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Present Status of Bat Research in Poland

Wicslaw Bogdanowicz and Adam Krzanowski
Mammals Research Institutc PAS,
17-230 Bialowicza, Poland (WB) and
Institute of Systematic and Experimental Zoology PAS
Slawkowska 17, 31-016 Krakow, Poland (AK)

First reports concerning bats in Poland appeared in
the sccond half of the 19th century. They included data
on distribution of bats within our lands. In the years that
followed, most of the papers were faunistic contribu-
tions. The character of rescarch in Poland remained the
samc until the period after World War 11. This study
constitutes a bricf introduction to the fundamental top-
ics in chiropterological rescarch pursued in the last few
decades in Poland. It includes a survey of sclected
literature (Appendix A) and information about the larg-
cstcollections of fossil and recent bats housed in scien-
tific institutions of Poland {Appendix B). The study
concludcs with a list of names and addresscs of Polish
specialists in bat biology (Appendix C).

Trends in past bat research

After WW II, most of the rescarch concentrated on
basic aspects of faunistics and focuscd above all on the
determination of ranges of specics which reached the
limits of their distribution in Poland (38, 52, 54, 58, 116,
122,129,142,147,158, 160, 164, elc.). Much informat-
kion was obtained {rom studies of food consumed by
owls, particularly by the spccics Tyto alba (9, 11, 122,
135, 136). Summaries of this type of rescarch may be
found mainly in papers No. 81 and 139. The technique
of batringing allowed the study of bat migrations and of
numcrous details of their biology (38, 41, 78,79, 92).
Some studies were conducted outside Poland, for ex-

ample in Algeria (21, 77, 8§2), Korea (121), Mexico
(168) and Mongolia (73).

Interest in bat ccology was intense, though the
majority of papers in this arca were concerned with
hibernation (2, 4, 35, 36, 40,43, 44,45, 51, 58, 81, 91,
94,99, 132, 117, 120, 161, etc.).

Among the taxonomic contributions, the morphol-
ogic-diagnostic aspects of research dominated. Particu-
lar attention was paid to “twin” species (Plecotus auri-
tus and P. austriacus, Myotis brandtii and M. mystac-
inus) and the analysis of intra- and inter-populational
variation in M. daubentoni (6, 109, 126, 127, 129, 130,
138, 140, 143, 146). Karyological studics included
research on scveral vespertilionid bat specics (15, 16,
17,18, 19, 20, 115). Possible mechanisms of chromo-
some formula changes within the family
Vespertilionida were discussed (18).

Palaontological and palezoccological research
focused mainly on material from the Holocene and
Pleistocence periods (3, 63, 66, 67, 69, 71, 72, 76, 150,
157, 159, 162). Bat specics new (o scicnce were de-
scribed from carly Pleistocene bone breccia of
Podlesice: Myotis podlesicensis, M. danutce, and M.
dasycneme subtilis (62). Studies of this kind were also
carricd out in Bulgaria (166), Czechoslavakis (65, 75),
Cuba (163, 167, 168) and China (80).

Much attention was devoted to the disastrous de-
creasc in the numbers of bats inrecent years (49, 57, 59,
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Q4. 88.90,93,98, 108, 114, 119). The creation in 1980
of the first bat reserve in Poland in the Micdzyrzecki
Fortified Region (western Poland) may be scen as a
remarkable success. The mostrecent surveysreveal that
some 20,000 bats of 12 specics regularly usc this shelter
for their hibernation. Unfortunately, this remarkable
placc is to become a site for nuclcar waste disposal (50,
111).

Several workers have studied different aspects of
bat parasites, including Trematoda (149,172, 173,174,
175, 176, 178, 179, 181), Cestoda (149, 176, 180),
Nematoda (144, 149,177, 179) Acanthocephala (144),
Acarina (26, 28, 29, 30, 31, 32, 33, 34, 37),
Siphonaptera (25, 33) and Diptera (27).

Other studies which have been completed include
such miscellancous topics as: attack by a bat on an owl
(86), bibliography of bat papers (103), carotcnoid con-
tents (12, 13, 14), color aberrations (89, 125), dental
abnormalitics (134, 165), diurnal and scasonal activity
patterns (36, 61, 87), economy (8, 107, 170), cthology
(35,47, 151, 170), evolution (97), gcographical distri-
bution (102, 104, 105, 110), hematology (23, 156),
introduction of forcign specics (83, 96, 100), longevity
(48), morphology (123, 124), rabies (55, 152, 155),
regencration (7, 137), and temperature rclationships
(10, 40, 45).

Museology

The largest collections of recent bats in Poland are

housed in four institutions: the Institute of Systematic
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and Experimental Zoology of the Polish Academy of
Sciences (ISEZ PAS); the Mammals Rescarch Institute
of the Polish Academy of Scicnces (MRI PAS); the
Institute of Systematic Zoology of A. Mickicwicz
University (ISZ AMU); and the Institutc of Zoology of
the Polish Academy of Sciences (IZ PAS) (sec Appen-
dix B1 for addresses). Most of the material is preserved
as prepared dry skins and skulls, skulls, and cadavers in
alcohol. Fossil and subfossil specimens, which form an
important part of the bat collection in the ISEZ PAS , arc
listed in Appendix B2. The MRI PAS, ISEZ PAS, and
ISZ AMU include material from pellets that is not
reported in this paper.

The list of bats in Appendix B1 is not complete. It
does not include about 500 specimens of 22 species
collected in North Africa, mostly Algeria (ISEZ PAS
collection), and part of a cotlection from Poland and
Bulgariakeptin the ISZ AMU at Poznan that were being
studicd at the time of writing this account.

Acknowledgements — Many thanks are due Mrs. B.
Dziurdzik M. Sc. and Mr. P. Rachowiak M. Sc. for
making available the information concerning the col-
lections they directly supervisc.
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APPENDIX A
SELECTED REFERENCES

Bagrowska, E., and Z. Urbanczyk. 1976. The station of Bechstein’s bat Myotis bechsteini (Kuhl) in the Lubuskie lake district.
Przegl. zool., 20:367-369. (in Polish, with English summ.)

Bagrowska-Urbanczyk, E., and Z. Urbanczyk. 1983. Structure and dynamics of a winter colony of bats. Acta theriol., 28:183-
196.

Bochenski, Z., M. Mlynarski, A. Nadachowski, E. Stworzewicz, and B. W. Woloszyn. 1983. Upper Holocene fauna from the
Duza Sowa Cave (preliminary notes). Przegl. zool., 27:437-456. (in Polish, with English summ.)

Bogdanowicz, W. 1983. Community structure and inter-specific interactions in bats hibernating in Poznan. Acta theriol, 28:
357-370.

Bogdanowicz, W., and 7. Urbanczyk. 1983. Some ecological aspects of bats hibernating in City of Poznan. Acta theriol., 28:
371-385.

Bogdanowicz, W., and A. M. Wojcik. 1985-1986. Morphological and electrophoretic differentiation between Myotis
daubentoni (Kuhl, 1819) and Myotis nathaline Tipinicr, 1977. Myotis, 23-24:17-30.

Bogdanowicz, W., and Z. Urbanczyk. 1986. A case of self-healing of a broken forcarm in Myotis brandtii (Eversmann, 1845).
Acta theriol., 31:180-181.

Burzynski, J. 1971. Application of the complex biological method of forest protection in Poland. Sylwan, 65 (11):47-53. (in
Polish, with Russian and English summs.)

Cais, L. 1963. Investigation on the food of some owls’ species. Zesz. nauk. Univ. Adama Mickiewicza Poznan, Biol,, 44(4):3-
21. (in Polish)

Cena, K., and B.W. Woloszyn. 1966. Investigations on the diurnal changes of the skin temperature in bats. Foliabiol., Krakow,
14:195-203.

Czamecki, 7., J. Gruszczynska, and E. Smolenska. 1955. Investigations on the composition of the food consumed by the barn-
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owl (T'yto alba guttata [C.L.Br.]). Prace Kom. mat.-przyr., Poznan, 16(3):1-37. (in Polish with English and Russian summs.)
Czeczuga, B., and A. L. Ruprecht. 1980-1981. Carotenoid content in the bat at start and at end of the hibernation. Myotis, 18-
19:163.

Czeczuga, B., and A. L. Ruprecht. 1982, Carotenoid contents in mammals. I1. Carotenoids of some Vespertilionidee from the
scasonal variation aspect. Acta theriol., 27:83-96.

Czeczuga, B., and A. L. Ruprecht. 1985. Contents of carotenoids in mammals [11. Carotenoids in specimens of six species of
Vespertilionide. Nyctalus (N.F.), 2(2):186-190.

Fedyk, A., and S. Fedyk. 1970. Karyotypes of some species of vespertilionid bats from Poland. Acta theriol., 15:295-302.
Fedyk, S., and A. Fedyk. 1971. Karyological analysis of representatives of the genus Plecotus Geoffroy, 1818 (Mammalia:
chiroptera). Caryologia, 24:483-492.

Fedyk, S., and A. L. Ruprecht. 1976. Karyotypes of Pipistrellus pipistrellus (Schreber, 1774) and P. nathusii (Keyserling and
Blasius, 1839) (Chiroptera: Vespertilionidee). Caryologia, 29: 283-289.

Fedyk, S., and A. L. Ruprecht. 1983, Chromosomes of some species of vespertilionid bats. I. Banding patterns of Eptesicus
serotinus chromosomes. Acta theriol., 28:159-170.

Fedyk, S., and A. L. Ruprecht. 1983. Chromosomes of some species of vespertilionid bats. II. Evolutionary relationships of
plecotine bats. Acta theriol., 28: 171-182.

Fedyk, S., and A. L. Ruprecht. 1985. Chromosomes of some species of vespertilionid bats 1I1. Banded chromosomes of
Vespertilio murinus L., 1758, Nyctalus (N.F.), 2(2):119-126.

Gaisler, J., and K. Kowalski. 1986. Results of the netting of bats in Algeria (Mammalia: Chiroptera). Vest. csl. zool. Spol.,
50:161-173.

Graczyk, R. 1974, Study on population of bats (Chiroptera) scitled in sawdustconcrete hatching boxes in forests. Pr. Kom.
Nauk. roln. lesn., Poznan, 37:89-94. (in Polish, with English summ.)

Grundboeck, M., and A. Krzanowski. 1957. Morphological investigations on the blood of some European species of bats.
Zoologica Pol., 8:349-368.

Haitlinger, R. 1976. Bats of Lower Silesia. Przegl. zool,, 20:124-134. (in Polish, with English summ.)

Haitlinger, R. 1977. External parasites of Lower Silesian bats. 1. Siphonaptera. Wiad. parazyt., 23:441-451. (in Polish, with
English summ.)

Haitlinger, R. 1977. Parasitological investigations on small mammals of Gory Sowie (Middle Sudetes). V. Acarina
(Trombidiformes, Ixodides, Sarcoptiformes). Polskie Pismo ent., 47:377-427.

Haitlinger, R. 1978, External parasites of Lower Silesian bats. II. Nycteribiide (Diptera). Wiad. parazyL., 24:467-474. (in
Polish, with English summ.)

Haitlinger, R. 1978. External parasites of Lower Silesian bats. I1I. Spinturnicide, Argaside, Ixodide (Acarina). Wiad.
parazyt., 24:475-490. (in Polish, with English summ.)

Haitlinger, R. 1978, External parasites of Lower Silesian bats. IV. Macronysside, Dermanysside, Veigaiaide (Acarina).
Wiad. parazyt., 24:707-718. (in Polish, with English summ.)

Haidinger, R. 1978. Four new species of the genus Acanthophtirius Perkins, 1925 (Acarina, Myobiide) from bats of Poland.
Polskie Pismo ent., 48:41-47.

Haitlinger, R. 1979. External parasites of Lower Silesian bats. V. Trombidiformes, Sarcoptiformes (Acarina). Wiad. Parazyt.,
25:105-117. (in Polish, with English summ.)

Haitlinger, R. 1979. External parasites of Lower Silesian bats. VI. Acarina, Siphonaptera, Diptera (Nycteribiide). Wiad.
parazyt., 25:119-140. (in Polish, with English summ.)

Haitlinger, R., and A. L. Ruprecht. 1977, Contribution to the ectoparasites fauna of bats from the Bialowieza Primeval Forest.
Przegl. zool., 21:3320338. (in Polish, with English summ.)

Haitlinger, R., and A. L. Ruprecht. 1982, Spinturnix acuminatus (Koch, 1836) (Acarina, Spinturnicide) a new mite specics
for the fauna of Poland. Przegl. zool., 26:171-172. (in Polish, with English summ.)

Harmata, W.1960. Ethological and ccological observations made onbats(Chiroptera) of the Wolski forest near Cracow. Zesz.
nauk. Univ. jagicllonsk., 33, Pr. zool., 5:163-203. (in Polish, with English and Russian summs.)

Harmata, W. 1962. Seasonal rhythmicity of behaviour und the ecology of bats (Chiroptera) living in some old buildings in
the district of Krakow. Zesz. nauk. Univ. jagiellonsk., 58, Pr. zool., 7:149-179. (in Polish, with English and Russian summs.)
Harmata, W. 1967. The incidence of Trombicula (Leptotrombidium) russica Oudemans, 1902 (Acarina, Trombiculide) on
bats Barbastella barbastelius (Schreber, 1774). Wiadom. parazyt., 13:267-270. (in Polish, with English summ.)

Harmata, W. 1968. Fernfund einer Kleinen Hufeisennase (Rhinolophus hipposideros) in Polen. Myotis, 6:26-27.

Harmata, W. 1969. Summer colony of Bechstein’s bat Myotis bechsteini (Kuhl) in Szymbark near Gorlice, Rzeszow district.
Remarks about biology and occurrence. Przegl. zool,, 13:233-238. (in Polish, with English summ.)

Harmata, W. 1969. The thermopreferendum of some species of bats (Chiroptera). Acta theriol., 14:49-62.

Harmata, W. 1971. Zum Vorkommen des Grauen Langohrs (Plecotus austriacus) (Fischer, 1829) in der Umgebung von
Krakow (Polen). Myotis, 9:18-20.

Harmata, W. 1971. Vorldufige Ergebnisse der Fledermaus-Beringung in den Hshlen des Krakao-Czestochowa-Jura (Polen)
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in den Jahren 1954-1968. Decheniania Beihefte, 18:57-61.

Harmata, W.1973.Bats (Chiroptera) of the Chrzanow district. PartI. The bats of caves and buildings. Studia Osr. Dok. fizjogr.,
2:109-127. (in Polish, with Russian and English summs.)

Harmata, W. 1973, Observations on bats {Chiroptera) in caves of the Crakow-Czestochowa Upland. Roczn. Muz.
Czestochowa, 3:13-33. (in Polish, with Russian and English summs.)

Harmata, W. 1973. The thermopreferendum of some species of bats (Chiroptera) in natural conditions. Zesz. nauk. Univ.
jagiellonsk., 332, Pr. zool., 19:127-141.

Harmata, W. 1979. Bats (Chiroptera) of the Chrzanow district. Part I1. Bats of forests and coppices. Studia Osr. Dok. fizjogr.,
7:243-255. (in Polish, with English summ.)

Harmata, W. 1980. Behaviour of the bats Preropus giganteus giganteus Briinn (Pteropodide, Megachiroptera) in caplivity.
Zesz. nauk. Univ. jagicllonsk., 572, Pr. zool,, 26:41-51. (in Polish, with Russian and English summs.)

Harmata, W. 1981. Longevity record for the lesser horseshoe bat. Acta theriol., 26:507.

Harmata, W. 1981. The changes of bat populations (Chiroptera) in some caves of the Krakow-Czestochowa Upland in the
years 1945-1979. Roczn. Muz. Okreg. Czestochowa, 5, Przyr., 2:23-30. (in Polish, with English summ.)

Harmata, W. 1985. “Nictoperek”—a nature reserve unique on a global scale. Chronmy Przyr. ojez., 41 (3):21-27. (in Polish,
with English summni.)

Harmata, W. 1985. The length of awakening time from hibernation of three species of bats. Acta theriol., 30:321-323.
Harmata, W, and J. Trzaska. 1958. New posts of the bat Myotis emarginatus Geoffroy in Southern Poland. Zesz. nauk. Univ.
jagiellonsk., 19, Pr. zool., 3:223-228. (in Polish, with English summ.)

Harmata, W, and R. J. Wojtusiak. 1963. The greater horseshoe bat, Rhinolophus ferrumequinum Schreber (Chiroptera), a
species new 1o the fauna of mammals in Poland. Przegl. zool,, 7:154-157. (in Polish, with English summ.)

Kokurewicz, T. 1987. New data on the occurrence of Lesser Horseshoe Bat (Rhinolophus hipposideros Bechstein, 1800) in
East Sudetes. Przegl. zool,, in press. (in Polish, with English summ.)

Komorowski, A., 7. Szankowska, and A. Ramisz, 1974, The f{irst casc of rabies in a bat in Poland. Przegl. epidem., 28(1):41-
43. (in Polish, with English summ.)

Kowalski, K. 1951. Myotis emarginatus Geolfroy (Chiroptera, Vespertilionide) 4 new bat in Polish fauna. Fragm. faun.,
6:165-167. (in Polish, with English summ.)

Kowalski, K. 1953. Cave dwelling bats in Poland and their protection. Ochr. Przyr., 21:58-77. (in Polish, with English summ.)
Kowalski, K. 1953. Material relating to the distribution and ecology of cave bats in Poland. Fragm. faun., 6:541-567. (in Polish,
with Russian and English summs.)

Kowalski, K. 1955. Our bats and their protection. Zakl. Ochr. Przyr., Pol. Akad. Nauk, 11:1-76, Krakow.

Kowalski, K. 1955. The cave fauna of the Polish Tatra Mountains. Ochr. Przyr., 23:283-333. (in Polish, with English summ.)
Kowalski, K. 1955. The daily rhythm of activity of the mouse-cared bat Myotis myotis Borkhausen. Folia biol., Krakow, 3:55-
64. (in Polish, with Russian and English summs.)

Kowalski, K. 1956.. Inscctivores, bats and rodents from the early Pleistocene bone breceia of Podlesice near Kroczyce
(Poland). Acta palazont. pol. 1:331-394.

Kowalski, K. 1959. A catalogue of the Pleistocene mammals of Poland. Pol. Akad. Nauk, Inst. Zool., 267 pp., Warszawa-
Wroclaw. (in Polish, with English and Russian summs.)

Kowalski, K. 1960. Bats, their banding and protection. Chronmy Przyr. ojez., 15 (6):11-14, 54. (in Polish, with English summ.)
Kowalski, K. 1962. Bats of the carly Pleistocene from Koneprusy (Czechoslovakia). Acta. zool. cracov., 7:145-156.
Kowalski, K. 1962. Fauna of bats from the Pliocene of Weze in Poland. Acta. zool. cracov., 7:39-51.

Kowalski, K. 1962. Les micro-mammiferes du Pliocene et du Pléistoctne inféricur de la Pologne. [n Problemes actuels de
Palcontologie (Evolution des Vertébrés). Collog. intern. Cent. nat. Rech. Sci., Paris, 104:409-416.

Kowalski, K. 1962. Mammals. Pp. 365-388, in The Tatra National Park, by Szafer, W, (cd.). Zakl. Ochr. Przyr,, Pol. Akad.
Nauk, 675 pp., Krakow. (in Polish, with English summ.)

Kowalski, K. 1964. Paloccology of mammals from the Pliocene and early Pleistocene of Poland. Acta theriol., 8:73-80.
Kowalski, K. 1964. Bats. 1. History of investigations in Poland. Zesz. probl. Postep. Nauk roln., 45:211-220. (in Polish)
Kowalski, K. 1967. Pleistocene fauna of Poland. Pp. 72-82, in Quaternary of Poland, by Galon, R. & J. Dylik (eds.). Panstw.
Wyd. Nauk., 527 pp., Warszawa. (in Polish)

Kowalski, K. 1967. The fauna of vertebrates. Pp. 16-24, in A study of the deposits of the rock-shelters in Zytnia Skala (Beblo,
Krakow district), by Kowalski, K ct. al., Folia quatern., 25:1-48. (in Polish, with English and Russian summs.)

Kowalski, K. 1968. New data on the distribution of mammals in the Mongolian People’s Republic. Acta. zool. cracov., 13:1-
11.

Kowalski, K. 1971. European Upper Pliocene and Quaternary Mammal Faunas [table 29A]. Stratigraphically arranged, with
first and last appearances. Pp. 748-750, in Glacial and Quaternary Geology, by Flint, R. F. (ed.). J. Wiley and Sons, 892 pp.,
New York.

Kowalski, K. 1972, Chiroptera from Swrdnskd Skila near Brno. Anthropos, 20 (n.s):71-75.

Kowalski, K. 1972. Studies on Raj Cave near Kielee (Poland) and its deposits: fossil fauna. Folia quatern., 41:45-59.




Spring-Summer, 1U8Y Bat Rescarch News 3

77.
78.
79.
80.
81.
82.
83.

84,
85.

86.
87.
88.

89.
90.

91.

92.

94.
95.

96.
97.
98.
99.

100.
101.

102.
103.

104.
105.
106.
107.

108.
109.
110.
111.
112.

113.

114.
115.

116.

Kowalski, K. 1982/1983. Les chauves-souris cavernicoles de 1" Algérie. Spéléol. algérienne, 43-56.

Kowalski, K., and R. J. Wojtusiak. 1951. Homing cxperiments on bats. Part I. Bull. int. Acad. Sci. Lett., Bii:33-56.
Kowalski, K., A Krzanowski, and R. J. Wojtusiak. 1957. Report on bai banding in Poland in the years 1939-1953. Acta theriol.,
1:109-1538. (in Polish, with Russian and English summs.)

Kowalski, K., and Li Chuan-kuel. 1963, Remarks on the fauna of bats (Chiroptera) from Locality 1 at Choukoutien. Vertebr.
palasiat., 7:144-150. (in Chinese, with English summ.)

Kowalski, K., and A. L. Ruprecht. 1981. Bats—Chiroptera. Pp. 101-154, in Keys to Vertebrates of Poland. Mammals, by
Pucek, Z. (ed.). Panstw. Wyd. Nauk., 367 pp., Warszawa. (corrected and revised edition in Polish in 1984)

Kowalski, K., J. Gaisler, H. Bessam, C. Isaad, and H. Ksantini. 1986. Annual life cycle of cave bats in Northern Algeria. Acta
theriol., 31:185-205.

Krzanowski, A. 1954. On the need to introduce new species of bats into our forests. Sylwan, 48:96-99, 222. (in Polish, with
English summ.)

Krzanowski, A. 1955. A ncw type of boxes for bats. Chronmy Przyr. ojez., 11 (3):25-27. (in Polish)

Krzanowski, A. 1956. The Bats (Chiroptera) of Pulawy. List of species with biological observations. Acta theriol., 1:87-108.
(in Polish, with Russian and English summs.)

Krzanowski, A. 1958, Bat attacking an owl. Przegl. zool,, 2:44-45. (in Polish, with English summ.)

Krzanowski, A. 1939. Daytime activity of Nyctalus noctula Schreb. Acta theriol., 2:283-284.

Krzanowski, A. 1959, Ergebnisse des Wald(ledermausschutzes auf Grund fremder und eigener Erfahrungen. Waldhygiene,
3:99-105.

Krzanowski, A. 1959. Intercsting tawny specimen of the long-eared bat (Plecotus auritus L..). Acta theriol., 2:285-286.
Krzanowski, A. 1959. On the need for safeguarding cave-dwelling bats in Poland. Chronmy Przyr. ojcz., 15 (6):17-18, 54. (in
Polish, with English summ.)

Krzanowski, A. 1959. Some major aspects of population turnover in wintering bats in the cave at Pulawy (Poland). Acta
theriol., 3:27-42.

Krzanowski, A. 1960. Investigations of flights of Polish bats, mainly Myotis myotis (Borkhausen, 1797). Acta theriol., 3:175-
184.

Krzanowski, A. 1961. Theresultsof hanging up the boxes for bats in the National Park of Bialowieza (Poland). Chronmy Przyr.
ojcz., 17 (4):29-32, 56. (in Polish, with English summ.)

Krzanowski, A. 1961. Weight dynamics of bats wintering in the cave at Pulawy (Poland). Acta theriol., 4:249-264.
Krzanowski, A. 1963. The complete list of Chiroptera of the town of Pulawy (Poland). Przegl. zool., 7:284-286. (in Polish,
with English summ.)

Krzanowski, A. 1965. Ideas on useful introductions of bats as insect destroyers. Bat Res. News, 6 (4):33.

Krzanowski, A. 1967. The magnitude of islands and the size of bats (Chiroptera). Acta zool. cracov., 12:281-346.
Krzanowski, A. 1969. The protection of bats. Lynx, 10 (n.s.):41-44.

Krzanowski, A. 1971. Niche and species diversity in temperate zone bats (Chiroptera). Acta zool. cracov., 16:683-693.
Krzanowski, A. 1971. Zur Frage der Einbtirgerung nordamerikanischer Chiropteren in Europa. Myotis, 9:8-10.
Krzanowski, A. 1973. Numerical comparison of Vespertilionide and Rhinolophide (Chiroptera: Mammalia) in the owl
pellets. Acta zool. cracov., 18:133-340.

Krzanowski, A. 1976. Possible earls reference to bat guano deposits in New Zealand. New Zealand J. Zool., 3 (2):159.
Krzanowski, A. 1977. Bibliography of bats (Mammalia: Chiroptera), 1958-67. Rheinische Friedrich-Wilhelms-Universitit,
599 pp., Bonn [Mimeographed].

Krzanowski, A. 1977. Contribution to the history of bats on Iceland. Acta theriol., 22:272-273,

Krzanowski, A. 1977. The casternimsost oceurrence of bats in Polynesia. Acta theriol., 22:271-272,

Krzanowski, A. 1977, Weight classcs of Palearctic bats. Acta theriol., 22:365-370.

Krzanowski, A. 1978. Bats and the injurious insects. Pp. 383-386, in Biological control of plant pests, by Bocezek, J. & 1. J.
Lipa (eds.). Panstw. Wyd. Nauk., 594 pp., Warazewa. (in Polish)

Krzanowski, A. 1980. Bats. Bibl. Wiedzy Wspolez. Omega No. 359, Wiedza Powsz., 236 pp., Warszawa. (in Polish)
Krzanowski, A. 1983. Hypothesis on taxonomical status of Eptesicus sodalis and Myotis nathaline. Bat Res. News, 24:8.
Krzanowski, A. 1984. Causes of depauperation of the molossid fauna in the Indo-Australian region. Bat Res. News, 25:5-6.
Krzanowski, A. 1985. Poland’s bats in trouble. Bats, Milwaukec, 2 (1):2-3.

Krzanowski, A. 1986. A comparison of numbers of taxa in the recent mammalian fauna of the Old and New Worlds. Acta
theriol., 31:207-220.

Kubik, J., H. Leniec, and W. Sitkowski. 1984. Analysis of the mammal fauna of the Lublin Coal Basin based on owl pellets.
Acta theniol,, 29:167-173.

Kubisz, D. 1982. On the protection of bats Chiroptera. Chronmy Przyr. ojcz., 36 (6):114-122. (in Polish, with English summ.)
Lenice, H., S. Fedyk, and A. L. Ruprecht. 1987. Chromosomes of some specics of vespertilionid bats. IV. New data on the
plecotine bats. Acta theriol,, in press.

Lesinski, G. 1980. New stations of Myotis myotis (Borkhausen) in the Masovian Lowland Region. Przegl. zool., 24:215-220.



134.
135.

136.
137.

1438.

1149,
150,

Bat Roesearch News Volume 29: 1-2

(in Polish, with English summ.)

Lesinski, G. 1983. Bats in the caves of the Wielun Upland. Przegl. z00l., 27:465-478. (in Polish, with English summ.)
Lesinski, G. 1983. The Tawny owl, Sirix aluco L. hunlts bats. Przegl. zool.,, 27:371-372. (in Polish, with English summ.)
Lesinski, G. 1984. An appeal for the protection of the winter quarters of bats in the Szachownica Cave in the Wielun Upland.
Chronmy Przyr. ojcz., 40 (2):52-55. (in Polish)

Lesinski, G. 1986. Ecology of bats hibernating underground in central Poland. Acta theriol., 31:507-521.

Nadachowski, A, Z. Szyndlar, and T. Tomek. 1982. The terrestrial vertebrate fauna of Korean Peninsula. Przegl. zool., 26:79-
92. (in Polish, with English summ.)

Nikoden, Z. 1982, Materials o the bat fauna (Chiroptera) of Lublin region (south-easiern Poland). Przegl. zool., 26:197-205.
(in Polish, with English summ.)

Romankowowa, A. 1961. The sesamoid bones of the autopodia of bats. Acta theriol., 5:125-140.

Romankowowa, A. 1963. Comparative study of the skeleton of the hyoid apparatus in some bat species. Acta theriol., 7:15-
23.

Ruprecht, A, 1965. A rufous specimen of Eptesicus serotinus (Schreber, 1774). Acta theriol,, 10:239-240.

Ruprecht, A.1965. Methods of distinguishing Plecotus austriacus Fisher, 1829 and new stations of this species in Poland. Acta
theriol., 10:215-220.

Ruprecht, A. L. 1969. Taxonomic value of mandible measurements in the genus Plecotus Geoffroy, 1818. Actatheriol,, 14:63-
63.

Ruprecht, A. L. 1970. Nycralus lasiopterus (Schreber, 1780)—ancw species in the fauna of Poland. Acta theriol., 15:370-372.
Ruprecht, A. L. 1971. Distribution of Myotis myotis (Borkhausen, 1797) and representatives of the genus Plecotus Geoflory,
1818 in Poland. Acta theriol,, 16:95-104.

Ruprecht, A. L. 1974, The occurrence of Myouis brandtii (Eversmann, 1845) in Poland. Acta theriol., 19:81-90.

Ruprecht, A. L. 1975. Bat collection from Pulawy of 1. K. Tamnani in the collections of the Museum of the Zoological Institute,
Academy of Sciences of the USSR in Leningrad. Przegl. zool., 19:356-360. (in Polish, with English summ.)

Ruprecht, A. L. 1976, New observations onbats (Chiroptera) of Bialowieza. Przegl. zool., 20:1 15-123. (in Polish, with English
sunm.)

Ruprecht, A. L. 1977. Uber die Verbreitung der Rauhhautledermaus, Pipisirellus nathusii (Keyserling & Blasius, 1839) in
Polen. Myotis, 14:25-29.

Ruprecht, A. L. 1978. chrzh’hligc Schneidezihne bei der Breitfliigelfledermaus, Eptesicus serotinus (Schreber, 1774).
Siugetierk. Mitt., 26 (3):235-236. (in German, with English summ.)

Ruprecht, A. L. 1979. Bats (Chiroptera) as constituents of the food of barn owls Tyto alba in Poland. Ibis, 121:489-494.
Ruprecht, A. L. 1979. Food of the bam owl, Tyto alba guitata (C.L.Br.) from Kujawy. Acta om.,, Warsz., 16:493-511.
Ruprecht, A. L. 1981. Fille von Sclbstausheilung von Unterkiclerbriichen bei Kleinsdugern aus dem Lebensraum. Siugetierk,
Mitt. 29 (4):79-80. (in German, with English summ.)

Ruprecht, A. L. 1981. Variability of Daubenton’s bat and distribution of the nathaline morphotype in Poland. Acta theriol,,
26:349-357.

Ruprecht, A. L. 1983, Chiroptera. Pp. 62-82, maps 0012-0032, in Atlas of Polishmammals, by Pucck, Z.& J. Raczynski(eds.).
Panstw. Wyd. Nauk., 2 vols: 188 pp. and 90 maps, Warszawa. (in English and Polish)

Ruprecht, A. L. 1983. Criteria for species identification in the genus Plecotus Geoflroy (Chiroptera, Vespertilionide). Zool.
Zh., 62:1252-1257. (in Russian, with English summ.)

Ruprecht, A. L. 1986. A key for mandible identification of Polish bats. Przegl. zool., 31:89-105. (in Polish, with English
sumim.)

Ruprecht, A., and S, Tarczynski. 1965. New localities of Myotis myotis (Borkhausen, 1797) in North Poland. Acta theriol,,
10:221-224.

Ruprecht, A. L., and A. V. Yablokov. 1977. Patterns of putagium venation in Lwo species of the genus Plecotus Geoffroy, 1818
(Chiroptera, Vespertilionide ). Zool. Zh., 56:1366-1371. (in Russian, with English summ.)

Rutkowska, M. 1980. The helminthofauna of bats (Chiroptera) from Cuba. I. A review of nematodes and acanthocephalans.
Acta parasit. pol,, 16:153-186.

Rzebik-Kowalska, B., B. W. Waloszyn, and A. Nadachowski. 1978. A new bat, Myotis nattereri (Kuhl, 1818) (Vespertil-
ionide), in the fauna of lraq. Acta theriol., 23:541-545.

Serafinski, W. 1958. Nyctalus noctula noctula (Schreber, 1774) und Nyctalus noctula princeps Ognev, 1923 in Mittel- und
Osteuropa. Acta theriol., 1:309-331. (in Polish, with German and Russian summs.)

Skuratowicz, W. 1939. Materialen zur Chiropteren-Fauna des Zamoyski-Majorats. Fragm. faun., 4:227-235. (in Polish, with
German summ.)

Skuratowicz, W. 1948. Notes on the protection of certain mammals. Chronmy Przyr. ojez., 4 (3/4):8-18, 64-65. (in Polish, with
English summ.)

Soltys, A. 1959. The helminth fauna of bats (Chiroptera) of Lublin Palatinate. Acta parasit. pol., 7:599-613.

Sulimski, A., A. Szynkicwicz, and B. Woloszyn, 1979. The Middle Pliocene micromammals from central Poland. Acta
paleont. pol., 24:377-403.




Spring=Sunmimer, 1988 Bat Rescarch News 7

151.
152.
153.
154.
155.
156.
157.
158.

159.

160

161.
162.

163.
164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.
178.

179.

180.

Sych, L. 1960, Sensitivity of the large mouse-cared bat, Myotis myotis (Borkhausen) to air currents in laboratory conditions.
Folia biol., Krakow, 8:135-147.

Twardowski, H., and M. Barancewicz. 1986. Cases of rabies in the rat and in the bat. Medycyna wet., 42:15-16. (in Polish)
Urbanczyk, 7. 1981. Fledermiuse (Chiroptera) in der Nahrung des Marders (Martes sp.). Sdugetierk. Mitt, 29 (1):77-79.
Urbanczyk, 7. 1983-1984. Massenquartiere tiberwinternder Fledermiuse in alten Befestigungsanlagen des 2. Weltkrieges in
Westpolen. Myotis, 21-22:113-115.

Wachnik, Z. 1982. Rabies in insectivorous bats. Medycyna wet., 38:201-203. (in Polish)

Wolk, E., and W. Bogdanowicz. 1987. Hematology of hibernating bat: Myotis daubentoni. Comp. Biochem. Physiol., in press.
Woloszyn, B. W. 1961. Die postglazialen Fledermiuse (Chiroptera) aus der Zimnahohle in der Hohen Tatra. Hohle, 12:90-
91.

Woloszyn, B. W. 1962, Bats from the cave of the Gory Swictokrzyskie mountains (Poland). Przegl. zool., 6:156-162. (in
Polish, with English summ.)

Woloszyn, B. W. 1963. Mammalia Chiroptera. Pp. 12-19, in The postglacial fauna from Jozefow in the Bilgoraj district, by
Kowalski, K. et al., Folia quatern., 14:1-26. (in Polish, with English and Russian summs.)

Woloszyn, B. W. 1964. New observations on bats from the caves in Gory Swictokrzyskic mountains. Przegl. zool., 8:286-292.
(in Polish, with English summ.)

Woloszyn, B. W. 1968. Investigations on bats of Lower Silesia. Przegl. zool., 12:208-220. (in Polish, with English summ.)
Woloszyn, B. W. 1970. The Holocene chiropteran fauna from the Tatra caves. Foliaquatern., 35:1-52. (in Polish, with English
and Russian summs.)

Woloszyn, B. W. 1973. El vampiro [osil de Cuba. Actas Acad. Cienc. Cuba, 3:54-55.

Woloszyn, B. W. 1976. Bemerkungen zur Populationsentwicklung der Kleinen Huffeisennase, Rhinolophus hipposideros
(Bechstein, 1800) in Polen. Myous, 14:37-52.

Woloszyn, B. W. 1978, Dental abnormalities in bats. Pp. 165. 1I Congress Theriol. Intern., 20-27 June 1978. Brno,
Czechoslovakia.

Woloszyn, B. W. 1982, Animal remains. Chiroptera. Pp. 40-45, in Excavation in the Bacho Koro Cave (Bulgaria), by
Kozlowski, J. K. (ed.). Panstw. Wyd. Nauk., 172 pp., Warszawa.

Woloszyn, B. W, and N. A. Mayo. 1974. Postglacial remains of a vampire bat (Chiroptera: Desmodus) from Cuba. Acta zool.
cracov., 19:253-266.

Woloszyn, B. W., and G. Silva Taboada. 1977. Nucva cspecic fosil de Artibeus (Mammalia: Chiroptera) de Cuba, y
tipificacién preliminar de los depdsitos fosiliferos cubanos contentivos de mamifcros terrestres. Poeyana, 161:1-17.
Woloszyn, D., and B. W. Woloszyn. 1982. Los mamifcros de la Sierra de La Laguna, Baja California Sur. Conscjo nac. Cienc.
Tecenol,, 168 pp., Mexico.

Wozniakowska, M. 1957. La capacité du discernement des degré du gris chez les chauves-souris (Myotis myotis Borkhausen).
Zesz. nauk. Univ. jagicllonsk., 10, Pr. zool., 1:123-134. (in Polish, with Russian and French summs.)

Zaborowski, S. 1976. Untersuchungen iiber die Fledermiuse vom Gesichtspunkt ihrer Stellung in der Herd-Komplex-
Forstschutzmethode aus. Pr. badaw. Inst. badaw. Lesn., 506:137-145. (in Polish, with Russian and German summs.)
Zdzitowieck, K. 1967, Acanthatrium (Acanthairium) tatrense sp.n. (Digenea, Lecithodendriide )—the first representative of
the genus Acanthatrium Faust 1919 in Europe. Bull. Acad. pol. Sci., CL. 11, Ser. Sci. biol., 15:273-276.

Zdzitowieeki, K. 1967. Czosnovia joanne gn., sp.n. Lecithodendriide), a new trematode species from the bat, Myotis
daubenioni (Kuhl, 1819). Acta parasit. pol., 14:405-408.

Zdzitowiccki, K. 1969. Helminths of bats in Poland. 11. Trematodes of the subfamily Lecithodendriine. Acta parasit. pol.,
16:207-226.

Zdzitowiccki, K. 1969. Helminths of bats in Poland. III. Trematodes of the family Lecithodendriidee, except for Lecithoden-
driince. Acta parasit. pol., 16:227-237.

Zdzitowiecki, K. 1970. Helminths of bats in Poland. I. Cestodes and trematedes of the family Plagiorchiidwe. Actaparasit. pol.,
17:175-188.

Zdzitowiecki, K. 1970. Helminths of bats in Poland. V. Nematodes. Acta parasit. pol., 18:255-265.

Zdzitowiecki, K. 1980. Nudacotyle quartus sp.m. (Trematoda, Nudacotylidee), the parasite of insectivorous bats from Cubu.
Acta parasit. pol., 26:215-218.

Zdzitowieeki, K., and A. L. Ruprecht. 1982, Helminth parasites of bats from the genus Plecotus Geoffroy, 1818 from Kujawy.
Wiad. Parazyt., 28:445-448. (in Polish, with English summ.)

Zdzitowiecki, K., and M. Rutkowska. 1980. The helminthofauna fo bats (Chiroptera) from Cuba. II. A review of cestodes with
description of four new species and a key to /{ymenolepidide of American bats. Acta parasit. pol., 16:187-200.
Zdzitowiecki, K., and M. Rutkowska. 1980. The helminthofauna of bats (Chiroptera) from Cuba. I11. A review of trematodes.
Acta parasit. pol., 26:201-214.



Bat Research News Volume 29: 1-2

APPENDIX Bl
Recent Chiroptera
in the most important Polish collections of bats

Species ISEZ MRI 1S7 1Z Country
PAS

PAS

PAS

AMU

Epomops franqueti 1 ?Chad

Rousellus sp. 2 Zambia

Balantiopteryx plicata 24 Mexico

Saccopteryx bilineata 6 Surmam

Nycteris sp. 5 Zambiz

Cardioderma cor 2 Kenva

Aseilia iridens 1 Egypt

[lipposideros sp. 6 Burma

Rhinolophus euryale 1 9 Czechoslovakia, U.S.S.R.,
Bulgaria, Hungary

R. hipposideros 24 2 5 Poland, Austria

R. ferrumequinum 1 1 Albania, Yugoslavia

R.mehelyi 1 Bulgaria

Rhinolophus sp. 1 Zambia

Noctilio labialis 1 Surinam

Mormoops megalophulla 11 Mexico

Preronotus davyi 1 Mexico

Artibeus planirostris 2 Surinam

Carollia perspicillata 18 Surinam

Choeronycleris mexicana 14 Mexico

Desmodus rotundus 1 Panama

Glossophaga soricina 2 Surinam

Glossophaga sp. 2 French Guiana

Lepionycteris sanborni 48 Mexico

Phyllostomus discolor 1 French Guiana

P. hastatus 1 French Guiana

Pygoderma bilabiatumn 1 Panama

Natalus stramineus 45 Mexico

Antrozous pallidus 43 2 Mexico, U.S.A.

Barbastella barbastellus 2¢ 58 59 3 Poland, Bulgaria

FEptesicus fuscus 53 4 Mexico, U.S.A.

. nilssoni 16 4 3 Poluand, Czechoslovakia,
U.S.S.R.

E. serotinus 11 96 2 12 Poland, Austria, U.S.S.R.

Lasionycteris noctivagans 1 U.S.A.

Lasiurus borealis 37 2 Mexico

L. cinereus 6 Mexico

L.ega 58 Mexico

Miniopterus schreibersi 1 13 Bulgaria, Czechoslovakia,
Burma

Myouis bechsteini 2 3 1 Poland, Switzerland

M. blythi 1 1 6 Bulgaria, Czechoslovakia,
Malta

M. brandii 9 1 Polund

M. californicus 65 Mexico

M. dasycneme 2 5 1 2 Poland

M. daubentoni 10 S0 13 Poland, Bulgaria
U.S.S.R.

M. emarginatus 10 1 1 Poland, France

M. frater 1 Korea
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Species ISEZ MRI 1SZ 1Z Country
PAS PAS AMU PAS

M. grisescens 2 US.A.

M. keenii 1 U.S.A.

M. lucifugus 3 U.S.A.

M. myotis 94 138 8 1 Poland

M. mystacinus (s.1.) 24 1 Poland, Czechoslovakia,
U.S.S.R.

M. nattereri 8 28 1 8 Poland

M. sodalis 2 US.A.

M. velifer 158 2 Mexico, U.S.A.

M. vivesi 2 Mexico

M. volans 8 Mexico

Nyctalus lasiopterus 1 Poland

N. noctula 10 90 1 59 Poland, U.S.S.R.,
Bulgaria

N. leisleri 12 7 Poland, Bulgaria

Pipistrellus hesperus 51 Mexico

P. nanus 5 Kenya

P. nathusii 2 11 1 11 Poland, U.S.S.R., Austria

P. pipistrellus 4 72 1 44 Poland, U.S.S.R., Austria,
Malta

P. savii 1 France

P. subflavus 3 US.A.

Plecotus auritus 2 55 5 10 Poland, U.S.S.R.

P. austriacus 11 17 Poland

P. townsendi 15 Mexico

Scotophilus dinganii 2 S. Africa, Kenya

Scotophilus sp. 4 Zambia

Tylonycteris pachypus 2 Burma

Vespertilio murinus 5 17 11 Poland, U.S.S.R.

Molossus ater 2 Surinam

M. molossus 4 Surinam

Tadarida aegyptiaca 2 Kenya

T. brasiliensis 62 3 Mexico, Argentina

T. condylura 2 Kenya, Tanzania

T. femorosacca 44 Mexico

T. molossa 7 Mexico

T. pumila 3 Kenya

Tadarida sp. 1 Ghana

ISEZ PAS — Institute of Systematic and Experimental Zoology, Polish Academy of Sciences, Slawkowska 17, 31-016 Krakow

MRIPAS — Mammals Research Institute, Polish Academy of Sciences, 17-230 Bialowieza

ISZ AMU — Institute of Systematic Zoology, A. Mickiewicz University, Fredry 10, 61-701 Poznan

1Z PAS— Institute of Zoology,Polish Academy of Sciences, Wilcza 64, 00-679 Warszawa (collection of bats deposited at the
Mammals Research Institute in Bialowicza)




10

Species

Rousettus aegyptiacus
Megaderma lugdunensis
Hipposideros collongensis
Rhinolophus annosus
R.delphinensis

R. euryale

R. ferrumequinum

R.f nippon

R.cf. ferrumequinum

R. hipposideros
Rhinolophus sp.
Desmodus rotundus
Phyilops vetus
Barbastella barbastellus
B. ¢f. schadleri
Eptesicus serotinus
laio

Miniopterus schreibersi
Myotis cf. aemulus

M. bechsteini

==
~a

1. blythi oxygnathus
M. danutae

M. dasycneme

M. d. subtilus

M. daubentoni

M. ¢f. daubenioni
M. cf emarginatus
M. ¢f. exilis

M. keenii

M. myolis

M. mystacinus

M. nattereri

M. ¢f. nattereri

M. cf. lucifugus

M. podlesicensis
M. velifer

Myotis sp.
Pipistrellus pipistrellus
Plecotus cf. abeli
P.auritus

P.¢f auritus

P. crassidens
Vespertilio murinus
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Fossil and subfossil Chiroptera

in the collection o

f

the Institute of Systematic and Experimental Zoology PAS,

Slawkowska 17, 31-016 Krakow

Epoch

Holocene

Miocene

Miocene

Pliocene

Miocene, Pliocene, Pleist.
Pleistocene
Pleistocene
Pleistocene
Pleistocene

Holocene

Pliocene, Holocene
Holocene

Holocene

Pleistocene
Pleistocene

Holocene

Pleistocene

Pliocene, Pleistocene
Pliocene

Pleistocene, Holocene

Pleistocence

Pliocene

Pleistocene, Holocene
Pliocene

Pleistocene

Holocene

Pleistocene
Pleistocene
Pleistocene
Pleistocene, Holocene
Pleistocene, Holocene
Pleistocene, Holocene

Plcistocene

Pleistocene

Pliocene

Holocene

Pleistocene, Holocene

Picistocene, Holocene
‘;)

Pleistocene, Holocene

Pleistocene

Pliocene

Pleistocene

Country

Lebanon

France

France

Poland

France, Poland
Bulgaria

Bulgaria, Yugoslavia
Japuan

China

Poland

Poland, Bulgaria
Mexico

Cuba

Poland, Czechoslovakia
Bulgaria
Czechoslovakia, Bulgaria
China

China, Poland, Bulgaria
Poland

Bulgaria, Czechoslovakia,
Poland

Bulgaria

Poland

Bulgaria, Poland
Poland

Poland

Poland

Poland

Poland

U.S.A.

Bulgaria, Poland
Poland

Bulgaria, Czecholslovakia,
Poland

Poland

U.S.A.

Potand

Mexico

Yugoslavia, Poland
Bulgaria, Poland
Austrid
Crechoslovakia, Poland
Bulgaria

Poland

Bulgaria

~ 7

N
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APPENDIX C

A Suorr List or Porisit CHIROPTEROLOGISTS

%N U AW

M. Sc. Wieslaw Bogdanowicz (Mammals Res. Inst., Polish Acad. Sci., 17-230 Bialowieza)

Prof. Bazyli Czeczuga (Dept. General Biol.,, Medical Acad., Kilinskiego 1, 15-089 Bialystok)

Dr. Stanislaw Fedyk (Lab. Genetics & Evolut. Biol.,, Warsaw Univ., Branch in Bialystok, Sosnowa 64, 15-887 Bialystok)
Dr. Ryszard Haitlinger (Inst. Biol. Found. Anim. Prod., Agric. Acad., Cybulskiego 20, 50-205 Wroclaw)
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CALIBRATION OF THE C-14 CLOCK USING BAT GUANO:
A REQUEST FOR SAMPLES

The radioactive isotope carbon-14 is widely used
for the dating of prehistoric archacologic sites and other
Quatcrnary deposits. The measurement ol the amount
of C-14 in a sample of organic matter can be used to de-
terminc the absolute age of the organic material, if we
also know what was the C-14 activity of “modem”
organic matter at the time that the sample was formed.
Thatis, we must have a calibration curve of apparentage
in“C-14 years” versus the truc age in calendar years for
some independently datable samples. Up to now this
has been done by using wood of old, living trees in
which tree-rings could be counted. The tree rings give
the calendric age and this is then compared with the
apparent C-14 age. For times beyond the age of living
trees, we use older dead wood whose tree-ring records
can be overlapped with younger samples. This method
allows calibration back to about 9000 years B.P. (before
present).

It would be possible, in principle, to cxtend this
calibration further back in time by use of organic matter
which is found associated with some inorganic deposit
that can be dated by some other precise radioactive
clock such as the decay of uranium-234 (U-234) w0
thorium-230 (Th-230). The U/Th clock has been used
successfully to date calcite deposits from caves, and,
thanks to recent improvements in the method, the pre-
cision of dating is as good as that of C-14 dating.
Furthermore, U/Th dating docs not have to be calibrated
by some independent dating method since it is based on

the decay of a radioactive isotope (Th-230) whose
initial activity is known (unlike C-14).

Onc possible way to make such an intercomparison
of C-14 and U/Th datcs is to measure the C-14 activity
of bat guano that is trapped between two layers of cave-
deposited calcite (spelcothem). This “guano sandwich”
would allow us to obtain at least one point on the C-14
calibration curve. We would use the U-Th mcthod to
determine the precisc age of the upper and lower calcite
layers; supposing that these were not very far apart in
age, the guano’s age would have to lie between them.
Insectivorous or frugivorous bats carry into the cave
carbon atoms which have the normal, “modern” C-14
activity at the time they are alive. Traces of organic
matter in the guano would also share this contemporary
C-14 activity and could be used to dctermine the C-14
activity as a function of the age of the guano (as
determined from the U/Th age of the calcite).

We are therefore looking for samples which we
could use for this calibration process. The samples must
include bat guano or other bat-derived material sand-
wiched between two layers of calcite. The calcite
should be quite pure and free of detrital contamination
(dust, silt, sand, mud, etc.). The calcitc and bat deposits
should be less than 50,000 years old, as it is unlikely that
we would be able to determine the C-14 activity in older
samplcs than that. There is no younger limit, although
we are especially interested in finding samples that
range between 9000 and 50,000 years in age. Younger



samples would be needed to check that the method is
working.

Caves in subtropical regions are the most likely to
provide suitable samples. In temperate regions the
climate was so cold over the time region of interest
(pre-9000 ycars B.P.) that not much bat or calcite
depositional activity was laking place. The samples
should probably come from moderately deep inside the
cave 10 avoid contamination of the calcite by detritus
washed in or blown into the cave.

To carry out the C-14 analyses we only need a few
grams or even a few tens of milligrams of guano. The
dating will be done using an atomic accclerator, which
allows us to analyze only a few mg of carbon. The U/
Th dating requires about 100 grams of calcite (of which
a fcw grams of the purest material will be used for the
actual dating).

If you know of a site where such materials could be
found, plcasc write 1o:

Professor H. P. Schwarc
Department of Geology
McMaster University
Hamilton, ON, L8S 4M1, Canada
The best samples will probably turn out to be stray
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“hits” of guano thatarc plastered on a growing stalagmitc
mound or sheet of flowstone. Large accumulations of
guano are unlikely to have closely-associated, datable
calcite layers, except, perhaps, at the edges of the guano
deposits. A good place to look for such deposits is in man-
made cuts through cave-deposits such as along pathways
in show-caves. These will reveal the presence of trace
splotches of guano intercalated with otherwise pure cal-
cite layers. Any samples should be accompanied by a
complete description of the collection site. If the samples
occur in a stratigraphic sequence, the top and bottom of the
scquence should be indicated on the samples. If you think
you have a potentially useful site and require more infor-
mation before collecting samples, please write to me at the
above address.

You may be interested to know that the C-14 calibra-
tion is of importance not only to archacologists and
geologists, but also to astrophysicists. C-14 atoms in the
atmosphere are generated by cosmic rays that arrive from
relatively small numbers of stellar explosions (super-
nova) inour galaxy. Fluctuationsin thenumberof C-14—
producing cosmic rays will tell us a great deal about the
long-term frequency of such stellar events and therefore
help to determine what produces cosmic rays. Bats can
help teach us about the cvolution of the galaxy!

NATULUS STRAMINEUS KILLED BY KATYDID

by

Richard K. LaVal and T. James Lewis
Costa Rica Expeditions
Apartado 6941
San Jose, Costa Rica

On 9 March 1987 a malc Natalus stramineus was
found hanging dead in a Palo Verde tree (Parkinsonia
aculeata) at Parque Nacional Palo Verde in Gua-
nacaste, Costa Rica. Surrounding habitat is seasonal
marsh in which occurs an island of limestone hills
covered with Tropical Deciduous Forest. Small cavesin
the arca host a varicety of cave bats, including Natalus.

The bat, which apparently had been dead for only
a few hours, probably died of water loss in the hot and
dry scasonal climate, as its mouth was propped open at
an angle of approximately 120° by the hind tibia of a
katydid (probably Ancistrocercus inficitus). Although
the femur and tarsus were stilt attached, only the barbed
tibia actually served as the fatal prop. Morphologically,
Natalus is an acrial insectivore, not a gleancr. We think
it probably caught the heavy insect in {light. The tibia
may have jammed the bat’s mouth open on impact with
the insect subsequently breaking free of its trapped leg.

Or, the bat may have grasped the katydid by the head or
thorax, with the leg becoming jammed and brecaking
frce as the insect kicked violently to escape. In either
case, the barbs prevented the leg from being extracied
by the bat, which was left with a serious and apparently
insoluble problem.

Altcrnatively, the tibia may have become stuck
later while the bat was attempting to eat the katydid.
However, this secems unlikely as bats are gencrally
proficient at handling and rejecting inscct body parts
that they cannot masticate or choose not to eat for other
reasons.

We are not aware of any similar incident of acci-
dental bat death reported in the literature, although other
kinds of accidents, such as entanglement in barbed wire
fences, are commonly reported.

Tentative identification of the katydid was sup-
plied by Don Wilson.
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Book Review
Paync,J., C. M. Francis, and K. Phillips. A FField Guide
to the Mammals of Borneo. The Sabah Socicty, printed
in Kuala Lumpur (available from World Wildlife Fund,
P.O. Box 10769, 50724 Kuala Lumpur, Malaysia), 332
pp., illustrated, 1985. Price $20.00 U.S. (cloth), $15.00
U.S. (paper).

This excellent field guide is effectively laid out,
well illustrated, and easy to usc. The text includces basic
mcasurcments of mammals, including body masses for
many of the species. The bat section of the book will be
of particular interest to the rcaders of Bar Research
News. UntilTexamined the plates, Lhad not realized that
Megearops wetmori has such a spectacular collar, The
impressive array of bats left me with an urge to go and
mcet some of them first-hand. As onc might expect,
there are few data on the biology of most of the bats; my
urge o visit Borneo increcascs!

The book includes a useful index, a hist of local
names with their English cquivalents, and a gazetteer. It
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is relatively easy to translate the comments on distribu-
tion to reality on the map. One could have hoped for
more distribution maps but it is clear that individual
maps would simply show isolated specimen localities.
The combination of a written description and a gazct-
teer is a practical alternative to maps.

I will finish by highly recommending this uscful
book to anyone who is interested in the mammals of
Bornco or to anyone who is addicted to good ficld
guides. Charles Francis, in a fit of perfectionism, has
asked metonote thaton Plate 9 (page 53), Figure 1band
Figurc 2 are transposed. The same is true for Figures
22¢ and 22¢ on page 199. The dental formule for
Penthetor and Megerops should show one pair of
lower incisors. These minor perturbations do not de-
tract from the quality or usefulness of this {ine book. —

M. Brock Fenton, Department of Biology, York Uni-
versity, North York, Ontario, Canada M3J 1P3.

EIGHTEENTH NORTH AMERICAN BAT RESEARCH SYMPOSIUM

13-15 October 1988

University of Calgary
Calgary, Atberta, Canada

Local Organizing Committee:

Dr. Robert M. R. Barclay

Dr. Anthony P. Russell
Various students of the above

Biological Sciences
University of Calgary
Calgary, Alberta, Canada

T2N IN4

403-220-3564 (Barclay)
403-220-5198 (Russcll)
403-220--5261 (General Office)

Registration, technical sessions and social gather-
ings will be held on the campus of the University of
Calgary. Accommodation has been arranged at cx-
iremely reasonable rates in the new facilitics constructed
for the athletes of the Winter Olympics.

Registration will be held on Thursday 13 October
from 1800-2200 h1in the residence complex and prior 1o
the technical sessions the following morning. Technical
scssions will tentatively run from 0900-2300 h on
Thursday and a banquet on Friday night.

As usual, the Friday morning session will be de-
voted to student presentations entered in the Student
Paper Competition. There will likely be a few cash
prizes for the best contributions.

A workshop, tentatively dealing with techniques
for (caching about echolocation, is being planned by
Brock Fenton.

Calgary (population 650,000) is located in south
central Alberta, approximately 45 minutes from the
Rocky Mountains and one hour from Banff National
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Park. The city is served by variouas airlines with direct
flights from Los Angelcs, San Francisco, Denver, Salt
Lake City, Chicago and numerous Canadian citics. We
will be happy to transport people from the airport to the
campus during “normal” hours on Thursday. Please lct
us know your {light number and arrival time. For thosc
arriving at abnormal hours, taxi service to the campus
will be approximately $15-20 Canadian. Aliernatively,
abus ride connecting to the light rail transit (LRT) train
will get you to the University Station for $1.25.

It you watched the Olympics you know that Cal-
cary weather is rarcly predictable. In mid-October you
canexpect dry conditions with daytime temperatures of
3--10¢ C and nighttime temperatures just below 0« C. It
could of course be 10« C on cither side of thosc!
Sunshine tends 1o be the order of the day, howcver.

Calgary has numerous attractions including a first
rate zoo (unfortunately the pandas will have gone by
October), the Glenbow Muscum, a planctarium, as-
sorted professional sports cams, cle. In addition, the
Tyrcll Muscum of Palcontology in Drumheller (1.5
hours™ drive) is superb.

The University itsellis in the northwest quadrantof

the city and an casy LRT ride {rom downtown and the
700. For thosc who wish to exert themscelves, arrange-
ments can be made to use racquet courts, a 200m indoor
track. an indoor speed skating track, pool, ctc. Mcals
will be available on campus at various student-style
cateries and there are a number of restaurants within

walking distance. Hot breakfasts are included as part of

the accommodation on campus.

We will be dealimg in Canadian dollars which
makes things all the more inexpensive for those of you
coming from the US. Atpresent, one US dollarbuys you
approximately 1.35 Canadian dollars. We suggest you
purchase Canadian dollars ata bank before your arrival.

Registration is S20 Can. if paid by 1 Scptember
1988 and S30.00 if recerved after that date. Banquet
tlickets are $20.00 cach and you should not expect to be
abie to getuckets at the last minute since we have to set
numbers days in advance.
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LoRIvnchiscis naso or Saccopteryy bilineata o
Saccopteryy leplura
2 Choodernma cdlosune or ampyrops heller
3. Ptevonotus vibigmaosa ov Pteronotus davyt ox
Mormoops megalophylia

Send 1o
D Julia Chase. Biology Department.,
Barmard College. Columbia Universiy .
New York, NOY L 10027-6098
Photgrapherswill be gratetully acknowledged
m the awrncle

REQUEST FOR PHOTOGRAPHS

For o hield guide entiled Mammals, Reptiles,
and Ampliebians of the dAdirondacks 1o be pub-
Ished i Apnl 1989 quality color slides of the
followmg speaies e needed: brg brown hat, east-
cin pipistielle, hoary bat, Keen's mvons, hade
brown myvous, red bat, stlver-haned bac and
small-tooted mvotrs,

Please submiue shides to:

James | Gould, Prolessor of Humanities
Paul Smirchs College
Paul Smths. NOYL 12970,

Retnn correspondence will include pavment

and acknowledgement conditions.
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A NEW FIELD STUDIES STATION
CAPE TRIBULATION,
QUEENSLAND, AUSTRALIA

1 he Cape Tribulanon Field Study Cenire,
which s expected 1o open m nid 1988, will be
Vustoaldia’s first research centre designed promar-
iy ton the scientitic investigation of wet tropical
COOSVSTCNES.

I'he Field Study Centre will provide laboratory
space. housing, research facilities, and in time, a
comprehensive reference collection of the fauna
and Hora of the area.

'he Centre will be formally aftitiated with the
James Cook University in Townsville through
the newly established Institute tor Tropical Rain-
forest Stadies. and also with the School of Biolog-
tcat Sciences, and will serve as its wet tropical field
station. It will also be open to other members of
the scientific commmunity, both from Australia
and overseas, who wish to pursue research related
1o wet-tropical ecology.

The Field Study Centre, while affihated with
James Cook University, will be a private, non-
profit mstitution.

Location of Field Study Centre

The centre 1s sitwated on a 24 acve site about 1
km north of Mossman, and approxmmately 35 kim
north of the Damubee River.

It is located on abandoned grazing land adja-
cent to the Cape Tribulatgon Raod. and 1s sur-
rounded by the Cape Tribualation Nattonal Park,
and backed by the Mount Sorrow escarpment
(25107 or 850 k.

I'he region encompasses lowland tropreid ram-
forest ansd well as topical ramn forest extending
up to the scunmit ol Mt Sortow thus providing an
accessable attitudinal ransect of ramforest types.,
There is access to various tvpes of forest nearby
whichare in private ownershipoincluding stream-
valley brotas, and mwhich long term research can
he carried out.

The Cennie is adjacent 1o the Innging coral
rects north and south of Cape ribulation and 30
kin 1o the south of the Cenue are the extensive
mangrove forests ol the Daintree River.

Lo the west of the Centre are the granite
uplands ol M. Preter Bote and Roaring Meg
Creck, anrently listed as Queensland Department
of Foresny Timber reserves, which have had hitle
svstematie sorentibic study, while to the north is 4
wide range of torest types, includimg dry sclero-
ph il commumties, along the Bloomtfield road.

Facilities

White not all the facilities will be in place by
next vear. the Staton will mmitaally have two
de-tiomidilied  laboratory buildings (cach 120
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m*). well cquipped workshop and limited accom-
odation tor resident rescarchers (@ vouth hostel
next door will accomodate additional people
untilall accomodation is completed). The labora-
tories will have essental laboratory equipment
(microscopes, field equipment, eto).

There will be a resident director-manager and
several permanent statf.

Since the Field Study Centre will have an
important role as a provider of interpretive ser-
vices for the area, a separate mformation and
interpretation center building (situated distant
from the Field Station, adjacent to the Cape Trib-
ulation road) will midally provide lecture se-
minar lacilities.

Tt is expected that all lood will be supplied by
the Centre, as no private cooking facilities will be
available. However, the Certre’s proximity to a
farec tropical truitorchard, will itis hoped, more
than compensate for this!

The Centre, along with the rest of the areanorth
of the Daintree viver, presently lacks electrictty o
phone services, and will rely on generators, stor-
age batteries and mverters 1o supply electricity,
while heating will be gas and solar.

Aims of Cape Tribulation Field Study Centre
The Centre is a non-prolit organisation estab-
lished 1o:

a) provide rescarch and accommodation tacil-
ties for visting \ustaltan and overseas teams 10
work in the area on any aspect ol wet topical
CCOSVSICMS,

by perform interpretve services to the general
publlic on the areas through the provision of
small museum, 36-scat theaterette, bookstore und
the provision ol accessible nature walks™ and
guided tours of varving complexity m the area.

) carty out long term “hase-line” research on
various aspects ol the ecosystems that constitute
the area — floral and faunal survevs, rescarch on
pollinator and plant relationships. productvit
and micrometerology of the forest areas. Inthe
pursuit of this aim the Centie s actively seeking
the imvolvement ol volunteer rescarchers through
Farthwatch and similar organisations.

dyencourage voung researchers to take an active
interest i research on ecosystems, and tropical
cCosystems m particular.

€1 TUNL INICHSIVe courses on aspects ol tropical
ccosystems and related methodology.

For Further Information Contact:

Dr. Hugh Spencer Prof. Rhondda Jones
Dept. Biology Dept. Zoology

Univ. of Wollongong James Cook Univ.
PO Box HH Townsville
Wollongong QIL.D 4811

NSW 2500
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Location & Date
Al scienufic sessions will be held on the canipus of the University of New South
Wales. located in the inner Sydney suburb of Kensington. The University is 5 km
irom the city center and | km from Coogee Beach. Public transport is readily
available. The conference will open with an informal buffet on Sunday evening
9 Julv and the last session will close Friday afternoon, 14 July 1989,

Scientific Program

Papers are invited on any topic of bat research. Papers may be either spoken or
poster. Spoken papers will be allotted 10 minutes for presentation and 5 minutes
for discussion. Projection facilities for 35 mm slides and overhead transparencies
will always be available.

Poster papers will be displayed for extended periods, during which there will be
set umes when authors are expected to attend their posters for discussion. There
is ample space to accomodate posters of any size or format.

Special Sessions

Special sessions are open to submitted papers with the same time limits as
outlined above for general sessions. In addition, convenors of special sessions
may invite keynote or review papers with allotted times up to 20 minutes.
Suggestions for further topics are welcome, in addition to the sessions already
planned.

Abstracts & Proceedings

Brief abstracts will be required for all spoken and poster papers. Forms will be
included in the final brochure. The abstracts will be reproduced as supplied and
distributed to participants at the start of the conference. Negotiations are
underway for publication of the abstracts in a journal distributed internationally.
Selected full papers will be published in a proceedings volume o be produced as
part of a series of special publications of the Royal Zoological Society of NSW.
This volume will be organized around the special session topics, with the
cofnvené)rs of such sessions acting as editors for that topic. All papers will be fully
refereed.

Language

The official language of the conference will be English. All communications and
posters should be prepared in English. Abstracts and Proceedings will be
published in English.
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Trends in Reproductive Biology of some Bats in Colorado

Rick A. Adams
Department of Environmental, Population, and Organismal Biology
University of Colorado, Boulder 80309-0334

Eighteen species of bats are known to have distri-
butions which include Colorado. Some Coloradan spe-
cies are at the periphery of their distributional ranges
(Armstrong, 1972) and therefore reproduction may not
take place within the state. For even the most common
Coloradan species, however, reproductive data are
scarce. The purpose of this study was to compile all
available data concerning the reproductive biology for
bats living in Colorado and, in effect, offer a record of
comparative data which could be used as a basis for
further research.

METHODS

More than400 individuals of nine species collected
over thepast five years were dissected and examined to
gain availablereproductive information. In addition, all
available museumspecimens and field notes concern-
ing information on batscollected in Colorado were
cxamined and this information was compiled. Histo-
logical proccdures were carried out on the testes of male
Eptesicus fuscus in order to obscrve spermatogenic
activity.

RESULTS AND DISCUSSION
Reproductive Patterns of Females
Myotis lucifugus—The little brown bat is one of
the best studied bats in North America. Many of these
studies concern reproduction and development (Davis
ct al., 1965; Fenton, 19706, Findley, 1954; Gould,
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1971; Humphrey and Cope, 1976; Kunz, 1971; Racey,
1973; Schowalteret al., 1979. There is, however, a lack
of information concerning reproductive habits for this
species in the western part of its range. In general,
nursery colonies are located in and around buildings
(Fenton and Barclay, 1980) and exclude males and
nonbreeding females. For specimens collected in Colo-
rado the highest number of lactating females occurred in
June (46%, Table 1). Of the 14 individuals examined in
August none were lactating. No embryos were found in
females collected from June to August, suggesting an
early parturition date for this species in Colorado (Table
2).

Myotis californicus —Of the 16 females exam-
ined, highest number lactating was in July (60%, Table
1). Pregnant females were collected in June (20%) and
July (60%, Table 2). Krutzsch (1954) reported single
births for this specics.

Mpyotis volans.—Of the 51 females examined, lac-
tating individuals were observed only in August (50%,
Table 1). No lactating females were collected in previ-
ous months. Highest numbers of embryos were col-
lected for this specics in the month of July (44%)
although Augustwasalso high (24 %, Table 2). Druccker
(1972) observed parturition in this species in New
Mexico from May to August.

Mpyotis evotis.—Thisbatof higherelcvations (Arm-
strong, 1972) had the highest number of lactating fe-
males in August (46%, Table 1). Other reproductively
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Table 1. -Numbers of lactating femalesifemales captured by species per month. (Percentages of lactating females in

parentheses.)

()
Month 3
3 2.9 2 2 SRS 2y 2 g 39 S5
SE s 8 S 3 SE S g3 R £
53 2 58 58 S8 &3 33 =
June 6/10 3/29 0/10 0/5 0/4 4/16 2/4 5/17
(60%) (9.6%)  (0%) (0%) (0%) (25%) (50%)  (29%)
Tuly 0/2 1134 0/16 0/10 N/A 13/28 13 14/16
0%) (32%)  (0%) (0%) (46%) (33%)  (87%)
August 0/5 1635 1225  1/1 N/A 922 0/2 12/13
0%) (46%)  48%) (100%) (41%) (0%) (92%)

Table 2. -Numbers of embryosifemales captured by species per month. (Percentages of embryos in parentheses; N/A =
no animals captured during that month.)

Month ©“
9 § 3 “u 3
g% 2. 232 2 £ 2 8 4 58 =
53 3 X% 58 =3 S 33 <=
May N/A N/A N/A N/A 1/1 N/A N/A N/A
(100%)
June 0/10 3129 1/10 1/5 3/4 3/16 4/4 8/17
(0%) 10%)  (10%)  (20%) (75%)  (19%) (100%)  (47%)
July 0/2 13/34 7/16 6/10 N/A 2/28 2/3 0/16
0%) (38%)  (44%)  (60%) (71%) (75%)  (0%)
August 0/5 N/A 6125 0/1 N/A 9/22 0/2 0/13
(0%) (24%)  (0%) (40%) (0%) (0%)
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Table 3. -Numbers of scrotal malesimales captured by species per month. (Percentages are given in parenthesis; N/A

= no animals captured during that month.

-2
Month § g g
] %)
=R 29 o = 2 8 9 §c§c § g
28 33 38 32 33 38 ]
§3 £ £F 5% 58 §¢ 3%
June N/A N/A N/A N/A 6/11 N/A N/A
(55%)
July 3/7 172 4/4 6/6 9/11 8/9 7/9
(43%) (50%) (100%) (100%) (82%) (89%) (78%)
August 28/30 20722 5/5 5/5 26/30 11/12 8/8
(93%) (91%) (100%) (100%) (87%) (92%) (100%)
Sept 3/5 N/A N/A 5/5 N/A 3/4 7/8
(60%) (100%) (75%) (87%)

active females, however, were collected throughout the
months of June and July. Highest number of embryos
for this species was found in females collected in July
(38%) with a significantly smaller number observed in
June (10%, Tablc 2). Noembryos were found in females
captured in August.

Eptesicus fuscus.—One of the more common spe-
cics in Colorado, the big brown bat had the highest
proportion of lactating females in July (46%, Table 1).
Lactating individuals were collected from June to Sep-
tember, Christian (1956) reported lactation terminating
for females collected in late June/early July in Mary-
land, but this does not seem to be the case in Colorado.
No embryos were present in females captured in Au-
gust, but in both June (19%) and July (7%) pregnant
females were collected (Table 2).

Lasiurus cinereus —Data collected for this species
suggest that most lactating females are active during
June (50%, Table 1) in agreement with the highest
number of embryos present in the sample (100%, Table
2). The number of animals examined for this species,
however, was low (n=7). Twins appear to be the rule in
Colorado, as has been reported elsewhere (Gottschang,
1966; Provost and Kirkpatrick, 1952).

Antrozous pallidus.—The highest number of lac-
tating females for the pallid bat occured during July
(87%, Table 1). Pregnant individuals were most likely

to be observed in June (47%, Table 2) as none of the 16
females captured in July were pregnant. Birth of twins
appears to becommon in Colorado as has beenreported
by Findley, et. al. (1975) in New Mexico and Herried
(1961) in Texas.

Reproductive Patterns in Males

Mpyotis volans.—This species showed highestinci-
dence of scrotal males in August (82%, Table 3).
Schowalter (1980) reported that the males of this spe-
cies can become reproductively active within the first
year.

Mpyotis evotis.—The long-eared myotis also had a
high number of scrotal males evident in August (93%,
Table 3). The proportion of scrotal males dropped off in
September.

Myotis leibii and Myotis yumanensis.—Data were
inconclusive because of low sample sizes. For M.
yumanensis all four males caught during July were
scrotal as were the five individuals caught in August.
For M. leibii, males that were scrotal were capturcd in
Scptember also (Table 3).

Eptesicus fuscus.—Largest available sample size
was for this species with over 70 individuals examined
throughout a three-month period. Highest number of
scrotal males was in August (93%) with July a close
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sccond (83%, Table 3). Average length of testes for this
species in June, July and August was 0.79 mm, 0.88
mm, 0.88 mm respectively. Histology showed that first
year males were not reproductively active.

Lasionycteris noctivagans.—For the silver-haired
bat the highest number of captures was August, as was
the highest number of scrotal males (93%), although
high proportions were also recorded for July (88%,
Table 3). Only four individuals in September were
captured, with three of them scrotal.

Lasiurus cinereus.—Of the 17 males captured,
highest number of scrotal males was found in August
(100%). July, however, also exhibited high numbers
(77%, Table 3). Average lengths of testes for eight
males collected in Wyoming by Turner (1974) from
mid-June to mid-July was 5.4 mm.

It should be noted that in at Icast some of the these
species there exists the possibility that yearling males
may drop the testes to a scrotal position, but still lack
reproductive potency. I have determined that the testes
of young male E. fuscus do drop into the scrotum, but
when analyzed histologically the testes show no evi-
dence of spermatogenesis, making these bats incapable
of successful reproduction. The occurrence of this
phenomenon in other bat species has yet to be deter-
mined.

Data from this study show some trends in the
reproductive patterns of the bats that inhabit Colorado.
Of the Myotis species studied, the little brown bat shows
a distinctive reproductive pattern. Parturition occurred
in late May or early June, with subscquent termination
of lactation by the end of June. This is the earliest date
for parturition thus far recorded for this species. All
other bat species in this study showed a parturition date
in early August. Why Myotis lucifugus should have
such an early parturition date is unknown.

Of the females studied only Myotis volans and
Eptesicus fuscus had pregnant females in August. All
other species had given birth in July at the latest.
Perhaps parturition must take place before autumn in
order to counter the energetic stresses associated with
gestation and lactation and allow the females to acquire.,
brown fat needed for hibernation.

For male bats in this study, the reproductive
pattern is simpler than that found in the females. All
males came into reproductive condition in a somewhat
synchronous pattern rcaching a maximum number of
scrotal individuals in August, or slightly before. Rea-
sons for this relatively simple, synchronous reproduc-
tive pattern among the males and a more complex,
asynchronous pattern among the fcmales in this study
may have to do with a dichotomy between the two sexes
in terms of energetic cost.

Male and female vespertilionid bats spend large
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amounts of time in torpid states. Most of the metabolic
cxpenscs incurrcd by male vespertilionid bats may be
manifested in terms of flightenergetics. Atcertain times
of the year, however, females must endure added levels
of cnergetic stress in addition to those caused by flight.
These additional stresses can be summarized in terms of
gestation (including the added weight of carrying an
embryo while foraging on the wing), parturition and
lactation,

Anthony and Kunz (1977) have shown that preg-
nant female M. lucifugus consume 2.5 grams of insects
per night while lactating females consume 3.7 grams of
insects per night. Coutts, et. al. (1973) showed that
captive male M. lucifugus consumed 1.22 grams of
insects per day while post-lactating females consumed
0.93 grams per day. These data suggest that during
pregnancy and lactation female M. lucifugus must find
and consume more food than normal, potentially result-
ing in high lcvels of physiological stress.

Perhaps it was selection pressures which resulted
in the specics specific patterns of female reproduction
scenin this study. Indeed, the differences observed may
have been due to competition for food resources at times
of energetic stress. These differences in timing of repro-
duction may at first appear subtle, but under closer
observation may prove to be extremely important for
population survival among sympatric bat species.

I would like to thank Dr. David M. Armstrong for
reviewing this manuscript and making suggestions that
added greatly to the interpretation of data and the clarity
of text.
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BOOK REVIEW

Fenton, M. Brock, Paul Racey, and Jeremy M. V. Rayner, eds., Recent Advances in the Study of Bats. Cambridge
University Press, Cambridge, 470 pp. 1987. Price $69.50 (cloth).

Recent Advances in the Study of Bats contains 20
research papers resulting from contributions to three
symposia held during joint meetings of the Seventh
International Bat Research Conference and the Third
European Symposium on Bat Research at the Univer-
sity of Aberdeen, Scotland in August 1985. The book is
divided into three sections: flight, echolocation, and
social and reproductive biology.

Bats are the only flying mammals and it is flight,
more than any other adaptation, that has had the most
profound impact on the evolution of bats. The chapters
in this section are diverse, but extremcly well inte-
grated. The first chapter is a short introduction to the
symposium by its convenors, Rayner and Norberg.

The lead paper by Padian reviews the extensive
literature on the cvolution of flight in vertcbrates.
However, Padian’s chapter is more than a simple re-
view. Itis an explicitly stated methodology for studying
the evolution of convergent characters. By carcful phy-
logenetic analysis of flight characters Padian shows that

the evolution of flight is dependent on phylogenetic
history. Natural selection can only operate on the raw
materials present, and those materials are likely to differ
among lincages. Padian concludes that the available
cvidence supports a bipedal, terrestrial ancestry for
flight in birds and a gliding arboreal stage for bat flight.

The following chapters in this section deal with
acrodynamics, morphology, and encrgetics of bat flight.
Jeremy Rayncr outlines a mathematical model for flap-
ping flight in bats. He first provides an extensive review
of the acrodynamics of flapping flight as studied by
flow visualization techniques. Rayner then develops a
model that can be used to predict total energy consump-
tion in flight, the forces acting along the wings, and
flight muscle activity. He compares fast and slow gaits
in two species and demonstrates that at faster gaits, the
upstroke becomes active in producing lift.

Ulla Norberg’s chapter reviews the ecological
correlates of wing shape. She provides a summary of the
available information on flight specd of bats and rclates
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ittowing loading. Hans Baagoc goes astep further inhis
chapter on adaptive wing morphology in {ree ranging
Scandinavian bats. Here, predictions of {light charac-
teristics are generated based on four wing characters
and several body-mass classes. Baagoe then goes 1o the
ficld to determine how well actual free flight observa-
tions correlate with morphological predictions. This is
one of the first attempts to intcgrate laboratory and
field-based flight data. While ficld data are rough, the
observations generally support predictions based on
wing morphology.

Steven Thomas reviews literature on the energetics

of bat flight. He then makes comparisons bctween bat '

and avian flight energetics. One of the most interesting
observations concerns the correlation between breath-
ing frequencies and wingbeat frequencies. Another is
the observation that the amount of oxygen Phyllos-
tomus hastatus extracts {rom its lungs is nearly identical
to that extracted by some birds. Thomas’ chapter covers
a wealth of information including flight energetics, th-
ermoregulation, ventilation, and cardio-vascular physi-
ology.

The last paper in this series, by Scott Altenbach and
John Hermanson, describes bat flight {from the stand-
point of functional morphology and muscle biochemis-
try. flight muscle histochemistry in Tadarida reveals
that the primary downstroke muscles are entircly fast
twitch, termed a “one-geared” system by Altenbach and
Hermonson. Artibeus, in contrast, has two types of fast
twitch fibers acting as a “two-gearcd” system. Differ-
ences in the muscle fiber populations in these two
species reflect their markedly contrasting flight behav-
jors. In addition, Altenbach and Hermanson describe
the functional morphology of the scapulohumeral lock,
and modify Vaughan’s original hypothesis concerning
the shoulder lock in bats.

The sccond section contains six papers dealing
with echolocation, along with an introduction by M.
Brock Fenton, and an epilogue by G. Neuweiler. Rod-
erick Suthers and Jeffrey Wenstrup open this section
with a review of recent acoustic discrimination experi-
ments, which are designed to determine how bats detect
and track prey in the laboratory. They discuss spectral
and temporal cues and caution that such highly con-
trolled experiments do not necessarily reflect the rela-
tively complex environment encountered by free-rang-
ing bats.

The next three chapters, by Roald Roverud, Wil-
liam O’Neill, and Marianne Vater, respectively, de-
scribe the processing of echolocation calls by the brain.
Roverud’s contribution is particularly well written
considering the complex technical details often associ-
ated with echolocation research. He reviews the compo-
nents of bat echolocation signals, describes the stages of
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target-dirccted (light, and discusses neural adaptations
associated with information processing. One of the
most interesting lincs of rescarch attempts to under-
stand how interfering artificial pulses are processed by
acoustic neurons. O’Neill details the importance of
temporal cucs in processing informationrelating to prey
range and prey identification. He reviews the evidence
concerning range-tuned versus time window mecha-
nisms for information processing, and discusses the
current ¢vidence for a cortical map of delay-tuned
neurons. O’Neill honcstly points out that workable
models of neural processing are lacking, a problem that
underscores the difficulty in interpreting the volumi-
nous neurophysiological data that are available. Vater
describes the physiology and anatomy of cochlear tun-
ing in Rhinolophus and Pteronotus.

The last two papers take a refreshing approach to
the study of echolocation. In one of the more interesting
chapters in the volume, Hans-Ulrich Schnitzler de-
scribes the acoustical fingerprints by which bats gain
species-specific information about potential prey. Echos
from fluttering insects reveal that the largest amplitude
echos are produced at right angles to the pulse beam, at
a time when an insect’s wings are at peak upstroke.
Different species of insects produce different echo fin-
gerprints. Schnitzler then goes on to show that some
bats discriminate fluttering targets from stationary ones,
and that certain wingbeat signatures (c.g., prey) are
preferred by certain bats. James Fullard’s innovative
chapter on neurocthology completes the section on
ccholocation. Fullard brings his background as an ento-
mologist to bear on the problem of how prey react to
pulscs emitted by foraging bats. Fullard proposes a
model to describe how moth ears decode acoustic sig-
nals, and hypothesizes that selection has tuned the moth
CNS to respond to predatory bats, while ignoring other
sounds.

Chapter 16 introduces the last symposium topic:
social and reproductive biology of bats. Gary McCracken
leads off with an excellent review of social organization
and its role in the genetic structure of bat populations.
He examines three very different genctic and social
structures in three bat species: Phyllostomus hastatus,
Desmodus rotundus, and Saccopteryx bilineata. Al-
though the social systems differ, each species would be
expected 1o suffer some inbreeding within its kin
group(s). However, inbreeding is apparently kept to a
minimum by juvenile and adult dispersal (and possibly
inbreeding avoidance). McCracken concludes that the
Wilson-Bush model, which predicts rapid genctic di-
vergence among social groups that have small effective
population size and local inbreeding, does notoperate in
the three bat species described (and perhaps not in bats
in general).
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The chapter by Gerald Wilkinson considers altru-
ism and co-operation as mechanisms that contribute to
population and social structure in bhats. He describes a
simple model (modified version of Wright’s island
modcel), and then uses the model to estimate relatedness
infive bat species. Wilkinson concludes that reciprocity
and/or kin sclection may be important in the establish-
mcnt of co-operation in at least some bat species.

Andrew McWilliam’s discussion of reproductive
biology in Coleura afra is perhaps the most atypical
chapter of the volumc. While the other authors review
themes or mechanisms thatrelate to the Chiropteraas a
whole, McWilliams focuses on a single specics. The
conclusion, that tropical scasonality is important in the
timing and ultimate reproductive success of C. afra is
interesting, but hardly a new idea. Although somcwhat
out of place in this volume, this topic docs provide an
important contribution to our understanding of embal-
lonurid reproductive ecology.

T. A. Uchida and T. Mori contribute a fascinating
description of prolonged sperm storage in hibernating
bats, focusing on the ultrastructure, location, and mecha-
nisms of sperm storage and capacitation in the female
reproductive tracts of nine species. Sperm is stored and
actively nourished in the caudal isthmus of the oviduct
and uterotubal junction. This review is clear, concise,
and has important implications for further rescarch on
reproductive biology and sperm competition in bats.

Energetics is the focal point of the next two chap-
ters, one by J. R. Speakman and P. A. Racey on repro-
ductive energetics of Plecotus auritus, the other by
Thomas Kunz concerning post-natal energetics.
Speakman and Racey use double-labelled water (180)
in frec-ranging bats to measure daily energy expendi-
ture, and they compare their {indings to predictions
derived from laboratory expcriments. Kunz uses re-
cenly developed field aging technigues to study post-
natal ontogeny in several species of bats. Suckling bats,
like altricial birds, are poikilothermic, making the tran-
sition to homeothermy late in the preflight stage. Kunz
suggests that this pattern of thcrmoregulatory ontogeny
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conserves encrgy for the energetically stressful wean-
ing period. He also presents a simple model to describe
the energy budget of suckling bats.

The final two chapters in this section examine bat
reproductive biology from the standpoint of neurocendo-
crine function. Edythe Anthony revicws the contribu-
tion of the hypothalamus and anterior pituitary to the re-
productive cycle. A major contribution provided by
Anthony’s chapter is the characterization of both the
delivery routes of lutcinizing hormonce relcasing hornione
(LHRH) to gonadotropic hormones and the hypothe-
sized “‘ultrashort” feed-back loops that may be in-
volved. A. W. Gustafson and D. A. Damassa close this
volume with areview of plasma testosterone binding to
sex steroid-binding proteins, and the role of this process
in modulating asynchrony of testes and accessory organ
recrudescence.

Recent Advances in the Study of Bats 1s an ¢x-
tremely well organized and focused volume. Each
chapter is well written and edited. There is little of the
uncvenness sometimes associated with independently
written chapters. Typographical errors arc few, and the
only cosmetic drawback is the tendency to overreduce
complex figures. Chapters are designed to review our
current level of understanding of each topic and in this
sensc fulfill that role admirably. The new information,
techniques, and models that appcar throughout this
symposium volume make it an indispensible work for
bat bioiogists. I would hope that Recent Advancesin the
Study of Bats continues asa series, with perhaps the next
volume focusing on systematics, biogeography, and the
like. Tsuspect this book will have limited appeal to non-
chiroprologists because of its limited focus and pricetag
($69.50). However, I recommend this volume to mam-
malogists at large because of its state-of-the-art treat-
ment of bat flight, ccholocation, and reproductive biol-
ogy.

James M. Ryan

Department of Biology

Hobart and William Smith Colleges
Geneva, New York 14456 U.S.A.

Announcements

BIBLIOGRAPHY ON FRUIT BATS AVAILABLE

Craig Whitesell has written asking BRN to an-
nounce that the publication “Fruit Bats (Megachirop-
tera) of the World: A Bibliography” is available {rce of
charge from: Institute of Pacific Islands Forestry, 1151
Punchbowl! Strect, Rm. 323, Honolulu, Hawaii 96813.
The complete citation for the publication is

Morse, J. E., M. C. Falanruw, C. D. Whitesell, and J. A.
Baldwin. 1987, Fruit bats (Megachiroptera) of the world: a
bibliography. U.S. Dept. Agriculture, Bibliographies and Lit-
erature of Agriculture No. 58, iv + 38 pp.

BAT SUPPORT FUND FOR EASTERN EUROPE
An ad hoc commitice of bat rescarchers from
western Furope hasbeen formedtosctupafundioassist
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their castern European collcagucs in obtaining modern,
up-to-date rescarch cquipment. Basic items such as bat
detectors, collection cquipment, banding cquipment,
cte., are difficult to obtain because they are not available
locally. If imported, they must be purchased with
forcign currency, to which eastern European research-
ers do not have access. The committee—consisting of
Prof. Dr. Ingemar Ahlen, Uppsala; Dr. Hans J. Baagoe,
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Copenhagen; Peter H. C. Lina, Leiden; Prof. Dr. Ger-
hard Ncuweciler, Munich; and Prof. Paul A. Racey,
Aberdeen—is currently soliciting money or cquipment
1o be passed to colleagues in Czechoslovakia, Poland,
Hungary, the DDR, and the Soviet Union. Anyene
wishing to contribute may send funds to: Bat Support
for Eastern Europe, ¢/o Peter H. C. Lina, E. de Boer-van
Rijkstraat, 23331 HH Leiden, The Netherlands.

CANADA

McMaster University, Hamilton, Ontario: Inresponsc
to your kind invitation, herewith find the latest from the
“Great White North.” Dr. Robert E. Garfield and T have
continued our collaberative study of myometrial inner-
vation in Myotis lucifugus. Recently, we examined in
vilro myometrial responses to electrical ficld stimula-
tion and the effects of a variety of autonomic agonists
and antagonists during the annual cycle (Manuscript
now in conteniion). A scnior biology student, Aleksan-
der Stosich, and Lhave explored the effects of opioidson
hibernal torpor. Alex has produced a detailed descrip-
tion of the arousal process and shown that, contrary to
carlier reports, most M. lucifugus (males) employ shiv-
ering thermogenesis during arousal.

I did achieve one scientific breakthrough this last-
winter. Field studies of the ice at the entrance to
Craigmont Mine (latitude 45° 18' N) showed: weight
bearing strength (WBS) < one chiroptologist fully
clothed (CFQC).

Correlated with, if not related to, my drug-related
activitics described above, L have been transferred tothe
Physiology and Pharmacology Division of the newly
created Department of Biomedical Science. Last week
I couldn’t even spell Farmakologey, now [are one. [G.
Dale Buchanan]

Royal Oatario Museum, Toronto: The ROM exhibit
The Bat Cave, which opened on January 16, 1988, has
received a very positive response {rom the Canadian
press and public. For those of you who did not get a
sneak preview at the Toronto bat meetings Iast fall, the
exhibit is a realistic reconstruction of parts of St. Clair
caveinJamaica. Upto 12 visitors walk through the cave
at a time. Each 15 minute tour allows visitors the
experience of visiting arealistic tropical cave, complete
with authentic bat calls, dripping water, and 3000 bats
hanging and appearing to fly through the air. Particu-
larly impressive is the “exodus” of bats at the end of the
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tour. Computer——controlied mirrors and strobe lights
create a very realistic impression of thousands of bats
exiting the cave. Visitors leaving the exhibit then may
proceed to Discovering Bats, arelated exhibit of graph-
ics, models, specimens, and photos that illustrate habits
and ccology of bats. [From alctter and pressrelcase sent
by Judy Eger, and froin my own visit to the cxhibit—
TAG]

FRANCE

Laboratoire de Paleontologie, Universite des Sci-
ences et Techniques du Languedoc, Montpellier: In
our lab in Montpellier we are involved in rescarch
dealing with fossil bats, mainly relating to systematics,
phylogeny, evolution, and palcobiogeography. Students
in our institute are mainly studying evolution processes
(genetics, ecology), and one of them (postgraduate) is
ready to look for a job concerned with bats. [Bernard
Sigé]

UNITED STATES
CALIFORNIA

University of California, Davis: No active work with
bats. I became an emcritus professor here on July 1,
1987. [Walter E. Howard]

COLORADO

University of Colorado, Boulder: Tam working on the
developmental biology and natural history of amaternal
colony of Myotis lucifugus located at Fort Laramic
National Historical site in Wyoming. I prescnted pre-
liminary data on aspects of forclimb development in
Myotis at the Bat Conference in Toronto last October.
The current study is along the same lines, however, itis
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much morc dctailed. Presently I have female bats in the
1ab giving birth to neonates, providing a timed post—
natal sequence of development. Adult femalces are later
returned to the maternity colony. [Rick Adams]

ILLINOIS

Illinois Wesleyan University, Bloomington: I spent
ten days in April at the American Museum of Natural
History in New York, finishing up my rcscarch on the
hyoid anatomy of emballonuroid bats. I have one more
genus to dissect this summer, and then will have looked
at all genera of emballonuroids excepi Craseonycteris.
The hyoid of emballonuroids is unexpectedly fascinat-
ing (to an anatomist), and I have some interesting
observations on function and phylogeny which T will
present in October in Calgary. T also spent time in the
“wilds” of northwestern Illinois this summer, mist—
nctting bats with three Illinois Wesleyan students: Dynce
Balleza, Pam Sponholtz, and Kellie Jones. Afteraseven
year absence {rom field biology, it’s been [un to get out
and work with living bats again. To date, we have netted
nine species, including three I had not previously scen
alive: Lasiurus cinereus, Lasionycteris noctivagans,
and Nycticeius humeralis. 1 also rediscovered the joy of
ticks and chiggers (the bites are starting to heal, finally).
[Tom Griffiths]

KANSAS

Fort Hays State University, Hays: I am directing a
rescarch project that is intended to reveal the foraging
habitat of the gray bat (Myotis grisescens) in Kansas.
The only known colony of this endangered species in
Kansas is in the storm sewer beneath the city of Piuts-
burg in the southeastern corner of the state. The sewer
has been designated by the state as critical habitat for the
species, but foraging areas critical to the colony have
not been determined. After the foraging arcas have been
identified, they will be added to the area recognized as
critical habitat for the species in Kansas. Ficld investi-
gations are being conducted by a graduate student, Jan
Decher from West Germany, with the assistance of an
cxperienced undergraduate, James Johnson. They vis-
ited the colony in June and found that females were still
carrying their young during foraging flights. Therefore,
trapping and banding were postponed until early July.

cginning in early July, bats exiting the colony were
trapped and banded with plastic splitrings covered with
reflcetive tape. An ultrasound detector is being used (o
determine the existence of bats in all potential foraging
arcas, and a high—intensity spotlight enables recogni-
tion of banded bats. Decher and Johnson will continue
identifying areas used by gray bats successively farther
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from the roost throughout the summer. Hopefully, we
will be able to determine travel corridors as well as
foraging arcas so these can be protected also. The
project is Jan’s M.S. thesis study at Fort Hays Stale
University.

Afterhe graduates (probably in Augustof 1989), he
mntendes to move to another university to pursue Ph.D.
studiesrelated cither to bats or to mammalian conscrva-
tion and ccology in West Africa. He will summarize the
results of the gray bat study at the annual mcetings next
spring of the Southwestern Association of Naturalists
(in Arkansas) and the American Society of Mammalo-
gists (in Alaska). [J. R. Choate]

MAINE

University of Maine, Farmington: Bob Martin has
been busy promoting the welfare of bats in Maine. He
has donated hundreds of hours of time spcaking before
wildlife groups and public school classes, writing ar-
ticles for local Mainc publications, and appearing on
radio and television programs in defense of bats. Bob
reports that his only “fee” for speaking to the 5000+
school children he has addressed to date is the require-
ment that one member of thie school stafl join Bat Con-
servation Internaticnal. That way, the organization
bencefits and therc 1s a continuing reminder of bats after
he leaves. [Based on scveral letters to Tom Griffiths
from Bob Martin]

MICHIGAN

University of Michigan, Flint: I am working on ADH
receptors in several specics of bats, and T am looking at
the role of the pituitary in delay developmentin Macro-
tus californicus. I am also interested in the role of the
pineal gland in the control of reproduction in bats.
[Bruce Richardson]

NEW YORK

New York State Department of Health, Rabies Lab,
Albany: We are continuing our work of rabies diagno-
sis in biting bats and bats that have come iato contact
with domestic animals. We continue to work on rabics
cpizootiology, especially the relation of bat rabics to
rabics in terrestrial mammals. [Charles Trimarchi]

PENNSYLVANIA

University of Scranton, Scranton: [ am {inishing my
post—doc at the University of Wisconsin—Madison;
and have accepted an Assistant Professor position in the
Department of Biology, University of Scranton to start



in August, 1988. [ am currently working on bone/
vitamin D and thyroid endocrinology problems. T have
no students, and 1 need master’s students at Scranton.
For bat work, I am studying the annual thyroid—
thyroxin cycle in Myotis lucifugus in rclation (o sca-
sonal reproduction. Also, I am working on the relation-
ship of Vit. D to endocrine system of M.Lucifugus
lucifugus and have found that hibernating bats are
hypovitaminosis D. I am especially interested in bat
rescarch on mineralized and reproductive tissues utiliz-
ing techniques of biochemistry, physiology, endocri-

nology, and microscopic anatomy. These interests in- .

clude the biology and regulation of mineralized and
reproductive tissues and the comparative morphology
and physiology of tissuc adaptation. {Gary Kwiecinski]
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TEXAS

Texas Tech University, The Museum: I have two
students in the Muscum. Joaquin Arroyo—Cabrales is
working on the systematics of Dermanura
(Enchisthenes) hartii. Albert Kumirai is working on a
comparison of cranial and post—cranial anatomy, study-
ing systematics of Stenodermatinac. [Robert D. Owen]

UTAH

Brigham Young University, Provo: I have an urban
bat project planned and beginning in 1989. I alsoplanto
survey the status of the Hawaiian hoary bat, but over the
next 4—>5 years. [Hal L. Black]

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.
Our Recent Literature section is based upon several
bibliographic sources, and for obvious reasons can
never be up-to-date. Any error or omission is inadver-
tent. Voluntary contributions for this section, especially
from researchers cutside the United Statcs, are most
welcome.
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NEWS

To all subscribers to Bat Research News: We need
more news. Please take just a minute to sit down and
type a brief paragraph about your rescarch or conserva-
tion efforts, you bat-related travels, or the activities of
friends, students, or colleagues. If BRN is to become a
genuine newsletter (as so many of you told me you
wanted it to be), I need your contributions. My address
is on the inside front cover. Thanks to all of you who
have participated to date, and to those of you who are
inspired by this message to write something now. [Tom
Griffiths]

CANADA

Université de Sherbrooke, Sherbrooke, QC: Yep!
Canada has spawned yet another bat lab, this time in
Quebec. For the past three years, I have been based at
the Université de Sherbrooke. Although it is a franco-
phone university, Sherbrooke has a number of English-
speaking professors, so the door is open to those who
have even a limited working ability in French and are
willing to try a new environment. In my lab we are
developing three main arcas of research. Inone, we are
focusing on evaporative water loss in hibernating bats
and questioning how this influences winter arousal rates
and energy expenditure. Danielle Cloutier worked on
laboratory-based measures of water loss in Myotis
{ucifugus and will finish her thesis by December 1988,
In anotherarea, we are continuing to look at frugivorous
bats, seed dispersal, and nutritional ecology. We have
made field measurements of Carollia perspicillata
energy expenditure using doubly-labelled water and
have recently established a small colony of Carollia in
the lab. Inathird area, we will be looking at how rainfall
and foraging success affect the geographic distribution

37

of reproductive male and fcmale Myotis spp. [Doxn

Thomas]
CZECHOSLOVAKIA

Institute of Systematical and Ecological Biology,
Czechoslovak Academy of Science, Brno: From 1981
10 1983, worked in Algeria as a Maitre de Confercnces
(equivalent of Associate Professor) at the University of
Setif. While there, I studied the ecology and activity of
the local bat fauna, both in northern (Mediterranean)
and southern (desert) habitats, and collected bat speci-
mens for further studies. The results are the subject of
several papers, the citations of which have appeared in
BRN. In October 1983, I became Docent of Zoology
(again, equivalent (o Associate Professor) at the Purkyne
University in Brno, Czeckoslovakia. As of January 1,
1989, my position will be senior mammalogist at the
Institute of Systematicaland Ecological Biology, Czeck-
oslovak Academy of Science, Kvetna 8, 603 65, Brno.

Concerning the study of bats, 1 have studied the
distribution and ecology of bats in S-Moravian low-
lands for over thirty ycars. Results have appeared and
will appear in the journal Folia Zoologica. I am also
monitoring the abundance of the guild of bat popula-
tions hibernating in the caves of Moravian Karst. Data
from this study were presented at the European Bat
Research Symposium in Prague, August 1987, Finally,
we arc studying the behavior and ecology of the largest
known nursery colony of Myotis emarginatus, located
in the attic of a small hunting-castde near Lednice, S
Moravia. Movements and age structure of that colony
were originally followed using bat banding, but mass
banding was stopped in 1980 and new techniques in-
cluding sound detection (QMC Mini BD), mist-netting.
reflective tape and light-tagging have or will be used in
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the field research of that colony. Two undergraduates
and one graduate student, Zdenka Bauerova, partici-
pated in the above-mentioned studies. Zdenka also
carried out her own research on feeding strategies of
insectivorous bats. She wasa junior mammalogistatthe
Institute of Vertebrate Zoology in Brno, but unfortu-
nately she died after a strect accident early this year.
This was a very sad event and a severe loss to both our
mammalogy and nature conservancy programs, as
Zdenka was deeply involved in the protection of nature
and bats in particular.

At the kind invitation of Gordon Kirkland of Ship-
pensburg University in Pennsylvania, I spent two months
in the United States and Canada in the fall of 1988.
Besides Gordie, other mammalogists who have sup-
ported my visit include V. M. Dalton, M. B. Fenton, K.
F. Koopman, T. H. Kunz, M. D. Tutlle, and D. E.
Wilson. 1am much obliged to all of them. I visited
several universities, museums, and field stations, and I
participated in bat research using modern, top-level
instrumentation. One of the goals of my visit was to
continue my study of the morphology and behavioral
ecology of the Nearctic Myotis lucifugus and the
Palearctic Myotis daubentoni. The study was supported
by my appointment as Short Term Visitor at the Smith-
sonian Institution. During my stay in the U.S., I also
presented several lectures and seminars on bats and
other mammals of Czechoslovakia for the public and for
professionals and students of biology. [Jiri Gaisler]

EGYPT

U.S. Naval Medical Research Unit No. 3, Cairo:
Under the leadership of the late Dr. Harry Hoogstraal,
the Medical Zoology Department at the U.S. Naval
Medical Research Unit No. 3 (NAMRU-3) in Cairo has
had along history of studies on the biology, distribution,
ecology, and parasites of bats. Many of the studies,
particularly those concerning infectious and parasitic
agents associated with bats in North and East Africaand
Southwestern Asia, continue. (Andrew J. Main]

SPAIN

Departamento de Biologia Celular, Universidad
Complutense, Madrid: My students and I are studying
the hypothalamus-hypophysis-mammary-gonadal axis
as it changes in female bats during their annual sexual
cycle. We use electron and optic microscopic-im-
munocytochemical techniques to study the various
organs implicated in this axis. We’ve published our
results on Myotis myotis in nine international reviews
and five spanish ones, and we’ve presented our results
atseveral congresses. We would be interested in recciv-
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ing information from our colleagues on keeping specics
of Vespertilionidae alive in the laboratory. The infor-
mation would be useful to us and would allow us to
continue our work and obtain new results. [E, Muhiz]

SWITZERLAND

University of Berne and Neuchatel: Our small bat
research group is predominantly involved in the bio-
acoustic investigation of Swiss bats. We are doing field
work on acoustic species determination, and are inves-
tigating the flexibility of bat echolocation behaviour in
the ficld. This activity has led to the development of
precision broadband ultrasonic detectors and of a period
meter. (The former is available as an add-on to the
QMC S100 and S200 detectors or as a self-contained
instrument.) Since 1988 we have also started to do bat
conservation work in the canton of Beme. A Ph.D.
student is developing a method for the determination of
bat species by their echolocation sounds, and another
graduate student is investigating the population dynam-
ics of nursery colonies of Myotis myotis and its depend-
ence on climatic factors. By 1990, Peter Zingg will
probably be looking for a post-doc program. Several
publications are on their way in the Revue Suisse de
Zoologie. [Karl Zbinden]

UNITED STATES
CALIFORNIA

Natural History Museum, Los Angeles County: Iam
presently active in bat conservation, serving as the
Chair of the National Speleological Society Fauna
Protection Committee. The committee keeps tabs on
bat conservation work and needs relating to caves and
caving in the U.S. My research is in three areas. [ am
rescarching stable carbon isotope ratios in modern and
fossil bat guanos,asa potential tool for paleoclimatic re-
construction. I am also studying heavy-metal records
preserved in bat guano accumulations. Finally, I am
researching community structure of tropical insular bat
faunas using null-model simulation techniques. [Donald
A. McFarlane]

MAINE

BATS in Maine, New Sharon: As reported in the last
BRN, Bob Martin has continued to promote the welfare
of Maine bats by speaking before live and media audi-
ences, by urging people to construct bat houses, and by
forming BATS in Maine, a conservation organization
whose initials stand for “Bats Are Threatened Species.”
As part of his cfforts toraise the consciousness of Maine
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people, Bob founded ‘“Maine Bat News” last June, a
newsletter that addresses all bat-related issues in Maine.
Bob writes: “With a group of former students, [I]
founded a non-profit bat group here in Maine to try to
stop the massive decline in bat populations and provide
bat conservation information...Along with the bat pro-
grams [ have given at cost to over 8000 youngsters in
Maine since the fall of 1985, our major aim is promoting
alternative housing for bats...we have had several recent
large projects: 20 bat houses are going up in the Oyster
River Bog thanks to the Oyster River Bog Association
and the Camden-Rockport High School, 40 are going up
on Mt. Desert Island/Acadia National Park thanks to
Zack Klyverand the College of the Atlantic,and 100 are
going up on Sugerloaf Mountain thanks to the Sugerloaf
Mountain Corporation.” Bob also reports that his
organization is having some success at getting individu-
als to put up one or more bat houses. More power toyou,
Bob! [Based on several letters to Tom Griffiths from
Bob Martin]

NEW YORK

Cornell University, Ithaca: I have been busy this
summer with a number of activities, not the least of
which included writing a grant proposal to get me back
into bat flight research. Given the lag time of my last
“quick” project with Bob Foehring on the histochemis-
try of Artibeus jamaicensis flight muscles (started in
1984 but just published in the Journal of Morphology),
I’m hoping to get things moving and to have bats flying
in the lab before the end of 1988. Hugh Aldnidge visited
Cormnell in July which gave the two of us a good chance
to argue over some current ideas concerning aerody-
namics and motor control. Otherwise, most of my time
has been devoted to a study of the morphology of
shoulder muscles in horses. A primary objective of this
work has been to elucidate the role of muscle compart-
ments in postural as well as more dynamic equine
activity (winning races, perhaps). Karyl Hurley, one of
our second year veterinary students, has been working
in the lab this summer doing much of the bench work
and helping me with several other projects. [John
Hermanson]

OREGON

Southern Oregon State College, Ashland: [ am work-
ing on the local distribution of overwintering Tadarida
brasiliensis in southern Oregon. [ am also developing
techniques for monitoring population size of a large ma-
ternity colony of T. brasiliensis in northern California.
Finally, I am studying the impact of cave “renovation”
and installation of air locks at Oregon Caves National
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Monument on the resident bat community (6 species).
[Stephen P, Cross}

VERMONT

Vermont Institute of Natural Science, Woodstock:
Margaret Barker, Program Director for VINS, has been
giving educational presentations on bats throughout
Vermont. She has spoken to a wide variety of persons,
from adults to early elementary students. By all ac-
counts, her educational programs have been effective in
changing people’s attitudes on bats. [from a letter by
Bob Martin to Tom Griffiths]

RECENT LITERATURE

Authors are requested to send reprints of their papers to
the Editor (Tom Griffiths) for inclusion in this section.
Receipt of reprints will facilitate complete and correct
citation. Our Recent Literature section is based upon
several bibliographic sources, and for obvious reasons
can never be up-to-date. Any error or omission is
inadvertent. Voluntary contributions for this section,
especially from researchers outside the United States,
are most welcome.
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Abstracts of Papers Presented at the Eighteenth Annual North American Symposium on Bat Rescarch
at the University of Calgary, Calgary. Alberta

Abstracts appear alphabeucaliv by firstaurhon

A Morphometric Comparison of Limb
Proportions in Phyllostomid Bats

Beverley Anderson
Department ol Biological Sciences.
University of Calgary

A comparison ol the wing proportions of phyllostomid bats
was undertaken im order 1o determine if the leaping and terres-
trial abilities of the common vampire bat (Desniodus rotundius)
altect the intermembral indices (sensu Oxnard etal, T981) i aimy
way. The multivariate staustical method of multiple discrinii-
nant analyvsis was used 10 analyze 20 measures of Hmb propor-
tions from 336 specimens representing 39 genera of phylos-
tomid bats as well as 1 genus of mormoopid bat. The morpho-
metric analysis ol the wing wus compated to asinular analysis of
several skull parameters of these genera inorder to determine if
moditications, associated with feeding. seen i the head region.
are in any way retlected by wing morphology. This kind ol
analvsis may be useful in determining phylogenetic relation-
ships, or morphological similarities due to similar function.
Using measurements of bones rather than wing owtlines in a
study ot this kind may help to temove some of the error that s
incvitably Introduced when tracing wing membranes.

Foraging Strategies and Use of Space by the
Indian False Vampire, Megaderma lyra
{Megadermatidae)

D. Audet. D. Krull, G. Marimuthu, S. Sumithran,
J. Bala Simgh

Dept. of Biology, York Univ.. Zool. Inst. Luisenstr.,

and Unit of Aniin. Behav., Madurai Kamuray Univ,

Although foraging swaregies of bat species can be predicied
from thenr morphologics, individuals can be flexible in then
foraging behaviour. Megaderma lyya iy expecied 10 use a sed-
entary toraging strategy. The aim of this study was (0 investi-
gate the foraging behaviour and use of space by free-living M.
lyra. We radio-nacked 17 individuals (7 males, 10 females)
from a colony ot ca. 300 M. Lyra in the Tirunelveli distoct,
South Indiz, between 9 Murch and 5 April 1988, Two of cight
pregnant females gave birth while carrving tansmiters. Two
fermales were not pregnant nor lactating. The bats cantied
active tags for 153 hat dayvs. On 12 occasions we were incontact
with the bats in their foraging areis tor over 60 min. and on 22
occasions we could follow individuals through the entire
night. Individual bats used one or two non-exclusive foraging
areas from 100 m to 4 ki away from the colony. Successtul
hunung {lights involved both short flights (withm 20 m{rom a
perchy and longer communng tlights (up o ca 200 m). We
observed individual vaniations i the nightly acuviy of the
bats. These variations are discussed according to the sex and
reproductive state of the bats.

Vocal Recognition in Mexican Free-tailed Bats

J.P.Balcombe
Department of Zoology, University of Tennessed

Twentv=five nursing pairs of Mexioan free-taled buts were
collected from Davis Caver Poxas, during June and Juds 148K,
and presented with playback chiotce exporiments o st the
hypothests that mothers, and pups bevond a certaim age, van
recogrize the calls of king Mothers and pups wore tesied in
separate circular wire-screen areas tcasuring oodiun N
7.5em and 838 x 7.0, respectively. Oneach side of theareiaa
speaker was placed just bevond the avena wall, and a stuted
cloth bat model just inside thie walll Bats annvled inio the
arena through oot dicaneter plisdic tabe, Faclvmotiier aol
lasted 10 minutes: pup tricds were 5 minutes. But respainses
were measured by comparing the aononntof time spentin ciach

side ol the arena, and tine spent in contact withy cach imodel,
Control presentatians were identical o experinental, excopi
that blank wpe notse emanated from cach speaker. Mothers
preferved calls of then own pup over those of o soange pap:
pups showed no preference. These findings indicate Gorole ol
pup calls i mother-pup retaions by dis species

Roosting Behaviour of Hoary Bats
(Lasturus cinereus)

ROMLR. Bardlay and CLE. Kochle
Brological Sciences, University of Cuigars

Using radiotelemetry and visual observation of individan s
marked fermale hoary bars ar Delta, Manitoba, we investizored
roost selection roosting home range and site Tideling. -
ing tentales roost with their voung iy the {oltage of trees and
selectsites thatappear o provide adivect flisht path as well as
sheltor from wind. rain and sunlight. Family groups hie
quentdy wove hom ancroast to anothier. Moves e genenaly
under 100 mand may be caused by high winds, oy cment of
newlv-volantyoung or human distibance, Fentales et o
the some arveacand often the same trees cach ver . Vieny
data suggests thar vearling lewales adso retmn o the i s
which they were hore This may be important i werins o
cenctic makeup of the population.

Energy Monitoring by Frugivorous Bats:
Sloppy or Tight Conuol of Food Inrake?
Louis Breton, Biology, Universziv of Shethrooke

Frugivorous bats face diets thatare refatively dich inenerg s
but poor in protein when they feed exciusively on frans an
umesolved guestion is: Do bats adjusthien food make o tic
basis of cnergy ot protein requirenionty We oftered Carcdia
perspicillata semi-atificial diets inwhich cnergy levels were
adjusted (fow-normal=highy frony s high quuehe dietwe give
the colouy. On both reduced and enhunced dicss naamonnsed

i

that intake by To% cenhancedyand 23% acduced i
basal diet. This greatly altered then wotad enciey
the experimental period. We discuss the contind o hoedsy o
postton and datls Tood ke othis oxperingen:

SN
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Foraging Strategies of Nocturnal
Aerial Insectivores

R.M. Brigham
Biological Sciences, University of Calgary

Fhe purpose of this study was to determine whether the prey
detection system. wing gape morphology or prev availabiliny
determines the foraging stategios of common nighthawks
(Chordeiles mimory and big byown bats tEptesicus fuscies) in
the Okanagun Valley of British Columbia, T predicied that
refative 1o £ fuscus 1y Comiinor foraging bouts should be
restiicted i tihme and duration by light levels, 21 €. minor diet
breadilv and the size of prev should be larger.and 3) C.omiinor
should feed in siructaral lv Tess cluttered habitats, T lound that
Connorforage lor 1.3 hours perday in 2 bouts. The timing of
bouts. but not the temporal pattern was corvelated with hight
levels. B fuscus flew tor 1.5 10 5.0 hours per night with bouts
occurting throughout the night. C.ominor car the same pe
and size of prevat the same vate as E. fuseis, with both species
foraging at the same site 60% of the time, Teonelude that at this
study sties arich prey patch, prediciable in tine and space,
exarts the most influence on the loraging behaviour of both
sSpecies,

Prey Selection, Foraging and Habitat Use by
Chrotopterus auritus in Costa Rica

AP, Brooke, Departiment of Zoology,
University of Tennessee

I'he feeding and hunting behaviour of Chrotopteris avritus
wirs observed i captivity and by radio tracking at Biological
Station La Selva. Costa Rica. In feeding behaviour experi-
ments noise generated by prey was used 1o deteet and catch
selected animals. While scavching for prey. Clrotopterus aurd-
f1es scanned the surronnding area by continuously rotating its
hody through a 180" arc. Attack sallies were directed only @
Birds and bats when they flew: noise generated from tlighrand
moverment by beetles, katvdids, lizards and toads was ignored.
Radio tacking showed that the bat hunted in-Lha. of swamp
forest, an area Characterized by scattered canopy emergent trees
and tow undergrowth. These results suggest that €. auritus
has o Osit—and-wait” foraging stategy, hunting selected,

QCTIVE ey,

Activity Patterns and Foraging Behaviour of
Hipposideros turpis on Iriomote Island as
Determined by Radio-telemetry

P. Brown, R. Berry and S. Matsumura »
Department of Biology. UCLA and the S}(‘h()(?l of
Allied Health Sciences, Yamaguchi University

The Old World leaf-nosed bat, Hipposideros turpis, lives in
manmade tunnels on mountainous Iriomote Island at the
Southern end of the Ryukyvu chain. This constant-frequency
bat forages for beetles in the dense tropical forest. Observations
with night vision goggles and a bat detector, suggest a tlv-
catcher method of feeding similar to that of Hipposideros
commersoniand H. diaderna. As theresultof a preliminary radio-
telemetry studsy conducted in June 1988, itappears thaat indi-
vidual baes have preferred foraging sites. They leave the roost
at dusk. returning just before dawn, although several hours
each nightare spent hanging immobile in tees between torag-

ing bouts.
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Social Structure in Big Brown Bats

J.E. Cebek
Department of Biology, York University

Both theory and a limited amount ot empirical evidence
suggest that temperate zone bats mate and disperse randomly
so there should be little of no genetic ditferentiation between
subpopulations. In big brown bats, however, the results of
exclusion experiments suggest that maternity colonies are dis-
crete social units. [ used enzvme electrophoresis to test the
hypothesis that the members of one colony will be more closely
related o one another than 1o members of other colonies 5 km
to 100 km apart. Blood samples are collected from bats 1 six
colonies in southern Ontario and at least eight polymorphic
loct among 24 enzyme systems allowed me 1o compare the
genetic similarity beoween and within the colonies.

The Indiana Bat and Gray Bat Comprehensive
Plan for Missouri

R.1.. Clawson
Missouri Department of Conservation

[he Missowrt Department of Conservaton (MDC) has devel-
oped a comprehensive plan 1o coordinate entorcement, man-
agement, and research activities for endangered bais in Mis-
souri. The ten-vear plan specities objectives, delegates respon-
sibilities, and dentilies svategies and tasks to be performed.
I'he goals of the planave: Py o hali the decline ol Indiana bats
in Missourt, and 2) o increase populations of both Indiana
bats and gray bats m Missouti by the end of the plan period.
The plandescribes an umbitious program of rescarch, popula-
tonmonitoring, habitat acquisitton and protection, and pub-
lic education. Tt will allow MDC personnel to plan manage-
ment and research activites, to allocate funding, and to setand
prioritize annual work objectives. Tt also establishes criteria by
which tomeasure progress toward meeting the stated objectives.

Pulmo-cutaneous Water Loss in
Hibernating Bats

Danielle Cloutier
Biologv. University Sherbrooke

This paper won first place in the graduate student
competition.

Fortemperite zone bats, hibernmation is the primary adapta-
ton to long tenm reductions i winter food availability. Tor-
por asell s not energetically costly, however. arousal from
torpor is. Factors thataftectarousal frequency could play a key
tole in hibernation energetios. We measured total evaporation
water loss (EWL) by placing bats in sealed chambers provided
with ditferent dry air flows. Water lost by torpid bats (2-19C)
was collected ma dessicant. Total EWIL was in the order of
20.7mg body water day at 80% R.H. (Ta+2°C). Since Kallen
(196:h indicated that a 6.0g Myotis hucifugus could lose up to
0.252¢ of water before needing to arouse, we can caleulate that
bats may avouse at intervals as short as 5 days o rehydrate if
they roost solicrily. We also partitioned total EWIL berween
pulinonary and cutaneous voutes. Pulmonary losses were




Winter 1988

estimated by measuring the tdal volume m a head-body ple-
thysmograpl Tidal volames were low (x=0.046ml< 0.002 SE)
and bats breathed at extremely low frequencies. Bats breathed
for periods ot only L6 minutes, tollowed by bouts ot apnea
lasting tor 316 mimates= 1 SE Caleutanions ot pulmonary
losses indicared that this toute conmbutes fess than 1% of total
EWL.. Although bhuis hrequently Tabernate i caves or mines
having greater than 90% R munerous observatons indicate
thar they can select sizes with as ow as 70% RUH. This stady
indicates that where RUHU s are low. water may determine
aronsal frequency, and hence atfeet winter energy budgets.
[hisstudy also underlines thatclustermg may play an impor-
tant role in body water conservaton.

Critical Habitat of the Gray Bat
(Myotis grisescens) in Kansas

J. Decher and J.R. Choate
Fort Havs State University

Gray bats, Myotis grisescens, were trapped and banded as
they emerged [rom the only known maternity colony for the
species i Kansas, Thev subsequently were spotlighted in
foraging arcas to determine the critical habitat of the colony.
Females were still carrving half-grown young in flight in late
June. but voung were on the wing by early July. The bats used
riparian areas as flvawavs m early summer but. as the colony
size increased during tate summer (possibly due to an influx of
bats from colonies in Missourt), they began flving directly
overland to their [otaging areas. Gray bats were found withina
16 kmt radius of the storm sewer entrances. They appeared to be
non-specilic i thetr selection of foraging areas so long as
water was present and dense forest cover or steep slopes
afforded protection from wind. A more detailed analvsis of
habitat requurements as determined from circular plots is still
IN Progress,

Prey Detection and Foraging Behaviour of the
Long-eared Bat, Myotis evotis

Paul A. Faure
Department of Biological Sciences,
The University of Calgary

This paper won second prize in the graduate
student competition.

Mryotis evolis is a small, insectivorous bat that possesses the
largest cars of any Noith Amencan Myotis. This bat 1s com-
monly described as @ gleaming species (Findley 1972, Norberg
and Rayner 19871, and while morphological evidence suggests
that M. cvotes 1s ideally suited for this foraging stvle, observa-
tons ificld or laboratory 1 of gleaning behaviour are lacking. 1
examined the foraging behaviour ol M. evotis under laboratory
conditions and investigated the sensory cues used by M. evotis
tor prev detection. Captive bues readily gleaned moths, but were
also capable of capnuning prey on the wing. Preliminary results
indicate that prey generated sounds alone are sutficient for prey
detection: M. eeotis can locate Hluttering moths without the use
of visual or echolocation cues. Preyv movement also appers to
he an importantsensary cues statioriary mothsare notasreadily
detected. Additionallyv. atack seqguences of M. evotes foraging
tor moths were recorded 1o determime whether or not echoloca-
tion was used while gleaning.
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Variations in the Heads and Teeth of Bats:
Implications for Foraging Behaviour

M.B. Fenton
Department of Biology, York University

I ok measurements of body size (forcarm length), head size
(condvlocanine length and mastord width), and gape (tooth-
row length and width) in 245 species of bats and used regression
analysis of covariance to examine correlations between these
features and foraging behaviour. In the analysis, “animal-cat-
ing” bats included Phyllostominae (1), Emballonuridae (18,
Mormoopidae (6), Noctilionidae (2), Nycteridae (7), Megader-
matidac (8), Rhinolophidae (25), Hipposideridae (17). Myzo-
podidac (1), Vespertilionidae (62), and Molossidae (38). while
“other bats” were Phyllostomidae (29, including the three
vampires)and Pteropodidae (22). In mostsituations, there were
significant (p? 0.001) relationships between bat size and head
size and length and width of the gape, and within the animal-
eating bats, analysis of covartance showed signiticant
(pd 0.001) differences between familics. Bats using continuous
aerial foraging tend to have smaller heads and reeth than those
using sally foraging. The molossids and the hipposiderids are
exceptions to this tend. the former have larger heads than
predicted. the latter smaller ones, The farger heads and tooth-
rows of most species of bats using sully foraging comncide with
the sclection of larger prey (» 3% of the bat's body mass).

Roosting and Foraging Behaviour of the
Queensland Tube-nosed Bat,
Nyctiomene robinsoni

T.H. Fleming and H. J. Spencer
University of Miami and Cape Tribulaton
Field Study Cenue

We studied the roosting and {oraging behaviour of Nyetio-
mene robinsont (Preropodidac) at Cape ‘Tribulation, North
Queensland, in November and Decernber 1987 using mist net-
ting and radio telemetry techniqgues. Bats were captured under
and around frutung Annona muricata trees ina fruit orchard
and cluster-fig trees (Ficus sp.yinabandoned pastures. Females
outnumbered males in the orchard, but the sex ratio was 1:1
under fig trees. Median distance between day roost sites and
capture locations was 506 m (range: 63 - 1012 m, n =12 baus).
Bats roosted solitarily m the foliage ol canopy or understory
trees, usually in primary forest, during the day. Most individu-
s roosted i the same sinall arca tor several consecutive days.
Except for occasional visits to isolated fruiting trees, bats for-
aged within 200 mof their day roost ac night.

The Effects of Load-carrying on the Flight
Behaviour of Macrotus californicus
and Eptesicus fuscus

B. Forbes
Department of Biology. York University

Iexamined changes in the flightbehaviour of four Macrotus
californicus and two Eptesicus fuscus when the bats were
curying different-sized food items in their mouths. These
species are known to use ditterend foraging strategies, with M.
californicus often making short flights from perches o attack
passing prey, and £ fuscus tiving continuously while torag-
g, which results in their wking different sized prey. Salley
foragers tend to take Larger prey (relative to their body masses)
than continuous acrial foragers. T used stoboscopic photo-
graphy to examine the bats' tHlight patterns and used the resulis
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to test some predictions about how these bats might accom-
modate their flight to front end loading. Specifically, in
1esponse o heavier fron-end loading, [ expected changes in
the wings's paths during the downstroke, and differences in
the attitude of the uropatagium 1o increase the wings' camber.
I predicted that Macrotus should accommodate better o
increased front-end loading than Eptesicus.

Composition of the Malaysian Rain Forest
Bat Community
C.M. Francis
Biology Department, Queen’s University

I compared the tlight characteristies of michrochiropterans
caught in the understory of Malaysian rainforest with those ol
the total Malavsian fauna to test the hypothesis that forest bats
are adapted 1o fly ina cluttered environment. T used rados ot
lincar wing measurements taken from museum specimens as
indices of {light characteristies. Overall, bars caught in the
forest had significanuy lower aspect ratios than other species,
but did not differ in wing loading. The differences in aspect
ratio were due parddy to the large number of species of Rhuno-
lophus and Hipposideros, which have broad rounded wings,
that were caught within the forest, and the presence of several
molossids and emballonurids, with neurow potnted wings,
outside the forest. However. there were similar ditterences
within the Vespertilionidae, with more broad-winged species
within the torest. also compared rurely caught species with
common species. to test whether the former may be beuer
adapred to a different habitat. No differences werve detected, but
this does not ruke out the possibility that some “rare’ species
normally inhabit another habitat, such as the forest canopy.
that is also clutrered.

Size, Shape, and the Role of Crack Propagation
in Bat Canine Teeth (Microchiroptera)

P.W. Freeman
University of Nebraska State Museum

Upper canines in microchiropteran bats come ina variety of
cross-sectional shapes. The consistent {eature of all the species
studied here is that the tooth is edged and not simply rounded
or oval. Prominent sharp edges are posttioned in several direc-
tions but particularly antero-medially toward the incisors and
posteriorly toward the premolars. These edges appear to direct
the cracks made in food items to the incisors or Lo a continuous
cutting edge from tip of canine to ectoloph of the molars. Size
and shape analvsis indicates that larger bats have slender
canines for their height, not stowter. a condition which may be
attributable to the nature of the prey. Most of the bats tuke prey
that have little or no hard, brittle substances imbedded within,
The compromises in shape for this tooth potendally revolve
around being a predator with short, conical canines, which are
involved with eating endoskeletal prey. as opposed to being a
small flying predator with long, slender, edged camnes that
mostly process and capture exoskeletal prey. Foods with bone
inside will bluni sharp teeth, while foods with a soft filling
inside will not. Simple incuspid teeth and how they might
function in food break-up have been overlooked in the litera-
ture and mav help to understand how more complex teeth arc
functiomng.
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Echolocation Survey Estimates of the
Distribution of the Endangered Hawaiian Bat
(Lasiurus cinereus semotus) on the
Island of Kaua'i

J.H. Fullard
Department of Zoology, Exindale College

The distribution of the Hawatian hoary bat on the island ot
Kaua’i was estimated using a QMC Mini Bat Detector during
dry (August T987) and wer (M ch 19883 scasons. Surveyvs were
made along roadways and paths leading into the forests of this
island. Particular attention was paid o f{orest edges, river
outlets and water reservours, Babitats suggest 1o be favoured by
this bat. My results indicate that this bad is uncommon and
restricted 1o open areas near wet forests. There appears little
dilterence in distiibution patterns between wet and dry seasons
and the bat appears to fuvour river outlets that connect with
wet upland forests. These results suggest that L. c. semotus's
curtent endangered statas Is justified and that continued
development of the Hawaitan islands for agriculiural or tour-
19m purposes will turther threaten this spectes.

Echolocation Ecology of a Community of
Insectivorous Bats in a Forest in
South-western Australia

J.H. Fullard, C. Koehler and A. Surlykke
Department of Zoology, Erindale College, University
of Toronto

The dry, eucalyp Perup forest of south-western Australia
contams g community of nine msectivorous bats from two
Families and the echolocation signals of seven of these specics
were recorded. The predominent frequencies of these signals
range from 16 kHz (Tadarida australisi o 84 Kz (Nyctophilus
gouldi). Relationships between the echolocation parineters of
these bats, their tlight morphologies and obscrvations of their
foraging patterns suggest a habitat separation. We proposc that
the two molossids (7. australia and Mormopterus planiceps)
use above-canopy hunting areas: three of the vespertilionids
(Chalinolobus gouldir, Eptesicus fuscus and C. morio) use
mid-forestzones and two other vespertilionids (N. geoffroy and
N. gouldy) torage cither very close to or actually glean from
vegetation on the forest {loor. The results from this study will
be compared to those described tor an ludian and a Panaman-
lan community and generalities proposed.

Genetic Comparisons of Migratory and Non-
Migratory Populations of Tadarida brasiliensis
in the United States

M.F. Gassel and G.F. McCracken
University of Cahifornia at Berkeley and
University of Tennessee

In the V2.8, there are three distinctive sets of populations of
tree-tailed bats all generally considered members ot the same
species Tadarida brasiliensis. With some exceptions, popula-
tions in the castern U.S. and California show local scasonal
movements between roosts. Colonies of generally fewer than a
few thousand bats roost in a diversity of sites. Southwestern
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U.S populitnons overwmier and mate in Mexicoand typically
migrate several hundred Kilometers to summer maternity col-
onies which olien include several million individuals. Despite
substantial behavioral variation, morphological differences
among these groups are subtle and systematic relationships are
comtroversial. Here wereportresalis of genetic studies on these
populations using allo/vme techiniques. Saanples were ohtained
from three castern populations (Flovida [2], Arkansas {1]) and
two California populations for compartson with extensive
genetic dataavailable from the southwestern populations. We
examined 22 loci of which 10 were polymorphic in one or more
populations. All populations were genetically very similar.
Average genetic similarity (Rogers, 1972) between the castern
and the southwesteriy populietions was S = 0.947 whereas sun-
tlariiy between western and southwestern populations was § =
0.987. Comparisons between castern and western populations
showed an average S = 0.939. These estimates are typical of
those seen between Tocal populations of most species.

Evolution of the Hyoid Region of
Emballonuroid and Other Bats

I AL Griffiths
Department of Biology, Tinois Weslevan Universin

[ he hvoid regions ol cuballonued, vhinopomand. and
megadernatd bats contan some anexpected v derved vapo-
morphice feannes nocfornd in other bats, Inrhimopormatids,
the sternohvoid is a reduced, weak muscle, Tnomegadermatids,
the sternohyvoid-gentohvoid-hvoglossus comples has detached
from the hvoid bones, paralleling the “free-floaung™ condi-
tion found m advanced phyHostomids, Mostrenuohableofall
i emballonuids the sternobivotd has become avached o the
postarien lavos and apparentiy fundciions as ain extrinsic
Loy ngeal nsabervathar than as a pronmany wongueenactor. In
Al three B hiess chianges i muoscle morphology were tacili-
tated by aomediad shife ol the origin of another muscle, the
omohvord, Ttis possible dhan the differences observes inteeding
habits and echiolocation calls of vinochnopovan bats thamilies
Embatlonuidea. Rhinopomatidac. and Megadermandaeyare
w partthe dineccresultof dhie shittob origir ot aosingle muscle.
the omohyord, mithons of veaos ago.

Non-cave Roosting Sites of the Endangered
Grav Bat, Mvotis grisescens, in Arkansas
MO Harvey and VRGO McDaniel
Department of Biology, Tennessee Technological
University and Department of Biological Sciences,
Arkansas Ste University

Agran but nmaderniy colony numbering ca. 7000 adudis and
voung occupies aostornt sewet i downtown” Newark Tnde-
pendence Counne Arkinsas, populadon 11000 The storm
sewer s 155 m dong. L1 wideoand T0Em high To s located
under the sidewalk and main siect of the town and is cac 1.3
Km from the White River. Bais1oostina slightly domed area
10-15 m from the southeast endd of the suucture. Temperature
near the toost site was 33°C0 An abandoned wine in Boone
Countv, Arhansas serves as o transiens roost for groups ol gran
hats numbering as many as JO00 A Jew gray bars have also
been observed hibernating m the mine.
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Foraging Behaviour and Use of Torpor by the
Hoary Bat (Lasiurus cinereus)

M.B.C. Hickey
Department of Biology, York University

[ used tetlective colour-bands to observe individuad Lasias
cinerews at their loraging sttes m 1986 and colour bands and
temperature sensitve radio nansmitters o gather detailed data
on their movements and use of torpor in 1988. In 1986 bats
foraged for an average of 164 minutes per night (N-12) and
luctating females foraged longer than post-lactating or non-
reproductive females. Direct observation of encounters with
prey revealed that L. cinereuws were successful on 52% of then
attempts and wings culled rom then prey suggested that they
preved excusively on Lepidoptera. Between 20 June and 21
July 1988 1 radio tracked three L. cinereus (one Lactating and
two non-reproductive females) for a total of 9 nights and
during this time they never used torpor, but the lowest night
and dav temperatures were 5" and 16 C respecavely. These
duwta do notsupport the hypothesis that bats in ditferentrepro-
ductive sties use torpor difterenthy bur the sample size is small
and summer 1emperatures were war.

Development of Free-Living Bat Colony as a
Museum Exhibit
R.S. Kennedy und J.B Cope

Cincinnatt Museum of Natural History and
Department of Biologyv, Earlham College

I'he Cincinnati Museum ot Nawural History s planning wo
establish a free=living bat colony as part of its new hmestone
savern exhibic in the Museum's futire home in Cincinnati's
Union Terminal i1 1991, The enclosure will be 3.5 m wide, 1.6
mdeep. and 6.6 m high with the capability of being partiti-
oned ito upper and lower chambers. [t will be connected 1o
the outside of the building by a 30 m long, 0.6 m diameter tube
and will have envirvonmental controls to provide temperatures
S S8 o 1007 F and relative humidity from 50t 100%,

cos witl view the bars through two layers of glass and at

fevels from within the cavern. Mcethods of introducing
iy luctfugies will be discussed and future research neces-
< to establish and maintain the colony will be presented.
i dactlity is viewed as a prototvpe that may one day be used
1o umage endangered bats.

Habitat Separation for Seven Species of Bats
in the Sclerophvll Forests of
Southwestern Australia

C. Koehler and J.FL Fullard
University of Calgary

Rescarch was conducted at the Conservation and Land
Management field station, Perup, near Manjimup, Western
Australia. The station is situated in very dry sclerophyll forest.
I'his environment is shared by nine species of insectivorous
microchiropierans, seven of which will be considered. Bats
were mistnetted as they care o waterholes atdusk. Measure-
ments were laken, feces collected, and the bats were then flown
i an enclosed wea. Preliminary reflections on habirat parti-
toning with respect o flight morphology and feeding will he
discussed.
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The Foraging Behaviour of the Notch-eared Bat
Mpyotis emarginatus (Vespertilionidae)

D. Krull, A. Schumm, W. Mctzner and G. Neuweiler
Zoological Institute, Luisenstr.

From May to August in 1986 and 1987 we observed a nursery
colony of 90 adult Myotis emarginatus. The colony roosted in
adim, cool attic of a church located about 60 km SE of Muu-
chen where 14 bat species including 7 Myotis are sympatric.
Foraging M. emarginatus were found up to two hours after
emergence and one to two hours before dawn at three differ-
ently structured habitats within 200m from the nursery roost.
In a cow-shed and at a willow tree they were gleaning insects
from the walls and foliage. Over an unobstructed dung-pit M.
emarginatus were hunting on the wing. Six adult M. emargi-
natus were tagged with 0.8 g transmitters. Three individuals
could be followed for a total of 6 bat-nights. Their foraging
areas and secondary dayroosts were 2 10 10 km away trom the
nursery roost. In average these bats spent 363 minutes out of
their secondary roost and showed continuous flightactivity in
torrested areas. Feces analysis revealed a diet that consisted
mainly of flies and spiders throughout the season. These
results show that M. emarginatus belongs o the group of
gleaning bats but is also able 10 switch 1o other foraging
strategies.

Time Activity Budgets and the Economy of
Harem Maintenance in the Greater
Spear-Nosed Bat, Phyllostomus hastatus

Thomas H. Kunz and Simon Robson
Department of Biology, boston University

We used radiotelemetry and doubly labeled water to test the
null hypotheses that there were no differences in the nightly
foraging/commuting time and daily energy expenditure among
male and female harem members of Phyllostomus hastatus,
from Trinidad, West Indies. Qur results indicate that harem
females typically had one foraging/commuting bout (FCB)
concentrated during the first 2-3 h of the night, averaging 151
min., whereas harem males made several short FCB's during
the night, for a total foraging/commuting time of approxi-
mately 104 minutes. Using isotopically labeled animals that
we simultaneously monitored using radiotelemetry, our results
indicate that FCB's accounted for approximately 11% of a
female’s daily time budget and 53% of its daily energy expendi-
ture (DEE). By contrast, FCB's accounted for about 7% of a
harem male’s daily time-budget and 34% of its DEE. Although
nightly FCB’s and associated energy expenditure were greater
for harem females, DEE was greater for harem males. These
results suggest that the additional DEFE recorded for harem
males reflects the activities associated with harem mainte-
nance in the roost.

Reproductive Energetics and Water Flux in
Free-ranging Eptesicus fuscus

A. Kurta, T.H. Kunz and K.A. Nagy
Department of Biology, Eastern Michigan University;
Department of Biology, Boston University; and
Laboratory of Biomedical and Environmental
Sciences, University of California, Los Angeles

We used doubly-labeled water to examine the energetics and
water flux of free-ranging big brown bats (Eptesicus fuscus)
during pregnancy and lactation. The field metabolic rate was
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17494 144 (SE) ml CO, -day for 16 pregnant females and 2770

£ 351 ml CO . day for five lactating females. These metabolic
rates arc equivalent 10 17.6 £ 3.9 and 75.3 £ 9.54 k] day
during pregnancy and lactation respectively. Fstimates of
chemical energy deposited as new tissue during pregnancy
raised daily assimilated energy demand to 18.9 kJ day; milk
export raised mean energy expenditure during lactation to
105.1 kJ."day. Mean water flux was 8.47 and 17.07 ml H O for
pregnant and lactating females, respectively. The primary
source of water influx was preformed water in the dict, but
both pregnant and lactating females obtained some water by
drinking. Estimated urinary losses accounted for the largest
proportion of daily water efflux.

Tent Construction and Use by Uroderma
bilobatum in Coconut Palms (Cocos nucifera)
in Costa Rica

S.E. Lewis and R.M. Timm
Department of Ecology and Behavioral Biology,
University of Minnesota and Museum of
Natural History, University of Kansas

Tent construction and use, uniformity, and frond selection
were studied in a population of Uroderma bilobatum roosting
in coconut palms (Cocos nucifera) in northwestern Costa Rica
during July, 1988. Palm leaflets were cut at the midribinaline
converging distally with the frond midrib and collapsed
downward to form large, enclosed tents. Tree height, angle of
orientation of cut fronds, and number of cut fronds hanging
above a tent were recorded to ascertain if bats were selecting
specific fronds. Tent height, number of leaflets cut, and angle
between the line of cut leaflets and the midrib of fronds showed
variability between tents. Bat tents were found in trees with a
narrower range of heights than the overall tree population,
and trees with tents were taller on average than wrees without
tents. The ecological and evolutionary significance of tent
construction by Uroderma is discussed.

Cues Used for Spatial Memory of Big Brown Bats

W.]J. Loughry, J.P. Balcombe and S. Mistry
Ethology Program, Department of Zoology,
University of Tennessee

We report a series of experiments designed 1o investigate the
type of cues big brown bats (Eptesicus fuscus) use to remember
their location in space. Previous work showed that bats trained
to come o a target for food within a small rectangular cage
failed to do so when the cage and other proximal cues were
rotated 180 degrees. It was proposed that the bats might have
used some conspicuous distal feature of the testing room for
spatial memory. This hypothesis was tested b, training bats in
small rooms where the available cues could be rotated singly or
in combination. Cue rotation had no effect on the bat's ability to
find the target except when all cues were rotated together. This
indicates the possibility of some sort of “gestalt” memory of the
bats of their surroundings. However, considerable variation in
the performance of individual bats leaves open the possibility of
idiosynchronic use of cues for spatial memory.
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The Influence of Clutter and Noise on the
Activity of Bats Over Water

R.1.. Mackey and R.M.R. Barclay, Department of
Biological Sciences, University of Calgary

Te determine why sotue bats concennate their activity over
calnt warer as compared to warbulent water, we studied the
effects of surface cluter and running water noise on the for-
aging acuvity of Myoris {ucifugus (litde brown bats) which
commonty tly close to the water surface, and Eptesicus fuscus
(big brown bats) which lorage at greater heights, in southwest-
ern Alberta, Canadu. In paired experiments ou calm water.
artfical clutter reduced the activity of M. lucifugus. but ned E.
fuscus, compared to natural condivions. Playbacks of the
sound of turbulent water reduced the activity of both M. luci-
fugus and E. fuscus in palred experiments gver calm water.
Clutter is an obstacle to flight and produces extrancous back-
ground echoes that must he discriminated from prey echoes.
Water noise may also imertere with prey detection. The result
may be reduced [oraging ctticiency by bats and a preference for
calm bodies of water over turbulent ones.

Range Discrimination of Targets Using Normal
and Time-Reversed Echoes

W. Mitchell Masters and Susan Cropp Jacobs
Department of Zoologv, Ohio State University

he tinding tha bars can detear a nime-reversed veysion of
their echolocation sound as successfully as anormal, non-versed
verston (Moht 1986) has cast doubt on the hypothesis that
crosscorrelation Is usclul for describing bats” echolocaton per-
fornance. Our experiments with £ptesicus fuscus continmed
Mohl'syesults tor argen detection. However, when bats were
vequired 1o determine a targets range (rather than just s
presence or absence) their performance was highly dependent
on whetdier the echo wavetform was reversed or not, Using a
non-reversed. synthesized echo, bats” range diserimination
was about e at arnget distanee of 75 em. Reversing the
normil echo resulted 1 disciimination threshold of 15 10 50
o, eonuch worse performance. heseresults are consistent
with the possibility thata crosscorrelanon-Iike detecuon pro-
cess 1s tvolved 1nrange determination. They are not consist-
ent with simple encigy detection.

Electrophoretic Analysis of the Mating System
of Eptesicus fuscus
Frieder Mayer, Departiment of Zoology.
University of Maryland

Duiing the summers of 1987 and 1988 a total of 242 bats were
color banded and blood sampled at four different maternity
colonies in northern Missourt, U.S AL At one colony 81% of
adult temates, 37% of juvenile females and no juvenile males
returned the nest vear. By using eight polymorphic blood
enzyvme loci as independent genetic markers, signiticant differ-
ences in allele frequencies between adult females av different
colonies, between juveniles from different vears as well as
between juveniles and adult females were discovered. Related-
ness among 15 pairs ot siblings was estimated to be 0,34+ 0.08.
These results suggest that mating in this bat 1s polvgynous and
that some females mate with more than one male.
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Genetic Variation in the Bat Tadarida
brasiliensis mexicana and in Rhinoceros
unicornis, a large, Non-volant Mammal

G.G. McCracken

University of Tennessee

A data buse of over 100 species shows that individuals in
most mammalian populations have average heterosvgosites
(Hy) ranging from 0% to approximatcely 10%. Body mass and
eftective population size (Ne) have general correlations with
Hi. with small. abundant mammals having higher heterosvg-
osities. and large, varer mammals the converse. Tadarida brasi-
liensis mexecana (body mass = 11-13g and Ne in the millions)
and Rhinoceros unicornis (hody mass = 1600-2100kg and N
100) contrast dramatically in these features. However, recent
studies in my laboratory show that individuals in both species
carry Hy's approaching the observed mammalian maximum.
Such high Hyin T. b. mexicana s not remarkables however,
the retention of similar heterozvgosity i a criticallv endan-
gered mega-mammal Is unexpected and in contrast 1o results
observed in other recent studies of endangered species.

Characteristics of the Visually Guided Escape
Response in Mexican Free-tailed Bats
S. Mistry
Department of Zoology, University of 'Tennessce

Visually guided escape responses ol wild adult Mexican
tfree-tailed bats, Tadarida brasiliensis mexicana, were studied
atvarious times in the dav, atdifferenc light intensicies, and at
different wavelengths 1o determine the effect of such parame-
ters on the escape response, Although T b mexicanais known
to orient wowards light throughoutiost of the day, there exists
a reduction i this response at times - the morming that
corvespond to theiv reciun from foraging. Bats were also found
to decrease their preference tor light as the light intensity 1s
increased. In fact, areversal inresponse, asignificant wndency
to orient owards the dark, ocored when the ight imensiy
was raised 1o the ambient daytme light level at the fromn of the
cave. Thisresult may explaim why bats, when disturbed within
the cave, Hy towards the light but eventually cirele back at the
mouth of the cave. Adults were found to respond significantly
to red light but not o far red light, suggesting that such
hghung may atfect the behaviowr of these animals and thus
should not be used for behavioral observatons. The onogeny
of the response was studied by testing pups at various ages.
Very young and non-volant pups were found to orient towards
the dark. a strategy that would keep them closer to a thermo-
neutral environment. 'The point of tansiton in the tesponse
from dark onienting pups 1o hght orienting adulis was found
1o occur al about the age of seven weeks, o time at which the
pups became volant.

An Educational Campaign About the
Importance of Bats in Tropical America

P.A. Morton
Bat Conscrvation International

Tropical America is home for a nich hat fauna the uny
country of Costa Rica records 103 species. Many of these ane
fruit bats which as agens of pollination and seed dispersal
play key roles in maintaiming the diversity of tropical lorests
and are also important to many plants with cconomic value.
Yetbats are systematically destroved due to fearand ignorance
often because of vampue bat related problems, that m some
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countries result in high economic losses. This educational
campaign implemented in Costa Rica, frequently referred to
as Latin America's model of conservation, used a grass roots,
multi-media, multi-institutional approach to inform the
Costa Rican public about bat diversity and their importance n
tropical ecosystemns and associated economies. Working with
Costa Rican agencies and foundations, the campaign included
the development of an educational package (book and poster)
for distribution throughout Latin America, conservation arti-
cles in magazines and newspapers, a slide/tape program and
teachers guide, literature on vampire bat identification and
control, and interviews on radio and television.

Activity Patterns and Population Estimates —
Implications for the Conservation of the
Samoan Flying Fox, Pteropus samoensis

E.D. Pierson and W.E. Rainey
Museum of Vertebrate Zoology,
University of California

The endemic Samoan flying fox, Pteropus samoensis, has
shown alarming population declines in recent years, and is
currendy threatened with extinction. A large silhouette, diur-
nal flight activity, and protracted soaring make it particularly
vulnerable 1o shooting. Although tlightactivity occurs during
all daylight hours, in July it peaks in the late afternoon, when
hunting pressure is greatest. Accurate population estimates
are extremely difficult. Animals roost singly or in small
groups in canopy trees. Ready confusion with the similarly
sized. more common species, Pteropus tonganus, and particu-
lar flight characteristics (e.g.. frequent aerial movements n
and out of feeding trees, and between narrow, rugged valleys)
create a tendency to overestimate population size.

Impact of Exploitation and Trade on
Samoan Flying Foxes

W.E. Rainey and E.D. Pierson
Museum of Vertebrate Zoology,
University of California

A range of cvidence indicates that Samoan flying fox popu-
lations have declined severely. The two known species are the
widespread Pteropus tonganus and the endemic P. samoensis.
Rapid recent decline is linked to commercial hunting for
export to Guam as a Juxury food item. Both selective hunting
and apparent differential vulnerability to shooting have
helped to bring the rarer P. samoensis close to extinction.
Licensed trade statistics underrepresent the commercial take,
both because there is clandestine trade and because many
animals shot are not recovered. Local recognition of flying fox
declines led to protective legislation in American Samoa; sim-
ilar regulations are under review in Western Samoa. These
measures are an important step, but, given currently depleted
bat populations, continued hunting for local recreation and
subsistence, and continuing forest removal, careful monitor-
ing will be required to assure the survival of P. samoensis.
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Maternal Investment and Milk Composition in
the Mexican Free-tailed Bat
Tadarida brasiliensis

S.K. Robson, T.H. Kunz and O.T. Oftedal

Investigations of the changes in milk composition during
lactation in Tadarida brasiliensis indicate that the fat content
increases over a six week period, ranging from individual
samples of 12% to 39%. This represents the highest fat levels
known with the exception of the cetaceans and pinnepeds, and
is far greater than that previously found in the chiroptera
(approx. 12%). Unlike other species, the high fat content in the
milk of T. brasiliensis is not correlated with a high growth
rate. The tmplications of this to life history strategies and
maternal investment in this and other mammalian species will
be discussed.

Investigations on Vampire Bat Rabies

C.E. Rupprecht, S. Papo, D. Deresienski,
R. Lord, B. Dietzschold
The Wistar Institute of Anatomy and Biology,
Instituto de Investigaciones Veterinarias,
University of Pittsburgh at Bradford College

As part of a study designed for bovine paralytic rabies con-
trol in Latin America, we have initiated basic research into
applied aspects of this disease in the common vampire bat,
Desmodus rotundus. Comparisons ol Venezuelan vampire,
domestic companion animal, and livestock rabies virus iso-
lates by monochlonal antibodies revealed several geographi-
cally distinct strains. In a transmission experiment, naive
vampires were placed in contact with cagemates inoculated IM
with either CVS (10° MICLD34/0.035ml) rabies virus strains;
or vampire-derived DR-19 (1092 MICLD3(0.03ml) only in-
oculated bats succumbed to rabies. To test their immunogenic
ability, groups of 3-4 vampires were inoculated IM on day 0
and 7 with either 10xg, 5 ag, or 3 ag of BPL-inactivated,
purified ERA rabies virus vaccine and were challenged IM on
day 14 with 100 sl of rabies strain DR-19, as above. survival
was independent of vaccines dose and the level of virus-neu-
tralizing antibody present on the day of challenge. In order to
test the efficacy of an attenuated rabies virus vaccine, groups of
5-6 bats were inoculated ITM with either 100l of undiluted
live ERA virus ((10°! MICLD54/0.03ml), a ten- fold dilution of
same, or PBS as control, and were challenged with 100 g of
DR-19as above. All vampires, regardless of vaccination status,
demonstrated clinical signs and succumbed
10 rabies within two-three weeks following immunization.
These findings raise intriguing questions regarding the epide-
miology and immuno-pathogenesis of rabies virus in vampire
bat populations.

Immunocompetent Cell Types in the Bat
Pteropus giganteus

S.K. Sarkar and A.K. Chakravarty
Immunology and Cell Biology Laboratory, Center for
Life Sciences, University of North Bengal

Previously we have shown that the Indian fruit bat, Ptero-
pus giganteus has delayed immune responses despite having
well developed secondary lymphoid organs and a possible B
and T cell dichotomy. The delay did notappear to be caused by
any serum borne factor or deficiency in the ratio of different
immunocompetent cells which is comparable to those in other
systems. So it was imperative to study the details of the immu-
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nocompetent cells and a qualitauve deficiency of the cellular
components if any. Cellular morphology studied by SEM and
TFEM shows similarity tosuch cells inmost other mammals, T
cells were smooth surfaced. B cells had short microvilli on the
surface which seem to be elonguted on immunization possibly
indicating a structural alteration of cell membrane rom gel 1o
sol state with acuvation. Unique structural deficiencies in the
immunocompetent cells of bats have not yeu been observed.
This study may provide first hand detailed electron micros-
copic analysis of the immunocompetent cells of the bat
Further studies are in progress.

The Basis for Differential Habitat Use by
Litde Brown (Myotis lucifugus) and
Long-legged (Myotis volans) Bats

M.B. Saunders
The University of Calgary

Myotis lucifugus and ML volans are morphologically very
similar. occasionally occupy the same roosts, and are common
m the same area, but apparently feed in different habitars.
Flightstvle is anobvious mechanism that could lead to such a
behavioural ditference. Flight characteristics weve assessed by
direct morphological measurements (wing tracings. €lc.) to
compare wing loadings, aspect ratio, and wingtip shape
between both species. Measured bais were then tlown in a
{light cage 1o determine manoeuverability. Al lucifugus have
significantly greater wing loadings than M. volans, but both
are capable of navigating the same interstring distance in the
thight cage (i.e. the sante minimum negotiable distance —
AMND). These bats were subscquenty released with attached
light-tags to observe and compare free-flight patterns. Prey
availability s based on insect tapping., and dietary differences
observed through fecal analvsis will supplement the discussion.

Records of Longevity, Fecundity, and
Asynchronous Reproduction for Pallid Bats
in Southern Arizona

R. Sidner
Department of Ecology and Envirommental Biology,
University of Arizona

Data collected at materniny sites ol Antrozous pallidus have
provided details of reproduction which are necessary for prep-
awation of the species life table and for an understanding of
their life history strategies. Presumably, inaspeciesachieving
maximum fimess, tadeotts in fecundity and survivorshup
have been selected which resulted in the characteristic repro-
ductive sirategy of the species, Thisstrategy involves reproduc-
tive lite-span, litter size, interbirth interval, and reproductve
capacity, Record incasurements are presented for these repro-
ductive variables which were obtained from field animals,

Maintaining a Little Brown Bat (Myotis
lucifugus) Population in the Face
of Roost Destruction

J.S. Tavlor, York University

The success and failure of bat houses to provide alternate
accommodation Tor large colonics ol M. lucifugus will be
included in this reporcon etforts to preserve the Litle Brown
Bat at the Chautauqua Institution i New York State.
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Apnea and Non-Steady State Oxygen Uptake in
Torpid and Hibernating Bats

D. Thomas and D. Cloutict
Biology, University of Sherbrooke

[tis well known that hibernating or torpid bats have greatly
reduced bodyv iemperatures and metabolic vates. Teis less well
Known thu the reductiion ol oxygen demand teads toan aliered
rhythm of pulmonary ventilaton. Av50C, Myotis Lucifugus
breathe in bouts lasting only F24 minutes and separated Iy
periods of apnea lasting 10-130 minuates. This sporadic venti-
lation continually shilts the fractional O, concennation in
open arcuit metabolic chambers away from equilibriom o
steady state conditions and renders conventonal methods of
calculating O, uptake inappropriate. We show that the con-
ventional method over=estimates O, uptake by ca, 300% com-
pared to the more appropriate instantancous method o calon-
lating O, uptake. To our knowledge. all studies on bats and
other mammals published since 1951 have assumed steady-
state conditions and so have over-estimated O, uptake in
hibernation.

Progress at Bat Conservation International

M.D. Tuutle and P.B. Robertson
Bat Conservation International

Interest in bat conservation is growing vaptdly as is BCL
Since mid-October 1987, membership has risen from 2600 1o
7600, including individuals who are promoung bat conserva-
ton 1 50 countries. More than 000 reguests for imformanon
or conservation assistance are processed monthly, resulting in
numerous conservation initiatives, fecturesand exhibits. News
media publicity continues 1o educate hundreds of millions ol
people worldwide cach year. Current major projects range
from the production of a new audiovisual program, " Bats ol
America toacquisition and protection of Bracken Cave, BCH
isalso lobbying for a national park in American Samoaand for
a federal cave protection act i the United States.

The Use of Prey-Generated Sounds in
Flycatcher-style Foraging by
Megaderma spasma
K. Tvrell
Department ol Feology, Ethology and Evoluuon,
University of Tllinois

Megadernia spasma exhibits thvaatcher-style toraging be-
havior in the laboratory. The bats pursue insects by making
short foravs rom o stanonmy pevche capning anbome prey
whilein {light. Resules frommy recent experimenis show that
these bats exhibit an hievivchy of cue utlizanon when
approaching prey in Hight. Both fhattering. and non-moving
moths are captured. However, tlatering moths were ap-
proached more often than were sull, silene moths, Paired-
chotce experiments revealed that sound generated by che beat-
ing wings of « mothorpassive cue) is more cffecnve i eliciting
anappoach than is the ccholocation Gactive) cue provided by a
movintg (but stlent) moth. Tncaddition, hats appea to make a
qualitative assessment of the inseci-generated sound, ap-
proaching “more mothlike™ sounds moie {requently than
“less mothlike™ sounds. Thus, while Mospasia s capable of
locating preyv during mid-air capture using echolocation in
the absence of prev=-generated sounds. when such sounds are
availuble, passive andition s utibized. "These results suggest
that passive andition may alert bats to the presence: location:
and o identity of prey caprured i this {oraging sitaanon.
Previously Tdemonsirated that AL spasnia also captures prey
insutface gicaning, The use of passive and active auditon in
two distinet {otaging strategies, stitface gleaning and acrial
capture, will be discussed.
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Differential Germination of Seeds of
Ficus chrysolepis Utilized by
Old World Fruit Bats (Pteropodidae)

R.B. Utzurrum and P.D. Heideman

Germinanon tests of seeds ot Ficus chrysolepis contained in
fruit-bat fecal splats and ejecta, and in fallen fruits revealed
high germination percentages for gut-passed seeds in contrast
1o non-gut-passed seeds: over 90% (N = 6; range 88-96%) of
seeds from splats germinated, compared with an average of
18% (N = 6; range 5-87%) for those from ejecta and 57 % (N = 2;
range 47-68%) for those trom ripe syconia. These differences
were statistically signiticant (Kruskal-Wallis Test H = 69.559,
DF =2.p 0.01). 95-100% of sceds contained in splats were
intact and mature: no less than 30 % of seeds in ejecta or syconta
were damaged. and many intact seeds per unit mass than did
vjecia. All seeds were attacked by fungus, but fungal growth
was unable to break down a thin, slippery, gelatinous coating
of mitact seeds.

Communal Nursing in the Evening Bat,
Nycticeius humeralis
Jerry Wilkinson
Department ot Zoology, University of Maryland

Nonparental nursing presents an evolutionary dilemma
given that nursing is often considered the most energetically
expensive period of mammalian parental care. Early studies by
Watkins and Shump on the evening bat reported that adult
temales nursed young indiscriminantly. Here I present preli-
minary results that document the frequency and amount of
communal nursing ata nursery colony in Missouri using three
lines of evidence: 1) direct observations of nonparental nursing
among color-banded individuals in an attic roost, 2) consis-
teney between nursing young and putative mother genotypes
assaved at five highly polymorphic blood enzyme loci and 3)
occurrence of trittated water i blood samples of offspring
presumably unrelated o females injected with doubly-labeled
water. Levels of relatedness, as estimated by regression ana-
lyses of genotypes from pairs of bats will be used to evaluate if
nonparental nursing occurs within a colony at random or
preferenually toward close kin.

Daily Time-Budget and Roosting Behavior of a
Maternity Colony of Eastern Pipistrelle Bats
Pipistrellus subflavus

J.M. Winchell
Biology Department, Boston University

I'he daly time-budgets and roosting behaviors of a colony
of vastern pipisteelle bats Pipistrellus subflavus were recorded
at o barn in Harvard, Massachusetts. Behaviors were moni-
tored from mid May through mid August. Observations on the
time spent engaged in various actvities by individual bats
were made both by dircet observaton as well as by analyzing
video recordings of the colony during its most active periods:
pre-emergence from the roost at dusk and post-return to the
roost at dawn. Scan and focal sampling methods are currently
being wsed to characterize the tme-budgets for dhis colony. In
previons field seasons, this colony was observed 1o roost solely
in the barn until early August. This year the colony alternated
berween roosting in the barn and roosting along branches of a
nearby spruce tree. Unlike previous field seasons, all of this
vear's offspring died prior w becoming volant,
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THE CALGARY SYMPOSIUM

The 18th Annual North American Symposium
on Bat Research met at the University of Calgary
in Calgary, Alberta, Canada on October 13-15,
1988. Approximately 120 scientists from eight
countries attended and 52 wtles were presented.
Twelve graduate students presented their research
findings in the competition for awards “for the
best work by a graduate student.” First place went
to Danielle Cloutier of the Department de Biolo-
gie of Universite de Sherbrooke, Quebec. Her
presentation was entitled ““Pulmocutaneous water
loss in hibernating bats.” Her mentor for her
graduate work is Don Thomas. Paul Faure,
Department of Biology, University of Calgary
also received recognition for his presentation on
“Prey detection and foraging behaviour of the
long-cared bat, Myotis evotis.” His professor is
Robert Barclay. Our congratulations to Dantelle
and Paul for their exceptionally fine work. The
judges contessed 1o great difficulty in making
these awards as all the papers by graduate students
were very well done. Each of these papers is identi-
fied in the abstracts on the following pages.

Everyone in attendance was very enthusiastic in
their praise of Robert Barclay and his crew on the
local commiuee for the splendid job  they did in
making us feel welcome, comfortable, well-fed
and watered. Tt was decided by the assembled
participants that next year the 19th Annual Sym-
posium would meet in Knoxville, Tennessee on
October 12-114, 1989. Our co-hosts will be Gary
McCracken of the University of Tennessee at
Knoxville and Michael Harvey of nearby Tennes-
see Technical University. Gary and Mike have
already arranged motels. meeting sites, visits to
caves, and a tour of a local moonshine still. The
formal announcements, call for papers, housing,
dining, and travel information will be mailed to
you in June. We look forward to seeing vou in
Knoxville,

G.R.H.



Due to printing of inadequate quality in the last
tssue, the editors would like to reprint the follow-
ing article and beg the author’s understanding.

A NEW FIELD STUDIES STATION
CAPE TRIBULATION,
QUEENSLAND, AUSTRALIA

The Cape Tribulaton Field Study Centre,
which 1s expected to open in mid 1988, will be
Australia’s first research centre designed primar-
ily for the scientific investigation of wet wropical
ecosystems.

The Field Study Centre will provide laboratory
space, housing, research facilities, and in time, a
comprehensive reference collection of the fauna
and flora of the arca.

The Centre will be formally affiliated with the
James Cook University in Townsville through
the newly established Institute for Tropical Rain-
forest Studies, and also with the School ot Biolog-
1cal Sciences. and will serve as tes wet tropical field
station. It will also be open to other members of
the scientific community, both from Australia
and overseas, who wish to pursue research related
o wet-tropical ecology.

The Field Study Centre, while affiliated with
James Cook University, will be a private, non-
profit institution.

Location of Field Study Centre

The centre 1s sttuated on a 24 acre site about 1
km north of Mossman, and approximately 35 km
north of the Daintree River.

It 1s located on abandoned grazing land adja-
cent to the Cape Tribulation Raod, and 1s sur-
rounded by the Cape Tribulation National Park,
and backed by the Mount Sorrow escarpment
(2,540 or 850 km).

Theregion encompasses lowland tropical rain-
forest ansd well as tropical rain forest extending
up to the summmit of Mt. Sorrow thus providing an
accessable attitudinal transect of rainforest types.
There 1s access to various types of forest nearby
which are in private ownership, including stream-
valley biotas, and in which long term research can
be carried out.

The Centre 1s adjacent to the fringing coral
reefs north and south of Cape Tribulation and 30
km to the south of the Centre are the extensive
mangrove forests of the Daintree River.

To the west of the Centre are the granite
uplands of Mi. Pieter Botte and Roaring Meg
Creek, currently listed as Queensland Department
of Forestry Timber reserves, which have had little
systematic scientific study, while to the north is a
wide range of torest types, ncluding dry sclero-
phyll communities, along the Bloomfield road.

Facilities

While not all the facilities will be in place by
next year, the Station will initially have two
de-humidified laboratory buildings (each 120

— GRH
m?), well equipped workshop and limited accom-
odation for resident researchers (a youth hostel
next door will accomodate additional people
until all accomodation is completed). The labora-
tories will have essential laboratory equipment
(microscopes, field equipment, ctco).

There will be a restdent director-manager and
several permanent staff.

Since the Field Study Centre will hive an
unportant role as a provider of interpretive ser-
vices for the area, a separate immtormation and
interpretation center building (situated distant
{rom the Field Station, adjacent to the Cape Trib-
ulation road) will mitially provide lecture se-
minar facihues.

It is expected that all food will be supplied by
the Centre, as no private cooking lacilities will be
available. However, the Centre’s proximity (o a
large tropical fruit orchard, will, it 1s hoped. imore
than compensate for this!

The Centre, along with the rest of the area north
of the Daintree river, presently lacks electricity or
phone services, and will rely on generators, stor-
age batteries and inverters to supply electricity.
while heating will be gas and solar.

Aims of Cape Tribulation Field Study Centre

‘The Centre is a non-profit organisation estab-
lished to:

a) provide research and accommodation facil-
ties for visiting Australian and overseas teams to
work in the area on any aspect of wet tropical
ecosystemns.

b) perform interpretive services to the general
publlic on the area. through the provision of a
small museum, $6-seat theaterette, bookstore and
the provision of accessible ‘nature walks’ and
guided tours of varying complexity in the arca.

¢) carry out long term “base-line’ research on
various aspects of the ecosystems that constitute
the area — floral and faunal surveys, research on
pollinator and plant relationships, productvity
and micrometerology of the forest areas. In the
pursuit of this aim the Centre 1s actively seeking
the involvement of volunteer researchers through
Earthwatch and similar organisations.

d) encourage young researchers to take anactive
interest in research on ecosystems, and tropical
ecosystems 1n particular.

e) run intensive courses on aspects of wopical
ecosystems and related methodology.

For Further Information Contact:

Dr. Hugh Spencer Prof. Rhondda Jones
Dept. Biology Dept. Zoology

Univ. of Wollongong James Cook Uniy.
PO Box 1144 Townsville
Wollongong QLD 4811

NSW 2500
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The long-eared bat, Myotis evotis, is found in Alberta, host praovince of the 18th
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