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EDITORIAL

wenty five years of service to
the scientific community in-
volved in bat research is
nothing to brag about, yet it
is an importailt milesrotte in
the annals of Bat Research
News. It began in 1960 as Bat
Banding News, a brainchild

of Wayne Davis in response to a questionnaire he
developed for bat banders. The single issue that
year contained four pages which cartied the well-
known names of chiroptologists such as Mohr,
Constantine, Cope, Wayne Davis, Glass, Goehr-
ing, Griffin, Hitchcock, Mumford, Orr, Sister
Talitha, E.W. Smith,'frapido, Myers, Jclhn Hall,
and Tuttle. Where was I? Around that time I was
busy collecting bats in palaces, ruins, and caves in
Madhya Pradesh, India, equipped with ap-
propiate defense against tigers and snakes! Twen-
ty five years later, here I am writing my felicita-
tions to the journal which has been my favorite
ever since I received it the first time. In contrast
then, the November 1983 issue contains 24 printed
pages, and publishes only reviewed and rigr:r,lttsly
edited articles while the annual suhscriptiun ior
members still remains a paltry $6. One can readily

see the enormous growth in Bat Research News. It
is appropriate to thank the past editors (Davis,
Martin, Hunrphrey, and Fenton), the con-
tributors, and above all our supporters-the
subscribers ali over the world--fur carrying Bat
Research News to its present healthy srate.

Would you not join us in wishing continued suc-
cess to Bat Research News? Send me your sen-
timents. related anecdores. and even suitable il-
Iustrations for consideration. Any one out there in
the wings with good unpublished photographs of
the silver-haired bat, Lasionycteris noctivagans? lt
would be highly appropriate if the silver-haired
bat adorned at least one of the four silver anniver-
sary issues. I do have suggestions for the golden
anniversary covers of Bat Research News (see for
example, the short-eared trident bat, Cloeotis per-
civsli in Fenton and Fullard , Americun Scientist,
1981, and the "golden-haired" bats, lIipposideros
lsrvatus and Ilipposideros ruber in Schober's Mil
Echolot und Ultraschall, 1983)..A.las, that is far in
the future! I may not be aiound for rnaking deci-
sions then, but my I'ervent wish is that Bat
Research lrJews be there and tre flourishing.

Kunwar Bhatnagar
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The Early History of Bat Research News.

Wayne H. Davis
School of Biological Sciences, University of Kentucky

Lexington, Kentucky 40506 USA

Volume 25: 1

"It seems as if a Bat Banders' News has never
yet appeared on this planet. Imagine! How could
the world have gotten along for so long without
some form of a Bat Banders' News?"

Thus began Volume 1 Number 1 of Bat Banding
News, Fall 1960, compiled by Wayne H. Davis,
Editor, Biology Department, Middlebury College,
Middlebury, Vermont. It was mailed to all bat
banders in the United States and to a few other in­
dividuals in October. With the next issue I started
a new volume with the calendar year in January
1961.

The first issue contains article headings of
Editor's Column; Band Injuries; Tips on Techni­
ques; Here and There; and Be Careful!!

The first article introduces the new newsletter,
talks about banding activities, and tells us there
are 38 active banders. Here and There tells about
the current research of Merlin Tuttle, Richard
Myers, John Hall, Sister M. Talitha, Bryan Glass,
Russ Mumford, and H.H. Goehring. Be Careful!!
is a short note about rabies.

The second issue contains a directory of bat
banders and diagrams of the Myers Net and the
Myers Cage. The Editor's Column noted that
several non-banders have indicated interest in the
News and desire to receive future issues. This
trend escalated rapidly and was a factor leading to
the change in title to Bat Research News with the
January 1964 issue.

The introductory paragraph of Volume 5
Number 1 January 1964 gave two reasons for the
change of title. "First I am interested in all phases
of bat biology ... " The second was political. Bat
banding sounds too much like nit picking to some
people, whereas research sounds important. The
Administration at the University of Kentucky had
discovered molecular biology and actually used
the phrase "nit picking" to refer to those of us
who made up the Department of Zoology in 1964.
Seem familiar to any of you readers out there to­
day?

My first experience with bats was December 14,
1947 when I was junior in high school. I entered
Cornwell Cave near my home in West Virginia
and emerged with a pipistrel and an Eptesicus
which I made into specimens. My next chiropteran
adventure was April 3, 1949 when I entered the

cave and came out with a couple of dozen Myotis.
I noticed the sex ratio was heavily skewed to
males, a fact which aroused my curiosity. To
study the possible differential survival of the sexes
I applied for bands and in May of 1950 banded
my first bat. Finding that P. subflavus had the
most skewed sex ratio, I decided to concentrate on
that species. This study became my Ph.D thesis
and resulted in my papers on the sex ratios of bats
(J. Mamm. 40: 16-19, 1959) and on the population
dynamics of P. subflavus (J. Mamm. 47: 383-396,
1966).

While I was a graduate student at Illinois I
banded bats in the caves of Illinois and neighbor­
ing states, aided by William Lidicker. When he ar­
rived a couple of years later John Hall joined the
bat banding forays. John Winkleman, John War­
nock, and Robert E. Lewis sometimes helped.
During this time I corresponded with other
banders including Russell Mumford, James Cope,
Richard Myers (a student of Cope's at Earlham
College who was then in graduate school at
Missouri) and Donald Griffin. I had met Dr.Grif­
fin in 1949 when he gave a Sigma Xi lecture on
bats at West Virginia University. I told him about
my findings on sex ratios and he encouraged my
banding ambitions.

After a couple of post doctoral years at Min­
nesota when my banding was restricted to annual
visits to my West Virginia pipistrel caves, I got a
job in 1959 as instructor at Middlebury College
where Dr. Harold Hitchcock was chairman of the
Biology Department. Dr. Hitchcock had been a
graduate student at Harvard when Griffin, as an
undergraduate there, began his bat banding
studies on Cape Cod. Hitchcock and I initiated a
massive banding project which resulted in our
paper on Myotis lucifugus in New England (J.
Mamm. 46: 296-313, 1965).

While corresponding with several banders dur­
ing my first year at Middlebury I got the idea of a
general newsletter. I wrote to Dr. Richard Man­
ville of the U.S. Fish and Wildlife Service Bat
Banding Office and got a list of names and ad­
dresses of all active banders. I prepared a ques­
tionnaire and sent it to each bander. It asked how
many bats they had banded, where they had band-

r
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ed, what species they banded, and what research
projects they had underway. I asked if they would
be interested in a newsletter about bat banding.
Those questionnaires are no longer extant, but as
best I can remember the response was 100070 and

enthusiasm for a newletter was high. Therefore I
simply sat down and wrote one, and Bat Research
News, nee Bat Banding News, was born.

Received September 27, 1983

The Palatability of Reconstituted Freeze-Dried Blood
when used as a Food Supply for Vampire Bats (Desmodus rotundus)

Charles P. Breidenstein
Department of the Interior, U.S. Fish and Wildlife Service

Denver Wildlife Research Center, Building 16, Denver Federal Center
Denver, Colorado 80225 USA

ABSTRACT-Eighteen vampire bats (Desmodus
rotundus) were used in a replicated switchback
design for three treatments to test the relative con­
sumption (palatability) of (I) Fresh whole
defibrinated blood, (2) Reconstituted freeze-dried
defibrinated whole blood and (3) Reconstituted
freeze-dried defibrinated whole blood with a taste
potentiator (5' nucleotide) added. There was no
significant difference (P •.. 05) in consumption bet­
ween fresh whole blood (18.7g/bat/day) and
reconstituted freeze-dried blood (18.2g/bat/day).
There was, however, a significant decrease (P .•••
.05) in consumption when the taste potentiator (5'
nucleotide) was added to the reconstituted freeze­
dried blood. The results and their ramifications are
discussed in the paper.

In its native habitat, the vampire bat (Desmodus
rotundus) subsists entirely on blood that it obtains
from living animals. This unique characteristic
poses a difficult problem in the maintenance of a
captive vampire bat colony since few labs have
facilities capable of housing a herd of host animals
for the bats to feed on, even if the humane aspects
of this practice were not considered. The time­
honored alternative to host animals is to find a
local slaughter house, collect the blood when the
animal is slaughtered, defibrinate it by stirring to
prevent clotting, pour it into containers and store
it under refrigeration until it is fed. Some workers
(Wimsatt, 1978) have found that refrigerated fresh
blood will retain its palatability for approximately
one week. It has been my experience, however,
that consumption decreases after only 3 or 4 days.
Dickson and Green (1970) have extended this time
by adding an anticoagulant (trisodium citrate) to
the fresh blood and freezing it. Now, however, we
have the problems of storing large quantities of
frozen blood and the time-consuming job of thaw­
ing it before feeding. It has been demonstrated
that both fresh and frozen blood are nutritionally

adequate for the maintenance of vampire bats
(Wimsatt and Guerriere, 1961; Dickson and
Green, 1970; Quintero and Rasweiler, 1974). The
problems connected with feeding blood in these
forms, however, make it important that a more
convenient way of handling the blood ration for
vampire bats be developed.

In 1961, Wimsatt and Guerriere successfully
maintained vampire bats for several days on
freeze-dried blood. They considered it a short­
term emergency ration to be used only if the supp­
ly of fresh blood was interrupted. Recent advances
in freeze-drying, however, should convince us to
take another look at freeze-drying as a more con­
venient way of handling the blood ration for vam­
pire bats. Freeze-drying is the removal of water
(dehydration) by sublimation, i.e. water is remov­
ed as a vapor from a frozen substance (blood in
this case) without passing through the liquid
phase. The rapid freezing and low temperature us­
ed in this process, together with the lack of a li­
quid phase, effectively prevent the loss of volatiles
and the denaturation of protein (Flink and Karel,
1970; King and Labuza, 1970). Goldblith and
Tannenbaum (1966) have shown that the quality
of the blood protein, which is the blood consti­
tuent metabolized by the vampire bat to the
almost complete exclusion of fats and car­
bohydrates (Breidenstein, 1982), is unaffected by
the freeze-drying process resulting in a
reconstituted blood ration equal in protein quality
and nutritional value to whole fresh blood.

A traditional long-time feeding trial could have
been used to test the difference among blood ra­
tions in this study; however, it would have re­
quired that all treatment groups be balanced as far
as age, weight, and sex are concerned. This is im-
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practical with captured wild bats since ages are
unkni)wn, and tire numbers of bats required per
group for a valid test are generally not available
for long-time study. It was therefore decided to
use au efficient reversal design where each bat
served as its own control. Since reconstituted
freeze-dried blood is equal in protein quality and
nutritional value to refrigerated whole blood or
thawed frozen blood, we have used a switchback
design ([,ucas, 1956; Gill, 1978) for this study with
consumption (palatability) as the test criteria.

Eighteen vampire bats, captured in Mexico,
were used in a 2l-day, replicated, switchback
design to test the relative consumption (palatabili-
ty) of tlrree rations (Lucas, 1956). Each bat was
caged singularly, and since each bat served as its
own control, there was no need to group the bats
according to ag€, sex, weight, or condition. None
of the bats used were pregnant. The switchback
design was chosen because of its efficiency in
studies using relatively few animals. The three
treatments are:

l  Fresh whole blood def ibr inated
replenished every 3 or 4 days.

2.  Reconst i tuted freeze-dr ied blood
delibrinated whole blood consisting of
22 grams of freeze-dried blood in 100
ml ol  water.

3.  Reconst i tuted freeze-dr ied blood
defibrinated whole blood plus a taste
potent iator (5 '  nucleot ide).
Reconstituted the same as ration 2 with
the addition of 25 ppm of 5'
rrucleotide.

Ration 1 is the standard maintenance ration for
vampire bats. A taste enhancer (5' nucleotide) was
added to ration 3 at the rate of 25 ppm in an at-
tempt to increase the consumption of the
reconstituted blood. The three rations are con-
sidered nutritionally equivalent.

The resuks of the test indicate that there was no
significant difference in consumption between
fresh v;hcr le blood (18.7g/bat/day) and
rec.instituted freeze-dried blood (18.2e/bat/day)
suggesting that, since they are nutritionally
equivalent, reconstituted freeze-dried blood can
be substituted for fresh whole blood as the
triainlenance ration for vampire bats. It must be
poinied out, however, that the total replacement
ol fresh blood with reconstituted freeze-dried
blood for the permanent maintenance of vampire

bats should be done with caution until informa-
tion from long-term maintenance studies using
reconstituted freeze-dried blood is available. Ap-
parently the vampire bats did not like the taste of
5' nucleotide since its addition significantly
decreased (P : 0.02), rather than increased, the
consumption of freeze-dried blood (16.2g/bat/-
dav).

Freeze-dried blood is prepared by commercial
dehydrating plants, that are often general purpose
plants that freeze-dry solid as well as liquid foods.
As a result, they generally quick freeze liquids
(blood) in thin layers (pans), granulate and
sublimate them by the use of a warm platen. The
rapid fieezing and low temperature used in the
process provide a high quality granulated product
that is readily soluable and can be packaged in
srnall, one to two pound plastic jars (one pound of
freeze-dried, when reconstituted, yields 75-80
twenty-five gram feedings) and stored under cool
(less than 240C) dry conditions for extended
periods of time. Freeze-dried blood, packaged in
plastic jars, can be shipped anywhere in the United
States providing a particularly convenient source
for small facilities keeping only a few bats; or, for
that rnatter, any facility keeping vampire bats that
has riifficulty in obtaining a supply of fresh blood.
To feed. it is necessary to simply open a container
of freeze-dried blood, weigh out 22 gms per 100
mls of water, mix, stir (it is readily soluable) and
feed. In a recent article on the maintenance of the
hairy-legged vampire (Diphylla ecoudqta) in cap-
tivity (Hoyt and Altenbach, l98l), the authors
kept a flock of chickens to supply the avian blood
required by this species. The use of freeze-dried
avian blood would have been much more conve-
nient. Routine feeding procedures would be great-
ly simplified by using freeze-dried blood that can
be reconstitr-rted and dispensed in minutes. In fact,
with freeze-dried blood, the entire feeding se-
quence could be accomplished with automatic
dispensers. A vampire bat display could easily be
built around such an automated feeding system.

Unfortunately, in spite of its potential as a vam-
pire bat maintenance ration, freeze-dried blood
suitable for feeding to vampire bats is not on the
market at the present time. The high development
costs and relatively low demand for this product
make it economically unfeasable for large com-
mercial dehydrating plants to market it. This
could all change however, if andlor when long-
term feeding studies confirm the potential of
freeze-dried blood, and more people turn to this
convenient source of food for the maintenance of
their vampire bat colonies.
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ABSTRACT-The percentages of molossids in the
insectivorous bat faunas in Australia, the Indo-
Australian region, Africa, and South America were
compared. Further, the proportions of Taphozotts
species to molossids in the Indo-Australian region
and in Africa were compared. Also, the distribution
of Collocolia in Australia was taken into account. It
is concluded that the competition from Taphazaus
with molossids is significantly stronger in the Indo-
Austraiian region than in Africa. It appears to be the
main cause of depauperation of molossid fauna in
the Indo-Australran recion.

The molossid fauna in the Indo-Australian
region accounts for less than l09o of the insec-
tivorous bat species, while corresponding percen-
tages for Africa and South America are 35 to 4090
(Fenton, 1975; Freeman, l98l). Fenton (1975)
noted that the depauperation molossid fauna coin^
cided with the presence of Collacalia, the
echolocating swiftlets, since these birds might use
echolocation to gain access to the night skies when
they could use vision to locate their prey.

I tried to verify Fenton's hypothesis by con-
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(Goodwin, 1979; Kitchener, 1980; Maeda, 1982;
McKean and Friend, 1979) one obtains l09o (5:50)
as a proportion of molossids to all insectivorous
bat species, Macroderma included, in Australia.
However, because of the small number of
molossids there any future change in numbers of
species recognized would substantially influence
the above percentage. Accepting this percent as
trustworthy, Fenton's hypothesis finds some sup-
port. According to my calculations, the propor-
tion of molossids to the whole insectivorous bat
fauna (the two partly carnivorous megadermatids
included) amounrs to 6.40/o (19:299) in the entire
Indo-Australian region (Bergmans and Rozen-
daal, 1982; Hill, 1980; Hill and Kooprnan, l98l;
Peterson, l98l ;  Smith and Hi l l ,  1981).

I also calculated proportions for the mainlands
of Africa and South America, based on Hill
(1980). For Africa, I included the two partly car-
niyorous bats there (Fenton et al., l98l) and the
result has been 2090 (34:l7l) of molossids among
insectivorous African bats. In calculating for
South America I considered half of the
phyllostomids arbitrarily because all of them take
mixed diet (Gardner, 19771, but the two noc-
tii ionids which also take mixed diet(Howell and
Burch, l9'741 were included as insectivorous

Causes of Depauperstion of the Molossid Fauna in the Indo-Australian Region

Adam Krzanowski
Polish Academy of Sciences, Institute of Systematic and Experimental Zoology

ul.  Slawkowska 17. 3l-016
Krakow. Poland
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with the descripr,ion of a new species. tsi;dr. Dierk.,spel:ies. i 'nr: result for South America has been
22.4V0 (33:147).  According to Fenton (1975) the
corresponding percentages for these two regions
are from 35 ft 4aVo.

As can be seen there is a significant difference
between l0s/o of molossids in the almost
swiftlerless Australia and those for Africa and
South America (2090 and 22.4Vo respectively).
This difference suggests at least one additional
factor (besides swiftlets) limiting molossids in the
Indo-Austraiian region. It can be the genus
Tophozous (Emballonuridae). All species of this
genus are excellent fliers and together with
molossids replace the swifts during the night.
Holever, norhing can be said about competition
for food between Taphozous and molossids as yet.
Although important contributions have been
ntade (Fenton, 1972, 1982), the time and level of
hunting of tire species concerned are yet to be
determined. Stomach analyses are also lacking.

According to i{il l (1980) and others cited above
there are 14 species of Tqphozaus in the Indo-
Australien region (viz., austrolis, capito, flaviven-
tris, georgiunus, hilli, kapalgensis, longimanus,
meianopogon, rnixltts, rutrliventris, perforatus,
ptuta, sac'colaimus, and theobaldl). Basing of the
same sources one finds six species of Taphozous
(viz., hctnti/toni, hildegardae, mauritianus,
nudiventris, peli, and perforatus) in Africa. The
above ratio, l4:5, is probably evidence that com-
petition pressure on molossids from Taphozous is
rnuch stronger in the Indo-Australian region than
it is in Africa.

To return to the Collocalia hypothesis, its weak
points are, ( l )  evcn in Austral ia,  where
echoiocating Co/localio are almost absent, the
percentage of molossids among insectivorous bats
is very lou', (2) the possible night feeding in Col-
loc'alis does not necessarily mean any significant
compet i t ion wi th molossids s ince f l ight
characteristics in Collocalia are distinctly different
from the swift-like flight of molossids, and (3)
night-feedingin Collocalia remains to be proven.
The allegecl competition is greatly diminished by
the fact that molossids take substantial quantities
of non-flying insects (Vestjens and Hall, 1977), a
feat apparently difficult for swiftlets.

I am grateful to Drs. Kunwar Bhatnagar, M.B.
Fenton, and K.F. Koopman for their critical com-
ments,
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CIF'T OT' BAT RESEARCH NEWS TO
LIBRARIf,S-Dr. Wayne H. l)avis has a gooC
supply of most of the back issues 1960-1970 and
wiil provide as near to complete set as he can free
to tny library upon request. If your library is
sub:icribring to Bat Research l\ews now and you
want to acquire back issues, please write to Dr.
I)avis, School of Biolr:gical Sciences, University
of Kentucky, Lexington, KY 40506 USA.

A NEW NEWSLATTER-BATS, a new newslet-
ter ol the Chiroptera Specialist Group, Species
$urvival Commission, lnternationai Union for ihe
Conservation of Nature ard Natural Resources,
and Bat Conservati.":n lnternational, a group of
the Fauna anci Fiora Preservation Society, has
made its detrut under the able editorship of Dr.
Merlin D. Tuttle, Milwaukee Public Museum,
Milwaukee, WI 53233 USA ('fel: 414-278-2775).
The 1983 issues ccnsists of four pages, has an arti-
cle "Can rain forests survive without bats" by
Tuttle, interesting news items, a column on books
of interest, and several black and white
photographs. The format is 216 x 279 mm. The
newsletter is expected '.o be issued on a quarterly
basis beginning in 1984 and is supplied at no
charge to members. Our welcome and greetings to
all concerned with this venture.

NOTICE

The Dorset Bat Cave, also known as the Dorset
Cave and Aeolus Cave in llorset, Vermont, and
150 acres have been given to T'he Nature Conser-
vancv by its owner, National Gypsum Company.

This cave is a significant bat hibernaculum.
Disturbance of hibernating bats can increase
winter mortality. The protection of the bats utiliz-
ing this cave during the winter months is of
foremost importance.

We ask your cooperation in considering the
Dorset Bat Cave closed from Septembet i through
April 30, except by special permission from the
Vermont Field Office of The Nature Conservancy.

For further information, please contact:
Marc R. DesMeules, Staff Biologist
Vermont Field Office
The Nature Conservancy
7 Main Street
Montpelier, VI'05602

ANNOUNCEMENT

The Fifteenth Annual North American Sym-
posium on Bat Research will meet on October 19
and 20, 1984 (Friday and Saturday) at Rockford
College in Rockford, Illinois. Larry Foreman of
Rockford College will be in charge of local ar-
rangements and Roy Horst will be in charge of the
program.

Rockford College is located approximately 90
miles northwest of Chicago. Dr. Forman will, in
due time, provide detailed travel instructions, a
description of the housing and dining facilities and
other pertinent information. He has arranged for
our stay at the campus conference center at very
reasonable rates.

You will receive a formal call for papers, pre-
registration materials and other information from
Dr. Horst in early June.

We are especially interested in a series of presen-
tations on the biology of the alimentary canal and
on new analytical techniques. If you are interested
in organizing either of these, contact Roy Horst at
your earliest opportunity.

AUSTRALIAN BAT RESEARCH NEWS-
We are printing the following table of contents for your in-

terest snd informstion,

Table of Contents: No. 19, March 19E3

Obituary - Peter F. Aitken by Terry Reardon I

Regional News 2

Parasites - Requests and collecting methods 3

The Cillagoe expedition - Part 2 - Grag Ricbards 5

Observations on carnivory by Nycticeius reuppellii
- Andrew Long 9

Food eaten by captive flying foxes (Pteropus)
- Les Hall and Helen Luckhoff 11

Aspects of feeding behavior in Nyctophilus gouldii
- |"{artyn Robinson 13

On bats and their  yorrng.. .and the publ ic
- Anonymous

(an account of bats knocking at the door to retrieve their
young! Amusing indeed!)  14

Unusual Pteropusreproduction - Paul Prociv 15

i
)
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Review of Maeda's Classification of Miniopterus

- Creg Richards 15

Recent Australian Literature and Editorial 18

Table of Conlents: No. lE' MaY l9t2

Editorial, Regional News

A guide to some apparatus for research on ultrasound

- D. Woodside

A note in Mormopterus planiceps hibernating near Canberra

- S. lnwards and Bill PhilliPs

A new collection of the Papuan sheath-tailed bar, Tophozous

mixtus in Australia
- J. Winter and R. Atherton

Notes on the grey-headed flying fox, Pteropus poliocephalus

- M. Robinson

An Australian bat iongevity record - D. Purchase
(A Miniopterus schreibersii was banded as a pregnant female in

November 1963 and has been captured twice since then, in

February 1964 and in October 1981. On the last occasion it was

again pregnant. This "super-mum" received the Bat-of-the-
year award to which BRN adds its own!)

Recent Australian I-iterature

ANNOUNCEMENT

The Smithsonian Foreign Currency Program, a
national research grants program, offers oppor-
tunities for support of research in Burma, Guinea,
India. and Pakistan in the following disciplines:
Systematic and Environmental Biology, and
Museum Programs.
Grants in the local currencies of the above listed
countries are awarded to American Institutions
for the research of senior scientists. Collaborative
programs involving host country institutions are
welcome. Awards are determined on the basis of
competitive scholarly review. The deadline for
submission is November I annually' For further
information write the Foreign Currency Program,
Office of Fellowships and Grants, Smithsonian
Institution, Washington, D.C. 20560, or call (202)
287-332r.

Ceneral Fell<lwshiP Information

The Smithsonian Institution offers fellowships
in residence to support independent research and
study in fields which are actively pursued by the
various bureaus of the Institution. Individuals are
selected competitively and are appointed to work
under the guidan.e of professional staff members
and to us; the collections and facilities of the

Smithsonian. The lnstitution does not generally
support work to be done at other institutions. It
does not offer courses nor does it award degrees.
The Srnithsonran does not discriminate on
grounds of race, color, sex, religion, national
origin, age or condition of handicap of any appli-
cant.

Six to twelve month pre- and postdoctoral
fellowship appointrnents and ten week graduate
student appointrnenls are awarded. Proposals for
research in the foilowing areas may be submitted:
Earth Sciences and Paleobiology
Ecological, Behavioral, aud Environmental

Studies - Tropical and Temperate Zones
Evolutionary and Systematic Biology
History of Science and Technology
Radiation Biology

The primary objective of the fellorvships is to
further training of sclrolars and scientists in the
early stages of their professional careers. Predoc-
/oral fellowships are offered to students who have
completed preliminary course work and examina-
tions and are researching the dissertation.
Postdctctoral fellowships are generally offered to
scholars who have recently completed the doctoral
degree. In addition, for 1984-85, a few awards will
be available for more senior postdoctoral ap-
plicants. Candidates without the Ph.D. but with
the equivalent in *xperience, accornplishment and
training may be consiCered. Graduate student ap-
plicants must be enrolled in a program of graduate
study and have completed a minimum of one
academic semester at the time the appointment
begins.

Stipends supporting awards are: $18,000 per
year plus allowances for postdoctoral fellows;
$11,000 per year plus allowances for predoctoral
fellows; and $2,000 for graduate students for the
ten week period of appointment. Stipends and
allowances for pre- and postdoctoral awards are
prorated on a monthly basis for periods of less
than one year.

Individuals interested in applying should write
to: Smithsonian Institution

L'Enfant Plaza, Suite 3300
Washington, D.C. 20560

For applications and more information about
all Smithsonian fellowships, including the publica-
tion, Smithsonian Opportunities for Resesrch and
Study, which describes the Instittttion's bureaus
and facilities and lists the professional staff and
their research interests, please write to the Office
of Fellowships and Grants at the address above'

APPLICATION DEADLINE IS JANUARY 15
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Martin Eisentraut - Philosopher, Scientist, and Explorer: A Tribute

Wolfgang Bohme
Zoologisches Forschungsinstitut und Museum Alexander Koenig

Adenauerallee 150-164
D-5300 Bonn l, West GermanY

Martin Eisentraut was bcrn in October 1902 in
the village Gross-Topfer, Thuringia, very close to
the present boundary between West and East Ger-
many, on the Eastern side. Early in his childhood,
from his mother, he learned to love and study
animal$, espeeially birds. Later in high school, he
studied the art of taxidermy. In l92l he entered
the University of Halle/Saale and began studies in
Zoology, Botany, and Geology, graduating in
1925 with the degree of Doctor of Philosophy. His
thesis research dealt with chromosomes of the Or-
thoptera, under the guidance of the geneticist,
Prof. Valentin Haecker. Shortly after receiving his
doctorate he entered the Zoological Museum of
Berlin University on the adviee of his friend Ber-
nhard Rensch first as a scientific assistant, then in
1939 as curator for the herpetological, and later
for the mammalian collection. During World War
II, Martin Eisentraut had the good fortune to be
appointed to carry out research on malaria and
spotted fever control. He lived in West Berlin but
the museum where he worked was in the Soviet
sector. From June 1948 to May 1949 he had to
face difficulties because of the Berlin blockade
and subsequently there were problems caused by
his living in West Berlin but being paid by the
East. So he left Berlin in 1950 and moved to Stut-
tgart. There he became the chief curator of mam-
mals. In 1957 he was appointed as director of the
Zoological Research Institute and Museum Alex-
ander Koenig at Bonn, which he guided until 1977'

wf, Q^e*1,Fe'&

l3

photograph by Englebert  Schmitz



t4

His first ernploymerrt at the Berhr Museum was
very important for the development oI hls
research interests. The director of this well known
German museum at that t ime, Prof. Carl Zimmer,
entrusted him with the development of new con-
cepts for public displays of museum materials.
Eisentraut added the exhibit on hibernation in
mammals to this concept. He began with a well
known European hibernating rodent, the conrmon
harnsfer (Cr i tptus cr icetr ts\  Fol lowing up this
theme in the biological  exhibi t ion hal l  r re became
a\\ 'are or nrbernat lon ln bats.  He was rmpressed to
see the large number of hibernating bats in caves
and mine tunnels around Berlin and immediately
began asking the question where these animals
might go in spring. The idea of bat-banding was
born. Eisentraut thus became the "father of bat-
uanding" in Europe.

Further developments of his research interests
were quick to foliow. He investigated the ther-
rnoregulation and ptrysiology of hibernation in
bats including the tropical species. Not only Euro-
pean bats species, but trr:pical bats also intrigued
him in terms of physiological problems,their
biology and systematics. Out of his 130 or so
scientif ic papers, 43 are exclusively devoted to
bats;  many others,  however,  deal  wi th
physiological ,  faunist ical ,  h istor ical ,  and
zoogeographical questions. Arnong these papers
are several that highlight the economic importance
of bats, the experiences of banding experiments,
the entire bat faunas (e.g., of Fernando Poo :
Bioko), or the contributions to an encyclopedia
("Crzimek's Animal l- ife"). Of his l0 papers
rvhich collectively appeared in a book form, two
are devoted exclusively to bats, one being his early
and most important work, I)ie Deutschen Fleder-
mouse, eine bictlc,tgische Studie" (The German
Bats, a Biological Study, Leipzig, 1937), the other
Aus dem Leben der Fledermuuse und Flughunde"
(Life of N,l i".^- and Megachiroptera, Jena 1957).
Again, in a, of lr is other books, bats played an im-
portant role lercept in the one on the evolution of
Mediterranean l izards) ei ther in terms of
physiology of  h ibernat ion,  or  of  systemat ics and
faunal  h istory ' .

r \ne in lnortrnr f  ar . t i - r r  t  hat  nrakes Eisentraut 's
ic lent i i ' ic  u 'ork so interest ins.  is  that  for  h im the
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word "expedition" had always a most fascinating
sound. He had the abil ity and init iative to
organize many great expeditions. The first enter-
prise was his visit to the Gran Chaco of Bolivia in
1930-31 where he went with his wife - just after
getting married. He revisited this region in 1979
and wrote an interesting book in which he made
observations on the situation then and 50 years
ago, not only on the local f lora and fauna, but
also on the Indian population.

Many detailed studies, however, l ink Eisentraut
with Africa, especially with the Cameroons. In
1938, he got the opportunity to go there by banana
boat and see Mt.Cameroon with its fascinating
vertical faunal zonation. In 1954, he was one of
the first Germans after the war whom the British
allowed to visit this ex-Cerman colony, the
western part of which was in Brit ish hands from
1918 to 1960. Five further expeditions to West
Cameroon and to Fernando Poo werr: subsequent-
ly organized in which the exploration ot reniote
mountain ranges often required wanking tours of
several days" In 1973, I had the opportunity to ac-
company Professor Eisentraut to the Cameroons
where I assisted him - apart from my own
herpetological collections- in his mammalogical
fieldwork.

As was the case with the book on the Bolivian
Chaco. Eise ntraut summarized all of his
Cameroon expeditions and excursions in an infor-
mat ive book " Im Schatten des
Mongo-mu-loha"( In the Shadow of Mt.
Cameroon, Bonn 1982), where he described not
only his biological experiences but also the
philosophicai attitudes which make the l ife of a
field biologist l ike himself so fascinating. The
reader can feel how a rich and extremely produc-
tive phase of his l i fe was inspired by the numerous
visits to this tropical country. His scholarly pur-
suits were not only acknowledged by awards l ike
the honorary membership of the German Mam-
malogical Society of the Commander's Cross of
the Order of Merit of the Federal Republic of Ger-
many, but more important for him is the certainty
that the coming generations of zoologists in his
Museum Koerrig wil l carry on the great work he
has so painstakingly and firmly established.

Received August 23, 1983
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In the first f ive parts of this synopsis, I have
covered all the recent families of bats indicating
their characters as derived from the hypothetical
primitive bat condition. In part 6, I wii l try to
point out characters by which various families can
be grouped into superfamilies, infraorders and
suborders on the basis of shared derived
characters. As wil l be seen, this attempt is not en-
tirely successfui, but I think some progress can be
made.

The first separation is obviously between the
Megachiroptera and the Microchiroptera, the
former represented by the s ingle fami ly
Pteropodidae. The Microchiroptera can be divid-
ed into two groups (here considered infraorders),
according to whether the premaxillaries are
moveabie in relat ion to the maxi l lar ies
(Rhinopomatidae, Craseonycter idae, Em-
bal lonur idae, Nycter idae, Megadermat idae,
Rhinolophidae) or fused with them (all other
microchiropteran families), both characters being
derived.

Within the infraorder with movable premax-
il laries, the Rhinolophoidea can be separated from
the remainder by fusion of at least the first
thoracic vertebra with the last cervical. They also
all show reduction of the nasal branch of the
premaxillary, reduction in number of phalanges
on the second digit, and freeing of the periotic
from surrounding bones, but these have all
(presumably independently) been acquired by the
Rhinopomatidae, Craseonycteridae, or Em-
ballonuridae. I have been unable to find any
shared derived character uniting the latter three
families to the exclusion of the Rhinolophoidea.
The Rhinopomatidae and Craseonycteridae share
the reduction of the palatal branch of the premax-
illary and loosening of the periotic (neither found
in the Emballonuridae), but, as mentioned above,
both characters are also found in the
Rhinolophoidea. I have also not been abie to
group any two of the rhinolophoid families
satisfactori ly. Each of the three families has its
owned derived chaaracters and there are also
shared derived characters such as the loss of all
phalanges on the second digit of the wing (uniting
the Nycteridae and Rhinolophidae) and the
presence of a noseleaf (uniting the Megader-
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Karl F. Koopman
Department of Mammalogy, American Museum of Natural History

New York. New York 10024 USA
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matidae and R.hinolophidae), but I see no non-
arbitrary basis for making a choice.

Turning to the other infraorder (with fused
premaxi l lar ies),  we can separate the
Phyllostomoidea on the basis of three rather weak
derived characters shared by the Noctilionidae,
Mormoopidae, and Phyllostomidae. These are the
shortened tail (presumably secondarily lengthened
in Lonchorina and Llacrophyllum), and the reduc-
ed number of lower incisors and upper premolars.
All three characters have, presumably in-
dependently, been simiiarly modified in various
vesperti l ionids. Within Phyllostomiodea the
Noctil ionidae and Phylicstomidae are mor! ueriv-
ed than the Mormoopidae in the more enlarged
trochiter (in which they parailel the Vesper-
ti l ionoidea). This last character is the only derived
one that I have found to unite all seven families of
the 1i 'espert i l ionoidea. The Natal idae,
Furipteridae, Thyropteridae, and Myzopodidae
share the derived character of loss of the single re-
maining phalanx on the second digit of the wing
(independently lost in the Emballonuridae,
Nycteridae, and Rhinolophidae). Of these four
vespertilionoid families, the Natalidae have re-
mained primitive in the characters examined, but
each of the other three (particularly the
Furipteridae) have derived characters of their own
but no very convincing shared derived characters.
Two of the three remaining vespertiiionid families
share the reduction of the palatal branch of the
premaxillary (presumably independently reduced
in the Furipteridae), though, apparently secon-
dar i ly ,  enlarged in some molossids.  The
Mystacinidae occupy a rather anomalous position.
They are primitive for some characters (retention
of a phalanx on the second digit of the wing,
absence of rostral shortening, a well-developed
palatal branch of the premaxilla) which have been
modified in some other vesperti l ioniod families.
On the other hand, the family is derived in its
short tail and in various other unique characiers.
Based upon derived (and where possible shared
derived) characters, I here present a tentative key
to the families of Chiroptera. In the next (and
final installrnent) I will present a revised classifica-
tion of Chirootera.
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Key to the families of Chiroptera
I' Usually with a claw on the second digit of the wing; molar t ieth highly modified for fruit or nectarfeeding, cusp homology with tribosphenic tooth 

-unrecognizable; 
tragus absent.

pteropodidae

II 'without a claw on the second digit of the wing; molar teeth usually adapted for insect f 'eeding,cusp homology with tribosphenic tooth almost-always recognizableit.ugi, ,rr^irv-pr.r.nr.

A. Premaxil lary bones only loosely attached to maxil laries.
1' Last cervical vertebra not fused with first thoracic; usually no special modification of the muz-zle or rhinarium.

a' Reduction of nasal but not palatal branch of.prernaxil lary; periotic sutured to surrounding
bones; tail present but shorter than uropatagium.

Emballonuridae

b' Reduction of palatal but not nasal branch of premaxil lary; periotic largely free frorn sur-rounding bones; tail either absent or much longer than uropitagium.
a' Only one phalanx on second digit of wing; t ichiter well developeri; no noseleaf; tail ab-sent.

Craseonycteridaeb' Two phalanges on second digit of wing; trochiter poorly developed; small noseleaf pre-sent; tail very long.

Rhinopomatidae2' Last cervical vertebra at least partly fused with first thoracic; always either a slit opening into anextensive epinasal chamber or a noseleaf present.
a. Epinasal chamber opening to the outside by a srit; no noseleaf.

b. No epinasal chamber; well developed noseleaf 
ycteridae

a' Premaxil lary vestigiar; trochiter poorry developed; tragus presenr.

b' Fairly well developed palatal branch of premaxillary; rrochite. *.tt c.u*lfj.g,i;d;:T:ffi:sent.

B. Premaxil lary bones fused to maxil laries. 
Rhinolophidae

1' Tail, i f present, usually shorter than uropatagium; rhinarium and,/or rnuzzlealways modified;never more than two pairs of lower incisors.
a' Rostrum always at least slightly t i l ted upwards in relation to the braincase: trochiter poorlydeveloped.

b. Rostrum not t i l ted upward in relation ro rhe braincase; rrochirer well o.".ro#lltoopidaea' Palatal branch of premaxil lary bone reducecl; iull l ips and somewhat tubular nostri ls burno noseleaf.

Nocti l ionidae

b' Palatal branch of premaxil lary bo:te not reduced; almost always with a true noseleaf atleast as represented by its basal disc around tht;;; i; i i t ( if not, then face covered withsmall cutaneous processes).

2' Tailalmost alwavs as long or longer than uropatagium; rhinarium and muzztejiJlfi:"#/;f;::usually three pairs of lower incisors.
a' Second digit of wing represctrtEr onlr,by metacarpal; ears more or less funnel-shaped.a' Wrists and feet equipped wii l larse suckers

a"Fusion of  f i rst  and second r l ,oraci ,  vertebrae; rostrum unshortened

b"No thoracic vertebral fusion; rostrum shortened. 
Thyropteridae

Myzopodidae

-
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b' No suckers on the wrists or leet.
a"Palatal branch of premaxil lary reduced; tail somewhat shortened, thumb clawless.

Furipteridae
b"Palatal branch of premaxil lary not reduced; tail long; thumb clarved.

Natalidae
b. Second digi t  of  wins'wi th a s ingle metacarpal ;  ears rarely funnel-shaped.

a' Tail much shorter than ttropatagiunt.

b' Tail as long or longer thari uropatagium.
a"Uropatagium considerately shorter than tail.

b"Uropatagium as long or nearly as lollg as tail '

{ to be cont inued)
Received Februarv 6. 1984

Use Of Nest Boxes on Revegetated Surface Mines by Bat, M)'otis Keenii

John J.  MoriartY'
Department of Forestry, University of Kentucky

Lexington, KY 40546 USA

Wayne H. Davis
Department of Biology, University of Kentucky

Lexington, KY 40546 USA

The use of roost boxes by bats is well knowu in
Europe (Greenhall, 1982; Krzanowski, 1955).
However, in the U.S. the use of man-made
roosting structures designed expressly for bats has
been reported by LaVal and LaVal (1980) for
Missouri and Storer (1926) for Texas. The
Missouri structures were used by Myotis lucifugu's
and the Texas structures by Tadarida mexicana.

While conducting a study of nest box preference
by eastern bluebirds (Sialict sialrs) on Falcon Coal
Company's surfacemines in the Quicksand area of
Breathitt County, Ky., rve found some boxes used
by bats. An individual of Myotis keenii was col-
lected from a bluebird box on l8 August 1983.
The same species was observed, but not collected,
in a different box within I km of the collected
specimcn. In the summer, Mvoti's keenii has been
reported previously in tree cavities, beneath loose
bark, and in buildings (Barbour and Davis, 1969),
but not in artif icial roosting cavities.

The two Aueust 1983 observations were the on-

Mystacinidae

Molossidae

Vesperti l ionidae

i-v r , ,6 records of  bats in Dtrxes uul l r rg wccKly ln-
rJtgct ions of  the 50 hoveq frnm l \4creh rn

September. Additionally, we observed bat drop-
pings in four of the boxes during inspections on
this site in 1982. There may have been more use of
buxcs by bais l l iarr  wc i ravc i lc i rcateci  oecause nlost
of  the bluebird inspectors were not t ra ined to iden-
tify bat guano, which could be easily overlrcoked.
All boxes used by bats had slot entrances, which
ranged in width form I to 1.5 inches, rather than
the circular entrance of standard bird boxes.

The use of nest boxes by Myotis keenii is impor-
tant because it suggests that they can be attracted
to artif icial roost sites. It is also important in that
the boxes were located on a revegetated surface
mine. The use of surface mines by many wildiife
species is sti l l  poorly known. The vegetation of
reclaimed surface mines, in its early stages. pro-
vides few if any potential roost sites for hole- and
crevice-roosting bats. Thus it is clear that the use
of roost boxes to attract bats to such revegetated
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mines needs further investigation.
Myotis keenii is known in Kcntucky from only a

fe-, sg311"r.4 localit ies (Barbou and Davis, 1974).
Ourl indings represent a new ccunty record.

We would l ike to thank I alcurn Coal Company
ror the use of their property.
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From the Managing Editor

Bat Research News has entered its 25th year of
publication with an article by Wayne Davis on its
origin and an editorial on the same theme by Kun-
war Bhatnagar. What began as a simple newsletter
has slowly evolved into a rather more elaborate
production. When Brock Fenton and I assumed
responsibility for Bat Research News with Volume
18 in 1977, we simply used the best typewritten
copy we could obtain, duplicated it, stapled it
together and off it went to the subscribers. It real-
ly was a "side desk" operation. However, during
the last eight years it has grown from about 24
pages per Volume to approximately 60 pages. In
addition it is now typeset which allows nearly
twice as much material per page, as well as a more
professional appearance. As Dr. Bhatnagar
pointed out in his editorial, we publish two to four
feature articles in each issue; some of these have
tables, figures or other illustrations which require
considerable production time. All in all, Bat
Research News has taken on a rather more profes-
sional appearance, but is now also more time-
consuming from a publishing point of view. I have
calculated that an issue of l2-16 pages requires ap-
proximately 200 hours of work from the time the
editor's manuscript arrives until that issue is in the
mail. In the past my campus was kind enough to
provide some assistance with typing, duplicating,
and mailing. These donated services are no longer
available and we must now do ali this ourselves.

We use student help where it's practical and com-
mercial services for typesetting, printing and bin-
ding. These commercial services are more costly
than student help but are also more professional.
We are confronted with the necessity to increase
our subscription rates to meet these added costs.

We are making a renewed effort to expand our
circulation and this will keep our costs down by
allowing us to distribute fixed costs such as
typesetting and layout over a larger number of
copies. We do not anticipate any additional cost
increases in the near future unless inflation
becomes really rampant, or we have a serious drop
in the number of subscribers (or Kunwar decides
to use color il lustrations).

The cost of an annual subcription will be ten
dollars per volume of four issues beginning with
Volume #25. We are offering an opportunity to
subscribe to Volume 25 and Volume 26 for a com-
bined price of $16.00 if you respond before
September l, 1984. If you have already renewed
and paid $6.00 for Volume 25, we thank you for
your early attention to this, and your reward is
$4.00 saved!

We appreciate your support and your continu-
ing interest in our efforts. We are enthusiastic
about the future of Bat Research News.

G. Roy Horst
Managing Editor
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ANNOUNCEMENTS

The Fifteenth Annual North American Sym-
posium on Bat Research wil l meet on October l9
and 20, 1984 (Friday and Saturday) at Rockford
College in Rockford, I l l inois. Larry Foreman of
Rockford College wil l be in charge of local ar-
rangements and Roy Horst wil l be in charge of the
program.

Rockford College is located approximately 90
miles northwest of Chicago. Dr. Forman wil l, in
due time, provide detailed travel instructions, a
description of the housing and dining facil i t ies and
other pertinent information. He has arranged for
our stay at the campus conference center at very
reasonable rates.

You wil l receive a formal call for papers, pre-
registration materials and other information from
Dr Hor"st rn early June

We are ecnec'ralrv interested in j: series of oresen
tations orr the biology of the alinrentary canal and
on new analytical techniques. If you are interested
in organizing either of these. contact Roy Horst at
vntrr  ear l iqst  nnnortrrni lv

lf you are interested in receiving registration
materials and other information about the Sym-
posium, please contact G. Roy Horst, Department
of Biology, State University College of Arts and
Science, Potsdam, N.Y. 13676. You should have
already received this information if you are on the
suhscr ipt ion l is t .

A number of  bat  b io logists (Horst ,  Kunz,
Phi l l ips) h ive recent ly been supported by Earth-
watch and the Center for Field Research in Bel-
mont Massachusetts. This non-profit organization
serves as a source of funds and provides teams of
volunteer workers of all ages and professional
backgrounds for f ield studies worldwide in
zoology, geology, anthropology and other
disciplines. They are currently supporting 330
research teams in 32 countries and22 states. Their
funds are provided in large part by their 13,500
members who are keenly interested in scholarly
research in many areas of science. Research teams
consist of the Principal Investigator, one or two
professional assistants, and up to 15 volunteers.
Teams are usually in the field for 2 weeks. A
typical project might have four successive teams
of eight volunteers each and the project would be
lunded for $20.{-X}l

lf you are interested in this prograrn contact Dr.
Sarah Bennett at rlenter for Field Research, 10
Juniper Road, Box 127. Belmon' ,  \ ' lA 02 178

OBITUARY

ur.  . losef ine Contant ia Rauch, professor in the
)cpartme:- '  ot  Zooiogy at  the Universi ty of
Manitoba suddenly passed away on February 22
I 984

Dr.  Rauch was born in St,  Margarethen,/Raab,
Steiermark, Austria where she attended school
and obtained a diploma in Medical Diagnostic and
Therapeutic X-Ray Technology.

She immigrated to Canada in 1956, completed
her schooling at Red Deer, Alberta, and then the
University of Saskatchewan. After graduating
with a 8.A.,  in 1962, she commenced graduate
studies at the University of Alberta, Edmonton.
She completed her M.Sc. degree in 1968, and
subsequently her Ph.D. (magna cum laude) in
197 l .  As a graduate student at  the Universi ty of
Alberta she was awarded a number of prestigious
scholarships and fellowships.

Following graduation, she joined the Zoology
staff at the University of Manitoba as an Assistant
Professor. She was promoted to the rank of pro-
fessor in the spring of 1983. While at the Universi-
ty of Manitoba, she was well-l iked and held in
high regard by students and colleagues. She was
an enthusiastic. dedicated researcher in mam-
malian temperature regulation and an authority
on the subject of hibernation. Dr. Rauch gained
international recognition for her detailed studies
of the topography, vascular izat ion,  and
hemodynamics of brown adipose tissues in small
mammals. Truly a comparit ive zoologist, she
published on a variety of topics, ranging from
cutaneous circulation in snakes to bioenergetics of
mammalian torpor.

Dr. Rauch was a member of a number of scien-
tif ic societies, and was active on the executive
committee of the Canadian Society of Zoologists.
She also served as a Senator on the University of
Manitoba Senate. She held honary memberships
in the Royal Society (London) for the Promotion
of Heal th and in the Manitoba Natural  Histor\
\ ,  r i . i  pf \ /

Dr. Rauch had at lended several  of  the Nort i
\ iner ican Symposia on Bat Research an(
trr csented her findings on thermoregulation ano
nietabolism in brown adipose tissue in bats. Her
friends and colleagues from the international com-
munity of chiroptoiogists sadly share this sense of
loss wi th her department and with her f r iends.
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FRONT COVER
C roseonyc teris t ho n glo ngyai

(Kitt i 's Hog-nosed bat)
A very small, bumble-bee sized bat (length of head and body, 29-33 mm; weight

1.7-2.0 g; length of forearm 22-26 mm), dorsally greyish brown, ventrally greyer,
membranes dark, eyes small, ears very large and membranaceous, no external tail. A
cave dweller in western Thailand. Discovered by the late Kitt i Thonglongyain 1973,
this bat now holds the distinction of being the world's smallest mammal and con-
stitutes the sole member of the new family Craseonycteridae (Superfamily, Em-
ballonuroidea). Poachers and souvenir hunters reduced its population to about 150
at the last count. Bat Conservation Internationsl has been instrumental in pointing
out its endangered status. This excellent photograph of a perched bat comes from
Dr. Merlin Tuttle, Bat Conservation International, Milwaukee Public Museum.

(Data from: J.E. Hil l 's monograph on the species, 1974: Bats, BCI, 1983;
Schober, W. The Lives of the Bats, 1984.)
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NEWS AND VIEWS

NEW SPECIES OF BAI 'S?
According to a rc-port by Sharon Begle,v

(Newsweek, Apr i l  16,  1984, p.  57) bats are among
the bizarre fauna and f lora of  Ncbl ina,  the
"Mountai t t  o l  the Mists" -  a 250-sqttare-mi le
Venezuelan tepu i  wh ich is a lancl- locked
Galapagos and is being esplorecl  by t j .S.  and
Venezuelan scient ists.  This report  included a
photograph of  an unident i f ied phyl lostomid bat.
New f inds,  i f  any,  wi l l  prove to be ver,v interest ing
and might "hold the kev to tw' t l  persistr- l l t  ques-
t ions of  evolut ion:  horv do species for l r t  and at
rvhat speed?"
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translat ion of  a beaut i fu l i f  i l lustrated book MIl
Ec'holot und Ultraschull by 51'lvia Furness).

Buls:  , .1 Naturul  Histor-y 'by John Edu'ards Hi l l
and James D. Srni th (Br i t ish Nluseut l ,  Natural
History/Universi ty of  Texas Press).

ERRAl 'A

Mr.  John E. Hi l l  of  the Br i t ish Muscum
(Natural  History) has cal led m) '  at leni ion 1o two
errors in p1, "$ynopsis ol '  Bats" ser ies.  In Part  I I
(BRN 23:26),  orr  the th i rd l ine f ronr thr .  bot tonr.
"palat ia l"  should read "r lasal ."  In Par l  IV (BRN
25:16),  in entry I I  A l  ,  "palat ia l ,  but  not
nasalbraneh of '  premai l lary reduced" should bc
added. In entr ies I I  Al  a and b.  referencc-s to the
prcmari l lar l ,  should bc deleted. In err t rv l l  A2,
"nasal  branch ol-  preniar i l lary reducccl  or  : lbscnt"
should be added. The aulhor fegrets thcse errors
in the or ig inal  accounts.

Kar l  F.  Koopnran
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SEYENTH INTERNATIONAL BAT RESEARCH CONFERENCE
THIRD EUROPEAN BAT RESEARCH SYMPOSIUM

Joint Meeting

19 - 24.q.LIGUST 1985
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Convcncrs: Paul A Raccy Adnm G Marshdl
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Telcphonc numbc' 0224-40241 Telex: 73458 UNIABN G

Volunre 25l.3/43()

l 'o  a l l  (h<lse in lerested in at lending the .Aberdeen Cl<lnference:

UPDATE: December 1984

Wc har, 'e received l50 provis ional  registrat ions and wi l l  be sending out f inal  registrat ion
forms, t ravel  detai ls,  etc.  ear ly in 1985 to al l  those rvho have f i led provis ional  registrat ions
and al l  those in the BRNI address l is t .

The conveners of  the three symposia on Echolocat ion (Fenton and Nenwei les),  Fl ight
(Norbeg and Rayner) ,  and Social  and Reproduct ive Biology (Kunz and Racey) have secured
excel lent  speakers,  and Cambridge Universi ty Press wi l l  be publ ishing al l  three together in a
single volume, wi th in ten weeks of  receiv ing camera ready copy. Professor J.D. Pye wi l l  a lso
convene a Workshop on Observat ional  Techniques. About 100 registrands wish to present
papers so rve wi l l  have some programming problems, and unless rnore people srv i tch to
posters in their  f inal  registrat ions,  the spectre ol  paral le l  sessions appears before us.

The Department of  Zoology, Universi ty of  Aberdeen, wi l l  contr ibute 100 pounds and Bat
Research News wi l l  contr ibute 150 dol lars (U.S.)  to a pr ize for  the best presentat ion by a
graduate student.

A 200 page issue to Myot is has been al located for publ icat ion of  submit ted papers.
The abstracts of  a l l  the papers presented wi l l  be publ ished as the November issue (Volume

26:4,  1985) of  Bat Research News.

QMC Instruments wi l l  host  a social  event (such as dr inks rv i th a poster session),  and there
wi l l  be a c losing dinner.

Our only regret  is  that  we are unable to organise the sort  of  spectacular bat excursion that
lormed such a memorable part  of  previous internat ional  gather ings.  Instead, we wi l l
subst i tute Scott ish cul ture and take those of  you who wish to at tend on a day excursion at  the
end of  the conference to wi tness The March of  the Men of  Lonach -  a pr ivate army who
parade with pikes and Lochaber axes in fu l l  Highland regal ia and accompanied by pipers,
dor.vn the beaut i fu l  val ley of  Strathdon to the Highland Games at  Bel labeg.

The provis ional  cost  for  the f ive nights of  the Conference, wi th fu l l  board,  wi l l  be in the
region of  120 por-rnds. We hope to reduce this for  students.  With ster l ing so u 'eak this must
be a good value, so wc hope to see many North American col leagrrcs in Aherdeen.

Paul A. Ra.^ey
Adrian G. Marshal l
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Thc l5th North Amcl ican Syrnposiun on Bal
Rcsearch met at  Rockford Col legc in Rockford,
I l l inois on C)ciober l9 and 20. 1984. There r lere
l2l  registered part ic ipants I rorn the lJni ted States,
Canada, N4er ico.  and Austral ia.  There rvere '11
papers presentecl  as rvel l  as sevcral  in iorn.ral
rcports.

Dr.  Thornas Kuuz was presented r . r i th the Clarr i t .
S.  Nl i l ler  Au'ard " l r t  recogni t ion of  oustancl ing
service anci  contr ibut ion to the f ie ld of
Chiropteran Bioklgl ' . "  Marlha Fuj i ta of  Boston
Universi ty and N' I .K.  (Ki t tv)  Crrst in of  the Unirer-
s i tv of  Tenncssee shared the a"vard for  the best
paper by a graduate studcnt.  Mark Br igham of
Carleton Ljniversi ty also received an alvard t 'or  h is
outstanding presentat ion.

At the business meet ing the nrembers of  the
Symposium elected to fo i 'ego a nreet ing i r r  North
,A,merica in 1985 so that rve wi l l  not  bc in conf l ic t
u, i th the Seventh Internat ional  and Third Euro-
pean Bat Research Con{erence in August.  This
Conference r . r , i l l  nreet in Abcrclccn, Scot laud from
August l9-24, 198-5.  (Those interestecl  u i l l  f ind
detai lcd informat ion elsewhere in th is issue.)

I lat  Researe h Nerr :

ABS'TRA('TS O[ I 'A PI-RS I 'RF,S[,N' I 'T, I )
Arranged alplrabel ieal l l  b1 f i rst  author

J-)

PROGRAM
F'IF' IEENTH ANNUAL NORTH AMERICAN SYMPOSIUM

ON BAT RESEARCH

Oclober l9-20, l9E4
Rockford Col lege, Rockford,  l l l in<l is

lnvi tat ions f 'or  the Sir teenth Annual  North
Alner ican Synrposium on Bat Research, to rncet in
Ctctob'cr  1986 r ' r 'ere reccived from Boston Unirersi-
ty (Tiromas Kunz),  Universi ty of  Massachusetts
(David Kl ingener)  and Universi ty of  ' foronto

(. lames Ful lard).  No decis ion n 'as made as to
rvhir :h one of  these invi ta l ions would be accepted.
The meinbers of  thc Symposium e.rpressed their
appreciat ion and grat i tude to Larry Forman for
l i is  excel lent  organizat ion of  the ent i re Sym-
posiunt.  We would also l ike to thank again Dr.
Norman Steu'art for making us feel welcome on
Rockford Carapus. Spccial  thanks are due - fom

Kunz, Kar l  Koopman, Brock Fenton, Krrnwar
Bhatnagar ancl  Al  Gardner for  chair ing t f re ses-
sions; and to Peter Augr-rst ,  Kunwar Bhatnagar,
Theodorc Flen"r ing,  Roder ick Suthers and Don
Wilson for evaluai ing the prese ntal ;cns h ' r ,  the
graciLraie students.  N' lany others have ionir ibuted
to thc succcss of  th is meet ing;  to those unsung
hc'rc les.  r r r r r  t . f rpt i ' t ' iat ion ancl  grat i r l rdr .

1 'he Synrpo-srunr c losed with l r igh l ;Eip1.:  t l :at
t l rost  ot ' i - ls  r . lor i i t i  rneet again next year t r ,  Anerr ,eett .

Rcspect l 'u l l t  : , i r i r r l i r r ,  d.  
L i .  i : i r , ; . ,  Fi , , . , i ; i  .

Prograrn Chairrrrarr

Immunocytochemistry' as a Tool F-or the Study of
H1'pothalamic and Pi tu i tary '  Hormones in Bats.
Edythe L.P. Anthony and Joan C. King, Depart-
ment of  Biology, Rhode Is lanC Col lege, Pro-
vidence, RI 02908 and Department of  Anatomy
and Cel lu lar  Biology, - I 'u l ' ts  Universi ty Schools of
Medicine. Boston. MA 02111.

The detect ion of  speci f ic  pept ide and protein
hormones b1, imntunocytocl'renristry has nrade
possible a wide varietl ' '  of rrrorphc'rlogical studies
related to the structure and lunct ion of  the
' ,er tebrate hypothalamic-pi tu i tary complex.  In
bats,  we have used immunocytochernistry at  both
l ight  and electron microscopic levels to ident i fy
the neurons within the forebrain that  synthesize
attd secrete luteiniz ing hormone relcasing hor-
ntone ( l -HRH). We have also ic leut i f ieci  the
pi tu i tary cel l  populat ion that is responsible for
synthesis and secret ion of  lutc in iz ing I . rorr .none
(LH).  These studies have y ' ie lded intr iguing rcsul ts

ihat  suggest several  potent ia l  modes of  interact ion
between these two systems. They have also reveal-
ed morpl.rological evidence for an ultra-short feed-
back mechanism along [ ,HRH nel i rons in bats.  In
addi t ion,  immunocytochemistry has been a
valuable tool for examining seasonal changes in
hypothalamic LHRH neurons and pi tu i tary LH
cel ls.  Comparat ive studies of  these systems across
phyla have provided new insight into unique and
comnron features of  th is neuroendocr ine complex
in bats and other mammals.  We have recent ly
adzrpted double immunocytochemical  label l ing
tcchniques to ident i ly  both LHRH- and
catecholamine-containing neurons in the same sec-
t ion using react ion products of  d i f ferent colors.
With th is erpanded capabi l i ty ,  we are now in-
vest igat ing poter- t ia l  s i tes of  i r r teracl ion between
these two neural  systems. Studies of  th is nature
have been made feasible onlv bv th is versat i le and
powerful  technique.
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exposure to a To ol '  l5 "C accompanied by reduc-
ing their  food intake to 50%r of  maintenance
resul leci  in hypothermia and dcath wi th in 36-48 h.
Ambicnt temperatures in the northern range of
th is species f requent ly drop below f ' reezing dur ing
the u' inter.  Mean annual  temperatures in the study
area i i re appror imately 11 -19 oC, howet,er roost
tempcratures recorded dur ing the study per iod
ranged 1l 'om 27.5-30o; al l  known wintcr  roost s i tes
are located within moderate tentperatLlrc geother-
nral zones. Muc'rolus cali.fornic'us are able to e.r-
tend their  range into the temperate zone by'  Lrs ing
natural l l r  heated roost s i tes to minimize r 'nefg! '  ex-
pendi tures dur ing the inact ive per iod.  Whi le
nretabol ic costs could be reduced further by
roost ing at  h igher temperatures,  roosts at  29"C
al low them to balance dai ly water budgets wi thout
requir ing the use of  f ree water.

Ttre Significance of Coloniality in Eptesicus
I'uscus. Mark Brigham, Department of Biology,
Car leton Universi ty,  Ottawa, Canada KIS 5ts6.

A number of theories have been proposed to ex-
plain animal aggregations. Using E. fusc'u.s l in-
vestigated whether these bats aggregate due to a
l imit  in the avai lable roost resources, access
preferred roosts where offspring can be more effi-
c ient ly raised, to avoid predators,  to t ransfer in-
format ion about resources or to minirnize t ravel
t ime to feeding locat ions.  As of  I  August 1984, I
had attached 76 radio-transmitters to 70 different
indiv iduals:  of  these. 51 were adul t  females,  7
were adul t  males and l2 were subadul ts.  The tag-
ged bats were monitored for a total of 453
transmitter nights. My results show no evidence of
a l imi ted number of  roost resources in my study
area (20 km south of Ottawa). On 59 occasions,
evicted or disturbed individuals moved a mean
distance oi  105.8 M, SE:9.94, to a new roost s i te.
In no instance did an indiv idual  jo in a preexist ing
colony when it switched roosts. I found that the
number of young raised to fl ight age was
signi f icant ly greater in control  colonies (un-
disturbed, where no closure took place) x -  0.97
young per adul t ,  SE:0.21, N-2 colony si tes.  ln
1983, in control  roosts,  I  found that radio- lagged
animals returned to the same day roost 94.4V0 of
the t i r re (N :  143 transmit ter  n ights).  I  predicted
that a c lumped exi t  behavior pattern rvor-r ld be
found i f  ambush predat ion was a rrrajor select ive
force. On l4 nights at  control  colonies,  the mean
number of  bats leaving within four seconds of  the
previous animal was only 35.590. On over 300
observer nights,  there was no incidence of  ambush
predat ion seen. The in lormat ion-center
hypothesis also predicts a c lumped exi t  behavior,
as well as following behavior to occur. On nine
nights I monitored colony departures where

follorving behavior could be recognized' On

average, only 8.490 of  the indiv iduals in each col-

ony iould have been follorving the previously

clepartecl individual using visual cues. The fact

that forced roost switches by radio-tagged animals

covered such short  d istances, is consistent wi th the

closeness to foraging area hypothesis.  My data

regarding foraging behavior hor'" 'ever, although

iniompletelv analyzed, indicates that th is species

is an opportunist ic feeder and as such, has no

definecl individual feeding areas. I conch-rde that

E. fus<'us roost together in "preferred" roost s i tes

to take advantage of  factors such as nl icrocl imate
that enhance their  reproduct ive ot l tpt l t .  The re-

maining four hypotheses did not seenl  to erplain

the bats gregariousness.

Low Frequency Auditory Sensitivity in the Pall id
Bat (Antrozous pall idus\. Patricia E. Brown, Alan
D. Grinnel l ,  amd Peter M. Nar ins.

Echolocat ing bats erhibi t  ercept ional  h igh-
frequency audi tory capabi l i t ies in response 1o the
ul t rasonic f requencies contained in their  or ie l t ta-
t ion sounds. Some bats appear to use low frequen-
cies also to locate call ing frogs and insect prey.
Several  species ut i l ize audible ( to humans) sounds
in communicat ion.  Using behavioral  techniques.
Poussin and Simmons (JASA 72,340, 1982) have
documented a low frequency'sensi t iv i ty at  I  kHz
in Epti.sicus fuscus. Pall id bats, Antroz.ous
pall idus, use high-frequency signals for echoloca-
tion, but also appear to uti l ize lorver frequency
prey-produced sounds while foraging on or near
the ground for anthropods and moths (Bell,
Behav. Ecol .  Sociobiol .  10:  211-223, 1982, and
Brown, unpubl .  data).  We now present neuro-
physiological evidence that bats of this species
detect sounds as low as 1 kHz, and are ertremely
sensi t ive at  9- l  l  kHz. Adul t  pal l id bats are
anesthet ized with Nembutal  and the infer ior  col-
l iculus exposed. Tungsten electrodes were used to
make multi-unit recordings from knorvn depths
below the surface in response to tone bursts for
rvhich thefrequency was incremented in 100 Hz
steps and presented via free-field calibrated
loudspeakers (an ADS-300 with output equal ized
+ 5dB from 2O}kHz to 20kHz and a Polaroid
ul t rasonic t ransducer f rom l5kHz to 90kl lz) .  For
each frequency, the threshold fc ' r r  the mult i -uni t
responses was determined. The frequency of  peak
sensi t iv i ty increased systenrat ical ly n ' i th electrode
depth.  At  or near the surface, marimum sensi t iv i -
ty was approximately 0-10 dB sPL at  9-11 kHz,
and 70 dB SPL at  2 kHz. At greater depths,  com-
parable sensi t iv i ty was seen at  f requencies as high
as 40-50 kHz. Our evidence of  low frequcncy sen-
si t iv i ty in the- pal l id bat is consistent wi th the
behavor ia l  observat ions of  the passive use of  prey-
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produced sounds in foraging and the act ive use ot
iow frequency communicat ion s ignals (Brorvn,
Zei t .  Tierpsychol .  4 l  :34-54, 197 6).

The Tinr ing of  Ovulat ion and Implantat ion in
M),otis lucif itgus. G. Dale Buchanan, McMaster
Universi ty,  Hamil ton,  Ontar io,  Canada L8N 325.

Since environmental  factors (e.g. ,  tentperature,
food supply) can alter the duration of pregnancy
in bats,  data obtained in one local i ty and cir-
cumstance may not apply to the same species in
other geographic or experimental situations.
Thus, in conjunct ion wi th other physiological  ex-
periments in this laboratory, the timing of early
pregnancy in Myotis lucifugus has been examined
as described below. Forty-two female M. l.
luci.fugtrs were collected from Craigmont Minc
during the week that departure from hibernation
began. Bats were caged at 20-22'C within 90
minutes of  col lect ion,  t ransported to Hamil ton the
next day, and maintained in large cages in a warm
(28-30")  room. Ten bats,  maintained in an ar-
tif iciai hibernaculum for a month since collectior.r
were also aroused and studied. Bats not kil led on
the first day were taught to eat mealworms and fed
10-15 rvorms/day thereafter. Autopsies were per-
formed at intervals of 24+ I hours after arousal,
except for day 0, when they were done 2 hours
after activation. Reproductive tracts were examin-
ed in situ for evidence of ovulation and implanta-
t ion,  excised, photographed, and processed for
further study. Four bats kil led on day 0 had pre-
ovulatory fo l l ic les.  In one, the ovum was enter ing
meiosis I. Two bats examined on day I had fer-
ti l ized ova in the oviductal ampulla. Two of four
with pre-ovulatory foll icles had first polar bodies
present. Three of four bats kil led on day 2 had
ovulated, and all bats with mature foll icles ex-
amined on day 3 and later had ovulated save one.
This bat, kil led on day 4, had a large foll icle in the
left ovary; however, the cumulus and granulosa
cells were small and compact and there was no
evidence of  meiot ic div is ion.  Bats k i l led on days 2
and 3 had 2-cel l  and 4-cel l  conceptuses in the
oviductal  is thmus; a27-cel l  morula was present in
the r ight  uter ine horn of  a bat k i l led on day 4;  and
blastocysts were found in the uter i  of  bats k i l led
on days 6 through 10. Al l  ovulated bats examined
on day l2 and subsequent ly were implanted.
Bilaminar-disc embryos were present in bats
autopsied on days l2 and 15; a t r i laminar-disc em-
bryo and early primitive streak stage were found
on day l4;  and embryos of  four and eight somites
were present in bats k i l led on days 16 and 18
respect ively.  These resul ts,  obtained under stable
exper imental  condi t ions,  agree with the minimum
est imates of  others of  the t iming of  ear ly pregnan-
cy in M. luci.fugus, and provide a basis for
measur ing environmental  inf luences on gestat ion.
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Bat Rabies in l l l inois,  1965-1983. Chr istopher D.
Burnett ,  t r l l ionois Natural  History Survey.

Bat rabies was l i rst  rcported from I l l inois in
1959. Since 1965, samples of  the specimens sub-
mit ted to the I l l inois Department of  Publ ic Heal th
for rabies test ing have been sent to the I l l inois
Natural  History Survey for species ident i f icat ion.
Of the 1,926 specimens that have been ident i f ied
to species dur ing the l9-year study per iod
(1965-1983),  4.890 (N:93) r .vere posi t ive for
rabies v i rus.  Annual  var iat ion in the incidence of
rabies ranged from a high of  16.390 in 1971 to a
lor,v of 090 the next year. The overall temporal
trend suggests a roughly cyclical pattern rvith
peaks at  appror imately 10 year intervals.  For the
seven species with sufficient sample sizes (N is
greater than 10),  the percentages of  rabies-posi t ive
specimens over al l  ) 'ears were,  in ascending order:
Myotis keenii 00/o (N-41), Nyc'ticeiu.s hume'ralis
1.890 (N:56),  Eplesicus J 'Lrsc 'us j .6o 1lV=615),
Lasionyc'leris noctit)agans 3.690 (N :167), Myotis
lucifugus 4.990 (N:82), Lusiurus borealis 5.4V0
(N:717), and Lasiurus c'inereus 8.5% (N -234).
Within species, the incidence of rabies was well
below these rates in most years; overall rates were
largely determined by apparent outbreaks in a few
years.  The incidence of  rabies was higher in
females than males of most species, but only in
Eplesicus fuscus was this dif lerence statistically
signi f icant.  Maps of  the geographic distr ibut ion of
various classes of specimens were generated by a
computerized geographic information system.

Comparative Analysis of the Echolocation Calls
of Australian Bats. Roger B. Coles and Anna
Guppy, Acoustic Laboratory, Department of
Behavioural  Biology, Research School  of
Biological Sciences, Australian National Universi-
ty,  Canberra A.C.T.,  Austral ia.

Interest  in the sonar systems of  Austral ian bats
has only developed recently. For many species the
echolocation call has never been recorded. In an
attempt to characterize the sonar signals of all
Australian bats, we have at present recorded and
analyzed the echolocation calls of 28 species. This
represents l5 of  the l7 genera in Austral ia.  Sonar
recordings have been collected in the field and in
the laboratory (anechoic). Many bat species can be
identif ied by their echolocation call, and the
results can be use to assist f ield surveys. However,
certain genera such as a Nyctophilus and Eptesicus
spp. have very similar calis which makes species
identif ication by sonar diff icult. The highest fre-
quency is used by Hipposideros ater, which uses a
CF-Fm signal based on a second harmonic CF
cornponent near l45kHz. In contrast the free-
flying cruising pulse of Tctdsruda australis has the
lowest f requency with a fundamental  of  l lkHz,
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i i 'h ic l - r  is  c lear ly audible at  n ight.  The echolocat ion
cal ls of  f ive Molossid species have been compared
(7. auslrali.s, Chuerophon jobensis, Mormopterus
bet'(arii, M. plonic'eps, M. loriue). When llying in
capt iv i ty l \ {o lossid bats alwal ,s use a mult ip le har-
monic FM pulse, however in the field a singie har-
monic (the fundamental) is usualiy expressed
when cruis ing.  In Molossids,  the f requency of  the
fundamental  of  the echolocat ion cal l  increases
with decreasing body size.  The wavelength of  the
fundamental  f requency in the echolocat ion cal l
corresponds closely lo the length of  the pinna for
each species.  The importance of  th is relat ionship
is determined by the sound diffraction properties
of the pinna. The fundamental  f requencies used
for sonar in the Molossid bats are at  a lower l imi t
for  which the ear is hiehlv direct ional .

Roosting and Foraging Areas of Epontophorus
wqhlbergi  (Pteropodidae) and Scotophi lus
leucogaster (Vesperti l ionidae) in Kruger National
Park.  M.B. Fenton, R.M. Br igham, A. Mi l ls ,  and
I.L.  Rautenbach, Departnent of  Biologr ' ,
Car leton Universi ty,  Ottawa, Canada KIS 586.

During Apr i l  1984 we used radio-tracking to
study the foraging and roosting areas of two
species of bats, Eytorttophorus wahlbergi and
Scotopl'r i lus leucogasler. Both species are knorvn
to roost mainly in trees and vve wanted to find out
i f  e i ther wotr ld adjust  i ts  roost ing area to minimize
commuting costs wi th respect to foraging areas.
We studied eight S. Leuc'ogaster (59 bat days in
roosts), and 10 E. wahlbergi (164 bat days in
roosts).  Nei ther species showed evidence of  ad-
just ing roost s i te to rninimize commuting costs.
the S. leucogasler roosted in hollow mopane trees
over l5 cm diameter breast height along the tops
of ridges, and foraged widely over mopane
rvoodland, r iver ine forest ,  and along r iver val leys.
They consumed a rvide range of insects, with
beet les usual ly const i tut ing 50Vo of  their  d iet .  The
E. rtohlbergi usually roosted in foliage in the
r iver ine forest .  One temale.  however.  roosted in a
shelter cave about 4 krn from the riverine where
she fed. The bats we studied frequently changed
roost s i tes but there was no evidence of  these
changes being associated with feeding areas.

Refuging and Resource Roulette in Curoll io
perspicil lata. Theodore H. Fleming, Department
of Biology, University of Miami, Coral Gables,
Flor ida 33124.

Refuging systems have been described as "the
rhythmical dispersal of groups of animals from
and their return to a fixed point in space"
(Hamil ton and Watt ,  1970).  A var iety of

organisnts,  including bees, birds,  bats,  and man,
use refuging systems as a basis for their foraging
or economic strategies.  In most refuging species,
densi ty of  foragers decl ines monotonical ly aw'ay
from the refuge or roost,  and an energet ic t radeoff
occurs between the distance traveled from the
roost and the amount of  intra-roost compet i t ion
each indiv idual  erper iences rvhenever food
resources are l imited. Whenever resources are
homogeneously distr ibuted around refuges,
theory predicts that  feeding si tes at  d i f ferent
distanses from the refuge should be vis i ted by a
random sample of  refuge inhabi tants.  I  tested this
predict ion by examining the distr ibut ion patterns
of, marked individuals of the frugivorous bat Cor-
oll ia lrcrspicil lata (Pthyllostomidae) roosting in
three caves located up to 5 km apart in Santa Rosa
Nat ional  Park,  northwestern Costa Rica over a
year 's cycle.  In the year,  bats were mist-netted,
marked, and released at  17 s i tes at  var ious
distances from the three roosts, which contained
100-300 Caroll ia depending on the season. Results
do not conform to predictions of refuging theory
in at least two respects. First, bat density did not
decline monotonically away from each roost. In-
stead, densi ty of  bats was more closely related to
resource density than to distance from a roost.
Second, non-roost s i tes did not contain random
samples of  the roost composi t ions,  at  least  dur ing
the wet season (June through November) when
resource densities are highest. Males tended to
forage away from sites used by young bats. Spatial
overlap between the foraging areas of the three
roosts was relatively low in the rvet season. Sex
and age-related foraging differences disappeared
dur ing the dry season (December through May)
when food resources are nruch more patchily
distr ibuted. At th is t ime of  the year,  a l l  bats f lew
long distances to ephemeral feeding sites, and
spatial overlap betrveen the foraging areas of the
roosts was about twice as high as in the wet
season. Seasonal changes in food availabil ity thus
appear to strongly influence the refuging behavior
of C. perspic'illctta. Competition for food both
within and between roosts appears to be higher in
the dry season than in the rvet season.
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Sperm Morphology of  Bats f rom l0 Famil ies:
Taxomonic Impl icat ions and Relat ionships at  the
Superfami l ia l  Level .  G. Lawrence Forman and
James Dale Smith,  Department of  Biology,
Rockford Col lege, Rockford,  l l l inois 61 101 and
Department of  Biological  Sciences, Cal i fornia
State Universi ty,  Ful ler ton,  Cal i fornia 92624.

The morphology of spermatozoa from males of
35 species represent ing 10 of  the l9 current ly
recognized families is described. Spermatozoa
from members of the following families are
descr ibed and i l lustrated in detai l  for  the f i rst
t ime; Pteropodidae, Embal lonur idae, Noc-
t i l ionidae, Nycter idae, Megadermat idae, Hip-
posider idae, Natal idae, Fur ipter idae,
Thyropter idae, and Mormoopidae. Comparisons
are made with other families for which descrip-
t ions are avai lable.  Within the Pteropodidae, sub-
fami l ies are highly dist inct ive,  much more so than
are the numerous subfami l ies wi th in the highly
diversif ied New World Phyllostomidae, some-
times described as an ecological parallel to the Old
World pteropodids.  Spermatozoa of  the
Natal idae, Thyropter idae, and Mormoopidae are
similar in general features, and all, especially the
mormoopid studied (Pteronotus parnell) are
simi lar  to the spermatozoa of  phyl lostomids.
Sperm cells of lr/octi l io qlbivenlris are remarkably
dist inct ive in s ize,  as wel l  as structure.  The cel ls of
Noctil io stand apart as unusual within the mam-
mal ia,  as wel l  as amongst bats.  The sperms of
nycterids, a furipterid, and megadermatids readily
distinguish each group at a familial level. Sperms
of the Embal lonur idae, Rhinolophidae, and Hip-
posideridae appear generalized, and perhaps
represent retention of a primitive morphology.

Background Clutter Interference in Target Detec-
tion by Big Brown Bats, Eptesicus fuscus. Kristina
Freder ickson and Phi l ip H.-S. Jen, Div is ion of
Biological  Science, Universi ty of  Missour i ,  Col-
umbia,  MO 6521l .

Big brown bats, Eptesicus fuscus, use short
mult ip le-harmonic f requency-modulated ul t ra-
sonic s ignals for  detect ing targets.  A previous
study shorved that the bats reject  c lut ter  in-
terlerence for moving targets more successfully
than for stat ionary ones (McCarty and Jen, J.
Comp. Physiol .  152:447-454, 1983).  Another
study indicated that when revolv ing and stat ionary
targets were presented simultaneously,  bats show-
ed a preference to the revolving target over the sta-
t ionary one. (Zhang and Jen, unpubl ished obser-
vat ion).  In order to fur ther study the ef fect  of
c lut ter  interference on the bat 's performance of
detecting targets, we measured the correct

Volume 25:3/4

responses of bats under the presence and absence
of clutter interference, respectively. Four trained
Eptesicus fuscus, were used for this study, which
util ized an elevated Y-shaped platform containing
a black box. The angle between two ramps was
60' .  Dur ing the test ,  a semicircular brass target
( th ickness: 0.05 mm, radius:  l6 mm) was random-
ly presented toward one ramp and the percent cor-
rect response was recorded. By means of electric
motors the target was oscil lated back and forth
(amplitude: 3.8 cm, average speed: 6 cm) and
revolved (300 or 1000 rpm) as desired. The init ial
bat-to-target distance was 30 cm, and this was
then increased in 20 cm increments unti l i t reached
110 cm. Frequency analysis of  the background
clutter (largely generated by the oscil lating ap-
paratus) revealed that it was mostly below 16 kHz.
However, some noise with frequencies as high as
32-48 kHz were also included. Our results show
that bats' correct response decreased with bat-to-
target distance and increased with experience. As
expected, the percent correct response of detecting
a stationary target in the absence of the
background clutter was higher than with the
background clutter, regardless of the bat-to-target
distance. In general, bats detected a stationary
target more successfully in the absence of
background clutter than a moving target in the
presence of background clutter. In other words,
the usual preference of a moving target over a sta-
tionary one by a bat can be overriden by the
presence of the background clutter.

Excluding Housebats with Birdnetting. Stephen
C. Franz, New York State Department of Health,
Wadsworth Center for  Laborator ies and
Research, Albany, NY 12201.

Ciicumstances frequently make it desirable to
eliminate commensal bats from certain structures,
particularly where there is a high risk of human
contact  (e.g.  schools,  hospi ta ls,  pr isons).  Most
authorit ies agree that the best bat management
strategy is exclusion (batproofing, denial of re-
entry) through some form of structural modifica-
tion. From public health and conservation view-
points, this is clearly superior to lethal measures.
However, this approach has often been pro-
blematic because bats are able to enter very small
openings and elimination of all such entry points
often is not practical or economically feasible. The
additional diff iculty of high ladder work after
dark required to close the last exit hole is a deter-
rent to many. A few exclusion devices have been
developed for application when the exit holes are
small in size and limited in number; these devices
are not readily adaptable to many situations and
may alter venti lation. Polypropylene birdnetting
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lures that  Dear a str ik ing resemblance to mam-
mal ian pinnac. The physiological  ef fects of  these
structures were deterrnined by a neurological  ex-
aminat ion of  the moths'  ears rv i th the structures
intact ,  obstructed or ablated. The rnodi f icat ions
increase both the moths'  abi l i ty  to local ize sounds
and their  sensi t iv i ty to high frequerrc ies (greater
than 70 kHz). In one species, II. curvil ine,t, in-
ter ference rv i th the structures resul ted in total
deafness to sounds above I  l -5 kHz. The ears of  11 .
l ich.vi were also eramined responding to recorded
echolocat ion cal is of  the insect ivorous bats,
M.volis nigricans (Vesperti l ionidae), Tonuti(t
svl t t icola (Phyl lostomat idae) and Pteronotus
parnell i i  (Mormoopidae) which are known t<r
feed, at  least  in part ,  on moths.  Large notodont id
moths at  the study si te possess general ly poor sen-
si t iv i t ies and external  audi tory modif icat ions may
have evolved in these insects as a response to the
predat ion pressures exerted upon them by ihe
faint ,  h igh f requency echolocat ion s ignals emit ted
pr imari ly by phyl lostomat id bats.

The Barro Colorado Island Bat Project. Alfred L..
Gardner,  U.S. Fish and Wildl i fe Service,  Nat ional
Museum of Natural  Fl istory,  Washington, D.C.
20560

On Barro Colorado Is land, Panama, a cooper-
at ive project  of  the U.S. Fish and Wildl i fe Service
and the Smithsonian Inst i tut ion rnarked bats and
monitored seasonal  and annual  var iat ion in their
distr ibut ion,  abundance, and natural  h istory f rom
1975 through 1980. Data gathered shed l ight  on
populat ion composi t ion and stabi l i ty ;  l i fe expec-
tancy and longevi ty;  abundance; night ly,
seasonal ,  and annual  movements;  synchrony of
reproduct ive act iv i ty wi th in and between species;
t iming of  reproduct ive cycles;  survival  and disper-
sal  of  recrui ts;  species divcrsi ty,  f locking, and
intra- and intcr-speci f ic  re lat ionships;  day and
night roost select ion;  roost ing and feeding
strategies;  and social  behavior.  The project  had
the cooperat ion ol  the Smithsonian f  ropical
Research Inst i tute,  which provided faci l i t ies and
access to an unmatched rcsearch reserve, and the
Nat ional  Zoological  Park,  which ntaintained col-
onies of  bats t l . rat  providcd indispensable
background inforn.rat ion,  part icular ly on
reproduct ive c1,c les,  grorvth rates,  and feeding
behavior.  Barro Colorado Is land harbors large
populat ions of  bats that  feed on the frui t  of
canopy trees, especial ly f igs.  Al though each f ig
tree frui ts only once or twice per year,  for  about
one week each t ime, these trees are abundant,  and
the asynchrony of  thcir  f ru i t ing rhythms
guarantees a t 'airl1" ut.rifornt abundance of f igs
over nine months of  the y 'ear.  Front August to Oc-
tober,  uhen f igs are scarcc,  a var iety of  other
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f'ruits are available to replace them. This unifornr
food supply at t racts a remarkabl-v diverse gui ld of
bats lbody weights in parantheses):  Art i l teus
li lerutus (69 g), .4rtibeus jatneicensis (50 g), Vattt-
p,v rodes r:a ru cc i ct I i (36 g), C h i rctd e r nt u v i I I osrt t rt 122
g\, Uroclertrta bilobctlurrt ( l8 g), L/atrrp,r,r'ops hellari
(16 g),  Art ibt :us watsoni(13 g),  Ar l i l teus pl tut ,ot is
(13 g), Votrtpl:ressrt n-t 'rrt lthuea (12 g), artd l 'arrt-
l).vressu pusil la (8 g). Althou-qh u'e marked all of
the bats that  we caught,  rve enrpl iasized Art ibeus
jarnuit 'ensi.s becar.rse it is abuudant (% of the total
bat catch on BCI),  easi ly captured b1'corrvent ional
mcans (mi,st  nets set  at  grorrncl  level) ,  and responds
rvel l  to handl ing and nrarking. I ts range ertends
from Nler ico south through Central  and South
America to Argenl ina,  and includcs rnost cr f  the
Antil les. Throughout lhis range, A. . juntaicensts
shows rnuch diversi ty in feeding habi ts,  roost  s i res,
and act iv i ty patterns.

Bioenergetics of Saccopteryx bilinestct (Em-
bal lonur idae).  Michel  Genoud and Frank J.
Bonaccorso, Department of Biology, Llniversit l,
of  Flor ida,  Gainesvi l le,  FLA 32611.

"I 'he thernroregulatory abil it ies if Sac'copler.vx
bil ineata and the microclimate in three daytime
roosts were studied in lowland Moist Tropical
Forest  in Costa Rica. Sixteen indiv iduals (mean
body weight :8.3 +"0.5 g) were mist  net ted ei ther
along trails in the evening or at their daytime roost
in the morning. Their  Or-consumption, body tem-
perature and thermal conductance at rest rvere
measured at ambier.rt temperatures ranging from
20"C to 37.2"C in an open air- f low respirometer.
Oxygen concentration was measured with a 50cc
Scholander gas analyzer.  Between 20 "C and 30'C,
the animals usual ly remained normothermic (body
temperature -  35.5 + 1.2"C, n:  I  1)  and their
O,-consurnpt ion was inverseiy related to the am-
bient temperature,  T. :VO: [m10,/gh'C]
12.26-0.35 T" ["C] (n:  l l ) .  Their  thermal con-
ductance averaged 0.32+0.03 ml0, /gh"C, which
is 92Vo ol  that  erpected from body mass. Two in-
dividuals entered torpor after the 2 hours of er-
posure to 20"C, as evidenced by a lower rate of
metabol ism and a lower body temperature.  The
thermoneutral  zone ranged from 30'C to about
35'C. The basal  rate of  metabol ism equal led
1.86+0.55 rrr10.zgh n- l0)  which is only s l ight ly
lower (910/o) than expected l rorn body mass. An
interesting feature is the very slight increase in
thermal conductance that occurred at tempera-
tures above 30'C, leading to a steep increase in
body temperature. S. bil ineuta uti l izes the typical
Embal lonur id roost ing posture,  which minimizes
contact  wi th the vert ical  roost  subtrate against
which i t  c l ings,  even at  h igh exper imental
temperatures. Roost temperatures appeared to be
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very stable.  Twenty-four hour rccordings shou'ed
ambient temperatures ranging frotn 26.0"C to
26.9"C in two si tes and temperatures f rom 26.4"C
to 21 .5 oC were measured at  noon in a th i rd s i te.

f)eteclion of a Target Under Different Conditions
of Movement by the Big Brown Bat, Eptesicus
J'uscus. Car l  Gold and Phi l ip H.-S. Jen, Div is ion
of Biological  Sciences, Universi ty of  Missour i ,
Columbia,  NIO 65: l  l .

Detection of a target presented under different
conditions of movement by l ' ive trained Eple.sicus
fus<'us was studied by uti l izing an elevated
Y-shalred platform containing a black bor. The
angle betrveen two ramps was 60o. A semicircular
target ( th ickness: 0.05 mm, radius:  l0 mm) was
randomly presented toward one ramp of  the plat-
lorm and the percent correct  response was record-
ed. By means of  e lectr ic motors,  the target was
osci l lated back and forth (ampl i tude: 3.8 cm,
average speed: 6 cm) and,zor revolved (300, 600 or
800 rpm) as desired. The bat- to- target distance
ranged from 30 to I  l0 cm. The frequency of  the
background noise was below 3 kHz which is out-
s ide the f requency range of  the bat 's echolocat ion
pulses.  The resul ts showed that a bat 's perf 'or-

in nar^^nfr , ! ,  e! , , r  - -orrect  response general ly
decreased with the bat- to- target distnnce. The per-
cent correct response l 'zrried fronr 66rro to 960,:o
when the target was presented Lrnder di f ferent
combinat ions of  osci l lat ion and re '" 'o lut ion.  The
highest value rvas obtained rvhen thc target was
osci l lated at  6 cm,/s and revolved at  600 rpm.
Under al l  test  condi t ions,  the bats consistent ly
shorved a higher percent correct  response for a
moving target than for a stat ionary one. These
data thus conf i rm previous f indings that bats
detect  moving targets more successful ly than sta-
t ionary ones.

On the Geographic Distribution of Greater An-
ti l lean Bat Species. Thomas A. Griff iths and
David Klingener, Department of Biology, l l l inois
Wesleyan Universi ty,  Bloominton, IL 61702 and
Department of  Zoology, Universi ty of
Massachusetts,  Amherst ,  MA 01003.

Compi lat ion and analysis of  geographic
distr ibut ions of  a l l  known l iv ing Ant i l lean bat
species reveal that there are two overall distribu-
t ional  pat terns in Greater Ant i l lean bats.  The f i rst ,
found among most of the earliest known bat col-
onizers of  the Ant i l les,  is  a pattern where Cuban
and Hispaniolan bats have a c lose taxonomic rela-
t ionship,  whi le Jamaican and Puerto Rican bats
are more distant ly related. This pattern supports
either a l imited vicariance model for early An-

t i l lean colonizers or,  less l ikel l ' ,  a dispersal  model
modif ied to take into account mid-Tert iary '
geography. The second, found among more recent
bat colonizers,  is  a pattern of  species bui ldup in
the western Ant i l lean is lands of  Cuba and
Jamaica, wi th very l imi ted dispersal  eastward. The
second pattern supports a dispersal  model
modif ied to take into account Pleistocene cl imat ic
cycles.

Hearing and Acouslic Communication in the
Australian Ghost Bat. Anna Guppy, Roger B.
Coles,  and J.D. Pett igrew, Acoust ic Laboratory,
Research School  of  ts io logical  Sciences,
Austral ian Nat ional  Universi ty,  Canberra,  A.C.T.
2601 Australia and Department of Physiology and
Pharmacology, Universi ty of  Queensland, St.
Lucia,4067 Austral ia.

The neuial  audiogram from the midbrain of  the
Australian ghost bat (Mac'rrxlerma gigas) in-
dicates that the audi tory system has two frequency
regions of  h igh sensi t iv i ty.  The high frequency
region covers the range 32-45kHz rvhich cor-
responds to the energy peak of  the second har-
monic ol  the echolocat ion cal l .  The echolocat ion
call is based on a rnodulated fundamental fronr
20-17kHz rvhich is normally suppressed with most
ol  the energ) '  in the second and third harmonic.
The low frequencl ' region of  the neural  audiogram
had extremely high sensi t iv i ty and occurs betrveen
l0-20kHz. This l requency band is used for social
communicat ion and several  non-sonar vocal iza-
t ions have energy peaks around 6- l5kHz. The
neural  data indicates that audi tory sensi t iv i ty is
reduced sharply below SkHz and above 50kHz
suggest ing that the f requency l imi ts for  hear ing in
the ghost bat extends from 3-100kH2. Social
vocalizations such as the chirp, trvitter and tri l l
have song- l ike qual i t ies wi th stereotyped
amplitude and f'requency modulated elements.
Some communicat ion cal ls such as the twi t ter ,  t r i l i
and rasp are used extensively within the day roost.
The chirp call which has a main energy band be-
tween 8- l5kHz also contains discrete ul t rasonic
elements. The frequency of chirping in the day
roost increases towards dusk and at night the chirp
is audible over long distances in the foraging
areas. The chirp may funct ion as a contact  cal l  or
for  spacing. There is also a "nocturnal  scream"
which is used by bats when they fly close to an ob-
ject .  The diet  of  the ghost bat indicates that i t  is  an
opportunistic feeder preying on small vertebrates
such as birds,  smal l  mammals,  f rogs and other
bats, as well as insects. The extren.re sensitivity of
the lower frequency hearing region in M. gigus
supports the idea that Megadermatids may detect
and local ize prey by passive l is tening. In the f ie ld
ghost bi t ts are easi ly at t racted by erper imental
sounds such as an Audubon bird cal ler  or  a
pla-ved-back tape recording.
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Scent Recogni t i< ln Between NIol l tcr  and Young
Tadaritla brs:,iliensis me-riccrnu. M.K. Gustin,
Department o1'  Zoology, Universi ty of  Tennessee
37996.

Studies using genet ic markers have shown that
fenrale Todaridu bru:iliensis trtexicana selectively
nurse their  o\ l 'n pup or one of  s imi lar  genotype.
Several  cues that females ma) 'use to relocate their
young within materni ty colonies are being in-
vest igated. These include memory of  the pup's
locat ion in the creche, pup vocal izat ion and, as
wi l l  be discussed hcre ,  pup odor.  Observat ions on
capt ive colonies of  several  femalcs and pups reveal
that  a fcmale smel ls each approaching pup and ac-
cepts only her or,vn pup for nursing. She pushes
away or runs away from pups other than her orvn
that at tempt to nurse. Bioassays consist ing of  dou-
ble bl ind,  y-rnaze choice tests were conducted in
which a mother was presentecl lvith odor from her
own pup versus odor f rom a randomly chosen
pup. Results shor.v that mothers are very successful
at discriminating oclor from their or.vn pups (P
: .001).  Since the mother 's nluzzle comes in con-
tact  wi th the pup repeatedly dur ing the recogni t ion
and nursing, the pup may be marked with scent
mater ia l  produced by glands that are located on
the mother 's muzz- le.  To test  th is,  b ioassays were
done to determine i f  lactat ing females could
distinguish their own muzzle odor from that of a
randomly chosen lactat ing female and i f  they
responded sinr i lar ly to to scent mater ia l  f rom non-
glandular areas of  their  own bodies.  Females were
significantly able to recognize their own muz-zle
odor (P .001),  but  they rvere not as successful  at
dist inguishing between scent samples f rom lower
back fur (Pir , .976r.  Histological  and biochemical
analyses are current ly underway to character ize
the muzzie glands and the nature of  the scent
matcr ia l  urcd in nrarking pups.

Populat ions of  Cave-Dwel l ing Bats in Penn-
sylvania.  John S. Hal l ,  Department of  Biology,
Albr ight  Col lege, Reading, PA 19603.

A survey of  populat ions of  cave-divel l ing bats
has been conducted in Pennsylvania s ince 1977.
More than f i f t l 'caves and abandoned mines have
been invest igated. Emphasis has been placed on
locat ing rare and endangercd species of  bats.  Sir
species of  bats can be f 'ound using caves and aban-
doned mines in the state.  for  rv inter hibernat ion
and swarmitrg act iv i t ies throughout the summer
months.  Thc endangered Indiana Bat,  Myol is
sodalis, rvas originally found at l3 sites in the state
between 1932 ancl  1945 by Char les Mohr,  wi th the
populat ion numbering at  least  5000 indiv iduals.
The litt le brown bat, Myoti.s luciJugus is the most
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abundant species in the state,  wi th the largest
hibernating colony found containing over 2000 in-
dividuals. The eastern pipistrel, Pipistrellus
subflctvus, is found in most caves, but usually only
a few indiv iduals in any one ca.re.  Keen's bat,
Myotis keenii, is rarely found hibernating in
caves, but is commonly caught in mist-nets set  up
at cave entrances. The rare small-footed bat.
Llycttis leibii,has been found in less than [en caves
in the state,  wi th l5 indiv iduals the most seen in
any one cave. This species also is of ten caught in
mist-nets at  cave entrances.

Evolut ionary lmpl icat ions of  Chromosomal
Homology Among l 'our Genera of Emballonurid
Bats.  Craig S. Hood and Robert  J.  Baker,  Depart-
ment of Biological Sciences and The Museum,
Texas Tech Universi ty,  Lubbock, TX79409.

Standard karyotypic data ara available for 9 of
the I I currently recognized genera of the
chiropteran fami ly Embal lonur idae (Ray-
Chaudhuri  et  a l . ,  l97l ;  Baker et  a l . ,  1982).  In th is
paper,  we eramine the extent of  chromosomal
homology among seven species representing four
genera (R h y n c' h o n c1, t e r i s, S a c c'op t e ry x, C o r nt u ra,
and Tqpltctzous) using G- and C-band data.
Heterochromai in is restr icted to centrometr ic
regions in all taxa except Corrnura, which
possesses large blocks of C-positive material er-
tending proximally from the centromere. G-bands
comparisons of euchromatic arms reveal that none
of the arms of Cornrura can be identif ied in the
other embal lonur ids examined. Eight autosomal
arms are shared among the genera Rhyn-
chonycteris, Soccopteryx, and Taphozous. Thc
autesomal arms of  the three largest biarnrcd
chromosomes are present in the three ge-nera,  bul
these have undergone translocat ion reai-
rangements to produce unique arm combinat ions.
Taphozous and Rhynchonycteris share an unique
arm combination, whereas the three species of
Saccopteryr share another. Saccopteryx bilineatct
and S. lepturrr share two unique arm combinations
when compared with S. canescens. G-band
homologies between emballonurids and other
microchiropteran families (Phyllostomidae and
Rhinopomatidae) rvere not evident in our com-
par isons. Based on these resul ts,  chromosomal
evolut ion wi th in the Embal lonur idae includes. l )
extensive reorganization of euchromatic l inkage
groups (e.g. Corttruru), 2) conservation of
autosomal arms in Tctphozctus, Rhynchony<'teris,
and Sac'copteryx, and 3) translocation rear-
rangements of  these autosomal arms within the
lat ter  genera.
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are most l ikely using a non-predict ive t racking
strategy and simply aim at  the last  known target
posi t ion.  Whi le th is at  f i rst  scems l ike a sub-
opt imal technique i t  ntay actual ly be the most ap-
propr iate to use since prey may not f ly  in predic-
table pattcrns.  Furthermore. by ent i t t ing sonar
pulses at  a high rate the t racking lag can be made
very smal l .

Sociaf Organization <tI Artibeus jomaicensis in
Capt iv i ty.  El ise Mayrand and Georg Baron,
Department of  Biological  Sciences, Universi ty of
Montreal .  Montreal .  Canada H3C 3J7.

A group of six Artibeus jarttaicersis (2 males
and 4 females) has been studied at the Centre de
Recherches caraibes, N,{art in ique, f rom Apri l  l98l
to August 1981. The bats,  indiv idual iy ident i f ied,
were housed in an outdoor enclosure large enough
to al low f l ight .  A wooden roost ing box com-
municated with the l ' l ight cage. Animals were fed
ad. l ib.  wi th local  f ru i ts.  Observat ions were made
on a daily basis for a 2-hour period per night. Ses-
sions were shifted in order to cover the whole
night ( f rom l8:00 to 6:00) in s i r  days.  The social
interactions were recorded and the protagonists of
each encounter were ident i f ied.  The fol lowing
behaviors were considered: sni f f ing,  d isplacing,
mount ing,  str ik ing wi th the head or a fo lded wing,
lateral contacts and forelimb appositions. Four
scannings were done during each observation ses-
sion in order to locate the bats in the enclosure and
to ident i fy the associat ions among them. In the
roosting cage, Artibeus jarnait 'ensrs has social
organization based on a polygynous system. Each
male was seen to be associated with I to 3 females,
but one of  them (Ml)  had more success than the
other since he has been seen more often together
with females (X'  :9.04, P:0.01, df  :  l ) .  Ml also
showed more mounting, forelimb position, lateral
contact and sniff ing than M2 in his encounters
with females.  Mount ing,  str ik ing of  the head or
the wing and displacing were frequently observed
during male-male encounters, probably to prevent
invasion of  the terr i tor ies.  In contrast ,  females
behaved quite independently. While the two males
had moderately stable territories, females fre-
quently relocated and changed partners. From
these observat ions,  females do not appear to ( l )
form stable social units or (2) to share a fixed area.
Therefore the defense of the females by a male
does not seem to be feasible and we can presume
that polygyny must be based on resource defense
(roosting places) rather than on female-groups
defense. Resource-defense polygyny should evolve
when a resource is l imited so that only few males
can benefit from it, or when its quality varies
greatly in such a way that some of the males have
better territories than others (Orians, 1969). In

this study, the usable supert icy tor  the establ ish-
ment of  terr i tor ies was 2.5 m'.  As each male oc-
cupied a maximum ol  0.25 m' we do not consider
the roost ing places to be l imi ted. However,  the
qual i ty of  the roost ing places within the enclosure
is different. In fact, Artibeus jarttaicensi.s strongly
prefers roosts located at the top and in the corners
of the cage probably to avoid disturbances. Since
these differences are not prominent, other factors
could be involved in th is resource-defence
polygyny. The harem systern is not observed in the
fl ight cage. Animals did not associate in social
groups and showed significantly fewer interac-
t ions than in the roost (X' :241 .14, P:0.001,
df  :  1)  even i f  they were c lumped in a corner of  the
fl ight cage. Artibeus jamoic'ertsis probably does
not defend territories on the leeding site as the on-
ly two individuals rvho had preferred roosts
generally did not attempt to chase intruders. In the
wi ld,  the cost of  terr i tory maintenance on the
feeding site is prohibit ive for Artibeus jantaicensrs
because of  the spat ia l  and temporal  d istr ibut ion of
the fruits which are available in locally superabon-
dant patches (Morrison, 1979). Furthermore,
males cannot support harems because they cannot
energetically afford the delense of widely dispers-
ed females. We can consider the situation in cap-
t iv i ty to be simi lar  to the s i tuat ion in the wi ld:  the
fruits were presented in a single place preventing
establ ishment of  terr i tor ies.  In conclusion, harern
organizat ion is di f f icul t  to maintain outside the
roost ing place because ( l )  males cannot provide a
protected resource to the females and (2) they can-
not jo in a female group since the lat ter  forage in-
dependently.

In-Cave Video Analysis of Pup Discrimination
and Nursing Behavior in Maternity Colonies of
Tadarida brusiliensis mexicana. Gary F. Mc-
Cracken, Department of Zoology, University of
Tennessee. Knoxvil le. TN 37996.

Recent research on nursing behavior in
Tqd(rrida brasiliensis mexicana has shown that
auditory and olfactory information is available
and may be used by a lactating female to
discriminate and selectively feed her own pup
within the enormous maternity colonies (creches)
that are characteristic of these bats. Although col-
onies may consist  of  several  mi l l ion indiv iduals,
precise or approximately knowledge of where in
the cave a female can expect to find her pup may
greatly l imit the number of pups a female must
discriminate among. Study of the daily move-
ments of marked individuals shows that juveniles
are capable of moving substantial distances and
that individuals marked while roosting adjacently
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movc independent ly of  one another.  J 'hc rnean
straight- l ine distancc ntoved dur ing the f i rst  24
hours af ter  marking (Y:11.45+ 27.89 cm) was
not s igni f icant ly '  d i f ferent f rom movements in
subsequent 24 hour per iods (Y:49.40+ 26.90
cm; .5 P .9;  t - test) ,  demonstrat . ing that the
disturbance caused by marking did not resul t  in in-
creased movemen[.  Use ol '  v ideo r ,v i th in natural
roosts has al lowed observat ion of  female behavior
and mapping ol  female movements f rom when
thcy land on the crechc unr i l  they f ind and nurse
their  pups. For s i r  searches that have been map-
ped to date,  the mean straight- l ine distance from
where a female landed to where she 1'ound her pup
was 40"63 + 31.84 cm. The longest search mapped
involved a straight- l ine distance of  90.24 cm from
the locat ion of  landing to the locat ion of  pup.
Treat ing th is distance as the radius of  a c i rc le wi th
the landing locat ion as i ts center,  and given a
mean densi ty ol '  I  pup,z5 cm' wi th in the creche, I
est imate that th is female was capable of
discr iminat ing among appror imately 5000 pups.
These video analyses also are valuable in answer-
ing or pror, ' id ing insight to many other quest ions
regarding the searching and pup discr iminat ion
behaviors that  a l low select ive nursing in these col-
onies.

Lunarphi l ia:  Goatsuckers Are Not Bats.  A.  Mi l ls ,
Department o|  Biology' ,  Car leton Universi ty,  Ot_
tawa, Canada KIS 586.

Most nocturnal  f ly in,e insect ivores are bats and
al l  o l ' thent rel-v- '  to some extent on echolocat ion for
or ientat ion and for the detecr ion ol '  prey.  A
signi l ' icant number of  b i rds,  how,ever,  are also
nocturnal  inscct ivores,  most ol  them in the iami ly
Caprimulgidae, the goatsuckers.  There is no
evidcnce that thc insect ivorclus capr i rnulgi forms
rcly on echolocat ion 1 'or  or ientat ion or locat ing
prey. I found thar Whip-poor-wil ls (Caprimulgus
voc'i./ 'erLts) in Ontaricl shorved a positive correla-
t ic ln ol '  their  terr i tor ia l ,  leeding and reprocluct i re
act i \ , ' i t ] ,  u, i th br ight  moonl i -eht ,  suggest ing thar v i -
s ion plays an intportant role in or ientat ion.  ln
( , -onlrast ,  lunar phobia seems more tvpical  of  bats.

Long-Term Changes in Harems of the l 'ruit Bat
,4rtibeus junruicensis. Douglas W. Morrison and
Charles O. Handley' ,  Jr . ,  Department of  Zoology,
Rutgers Univcrsi ty ' ,  Nervark,  Nerv Jersey 07 102
and Divis ion of  Mammals,  Smithsonian Inst i tu-
t ion,  Washingron, D.Ci.  20560.

C)n Barro Colorado ls land, Panama, the f ru i t
bat Artibeu.s .jatnaicerrsrs has a harem mating
system based on male del 'ense of  t ree hol lows used
as day roosts by females.  Previously rcported

Volr.rme 25:3/4

radio-telcmctry and infrared observations made
during an 8-week breeding season (Morr ison and
Morrison 1983; Ecology 49:684-686) revealed
that: (a) harem females scatter widely when forag-
ing and so are indefensible away from the roost;
(b) harem males spend most (greater than 9070) of
the night wi th in 50-100 m of their  roost  hole,  f re-
quently f lying to inspect the entrance, chase off in-
truders, or escort returning females. We here
rcport the resuits of 2 longer term studies designed
to determine when and why females join harems.
STUDY l :  In 3 years of  mark-recapture records
on 88 adults from 2 roosts: (a) tenures of the 7
harem males ranged from less than 3 to greater
than 17 months.  One was able to regain his ex-
clusive posi t ion af ter  being replaced. Other males
were tolerated only while they were juveniles; (b)
tenures of the 44 females recaptured l-6 times
averaged 14 + 9 months,  including 14 females in
residence for greater than 2 years. Females seem to
be more at tached to the roost s i te than to the
harem male;  (c)  juveni le females did not become
members of  their  mother 's harem, but jo ined
other harems as subadul ts.  STUDY 2: Forty ar-
t i f ic ia l  t ree hol lows were inspected for l4 months
to determine whether sui table holes are f i rst  col-
onized by females (with a male appending himself
later), or whether the holes are first used by a male
who than recrui ts females.  Unfortunately,  no bats
were among the many species found in the ar-
t i f ic ia l  hol lows, so the quest ion remains as to
whether or not suitable tree holes are a l imitins
resou rce.

Distribution of Five Neuropeptides in the
Stomachs of Selected Genera of Bats. Carleton J.
Phil l ips, Department of Biology, Hofstra Univer-
s i ty,  Hempstead, NY 11550.

Previous investigations have revealed numerous
microanatomical, interspecific, differences in the
gastric mucosa of bats. Some of these differences
can be related to diet, whereas others can be cor-
related with systematic relationships. One area of
special interest is the entero-endocrine cells, which
differ in numbers and type. To elucidate such dif-
ferences, immunohistochemical techniques were
employed for local izat ion i f  neurotensin,  vasoac-
t ive intest inal  pept ide (VIP),  g lucagon, serotonin,
and somatostat in in the gastr ic mucosa of  species
of Cynopterus, Eon_yL'teris, Megadermu, Rhino-
lophus, and Pipistreillrs. No two genera were ex-
actly the same when compared as to presence or
absence or distr ibut ion of  th is set  of  neuropep-
t ides.  Furthermore, dist inct  d i f ferences also were
found in local izat ion of  neuropept ides in ei ther 1)
entero-endocrine cells, 2) nerve cell bodies, or 3)
fine nerve fibers. Neurotensin was never found in
entero-endocrine cells and seemingly is lacking in
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Ettrt.r ' t !t ' t ' i .s a.r'rcl Pi1ti.sIrt ' | |tts. YIP ',vas Iocalized in
ei ther ncrve ce l l  bodre s or.  l i t ic  l ibers in al l  l i r  c
spccics.  ( i lucagon \ \a\  n() [  tot t t tc l  i t ' t  C' .v ' t t r t l t lu u.s
but w'as louncl  in cntcr()-cndocr i r tc ecl ls o1'  thc re-
rrraining spccics.  Scr() lotr i l t  (5H1-1 ar lc l
sonratostat in rvcre lounr l  in ct t tero-endocr ine cel Is
of  a l l  f ive spccies.  but  in di l lcr ing abundal tcc.
Rhi t to lophui  d i l ' l 'crcd I ' rorrr  a l l  other genera in
havir tg posi t i l 'e  reacl ions to al l  l ' i lc  neuropcpt ides
in nerve cel l  bodies.  Distr ibut ion atrc l  prcscncc or
abscncc of  the f ivc ncurclpcl . t t ic lc-s could not bc
cctrrc latcd in a general  \ \ ' l IY to diet  or  to
sVslenral ics br-r t  insleacl  scct t rccl  to corrc latc l ( )
gcncral  structural  l 'calures ol ' the gastr ic n)ucosa.

Tne t ; -  and ( l -Band K:rrvol1 pes of  lhe l lh ino-
pomatidac (  N' l  icrochiroplera ) .  l \ lazi  n I3.  Qurnsi  I 'eh
ancl  Robcrt  . l  .  Bakcr,  l )cpartnrcnt ol  Biological
Scicrrecs ancl  

. l -hc 
N' l r rse rrrrr .  - fcras Tcclr  Unir  crs i -

t1,  l .Lrbbttck.  IX 79.109.

(i- and C-bancl kar'1 oli 'pes t '>l Pltittoltortru ltutrl-
t r iL 'Aci  (2n -  36,  FN -  6t i )  and /1.  r t t i t ' ro l t l t_vl l r r r t t
(2r t  -  42,  I ;N -  66) are prr 'scntcd and conrparecl .
The di l ' l 'erences i i rc crplaincd by'  t l i rce l ' r rs ion, / l ' is-
s ions artd t*  o inr  crs ions. Heterochronrat in i :
rcstr ictcd to thc centr()nrL ' r ' ic  regirrns in both
specics.  l -o tc: i t  thc concl t rs ion ol 'Ra1'-Chauclhur i
ct  a l .  (1968)bascd on stanclarcl  karvoty 'pes that thc
Nlegachiroptcra shotr lc l  shorr  c lose gertc- t ic  af-
l ' in i t ies tc l  thc Rhinoptrnrat ic lae,  u 'e hi ive cclmpare-cl
the Ci-bi indcd karvotvpes ol 'Rottsel l i ts  and
I l l t i r ro l totr tu and fotrnd onlr  l ' i i 'e  shared autosornal
anns. On the othel  harrc l ,  therc arc rnan) '  shared
arnls bctrvcen Rlt i t to l tot t tu i tnd i \ ' fut ' ro lu.s
t t 'ut t ' r ' l totr .s i i  l r roposecl  as pr inr i l i rc f 'or  the l -anr i ly
Ph1' l lostomidac. C'oncl t rs ions rrrc l )  s in i i lar i t ics in
stanclarcl  kar l 'ot1 'pe betucct t  Rl t i r to l tor t tu artd
Rott \ r l t l t t  c lo uot incl icatc-  a c l r ) \c gcnct ic l inkage
lc la l i i lnship,  and 2) c l r r r ing t l rc 'evolut ion rr l ' lhc
Nl icroehi loplcr i l ,  sonrc l i r rkage groups \ \ ,crc c() i r -
serr  e d and cal l  bc idcnt i l ' ie c l  in both thc-
Rhi no; lornat idac ancl  I )hvl lostornidae.

Ttre Encrgetics of Rcproductit ln in [ ' ,ptesicus

. f ' t tscus, the Big Brown Bat.  Hol l t '  Stack,  Depart-
nrent ol 'Biology, Boslort  Universi ty,  Boston, NIA
022 1 5.

Thc energl ,  d1'namics t t l '  reproduct ive fcmale
and juvenile big brorvrt bats (Eplesicus .l i tscus)
rvere invcst igated. Thc cncrgv al located to produc-
t ion s 'as deterrnined b-v bodv contposi t ion analysis
and the energy del 'o1ed to ntaintcnance r 'vas dctcr-
nr ined b1'  nretabol isnr studies.  Thc lar-ee i t rcrease
in nrass of  pregnant I 'er t ta les seen was due not onlv
to t l . rc gro* ' th o1'  cntbr los,  but  a lso to a r l r id-

prcgnanc! storagc ol ' I 'at ,  tVl t t , i  l l le l l i ic t lo l l  ( ) l
bot . l t '  lat  inclensc'c l  l -1\ '  680b i t t  or tc r icck.  Bv par-
tur i t ion,  thc cnclgl '  cc)r l ic l t t  o l  c l l tLr t . \ 'o bton. iasr
( t r ' "o crrrbry 'os) r ' ,as cst inratcd al  8.0- l  kcal ,  ar tc l  l l rc
a! 'era-rre gro* l l t  ra le over the s i r  \ \  ccks ol 'pfcgl ta l l -
cy was 0. l9 kcal /c la1' .  L.actat ion ul ls characte ' r izcd
by'a decl ine ovcr the f  i rs l  t r " 'c t  ueeks in total  ntass
( i5qir) ,  fa l  ( -540,r) ,  lcan d11 mass (100' 'o)  and encrgv
contcnt (32' l /h)  ( luc to thc high cncrg) '  c lcrnattc i  b1'
o1'1 'spr ing.  By'  l8 day's o1'  a-ce ( the oldest agc at
u,hich j r - rveni les are st i l l  I 'u l lv  c lependcnt on the
rnother tor  cncrgl ' ) ,  tuo juveni les hacl  t t t i  c t tcrgv
content of  33.23 kcal ,  eor.responding t()  an l t \  e rage
groi ' r th r i l le o\er the l ' i rst  l13 da1's ol '  lactat iot l  o l '
1.40 kcalrdar .  The maintenance cost o1'  reproduc-
t ive l 'emales r tas cst i tnatcd for 3 horrrs of  f - l ight
(5.37-7.3.1 kcal /dal ' )  arnd 1or 2l  hours 61 1 '1 l1r: t i l lpf
(  I  .69-2.53 kcal . /dai ' ) .  Tl tc relat ivcl l '  largc propc)r-
t ion ol  cnerg) '  w'hich n 'as cst inratcd to bc al locatcd
to product ion is l ikely '  due to the cot iservat ion of '
maintenance energ\1 by dai ly torpor and a lou'
basal  nretabol ic rate.

Sensor l  Modal i t ies Ltsed in [ -ood [ ,ocat ion t r l
Two Species of  I 'h l  l lostomid Bats.  i \ { ikc
Stoncnran, Department ol '  Biologr ' ,  Car lcton
Unirersi t l ,  C)t tau'a,  Ontar io,  Canada K IS, i86.

This is a prcl inr inar-) '  fepor i  based on thc i r r i t ia l
l ' indirr-u.  r r l  l l t l r r r lAlorv ctper i t t tct t l r  r rn l r r ( )  \pccic\
ol- Phvllostorrricls; G/o.s,s rtpltugu ,srtrit ' inu and ,,1 r.
I ibeu.s .jrrtrtuit ' t,rr.sis. (). .srtrit ' i t tct ar!- snralI (abclut
9 gtn.)  nectar I 'ecdcrs r i 'h i le y ' .  . furr t t t i t ' t , r t .s i .s urc
much larger ( .1()  gm.) l ' r t tg i 'uorcs.  J-o erarninc th is
qucst ion,  Ihe bi ' t ts  are being trained to pcrt 'ornt
discr i rn inat ion tasks designcd to test  thc acui t l ,  o l '
their  senses. I \ lanipulat ions of '  the crpernrental
condi t ions r , r ' i l l  be per l 'orrr ied to detcrnr ine u hich
scnses the bats rrse to locate t l rc-  ta|get ancl  t< ' r
determinc the degrce o1'  scnsorv I ' ler i l r i l i t r  thc bats
arc capable of .  C)ne rvould predict  that  the ncc-
tar ivcrrous Glos;sopl tugtL and thc f rugirorous . , l r .
l iDelr ,s rvould rc l ! "  more cln ol l 'act ion thal t  nould
insectivorous bats. Records ol' Cilossttlt l tu.q(r pur-
suing and captur ing 1 ' l1" ing insects at  l l ight  susgest
that they posscss u rvcl l  developcd echolocatorv
abi l i ty '  u hi lc the rc lat ivel  largcr cves ol  the . -1r .
l ibr ,us rrraf  incl icatc a greatcr role ol '  r ' isuul  crres.
The corrc lat ion betrveen fceding nrcthod l incl  scrr-
sory modal i tv u, i l l  be cranr ined in l ight  o l ' thc t ' in-
din-es avai lablc lo date.
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Vocal I ' - f f ic icncl  of  Echolat ing Bats.  Rocler ick A.
Suthers,  School  o l  Nlecl ic inc and Departntent ol '
Biolo-v1' ,  Incl iarra Unirr-rs i t1.  Bloonr ingion, In-
diana 4740,s.

The cnergct ic cost  of  ccholocat ion is ot  par ' -
t icular intr-rest  s i r tcc.  nrArr t ,  bats cont inrral l l '  erni t
h igh intensi t l '  u l t rasorr ic pulscs dur ing l l ight .  Our
data incl icate that  echcl locat in-rr  bats have marinr iz-
ed the ef l ' ic iency'  u i th lvhich they con' ,cr t  f lu id
enersv in the l t i ruavs into thc acoust ic energv of
the radiatcd sonar pulsc.  The rat io ol  the radiated
acorrst ic Do\\er to the I ' lLr ic l  subglot t ic  poirer is
tcrmed vocal  ef ' f ic ie ncv.  The mean subglot t ic
po\\ 'er  c lur in-e the peak arnpl i tucle CF port ion of
these 100 dB SPL (sorrnd l r ressr l rc level)  sonar
l tu lses \ \ ' i ls  f rom l0. l  to 21.6 m\\ ' .  This is
equivalent to a sound po\\ 'cr  output of  about I
Wi kg.  The radiated acotrst ic I ro\ \ ( - r -  \ \as r 's t i rnated
from the direct iv i t l ,  of  souar pulses ent i t ted under
the erpcr inrental  condi t ions.  The acoust ic po\\ 'er
of  the bat 's sonar pulse r , l 'as calculated as i f  a l l  of
thc sound energy radiated uni l 'ornr ly over the area
subtended by an an-sle of  20 "  arotrnd the pr incipal
acoust ic ar is.  Elascd on this conservat ive assuntp-
t ion,  the vocal  ef f ic iencl '  of  these four bats ranged
frotn 7 to l6{ l '1 .  The nroustachc bat thus appears
to be about t$ 'o orders of  magnitude n.rore ef f i -
c ient  theru nlan, in conr, 'cr t ing subglc l t t ic  porver in-
to radiated acoust ic po\\ 'er .  Ef ' f  ic ient  product ion
o1'  sonar pulses nral '  bc an inrportant f lc tor  in the
er olrr t iot t  of  ee holocat i t rn.

An Update on Bat Conserval ion and the Act iv i t ies
of Bat Conservat ion lnte rnat ional .  Merl in D. Tut-
t le,  Vertebrate Div is ion,  N{ i l rvaukee Publ ic
Museum. Mi lwaukee. WI 53233.

Current problenrs,  such as f ly ing for  eradica-
t ic ln in Austral ia and nr ine- capping in the Uni ted
States wi l l  be discussed, and Bat Conservat ion In-
ternat ional  pro-gress rv i l l  be repor led.  Thus far in
1984, 400 sl idez tape progrelms and 100,000
brochures on bat cclnservat ion have becn produc-
ed in coopera. t ion wi th the U.S. Fish and Wildl i ie
Service,  and a nr i l l ion l rc\ \ '  color brochures have
been publ ishcd b1'  tsacardi  lmports.  BCI addi-
t ional l i ,  I ' ras begun puL-r l icat ion ol 'a quarter l ] '
newslet ter  and has great l - r ' -  inf lucnced the content
of  numerolrs mei i ia art ic lcs and l r rogratns about
bats.  IVlembership is steadi ly increasing. Top
bu.sine.ssrrren have becrt  acldcd to thc board of
dircctors,  ancl  a scient i l ic  aclv isor l 'board has been
establ ishcd. Fundrais ing 1 'o l  cotrservat ion related
to research * i l l  begin soct t r .
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Mate Seleclion bf Female M1,oti.s luci.fugus.
Virginia Wai-Ping, Departrnent ol '  ts io logy,
Car leton Llnir .e is i t r ' ,  Ottau,a,  Canacla KIS 586.

The nratirrg .systent of ,4/,r,o1r.r ltrci/ it,gtt.s has been
dcscr ibed as randonr and promiscuorrs and dur ing
acl i Ie mit t i l rg (as opposed Io mat ing occur.r- ing
w'hen nrost  o l  the bat popular ion is hibernat ing),
gfoups of  bafs l 'ornt  arouncl  adLr l t  ntalcs.  There
appeerr  to be three neight catcgor ies of  adul t  rnales
dur inc thc per iod o1'act ive mari l )g:  r r ra le.s s 'e ighing
less than adul t  f 'entalcs.  rnales weighing the sante
as aclul t  t 'enrale.s,  and ntalcs s igni f icant l l '  hear ier
than adul t  t 'emales.  The pr.rrpose o1' th is study was
to; l \sess thc role ol 'nrale s ize in mate select ion by'
l 'enrales and prel inr inar,v rcsul ts f rom si tes in On-
tar io n i i l  be presented. The resul t .s ol 'prescntat ion
crper iments rv i l l  be discussed in the l ight  o l  female
choice in th is mat ing s) ,stcrn.

P<rpufation Biology oL4rtibeus .iomaicen,sis on
Barro Colorado Is land. Don E. Wi lson, U.S. Fish
and Wildl i fe Service,  Nat ional  Museum of
Natural  History,  Washington, D.C. 20560.

Artibeus jattraicensis is a fifty-gram frugivore
that eats roughly i ts weight in f ru i t  every night.
Thesc bats prefer f igs and of ten seek them our
u'hen other types of fruit the1, eat are far more
abundant.  They conrmute several  hundred meters,
on the average, to feeding trees, feeding from one
to four t rees in a s ingle night,  and returning to the
same tree an average of  four nights in succession.
They tend to fly far-ther when fewer fig trees are
bearin_e ripe fruit, and they feed from ferver trees,
on the average, when the moon is nearly full.
These bats,  l ike their  congeners,  do not leed in the
tree. They select a fruit and carry it to a feeding
roost typical ly 100 m away before eat ing i t ,  and
bats are of ten netted whi le carry ing f ru i t ,  reveal-
ing their  d iet .  The ju ice and seeds of  the f ru i t  are
swal lorved, but the skin and pulp are spi t  out  as
pel lets.  Frui t  passes through Ihe al imentary t ract
ol an Artibelrs in about half an hour and the seeds
remain intact ,  so Ihe feces also reveal  d ietar l ,  in-
formation. Adult female Artibeus jarnaic'ensis
l i r . 'e in harerns of  three to t rventy-f i r . 'e wi th a s ingle
adul t  male.  On Barro Colorado Is land these
groups roost c lur ing the day in l ro l lorv t rees.  There
is presumably a large populat ion of  surplus males
lhat roost together lv i th non-adul ts of  both sexes
in foliage. Females comrnute an average of 600 m
lrom da1, roost to feeding site, and males travel
less than hal f  as far .  Most females gave bir th to a
single young tw,ice a ycar, once in March or April.
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and again in . lu ly or August.  Gestat ion t ime
averages about l9 weeks. Juveni les are f i rst  net ted
when they are about l0 weeks old, and females
usually f irst bear young, thereby reaching the age
of adul tery,  in March or Apr i l  lo l lowing their  year
of  b i r th.  We est imate that the populat ion of  Ar-
tibeus jantaicensis on Barro Colorado Island
numbers about 4,000. Some of these indiv iduals
forage at  t imes on the mainland, resul t ing in an
estimated density of 200 Artibeus jantaicensis per
kmt.  The average survival  rate of  our marked
animals is about 5090 a year,  and rarely do
animals l ive longer than l0 years in the wi ld.  In
capt iv i ty,  males outnumber females at  b i r th by
54:46; in wi ld caught animals the rat io is 52:48.
For subadul t  and adul t  animals,  t l ie rat io is revers-
ed to 45:55, both in capt iv i ty and in the wi ld.
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