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EDITORIAL

~——es ty five years of service to
.$ » \—’-\_ “‘Wen 0 e . .
N the scientific community in-

volved in bat research is

nothing to brag about, yet it

is an importaiil milestone 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 carried 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, Trapido, Myers, John 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 rigorously
edited articles while the annual subscription for
members still remains a paltry $6. One can readily

see the enormous growth in Bat Research News. [t
is appropriate to thank the past editors (Davis,
Martin, Humphrey, and Fenton), the con-
tributors, and above all our supporters—the
subscribers all over the world—-for carrying Bat
Research News to its present healthy state.

Would you not join us in wishing continued suc-
cess to Bat Research News? Send me your sen-
timents, related anecdotes, and even suitable il-
lustrations for consideration. Any one out there in
the wings with good unpublished photographs of
the silver-haired bat, Lasionycteris noctivagans? It
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-
civali in Fenton and Fullard, American Scientist,
1981, and the ‘‘golden-haired”’ bats, Hipposideros
larvatus and Hipposideros ruber in Schober’s Mit
Echolot und Ultraschall, 1983). Alas, that is far in
the futurei I may not be around for making deci-
sions then, but my fervent wish is that Bat
Research News be there and be 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

“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 Mpyotis 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-
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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 100% and
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enthusiasm for a newletter was high. Therefore 1

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 (1) 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 js 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
unknown, and the numbers of bats required per
group for a valid test are generally not available
for long-time study. It was therefore decided to
use an 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 (L.ucas, 1956; Gill, 1978) for this study with
consumption (palatability) as the test criteria.

Eighteen vampire bats, captured in Mexico,
were used in a 21-day, replicated, switchback
design to test the relative consumption (palatabili-
ty) of three 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 age, 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:

1. Fresh whole blood defibrinated
replenished every 3 or 4 days.

2. Reconstituted freeze-dried blood
defibrinated whole blood consisting of
22 grams of freeze-dried blood in 100
ml of water.

3. Reconstituted freeze-dried blood
defibrinated whole blood plus a taste
potentiator (5’ nucleotide).
Reconstituted the same as ration 2 with
the addition of 25 ppm of §
nucleotide.

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

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 freezing and low temperature used in the
process provide a high quality granulated product
that is readily soluable and can be packaged in
small, 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 24°C) 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 matter, any facility keeping vampire bats that
has difficulty 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 (Diphyvlla ecaudata) in cap-
tivity (Hoyt and Altenbach, 1981), 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 reconstituted 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 and/or 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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Causes of Depauperation of the Molossid Fauna in the Indo-Australian Region

Adam Krzanowski
Polish Academy of Sciences, Institute of Systematic and Experimental Zoology
ul. Slawkowska 17, 31-016
Krakow, Poland

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 Taphozous
species to molossids in the Indo-Australian region
and in Africa were compared. Also, the distribution
of Collocalia in Australia was taken into account. It
is concluded that the competition from Taphozous
with molossids is significantly stronger in the Indo-
Australian region than in Africa. It appears to be the
main cause of depauperation of molossid fauna in
the Indo-Australian region.

The molossid fauna in the Indo-Australian
region accounts for less than 10% of the insec-
tivorous bat species, while corresponding percen-
tages for Africa and South America are 35 to 40%
(Fenton, 1975; Freeman, 1981). Fenton (1975)
noted that the depauperation molossid fauna coin-
cided with the presence of Collocalia, the
echolocating swiftlets, sinice 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-
sidering Australia where two species of
echolocating Collocalia breed along the NE coast
of Cape York Peninsula (Slater et al.,, 1972),
about 1% of the area of Australia. Based on Hill
(in Corbet and Hill, 1980) and on later corrections

(Goodwin, 1979; Kitchener, 1980; Maeda, 1982;
McKean and Friend, 1979) one obtains 10% (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) amounts to 6.4% (19:299) in the entire
Indo-Australian region (Bergmans and Rozen-
daal, 1982; Hill, 1980; Hill and Koopman, 1981;
Peterson, 1981; Smith and Hill, 1981).

I also calculated proportions for the mainlands
of Africa and South America, based on Hill
{1980). For Africa, I inciluded the two partly car-
nivorous bats there (Fenton et al., 1981) and the
result has been 20% (34:171) of molossids among
insectivorous African bats. In calculating for
South America 1 considered half of the
phyllostomids arbitrarily because all of them take
mixed diet (Gardner, 1977), but the two noc-
tilionids which also take mixed diet(Howell and
Burch, 1974) were included as insectivorous
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species. The result for South America has been
22.4% (33:147). According to Fenton (1975) the
corresponding percentages for these two regions
are from 35 to 40%.

As can be seen there is a significant difference
between 10% of molossids in the almost
swiftletless Australia and those for Africa and
South America (20% and 22.4% respectively).
This difference suggests at least one additional
factor (besides swiftlets) limiting molossids in the
Indo-Australian region. It can be the genus
Taphozous (Emballonuridae). All species of this
genus are excellent fliers and together with
molossids replace the swifts during the night.
However, nothing can be said about competition
for food between Taphozous and molossids as yet.
Although important contributions have been
made (Fenton, 1972, 1982), the time and level of
hunting of the species concerned are yet to be
determined. Stomack analyses are also lacking.

According to Hill {(1980) and others cited above
there are 14 species of Taphozous in the Indo-
Australian region (viz., australis, capito, flaviven-
tris, georgianus, hilli, kapalgensis, longimanus,
melanopogon, mixtus, nudiventris, perforatus,
pluto, saccolaimus, and theobaldi). Basing of the
same sources one finds six species of Taphozous
(viz., hamiltoni, hildegardae, mauritianus,
nudiventris, peli, and perforatus) in Africa. The
above ratio, 14:6, is probably evidence that com-
petition pressure on molossids from Taphozous is
much stronger in the Indo-Australian region than
it is in Africa.

To return to the Collocalia hypothesis, its weak
points are, (1) even in Australia, where
echoiocating Collocalia are almost absent, the
percentage of molossids among insectivorous bats
is very low, (2) the possible night feeding in Col-
localia does not necessarily mean any significant
competition with molossids since flight
characteristics in Collocalia are distinctly different
from the swift-like flight of molossids, and (3)
night-feeding in Collocalia remains to be proven.
The alleged 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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NEWS AND VIEWS

GIFT OF BAT RESEARCH NEWS TO
LIBRARIES—Dr. Wayne H. Davis has a good
supply of most of the back issues 1960-1970 and
will provide as near to compiete set as he can free
to gny lbrary upon request. If your library is
subscribing to Bat Research News now and you
want to acquire back issues, please write to Dr.
Davis, School of Biological Sciences, University
of Kentucky, Lexington, KY 40506 USA.

A NEW NEWSLETTER—BATS, a new newslet-
ter of the Chiroptera Specialist Group, Species
Survival Commission, International Union for the
Conservation of Nature and Natural Resources,
and Bat Conservation International, a group of
the Fauna and Flora Preservation Society, has
made its debut under the able editorship of Dr.
Merlin D, Tuttle, Milwaukee Public Museum,
Milwaukee, WI 53233 USA (Tel: 414-278-2775).
The 1983 issues consists 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 to be issued on a quarterly
basis beginning i 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 Dorset, Vermont, and
150 acres have been given to The Nature Conser-
vancy 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 September 1 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, VT 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 and information.

Table of Contents: No. 19, March 1983

Obituary - Peter F. Aitken by Terry Reardon 1
Regional News 2
Parasites - Requests and collecting methods 3
The Cillagoe expedition - Part 2 - Grag Richards 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

- Martyn Robinson 13
On bats and their young...and the public

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

Unusual Preropus reproduction - Paul Prociv 15



Review of Maeda’s Classification of Miniopterus
- Greg Richards 15

Recent Australian Literature and Editorial 18

Table of Contents: No. 18, May 1982
Editorial, Regional News

A guide to some apparatus for research on ultrasound
- D. Woodside

A note in Mormopterus planiceps hibernating near Canberra
- S. Inwards and Bill Phillips

A new collection of the Papuan sheath-tailed bat, Taphozous
mixtus in Australia
- J. Winter and R. Atherton

Notes on the grey-headed flying fox, Pteropus poliocephalus
- M. Robinson

An Australian bat longevity 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 Literature

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 1 annually. For further
information write the Foreign Currency Program,
Office of Fellowships and Grants, Smithsonian
Institution, Washington, D.C. 20560, or call (202)
287-3321.

General Fellowship 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 guidance of professional staff members
and to use the collections and facilities of the

Bat Research News
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Smithsonian. The Institution does not generally
support work to be done at other institutions. It
does not offer courses nor does it award degrees.
The Smithsonian 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 appointments and ten week graduate
student appointments are awarded. Proposals for
research in the foillowing areas may be submitted:
Earth Sciences and Paleobiology
Ecological, Behavioral, and Environmental

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

The primary objective of the fellowships is to
further training of scholars and scientists in the
early stages of their professional careers. Predoc-
toral fellowships are offered to students who have
completed preliminary course work and examina-
tions and are researching the dissertation.
Postdoctoral 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 experience, accomplishment and
training may be considered. 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 Research and
Study, which describes the Institution’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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Martia Eisentraut - Philosopher, Scientist, and Explorer: A Tribute

Wolfgang Bohme

Zoologisches Forschungsinstitut und Museum Alexander Koenig
Adenauerallee 150-164

D-5300 Bonn 1, West Germany

Martin Eisentraut was born 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
animals, especially birds. Later in high school, he
studied the art of taxidermy. In 1921 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 advice 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.
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His first employment at the Berlin Museum was
very important for the development ot his
research interests. The director of this well known
German museum at that time, 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 common
hamster (Cricetus cricetus). Following up this
theme in the biological exhibition hall he became
aware ol nibernation in bats. He was impressed 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-
vanding’” in Europe.

Further developments of his research interests
were quick to follow. He investigated the ther-
moregulation and physiology of hibernation in
bats including the tropical species. Not only Euro-
pean bats species, but tropical bats also intrigued
him in terms of physiological problems,their
biology and systematics. Out of his 130 or so
scientific papers, 43 are exclusively devoted to
bats; many others, however, deal with
physiological, faunistical, historical, and
zoogeographical questions. Among 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
(*‘Grzimek’s Animal Life’’). Of his 10 papers
which collectively appeared in a book form, two
are devoted exclusively to bats, one being his early
and most important work, Die Deutschen Fleder-
mause, eine biologische Studie’’ (The German
Bats, a Biological Study, Leipzig, 1937), the other
Aus dem Leben der Fledermause und Flughunde”’
(Life of Mir-~- and Megachiroptera, Jena 1957).
Again, in a; of his other books, bats played an im-
portant role (except in the one on the evolution of
Mediterranean lizards) either in terms of
physiology of hibernation, or of systematics and
faunal history,

Oine imnortant factor that makes Eisentraut’s
scientific work so interesting is that for him the
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word ‘‘expedition”” had always a most fascinating
sound. He had the ability and initiative 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 flora and fauna, but
also on the Indian population.

Many detailed studies, however, link 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-German colony, the
western part of which was in British hands from
1918 to 1960. Five further expeditions to West
Cameroon and to Fernando Poo were subsequent-
ly organized in which the exploration oi remoie
mountain ranges often required walking tours of
several days. In 1973, I had the opportunity to ac-
company Professor Eisentraut to the Cameroons
where 1 assisted him - apart from my own
herpetological collections- in his mammalogical
fieldwork.

As was the case with the book on the Bolivian
Chaco, Eisentraut summarized all of his
Cameroon expeditions and excursions in an infor-
mative book ““Im Schatten des
Mongo-mu-loba’’(In  the Shadow of Mt.
Cameroon, Bonn 1982), where he described not
only his biological experiences but also the
philosophical attitudes which make the life of a
field biologist like himself so fascinating. The
reader can feel how a rich and extremely produc-
tive phase of his life was inspired by the numerous
visits to this tropical country. His scholarly pur-
suits were not only acknowledged by awards like
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 Koenig will carry on the great work he
has so painstakingly and firmly established.

Received August 23, 1983
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A Synopsis of the Families of Bats - Part VI

Karl F. Koopman
Department of Mammalogy, American Museum of Natural History
New York, New York 10024 USA

In the first five 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 will 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 will 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 single family
Pteropodidae. The Microchiroptera can be divid-
ed into two groups (here considered infraorders),
according to whether the premaxillaries are
moveable in relation to the maxillaries
(Rhinopomatidae, Craseonycteridae, Em-
ballonuridae, Nycteridae, Megadermatidae,
Rhinolophidae) or fused with them (all other
microchiropteran families), both characters being
derived.

Within the infraorder with movable premax-
illaries, 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 alil
(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 able to
group any two of the rhinolophoid families
satisfactorily. 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-

matidae and Rhinolophidae), but I see no non-
arbitrary basis for making a choice.

Turning to the other infraorder (with fused
premaxillaries), 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 Macrophyllum), and the reduc-
ed number of lower incisors and upper premolars.
All three characters have, presumably in-
dependently, been similarly modified in various
vespertilionids. Within Phyllostomiodea. the
Noctilionidae and Phylicstomidae are moi< ueriv-
ed than the Mormoopidae in the more enlarged
trochiter (in which they parallel the Vesper-
tilionoidea). This last character is the only derived
one that I have found to unite all seven families of
the Vespertilionoidea. The Natalidae,
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 convingcing shared derived characters.
Two of the three remaining vespertilionid families
share the reduction of the palatal branch of the
premaxillary (presumably independently reduced
in the Furipteridae), though, apparently secon-
darily, 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 vespertilioniod families.
On the other hand, the family is derived in its
short tail and in various other unique characters.
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 installment) I will present a revised classifica-
tion of Chiroptera.
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Key to the families of Chiroptera
[. Usually with a claw on the second digit of the wing; molar teeth highly modified for fruit or nectar
feeding, 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 feeding,
cusp homology with tribosphenic tooth almost always recognizable; tragus usually present.

A.Premaxillary bones only loosely attached to maxillaries.
1. Last cervical vertebra not fused with first thoracic; usually no special modification of the muz-
zle or rhinarium.
4. Reduction of nasal but not palatal branch of premaxillary; periotic sutured to surrounding
bones; tail present but shorter than uropatagium.
Embalionuridae

b. Reduction of palatal but not nasal branch of premaxillary; periotic largely free from sur-
rounding bones; tail either absent or much longer than uropatagium.
a’ Only one phalanx on second digit of wing; trochiter well developed; no noseleaf; tail ab-
sent,
Craseonycteridae
b’ Two phalanges on second digit of wing; trochiter poorly developed; small noseleaf pre-
sent; tail very long.
Rhinopomatidae
2. Last cervical vertebra at least partly fused with first thoracic; always either a slit opening into an
extensive epinasal chamber or a noseleaf present,
a. Epinasal chamber opening to the outside by a slit; no noseleaf.

Nycteridae
b. No epinasal chamber; well developed noseleaf.
a’ Premaxillary vestigial; trochiter poorly developed; tragus present.
Megadermatidae
b’ Fairly well developed palatal branch of premaxillary; trochiter well developed; tragus ab-
sent,
Rhinolophidae

B. Premaxillary bones fused to maxillaries.
1. Tail, if present, usually shorter than uropatagium; rhinarium and/or muzzle always modified;
never more than two pairs of lower incisors.
a. Rostrum always at least slightly tilted upwards in relation to the braincase; trochiter poorly
developed. ’
Mormoopidae
b. Rostrum not tilted upward in relation to the braincase; trochiter well developed.
a’ Palatal branch of premaxillary bone reduced; full lips and somewhat tubular nostrils but
no noseleaf.
Noctilionidae

b’ Palatal branch of premaxillary bone not reduced; almost always with a true noseleaf at
least as represented by its basal disc around the nostrils (if not, then face covered with
small cutaneous processes).

Phyilostomidae
2. Tail almost always as long or longer than uropatagium; rhinarium and muzzle rarely modified;
usually three pairs of lower incisors.
a. Second digit of wing represente” only by metacarpal; ears more or less funnel-shaped.

a’ Wrists and feet equipped witl large suckers

a”’Fusion of first and second t4ioracic vertebrae; rostrum unshortened

Thyropteridae
b’’No thoracic vertebral fusion; rostrum shortened.

Myzopodidae
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b’ No suckers on the wrists or feet.
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a’’Palatal branch of premaxillary reduced; tail somewhat shortened, thumb clawless.

Furipteridae

b’’Palatal branch of premaxillary not reduced; tail long; thumb clawed.

Natalidae

b. Second digit of wing with a single metacarpal; ears rarely funnel-shaped.

a’ Tail much shorter than uropatagium.

b’ Tail as long or longer than uropatagium,

Mystacinidae

a’’Uropatagium considerately shorter than tail.

Molossidae

b’’Uropatagium as long or nearly as long as tail.

Vespertilionidae

{to be continued)
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Use Of Nest Boxes on Revegetated Surface Mines by Bat, Myotis 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 known 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 lucifugus
and the Texas structures by Tadarida mexicana.

While conducting a study of nest box preference
by eastern bluebirds (Sia/ia sialis) on Falcon Coal
Company’s surfacemines in the Quicksand area of
Breathitt County, Ky., we found some boxes used
by bats. An individual of Myotis keenii was col-
lected from a bluebird box on 18 August 1983.
The same species was observed, but not collected,
in a different box within 1 km of the collected
specimen. In the summer, Mvotis keenii has been
reported previously in tree cavities, beneath loose
bark, and in buildings (Barbour and Davis, 1969),
but not in artificial roosting cavities.

The two August 1983 observations were the on-

1y 1wo records of bats in voaes uulny weekly 1n-
spections  of the S0 bhoxec from March tn
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
boxes by vats than we have indicaied pecause most
of the bluebird inspectors were not trained to iden-
tify bat guano, which could be easily overlooked.
All boxes used by bats had slot entrances, which
ranged in width form 1 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 artificial roost sites. It is also important in that
the boxes were located on a revegetated surface
mine. The use of surface mines by many wildlife
species is still 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.

Mpyotis keenii is known in Kentucky from only a
few scattered localities (Barbou and Davis, 1974).
Our findings represent a new ccunty record.

we would like to thank Falcon 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 12-16 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 all 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 illustrations).

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 1, 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 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 esnecialiv interested in ¢ series of presen:
tations ort the biology of the alimentary canal and
on new analytical techniques. If you are interested
in organizing either of these, contact Roy Horst at
vour earliest onportunitv

If 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
subscription list.

A number of bat biologists (Horst, Kunz,
Phillips) b ive recently 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 field studies worldwide in
zoology, geology, anthropology and other
disciplines. They are currently supporting 330
research teams in 32 countries and 22 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
funded for £20.000

If you are interested in this program contact Dr.
Sarah Bennett at Tenter for Field Research, 10
Juniper Road, Box 127, Belmon', MA 02178
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OBITUARY

vr. josefine Contantia Rauch, Professor in the
Dcepartmert ot Zoology at the University of
Manitoba suddenly passed away on February 22
1984.

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 B.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
1971. As a graduate student at the University 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-liked 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, vascularization, and
hemodynamics of brown adipose tissues in small
mammals. Truly a comparitive 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-
tific 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 Health and in the Manitoba Natural History
sty

Dr. Rauch had attended several of the Nortt
American Symposia on Bat Research anc
presented her findings on thermoregulation ana
metabolism in brown adipose tissue in bats. Her
friends and colleagues from the international com-
munity of chiroptologists sadly share this sense of
loss with her department and with her friends.
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FRONT COVER
Craseonycteris thonglongyai
(Kitti’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 Kitti Thonglongya in 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. Bar Conservation International 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. Hill’s monograph on the species, 1974; Bats, BCI, 1983;
Schober, W. The Lives of the Bats, 1984.)
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A Synopsis of the Families of Bais - Part VII

Karl F, Koopman

Department of Mammiology, American Museum of Nalural History

Mew York, Mew York 10024 USA

In the first six paris of this synopsis, [ have
covered all the Recent families of bats and have
given a key to the families based as nearly as possi-
ble on shared derived characters. In this final in-
stallment at the suggestion of the Editor, | am here
giving an updated version of the classification of
Recent bats down to the level of genus. Mumbers
in parentheses are numbers of species in each
family and in each genus. Mumbers in superscript
refer to notes at the end of the classification. The
families are in the same order as they appear in ihe
key.

Suborder Megachiropiera
Family Pieropodinag i162)
Subfamily Pieropodidas
Tribe Picropodini
Subtribe Rousettina
Eidadom (1)
Rousertas (incl. Lissompcteriz) {9y
Myoncyiens (1)
Bonela (1)
Subtribe Pieropodina
Pleropus (57)
Areradan (&)
Neopieryx (1)
Preralopex (3)
Sivlocremivm (1)
Subtribe Dobsoniina
Aprateies (1)
Dobsaiia (1)
Tribe Harpyionycterini
Harpwienycrerini (1)

Tribe Epomophorini

Plerates (1)
Hypigmathus (1)
Epomaps (3)
Eprarmophorus (8)
Micropteropus (8)
Mamorpeteris (1)
Sreotoncyiens (2)
Casinewleris (1)

Tribe Cynopterini
Subtribe Cynoplerina

Cyrroplerus (5)
Magaerops (4)
Prenochiris (2)
Dvacopferus (1)
Chironax (1)
Thoopterus (1)
Spheerias (1)
Balio avclerss (1)
Aethalops (1)
Pentheror (L
Latidens (1]
Aliompeteris (1)
Chopieropus (1)
Haplonveteris (1)

Sublribe Nyctimenina

Mychimene (13)
Paranyctinmene (1)

Subfamily Macroglossinae
Tribe Macroglossini

Eanyecteriz (2)
Megalogfossus (1)
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Muacroglossus (2)
Syconyeferis (2)
Tribe Motopterini

Melonyeteris (incl, Nesonyereris) (3)

Modopieris (1)
Suborder Microchiroptera
Infraorder Yinochroptera®
Superfamily Emballonuroidea
Family Emballonuridac (47)
Subfamily Emballonurinae
Erballowiora (10)
Colesira (2)
Rhynchonyeteris (1)
Baccoperyx (4)
Canironyveiens (1)
Peropreryx (incl. Peronyms) (3)
Cormura (1)
Balantiopreryx (1)
Taphozous (incl. Liposyeterisy (12)
Saccofairmus (5)
Subfamily Diclidurinae
Cyitaraps (1)
Liclidhuwrus (incl. Depanyeierds) (4)
Family Craseonycteridae (1)
Craseonpeleris (1)
Family Rhinopomaticdae (3)
Rfuiroponte (3)
Superfamily Rhinolophoidea
Family Mycteridae {14)
Nyeteris (14)
Family Megadermatidae (5)
Megaderma (2)
Macrodersng (1)
Cardioderma (1)
Lavia (1)
Family Rhinclophidae {124)
Subfamily Rhinolophinas
Rhuinalaphis (incl,
Rhinomegalophus) (63)
Sublamily Hippasiderinae
Tribe Hipposiderini
Subtribe Hipposiderina®
Hipposideros (48)
Amthops (1)
Aselliscus (2)
Asellia {2)
Subtribe Rhinonycterina?
Rhinonycteris (1)
Cloeris (1)
Trigemops (2)
Tribe Coelopsini
Coelops (3)
Paracoelops (1)
Infraorder Yangochiroptera
Superfamily Phyllostomoidea
Family Mormoopidae (8)
Preronoetus (incl.
Chifomyoreris) (6)
Mormnpars (2)
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Family Noctilionidae (2)

Nocrifio (2)

Family Phyllostomidae (138) T

Subfamily Phyllostominae
Micronycreris (ingl,
Cilyphonyeleris, Barticonyeteris) (10} r
Muacrofs (2)
Levrchorfing (3)
Macrophyifiem (1)
Tovatia (6)
Miman (2}
Flypiostamus (4)
PliNoderma (1)
Trachops (1)
Chroptopters (1)
Vampyrum (1) ]

Subfamily Lonchophyllinae
Lionycheris (1)
Lonchophylla (2) |
Plataling (1)

Subfamily Brachyphyllinae®
Brachyphylla (2)

Sublamily Phyllonycterinaes’
Erophylia ()
Phylfonyeieris (2)

Sublamily Glosophaginae®
Closzophaga (5)
Mowapheifus (2)
Lichonpcreris (2)
Leptonpcterds (3)
Anowrna (3)
Scleronyeteris (1)
Hvlonyeteris (1)
Choeronisons (4)
Choeronyetens (incl.
Meesimpctenis) (20

Subfamily Carolliimae
Ciarrallia (4)
Rhuinaphvila (1)

Subfamily Stemoderminae

Tribe Sturnirini
Siurnire (12)
Tribe Stenodermatinae

Urodermia (2)
Vampyrops (9)
Fampyrodes (1)
Fampyresza (5)
Chiroderma (5)
Ectophyila (incl. Mesopkila) (2)
Ariibeus (incl. Enchisthenss) (14)
Ardaops (1)
Phyliops (1)
Aritens (1)
Stenoderma (1)
Pygoderma (1)
Antetrida (1) |
Sphavronycieris (1) o~
Cieniurio (1)
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Subfamily Desmodontinag
| Diphylia (1)
Desmodus (incl. Digennes) (2)
Superfamily Yespertilionoidea
Family Thyropteridea (2)
Thyropréra (2)
Family Myzopodidag (1)
| Myzopoda (1)
| Family Furipteridae (2)
Frripterus (1)
Amorphochifus (1)
s Family Matalidae (5)
Matalus (5)
Family Mystacinidae (1)
Mystacima (1)
Family Molossidac* (80)
Moropterus (incl. Plaiyvimops,
Sawuramys) (11)
Molossops (incl. Cyrontops,
Meoplarymops) (7)
Cheirameles (1)
Myopteris ()
Tadarida (T)
Chererepiion [13)
Mops (incl, Xiphonycteris) (14)
Chtotiaps (5)
MNyctinomaps (4)
Enmaops (B)
Promaps ()
Molosses (6)
Family Yespertilionidae (223)
Subfamily Kenivoulinas
Kerivoula (incl, Phoniscus) (16)
Subfamily Vespertilioninae
Tribe Myotini
Mvodis (incl, Pizonvy, Cisfugo) (85)
Lasionpcieris (1)
Tribe Vespertilionini
Eudiscops (1)
Pipistrefius (incl. 12, Scolozous) (48)
Myetalus (5)
Gilischropus (2)
Eptesicus (32)
Fespertilio (3)
Laephotiz (4)
Hishioius [4)
Phifetor (1)
Tylanycleris (2)
Minredifius (1)
Hesperaptenus (4)
Chalimododus (incl,
Gilauconyoheris) (15)
. Tribe Mycliceini
Mrctoceius (6)
Rhopeesa (incl. Baeodon) (6]
4 Seevoecns (3)
Seeomanes (2)
Secdophilus (4)
Oonyoieris (1)
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Tribe Lasiurini
Lasiras (incl, Dasypierts) (T)
Tribe Antrozoini®
Hawertes (1)
Antrozous (1)
Tribe Mystophilini®
Myctophifes (incl. Lomingtona) (7)
Plhareris (1)
Subfamily Murininae
Mesrira (16)
Harpiocephalus (1)
Subfamily Minioplerinag
Mimioprers (12)
Subfamily Tomeatinae
Tomopeas (1)

'As indicated in the previous installment, 1
believe that the most fundamental division of
MicrochiFoptera is into those superfamilies in
which the maxillary bones are movable and those
in which they are fused. These divisions are here
considered Infraorders. For the names of thege in-
fracders, [ have followed the example of Chow
and Rich (1982, Ausiralian Mammalogy 3:
127-142), who recognized two new Legions of
therian mammals as the Yinotheria and
Yangotheria, The names for the two bat in-
fraorders are particulaely apt since in Confucian
philosophy, Yin is an active, Yang is a passive ele-
ment in any pair of concepis,

1 follow Hill (1982, Bonn. Zool. Beitr. 33;
165-186) in scparating RAfronyolerts, Cloells, and
Trigenops from other Hipposiderini,

' follow Griffiths (1982, Amer, Mus,
Movitiates 24720 in his arrangement of Mew World
nectar-feeding genera.

‘I follow Freeman (1981, Ficldiana Zool., n.s.
71 in her arrangement of molossid genera.

It has become increasingly evident that the
“Suhfamily Myctophilinae”™ has no real validity 50
I am here adding its two (ribes (o the Vespers

tilioninae, Received Junc 3, 1984

Editor's note: This is the concluding installment in
a seven-part symopsis of the families of bats, The
total number of bat species recognized by Dy,
Eoopman is 888! This exact figure is ever chang-
ing as new species are described. S0 far, numbers
from 800 to 1,000 are frequently quoted for the
bat species. Also to be noted are new names —
Yinochiroptera and Yangochiroplera — the
micrachiropieran Infracrders, It is my beliel that
bat researchers will find this work useful, I remain
grateful to Dr. Koopman for providing this synops
515 af my request.

I will welcome suggestions from our readership
as to WHAT MEXT in this splendid idea of multi-
installment contributions,

P



Comments on Training Eprecicis fuscns
Mark Donovan
Department of Biclogy, St Meinrad Callege,
51. Meinrad, IN 47577 LUsA

Many zoologists presume that the ¢aziest Morth
Amenecan bal @ mannun n 4.‘:\11[ni.|!.' 15 [ hl_g
brown bat, Epvesicns fiuscns. This note relanes 1o
the raiming of this species. Although laborarory
experiments do not always require the use of rame
bais, such animals can prove wery useful for
behavioral studies. Because bat learning ability is
poorly understood, this field of bat ethology is
especially inviting for a young bat enthusiast.

| collected big brown bats (rom a large cour-
iyard where they roosted behind drainpipes. Ten
different bats were used over a period of six
months. Each bat was trained in & days, Afer cap-
ture, | began training the hats right afer catching
them. Al first, 1 handled the bats with gloves, and
held them so that their heads protruded between
my gloved fingers. With one bare hand, | stroked
the fur on the head until they calmed down and
ceased their frantic squeaking. This procedure
lasted anywhere from 3) minutes fo an hour,
depending on the individual bat.

Once a bat had stopped squeaking and squirm-
ing, 1 allowed it to crawl about on my arm. In-
evitably the bat attempted 1o fly, but [ discourag-
ed this by using a hand fan of woven reeds swiftly
placed in fromt of the bat at the moment of
takeoff, This procedure caused the bat 1o collide
with the fan, resulting in its landing on the fan or
falling to the ground. Bats wsually landed on the
fan and again tried to fly. | repeated this Might-
caplurc-flight procedure until the bat learmed 10
stop trying to fly away. Ten trials per bat usually
produced a positive result,

The day after capture, the bats were allowed
free Might in the laboratory. Allempls were made
to retrieve Mying bats by using the fan rather than
a net. After some practice, | was able (o retricve a
fying bail in a matter of seconds. One individual
became very accustomed to the fan and flew to it
immediately to receive a mealworm reward. |
handled bats daily eventually without gloves and
from tame bats received bites only as they tried 10
take a mealworm from my hand. These bites did
not break the skin.

One female was trained to fly to her cage on
command and became a pef. She was the easiest 10
tame. Mast of the training of this bal was done in
full light, which did not seem o inhibit her ability
to learn. It did, however, lessen the time for ex-
perimentation. She normally was ready 1o “hang
up"' after about 30 minutes of Might-feeding
work. Certain bats clearly have exceptional ability
for rapid learning, and when one takes time (o sort
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these oui, behavioral eaperimentation is more
fruatful.

When training my one special bat in the
laboratory, 1 would capiure her with the fan
method, and then give the bat the bat a
mealworm, During the first 3 months of (raining,
I did not train her 1o Ay 10 her cage. This par-
ticular training took place in my home. The bat
began fying (o its cage withoul my prompting it. |
reinforced this untaught behavior with meal-
worms. After 3 weeks I returned the bat o the
laboratory and upon release there she Mew in her
usual circular paitern around the room. Within
twe minutes the circle tightened, until the bat
Iilmdrd perfectly in her cage, withowl any promp-
ting.

Gaudette (1982) used methods similar 1o the
above, She clearly showed that bats can be trained
and that they may even surprise the experimenter
with accomplishments not taught. These observa-
tions illustrate considerable potential for training
bats for experimentation in a laboratory setling.

Liegrarure Cited

Gaudette, C.L. 1582, Trainkng bars for behavioral studies in
e laboralory. Bal Research Mews, 23:27-19,

Received Decemnber 9, 1981
Bevised and Accepted March 30, 1984

Report on the joint American Socieiy of
Mammologisis and Ausirallan Mammal Socieiy
mecling, Sydney, Australia, July 9-13, 1984,

This historical first joint meeting was held at the
University of New South Wales, Kensingion,
under the organization and management of Drs,
William Z, Lidicker, Jr., and M.L. Augee. Mearly
125 delegates from the Morth American continent
participated. A day-long session on bal biology
organized by Les Hall, Department of Anatomy,
University of Queensland, was well attended. The
pre- and post-convention tours, social programs,
and all the rest of the meeting were meticulously
planned. Even the weather cooperated, For its
success the organizers deserve our compliments,

The following papers were presenfed at this
spccial session:

ANATOMY AND PHYSHILDNGY

Baainagar, K.P*. Comparative morphology of the vomoronasal
nasal receptor:ree epithelium of wme phylbosromsid
hats,

Hardimg, H.E.. C.[k Shorev, 'W. Phallips and S.J. Inwards
Auitralian vespertilionid bkats: comparative
altrasimaciune of ipermicpenesis and spermatoang,
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Allison, A., and P.A. Woolley. Reproduction in a New Guinea
pipistrelle.

Towers, P.A., and L. Martin. Studies on ovarian function in
Australian fruit bats.

Inwards, S.J. Rates of water influx of some tree-dwelling bats.

Prociv, P. Toxocara pieropodis in Australian Preropus species.

Constantine, D.G. Recently-recognized disease-related pre-
cautions for bat researchers.

SYSTEMATICS

Koopman, K.F. Tropical Australian bats: The New Guinea
conneclion.

Hand, S. Australian fossil bats: a review.

Baverstock, P., C.H.S. Watts and M. Adams. Electrophoretic
resolution of species boundries in some Australian
bats.

Lidicker, W.Z., Jr. and S. Byrne. Systematics of the blossom
bats Syconveteris (Pteropodidae).

Peterson, R.L. Some zoogeographical puzzles in the genus
Miniopterus.

Pierson, E.D., V. Sarich, J. Lowenstein and M. Daniel.
Mystacing’s  taxonomic association with the
phyliostomoid bats.

ECOLOGY AND GENERAL TOPICS

Herd, R. Relationships between Myouis lycifugies and Myotis
vumanensis in British Columbia.

Svoboda, P.L. Biologv and gcographic relationships of a
Bravilian free-tailed bat colony in Colorado.

Wilson, P. Movements of Miniopterus spp. in SE Australia.

Phillips, W.R., and S.J. Inwards. The ecology of a temperate-
zone, tree-dwelling bat community.

Tidemann, C.R. Roost preferances in forest bats.

Lunney, D., J. Barker, P. by and B. Cullis. Habitat prefer-
ances of bats in a logged, burnt, drought affected
forest on the NSW south coast.

Lawlor, T.E. Mammals on islands: tests of island biogeo-
graphic theory.

BEHAVYIOR AND ULTRASONICS

Robson, S. Myotis adversus: an opportunistic piscovore.

Woodside, D. Echolocation and foraging behavior of Micro-
chiroptera in S.E. Australia.

Coles, R.B., and A. Guppy. Comparative aspects of sonar in
Australian bats.

Guppy, A., R.B. Coles and 1.D. Pettigrew. Acoustic bevavior
of the ghost bat, Macraderma gigas.

Tuttle, M. Bat Conservation International.

BAT BIOLOGY POSTERS

Crichton, E.G., and P.H. Krutzsch. A morphological exam-
ination of storage and clearance of intrauterine and
cauda epididvmal spermatozoa in Avoris lucifugus
and M. velifer.

McGucekin, M.A., and A.W. Blackshaw. Reproduction of the
male fruit bat Preropus poliocephalus in
Southeastern Queensland.

O’Shea, J. Innervation of the bat cardiovascular system:
modifications for flight or hibernation.

Tedman, R.A., and L. Hall. The absorptive surface area of the
small intestine of Preropus poliocephalus: an impor-
tant factor in refation to the rapid food transit time
in this megachiropteran bat?

Lane, R. Mother-young relationships in the grey-headed flying
fox.

Phillips, W.R., and J. Bishop. Usc of infrared light beams in
bat ecology.
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Abstracts of papers presented will be published
in volume 8, No. 2 of the Builetin of the
Australian Mammal Society.

Submitted by Kunwar Bhatnagar

NEWS AND VIEWS

NEW SPECIES OF BATS?

According to a report by Sharon Begley
(Newsweek, April 16, 1984, p. 57) bats are among
the bizarre fauna and flora of Necblina, the
“Mountain of the Mists” — a 250-square-mile
Venezuelan repui which is a land-locked
Galapagos and is being explored by U.S. and
Venezuelan scientists. This report included a
photograph of an unidentified phyllostomid bat.
New finds, if any, will prove to be very interesting
and might ‘“‘hold the key to two persistent ques-
tions of evolution: how do species form and at
what speed?”’

NEW BOOKS

The Lives of Bats by Wilfried Schober, ARCO
Publishing, Inc., New York, 1984. $24.95 (English
translation of a beautifully illustrated book Mit
Echolot und Ultraschall by Sylvia Furness).

Bats: A Natural History by John Edwards Hill
and James D. Smith (British Museum, Natural
History/University of Texas Press).

ERRATA

Mr. John E. Hill of the British Museum
(Natural History) has called my attention to two
errors in my “‘Synopsis of Bats™ series. In Part 11
(BRN 23:26), on the third line from the bottom,
“‘palatial’’ should read ‘*nasal.”” In Part IV (BRN
25:16), in entry II Al, ‘‘palatial, but not
nasalbranch of premaillary reduced’” should be
added. In entries II Al a and b, references to the
premaxillary should be deleted. In entrv 1 A2,
“‘nasal branch of premaxillary reduced or absent’’
should be added. The author regrets these errors
in the original accounts.

Karl F. Koopman
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NOTICE

SEVENTH INTERNATIONAL BAT RESEARCH CONFERENCE
THIRD EUROPEAN BAT RESEARCH SYMPOSIUM
Joint Meeting

19 - 24 AUGUST 1985
UNIVERSITY OF ABERDEEN, UK.
Conveners: Paul A Racey Adrian G Marshall

Postal address: Department of Zoology, University of Aberdecn, Aberdeen, AB9 2TN, U.K.
Telephone number: 0224—~40241 Telex: 73458 UNIABN G

F'o all those interested in attending the Aberdeen (onference:

UPDATE: December 1984

We have received 150 provisional registrations and will be sending out final registration
forms, travel details, etc. early in 1985 to all those who have filed provisional registrations
and all those in the BRN address list.

The conveners of the three symposia on Echolocation (Fenton and Nenweiles), Flight
(Norbeg and Rayner), and Social and Reproductive Biology (Kunz and Racey) have secured
excellent speakers, and Cambridge University Press will be publishing all three together in a
single volume, within ten weeks of receiving camera ready copy. Professor J.D. Pye will also
convene a Workshop on Observational Techniques. About 100 registrands wish to present
papers so we will have some programming problems, and unless more people switch to
posters in their final registrations, the spectre of parallel sessions appears before us.

The Department of Zoology, University of Aberdeen, will contribute 100 pounds and Bat
Research News will contribute 150 dollars (U.S.) to a prize for the best presentation by a
graduate student.

A 200 page issue to Myotis has been allocated for publication of submitted papers.

The abstracts of all the papers presented will be published as the November issue (Volume
26:4, 1985) of Bat Research News.

QMC Instruments will host a social event (such as drinks with a poster session), and there
will be a closing dinner.

Our only regret is that we are unable to organise the sort of spectacular bat excursion that
formed such a memorable part of previous international gatherings. Instead, we will
substitute Scottish culture and take those of you who wish to attend on a day excursion at the
end of the conference to witness The March of the Men of Lonach — a private army who
parade with pikes and Lochaber axes in full Highland regalia and accompanied by pipers,
down the beautiful valley of Strathdon to the Highland Games at Bellabeg.

The provisional cost for the five nights of the Conference, with full board, will be in the
region of 120 pounds. We hope to reduce this for students. With sterling so weak this must
be a good value, so we hope to see many North American colleagues in Aberdeen.

Paul A. Racey
Adrian G. Marshall
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RECENT LITERATURE

(Authors are requested to send reprints of their
papers to the editor for inclusion in this section.
Receipt of reprints will facilitate complete and
correct citation. Qur Recent Literature section is
based upon several bibliographic sources and for
obvious reasons cannot ever be up-to-date. Any
error or omission is inadvertent. Voluntary con-
tributions for this section, especially from foreign
bat researchers, are most welcome.

ANATOMY

Bishop, A.L., O.W. Henson, Ir., NN Henson and D.B.
Jenkins., 1984, The efferent auditory svstem of the
mustache bat. Anat. Rec., 208: 366 Abstract {Depts.
of Anatomy and Surgerv, Div. of Owlarnyngolegy,
Univ. of North Carolina. Chapel Hill, North
Carolina 27514 USA).

Cotter, JLR. 1984, Comparison of retinofugal projections in
two bhat species. Anat. Rec., 2080 36A Abstract
(Anatomical Scicnees, State University of New York
at Buttalo, New York 14214 USAG

Cukierski, NUAL 19R4. Use of Nerav mapping and nicro-
analysis 1o identity iron in tophoblast hvsosomes ol
Vivors fucifueis, Anat. Reoo 2080 38A Aburact
(Calitornia Primate Res. Cire Univ, of Calitornia,
Davis. CA 95616 USA)

flenson, ML, DB Jenkins, AL L Bishop and O Henson,
Jro 1984 A new tvpe of sustentacular cell i the
organ of Corti. Anat. Rec., 208470471 Abstract
(North Carolina, Chapel Hitl).

Flenson, OUW L MUNE Henson, AL Bishop and DB Jenkins.
1954, Observations on the afferent fibers of the
cochlea in the bat, Preronotus p. paraciiii. Anat.
Ree,, 208: 471 Abstract (North Carofina, Chapel
Hill).

Jenkins, DB AL Bishop, OW. Heuson Jr.and MU
Henson, 1984, The stracture and cellular organiza-
tion of the spiral limbus of the spival timbus ot the
cochlea, Anal. Rec., 208 471 Abstract (North
Carolina. Chapel Hill).

Khajuria, H. 1982, External eencialia and bacula of some
central Indian Microchivoptera, Sacugeticrhd, Mite.,
30: 287-295.

[acmle, LK., J.R. Corter and S.C. Feldman. 1934, Somato
statin-like immunorcactivity in the visual cores ot
an echolocating bat (Myords fucifugus). Anar, Rec,,
208: 97A Abstract (Anatomy, UNINDH - New Jersey
Medical School, Newark, New Jersey 07103 USAY,

Nagato, T.. B. Tandler and C.J. Phillips. 1984, Crysralloid
smooth endoplasmic reticulum (SER) in sabman-
dibular acinar cells of the male round-cared bat,
Tonaria siftvicola. Anat. Rec., 208: 123A Abstract
(School of Dentistry, Case Western Reserve Univer
sity, Cleveland, Ohio 44106 USA).

Marini-Abreau, ML 1978-1980. Arterial vascularization of

the cerebullar cortes of Chiroptera. Folio Anat,
Univ. Conmimbrigensis (Coimbra), 47: 119-128 ¢fnsl.
Cicn., Biomed. Univ. do Porto, Largo Prot. Ahel
Salazar 2, 4000 Porto, Portugaly,

Ramprasad, F., K. E. Money, J.P. Fandolt, M.J. Correis and
J. Laufer. 1983, Distribution and size of Bocticher
celts in the tittle brown bat, rabbit and other species.
Anat. Rce.. 2070 653-663 (Univ. Guelph. Dept.
Zoology, Guelph, Ontario, Canada N1G 2W T,
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Ruprechte AL 1981, Falle von Sethstausieid
kicterbruchen bei Kicinsaugern i
sraum. (Deseription of threw cises
dibular fractures in smiall animaeb fva
Sacugcenerkd, Mitn,, 400 7980 (in
forschung, Polnische Akade

{7-230 Bralowicrza, Poland).

¢

BEHAVIOR

Gaudet, C.L., and M.B. Fenton. 1984, Observiitio:
i three species of insectivorous bats { >
Amm. Behav., 32: 385388, (Carleton Univ., Dent,
Biol., Ouawa, Ont,, Canada KiS 3Be).

MeCracken, 6.0 1984, Communal nursing in SMexoan 1
tailed  bat maternity  colonies,  Scicnoe,
1090-1091 (Dept. Zoology, Univ. Tenneasee, kiwis-
vilie, TN 37996-0810 USA).

BIOCHEMISTRY

Czecsugay B, and AL Ruprecht. 1982, Caroteno:
of mammals. {1, Carotenoids ot some
tilionidae from the scasonal variation gspect,
Theriologica, 27: 82-96.

van der Westhuvzen, 1., and 1. Mets, 1984, Beta
onset of neurological impairmient in nit
induced Vitamin B-12 deficienoy in frus
Nutrijon, Ll THO6-11H] (S, Atvican tnar
Res., Sch. Patholopy, MRC, Brien Aietb

Grp,. Johannesburg 2000, S, Airicus.
DISTRIBUTION
Andera, MOT9820 Small mammads of the viborior nroarms

(Eastern Slovakia, Czechostov k. Cus
Oddii Prirodoved 151 183-19%.

Aundras, ., and G. Topal. 1952, Kaliman K
pedition to East Africa and his coliv
mals. Allattani KozLl., 69: 43-60.

Hanak, V., and T Gaisler, 1983, Nvewwlus feisler: (R
a new species for the Atrican continen!
47 585-587 (Charles Limive., list, zZooi
CS-12844 Prague, Crechoslavakia),

Hurka. 1., 1983, Appraisal of the occurrence of hats (vhse
malia: Chiroprera) in Western Bohemia (Crecho
slovakia). Veleslavinova, 6; 301-314.

Smeenk, C. 1982, Comments on an old record of Nverdos
leri trom the Netherlunds provinee of Gre
Lutra. 25: 33-59.

Voute, A.M. 1983, The 20th bat species for the Netd
[wira, 26: 20-23 (Rijksuniv, Utrecht,
Zoologische, Oeccologic en Taxonomie, Plonns
engracht 9-11, 3512 CA Utrecht, Netherlands,

Williums, S L., H.H. Genowayvs and JL A Groen. 1983 Roonins
of the Alcoa Foundation Surinam expedits
Records of mammals from central and
Surinam.  Ann. Carnegic Mus..  372:
(Carncgic Mus. Nat., Hist., Pitisburel, P&
USA).

ECHOLOCATION

Fenton, M.B. 1984, Lcholocation: implications for oc
evolution of bats. Quarterly Review Biol., 5*
(Carleton Univ., Dept. of Biol., Otuws, (i
Canada K18 5B6).

Fullard, J.H. 1984. Listening for bats: pulse repetitio
cue tor a defensive behavior in e
(Lepidoptera, Artiidae).
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doese 20t sad GLDL Pollack. 19840 Nearal mechanisms
mnd localization in an echolocating bat.
Seienee, 22350 725 (Univ. lexas, Dept. Zoology,

Austin, TX 78712 T1SAY
rubersetzer, 1ooand B. Vogler. TR Diseriminatioa of
SUC BT s LI clnarocanmy bat Yvors
nivors during tlighc J0 Comp. Physioll AL
JTR2RY /ool st der WL Goethe-Unin
Siesmaverstresse 700 D-6000 Frankfure am Nain,
FROY.

{3

Jen, POH-Sand XL Sun, 1984, Pinna orientation determines
the masimal directional sensitivity of bat auditory
neurons. Brain Res., 301: 157-161 (Univ, Missouri.
Div. Biol. Sci., Columbia, MO 65211 USA).

Jen, PUel-S., XL Sun, T. Kamada, S. Zhang and T. Shimozawa.
1984, Auditory response properties and  spatial
response areas of superior collicular neurons of the
FM bat, Iptesicus fuscus. J. Comp. Physiol., 154;
407-414.

Makarov, AK. and [.A. Gorlinski. 1983. Echolocational de-
tection and directional findings of stationary targets
by the bat, Rhinolophus ferrumequinum. Zh. Evol.
Biokhim. Fiziol., 19: 204-207 (1.ab Ecol. Physiol.,
Leningrad University, Leningrad, USSR).

Poussin, C., and P. Schlegel. 1984, Directional sen-
sitivity of auditory neurons in the superior colliculus
of the bat, Eptesicus fuscus, using free ficld sound
stimulation. J. Comp. Physiol., A, 154: 253-262
(Univ. Munich, Inst. Zool., D-8000 Munich 2,
FRG).

Simmons, J.A., and S.A. Kick. 1984. Physiological mech-
anisms for spatial filtering and image enhancement
in the sonar of bats. Ann. Rev. Physiol., 46: 599-614
(Univ. Oregon, Inst, Neuroscience, Dept. Biology,
Eugene, OR 97403 USA).

Simmons, J.A., S.A. Kick and B.D. Lawrence. 1984, Echo-
location and hearing in the mouse-tailed bat,
Rhinopoma hardwickei: acoustic evolution in bats.
J. Comp. Physiol., A, 347-356.

ECOLOGY

Doreis, N.R., and J.1.. Guillaumet. 1983, The fruit-cating bats
of the Manaus arca and their role in plant dispersal.
Revue d’Ecologic, 38: 147-170 (Univ. Estadual Lon-
drina, CCB, Dept. Biol., Geral, BR-86100 l.on-
drina, Parana, Brazil).

Duxoux, k. 1983, Are Baobob flowers only pollinated by male
straw-colored fruit bats, Eidolon helvim. Revue
d’Ecologic, 38: 230- (Fac. Sci. Dakar, Dept. Biol.,
Vegetale, Cyptophysiol. Lab., Dakar, Senegal).

Estrada, A., R. Coates-Estrada, C. Vasquers-Yanes and A.
Orozco-Segovia. 1984, Comparison of frugivory by
howling monkevs (Alowutia palliata) and bats (Ar-
tibeus jamaicensis) in the tropical rain forest of L.os
Tuxtlas, Mexico. Am. J. Primatol., 7; 3-14 (Univ.
NACL Automa Mexico, Inst. Biol., Estac Biol. Los
Tuxtlas, Los Tuxtlas, Veracruz, Mexico).

Findley, I.S., and H.L. Black. 1983. Morphological and dictary
structuring of a Zambian insectivorous bat com-
munity. Ecology, 64: 625-630 (Muscum Southwest
Biol., Univ. New Mexico, Albuquerque, NM 87131
USA).

Labee, A H., and A.M. Voute. 1983. The diet of a nurserv col-
ony of the serotine bat Epresicus serotinus in the
Netherlands. Lutra, 26: 12-19 (Nobeldwarsstraat
2A. 3512 Ex. Utrecht, Netherlands).

Marimuthu, G., and M. K. Chandrashekaran. 1983. Social cues
of a hipposiderid bat inside a cave tail to entrain the
circadian rhythm of an cemballonurid bat. Die
Naturwissenschatten, 70: 620-621 (Madurai Kamraj
University, Neurobiology & Mechanisms Behav.,
Madurai 625 021, Tamil Nadu, India).
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Ramires, Moo Sobrevila, NOXL Decnrech and T Raizzapata.
1984, Florad
Buatihivig Henthassade Tanh (Leguminosaet, 4 bat-
pollinated treein Venesuekan T lanos, Amer. 1. Bot,,
Tl 2T (Harvard Universite, Gray - Herbariana,
Cambridge, NA 02138 USA)L

Schanavagem, P and G Navimathu, TORE Spatia) on

Biolooy  oad brecding  svstem ol

wanization of toosting i (the ety orous tropical
bat, Hipposideros speoris . Behavioral Processes, 9:
13122 (Madurar Kamrad Unie o Sch, Biel, Sei,
Depto Anim, Behoy o Needurar 6230210 Tamitinadu,
Indiay,

FOSSIL RECORD

Fiolev, RUB., W, Caire and Db Willielm. 1983, Bats of the
Colorado ot shale region. Great Basin Nat., 43:
S54-360 (U.S.0 Tash & Wildlife Serv., 1300 Blue
Spruce Dr., Fort Coilins, CO 80521 UISA).

Legendre, S 1982, La fuune de nucvomammiteres du gisenient
burdigalicn Jde Pori-la-Nouvella (Aude). Com-
plements ¢t indications palcoccologiques, Bull, Soc.
geol. Fro, (7y 240 383387 (Univ. Montpellier 11
[USTL], Place EBEugene Bataillon, F-34060 Mont-
pellier, Cedex, France).

Sige, B. 1982, Contributions a I'ctude des micromammiferes du
gisement  miocene  supericur  de Montredon
(Heraulty. 4. Les Chiropteres. Palcovertebrata, 12
(3): 133-140 (Univ. Montpellier 41 [USTL]. Place
Fugene Batattlon, 1-34060  Montpellier. Ceden,
Irance).

Sige, S., S, Hand and M. Archer. 1982, An Australian Miocene
Brachillipposideros (Nlammatia, Chiroptera) related
to  NMiocene representatives {rom  Franve.
Palcovertebrata, 12 (5): 149-172,

IMMUNOLOGY

Chakraborty, A.K., and K. Chakravartv, 1984, Antibody-
mediated immune response in the bat, Preropus
giganiens. Develep, Comp. Immunol,, 8: 315-424
(Univ. N. Bengal, Ctr. Life SciL, Immunology & Cell
Biol. Lab., Saliguri 734 430, W Bengal, India).

KARYOLOGY

Fedyvk, S.. and A L. Ruprecht. 1983, Chromosomes of some
species ol vesperttionid bats. I Banding patierns of
I'piesicus serorings chromosomes.  Acta
Theriologica, 28: 159170,

Fedyke S.oand AL, Ruprechi, 1983, Chromosomes of some
spectes of vespertilionid bats. . Evolutionary rela-
tionships of plecotine bats. Acta Theriologica. 28:
171-182, pls. 89,

Kasahara, S.. and B, Dutrillaux. 1983, Chromosome banding
patterns of four species of bats with special reference
to a case of Xeautosome translocation. Annales de
Genetique, 26: 197-201 (Univ. Estadual Sao Paulo,
Inst. Biosciences, Dept. Biol,, R-13500 Rio Claro,
SP, Brazih),

Wang, Z. 1982, Progress in studies of Karvotypes of order
Chiroptera. Acta Therologica Sin., 2: 233-244 (Inst.
Zoology, Academia Sinica).

Warner, R.ML 1983, Karvotypic megaevolution and phylo-
genetic analysis: New World nectar-feeding bats
revisited. Svst. Zool., 312: 2792282 (Uiniv. Calitornia,
Museum Vertehrate Zoolooy, Berkelev, €A 94720
USA).

Zima, J. 1982, Karvotypes of three species of horseshoe bats
from Czechostvakia Lyny (Prague), 210 121-124
(UVOCSAV, Kvetna 8, 603 65, Brno,
Crechoslovakia),
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PARASITES

Chaturvedi, V.P., H.S. Randhawa, Z.11. Khan, N. Singh and
S. Kini. 1984, Prevalence of Busidioboluy rantrium
Lidam in the intestinal tract of an insectivorous bat,
Rhinopoma hardwickei hardwickei Gray, in Dethi.
Sabouraudia, 22: 185-190 (Liniv. Delhi, Vallabhbhai
Patel Chest Inst., Dept. Med. Mycol., Delhi 110 067
india)

Fain, A. 1981. Notes on the Labidicarpines (Acari, Chiro-
discidae) parasites of Chiroptera in Belgiuni. Bull,
Ann. Soc. R. Belge Entomol., 117: 285-293 (Inst.
Med. Tropicale, Nationalestr, 115, B-2000 Ant-
werpen, Belgium).

Fain, A. 1982, @abidocarpone mites (Acari, Chirodiscidae)
trom Oricntal bats. 4. Genera Qlabidaocarpus, Den-
tocarpus, Labidicarpellus and Preropiella with a key
to the genera of Chirodiscidac. Syst. Parasitol., 4:
337-360 (Inst. de Med. Tropicale, ‘Prince Leopold’,
Antwerp, Belgium).

Hurka, K. 1982, On the insect bat cctoparasites of ceastal
Libva (Cimicidae, Nycteribiidae, Streblidae,
Ischnopsyllidae). Vestn., Cesk. Spol. Zool., 46:
85-91 (Katedra Systematicke Zool, Prir. fak KU,
Vinicna 7. 128 44 Praha 2. Czechoslavakia),

Kudryvashova, NI, and S.N. Rybin. 1983, A new species of
Chiggers (Trombiculidae) from the bats of
Kirghizia. Pararziotologiva, 17: 489-497 (MV
[.omonosov State Univ. Museum, Moscow, 117 234,
USSR).

Main, A.J., A.B. Carey and R.H. Goodwin. 1982, Immature
Ixodes dammini (Acari, Ixodidae) on small animals
in Connecticut, J. Med. Entomol., 19: 653-664
(Dept. Ipidemiol. Public Health, Yale University
CT 06510 USA),

Raina, M.K., and R.K. Haul. 1982, Capillaria kashiirensis
new species (Nematoda) trom a bat in Kashmir, In-
dia. Angew Parasitol., 23: 2831 (Myous muricola
stomach; Zoology, Univ. of Kashmir, Srinagar,
Kashmir 190 006, India).

Schuttelius, X, 1982, Lectin typing of Trypanosonia vesper-
vilionis and  Tryvpanosoma cruzi. 1. Clin, Chem.
Biochem., 20: 131 Abstract (Bernhardt Nocht Inat.,
Bernhardt Nocht Str., 74, 13-2000 Hamburg, 'RG).

Uchihawa, K., M. Harada, S. Yenbutra and S. Ohtani. 1983,
Bat Myobiidac from Thuiland (Acarina, Trom-
biditormes).  Acarologia  (Paris). 24: 169-180
(Parasitology, Fac. Med., Shinshu Univ., Mat-
sumolo, Japan).

Uchikawa, K., K. Macda, M. Harada and T. Kobayashi. 1980.
Bat Mvobidae from Sabah, Borneo, Malaysia. Con-
trib. Biol. Lab., Kyoto Univ,, 26: 97-121.

PESTICIDES, PUBLIC HEALTH AND
VIROLOGY

Anon. 1981. Paralytic rabies. Bull. L.’oft Int. Epizoot.. 93: 603-
604 (In Spanish).

Anon. 1981, Agriculture Canadas activities in rabies control.
Bull. L’off Int. Epizoot., 93: 603-610 (In Spanish).

Arslanagic, E.. A, Oya and M. Morita. 1982, Virus Oita 296
isolated from the bat in cell structure.
Mikrobiologiva (Belgrade)., 19: 5-10 (In Serbo-
Croatian; Immunol. Inst. Zagreh).

Banerjee, K., M.A. Ilkal and P.K. Deshmukh. 1984, Suscep-
tibility of Cyroprerus sphiny (frugivorous bat) and
Suncus  murinus  (house  shrew) to  Japanesc
encephilitis virus. Indian Jour. Med. Res., 78: 8-12
(Nat. Inst. Virol.,, 20-A Dy, Ambedkar Pd., Pune
411 001, India).
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Bijlenga, G., and E.M. Hernandes-Bawmgarten, 19540 A
plague-puritied rabies virus (Strain V-319) derived
from a vampire bat (Dessmodus rotiiadusy in Mex-
ico: Vaceine potential, The Cornell Veterinarian, 74:
1551658 (Feole Natl, Vet Lyon, F-69260, Chatbon-
nicres, France).

Everard, C.OR., C.GM. Fraser, [ Bhagwanding NEWL Race
and ALC. Tames. 1983, Leptospires inowildlife from
Trinidad and Grenada. J. Wildlife Dis., 19; 192-199
(MRC Govern,  Barbados  Leptospirosis  project,
Vet. Diagnostic Lab., Pine St. Michael, Barbados,
W. Indies).

Gelmann, E.P., CD, Trainor, S.F. Wong and M.S. Reitz, 1982,
Molecular cloning of circular unintegrated DNA of
2 1ypes ol the seato strain of gibbon ape Leukemia
virus, J. Virol, 440 269-275 (1 ab. Tumor Cell Biol.,
Natl, Cancer {ist., Bethesda, N 20205 USA).

Hendricks, DAL L. Hardy and W. Reeves, 1983, Comparison
of hiological properties of St. L owis encephalitis and
Rio-bravo viruses. Am. J. Trop. Med., Hyg., 32;
602-609 (Biol. Scv., Wellestey, MA 02181 USA).

Ka\hmir'i, S.V.S.. R, Medhi and LF. Ferier, 1983, Deiection,
purification and characterization of 2 species of
covalently closed circular pro viral DNA molecules
of bovine leukemia virus, J. Virol,, 450 1172-1176
(Univ, Pa. Sch, Veterinary Med.. New Boiton Cir.,
Kennett Sq.. PA 19348 USA).

Kumar, S, MNP Yadav, V.B. Singh and V.S Padbidri, 1982,
Rickeitsioses surveillance in animiais and man in Ut-
ter Pradesh, India. Indian J. Med, Res., 76: 179-184
(National Inst. Virol., 20A Dr. Ambedkar Rd.,
Pune 411 001 India).

Manrigue-Londono, G., and F.J. Perez. 1981, Bovine rabics.
Bul 17off Int. Epizoot., 93: 617-622 (1n Spanish;
Div. de Sanidad Animal, Sub-verencia de Produe-
cion Pecuarta, Bogoia DUE).

Palmer, S.R., P.R. Gully, J.M. White, A.D. Pearson, W, G.
Suckling, D.M. Jones. J.C.L. Rawes, and J.L. Pen-
ner. 1983, Waterborne outbreak ot Campyviobacrer
gastroenteritis. Lancet, 1 (8319): 287-290 (Public
Health  [ab., Service Communicable  Discase
Surveillence Center, London).

Piccinini, RS, NMUAL Torge, RU.G Cavaleantis AL G. Tobosa,
Tohosa, and V.T. Corvelo. 1982, U'se of Diphena-
dione 2D1 Phenvlacetyvl-1 3 Indandione for vampire
bat control in endemic rabics arcas in northeastern
Brazil. Arg. Esc. Vet. Univ. Fed. Minas Ferais, Em-
brapa, Disposicao fesa/Mg 4A, Dr. Juiz Fora, MG).

Pool, G.E., and C.S. Hacker. 1982. Geographic and scasonal
distribution of rabics it skunks, foxes and bats in
Texas, USA. J. Wildlite Dis., 18; 405-418 (Umniv,
Texas, Health Sci. Ctr., School of Public Health,
Box 20186, Houston, TX 77025 USA).

Ova, A, B Arslanagic, S. Yabe and M. Mot 19820 Physio-
chemical properties of Oita 296 viras isolated from
the bat, NMikrobiologija (Belgrade), 190 {1-16 (In
Serbo-Croatian;  Natonal Inst. Health, Tokyo,
Japany.

Schneider, [.G. 1982, Antigenic variants of rabies virus, Comp.
Immunol.  Microbiol.  Infect. Dis., 50 101-108
{(Federal Res. Inst., Animal Virus Diseases, P.O.
Box 1149, D-7400 Tubingen, FRG).

Steece, R.S.. 1.0 Erickson, RUAL Siem and 1.C. Biriney. 1982,
Chiropteran rabices in Minnesoti, USA, 1976-1980.
oo Wildlite Dic, 1R 487-490 (Health EFnviron,
Dept., Virology Lab., 700 Camine de Salud NE.
Albuquerque, NM 87106 USA).
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PHYLOGENY

[egendre, S. 1984, Essai de biogeographic phylogeneigue des
Motlossides (Chiroptera). Myotis, 21-22: 30-36
(Univ. Montpellier II, USTIL., Placc Eugence
Batallion, F-34060 Montpellier, Cedex, France).

PHYSIOLOGY

Beasley, L.J., K.M. Pelz and 1. Zucker. 1984, Circannual
rhythms of body weight in pallid bats. Am. J.
Physiol., 246: R 955-958 (Univ. of California Irvine,
Dept. Psychobiology, Irvine, CA 92717 USA).

Bruce, D.S., M.L. Tuggy and P.J. Pearson. 1984. Summer
hibernation induced in ground squirrels (Cireflus
tridecemlineatus) by urine or plasma from hiber-
nating bats (Mvotis lucifugus or Eptesicus fuscus).
Cryobiology, 21: 371-374 (Wheaton College, Dept.
Biol., Wheaton, IL. 60187 USA).

Chandrashekaran, M.K., R. Subbaraj and K. Sripathi. 1983.
Reference phases and circadian rhythms. J. Inter-
discip. Cycle Res., 14: 43-52 (Unit Animal
Behaviour, Sch. Biol. Sci., Madurai Kamraj Univ.,
Madurai 625 021, India).

Geiser, F., M.L. Augee and J.K. Raison. 1984, Thermal res-
ponse of liver mitochondrial membranes of two in-
sectivorous mammals — a bat and a marsupial. IN:
Thermal Physiology, J.R.S. Hales, ed., pp. 453-456.
Raven Press, New York (Flinders Univ., S.
Australia, Sch. Biol. Bedford Pk., SA 5042
Australia).

Joshi, D., and M.K. Chandrashekaran. 1984. Bright light
flashes of 0.5 milliseconds reset the circadian clock
of microchiropteran  bat. J. Exp. Zool., 230:
325-328 (Reprint: Chandrashekaran, Madurai
Kamraj Univ., Madurai, Tamilnadu 625 021, India).

Kurten, L., U. Schmidt and K. Schafer. 1984. Warm and cold
receptors in the nose of the vampire bat Desmodus
rotundus. Naturwissenschaften, 71: 327 (Umiv.
Bonn, Inst. Zoology, D-5300 Bonn, FRG).

Thomas, D.W. 1984. Fruit intake and energy budgets of
frugivorous bats. Physiol. Zool., 57: 457-467
(Carleton Univ., Dept. Biol., Ottawa, Ontario,
Canada KIS 5B6).

Thomas, S.P., M.R. Lust and H.J. Van Riper. 1984, Ventilation
and oxygen extraction in the bat Phyvilostomus
hastatus during rest and steady flight. Physiol.
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PROGRAM
FIFTEENTH ANNUAL NORTH AMERICAN SYMPOSIUM
ON BAT RESEARCH

October 19-20, 1984
Rockford College, Rockford, Hlinois

The 15th North American Symposium on Bat
Research met at Rockford College in Rockford,
[flinois on QOctober 19 and 20, 1984. There were
121 registered participants from the United States,
Canada, Mexico, and Australia. There were 42
papers presented as weil as several informal
reports.

Dr. Thomas Kunz was presented with the Garrit
S. Miller Award ““In recognition of oustanding
service and  contribution to the field of
Chiropteran Biology.”” Martha Fujita of Boston
University and M.K. (Kitty) Gustin of the Univer-
sity of Tennessee shared the award for the best
paper by a graduate student. Mark Brigham of
Carleton University also received an award for his
outstanding presentation.

At the business meeting the members of the
Symposium clected to forego a meeting in North
America in 1985 so that we will not be in conflict
with the Seventh International and Third Euro-
pean Bat Research Conference in August. This
Conference will meet in Aberdeen, Scotland from
August 19-24, 1985. (Those interested will find
detailed information elsewhere in this issue.)

Invitations for the Sixteenth Annual North
American Symposium on Bat Research, to meet in
October 1986 were received from Boston Universi-
ty (Thomas Kunz), University of Massachusetts
(David Klingener) and University of Toronto
(James Fullard). No decision was made as to
which one of these invitations would be accepted.
The members of the Symposium expressed their
appreciation and gratitude to Larry Forman for
his excellent organization of the entire Sym-
posium. We would also like to thank again Dr.
Norman Stewart for making us feel welcome on
Rockford Campus. Special thanks are due Tom
Kunz, Karl Koopman, Brock Fenton, Kunwar
Bhatnagar and Al Gardner for chairing the ses-
sions; and to Peter August, Kunwar Bhatnagar,
Theodore Fleming, Roderick Suthers and Don
Wilson for evaluating the presentaricns hy the
graduate students. Many others have coniributed
to the success of this meeting; to those unsung
heroes, our appreciation and grativude,

The Symposium closed with high hopes that
most of us would meet again next year 1z Aherceen.
Respectfutly submited, G, Rev Hors,

Program Chairman

ABSTRACTS OF PAPERS PRESENTED
Arranged alphabetically by first author

Immunocytochemistry as a Tool For the Study of
Hypothalamic and Pituitary Hormones in Bats,
Edythe L.P. Anthony and Joan C. King, Depart-
ment of Biology, Rhode Island College, Pro-
vidence, RI 02908 and Department of Anatomy
and Cellular Biology, Tufts University Schools of
Medicine, Boston, MA 02111.

The detection of specific peptide and protein
hormones by immunocytochemistry has made
possible a wide variety of morphological studies
related to the structure and function of the
vertebrate hypothalamic-pituitary complex. In
bats, we have used immunocytochemistry at both
light and electron microscopic levels to identify
the neurons within the forebrain that synthesize
and secrete luteinizing hormone releasing hor-
mone (LHRH). We have also identified the
pituitary cell population that is responsible for
synthesis and secretion of luteinizing hormone
(LH). These studies have yielded intriguing results

that suggest several potential modes of interaction
between these two systems. They have also reveal-
ed morphological evidence for an ultra-short feed-
back mechanism along LHRH neurons in bats. In
addition, immunocytochemistry has been a
valuable tool for examining seasonal changes in
hypothalamic LHRH neurons and pituitary LH
cells. Comparative studies of these systems across
phyla have provided new insight into unique and
common features of this neuroendocrine complex
in bats and other mammals. We have recently
adapted double immunocytochemical labelling
techniques to identify both LHRH- and
catecholamine-containing neurons in the same sec-
tion using reaction products of different colors.
With this expanded capability, we are now in-
vestigating potertial sites of interaction between
these two neural systems. Studies of this nature
have been made feasible only by this versatile and
powerful technique.
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Magnetic Cues and Bat Orientation. Peter V.
August, Depariment of Zoology, University of
Rhode Istand, Kingston, Rhode Island 02881.

The navigational mechanisms used by migrating
or homing bats are poorly known. The story is dif-
ferent for birds, Ornithologists have demonstrated
that homing pigeons and nocturnal avain migranis
us¢ a suite of environmental cucs in navigation
(stellar, solar, chemical, geomagnetic, ete,), Our
understanding of bird navigation and orientation
i3 far more complete than for bats, due in large
part to the use of a number of very simple, predic-
table, and repeatable behavioral assays developed
by ornithologists. One of these, the vanishing
bearing, has been especially important in ex-
perimental studies of bird orientation, The
ultimate goal of this study is to determine if bats
have a “‘magnetic sense’' and use geomagnetic
field information in compass orientation, One of
the immediate goals of this research is to evaluate
if the vanishing bearing technique is a viable
means of studying bat orientation. Preliminary
results are: (1) tissues from Eptesicus fuscus and
Myadis  fucifugns  vield measurable magnetic
remanence  (using cryogenic SQUID  magen-
tometry) and may contain biogenetic magnetite;
(2} when released at might over relatively cucless
terrain (sod ficlds and open sea), Myotis and
Eptesicus do not show homeward-bound
vanishing bearings. These results do not prove or
disprove the existence of a magnetic sense in bats:
further experimental work needs to be done.
Vanishing bearings may be a useful orientation
assay for bat biologists, however, careful atien-
tion should be given to increasing the motivation
of bats o My directly home. Simple capture,
displacement, and release does not work.

Roosting and Foraging Behaviors of Silver-haired
and Hoary Bais. Robert M.R. Barclay, Biology
Depariment, University of Calgary, Calgary,
Alberta, Canada TN IN4.

Roost searches, radiotelemetry, fecal analysis
and observations with ultrasonic microphones and
a night vision scope were used 1o study the
behavioral ecology of silver-haired (Lasianyeteris
rochivagans) and hoary (Lasivrns cfnereus) bats
near Delta Marsh, Manitoba, In May and June,
migrating silver-haired bais roost singly or in
groups of up to eight under folds of bark or in tree
crevices. Although marked individuals were rarely
observed more than one day, certain roosts were
used consistently by a scrics of individuals all spr-
ing, despite the apparent abundance of suitable
sites. Mo bats were located in the roosts after the
spring migration period although individuals were
present in the study area all summer, Silver-haired
bats emerge 1o forage 20-45 minutes after sunsct
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and feed on a varicty of insccts, apparently ex-
ploiting swarms of insects such as chironomids
when available. Family groups of hoary hats
(female and two young) were located roosting on
branches 4-20 m from the ground. Although some
groups used the same roost for up to five weeks,
olhers moved amongst up to five roosis prior to
and after the young were volant. Movements were
rarely maore than that 100 m and appeared 1o be al
least parily associated with wind conditions amd
passibly the first flights of the young. Family
groups remained infact for up to two weeks after
the young began flying., The foraging activity of
hoary bats appears to be quite variable. Both
adults and juveniles forage continuously for two
to four hours starting 30-45 minutes afier sunset.
This first foraging pericd wsually involves long
distance flights (up to 40 km round trip) and is
followed by several shorter, local foraging bouts
ending approximately one hour before sunrise,
Preliminary information suggesis that females and
their young do not forage together. On some
nights, individual hoary bats forage in restricted
areas, particularly around the lights where insects
are abundant. Such individuals are highly ag-
gressive and chase conspecifics and individuals of
other specics. In my study area, unlike elsewhere,
hoary bats are not “moth strategists.” They feed
primarily on beetles, moths and dragonflies, ap-
parently ignoring or nol perceiving the extremely
abundant smaller insects such as chironomids,
Thus in general, the foraging behavior of  this
species appears to be extremely Mexible.

Winter Encrgetics, and the Temperate Distribu-
tion of Macrotns califormnicis (Phyllosiomatidae).
Caary P, Bell, George A. Bartholomew, and Ken-
neth A, Magy, Department of Biology, and
Laboratory of Biomedical and Environmental
Sciences, University of California, Los Angeles,
CA 90024,

The field metabalic rates (FMR), feeding rates,
and water turnover rates of free-living California
leaf-nosed bats are measured by means of double
labelled water between November 1983 and March
1984, This data was combined with field measures
of daily activity and laboratory measurements of
basal metabolism o0 formulate a daily energy
budget, Bats emerged form their roost sites, in
abandoned mine adits in mountains in the Col-
orado desert, approximately 30 to 45 minutes after
dusk, and fed for approximately 2 hours before
returning Lo their roosts. The thermoneutral zone
was narrow and not sharply deflined. Below the T
(approximately 33°C) V., increased linearly --1'1#
decreasing T, body temperature varied directly
with T, but the slope of the regression of Ty on
T, did not differ significantly from zero. At-
tempts 1o induce torpor in Macraius by prolonged
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exposure to a T, of 15°C accompanied by reduc-
ing their food intake to 50% of maintenance
resulted in hypothermia and death within 36-48 h.
Ambient temperatures in the northern range of
this species frequently drop below freezing during
the winter. Mean annual temperatures in the study
area are approximately 17-19°C, however roost
temperatures recorded during the study period
ranged from 27.5-30 °; all known winter roost sites
are located within moderate temperature geother-
mal zones. Macrotus californicus are able to ex-
tend their range into the temperate zone by using
naturally heated roost sites to minimize energy ex-
penditures during the inactive period. While
metabolic costs could be reduced further by
roosting at higher temperatures, roosts at 29°C
allow them to balance daily water budgets without
requiring the use of free water.

The Significance of Coloniality in Eptesicus
Fuscus. Mark Brigham, Department of Biology,
Carleton University, Ottawa, Canada K1S 5B6.

A number of theories have been proposed 1o ex-
plain animal aggregations. Using E. fuscus | in-
vestigated whether these bats aggregate due to a
limit in the available roost resources, access
preferred roosts where offspring can be more effi-
ciently raised, to avoid predators, to transfer in-
formation about resources or to minimize travel
time to feeding locations. As of 1 August 1984, I
had attached 76 radio-transmitters to 70 different
individuals; of these, 51 were adult females, 7
were adult males and 12 were subadults. The tag-
ged bats were monitored for a total of 453
transmitter nights. My results show no evidence of
a limited number of roost resources in my study
area (20 km south of Ottawa). On 59 occasions,
evicted or disturbed individuals moved a mean
distance of 105.8 M, SE =9.94, to a new roost site.
In no instance did an individual join a preexisting
colony when it switched roosts. I found that the
number of young raised to flight age was
significantly greater in control colonies (un-
disturbed, where no closure took place) x =0.97
young per adult, SE=0.21, N=2 colony sites. In
1983, in control roosts, I found that radio-tagged
animals returned to the same day roost 94.4% of
the time (N = 143 transmitter nights). 1 predicted
that a clumped exit behavior pattern would be
found if ambush predation was a major selective
force. On 14 nights at control colonies, the mean
number of bats leaving within four seconds of the
previous animal was only 35.5%. On over 300
observer nights, there was no incidence of ambush
predation seen. The information-center
hypothesis also predicts a clumped exit behavior,
as well as following behavior to occur. On nine
nights 1 monitored colony departures where
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following behavior could be recognized. On
average, only 8.4% of the individuals in each col-
ony could have been following the previously
departed individual using visual cues. The fact
that forced roost switches by radio-tagged animals
covered such short distances, is consistent with the
closeness to foraging area hypothesis. My data
regarding foraging behavior however, although
incompletely analyzed, indicates that this species
is an opportunistic feeder and as such, has no
defined individual feeding areas. I conclude that
E. fuscus roost together in *‘preferred’’ roost sites
to take advantage of factors such as microclimate
that enhance their reproductive output. The re-
maining four hypotheses did not seem to explain
the bats gregariousness.

Low Frequency Auditory Sensitivity in the Pallid
Bat (Antrozous pallidus). Patricia E. Brown, Alan
D. Grinnell, amd Peter M. Narins.

Echolocating bats exhibit exceptional high-
frequency auditory capabilities in response to the
ultrasonic frequencies contained in their orienta-
tion sounds. Some bats appear to use low frequen-
cies also to locate calling frogs and insect prey.
Several species utilize audible (to humans) sounds
in communication. Using behavioral techniques,
Poussin and Simmons (JASA 72, 340, 1982) have
documented a low frequency sensitivity at | kHz
in  Eptisicus fuscus. Pallid bats, Antrozous
pallidus, use high-frequency signals for echoloca-
tion, but also appear to utilize lower frequency
prey-produced sounds while foraging on or near
the ground for anthropods and moths (Bell,
Behav. Ecol. Sociobiol. 10: 217-223, 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 extremely
sensitive at 9-11 kHz. Adult pallid bats are
anesthetized with Nembutal and the inferior col-
liculus exposed. Tungsten electrodes were used to
make multi-unit recordings from known depths
below the surface in response to tone bursts for
which the frequency was incremented in 100 Hz
steps and presented via free-field calibrated
loudspeakers (an ADS-300 with output equalized
+5dB from 200kHz to 20kHz and a Polaroid
ultrasonic transducer from 15kHz to 90kHz). For
each frequency, the threshold for the multi-unit
responses was determined. The frequency of peak
sensitivity increased systematically with electrode
depth. At or near the surface, maximum sensitivi-
ty was approximately 0-10 dB SPL at 9-11 kHz,
and 70 dB SPL at 2 kHz. At greater depths, com-
parable sensitivity was seen at frequencies as high
as 40-50 kHz. Our evidence of low frequency sen-
sitivity in the_pallid bat is consistent with the
behavorial observations of the passive use of prey-
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produced sounds in foraging and the active use of
low frequency communication signals (Brown,
Zeit. Tierpsychol. 41:34-54, 1976).

The Timing of Ovulation and Implantation in
Mpyotis lucifugus. G. Dale Buchanan, McMaster
University, Hamilton, Ontario, Canada L8N 3Z5.

Since environmental factors (e.g., temperature,
food supply) can alter the duration of pregnancy
in bats, data obtained in one locality and cir-
cumstance may not apply to the same species in
other geographic or experimental situations.
Thus, in conjunction with 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. /
lucifugus were collected from Craigmont Mine
during the week that departure from hibernation
began. Bats were caged at 20-22°C within 90
minutes of collection, transported to Hamilton the
next day, and maintained in large cages in a warm
(28-30°) room. Ten bats, maintained in an ar-
tificial hibernaculum for a month since collection
were also aroused and studied. Bats not killed on
the first day were taught to eat mealworms and fed
10-15 worms/day thereafter. Autopsies were per-
formed at intervals of 24 +1 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-
tion, excised, photographed, and processed for
further study. Four bats killed on day 0 had pre-
ovulatory follicles. In one, the ovum was entering
meiosis 1. Two bats examined on day 1 had fer-
tilized ova in the oviductal ampulla. Two of four
with pre-ovulatory follicles had first polar bodies
present. Three of four bats killed on day 2 had
ovulated, and all bats with mature follicles ex-
amined on day 3 and later had ovulated save one.
This bat, killed on day 4, had a large follicle in the
left ovary; however, the cumulus and granulosa
cells were small and compact and there was no
evidence of meiotic division. Bats killed on days 2
and 3 had 2-cell and 4-cell conceptuses in the
oviductal isthmus; a 27-cell morula was present in
the right uterine horn of a bat killed on day 4; and
blastocysts were found in the uteri of bats killed
on days 6 through 10. All ovulated bats examined
on day 12 and subsequently were implanted.
Bilaminar-disc embryos were present in bats
autopsied on days 12 and 15; a trilaminar-disc em-
bryo and early primitive streak stage were found
on day 14; and embryos of four and eight somites
were present in bats killed on days 16 and 18
respectively. These results, obtained under stable
experimental conditions, agree with the minimum
estimates of others of the timing of early pregnan-
¢y in M. lucifugus, and provide a basis for
measuring environmental influences on gestation.
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Bat Rabies in Iilinois, 1965-1983. Christopher D.
Burnett, Ilionois Natural History Survey.

Bat rabies was first reported from [llinois in
1959, Since 1965, samples of the specimens sub-
mitted to the Illinois Department of Public Health
for rabies testing have been sent to the Illinois
Natural History Survey for species identification.
Of the 1,926 specimens that have been identified
to species during the 19-year study period
(1965-1983), 4.8% (N=93) were positive for
rabies virus. Annual variation in the incidence of
rabies ranged from a high of 16.3% in 1971 to a
low of 0% the next year. The overall temporal
trend suggests a roughly cyclical pattern with
peaks at approximately 10 year intervals. For the
seven species with sufficient sample sizes (N is
greater than 10), the percentages of rabies-positive
specimens over all years were, in ascending order:
Myotis keenii 0% (N=41), Nycticeius humeralis
1.8% (N =56), Eptesicus fuscus 3.6 (N=615),
Lasionycteris noctivagans 3.6% (N =167), Myotis
lucifugus 4.9% (N =82), Lasiurus borealis 5.4%
(N=717), and Lasiurus cinereus 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
Eptesicus fuscus was this difference statistically
significant. Maps of the geographic distribution 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., Australia.

Interest in the sonar systems of Australian 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 15 of the 17 genera in Australia. Sonar
recordings have been collected in the field and in
the laboratory (anechoic). Many bat species can be
identified by their echolocation call, and the
results can be use to assist field surveys. However,
certain genera such as a Nyctophilus and Eptesicus
spp. have very similar calls which makes species
identification by sonar difficult. The highest fre-
quency is used by Hipposideros ater, which uses a
CF-Fm signal based on a second harmonic CF
component near 145kHz. In contrast the free-
flying cruising pulse of Tadaruda australis has the
lowest frequency with a fundamental of 11kHz,
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which is clearly audible at night. The echolocation
calls of five Molossid species have been compared
(T. australis, Chaerophon jobensis, Mormopterus
beccarii, M. planiceps, M. loriae). When flying in
captivity Molossid bats always use a multiple har-
monic FM pulse, however in the field a single har-
monic (the fundamental) is usually expressed
when cruising. In Molossids, the frequency of the
fundamental of the echolocation call increases
with decreasing body size. The wavelength of the
fundamental frequency in the echolocation call
corresponds closely to the length of the pinna for
each species. The importance of this relationship
is determined by the sound diffraction properties
of the pinna. The fundamental frequencies used
for sonar in the Molossid bats are at a lower limit
for which the ear is highly directional.

Roosting and Foraging Areas of Epomophorus
wahlbergi (Pteropodidae) and Scotophilus
leucogaster (Vespertilionidae) in Kruger National
Park. M.B. Fenton, R.M. Brigham, A. Mills, and
[.L. Rautenbach, Department of Biology,
Carleton University, Ottawa, Canada K1S 5B6.

During April 1984 we used radio-tracking to
study the foraging and roosting areas of two
species of bats, Epomophorus wahlbergi and
Scotophilus leucogaster. Both species are known
to roost mainly in trees and we wanted to find out
if either would adjust its roosting area to minimize
commuting costs with respect to foraging areas.
We studied eight S. Leucogaster (59 bat days in
roosts), and 10 E. wahlbergi (164 bat days in
roosts). Neither species showed evidence of ad-
justing roost site to minimize commuting costs.
the S. leucogaster roosted in hollow mopane trees
over 15 cm diameter breast height along the tops
of ridges, and foraged widely over mopane
woodland, riverine forest, and along river valleys.
They consumed a wide range of insects, with
beetles usually constituting 50% of their diet. The
E. wahlbergi usually roosted in foliage in the
riverine forest. One female, however, roosted in a
shelter cave about 4 km from the riverine where
she fed. The bats we studied frequently changed
roost sites but there was no evidence of these
changes being associated with feeding areas.

Refuging and Resource Roulette in Carollia
perspicillata. Theodore H. Fleming, Department
of Biology, University of Miami, Coral Gables,
Florida 33124.

Refuging systems have been described as ‘‘the
rhythmical dispersal of groups of animals from
and their return to a fixed point in space”
(Hamilton and Watt, 1970). A variety of
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organisms, including bees, birds, bats, and man,
use refuging systems as a basis for their foraging
or economic strategies. In most refuging species,
density of foragers declines monotonically away
from the refuge or roost, and an energetic tradeoff
occurs between the distance traveled from the
roost and the amount of intra-roost competition
each individual experiences whenever food
resources are limited. Whenever resources are
homogeneously distributed around refuges,
theory predicts that feeding sites at different
distances from the refuge should be visited by a
random sample of refuge inhabitants. I tested this
prediction by examining the distribution patterns
of marked individuals of the frugivorous bat Cor-
ollia perspicillata (Pthyllostomidae) roosting in
three caves located up to 5 km apart in Santa Rosa
National Park, northwestern Costa Rica over a
year’s cycle. In the year, bats were mist-netted,
marked, and released at 17 sites at various
distances from the three roosts, which contained
100-300 Carollia 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, density of bats was more closely related to
resource density than to distance from a roost.
Second, non-roost sites did not contain random
samples of the roost compositions, at least during
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 wet season. Sex
and age-related foraging differences disappeared
during the dry season (December through May)
when food resources are much more patchily
distributed. At this time of the year, all bats flew
long distances to ephemeral feeding sites, and
spatial overlap between the foraging areas of the
roosts was about twice as high as in the wet
season, Seasonal changes in food availability thus
appear to strongly influence the refuging behavior
of C. perspicillata. Competition for food both
within and between roosts appears to be higher in
the dry season than in the wet season.
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Sperm Morphology of Bats from 10 Families:
Taxomonic Implications and Relationships at the
Superfamilial Level. G. Lawrence Forman and
James Dale Smith, Department of Biology,
Rockford College, Rockford, Illinois 61101 and
Department of Biological Sciences, California
State University, Fullerton, California 92624.

The morphology of spermatozoa from males of
35 species representing 10 of the 19 currently
recognized families is described. Spermatozoa
from members of the following families are
described and illustrated in detail for the first
time; Pteropodidae, Emballonuridae, Noc-
tilionidae, Nycteridae, Megadermatidae, Hip-
posideridae, Natalidae, Furipteridae,
Thyropteridae, and Mormoopidae. Comparisons
are made with other families for which descrip-
tions are available. Within the Pteropodidae, sub-
families are highly distinctive, much more so than
are the numerous subfamilies within the highly
diversified New World Phyllostomidae, some-
times described as an ecological parallel to the Old
World pteropodids. Spermatozoa of the
Natalidae, Thyropteridae, and Mormoopidae are
similar in general features, and all, especially the
mormoopid studied (Pteronotus parnelli) are
similar to the spermatozoa of phyllostomids.
Sperm cells of Noctilio albiventris are remarkably
distinctive in size, as well as structure. The cells of
Noctilio stand apart as unusual within the mam-
malia, as well as amongst bats. The sperms of
nycterids, a furipterid, and megadermatids readily
distinguish each group at a familial level. Sperms
of the Emballonuridae, 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
Frederickson and Philip H.-S. Jen, Division of
Biological Science, University of Missouri, Col-
umbia, MO 65211.

Big brown bats, Eptesicus fuscus, use short
multiple-harmonic  frequency-modulated ultra-
sonic signals for detecting targets. A previous
study showed that the bats reject clutter in-
terference for moving targets more successfully
than for stationary ones (McCarty and Jen, J.
Comp. Physiol. 152:447-454, 1983). Another
study indicated that when revolving and stationary
targets were presented simultaneously, bats show-
ed a preference to the revolving target over the sta-
tionary one. (Zhang and Jen, unpublished obser-
vation). In order to further study the effect of
clutter interference on the bat’s performance of
detecting targets, we measured the correct
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responses of bats under the presence and absence
of clutter interference, respectively. Four trained
Eptesicus fuscus, were used for this study, which
utilized an elevated Y-shaped platform containing
a black box. The angle between two ramps was
60°. During the test, a semicircular brass target
(thickness: 0.05 mm, radius: 16 mm) was random-
ly presented toward one ramp and the percent cor-
rect response was recorded. By means of electric
motors the target was oscillated back and forth
(amplitude: 3.8 cm, average speed: 6 cm) and
revolved (300 or 1000 rpm) as desired. The initial
bat-to-target distance was 30 cm, and this was
then increased in 20 cm increments until it reached
110 cm. Frequency analysis of the background
clutter (largely generated by the oscillating 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 Laboratories and
Research, Albany, NY 12201.

Circumstances frequently make it desirable to
eliminate commensal bats from certain structures,
particularly where there is a high risk of human
contact (e.g. schools, hospitals, prisons). Most
authorities 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 difficulty 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 ventilation. Polypropylene birdnetting
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(originally developed to keep birds off orchard
crops) was tested this past summer as a batproof-
ing ool in four houses with roosting colonies of
Myotis fucifugus and/or Eptesicus fuscus. This
material can be readily applied to cover exit hales
of various sizes, numbers and distribution. It can
be used as a simple barrier to all passage or,
perhaps more importanily, as a check-valve which
only allows animals to exit and permits applica-
tion during daylight howrs. When used in this
manner, bais were neither trapped inside nos
driven into the occupied areas of the buildings,
The method of attaching and draping the birdnet-
ting is determined by architectural detail and Might
pattern of the bats. The bats easily find their way
out from under the flexible netting and do not
become eptangled in it. Upon returning, they
swarm about near the hole nad repeatedly land an
the netting. Since airflow and odor cues are not
impeded by this material, bats" efforts o re-enter
a building are not redirected to the margins of the
netting and, wltimately, they go elsewhere. This
miaterial may be used as a temporary barrier in
order to allow the homeowner time 1o seal the exit
holes with caulking compound, repair a fascia
board, etc. or it may be kept in place more or less
permanently. Birdnetting proved to be (i) effective
in excluding bats from structures, (i) durable
against climatic conditions and bats, (i) practical
and ecomomical to apply, (iv) esthetically
tolerable, As with other methods of exclusion,
birdnetting should only be applied before the
young arc born or afier they become volant, Most
significantly, using birdnetting as a check-valve
permits application while the structure is occupied
by bats and people apparently without increasing
the risk of bat-human contact,

Geographic Variation and Sexual Dimorphism in
Myotls leclfugus lecifugus: Do Bigger Babies
Make Bigger Mothers? M, Fujita, Department of
Biology, Boston University, Boston MA (2215,

The wing and skull morphology of adult Myoris
fucifugus  lecifugus from Alberta and New
England were examined. Two patterns of size dif-
ferences were apparent, those associated with sex-
ual dimorphism and those associated  with
geographic location. Principal component
analyses were performed on 14 skull variables and
three wing wariables to generaie separate factor
scores describing the general size and shape of
these morphological complexes. In addition,
univariate character measures and ratios describ-
ing relative wing length and width adjusted for
body sice were compared between the sexes in each
sample and between samples in each sex, Within
the Alberta sample, fermnales were significantly
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larger than males in characters describing wing
morphology, but not those for the skull., Within
the New England sample, females were signifi-
cantly larger than males only in a few skull but no
wing variables. Comparisons based on geographic
location revealed that females from the Alberia
sample were larger in all respects than those from
the New England sample. Alberta males were also
larger than MNew England males, but the dif-
ferences were primarily in skull and not wing
variables. The most striking pattern that emerged
was the consistency with which Alberta females
differed in wing morphology. Alberta females
were larger in all pairwise comparisons, and
especially in those characters which lead to greater
lift capacity during flight. The increased size of
the body (as measured by skull variables) and
wings of Alberta females may be due to their
larger of{spring. In a separate study, | found that
the growth rate (as measured by increases in
forearm length) of Alberta juveniles was
significantly less than that of New Hampshire
juveniles. When growth rate is constrained by the
lower ambient emperatures and shorier growing
seasons found at high latitudes, increased size at
birth may allow offspring to reach the same size as
their lower-latitude counterparts before the first
and most critical hibernation period. IT this is the
case, then selection favoring larger offspring in
Alberta will also favor larger mothers who are
capable of supporting and sustaining alarger
fetus. Such selection would especially affect wing
characters that result in a reduction of wing
loading (Myers 197E). While a number of
hyvpotheses exist which could explain size dif-
feremces related 1o either sexual dimorphism or
geographic variation as a result of selection
operating on the adult phenotype, none explains
the overall pattern of adult morphology described
im this study of Mponis [ fecifugus. My observa-
tions on differences in adult size and on the
development of offspring suggest that selection
operating on the developmental stage may be at
least as important in determining adult mor-
phology as those factors affecting only the aduli
stage of the life history of this species.

Auditory Adaptations in Neotropical Moths:
Coping with Quict, High Freguency Bats, James
H. Fullard and Jacqueline J. Belwood, Depart-
ment of Biology, Erindale College, University of
Toronto, Mississauga, Ontario Canada L5L 1C6
and Smithsonian Tropical Research [nstitute,
APD Miami 34002, USA.

Two species of neotropical, notodontid moths
from Panama (Asfees lohyi and Hapigio
crrviinea) possess unique, external auditory strue-
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wires that pear a striking resemblance to mam-
malian pinnac. The physiological effects of these
structures were determined by a neurological ex-
amination of the moths’ ears with the structures
intact, obstructed or ablated. The modifications
increase both the moths’ ability to localize sounds
and their sensitivity to high trequencies (greater
than 70 kHz). In one species, H. curvilinea, in-
terference with the structures resulted in total
deafness to sounds above 115 kHz. The ears of 4.
lichyi were also examined responding to recorded
echolocation calls of the insectivorous bats,
Myotis nigricans (Vespertilionidae), Tonatia
sylvicola (Phyllostomatidae) and Pteronotus
parnellii (Mormoopidae) which are known to
feed, at least in part, on moths. Large notodontid
moths at the study site possess generally poor sen-
sitivities and external auditory modifications may
have evolved in these insects as a response to the
predation pressures exerted upon them by the
faint, high frequency echolocation signals emitted
primarily by phyllostomatid bats.

The Barro Colorado Island Bat Project. Alfred L.
Gardner, U.S. Fish and Wildlife Service, National
Museum of Natural History, Washington, D.C.
20560

On Barro Colorado Island, Panama, a cooper-
ative project of the U.S. Fish and Wildlife Service
and the Smithsonian Institution marked bats and
monitored seasonal and annua! variation in their
distribution, abundance, and natural history from
1975 through 1980. Data gathered shed light on
population composition and stability; life expec-
tancy and longevity; abundance; nightly,
seasonal, and annual movements; synchrony of
reproductive activity within and between species;
timing of reproductive cycles; survival and disper-
sal of recruits; species diversity, flocking, and
intra- and inter-specific relationships; day and
night roost selection; roosting and feeding
strategies; and social behavior. The project had
the cooperation of the Smithsonian Tropical
Research Institute, which provided facilities and
access to an unmatched research reserve, and the
National Zoological Park, which maintained col-
onies of bats that provided indispensable
background information, particularly on
reproductive cycles, growth rates, and feeding
behavior. Barro Colorado Island harbors large
populations of bats that feed on the fruit of
canopy trees, especially figs. Although each fig
tree fruits only once or twice per year, for about
one week each time, these trees are abundant, and
the asynchrony of their fruiting rhythms
guarantees a fairly uniform abundance of figs
over nine months of the year. From August to Oc-
tober, when figs are scarce, a variety of other
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fruits are available to replace them. This uniform
food supply attracts a remarkably diverse guild of
bats (body weights in parantheses): Artibeus
literatus (69 g), Artibeus janaicensis (50 g), Vain-
pvyrodes caraccioli (36 g), Chiroderma villosuri (22
g), Uroderma bilobatum (18 g), Vampyrops helleri
(16 g), Artibeus watsoni (13 g), Artibeus phaeotis
(13 g), Vampyressa nyvinphaea (12 g), and Vam-
pyressa pusilla (8 g). Although we marked all of
the bats that we caught, we emphasized Artibeus
Jamaicensis because it is abundant (%4 of the total
bat catch on BCl), easily captured by conventional
means {mist nets set at ground level), and responds
well to handling and marking. Its range extends
from Mexico south through Central and South
America to Argentina, and includes most of the
Aantilles. Throughout this range, A. jamaicensis
shows much diversity in feeding habits, roost sites,
and activity patterns.

Bioenergetics of Saccopteryx bilineata (Em-
ballonuridae). Michel Genoud and Frank 1J.
Bonaccorso, Department of Biology, University
of Florida, Gainesville, FLA 32611.

The thermoregulatory abilities if Saccopteryvx
bilineata and the microclimate in three daytime
roosts were studied in lowland Moist Tropical
Forest in Costa Rica. Sixteen individuals (mean
body weight =8.3 0.5 g) were mist netted either
along trails in the evening or at their daytime roost
in the morning. Their 0,-consumption, body tem-
perature and thermal conductance at rest were
measured at ambient temperatures ranging from
20°C to 37.2°C in an open air-flow respirometer.
Oxygen concentration was measured with a 50cc
Scholander gas analyzer. Between 20°C and 30°C,
the animals usually remained normothermic (body
temperature =35.5+1.2°C, n=11) and their
O,-consumption was inversely related to the am-
bient temperature, T,:VO, [ml10,/gh°C] =
12.26-0.35 T, [°C] (n=11). Their thermal con-
ductance averaged 0.32 +0.03 m10,/gh °C, which
is 92% of that expected from body mass. Two in-
dividuals entered torpor after the 2 hours of ex-
posure to 20°C, as evidenced by a lower rate of
metabolism and a lower body temperature. The
thermoneutral zone ranged from 30°C to about
35°C. The basal rate of metabolism equalled
1.86 +0.55 m10,/gh n=10) which is only slightly
lower (91%) than expected from 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. bilineata utilizes the typical
Emballonurid roosting posture, which minimizes
contact with the vertical roost subtrate against
which it clings, even at high experimental
temperatures. Roost temperatures appeared to be
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very stable. Twenty-four hour recordings showed
ambient temperatures ranging from 26.0°C to
26.9°C in two sites and temperatures from 26.4°C
to 27.5°C were measured at noon in a third site.

Detection of a Target Under Different Conditions
of Movement by the Big Brown Bat, Epresicus
Sfuscus. Carl Gold and Philip H.-S. Jen, Division
of Biological Sciences, University of Missouri,
Columbia, MO 65211.

Detection of a target presented under different
conditions of movement by five trained Eplesicus
JSuscus was studied by utilizing an elevated
Y-shaped platform containing a black box. The
angle between two ramps was 60°. A semicircular
target (thickness: 0.05 mm, radius: 10 mm) was
randomly presented toward one ramp of the plat-
form and the percent correct response was record-
ed. By means of ¢lectric motors, the target was
oscillated back and forth (amplitude: 3.8 cm,
average speed: 6 cm) and/or revolved (300, 600 or
800 rpm) as desired. The bat-to-target distance
ranged from 30 to 110 cm. The frequency of the
background noise was below 3 kHz which is out-
side the frequency range of the bat’s echolocation
pulses. The resulis showed that a bat’s pertor-
mance in percent correct response generally
decreased with the bat-to-target distance. The per-
cent correct response varied from 66% to 96%
when the target was presented under ditferent
combinations of oscillation and revolution. The
highest value was obtained when the target was
oscillated at 6 cm/s and revolved at 600 rpm.
Under all test conditions, the bats consistently
showed a higher percent correct response for a
moving target than for a stationary one. These
data thus confirm previous findings that bats
detect moving targets more successfully than sta-
tionary ones.

On the Geographic Distribution of Greater An-
tillean Bat Species. Thomas A. Griffiths and
David Klingener, Department of Biology, Illinois
Wesleyan University, Bloominton, IL 61702 and
Department of Zoology, University of
Massachusetts, Amherst, MA 01003.

Compilation and analysis of geographic
distributions of all known living Antillean bat
species reveal that there are two overall distribu-
tional patterns in Greater Antillean bats. The first,
found among most of the earliest known bat col-
onizers of the Antilles, is a pattern where Cuban
and Hispaniolan bats have a close taxonomic rela-
tionship, while Jamaican and Puerto Rican bats
are more distantly related. This pattern supports
either a limited vicariance model for early An-
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tillean colonizers or, less likely, a dispersal model
modified to take into account mid-Tertiary
geography. The second, found among more recent
bat colonizers, is a pattern of species buildup in
the western Antillean islands of Cuba and
Jamaica, with very limited dispersal eastward. The
second pattern supports a dispersal model
modified to take into account Pleistocene climatic
cycles.

Hearing and Acoustic Communication in the
Australian Ghost Bat. Anna Guppy, Roger B.
Coles, and J.D. Pettigrew, Acoustic Laboratory,
Research School of Biological Sciences,
Australian National University, Canberra, A.C.T.
2601 Australia and Department of Physiology and
Pharmacology, University of Queensland, St.
Lucia, 4067 Australia.

The neural audiogram from the midbrain of the
Australian ghost bat (Macroderma gigas) in-
dicates that the auditory system has two frequency
regions of high sensitivity. The high frequency
region covers the range 32-45kHz which cor-
responds to the energy peak of the second har-
monic of the echolocation call. The echolocation
call is based on a modulated fundamental from
20-17kHz which is normally suppressed with most
of the energy in the second and third harmonic.
The low frequency region of the neural audiogram
had extremely high sensitivity and occurs between
10-20kHz. This frequency band is used for social
communication and several non-sonar vocaliza-
tions have energy peaks around 6-15kHz. The
neural data indicates that auditory sensitivity is
reduced sharply below 8kHz and above 50kHz
suggesting that the frequency limits for hearing in
the ghost bat extends from 3-100kHz. Social
vocalizations such as the chirp, twitter and trill
have song-like qualities with stereotyped
amplitude and frequency modulated elements.
Some communication calls such as the twitter, trill
and rasp are used extensively within the day roost.
The chirp call which has a main energy band be-
tween 8-15kHz also contains discrete ultrasonic
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 function as a contact call 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 it is an
opportunistic feeder preying on small vertebrates
such as birds, small mammals, frogs and other
bats, as well as insects. The extreme sensitivity of
the lower frequency hearing region in M. gigas
supports the idea that Megadermatids may detect
and localize prey by passive listening. In the field
ghost bats are easily attracted by experimental
sounds such as an Audubon bird caller or a
played-back tape recording.
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Scent Recognition Between Motlier and Young
Tadarida braziliensis mexicana. M.K. Gustin,
Department of Zoology, University of Tennessee
37996.

Studies using genetic markers have shown that
female Tadarida braziliensis mexicana selectively
nurse their own pup or one of similar genotype.
Several cues that females may use to relocate their
young within maternity colonies are being in-
vestigated. These include memory of the pup’s
location in the creche, pup vocalization and, as
will be discussed here, pup odor. Observations on
captive colonies of several females and pups reveal
that a female smells each approaching pup and ac-
cepts only her own pup for nursing. She pushes
away or runs away from pups other than her own
that attempt to nurse. Bioassays consisting of dou-
ble blind, y-maze choice tests were conducted in
which a mother was presented with odor from her
own pup versus odor from a randomly chosen
pup. Results show that mothers are very successtul
at discriminating odor from their own pups (P
> .001). Since the mother’s muzzle comes in con-
tact with the pup repeatedly during the recognition
and nursing, the pup may be marked with scent
material produced by glands that are located on
the mother’s muzzle. To test this, bioassays were
done to determine if lactating females could
distinguish their own muzzle odor from that of a
randomly chosen lactating female and if they
responded similarly to to scent material from non-
glandular areas of their own bodies. Females were
significantly able to recognize their own muzzle
odor (P .001), but they were not as successful at
distinguishing between scent samples from lower
back fur (P©.076). Histological and biochemical
analyses are currently underway to characterize
the muzzie glands and the nature of the scent
material used in marking pups.

Populations of Cave-Dwelling Bats in Penn-
sylvania. John S. Hall, Department of Biology,
Albright College, Reading, PA 19603.

A survey of populations of cave-dwelling bats
has been conducted in Pennsylvania since 1977.
More than fifty caves and abandoned mines have
been investigated. Emphasis has been placed on
locating rare and endangered species of bats. Six
species of bats can be found using caves and aban-
doned mines in the state, for winter hibernation
and swarming activities throughout the summer
months. The endangered Indiana Bat, Myolis
sodalis, was originally found at 13 sites in the state
between 1932 and 1945 by Charles Mohr, with the
population numbering at least 5000 individuals.
The little brown bat, Myotis lucifugus is the most
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abundant species in the state, with the largest
hibernating colony found containing over 2000 in-
dividuals. The eastern pipistrel, Pipistrellus
subflavus, is found in most caves, but usually only
a few individuals in any one cave. Keen’s bat,
Mpyotis keenii, is rarely found hibernating in
caves, but is commonly caught in mist-nets set up
at cave entrances. The rare small-footed bat,
Myotis leibii, has been found in less than ten caves
in the state, with 15 individuals the most seen in
any one cave. This species also is often caught in
mist-nets at cave entrances.

Evolutionary Implications of Chromosomal
Homology Among Four Genera of Emballonurid
Bats. Craig S. Hood and Robert J. Baker, Depart-
ment of Biological Sciences and The Museum,
Texas Tech University, Lubbock, TX 79409.

Standard karyotypic data ara available for 9 of
the 11 currently recognized genera of the
chiropteran family Emballonuridae (Ray-
Chaudhuri et al., 1971; Baker et al., 1982). In this
paper, we examine the extent of chromosomal
homology among seven species representing four
genera (Rhynchoncyteris, Saccopteryx, Cormura,
and Taphozous) using G- and C-band data.
Heterochromatin is restricted to centrometric
regions in all taxa except Cormura, which
possesses large blocks of C-positive material ex-
tending proximally from the centromere. G-bands
comparisons of euchromatic arms reveal that none
of the arms of Cormura can be identified in the
other emballonurids examined. Eight autosomal
arms are shared among the genera Rhyn-
chonycteris, Saccopteryx, and Taphozous. The
autosomal arms of the three largest biarmed
chromosomes are present in the three genera, but
these have undergone translocation rear-
rangements to produce unique arm combinations.
Taphozous and Rhynchonycteris share an unique
arm combination, whereas the three species of
Saccopteryx share another. Saccopteryx bilineata
and S. leptura share two unique arm combinations
when compared with S. canescens. G-band
homologies between emballonurids and other
microchiropteran families (Phyllostomidae and
Rhinopomatidae) were not evident in our com-
parisons. Based on these results, chromosomal
evolution within the Emballonuridae includes, 1)
extensive reorganization of euchromatic linkage
groups (e.g. Cormura), 2) conservation of
autosomal arms in Taphozous, Rhynchonycteris,
and Saccopteryx, and 3) translocation rear-
rangements of these autosomal arms within the
latter genera.
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Auditory Response  Properties and  Receptive
Fields of Superior Collicular  Newrons of
Echolocating Bats. Philip H.-5. Jen, Xinde Sun,
Tiutomu Kamada, Shangging Zhang and Tateo
shimorawa, Division of Biological Sciences,
University of Missouwri, Columbia, MO 63211,

Echolocating bats have well-developed auditory
systems 1o sens¢ their environment. However,
with the exception of the superior colliculus (5C),
their visual centers are poorly developed. Because
of this, bats probably do not make much use of
their vision during hunting, MNevertheless, the
moderate development of the SC suggests that it
may play a role during echolocation. In particular,
it may be involved in oréenting & bat’s head and
pinnae toward an acoustic stimulus as suggested
for other animals. We thus study the auditory
response properties and the receptive fields of the
S5C neurons. We alwo examing how the auditory
space s represented in this nucleus. Under free
field acoustic stimulus conditions, electro-
physiological properties of 279 5C neurons were
studied by recording their responses 1o pure tone
pulses and frequency-modulated (FM) stimuli.
The SC neurons generally fired only a few action
potentials o acoustic stimulus. The response
latency of these neurons were between 3.6 and 20
msee, but the majority (253 neurons) were below
12.5 msee. According (o the bandwidth, tuning
curves of SC neurons were either narrow, inter-
mediate or broad. Q.4p valucs ranged betwecn
.21 and 68.9 but most were below 20. The mini-
mum threshholds {MT) of SC neurons were be-
tween 15 and 105 dB SPL. SC neurons generally
were most sensitive (0 downward sweeping FM
stimuli and least sensitive to pure tone pulses.
Each 5C neuron had a circular or elliptical recep-
tive field which could be defined in azimuth and
elevation. The receptive field generally expanded
with stimulus intensity although it was not always
even in all directions, Within a receptive field,
there is a best response center which is the point of
maximal sensitivity. A study of the correlation of
the best response center of each neuron with its
recording site within the 3C indicates that an
orderly representation of the auditory space is not
evident in this neural tissue. We suggest thal an
animal with highly mobile external ears may not
need an orderly auditory space in its neural tissue
for accurate sound locatization,

The Use of Doubly=Labeled Water for Measuring
Energy Expenditure and Water Flux in Free-Liv-
ing Bats. Thomas H. Kunz, Depariment af
Biology, Boston University, Boston, MA 02215.

Until recently physiological measurements of

Bat Rescarch Mews 45

field metabolic rate and water flux in ree-living
animals have been possible only by using various
indirect estimates. Improvements in analytical
methods, and reduced costs of isotopes and of
isotope analysis makes it practical to apply the
doubly-labeled water technigues in fiekd silua-
tions. Field metabolic rates of free-living animals
(including bais) can be determined accurately by
measuring the differential turnover of isotopes of
tritium or dewterium and oxygen-18 in body
water, This approach is made possible because the
oxygen of body water is lost as H,O and OO, and
the difference in turnover rates of hydrogen and
oxygen isolopes provide a direct measure of CO,
production. The doubly-labeled water technigue
has a sound biochemical basis and has been use
successfully to accurately estimate metabolic rate
and water Mux in free-living animals, including in-
sects, reptiles, birds, and small mammals. There
have been no established studies on bats. There
are some practical difficulties that must be over-
come in the use of the doubly-labeled water
technique. One is concerned with the organism
itsellf, the other with isotope analysis and the
verification of underlying assumptions. First, the
organism needs to be captured twice, once for in-
jection and initial isotope sampling and again lor
a second isotope sampling. Some bat species make
ideal subjects for doubly-labeled water studics
because of their strong roost fidelity, their syn-
chronous reproductive cycles, and because
sebected individuals can be consistently capiured
and recaptured. Because of the solitary roosting
habits of a few species and the highly gregarious
nature of others, their use may be precluded in
such studies, Potential errors associated with the
use of doubly-labeled water are well known and
they are by no means trivial. Some errors may be
as high as + T0%, although careful choice of the
study organism and of the sampling period can
reduce overall errors to less than 10%. Some er-
rors are unavoidable but their effects are con-
sidered to be negligible. Compared with indirect
methods for estimating field metabolic rate, the
use of doubly-labeled water in studies of bat
ecology can vield direct estimates of field
metabolic rates, foraging costs, and total body
water flux (including milk output). When
estimates of daily milk output are combined with
cstimates of energy content of milk, it will be
possible to quantily the energetics of reproduction
and post-natal growth in bats. Simdlarly, combin-
ed resulis from the doubly-labeled water method,
field determined time-activity budgets, and
measurements of roosting metabolism, can yield
eslimates of foraging in free-living bats.
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The Insulative Value of Bat Nests: A Cooling
Curve Amalyvsis of Clustering within  Wooden
Cavitbies. Allen Kurta, Depariment of Brology,
Boston University, Boston, MA 02215,

Although bats do nod actually build nests, they
do presumably take advantage of * ready-made’”
insulation such as leaves, hollow trees, or barn
maortices, The extent of this potential insulation,
however has never been guantified or experimen-
tally examined. By using coaling curves of dead
animals, | was able to determine the conductance
and insulation of the little brown bat, Myods
fecifigws, under a variety of conditions. The in-
sulation of a single bat is about 30,8 °*C/W, Cool-
ing similar-sized bats within a 300-ml wooden cage
showed a 29.9% increase in total insulation. The
central bat within a cluster of seven animals had
an insulation value 102.5% greater than that of a
single bat, Placing the cluster within a wooden
cage raised insulation to 11003 %CW, an increase
of 257.9%:. In this last experiment. the tissue of
the central bat provided 27.8% of the total insula-
tion; another 28.4% came from the other six bats
in the cluster, and the remaining 44% was at-
tributed to the wood. Additional experimenis
showed that bats on the periphery of these small
clusters cooled at the same rate as the central bats.
Cooling curve experiments of single bats within
wooden cavities of 900, 300, and 150 ml were also
performed. The insulation of bats within the
150-and 300-ml cavities did not differ, but both
provided about 28% more insulation than the
900-ml cavity.

Comparative Cyioarchitectonic Investigation of
the Inferior Colliculus of Epfesicis, Rouseiius,
and Cywopteras. S.A. Larsen, Kunwar P. Bhai-
nagar and Ralph Lee Cox, Depariment of
Anatomy, School of Medicine, Universily of
Louisville, Louisville, KY 402932,

The Inferior colliculus {1C) is thought 0
localize sound in space and 1o process visual-
auditory reflex activity, Bats demonsirate a great
diversity of usage of the auditory system which is
reflected in the unigue anatomical features of the
lower auditory brainstem. Unlike others mam-
mals, bats may have an obligatory synapse in the
IC. The purpose of this study is 1o correlate the in-
ferior collicular cytoarchitecture with known
behavioral differences in the auditory sense, Ten-
micron thick serial paraffin sections of the
brainstem of an echolocating bat [(Epresicus
Suscws), a tongue-clicking bat (Reowseffus
lesehenauiify, a non-echolocating bat (Cpropteris
sphinx) were prepared in coronal, sagittal and
horizontal planes and stained with cresyl violet,
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Another set of brainstems were preparcd using
rapid Golgi technigues. The entire extent of the IC
in each series was drawn using a projection ap-
paratus. Cyiloarchitectonically, the 1IC of
Eptesicns 15 highly cellular and densely packed
with small neurons. There are larger neurons scen
in & ventrolateral position exhibiting a dorsal and
scattered arrangement as the rosiral direction is
reached. In Rowsetivs, the 1C is also highly
cellular with widely distributed large neurons seen
throughout its extent. Some of these larger
neurens form distant groups in the IC in a
caudorostral direction, Compared (o Eplesicus
and Rowserfus, the 1C of Cynoplerus is sparsely
populated with both small amd large sized
neurcns. The smaller ones are widely distribulted,
whereas, the larger neurons are gathered in small
groups, Unlike the other two species, the IC of
Cymopleris presents a distinet molecular layer
with but few scattered neurons, Our preliminary
observations based on the cytoarchitecture of in-
ferior colliculus of the three species indicate that
the organization of this structure exhibits distinct
differences which can be readily correlated with
echolocating behavior of the species.

Target Tracking by the Big Brown Bat, Eptesicus
Juscus, W, Mitch Masters and Anne JM Moffat.
Biology Department, University of Oregon,
Eugene, OR 97403,

While ecliolocating bats are well-known to track

.and capture flying prey, little is known about the

tracking strategy they use. Batls receive target posi-
tion information non-continuously and might be
expecied to use one of Iwo ypes of tracking
sirategies, predictive or non-predictive. With a
predictive strategy the bat would try to anticipate
the target's present or future position using, for
instance, the last two known positions 10 compuie
its trajectory, Using a non-predictive siralegy the
bal would simply aim at the target’s lasi known
target and would always lag somewhat, Linil now
it has not been possible to distinguish between
these two types of strategy because photographic
techniques used hitherto have insufficient resolu-
tion. We have developed a new technique for
monitoring one important part of the pursuit se-
quence, the bat’s head aim, which gives us quite
precise information on tracking accuracy, Two big
brown bats were trained to sit on a plaiform and
follow with their head the position of a target
moving unpredictably along an are in space in
front of them, Head and target positions were
both recorded. Generally the discrepancy belween
the two was at most a few degrees. By analyzing
the *errors’ the bats make we conclude that they
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are most likely using a non-predictive tracking
strategy and simply aim at the last known target
position. While this at first scems like a sub-
optimal technique it may actually be the most ap-
propriate to use since prey may not fly in predic-
table patterns. Furthermore, by emitting sonar
pulses at a high rate the tracking lag can be made
very small.

Social Organization of Artibeus jamaicensis in
Captivity. Elise Mayrand and Georg Baron,
Department of Biological Sciences, University of
Montreal, Montreal, Canada H3C 3J7.

A group of six Artibeus jamaicensis (2 males
and 4 females) has been studied at the Centre de
Recherches caraibes, Martinique, from April 1981
to August 1981. The bats, individually identified,
were housed in an outdoor enclosure large enough
to allow flight. A wooden roosting box com-
municated with the flight cage. Animals were fed
ad.lib. with local fruits. Observations were made
on a daily basis for a 2-hour period per night. Ses-
sions were shifted in order to cover the whole
night (from 18:00 to 6:00) in six days. The social
interactions were recorded and the protagonists of
each encounter were identified. The following
behaviors were considered: sniffing, displacing,
mounting, striking with the head or a folded 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 identify the associations among them. In the
roosting cage, Artibeus jamaicensis has social
organization based on a polygynous system. Each
male was seen to be associated with 1 to 3 females,
but one of them (M1) had more success than the
other since he has been seen more often together
with females (X*=9.04, P =0.01, df =1). M1 also
showed more mounting, forelimb position, lateral
contact and sniffing than M2 in his encounters
with females. Mounting, striking of the head or
the wing and displacing were frequently observed
during male-male encounters, probably to prevent
invasion of the territories. In contrast, females
behaved quite independently. While the two males
had moderately stable territories, females fre-
quently relocated and changed partners. From
these observations, females do not appear to (1)
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 limited 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
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this study, the usable superficy tor the establish-
ment of territories was 2.5 m?. As each male oc-
cupied a maximum of 0.25 m? we do not consider
the roosting places to be limited. However, the
quality of the roosting places within the enclosure
is different. In fact, Artibeus jamaicensis 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 this resource-defence
polygyny. The harem system is not observed in the
flight cage. Animals did not associate in social
groups and showed significantly fewer interac-
tions than in the roost (X*=247.14, P=0.001,
df =1) even if they were clumped in a corner of the
flight cage. Artibeus jamaicensis probably does
not defend territories on the feeding site as the on-
ly two-individuals who had preferred roosts
generaly did not attempt to chase intruders. In the
wild, the cost of territory maintenance on the
feeding site is prohibitive for Artibeus jamaicensis
because of the spatial and temporal distribution of
the fruits which are available in locally superabon-
dant patches (Morrison, 1979). Furthermore,
males cannot support harems because they cannot
energetically afford the defense of widely dispers-
ed females. We can consider the situation in cap-
tivity to be similar to the situation in the wild: the
fruits were presented in a single place preventing
establishment of territories. In conclusion, harem
organization is difficult to maintain outside the
roosting place because (1) males cannot provide a
protected resource to the females and (2) they can-
not join a female group since the latter forage in-
dependently.

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

Recent research on nursing behavior in
Tadarida 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 million individuals,
precise or approximately knowledge of where in
the cave a female can expect to find her pup may
greatly limit 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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move independently of one another. The mean
straight-line distance moved during the first 24
hours after marking (Y =44.45+ 27.89 cm) was
not significantly different from movements in
subsequent 24 hour periods (Y =49.40+ 26.90
cm; .5 P .9; t-test), demonstrating that the
disturbance caused by marking did not result in in-
creased movement, Use of video within natural
roosts has allowed observation of female behavior
and mapping of female movements from when
they land on the creche until they find and nurse
their pups. For six searches that have been map-
ped to date, the mean straight-line distance from
where a female landed to where she found her pup
was 40.63 +31.84 cm. The longest search mapped
involved a straight-line distance of 90.24 cm from
the location of landing to the location of pup.
Treating this distance as the radius of a circle with
the landing location as its center, and given a
mean density of 1 pup/5 cm? within the creche, 1
estimate that this female was capable of
discriminating among approximately 5000 pups.
These video analyses also are valuable in answer-
ing or providing insight to many other questions
regarding the searching and pup discrimination
behaviors that allow selective nursing in these col-
onies.

Lunarphilia: Goatsuckers Are Not Bats. A. Mills,
Department of Biology, Carleton University, Ot-
tawa, Canada KIS 5B6.

Most nocturnal flying insectivores are bats and
all of them rely to some extent on echolocation for
orientation and for the detection of prey. A
significant number of birds, however, are also
nocturnal insectivores, most of them in the family
Caprimulgidae, the goatsuckers. There is no
evidence that the insectivorous caprimulgiforms
rely on echolocation for orientation or locating
prey. I found that Whip-poor-wills (Caprimulgus
vociferus) in Ontario showed a positive correla-
tion of their territorial, feeding and reproductive
activity with bright moonlight, suggesting that vi-
sion plays an important role in orientation. In
contrast, lunar phobia seems more typical of bats.

Long-Term Changes in Harems of the Fruit Bat
Artibeus jamaicensis. Douglas W. Morrison and
Charles O. Handley, Jr., Department of Zoology,
Rutgers University, Newark, New Jersey 07102
and Division of Mammals, Smithsonian Institu-
tion, Washington, D.C. 20560.

On Barro Colorado Island, Panama, the fruit
bat Artibeus jamaicensis has a harem mating
system based on male defense of tree hollows used
as day roosts by females. Previously reported
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radio-telemctry and infrared observations made
during an 8-week breeding season (Morrison 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 90%) of
the night within 50-100 m of their roost hole, fre-
quently flying to inspect the entrance, chase off in-
truders, or escort returning females. We here
report the results of 2 longer term studies designed
to determine when and why females join harems.
STUDY 1I: 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 position after being replaced. Other males
were tolerated only while they were juveniles; (b)
tenures of the 44 females recaptured 1-6 times
averaged 14 + 9 months, including 14 females in
residence for greater than 2 years. Females seem to
be more attached to the roost site than to the
harem male; (¢) juvenile females did not become
members of their mother’s harem, but joined
other harems as subadults. STUDY 2: Forty ar-
tificial tree hollows were inspected for 14 months
to determine whether suitable holes are first col-
onized by females (with a male appending himself
later), or whether the holes are first used by a male
who than recruits females. Unfortunately, no bats
were among the many species found in the ar-
tificial hollows, so the question remains as to
whether or not suitable tree holes are a limiting
resource,

Distribution of Five Neuropeptides in the
Stomachs of Selected Genera of Bats. Carleton J.
Phillips, Department of Biology, Hofstra Univer-
sity, 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 localization if neurotensin, vasoac-
tive intestinal peptide (VIP), glucagon, serotonin,
and somatostatin in the gastric mucosa of species
of Cynopterus, Eonycteris, Megaderma, Rhino-
lophus, and Pipistrellus. No two genera were ex-
actly the same when compared as to presence or
absence or distribution of this set of neuropep-
tides. Furthermore, distinct differences also were
found in localization of neuropeptides in either 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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Eonyveteris and Pipistrellus. VIP was localized in
either nerve cell bodies or fine fibers in all five
species. Glucagon was not tound in Cyvaopterus
but was found in c¢ntero-endocringe cells of the re-
maining specics. Serotonin (SHT) and
somatostatin were found in entero-endocrine cells
of all five species, but in diftering abundance.
Rhinolophus differed from all other genera in
having positive reactions to all five neuropeptides
in nerve cell bodies. Distribution and presence or
absence of the five neuropeptides could not be
correlated in a general way to diet or to
svstematics but instead scemed to correlate 1o
general structural features of the gastric mucosa.

The G- and C-Band Karyotypes of the Rhino-
pomatidae (Microchiroptera). Mazin B. Qumsiveh
and Robert J. Baker, Department of Biological
Sciences and The Muscunt, Tesas Tech Universi-
ty, Lubbock. TX 79409.

G- and C-band karvotvpes of Phinopoma hard-
wickel 2n=36, FN=68) and R. microphvilium
2n =42, FN=66) are presented and compared.
The differences are explained by three tusion/fis-
sions and two inversions. Heterochromatin is
restricted to the centromeric regions in both
species. To test the conclusion of Ray-Chaudhuri
et al. (1968) based on standard karvotypes that the
Megachiroptera should show close genetic af-
finities to the Rhinopomatidae, we have compared
the G-banded karvotyvpes of  Rowuseltus and
Rhinopoma and tound only five shared autosomal
arms. On the other hand, there are many shared
arms  between Rhinopoma and Macrotus
walerftousii proposed as primitive for the Family
Phyllostomidae. Conclusions are 1) similarities in
standard karvotype between Rhinopoma and
Rousetius do not indicate a close genctic linkage
relationship, and 2) during the evolution of the
Microchiroptera, some linkage groups were con-
served and can be identified in both the
Rhinopomatidac and Phyllostomidae.

The Energetics of Reproduction in FEptesicus
Jfuscus, the Big Brown Bat. Holly Stack, Depart-
ment of Biology, Boston University, Boston, MA
02215.

The energy dvnamics of reproductive female
and juvenile big brown bats (Eplesicus fuscus)
were investigated. The energy allocated to produc-
tion was determined by body composition analysis
and the energy devoted to maintcnance was deter-
mined by metabolism studies. The large increase
in mass of pregnant females seen was due not only
to the growth of embryos, but also to a mid-
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pregnancy storage of fat, whore the traction ot
body fat increased by 68% in onc week. By par-
turition, the energy content of embrvo biomass
(two embryvos) was estimated at 8.04 kcal, and the
average growth rate over the six weeks of pregnan-
cy was 0.19 kcal/day. Lactation was characterized
by a decline over the first two weeks in total mass
(15%), fat (54%), lean dry mass (10%) and energy
content (32%) due to the high cnergy demand by
offspring. By 18 days of age (the oldest age at
which juveniles are sull fully dependent on the
mother for cnergy), two juveniles had an cnergy
content of 33.23 kcal, corresponding to an average
growth rate over the first 18 days of lactation of
1.40 kcal/dayv. The maintenance cost of reproduc-
tive females was cstimated for 3 hours of flight
(5.37-7.34 kcal/day) and for 21 hours of roosting
(1.69-2.53 kcalsday). The relatively large propor-
tion of energy which was estimated to be allocated
to production is likely due to the conservation of
maintenance energy by daily torpor and a low
basal metabolic rate.

Sensory Modalities Used in Food Location by
Two Species of Phyllostomid Bats. Mike
Stoneman, Department of Biology, Carleton
University, Ottawa, Ontario, Canada KIS 5B6.

This is a preliminary report based on the initial
lindings of laboratory experiments on two species
of Phyllostomids; Glossophaga soricinag and Ar-
tibeus jamaicensis. G. soricing are small (about
9 gm.) nectar fecders while A. jamaicensis are
much larger (40 gm.) frugivores. To examine this
question, the bats are being trained to perform
discrimination tasks designed to test the acuity of
their senses. Manipulations of the expermental
conditions will be performed to determine which
senses the bats use to locate the target and 1o
determince the degree of sensory flexibility the bats
are capable of. One would predict that the nec-
tarivorous Glossophaga and the frugivorous Ar-
tibeus would rely more on olfaction than would
insectivorous bats. Records of Glossophaga pur-
suing and capturing flving insects at night suggest
that they possess a well developed echolocatory
ability while the relativel larger eves of the 4/
1ibeus may indicate a greater role ol visual cues.
The correlation between feeding method and sen-
sory modality will be examined in light of the fin-
dings available 1o date.
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VYocal Efficiency of Echolating Bats. Roderick A.
Suthers, School of Medicine and Department of
Biology, Indiana University, Bloomingion, In-
diana 47405.

The energetic cost of echolocation is of par-
ticular interest since many bats continually emit
high intensity ultrasonic pulses during flight. Qur
data indicate that echolocating bats have maximiz-
ed the efficiency with which they convert tluid
energy in the airways into the acoustic energy of
the radiated sonar pulse. The ratio of the radiated
acoustic power to the fluid subglotric power is
termed vocal efficiency. The mean subglottic
power during the peak amplitude CF portion of
these 100 dB SPL (sound pressure level) sonar
pulses was from 10.3 to 23.6 mW. This is
equivalent to a sound power output of about |
W/kg. The radiated acoustic power was estimated
from the directivity of sonar pulses emitted under
the experimental conditions. The acoustic power
of the bat’s sonar pulse was calculated as if all of
the sound energy radiated uniformly over the area
subtended by an angle of 20 around the principal
acoustic axis. Based on this conservative assump-
tion, the vocal efticiency of these four bats ranged
from 7 to 16%. The moustache bat thus appears
to be about two orders of magnitude more effi-
cient than man, in converting subglottic power in-
to radiated acoustic power. Efficient production
of sonar pulses may be an important factor in the
evolution of echolocation.

An Update on Bat Conservation and the Activities
of Bat Conservation International. Merlin D. Tut-
tle, Vertebrate Division, Milwaukee Public
Museum, Milwaukee, W1 53233,

Current problems, such as flying fox eradica-
tion in Australia and mine capping in the United
States will be discussed, and Bat Conservation In-
ternational progress will be reported. Thus far in
1984, 400 slide/tape programs and 100,000
brochures on bat conservation have been produc-
ed in cooperation with the U.S. Fish and Wildlife
Service, and a million new color brochures have
been published by Bacardi Imports. BCI addi-
tionally has begun publication of a quarterly
newsletter and has greatly influenced the content
of numerous media articles and programs about
bats. Membership is steadily increasing. Top
businessmen have been added to the board of
directors, and a scientitic advisory board has been
established. TFundraising for conservation related
to research will begin soon.
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Mate Selection by Female Myotis lucifugus.
Virginia Wai-Ping, Department of Biology,
Carleton University, Ottawa, Canada K1S 5B6.

The mating system of Myouis lucifugns has been
described as random and promiscuous and during
active mating (as opposed to mating occurring
when most of the bat population is hibernating),
groups of bats form around adult males. There
appear to be three weight categories of adult males
during the period of active mating: males weighing
less than adult females, males weighing the same
as adult females, and males significantly heavier
than adult females. The purpose of this study was
to assess the role of male size in mate selection by
females and preliminary results from sites in On-
tario will be presented. The results of prescntation
experiments will be discussed in the light of female
choice in this mating system.

Population Biology of Artibeus Jjamaicensis on
Barro Colorado Island. Don E. Wilson, U.S. Fish
and Wildlife Service, National Museum of
Natural History, Washington, D.C. 20560.

Artibeus jamaicensis is a fifty-gram frugivore
that eats roughly its weight in fruit every night.
These bats prefer figs and often seek them out
when other types of fruit they eat are far more
abundant. They commute several hundred meters,
on the average, to feeding trees, feeding from one
to four trees in a single night, and returning to the
same tree an average of four nights in succession.
They tend to fly farther when fewer fig trees are
bearing ripe fruit, and they feed from fewer trees,
on the average, when the moon is nearly full.
These bats, like their congeners, do not feed in the
tree. They select a fruit and carry it to a feeding
roost typically 100 m away before eating it, and
bats are often netted while carrying fruit, reveal-
ing their diet. The juice and seeds of the fruit are
swallowed, but the skin and pulp are spit out as
pellets. Fruit passes through the alimentary tract
of an Artibeus in about half an hour and the seeds
remain intact, so the feces also reveal dietary in-
formation. Adult female Artibeus jammaicensis
live in harems of three to twenty-five with a single
adult male. On Barro Colorado Island these
groups roost during the day in hollow trees. There
is presumably a large population of surplus males
that roost together with non-adults of both sexes
in foliage. Females commute an average of 600 m
from day roost to feeding site, and males travel
less than half as far. Most females gave birth to a
single young twice a year, once in March or April,
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and again in July or August. Gestation time
averages about 19 weeks. Juveniles are first netted
when they are about 10 weeks old, and females
usually first bear young, thereby reaching the age
of adultery, in March or April following their year
of birth. We estimate that the population of Ar-
tibeus jamaicensis on Barro Colorado Island
numbers about 4,000. Some of these individuals
forage at times on the mainland, resulting in an
estimated density of 200 Artibeus jamaicensis per
km?. The average survival rate of our marked
animals is about 50% a year, and rarely do
animals live longer than 10 years in the wild. In
captivity, males outnumber females at birth by
54:46; in wild caught animals the ratio is 52:48.
For subadult and adult animals, the ratio is revers-
ed to 45:55, both in captivity and in the wild.
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