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EDITOR IAL

Welcome to Volume 20, number 1.  In th is issue we have the second art ic le on bats which I  sol ic i ted,  namel,v
that deal ing wi th radiotelemetry and bats.  I  hope that the informat ion therein wi l l  be valuable to people who are
thinking about putt ing radio tags on bats,  and are not too sure just  where to begin.  I  am st i l l  wai t ing on some
art ic les which I  had sol ic i ted,  and wi l l  include them as they appear.

The Recent Literature Section is much longer than usual this time, a function of the help offered by a number
of col leagues (Kunwar Bhatnagar,  Jackie Belwood, Eleanor Fenton, Robert  Barclay,  Har lan Wal ley),  and in no smal l
measure to the thoughtfulness of Pat Brown who sent a copy of the computer print-out of a l iterature survev.

Your response to the In Press section is so overwhelming that it isobvious that I have been wasting my time on
it; therefore I have scrubbed it from this issue.

We have been exper iencing some product ion problems which seem to have run their  course with Volume 19.
We hope that they have f in ished with Volume lg.  One di f f icul t  aspect is including a complete l is t  of  subscr ibers
Roy and I have been trying to do this for several issues, but the computer print-out,at present, is not cornpatible with
the printing process and to duplicate the print-out directly would waste a great deal of space. We have not seriouslv
considered typing the ent i re l is t  for  certain f  inancial  reasons.

Let us hope that 20 years f rom now that Volume 40 is in product ion.

We are forced by the costs which we face, to raise the subscr ipt ion rate to $5. O0per year,  payable to Dr.  G.R.
Horst ,  Department of  Biology, State Universi ty Col lege, Potsdam, New York 13676, in U.S. $$$.
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NEWS

Tom Kunz (Department of  Biology, Boston Universi ty,  Boston, NA 02215) wrote and pornred out that  Nyctalus,
formerly an East German Newslet ter  about bats,  has metamorphosed into a legi t imate publ icat ion deal ing
with bats '  Volurne 1 appeared in 1978. Persons wishing to submit  manuscr ipts should address them to
Dipl . -Landw. Joachim Haensel ,  Tierpark Ber l in,  DDR-i  136 Ber l in,  Am. Tierpark 125.

Walter R. Gusciora,  is  a Pr incipal  Biologist  wi th the State of  New Jersey Department of  Heal th (Div is ion of  Community
Health Services,  Consumer Heal th Services,  191i  Pr inceton Avenue, Trenton, N.J.  0g64g) sent a piece from the
DAILY NEWS (New York 's Picture Newspaper) dated 22 February 1g7g. This deal t  wi th the heroic act ions of
the people in a Savannah Georgia High School  in deal ing wi th some bats which they managed to k i l l .  wal ter  and
a number of  others fe l t  that  th is real ly epi tomized the wrong sort  of  publ ic at t i tude towards bats.

Jorge Luiz Berger Albuquerque (90.000 Pracinha Joao Moreir  Albeeto,288, porto Alegre,  Rio Grande do Sul ,
Brasi l )  has wr i t ten to say that he is studying Peregr ine Falcons in Porto Alegre c i ty.  The Falcons winter there
and in the evening hunt bats,  mainly molossids,  around the ci ty.  He would welcome anyone with informat ion
aoout raptors preying on bats.

The NSS Bat Subcommit tee's newslet ter  (Night Flyer)  is  st i l l  operat ional  and I  recent ly received number '1 of  Volume 2.

Rane L.  Cur l  (Professor,  Chemical  Engineer ing,  Universi ty of  Michigan, Ann Arbor,  Michigan 48. l  0g),  a caver who
has become interested in bats,  has been try ing to inf luence the Michigan Department of  Natural  Resources to
provide some legal  protect ion for  bats.  Tfrat  appears to be an ongoing and uphi l lendeavclr .

G.E'  Cosgrove (Pathology Department,  Zoological  Society of  San Diego, p.o.  Box b5j ,  San Diego, cal i fornia s2j121
has pointed out that  there is a considerabre sect ion on bats in the new book zoo and wird Animar Medicine,
edi ted by M.E Fowler,  W'8.  Saunders Co.,  Phi ladelphia,  1978. The sect ion edi tor  for  the bat mater ia l  is  D. G.
Constant ine,  who has also provided the introduct ion,  whi le R.E Carpenter presented informat ion on Old Worlo
Insectivorous bats.

Arthur DiSalvo (President,  Associat ion of  State and Terr i tor ia l  Publ ic Helath Laboratory Directors,  Bureau of  Labs,
S.C. Department of  Heal th and Environmental  Control ,  Columbia,  SC 2g2} i )  has provided some informat ion
about rabies'  According to him, in 1977 there were 3,182 cases of  animal rabies reported in the Uni ted States,
wi th skunks represent ing 51% of these cases, and bats 2oo/o.The ASTPHLD devoted a sect ion of  the programme
of their  i978 Annual  Meet ing to a discussion of  the role of  bats in disseminat ing rabies,  and the speakers
included A Greenhal l ,  K Girard,  E.F. Baker.  The ASTPHLD appears to recommend appt icat ion of  pest ic ides
only on occaslons where there is no other means of  control .

Dan Bennack (The Museum, Michigan State Universi ty,  East Lansing, Michigan 4gg24r is a graduate student working
with Rol l in H. Baker.  He plans to study di f ferent aspects of  the bat community and i ts ecology in the v ic in i ty
of  Santa Cruz, Bol iv ia.  He plans to be in Bol iv ia in the lat ter  part  of  the summer of  lg jg,and would welcome an
opportuni ty to work wi th otherbat peoplewho might be in the area.
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NATURAL DESTRUCTION OF KAOLIN MINE BAT ROOSTS IN TANZANIA

K.M. Howel l
Department of Zoology, Box 35064, University of Dar es Salaam, Dar es Salaam,fanzania

Abandoned mines are attractive diurnal roosts for bats in Africa and elsewhere (Rosevear 1965; Brosset 1966) .
and an area in the Pugu Hil ls near Kisarawe, Kisarawe District, Coast Region, Tanzania is the site of a number of
abandoned kaol in mines (60 53'S; 39o 05'E; Ci lek 1977) which were operated from 1941 to 1949 t(Mine A) and
which serve as roosts for several species of bats (Rouseftus angolensis, Nycteri3 thebaica, Hipposideros ruber ruber,
Triaenops persicus afer, and Rhinolophus landeri lobatus). Mine A is also the type locality for a number of species of
invertebrates (  Khal i l  1975; Benoi t  1978).

' Since 1g7 1 | have studied (Howell '1976; 19771 the reproductive cycles of H. ruber, T. persicus and N. thebiaca
in Mine A, which contained, unti l recently, an estimated 500,000 H. ruber, 172,000 T. persicus, and 300 N. thebeaca.
However,  in August 1978 when I  v is i ted the locat ion,  I  found that the main entrance to Mine A had been closed by the
local  residents af ter  heavy rains,  presumably in Apr i l  1978, had caused part  of  the mine to col lapse. I  entered the mine
through another entrance and found that conditions therein had been drastically altered by the collapse which
had sealed of f  the tunnel  of  the main entrance.

Before the col lapse, air  c i rculat ion in the mine had been good in al l  but  one dead-end sect ion,  and the guano in
areas of good circulation had been dry and powdery. Relative humidity before the collapse varied from 75-80% in
areas with good circulat ion,  to 90% in the dead-end sect ion.  Since the col lapse of  the main tunnel ,  a i r  c i rculat ion had
obviously decreased, and the bat guano was now moist and sticky. The humidity, which was not meaSured precisely,

was much higher than it had been before the collapse.
Coincident wi th al tered microcl imat ic condi t ions,  the numbers of  H. ruber have drast ical ly decl ined, ano

T. persicus which had previously been found only in the dead-end sections, now occupied the areas formerly only
used bv H. ruber. There was no concurrent increase in H. ruber in other parts of the mine. Furthermore, an adjacent
mine, Mine B, which had not Qol lapsed, had not been occupied by H. ruber.  In fact ,  th is locat ion only harboured the
population (8-12l. of Rousettus angolensis which had been resident there since 1971.

A third mine, Mine C, also c losed in 1978 af ter  col lapses due to heavy rains,  had been regular ly occupied by
three species (H. ruber, N. thebaica, and R. landeril, and all of the entrances to this site appear to have^been sealed by
col lapses.

It is possible that some of the bats which had roosted in the now collapsed mines may roost elsewhere, particular-

ly in the adjacent Pugu Forest Reserve. Hipposideros ruber is known to roost in trees and buildings (Kingdon i974),
and I have found N. thebaica in test bore holes and human dwe.ll ings around Dar es Salaam. However, it remains to
be determined just what has happened to the large populations of bats which used the mine roosts that are no longer
avai lable
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RADIO.TRACKING METHODS FOR BATS
J. Bradbury, D. Morrison, E. Stashko and R. Heithaus

Radio-tracking of bats has now been accomplished with a variety of species and with great success. lt seems
appropriate to summarize our collective experience to encourage and help our colleagues who might be interested inadopting this method in their own research programs. Someadvantages of radio-trackiig are:

1' Radio-tracking provides more continuous and detailed information on foraging ranges,habitat use. nocturnal
social contacts, and the l ike than any other existing marking method.

2. Species which are netted at night but whose day roosts are diff icult to find can be followed back t<.r their
roosts.

3 '  By placing transmit ters wi th di f ferent f requencies on several  batssimultaneously,associat ionsamong indiv id-
uals can be monitored.

4. Certain behaviors produce characteristic changes in the quality of the transmitter's signal. ln rr)any cases
these variations make it possible to distinguish among flying, resting, scratching, and even more subtle
behaviors l ike clustering or passing through a roost entrance, even though the animal is not visible.

5. By modifying standard transmitters, additional information on a variety of physiological and environmenral
pararneters can be encoded in the signal.

Some of the l imitations on radio-tracking are:
1.  The 10% rule.  Our exper ience with f ru i t  bats indicates that to minirnize distort ion of  narural  behavior.  the

trarlsmitter package (including battery) and thc attachment materials should not exceed l ozo of the
animal's weight. This cut-off percentage may be lower for insectivorous bats'and others whose feeding
requires grcater in- f l ight  maneuverabi l i ty .  Given that the minimal t ransmit ter  weight current ly avai labre
is about 1.5 s )o.z g t ransmit ter ,0.5 s battery and 0.3 g s i l icon at tachrnent) ,  radio-tagging may be infeasable
for bats weighing less than i5 g.  Advances in technology are decreasing this l imi t  a l l  the t ime. The smal lesr
bats we have radio-tagged successfully are 18-20 g fruit bats (Caroll ia perspecil lata).

2' cost. A good receiver costs about $700 and cheaper versions sacrif ice range, portabil ity and convenience.
with a direct ional  Yagi  antenna and mater ia ls for ' l  0 homemade transmit ters,  a minimal t racking operat ion
requires about $1000. Where bats tend to fly fast and cover large areas, two recelvers in cornrnunication
via walkie-talkies are needed to allow for simultaneous triangulation of the animals.

Equipment Options.

1. Tranrmitteri. The rnost cornmonly used frequencies for animal tracking are around 150 MHz, in the 2-r.eter banct.
This frequency is l imited to essentially l ine-of-sight reception: it does not bend over ridges or around hil ls.
Lower frequencies have longer waves which can bend around obstacles with less attentuation, but they require
impractically long antennas for efficient transmission. Some workers have used 30 MHz because cheap FM radios
can be used as receivers, but antenna efficiency (and so range) is low. Others have used 4OO MHz, which gives
improved directional accuracy with a small antenna at close range, but these signals attenuate quickly in vegetation.

Most transmitters are simple oscil lators with a single transistor, and a crystal tcl keep the oscil latinq t: ircuit frorndrift ing off frequency. For this reason crystalless transmitters are not recommencied, even though the crystal is thesecond heaviest component of the radio (the battery is usually heavier). Transrnitters used for long torm animal
tracking ernit pulsed signals. Continuous output transrnitters are useful for physiological telemetry, but have a highcurrent drain.  Some opt ions:

A' Homemade Cochran transmittor. See Appendix A for circuit design and Appendix B for corrstruction
information' costs about $20 to build. Uses a 3rd overtone crystal which produces a strong output signal,
but a high current drain, reducing battery l ife. Pulse rates range f rom 100-200/rnin. Weight unpotted about j .4 q.

B' AVM Model SM-l transmitter. ' Uses smaller, 5th overtorre crystal. This reduces unpotted weight to about
0'7 g,  current drain to 0.04-0.11 mA, and pulse rate to 60-100/min.  Power output , /  rn i l l iwatt .  Range is
less than hornemade, but battery l ife is increased 2-3 X. cost $50-$60. Available from AVM Instrurnent
Cornpany, 310i  West Clark Road, Champaign, l l l inois 61g20, (2171 3b6_1b12.
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C. Multiple-stage transmitters. Transmitters with more than one transistor can be used to increase power output
and shorten pulse durat ions.  One modif icat ion of  the homemade design is shown in Appendix A. A commer-
cial ly avai lable t ransmit ter  wi th more power output (and higher current drain) is the AVM SB-2.

When choosing a transmitter-type, one needs to consider:
A. Cost per t ransmit ter '  This wi l l  be inf luenced by expected longevi ty on the animal,  number of  animals to be

followed, and chances of recovering the radio.
B. Range. This wi l l  depend on the height of  the receiv ing stat ion and of  the animal above ground level ,  strength

of the output s ignal ,  and habi tat .  When the bat is f ly ing at  canopy level  and the receiver is on a hi l l ,  ranges of
5-10 km are possible,  but  wi th a hand-carr ied antenna in high rain forest ,  range can drop to 500 m or less.
depending on the terrain.

C. Longevi ty.  This depends on current drain,  pulse rate,  bat tery s ize,  and at tachment technique.
D. Weight.  Depends on the weight of  the animal to be tracked, i ts behavior,  the type of  t ransmit ter .  and trans-

mit ter  l i fe needed.

2.  Antennas- An antenna is most ef f ic ient  when the length of  i ts  act ive element equals that  of  the erni t ted wave, brr t  in
pract ice a 74 wavelength antenna is suf f ic ient .  In the 2-meter band, th is means a 50 cm antenna.

A. Transmit t ing antennas. Stainless steel  gui tar  str ings cut to 50 cm (or 30 cm with the AVM SM-1 transmit ter)
have proven best for bats. The antenna is attached at one end to the transmitter; the other end is allowed to
trai l  behind as the bat f l ies.  Coi l ing the antenna around a col lar  or  fo ld ing i t  into a packet great ly reduces
transm i t t ing ef  f  ic iency.

B'  Receiv ing antennas.,Yagi-sty le antennas of  l ightweight aluminum are best for  f ie ld use. Seven and 11-element
Yagis are more sharply direct ional ,  but  they are too unwei ldy for  anything but f ixed stat ion use. Three ano
4-element yagis are suf f  ic ient ly direct ional  and can be carr ied wi th reasonable ease in vegetat ion.  For the name
of your local  d istr ibutor,  contact  Cushcraf t ,621 Hayward Street,  Manchester,  New Hampshire 03' l  03.
You may want to tune the standard antenna more f inely to your part icular f requency by t r imming the
elements and adjust ing the tuned element,  fo l lowing instruct ions given in The Radio Amateur 's Handbook.
"Nul l -peak" antenna systems (avai lable f rom AVM Instrument Co.)  include two paral le l  ,4-element yagi
antennas and connect ing c i rcui t ry that  "adds" or "subtracts" the two incoming signals.  This system gives
greater direct ional  accuracy,  but is more bulkv.

3.  Receivers.  The best portable receiver avai lable at  the moment is the rnodel  LA-12 sold by AVM Instrument Com-
Panv (address above).  The uni t  weighs only 3 lbs.  and runs of f  8 AA batter ies.  l t  is  dependable and versat i le.  Current
price $695. For short-range work one can use cheaper FM receivers and 30 MHz transmitters. Receiver sensitivity
fal ls of f  as the batter ies run down. To maintain batter ies at  near peak vol tage, we recommend using rechargable
batter ies where electr ic i ty is avai lable.  Two sets of  bat ter ies al low one to be, charging whi le the other is in use.

4. Batteries. For most small transmitters, mercury cells with soldering tabs are preferred. Since the total package
should not exceed 10o/o of  the animal 's weight,  th is l imi ts battery s ize.  Transmit ter  l i fe and battery weight are
roughlycorrelated: Li fe inmi l l iamp-daysx0.3=weightof  thebatteryingrams.Forexample,al .0gbatterycanbe
expected to have a l i fe of  3 mi l l iamp-days, which for a 0.1 mA SM-1 transmit ter  rneans a 33-dav l i fet ime.

The vol tage of  a mercury cel l  does not drop of f  wi th use unt i l  just  before i t  d ies,  so vol tage is not a.good
measure of battery freshness. The easiest way to ensure maximum battery l ife is to use only batteries purchased in
the past 3-6 months; i.e., don't use last summer's leftovers. Avoid reducing battery l ife by excessive heating during
solder ing,  by using solder ing paste,  and clamp'a hemostat  as a heat s ink on the tab between the batterv and the
soldering point. The battery could be refrigerated prior to soldering.

5. Potting. The transmitter and battery, once soldered together, rnust be protected from moisture and mechanical
damage. The simplest  method is to dip the t ransmit ter-battery assembly in a 50:50 mixture of  melted paraf in ano
beeswax. To prevent bending and bi t ing damage, the radio is then potted in dental  acryl ic (solvent ani  powder
sold by dental  supply houses and by AVM lnstrument Co.) .  Acryl ic is best appl ied using two disposable ( f ine t ipped)
pipettes,  one for apply ing solvent a drop or two at  a t ime and the second for del icately "puff ing" on the acryl ic
powder.

The solder connection at the base of the antenna is subjected to a good deal of stress because the trail ing an-
tenna whipls up and down as the bat f l ies. To reduce the chances of it breaking off, the antenna wire can be bent
a hal f  turn around the transmit ter  before the protect ive layers of  wax and acryl ic are appl ied.  Acrvl ic should be
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appl ied pr imari ly to secure the battery leads and the base of  the antenna. l f  weight is cr i t ical ,  pot t ing over the
battery and crystal  cases can be omit ted,  unless the species is a strong bi ter  or  engages in reciprocal  grooming (e.g. .
Desmodus).  An SM-l  t ransm i t ter  wi th a 1 .8 g Mal lory RM-512 battery shou ld requ i re about 0.5 g of  acry l ic .  Home-
made transmit ters,  being more bulky,  wi l l  need more.

6.  At tachment.  Al though harnesses have been used on very large bats,  behavioral  d istort ion is reduced by gluing the
transmit ter  d i rect ly to the fur  between the shoulder blades. Si l icone si last ic (Dow RTV-732 or General  Electr ic
"permanent bathtub caulk")  is  recommended. l t  is  f lexible,  and i ts rubber- l ike nature reduces the amount of
acryl ic needed to protect  the t ransmit ter .  Whi le a col league holds the bat,  use your f inger to spread a smal ldab of
s i l icone on the bat 's back (about 1 cm x 2 cm) and on the underside of  the t ransmit ter .  Af ter  center ing the t rans-
mit ter ,  use a smal l  spatual  to " f rost"  the t ransmit ter  wi th al ternat ing layers of  hair  ( f rom around the edges) and
si last ic.  For smal l  bats extra s i l icone can actual ly decrease at tachment l i fe,  because with the added weight the bat is
more motivated to scratch the package. One to 1.5 g of silastic were sufficient to keep 3.0-g packages attached to
50-g Artibeus jamaicensis for 7-22 days and 75-g A. l i teratus for up to 40 days. Somewhat more silastic on larger
bats (e.9. ,  500-9 Hypsignathus monstrosus) can hold. for  three months or more. The bat should be held for  10 min-
utes for  in i t ia l  hardening and then kept in a quiet  p lace for one hour pr ior  to release. Dur ing this t ime the bat can be
restrained in a smal l ,  p last ic mesh bag which lets the bat hang freely whi le al lowing the antenna to protrude.

Some tracking hints.

1.  Est imat ing distance. Signal  intensi ty fa l ls  of f  wi th the square of  the distance from the transmit ter .  In pract ice,
s ignal  intensi ty is also af fected by many other factors.  Exper ience with a given transmit ter ,  vegetat ion type and ter-
rain wi l l  a l low you to make a rough est imate of  d istance frorn received intensi tv.  l t  is  therefore useful  to devise
some method for qt tant i fy ing s ignal  lntensi ty;  e.9. ,  on the LA-12 receiver the maqnitude of  needle def lect ion at
standardized gain control  set t ings is useful .

2.  Antenna or ientat ion.  In rnost cases i t  is  bet ter to hold the Yagi  receiv ing antenna coplanar wi th the earth.  In areas
with many vert ical  objects, .  or  in a steep canyon, i t  is  somet imes better to turn the anlenna with i ts elements
perpendicular to the earth.  Exper i rnent inq wi th antenna al ignment is especial ly important when the signal
intensi ty is low, such as when bats are in cave day roosts.

Locat ing crypt ic fo l iage roosts is faci l i tated i f  acol league can be lef t  behind to s i te along a bear ing taken about
50 rr  f rorr t  the t ransmit ter  whi le you go of f  to the s ide to take a second bear ing.  The intersect ion of  these bear ings
should br ing you direct ly under the roost ing bat.  l f  the bat is less than about 25 rn up, the receiver should be able to
pick up the signal  wi th the Yagi  antenna disconnected. Once you are under the t ransmit ter ,  the received intensi ty is
inf luenced as much by the relat ive or ientat ion of  the t ransmit t ing antenna as by the direct ion to the t ransrni t ter .  To
pinpoint  a crypt ic t ransrni t ter ,  point  the antenna straight up over your head and rotate i t  to that  posi t ion,  perpen-
dicular to the earth,  which gives the strongest s ignal .  Then compare signal  intensi t ies along two rnutual ly perpen-
dicular arcs:  one perpendicular to the antenna elements,  the other at  r ight  angles to th is arc.  The strongest s ignal
should be when the antenna is point ing direct ly at  the t ransmit ter .  l f  there is ambigui ty,  move to another posi t ion
a few meters away and try again.

3.  Echoes. Radio waves, l ike sound and l ight  waves, wi l l  echo of f  objects as large or larger than their  wavelenths.  Be
wary of echo effects in high forest with large .(especially butressed) trees or in canyons and steep-sided stream
beds. In addi t ion,  wi t l r  the smal ler  3-  and 4-elernent Yagis,  there is somet imes a " fa lse" maximurn ( in the direct ion
exact ly opposi te the t ransmit ter)  that  is  a lmost ident ical  to the t rue maximum, In casesbf double maxima and other
ambigui t ies,  move scveral  meters awav and trv aaain.

4.  Behavioral  d istort ion.  Unnecessary disturbance should be avoided at  a l l  stages of  radio-tracking. For exarnple,  cap-
tur ing f rLr i t  bats inside their  day roosts may cause radio-tagged indiv iduals to leave that roost permanent ly.  Avr. l id
radio-tagqing pregnant bats because the disturbance promotes abort ion.  Release the animal as soon as possible af ter
capture.  As i t  sornet imes takes a bat.  a whi le to adjust  to the added weight of  the t ransini t ten,  hang the animal in a
safe,  quiet  p lace and let  i t  f ly  of f  on i ts own. Don' t  re lease over water.  The adjustment per iod includes rest ing and
atternpts to remove the transmitter. This usually makes it necessary to discard data from up to three hours after
release. To rninimize long-term behavioral  d istort ion,  use the smal lest  possible package. Final ly,  be caut ious when
approaching a bat in the f ie ld.  Many bats wi l l  move i f  they are.approached or i l luminated.
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5.Signal  Var iat ions,  Fly ing and other movements bend the transmit t ing antenna and distort  the relat ive intensi t iesof
the signal  pulses.  Accurate bear ings on f ly ing bats are di f f icul t  to obtain.  Use caut ion in interpret ing srgnals of
varying intensi ty.  Sometimes var iat ions can be caused by high winds or grooming behavior.  Wrth exper ience one
can learn to dist inguish var iat ions character ist ic of  f ly ing,  scratching, and moving through a constr icted roost
entrance. Dist inguishing al l  but  the f ly ing- induced var iat ion usual ly requires being within 100-150 rn of  the t rans-
mit ter .  Occasional ly a t ransmit ter  wi l l  have a puls ing c i rcui t  that  is  sensi t ive to changes in the cr , rnductance of  i ts
imrnediate surroundings; i .e. ,  touching i t  wi th a f inger increases the pulse rate,  but  touching with a st ick does not.
Such transmitters can increase their pulse rates by as much as 20% when the bat is in a cluster with other bats.

6. Frequency drift. The frequency of most transmitters wil l change slightly when potted and again when attached to
the animal.  Before releasing a newly radio-tagged bat,  determine the best f requency sett ing f rom a distance of  ,100

or more meters, where the reception band is narrower. A frequency setting should be recorded for each receiver
to be used, because the f ine tuning is rarely the same on di f ferent receivers.  Frequency also tends to dr i f t  lower
with t ime, so contact  wi th each transmit ter  should be made at  least  every few days. Otherwise you may sperrd hours
or days searching for a bat wi thout knowing whether you're tuned to i ts present f requency.

Tr iangulat ion.  For accurate t r iangulat ion,  d i rect ional  readings must be made as precisely as possible.  The error in the
locat ion of  a bat on a map can be large i f  the bat is far  f rom the base stat ions and the signal  can be deterrnined to
only t4o.To reduce error in reading the direci t ion of  the antenna, i t  is  helpful  to use a compass equipped with a
level ing device and with a mirror on which there is an etched center l ine (e.g. ,  a Brunton transi t ) .  The l ine of  the
mirror can be al igned with the main axis of  the antenna for very accurate readings. For best resul ts,  base stat ions
should rnake simultaneous readings. This is great ly faci l i tated by having walkie-talk ie communicat ion among base
stat io ns.

I t  is  useful  to put a t ransmit ter  on a col league and pract ice t racking both stat ionary and moving transmit ters.
l f  t r iangulat ion is to be at tempted, use a t ransmit ter  at  known locat ions and distances to cal ibrate the accuracv of
your system in the habi tat  to be used.

Base stat ions.  Receiv ing stat ions should be located as high as possible.  Antennas may be mounted on aluminum
masts wi th hose clamps. The mast can be supported by a part ia l ly  bur ied s leeve of  p ipe or plast ic tubing. In areas
with strong winds, antenna sway can be reduced by s l ipping the mast through a metal  r ing and suspending the r ing
just  below the antenna with ropes t ied to t rees or posts.  Any addi t ion to height of  an antenna can improve recept ior . r .
Standing on a high point ,  adding an extension to the mast,  or  rnount ing an antenna on a car can be helpful .  How-
ever,  put  of f  construct ion of  any permanent tower(s) unt i l  af ter  prel iminary t racking with portable uni ts indicates
that the animals are l ikely to spend a s igni f icant amount of  t ime in range.

9.  Mobi le uni ts.  Tracking from an automobi le can be frustrat ing in areas with few passable roads. Tracking from a
boat can be ef fect ive because signals carry over water wi th less at tentuat ion.  A smal l  a i rp lane is useful  tor  quicklv
searching broad areas for "lost" transmitters. Most pilots are reluctant to attach a Yagi antenna to their landing
gear,  but  an antenna suspended (or wedged) inside the cockpi t  of  a plane f ly ing at  800 feet wi l l  p ick up transmit ters
in t rees,  but usual ly for  not more than 500 m on ei ther s ide of  the f  l ight  path.  Headphones are a must for  hear ing
over engine noise.

10. Moisture.  Since receivers can bc easi ly damaged by rain or high humidi ty,  every ef for t  should be made to keep
them dry.  We recommend putt ing a bag of  dessicant inside the receiver.  l f  t racking in bad weather is necessary,  a
watert ight  bag with a c lear plast ic "window" for  v iewing is very useful ,  and headphones permit  hear ing the s ignal
over ' the noise of  ra in.  In areag with high humidi ty,  stor ing the receiver in a warm dry c loset reducescondensat ion
inside the receiver when i t  is  taken outdoors.

' l  1.  Modif icat ions.  Several  researchers have modif ied the standard t ransmit ters to get addi t ional  informatron. A
mercury switch in the battery c i rcui t  can be used to turn the radio of f  when the bat is hanging at  rest .  Photo cel ls
can be added to modulate the battery supply resistance. One worker on prosimians put a second circui t  in paral le l
wi th the puls ing c i rcui t  so that  whenever the animal ur inated on i ts feet ,  the sal ine ur ine connected the second
circui t  and changed the transmit ter 's pulse rate.  Final ly,  a puls ing l ight  c i rcui t  can be connected to the t ransmit ter  to

'  a l low for short-range monitor ing of  bat  behavior when you are c lose enough to see the animal (cf .  J.  Wi ld l i fe Mgmt.
41:309-312; 1977.

8.
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STANDARD UNIT:

r .3v"
4.8 V

ca
\Lou
C2

APPENDIX A CIRCUIT DIAGRAMS FOR HOMEMADE RADIO TRANSMITTERS

February 1979

01= Transistor 2N 3904

Bt= gZ k (vary for  pulse rate)

Rz= 1.8 k

Ct= 20 PFd.
Cz= 4.7 mFo.

C3= .001 mFd.

4= q turn,  l l  32 wire

LZ= ' l  2 turn,  l l  36wire

X = crystal (see next page)

Qt= t t lVf  3904 (Motorola)

oz, os=
R1= adjust  for  pulse rate;

10 Meg gives 200-250

msec. intervals

R2= 15 k gives 3-5 msec.

pulse length

10-22 K for 10-20 mAmp

current drain

10K

4 turn,  / /  32wire

12 turn, l l  36 wire

choose to resonate with

self-capacitance of crystal

20 pFd.

.047 mFd, non-electrolytrc

.001 mFd

4 mFd, DC blocking capac.

J GHZ

L2

; )BEFK

letter codes refer to common junctions on circuit board (see next page)

I I .  TRIGGERED UNIT:

R3=

R,r=
' 'a

L't=
lo=

la-LJ-

vJ-

cq=

Rf 
e lPo *a,

L
Qr 

- l
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Radio-Tracking Methods for Bats

APPENDIX B ASSEMBLY OF STANDARD RADIO TRANSMITTER UNIT

'l . Essential Materials and Suggested Suppliers:

A. Component List :

BRNl 4

1. Pr inted Circui t  Board
2. 2 Resistors:  82 Kf) ,  I .8 KO
3. 3 Capaci tors:  20 PFD,4.7 MFD (electrolyt ic) ,  .001 MFD (electrolyt ic)
4.  1 Transistor:  2N 3904 (NPN Transistor)
5.  2 coi ls:  4 turns ot  # 32wire,  l2turns o{#36wire.
6. Crystal: one crystal with frequency in 2 meter band.
7.  Antenna wire

B. Suppl ies and Tools Required:

1.  O-Dooe
2. Str io-X
3. Suct ion or c lamo vise
4. Hemostats
5.  Smal l  solder ing i ron ancj  smal l  resin f  lux solder
6. Solder paste (non-corrosive)
7. Eraser
8.  Smal l  d iagonal  cut ters
9. Smal l  long-nose pl iers

'l 0. VTVM meter with all igator clip leads for currenr measurements
1 j .  Source of  1.5 vol ts DC (battery wi th leads at tached)
12. 1/8" diameter glass or metal  rod
13. Duco Cement
14- Plast ic electr ical  taoe
1 5. Forceps

C. Suppl iers and Speci f ic  Comments on Order ino:

1. '  Circui t  Boards:  These can be ordered from l thaco Inc. ,735 W. Cl inton Street,  l thaca, N.y.  14850. Speci fy
circui t  boards for  Cornel l  Universi ty Radio Transmit ters.  They require a minimum order (g30).

2. Coll Matorials: The number 32 and number 36 coil wires are often hard to find at all except the larger
electronic supply stores.  Few people make their  own coi ls anymore. Keep try ing.  You wi l l  a lso need a bott le

of Plvstyrene o-Dope (GC # 37-2]l and Strip-X (GC # 26-16). Both products are made by GC Electronics,
Rockford,  l l l inois 6l101 and are usual ly sold at  the same stores which sel l  coi l  wire.

3. Crystals: The standard transmitters use either a 3rd or Sth overtone crystal to produce the lOth overtone.
In order ing cystals,  take the frequency desired, e.g.  148.3000, div ide by 10 and mult ip ly by 3 to get 3rd
overtone value. Third overtone crystals cost about $7 each. Order from: International Crystal Manufacturing
Company, 10 North Lee Street,  Oklahoma City,  Oklahoma73102.

4. Small Comporrents: Thesc are generaliy available from a locai distributor. For the resistors, be sure to buy the
1/8 watt size which are quite small and light. For the two electrolytic capacitor$, (4.7 and .001 MFD), the
Mini tan Tantalum uni ts are smal l  and easy to mount.  The 20 PFD capaci tor  should s imply be as smai l  as
possible.

5' Antenna Wirel: The best free wire antennas can be cut from steel guitar strings, either B or E strings* for
most applications. Few animals can chew through these strings and they are unlikely to break or kink
easi ly.  *(0.013 to 0.01b inches)
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6. Miniature Soldoring lronc: The smallest irons are made by Oryx Electrical Laboratories, Ltd..2l Germaine
Street,  chesham, Buckinghamshire,  ENGLAND. Model 6 comes with a l / .1 6. , t ip;  model 64 with a3/32,,r io.
Either model can be run off of a Telvac Soldering lron Transformer (Model 54204-Il madeby Telvac Instru-
ment Company, Tarzana, CA. However, any small (27 watt or less) iron with a f ine tip wil l work.

l l .  Assembly Method Using Circui t  Board:

A. Coil Preparation:

' l  . Mount the 1/8" glass or metal rod in a vise so as to protrude horizontallv.

2' Holding a length of the proper wire in one hand, wind the other end around the rod unti l the correct number
of turns, (when viewed from the side opposite to your hands) , is visible.

3. Keeping tension on the coil, twist the two free ends of the wire around each other 4-b times. Cut off wire
outside of twists.

4- Put a dab of Duco Cement on the top of the coii and use the forceps to bring the turns of the coil close togeth-
er. At the same time, rotate the coil on the rod so that it does not stick to the rod.

5. Gently remove the coil from the rod and dip into o-Dr:pe. Let it dry thoroughly.

6. Cut the wires between the twists and the coil and straighten the loose ends so they are parallel to each other
and perpendicular to the axis of  the coi l .

7. Carefully dip the free ends of the coil wires into Strip-X and let sit several minutes. The insulation on the
wires should quickly slide off the wire" Remove this insulation and wipe the wires clean. Incomplete removal of
this insulation is the most common cause of a newly assernbied transmitter's not functioning.

8. Store in clean dry place unti l needetj.

B. Circuit Board Preparation:

1. Cut circuit board from a sheet leaving 2-3 mm. plastic rnargin around all copper contacts.

2. clean all copper surfaces by rubbing them vigol"cusly with a pencil eraser.

3. Mount a pair of hemostats in a table vise so that the circuit board can be clipped in flat and slightly t i l ted
soldering.
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C. Assembly:

BRNl 6

Finished Transmitter
(component s ide)

battery leads

r 4.7 MFD capaci tor

.001 MFD capaci tor

i .8 K resistor

- 82 K resistor

-  12 turn coi l

- ,  4 turn coi l

- -  20 PFD capaci tor
-  -  t ransrstor

--  crYstal

1.  Cut two l"  p ieces of  wire f rom ei ther resistors or capaci tors at  hand. Insert  one through hole A so that the

wire emerges from the copper s ide about 3/4".  Solder in.  Use second wire in the same way tor hole B. Cut

wires on component s ide as c losely to plast ic aspossible.

2.  Bend the transistor leads at  a r ight  angle about 1 /8" f rom the body of  the t ransistor.  Insert  t ransistor leads into

holes C, D, and E FROM THE COMPONENT SIDE so that the t ransistor l ies between the holes and the antenna

end of  the c i rcui t  board.  Press in snugly,  solder,  and tr im of f  stubs on copper s ide of  board for  a l l  three leads.

For t ransistors f lat  on one side, the f lat  s ide should be against  the c i rcui t  board and the rounded side away

from i t .  For other t ransistors.  th is connects the COLLECTOR to hole E.

3.  Scrape any enamel of f  of  the leads of  the 20 PFD capaci tor  so that i t  wi l l  s i t  snugly against  the c i rcui t  board.

Insert  into Holes F and G. Solder the inner hole,  F,  only.

4.  Insert  the 4 turn coi l  into Holes H and l .  Wrap the end of  the coi l  inserted into H around the protruding capa-

ci tor  lead in G. This increases strength and contact .  Add a t iny dab of  solder paste.  Solder Holes G and H to-

gether.  Do not solder I  yet .

5.  Insert  the 82 Kgl ,  resistor,  (or  i f  s lower pulse rates are required, any higher value up to about KQ) ,  into Holes L

and l .  Solder Hole L onlv.

6.  Insert  the 1.8 K resistor into holes O and P. Solder both points.

7.  Insert  one of  the cut-of f  leads from a capaci tor  or  resistor into Hole l .  Wrap the ends of  the 4 turn coi l  in th is

hole around both the resistor and the wire.  Add a t iny dab of  solder paste and solder al l  3 leads. Bend the

other end of  the wire over and across the 1 .8 K resistor and insert  in Hole S. Do not solder yet-

Circuit Board Lables
(copper s ide)

*E3W
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8. Take a resistor or capaci tor  wire and put a smal l  hook in one end. Hook into Hole W. Cr imp against  the board.
but do not solder.  Al low the wire to extend towards and over the end of  the c i rcur i t  board opposi te to the an-
tenna. This is the posi t ive batterv lead.

9.  Bend the leads of  t l ' re .001 MFD capaci tor  at  r ight  angles to the component at  a distance of  about 118" f rom
the component.  Insert  the leads into Holes R and X WITH THE RED DOT POINTED TOWARDS R. Solder
S, W and X al l  toqether.

' l  0.  Insert  a capacl tor  or  resistor wire wi th a hooked end into Hole O. Lay i t  t lat  against  the c i rcui t  board,  but aim
towards the center a bi t .  Cr imp i t  against  the board.  This is negat ive battery lead.

11. Insert  the 4. f  MFD capaci tor  into Holes T and U WITH THE GREEN DOT TOWARDS T. Adjust  i ts  posi t ion
so that the negat ive battery lead cannot short  out  against  the non-green dot end of  the capaci tor .  Solder holes
O, R and T together and then solder Hole U.

12. l r rsert  the leads for thc 12 lurn coi l  into Holes J and K. Adjust  the posi t ion of  the coi l  so that  i t  is  supporteo
on the side by the t ransistor.  Put a dab of  pastc on each contact  and solder careful ly.  This f ine #36 wire is
hard to get a good jo int  wi th and is the most l ikely source of  problems with faul tv rransmlt ters.

i3.  Cut antenna wtre to proper length.  Insert  in HoleZ and cr imp towards rear of  board.  Add a dab of  solder paste
and solder wel l .

l l l .  Test ing,  Pulse and Frequency Select ion:

A. Attach the 1.5 V. DC source to the t ransmit ter  wi th the current mcter of  the VTVM Interposed in ser ies between
battery and transmit ter .  l t  is  a lso useful  to turn on a receiver to hear the pulses.

B. Select  a crystal  in the range desired and touch i ts two leads to the two leads extending from the copper s ide of
the t ransmit ter .

C. You should hear the pulsed sound from the receiver and see the pulsed def lect ions of  the needle on the VTVlVl .
Count the pulses to determine the pulse rate and tune the receiver to determine the exact carr ier  f requency of
the t ransmit ter .  Note the average current drain f rom the VTVM readings. Repeat wi th another crystal  at  the same
general  f requency. You wi l l  f ind that  nominal ly ident ical  crystals wi l l  g iver di f ferent pulse ra1es, current drains
and carr ier  f requencies.  Check out 4-b and select  the one desired

D. Take the selected crystal  and put a square of  e lectr ical  tape on one f  lat  s ide and on the edges. Place this insulated
side against  the copper s ide of  the c i rcui t  board and twist  each of  the crystal  leads around one of  the two wires
st icking out of  the copper s ide of  the board.  Solder wel l  and tr im of f  the extra stubs close to the solder io int .

E.  The radio is now complete and ready for at tachrnent to a battery.  Store in a dry place with pert inent informat ion
on frequency, pulse rate and weight.  These should be checked aqain af ter  solder ing the crystal  as they can vary
with lead lengths.

F.  Before the battery is at tached, put a smal l  p iece of  spaghett i  insulat ion or electr ical  tape over the negat ive lead of
the t ransmit ter .  Most mercury cel ls have a smal l  negat ive terminal ;  the major casc of  the battery is thc posi t ive
terminal .  The insulat ion prevents the negat ive lead from short ing against  the battery case. Attach leads to battery
tabs usinq solder ing paste and a henrostat ,  as descr ibed in sect jon 4 on batter ies.
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A NEW STRATEGY

With th is new issue of  BRN we are t ry ing a new approach
to product ion which we hope wff l  smooth out some of the
problems that have plagued us in the recent past.
Speci f ical lyr  w€ are now using a computer text  programme
that permits us to enter the relevant informat ion and have
the machine produce camera-ready copy. Before,  f  had sent
the text  to Roy who had had i t  re- typed and reproduced. The
plan at  th is end is to pay indiv iduals a per page fee for
enter ing informat ion in the computer and hopeful ly th is wi l l
take some of the load of f  Roy and me. I t  a lso accounts for
part  of  the rate increase.

Roy and I  are grateful  to most of  you for being so
pat ient  about the product ion problems we have encountered ,
al though \de suspect that  th is 'pat ience'  is  real ly
resignat ion,  g iven the sporadic nature of  BRN. The next
issue wi l I ,  i f  humanly possibler contE-fn a complete
membership 1ist .

NEWS

The Union Internat ional  de Speleologie,  Commission de
Bibl iographie (c/o fnst i tut  de Geologie,  Universi te de
Neuchatel ,  11,  rue Emile-Argand, CH-2000 Neuchatel-  '1,
Switzer land) has sent out the most recent edi t ion of
Speleological  Abstracts (17),  dated December 1978.
fnose --of  you wno EE try ing to keep up with the
l i terature on caves may f ind i t  of  interest .

Phoebe wray, the Execut ive Director of  the center for  Act ion
on Endangered Species ( formerly Endangered Species
Product ions) has sent some informat, ion about a new
programme they have started. Speci f ical ly they have
begun to bui ld and erect  bat boxesr rndinly in New
England, and have deveroped a fact  sheet wi th direct ions
for the boxes which is based on Bob stebbings'  moders.
They wourd appreciate the co-operat ion of  researchers to
check the boxes for use, and those wi l l - ing to co-operate
should get in touch with phoebe wray ( lz5 wesl  ptain
Street,  Ayer,  l t tA 01432).

Wi l l iam Caire (Biology Department,  Central  Stat .e Universi ty
,  Edmond, Oklahoma 73034) has sent me a copy of  a
brochure on bats which he has produced for okl ihoma.
The brochure appears to be aimed at  publ ic educat ion
about bats.

Richard K. Laval  ( l t issour i  Department of  conservat ion,  Fish
and Wildl i fe Center ,  110 Col lege Ave. ,  Co1umbia,
Missour i  6520r)  has wr i t ten concerning the rndiana
Bat/Gray Bat Recovery Team. Laval  is  the team leader,
and Tom Kunz ,  Merr in Tutt le,  John Brady and Don wirson
are the other members.  The Recovery Team hereby
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sol  rc i ts i -nf  ormat ion on any biol  ogi  caI  aspect of  these
two endangered species that  might be useful  to those
charged with the task of  prepar ing a Recovery PIan. I f
you know of bat caves or have any other data or
informat ion that the Recovery Team shoulo know about '
cal l  the Team Leader (3f4-474--7545) or wr i te to him, oi :
contact  anv other member of  the team.

Bat Research at  Washington Universi ty jn St.  Louis

The next North Amer j .can Bat researcir  Symposium wi i  I  be
held in St.  Louis,  Iv l issour i  ,  in October,  1979. The loca1
arrangements for  the meet ing wi l l  be made by the Bat Lab at
rWashington Unjve-rs i t i ' .  Research on bats is present ly going
on at  lVashington Universi ty in the Departments of  Biology
and Pyschology, and at  the Tyson Research Centre,  a 2000-
acre forestecj  ecological  anr l  b ioJogicai  research area out
sic ie the c i ty.  In addi t jon,  several  c iepartrnents in the

"(asirrngton 
Univer s i ty SchooI of  i ' ledic ine cooperate in

research on echolocat ion.
I r iasir , -ngtoir  Univers i  ty is a ma jor  center f  or  research in

nr)rrrnrr i  n l  arr i r\ \JJ.vY1 | inc lud ing sensory neuropl" iys io l  ogy ,  neuro
rn: ' | -nm'r  rn, l  l I i  . )nh.rqir . - .  he-* i^-  - - , ]  , .^ i fOlOCat. iOn in ; . ;atS.urrqLvl t tJ,  q l l r . r  Ur.vyl lyJaUJ, l rEqr l r rY,  ALLTJ UU

Eti-roIogica, l ,  psychopysicai ,  and neuropnysiological  stuci ies
. : r ro l i r .  ino r .nnr lgglgi  On a number of  d i  f  f  erent soer: ieS of
bats .  The orgL.rn i  zer s of  the Nor t l i  Amer j  can Bat Resear:ch
Syurpcrs iunr plan several  I  abor:atory tours anr i  demonstrat ions
as pa:L oL t l rc nect ings.

' i ' i rc Dei :ar  tment of  Bi  o iogy contains the laborator:y of  Dr .
Nobuo Suga, whose research concentrates on el  ectro
phys io l  og ic, : f  s ingle-uir i  t  stur- l ies of  the neural  mechanisms
ot oL-dr j  nE and sonar in bats.  At  present th is research i  s
focuseci  upon the rcprescnt.r t ion of  sonar targct  anc ccho
fcatuies in the audi to,y cot-  tex of  Pteronotus parnel l_ i  i  and
. i lyot ;s I ' rc i - fugus. Dr.  Suga, Dr.  Wj i -  iam O'NeiJl  ,  pcter
W;l : ;serbJCi i  Te<J Sul j r -van, a;r , l  J im Jaeger are conduct ing
exper iment-s wh:-ch involve recol :c i ing nerve r l isch, l rges f ro in
inc: iv ic lual  neurons in encocr ing and c ' i isplaying : lnformat ion
fot-  percr:pt ion by echol-ocat jon.

Tl- ie De1:artment of  Psychologlz contains the laboratory of
Di : .  J i .m Simmons, wl ' r ich cor)centrates gr imariJ-y upon studies
of ccholocat iorr  behaviour in laboratorv and f ieLd
s i . tuat ions.  At present,  psyciroJ ogical  exper iments are under
trr ;a!  on the acui ty of  percept ion of  target f  _ lut ter ing
movements onci  percept ion of  arrays of  vert ical  rocls at
vaLious spacings l : '1 Eptesicus fuscus. Shel ley Kick is rJoing
Pi i .  D. t I - res is researc- l i -  

-on -sIngIe ' - -cel i  
r  ecordings f  rom the

.r ' - rd i tory syst-em of I iptesicus,  stu<. ly ing mechanisms of  depth
pel-cept-  on by sonai . - - - - .Aedtr  j  ce Lawrcncc i  s beginning to
:  tuciy the aud i  tory pathways of  Eptes icus us in.3
autoraoiogr apir ic 1abel  ing tecfrniques .  Dr.--F- i -a-n-porter,  in
t i - re Dr- 'pa r  tmcnt of  phrzs ioJ ogy and i3 iophys ics of  the School  of
i " lecl ic ine '  is  conduct ing research on sociaf  behavi .our,  group
orginizat ion ,  and ar:oust ic communicat ion bv carol l ia
perg_l,i_9L_Lt_1t_q.
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Dr. Richard Coles,  the director of

t{o;y 1979

the Tyson Research
Centre,  is  explor ing means of  developing art i f ic ia l
h ibernacula for  bats,  using large, pdrt ia l ly  underground
bunkers or ig inal ly constructed for storage of  ammunit ion.
One such bunker is present ly in use as a long-range sonar
test  faci l i ty  for  behavioural  studies of  percept ion of
targets at  extreme distance by nptesicus.

At present,  several  species-6-fEaTs- including Eptesicus
f uscug , Myellg lggflgggg, Pteronotus parnetl i  i  ,@s
pe!!gr_c+le. tgr  and Sousettus aegypt iacus are maintained in
lab colonies.  Carol l ia and Rousetfus are being bred
routinely. Much oE-TEF--?esearch--i l I t f i--These bats is on
echolocat ion and acoust ic communicat ion,  and several
computer faci l i t ies are devoted to th is work,  wi th a var iety
of  interdepartmental  interact ions as part  of  the support
required for research. TU
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QUICKIE

Renal Structure and Urine Concentrat ing Abi l i ty  of
Myotis tggtf_gggg.

A mammal '  s abi l i ty  to conserve ur inary water is in
general  d i rect ly correlated with the ar id i ty of  the habi tat
of  the animal.  This relat ionship ,  which has been
demonstrated for many taxa of  smal l  mammals also appl ies
to insect ivorous bats.  The use of  renal  structure as a
predictor of  the ur ine concentrat ing abi l i ty  of  mammals in
general  has also been wel l  documented. Geluso (1978)
presented a scheme to predict  the ur ine concentrat ing
abi l i ty  of  insect ivorous bats f rom their  renal  structure.
Here I  present fur ther support  for  GeIuso's predict ion
scheme for mean maximum ur ine osmolal i ty by comparing the
kidney morphology and the ur ine concentrat ing abi l i ty  of
Myot j .s luci fugus luci fugus wit .h the insecLivorous bats used
to-Ter ive-Ehe sch'em6.
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The methods of  Geluso t1978) were used to calculate
morphological  indices which he found of  value (r  > 0.85) in
predict ing mean maximum ur ine osmolal i ty in the
insect ivorous bat.s he studied. The structural  indices
determined for the k idney of  14.  1.  luci fugus were 1 )
percent rnedul lary th icknesF Fur 

-*  = -Gotaf  medul lary
thickness/cort ical  + medul lary th ickness) Xl00 ,  2)  rat io
of  inner medul lary zone to cortex { IM/C = thickness of  inner
medul- t -ary zone/cort ical  th ickness) and 3) rat io of  medul la
to cortex iMy'C = medulJ-ary th ickness/car t ical  th ickness).
These i .ndi*es w*re calculated wit .h data taken from the
photomicrograph of  a longi tudinal  sect ion of  the k idney of
M" 1.  lurc j . f  r , igus in Rosenbaum (1970) ,  and the mean maximum
urine osmofal-Tty predicte 'C by each of  the indices was then
determined wi t l r  t ie lusr:  o s predict ion equat ions.  The mean
maximum ur ine osniolal i ty produced by U. !"  luci fugus was
determined by BasseLt and Wiebers (1979).  The percent
error of  the predict ions based on the three renal  indices
(pr ed icted osn:olatr- i ty actual osmolal iby/actual
osmolal i ty)  Xl00 was calculated to assess the predict ive
value of  each index "

The mean maxirnum ur ine osmolal i ty predicted by each of
the three renai  indices aErees wel l  wi th the actual  mean
maximurn osmoiai t"y '  det .errnined for M. l .  Iuci f  ugus (Tab1e 1) .
The mean maxirnum ur j .ne osnnolal i ty prod'uceFTy-EEfs bat 2L99
mil l iosmolal  (mosmoj- /kE) is 450 mosmol/kg less than the
lowest val-ue used by Geluso to determine his equat ions
(Myot i .q yumangrgi*q produced a maximum concentrat ion of  2640
mosrnol /kg),  Thi .e resul t  supports the use of  these renal
indices tc '  predir : t  maxirnum ur ine osmolal i t ies in
insect ivorous l - rats that  are poorer concentrators than the
bats st .u ld ied i ly  Ge:!- ' r rso* This predict ion scheme may thus be
appl  icable to thc, . ;*  species f  ound in the eastern Uni ted
States which wer€ not st .udied by GeJ-uso and to the eastern
populaLions of  those species studied by Geluso.
Compari t ive st"udir :s of  the renal  structure and the ur ine
concentrat  ing ai : i ,1- i t .y of  easlern populat . ions of  widely
distr ibuted bat species r*ould l :e of  Ereat value in fur ther
def in ing t i ie reiaLionshJ.p of  habi tat  water avai tabi l i ty  and
kidney funct, ion "

Tire mean max1r lum ur ine concentrat ion produced by M. 1.
Iuci fugus wl" :*r i  sr :h jected "c ' :  Ftrysiological  stress (ga3seEt
and--- t { l tEetrs,  "r . . { } - i * i  agrees wel- t  wi th the maximum value
preci ict .eC frc- .m t l ' : r  amount cf ,  concentrat ing machinery present
in the k idr ' ,ey.  The sor lcen*rat ing machinery of  th is bat
appears tL.  i - : , ; :e l  nte in the same manner as that  of  other
insect ivoroi ls bats "  As t l " l *  th ickness of  the inner medul la
relat i r r*  Ls:  thr-  Lhickl ' ress of  the cor tex increases in
insect j -vorcus i rat .s u t l ' ie ur ine concentrat ing abi l i ty
increases. A.s i " : ' l  Geluso's ivork,  the Tyl /C index was the best
predictor of  i i t ( :ar ]  rnaxi : i iun ur ine osinolal i ty in M. I .
*gf !_gg-qq {per i :* ; ' i t .  * . r rc: :  s i :  "  45i  ,  pMT and t ' t /C were less
accuraLr* preui-r  Ldlr : i  of  c{ i rnsgplrat ing abi l i ty  (percent error
= 6.0),  Ti :c th in ss<lrnents of  t .he juxtamedul l -ary nephrons,
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are necessary for  the product ion of  a concentrated ur ine,
are found solely in the inner medul la of  the k idney.
GeIuso ( I978) discussed at  lengt.h the relat ionship of  inner
medul lary th ickness to the ur ine concentrat ing process in
insect ivorous bats.

A note of  caut ion is in order regarding the
morphological  data used in th j .s analysis.  The longi tudina' l
sect ion of  the k idney used to calculat .e the renal  indjces
may or may not have been the sect ion which showed the
greatest  medul lary area. Gel-uso selected the sect ion which
contained the greatest  medulJ-ar:y area f  rom a group of  ser ia l
sect ions through the kidrr*y for  h is analysis.  The
conclusions presented are baseci  on a minimal amount of
morphological  data;  however,  ihe morphoJ-ogy of  the k idney
would not be expected Lo vary s lEni f icant ly for  adul ts of
the same spec. i  es.  Further morphological  data are needed to
ver i f  y the concius ion presente,S.

Bassett ,  J.  8. ,  and J"
di f ferences in t .he
Myotis_ r_9._flug_gs.

GeIuso, K. N. f978"
renal  structure of
59: 3L2-323.
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The Royal Ontario Museun (Toronto, Ontarior Canada M5S ACG) has recently
published a paper rApparatus for reeearch on aninal ultrasonic signaisr
by J.A, simnons, M.B. Fenton, l i .R. Ferguson, M. Jutt ing and J. pai i .n
(life Scj.ences Miscellaneoue Publicati-ns, iioyal Ontarfo liuseum) ,i,i"f,
includes a considerable amount of data on di f ferent bat detectore, etc.
The cost is $2.O0 Canadian, and the publ icat ion may be ordered direct ly
fron the RoM. Below is a reproduction of rable 2 iron this paper, a
comparison of di f ferent kinds of bat detectors.
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Bat Research Naws

VOLUME 20 number 4 Decenber 1979

Late Iesues
This iesue is a month l ; , t ,s i .  preparat ion because I  spent the last seven
weeks pursuing Afr ican bats in the f ie ld.  I t  may end up being considerably
later than that when i t  arr ives (along with numbers 2 and ])  because of
cont inuing problems we are experiencir ig wi. th dupl icat ion. For the
record number 1 of vol-ume 20 vas at the duplicators on schedule in
nid February; number 2 there by mid May, and number ]  there by the
third week in August.  Due to pr ior l ty schedul ing of jobs in the off ice
where the dupl icat ion is accompl- ished, !3!  ReseeLrch l iews has been gett ing
short  shi f t .  Roy and i  are try ing to resoive this problem.

News

Ca1l for Papers; The Eighth Internat ional Congrese of Speleology is
scheduled to be held in Bowling Green Kentucky in the USA
between 18 and 2J July ( inclueive) 1981. The bi .ology sect ion
is asking for papers deal ing with bats from a cave-related
point of  v iew (eco1ogy, evolut ion, special  conservat ion problems,
cave environmente and bats, etc.)"  I f  you are thinking of
presenting a paper please send your name, address and paper
t i t le to Dr.  Virginia Ti .pton, ts iology Department,  Radford
Universi ty,  Radford Virginia 24142. An early response
(within three months of receiving this not ice) is requested,
and abstracts wi l l  be due six mcnths before the meetin6.
The possibility of publi.shing the papers from the prograrme
is being explored, and i f  this conea to passo complete
manuscripts wi l l  be required three nonths before the meeting.

S.B. Lal l  (e-CU-6, Machlanagri  Scheme, Udaipur-] l )OO1, India) has
wri t ten with news of some of the bat research going on in
his iaboratory where most of the work is focused on male
and female reproduct ive cycles, They have also done sone
work on the behaviour and social  organizet ion of Fteropue
FiFanteus. There is a toiaL of s ix graduate students involved
in the bat research.

E.D. Kitzke of R:, . ,c ine Wisconsin eent in some i-nformation on bats and
Rozol which was published in the September 1979 issue of
Pest Control .  The art ic le (  tEffects of Rozol t racking powder
on u*Fffiarida brasiliensie) t by Lee R. Martin, describes
the use of rosol in an effort  to r id a warehouse of a
nuisance colony of f .  brasi l ierrsis.  Appl icat ion of 2.5
pounds of rozol t racking powder per i i f ty y; :rd sect ion of
bat roost resulted 5.n a large decl ine in the bat populat ion
in tre: : ted areas rel i i t ive to untreated control-s.  TheBe is
virtually nc di.scrrseion of what effects the i,racki,ng powder
had on the bats, and no mention of iarge nunbers of dead
bats accurnulaLrng below the trested roosts.

This summer $heiagh Huriey and I  (Depart*ret i t  of  Brolcgy, Carleton
Universrty) ' - ,e=t-ed '"he effectrveness of DDT, fenthj-on and
zinc phosphrde !n k:,Lling bats - ncne cf thern is very
effect ive at al l  .  when the ba' ts i t re conf ined +"o a smal l



Volume 20(4) BRN5 7

area and exposed to high doses of either zinc phosphide or
DDT at relat ively high concentrat ione, a few wi l l  succomb,
but in larger areas where the popul-ations are more dispersed,
neither toxin kill"ed any bats within 24 hours of application.
Fenthl.on seemed to have no effect at all (within 24 hours of
application). For those of you who have wondered about the
effect ivenees of uLtrasonic rodent repel lers,  the period of
suspense is overl the little brown bats we tested with two
models of rodent repellere ehowed no evidence of reepon€e or
dietrese. Some of the bats prefened to roost on the screen
of the operat ing rodent repel l ing device.

I have seen no evidence to euggest that sealing access routes is not the
best and perhapo the only effective meana of controlling bats in bulldings.

M. Anciaux de Faveaux (Constantine, Algeria) has kindly send the following
selection of 19?8 and 19?9 referencee to publications on paraeites of bats:
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furt , /O. p.  158.

Heise, G.: Zur Unterscheidung von Rauhhaut- und Zwergfleder-
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Kleine Mit te i lung, p.165.
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TLOCOMOTOR MORPHOLOGY OF THE VAMPIRE BAT, DESI"lODUS ROTUNDUS"

by

J. Scott Altenbach

Dept.  of  Biology

University of New Mexico

Albuquerque, New Mexico. 87131

Altenbach's monograph is the s ixth in a ser ies of

special  publ icat ions by the American Society of  Mammalogists.

Unl ike the previous publ icat ions,  he has at tempted to interpret

the adaptive signif icance of anatomical rather than behaviour-

al or ecological features "in the evolutionary and day to

day biologry of  the organj-sm." His approach combines classi-

ca1 descript ion of locomotor behaviour, osteology and myologry

with advanced techniques of high speed sti l l  and motion

photography and simultaneous electromyography to determine

the "temporal sequence of contraction of muscl-es during normal

movements."  I ts detai led descr ipt ive nature makes this book

an excellent reference for any student of chiropteran biology

or functional morphology. Typographical errors are few and

do not detract  f rom the general  qual i ty of  the publ icat ion.

The book is set out in the form of a standard scientif ic

report. The introduction provides an extensive review of

the l i terature f rom 1B0O to 1972. Here the author sets out

f i .ve najor objectives of his work, each of which appears to

have been ef fect ively deal t  wi th in the fo l lowing sect ions.

Although the methods used usually are described clearly,

the actual number of bats upon which descriptions and obser-

vations are based is not entirely obvious.

Excellent photographs and diagrans of walking, hopping,

cl imbing, jurnping, f lying and al ighting movements as weII as

standing and hanging postures are provided in the Locomotion

section. While the accompanying descript ions are very detai led
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and thorough, a glossary of terms or a f iEure clarifying the

movements and posit. ional arrangiements wouLd have been helpful

at  th is point .  I t  is  not  unt i l  the beginning of  the sect ion

on Postcrani .a l  Ostelogy that some posJ-t ional  terms related to

l imb and girdle movements and anatomy are def ined.

For the accounts of  postcranial  osteology and funct ion-

al myology <;f, the pectoral girdle and l. imbs, the author has

taken on the di f f i .cul t  task of  descr ib ing a dynamic process

of interreLated movements of  parts wi th in the l " imi ts of  two'

dimensions. Al though the descr i .pt ions and diagrams are good,

access to a bat skeleton, preferably Deqmodus, i t  h ighly

recornmended for readers who have di f f icul ty v isual iz ing dynamic

processes.

Al tenbach has succeeded admirably in inteErat ing his

mater ia l  and in fu l f i l l ing the object ives set  out at  the

beginning" In the discussion, h€ provides his interpretat ions

of the $funet ional  s igni f  icance of  i ts  I  DgsFoSs t  loco*ot ion-

associated anatomy" and " the s igni f icance of  special ized

1ocomotorbehaviour j -n@.. ' I t isA1tenbach'shope,and

mine, that  th is work wi l l  serve to "st imulate others to add

addi t ionaL j -nterpretat ion of  funct ional  morphology to bat

biology",  and to complete th is picture by st imulat ing "publ i -

cat ions of  funct j -or ia l  rnorphologj-cal  data on the pelv ic girdle

and l imbs. "

Chr i -st ine Thomson

Departrnent of  Bic lcgy

Carl-eton Universi ty

Ottawa, Canada Kls 586
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