dorsal  lateral  geniculate nucleus (LGNd),  which relays informat ion
to the v isual  cortex,  and the super ior  col l iculus.  Baron (1978) has compared the relat ive s ize (volume) of  these
structures in a number of species of bats to the size of the same structures in the "basal insectivores" - defined by
Stephan (1967) as consist ing of  ten species belonging to the fami l ies Tenrecidae, Er inaceidae, and Sor ic idae

LGNd is relat ively larger in al l  bats studied (except Noct i l io)  than i t  is  in basal  insect ivores of  the same body
size. In the insectivorous bats studied LGNd averages 1.4 times larger. In Desmodus it is twice as large and in the
Phyllostomatidae it averages over three times as large. LGNd is greatly hypertrophied in the Megachiroptera, averaging
ten times as large as in the basal insectivores. Not only is the LGNd of the Megachiroptera very large but it is organized
into cel lu lar  laminae. In Pteropus (Crowle,  1974] '  and Rousettus at  least  three laminae are present.  Laminat ion of  LGNd
is also found in Tupaia and al l  pr i rnates but is absent in the insect ivores and the Microchiroptera.  The ret inal  input to
LGNd is bi lateral  in Pteropus (Crowle,  1974\ and thef ibersfromoneeyeselect ively innervatedi f ferentport ionsof the
nucleus on each side of  the brain.  Simi lar  patterns of  ret ino-geniculate connect iv i ty are seen in Tupaia and pr imates
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Among the Microchiroptera a small ipsilateral projection to LGNd is present in rdnoura (overlapping a part of the
contralateral input) , but none have been reported in Myotir or Caroll ia (Pentney and Cotter, 1976; Kirtland and
campbel l ,  1969).

The superior coll iculus is larger in all bats studied by Baron than it is in the basal insectivores. lt averages 1.8
times as large in the insectivorous bats and I.4 times as large in Dermodus. In the Phyllostomatidae it averages nearly
twice as large and in Noctil io it is more than twice as large. In the Megachiroptera studied the superior coll iculus
averages 3.3 times as large as that of the basal insectivores. Retinal projections to the superior coll iculus are bilateral in
Pteropur (Crowle. 1974l. , but appear to be exclusively ipsilateral in the Microchiroptera studied to date - Anoura,
Caroll lo, and Myotir (Kirtland and Campbell, '1969; Pentney and Cotter, 1976). The absence of ipsilateral retinal
innervation of the superior coll iculus has not been reported for any insectivore (except the mole, Talpa, which appears
to have no retino-coll icular f ibers at all; Lund and Lund, 1965) or primate.

We are examining the retinal projections in two additional species of bats - an echolocating megachiropteran,
Routettur aerypticul, and a relatively visual microchiropteran, Phyllostomus hartatus.

THE PHYSIOLOGY AND ENERGETICS OF BAT FLIGHT

Steven P. Thomas
Department of Biological Sciences
Duquesne University
Pittsbu rgh , Pennsylvan ia 1 52 1 9

The capacity for true fl ight places a number of special physical and biological demands on bats, but provides these
unique mammals with several distinct advantages over their non-flying terrestrial counterparts. Among the physiological

demands are the high energetic requirements of bat f l ight which can exceed by a factor of three the highest metabolic

rates of which similar-size non-flying mammals appear capable during heavy exercise. Associated with this high

metabolic requirement during fl ight is the need for bats to dissipate the large quantit ies of. excess metabolic
heat produced during fl ight. Bats appear to be well endowed in this regard, and can regulate their body temperature
rather precisely during steady fl ight at a level which is several degrees above that at rest. The high energetic require-
ments of bat f l ight also place special demands on the respiratory and cardiovascular systems of these mammals. Whereas

few studies have been made in these areas of bat f l ight physiology. at least certain species of bats maintain a rigid 1:1

synchronization between their venti latory and wing-beat cycles, and echolocating bats appear to time their ultrasonic

or ientat ion pulse emissions dur ing f l ight  in a manner which is minimal ly disrupt ive to their  pulmonary vent i lat ion
process. Limit€d data from bats indicate that these mammals may require somewhat higher ventilation volumes per

unit of oxygen consumed during fl ight than do birds flying at comparable conditions. The high rates of oxygen trans-

bon by the cardiovascular systems of f lying bats appear to be achieved by their capabil it ies for high cardiac outputs in
combination with their blood properties which, at least in certain species of bats, have been shown to have significantly
higher hemoglobin concentrations than those of a typical non-flying mammal. Among the many advantages which the

capacity for f l ight confers on bats is the speed and economy of this mode of locomotion which enables flying bats to

travel considerably greater distances per unit of energy consumed than their non-flying terrestrial counterparts.

A REPORT ON THE NORTHEASTERN SYMPOSIUM ON BAT RABIES MANAGEMENT

C.V. Tr imarchi  and John G. Debbie
Division of Labs.and Research
New York State Department of Health
Albany, New York 12201

On June 6th and 7th, 1978, a symposium on the management of bat rabies as a public health problem was held

at the New York State Department of Health, Albany, N.Y. The program included presentations by representatives of

the states of Delaware, Massachusetts, New Jersey, New York, Pennsylvania, Vermont, and the City of New York, and



BRN 109 Volume 19(4)

the Province of Ontario, Canada. They reported on the extent and distribution of bat rabies, frequency of human
exposure to bat rabies, and programs for management of bat bites in their respective areas. The program also includeo
presentations by federal and state health officials and bat biologists on topics including concepts of bat rabies
management, research programs on house bat control, methods of chemical control, efficacy of the use of toxicants in
house bat removal, and responses of bat populations to management procedures. An open discussion followed the
formal program.

Bat rabies was most frequently reported in the big brown bat. Eptesicus fuscus, with percentages of infection in
examined specimens ranging from 3 to 10%. This figure represents bats which are examined because of aberrant
behavior or human contact ,  and is therefore much higher than the incidence of  rabies in the general  bat  populat ion.
Rabies is less f requent ly ident i f ied in the Myot is species of  th is region. In New'York Ci ty and Delaware, migratory bats,
especially the red bat, are most frequently found rabid. The number of actual cases of rabid bats bit ing humans is
reportedly very low in each area. The major publ ic heal th s igni f icance of  bat  rabies is the number of  persons requir ing
rabies post-exposure prophylactic treatment because of exposure to bats which escape or are unsatisfactory for
examinat ion.

Management programs that were presented involved var ious combinat ions of  the fo l lowing act iv i t ies:  educat ion
of the publ ic and medical  personnel ,  prompt rabies diagnosis and rabies prophylaxis when indicated, exclusion of
bats f rom bui ld ings present ing high human-bat contact  potent ia ls such as schools and hospi ta ls,  col lect ion of  colonies
associated with laboratory confirmed rabid bats, and research programs defining transmission capabil it ies of bats to
man, pets,  and terrestr ia l  wi ld l i fe.  Some areas including Massachusetts,  New Hampshire,  and Ontar io,  are current ly
using DDT within the guidel ines set by the Center for  Disease Control  in At lanta,  Georgia,  for  the exterminat ion of
house colonies of  b ig brown bats.

The open discussion included consideration of non-DDT chemical control substances, efficacy and safety of DDT
as a method of  control l ing bats,  and ef fect iveness of  e l iminat ing house bat colonies as a means of  reducing the publ ic
health hazard of bat rabies.

ANALYSIS OF VESPERTILIONID SONAR SIGNALS DURING CRUISES,
PURSUITS AND CATCHES

Yves Tupinier,  Yvon Biraud, Monique Chiol laz et  Bernard Escudie

Since ten years very few studies have been made on f ine analyses on bat s ignals emit ted dur ing pursui ts and
catches.

Such exper iments need being performed on naive animals under natural  condi t ions in f ree space. That is what
we have done during the summer 1g77 on Eptericus serotinus and pipistrellus sp.

We have plot ted for each cl ick the ampl i tude and frequency modulat ion laws. l t  is  interest ing to fo l lowthe
var iat ions of  these two quant i t ies dur ing the pursui t .  We have not iced that the bat matches i ts emission to the s i tua-
tion: movement of the target and environment constrains. These constrains were quite severe: presence of echoes.
reverberat ion and mu l t ipaths.

We have followed the ideas of J.A. SIMMONS who proved that many bats perform a coherent detection-
We have calculated the instantaneous frequency laws. They are almost hyperbol  ic .  Theoveral l  bandwith and the fre-
quency nodulat ion rat io provides to these signals both a very important Doppler to lerance and good angular resolut ion
when a binaurel  interferometr ic type recept ion is performed.

Further invest igat ion of  the resul ts of  th is exper iment wi l l  a l low an interest ing comparison with the theor ical
approach try ing to synthet ize s ignalsopt imum in the presence of  f lucturat ions and reverberat ion.
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FORAGING SITE SELECTION AND TERRITORIALITY OF THE GRAY BAT
(MYOTIS GRISESCENS}

Merl in D. Tutt le,  Diane E. Stevenson and Alan R. Rabinowitz
Vertebrate Div is ion,  Mi lwaukee Publ ic Museum, Mi lwaukee, Wisconsin 53233

Graduate Program in Ecology, Universi ty of  Tennessee,408 1Oth St. ,  Knoxvi l le,  Tennessee 37916

Members of  a gray bat materni ty colony were highly select ive in their  choice of  foraging terr i -
tories. Many traveled to sites more than I0 km from their roosting cave, despite the existence of large
areas of  unused reservoir  shorel ine wi th in less than 5 km. Fol lowrng emergence, groups of  gray bats
exploi ted insect patches in otherwise marginal  habi tat  whi le t ravel ing to terr i tor ia l  s i tes.  Arr ival  t imes
at terr i tor ies were posi t ively correlated with ear ly evening insect biomass.

Insect samples,  col lected simultaneously at  both foraging and nonforaging si tes in June and July
of  1977, revealed no signi f icant di f ferences in total  insect biomass but showed night ly biomass distr i -
but ion to be much less patchy at  foraging si tes.  Taxonomic comparison revealed signi f icant ly more
Ephemeroptera and fewer Coleoptera at foraging sites. Both of the mayfly genera (Chororerpes and
Stenacron) that occur at gray bat foraging sites prefer similar habitat, have extended annual periods
of emergence, and of ten cont inue to emerge late at  n ight when most other insects are relat ively inact ive.
Therefore,  though patchi ly distr ibuted, once mayf ly emergence si tes were found by the bats,  they
provided relat ively dependable food sources, both night ly and seasonal ly.

Terr i tor ies were v igorously defended and occupied by f rom one to 1O or more indiv iduals.  At
a c losely studied terr i tory a marked, adul t  female c lear ly dominated a group which averaged four to s ix
members.  Aggressive behavior was inversely proport ional  to edible insect biomass, and the dominant
female excluded varying numbers of  group members,  proport ional  to decl ines in insect biomass.

A marked year l ing female was permit ted to share the terr i tory only dur ing br ief  per iods of  h igh
insect biomass, and i t  is  bel ieved that obrh year l ing and adul t  males were s imi lar ly excluded. At least
some territorial sites were occupied for more than one year by the same bats, while other bats appeared
unable to establ ish terr i tor ies.

DELAYED IMPLANTATION IN THE NATAL CLINGING BAT MINIOPTERUS SCHREIBERSI NATALENSIS
(A SMTTH 1834)

M van der Merwe
Mammal Besearch lNst i tute,  Universi ty of  Pretor ia,  Pretor ia,  Republ ic of  South Afr ica

M. s. natalensis gives birth to a single progeny per annum, although less than one per cent twins can be ex-
pected. Thef i rstovulat ionsoccurdur ingthebeginningof March,peakingdur ingthef i rsthal fof  Apr i l .  Ninetypercenr
of  the ova are shed from the lef t  ovary but the conceptus alsays implants in the r ight  uter ine cornu. lmplantat ion
occurs four months after conception.

Gestat ion in th is species last  e ight months and can be div ided into two equal  per iods:  the retarded gestat ion
per iod (+ 4 months) f rom fert i l izat ion unt i l  implantat ion and the act ive gestat ion per iod,  a lso + 4 months,  f rom implan-
tat ion unt i l  b i r th.  Dur ing the retarded gestatron per iod development is s lowed, wi th the conceptus developing only as
far as the f ree- ly ing bi laminar blastocyst .  The only s igni f icant development dur ing th is stage is the format ion of  the
entodermic vesic le and the pr imit ive amniot ic cavi ty wi th in the inner cel l  mass.

The embryonic pole of  the blastocyst  is  always or ientated towards the ant imesometr ia l  s ide of  the r ight  uterus
cornu at  the implantat ion s i te,  where a shal low cavi ty deveiops within the uter ine wal l .  s l ight ly enclosing the blastocyst .

As the t ime of  implantat ion draws near the l in ing epi thel ium of the uter ine cornu becomes progressively more
fr inged or scal loped, thus gradual ly enclosing the trophoblast  in a "pocket" .  Dur ing implantat ion breakdown of  the
uter ine epi thel ium is not restr icted to the area surrounding the blastocyst ,  but  occurs over the ent i re uter ine lumen.
al though much accelerated direct ly around the blastocyst .
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RESPONSE CHARACTERISTICS OF SINGLE NEURONS IN THE INFERIOR COLLICULUS OF ECHOLOCATING
BATS, MOLOSSUS ATER AND MOLOSSUS MOLOSSUS (MOLOSSIDAE) TO TONAL AND FREOUENCY

MODULATED SIGNALS UNDER MASKED AND UNMASKED STIMULUS CONDITIONS

Marianne Vater and peter Schlegel
Arbei tsgruppe Neuro-und Rezeptorphysiol  ogie

Fachbereich Biologie der J.W. Goethe-Universi tat ,  Frankfurt  -  Germanv

The echolocat ion cal ls of  M.ater and M.molossus are s imi lar ly structured: they consist  of  a short  constant
frequency (CF) component of  2 to 3 ms durat ion at  43 and 55 kHz respmtively,  fo l lowed by a f requency modulat ion
sweeping downward approx.  one octave in 2 ms. There is a strong 2nd harmonic.

Single uni t  recordings were made in the infer ior  col l iculus of  awake Molossids using CF-tone pulses and di f -
ferent FM-signals usually centered at unit 's best frequency (upward, downward sweeps, different sweep rates).

i .  With CF-st imul i ,  tuning curves. Q -values and spike count funct ions were measured. Except for
the di f ferent f requency ranges of  maximal audi tory sensi t iv i ty,  there is no neurophysiological ly detectable di f ference
between the two Molossid species. O-values commonly ranged between 3 and 20, the most sharplv tuned neurons
having O-values between 50 and 60. Spike count funct ions were nonmonotonic in most neurons. Uni ts wi th phasic-on
responses formed the dominant response pattern ctass.

2 '  Thresholds,  response patterns and spike count funct ions could di f fer  markedly depending on the signal
form. A large population of neurons possessed lower thresholds to downward sweeping FM-pulses with sweeprates
comparable to those occur ing in the echolocat ion cai l  than to CF-pulses of  equal  durat ion or to FM-pulses wi th s lower
sweeprates (pulse durat ion 20 ms) el ic i ted a more vigorous f i r ing ( , ,burst , , )  than any other st imulus conf iqurat ion
tested.

3.  A comparison was made between the masked thresholds of  s ingle uni ts to CF- and FM-signals using pseu-
dorandom noise as interference signal .  Masked thresholds to FM-pulses are lower than to CF-signals of  equal  durat ion,
e.e.  more noise intensi ty is needed to mask the FM-response. Threshold Signal  to Noise rat iosare sarnl ler  for  the lonq
FM-pulses (20 ms) than for the short  FM-pulses (2 ms) .

THE LEADING EDGE: A KEY TO RAPID FLIGHT IN BATS

Terry A. Vaughan and Martha M. Bateman
C/O Department of  Biology, Northern Ar izona Universi ty,  Flagstaf f  ,  Ar izona 8601 1

Molossids are the most per ipheral  fami ly of  bats wi th regard to wing structure and sty le of  foraging. They are
able to remain on the wing for long periods and to cover large distances at relatively high speeds. However, severe
aerodynamic and energet ic problems are associatecl  wi th rapid and endur ing f l ight .  The major problem is the increase
in drag at high speeds. The molossid wing has undergone several changes from the basic chiropteran wing plan whicn
act in conjunct ion to al leviate th is problem.

Several  morphological  features of  the molossid wing appear to be of  part icular importance. The f lat tening of
the forearm reduces the frontal area that this obstruction presents to the airstream and smooths the upper and lower
surfacesof theair fo i l ,consequent lyreducingdrag. Thenarrowingoftheleacl ingedgef lapreducesboththecamberand
the area of the wing which also decreases drag. The high aspect ratios of molossid wings further serve to decrease the
surface area. Hair tracts are located on the wing in such a say as to further smooth the contour of the airfoil. These
tracts also tend to induce turbulence in the boundary layer at points where adverse pressure gradients might otherwise
cause separation of airf low from the wing.

In our judgement,  th is composi te of  modif icat ions of  the mol losid wing has been cr i t ical ly important in
al lowing for highspeed f l ight .
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THE POND BAT (MYOTIS DASYCNEME), AN ENDANGERED BAT SPECIES IN

BRN 112

NORTHWESTERN EUROPE

A.M. Voute
Laboratory for  Animal Ecology and Taxonomy
Universitv of Utrecht
Plompetorengracht 9,  Utrecht.  The Nether lands

The studies by Hanak and Gaisler (1965) and Slui ter ,  van Heerdt and Voute (1971)concerning the distr ibut ion

and ecology of Myotis dasycneme, show that the pond bat is not evenly distributed throughout Europe. During the

summer th is bat species appears to be concentrated in a l imi ted number of  summer roosts,  to be found exclusively in

human dwel l ings.  The pond bat hibernates in caves, which are distr ibuted considerably more evenly over the ent i re

central  European area. Al though al l  European nursing colonies of  the pond bat seem to be located in the northern

European lowlands, they can easi ly be div ided into two sub populat ions:  that  of  the Soviet  Union and the one of

Northwestern Europe.
As far as we are informed at this moment, the latter group of nursing colonies is completely concentrated in a

smal l  area in the northern part  of  the Nether lands. This means, that  dur ing the summer the ent i re adul t  female and
juveni le part  of  the Northwest-european sub populat ion is housed in less than ten bui ld ings occurr ing in an area 60 by

60 ki lometers.  Clear ly a very dangerous si tuat ion as is demonstrated by the appal l ing decl ine of  th is populat ion caused

by the government encouraged and subsidised wave of building renovation sweeping across the country; a program

which aims to s low down the cont inuing r ise in unemployment in some parts of  the Nether lands.

OBSERVATIONS OF FRUIT CONSUMPTION IN SOME STENODERMINE BATS

Tracev K. Werner and Alfred L. Gardner
Fish and Wildl i fe Service,  Nat ional  Fish and Wildl i fe Laboratory,
Nat ional  Museum of Natural  History,Washington D.C. 20560

Abstract

Fruit consumption and food passage time were investigated in five species of Stenodermine bats
(Art ibeus, l i turatus,  Art ibeus watsoni ,  Vampyrodes caracciol i ,  Vampyrops hel ler i  and Uroderma bi lobatum)

on Barro Colorado ls land, Panama.
Mist netted bats that had been held overnight in 40 x 40 x 30 cm cages were offered figs (Ficus insipida

and Ficus yopenensis)  that  had been carr ied into mist  nets by bats the previous enening. The frui tswere in-
jected with ordinary food dye, weighed, and offered to the bats, one after another. from the end of a long stiff

wire.
The bats almost always immediately accepted the proferred fruit, grabbing out for it with opened

mouth and forearms. They then systemat ical ly worked their  way through each frui t ,  b i t ing,  chewing, expres-

sing f lu ids and edible port ions which were then swal lowed before spi t t ing out smal l  oval  pel lets of  r ind which

were dropped as they ate. Time of defecation was easily pinpointed as the bats first paused in their eating and

part ia l ly  spread their  wings.
The average size of the discarded pieces of fruit pulp (pellets) ranged from 0.02g (Artibeus watsoni,

Uroderma bilobatum and Vampyrops helleri) to percentage of each fruit ingested ranged from 43.5o/o lA-

watsoni)  to 61.1% (V. caracciol i ) .  The t ime of  food passage ranged from a minimum of 10 min'  (A.  l i turatus)

to a maximum of 76 min.  (U. bi lobatum),  averaging 19.5 min. .  21 min. ,35 min. ,  27.  and 35 min in A. wat-

soni ,  V.  hel ler i  ,  U. bi lobatum, A. l i turatus and V. caracciol i  respect ively.
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REPRODUCTIVE ASYMMETRY AND UNILATERAL PREGNANCY IN CHIROPTERA

Wil l iam A. Wimsatt
Div is ion of  Biological  Sciences
Cornel l  Universi ty,  l thaca, New York 14853

In most carinate birds, and in representatives of several groups of lower vertebrates, the female reproductive organs
are profoundly asymmetr ic.  By contrast ,  in mammals i t  has general ly been supposed that the female reproduct ive
organs are bi lateral ly symmetr ical  in form and funct ion.  In recent years,  however,  varying degrees of  anatomical  and/or
funct ional  asymmetry have been documented in monotremes, in some marsupials and ungulates,  and in Chiroptera.
Bats are especially noteworthy in that they display a far greater incidence of reproductive asymmetries, and carry them
farther than observed in any other comparable group of mamrnals. Since the patterns observed vary widely arnong, an6
even within fami l ies,  i t  seems unl ikeiy that  they have a common evolut ionary basis or a uni f ied control l ing mechanism.
The possible select ive advantage gained from an asymmetr ic reproduct ive funct ioning -  assuming there is one, can
scarcely be guessed at  present ly,  but  i t  is  perplexing as to why in th is ancient order of  mammals reproduct ive
asymmetry is so much more commonplace than in any other order of  mammals.  Asymmetry is usual ly expressed as a
uni lateral  dominance (structural  and/or funct ional)  of  an ovary,  the uterus,  or  both.  In bats,  as opposed to birds,  the
dominant s ide is usual ly dextral ,  but  in a few instances the lef t  s ide is dominant.  The patterns of  female reproduct ive
asymmetry observed thus far in Chiroptera wil l be reviewed together with some regulative factors possiblv involved in
specific cases.

AUDITORY PATHWAYS TO THE TECTUM IN PTERONOTUS PARNELLII  PARNELLII
AND ARTIBEUS JAMAICENSIS

J.M. Zook and J.H. Casseday, Laborator ies of  Otoiaryngology and Departrnent of  Psychology,
Duke Universi ty,  Durham, NC 277 10

The infer ior  col l lculus is thought to piay an important role in processing audi tory informat ion for echoloca-
t ion.  In order to ident i fy neurons which project  ot  th is nucleus, in ject ions of  the retrograde tracer,  horseradish peroxi-
dase, were made in the r ight  infer ior  col l iculus in 8 Pteronotus and 6 Art ibeus. The resul ts showed that most types of
cel ls in the anteroventral  and posteroventral  cochlear nucleus project  to the centrai  nucleus of  the infer ior  col l iculus
but that  only cel ls f rom fusi form and deep layers of  the dorsal  cochlear nucleus project  to the central  nucleus. Thes
These project ions are al l  contralateral .  The pattern of  labeled cel ls in the super ior  o l ivary complex revealed a dist inc-
t ion between lateral  and medial  super ior  o l ives in Pteronotus,  but th is dist inct ion was not c lear in Art ibeus. Cel ls in
lateral  super ior  o l ives project  b i lateral ly,  whi le those in medial  super ior  o l ive project  ipsi lateral ly to the central  nucleus
of the infer ior  col l iculus.  A str ik ing di f ference between these batsand other mammal ian species was seen in the lateral
lemniscus. In addi t ion to dorsal  and ventral  nuclei  of  the lateral  lemniscus, these bats have a large intermediate nucleus
which contr ibutes input to the central  nucleus of  the infer ior  col l iculus.  In both species,  in ject ionswhich included the
per icentral  nucleus of  the infer ior  col l iculus revealed a project ion f rom pyramidal  cel ls in layer V of  audi tory correx.
These f indings suggest that  the infer ior  col l iculus processes informat ion f rom as many as eight separate nuclei  in the
lower brain stem as wel l  as f  rom aucj i tory cortex.  (Fesearch supported by NSF grant BNS 77-0696)
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