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Life History and Taxonomic Study of the Indiana Bat,
Myotis sodalis

BY

Jopx 8 Hawn?

INTRODGCTION

¢ Indiana hat, Myotis sodalis, was described by Miller and Allen in
vhien they reviewed the genus Wyotis in North Amerien. This species
en overlookad for many vears, even though it wis well represented in
iong, It had been eonfused with Myoeds lueifugus, which it closely
des. Little 15 known about 3/, sodalis other than its distribution in
and gome Dragmentary Jife history information, A general life his-
ady of o speeies ag widespread and nwmeraus as Uis bat was defi-
needed and suely a study wis begun in the fall of 1956,
srange of . sedolis extends from Vermont through southern Michi-
il southern Wisconsin, south through Missouri and Okluhema, and
st again to northern Florida,  Ficld research was condueted in eaves
ine tunnels in Dhnols, Todiung, Kentueky, and Mizsourt, Thix aren
semter of distribution of the =peeies. Studies were condueted during
nths of the year. A total of 130 days was spent in the field from
r 1956, through Deeember 1960,
»obhjective of the work done in the winter was to determine the size
Aribution of hibermuating colonies, to study factors concerning selee-
the hibernating site, and w lewrn the habits of M. sedelis during the
peried, Dwring the sunnner enths information was obtained on
iion, compasition, activity, and habitat seleetion of sunnuer eolonies
s Approximately 12,000 M yotis sodalis were hunded in an offord to
e seasonal movemem, ron-scasonal movement, and returns Lo saue
nowinter snd sunnoer, and 1o begin a study of survival by hand re-
s from year to year, Other investigators Juve handed many thou-
I ML sodalis in the mid-west over the Tast ten years, This hunding
valuable inomy studie: and made posstble o large number of band
les. The area of handing was large enough to define arcas of move-
wore clearly than hias been possible before.  This information con-
movement patterns of M. sodalis has ioplieations on homing ability
thod= of navigation by hats,
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This has heen a favorable species to study heeanse of its Tnited guuy
raphic range,  The intenzive field work was done over a large portion of
he runge.  This made it possible to obtain definite mformation on the
opulational streture of the species and on factors nvolved in the disteilu-
on and dispersal of the speeies,

Another objective of this work wus 1o study geographie variation of M.
adalis and Lo compare its morphology with several other Myolis. Several
pecles of Myotis were coapared as to differences in distributionud putierns
nd ceologieal relationships, Bix gpecies of Myetis oceur in the study area
nd often four are found in one eave system. This provided a fine oppor-
ity to study differences in the ccology of these specics. This informua-
on Is important 1 understanding mechanisms of dsolation during specii-
on in the genus Myotis.
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METHODOLOGY

hiy caves in the mid-west region were Investigated to Jearn of the
ation of hat populations in winter wned sunnuer. T investigaied 52

Cnowinter, ST summer, and 23 i both summer and winter. These
cpesent arandom group of enves, sinee as nuny different ones were
d i any particulir area as time allowed,  Thix was done to observe
es of cave environments existing in thi= wrea. Estimates were made
nunbers of buts of all <peeies in caeh cave. This was done by direet
gz in the ease of smadl nwnbers. 1 a cave contained o large colony
ent of about 1,000 was counted wnd the remaining were estimated by
he rounted group as w busis,

c.

Pt

o)

-

o



A LIFE MISTORY AND TAXUNOMIC STUDY OF THE INDIANA BAT G

Temperatures in the caves were tuken with o centigrade, mereury-hulb
ermometer.  Relative lmmidives were taken with a sling hygrometer.,
=mperatures of the microenviromnent, bat clusters, and reetal temper-
ares of bats wore taken with a thenuistor enclosed in a rounded-cnd glass
obe. This instrument was Joaned by Dr. €, Ladd Prosser, University of
linms. The detuiled studies of habits throughout the year were condueted
14 caves as follows: Innizais: La Salle County: Blackhall Aline; Hardin
sunty: Cuve Spring Cave; Ixvaxa: Crawford Coundy: Wyundotte Cave,
reene Cownty: Rax's Caver Monroe County: Coon'’s Cave; Grotto Cave;
ENTUCKY: Carter Coundy: Bat Cuve; Edwmonson County: Coach Cave;
ames Cave; Bat Cave; Long’s Cave; Dixon Cave; Colossal Cave; Wilson
weo A number of eaves In Missourd and Tennessee were nvestigated,
it very little thne was spent In these areas,

T these cuves 8,863 Mygotis sodalis weve banded in winter hibermnution,
321 in sumimer, and 373 in the full as they were returning to labernation.
e haneling was done during five consecutive winters and three sunnners,
Wi recoveries were made each yveur, These recovery data arve analyvzed for
azonul movement, non-scasonal mavement, and returns to same eaves in
nter and sunnner. The bands used were United States Fish and Wildlife
1 bird bands and ##18 lipped bat bands,

Important paris of five caves were mapped for the purpose of plotting
sitions of bats throughout the year. The mapping was done with a Brun-
n Compass and tape measure or by means of pucing.  Weight changes
e studied by weighing bats in the ficld throughout the vear. In Couch
tve, Edmonszon County, entueky, guano wug collected with 2 plastie
vet over o guano pile to study seasonal activity and feeding,

Geographic variation of M yefls sodalis was studied by examining 1,235
ecimens contained n the ubove listed colleetions. Al specimens are skins
d skulls unless otherwise indicated in the list of specimens exanined,
dernal mensureinents are those taken by the eolleetors, Seven eraniad
Aurenients were Wken with an inside miderometer and ocular micrometer
aunted in a hinocular miergscope in the following manner,

Greatest Jength: Distance from the anteriormost border of the pre-
maxilla, exelusive of ineisors, to the posterior limit of the brainease,

Condylobasilar length: Distance from the wrterivrmost horder of the
promaxitla, exelusive of inclsors, to the posterior projection of the
oceipital.

Muastoidal breadth: Breadth of skull taken hetween the most Tateral
projections of the mastoids, just dorsal to the auditory hullae,

Width of braincuse; Brewdth of skull taken between the most lateral
limits of the brainease.

Interorbital brewdth: Taken as the least dimneter of the interorhital
constriction of the frontals,
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‘asal brewdth: Breadth of the rostrum taken between the vertical flat
surfuces Just winterior to the infraorbital foramen,

fandibutar length: The greatest length of the mandible, exclusive of
incisors. i

Je menn, standurd deviation, and standard error were enleulated for
wasnrements ab each loeality.  Celor was analvzed by establishing
s oof colors bused on the mixture of brown and gray.  Sceven eolor
s were seboup as Tollows: 1) dark gray; 20 medium gray; 3) light
4} dwk brown; 5) wmedin brown; G} light brown; and 7) reddish
1o Muales and fenmdes were at first analyzed separately, until it he-
evident that no sexual dunorphism existed. For this reason ull sta-
care caleulated from the combined sexes,

TAXONOAY

yotts soidalis was deseribed in 1928 by Aliller and Allen in their re-
of North Ameriean Myetis. Sinee then many additional specimens
wen colleeted to fill in the limits of the range of M. sodalis, vet these
wens have never been analvzed in regurd Lo geographic variation und
le ruce formation. With the greater nuniber of speciinens now avail-
vstudy of such variation is possible.

Myotis sodalis Miller and Allen

senfalix AMer and Allen, 128, Bull. UL S0 Nat. Mu=. Noo 1310 p. 130,

lotype: AMuscum of Cowparative Zoology, Hurvard, 10980; udult
»oxkin wnd skully coliceted 7 Aaveh 19045 T 1 O, Siherty fram
lotte Cave, Crawford County, Indiana,
frebndiop s Nid-westund castern United States from the western edge
rk region in Oklalioma to contral Vermont, to southern Wisconsin,
far south us northern Florida,  Distribution is associated with
cavernous Hmestone arcas and areas Just north of eave regions,
wer and summer ranges are plotted separately m figures 1 and 2.
1 odistribution s pet well known, but seems to coinebde elosely with
wer distribution, exeept that there arve verords north of eave arens in
Liees, sueh as northern Indiana and southern Michigun,
cropfion: Myoetis sodalis 1 a medium-zized, davk-colored MW yotis.
nadl, but not as small as M. colifornicus ov M. subuladus, Halrs on
ort and inconspicuous,  Color dark gray lo dark brown to Jight
but not glessy, Color of buse of hairs dark black Tor over two-
s length, Tollowed by o norrow, gravish hand, not sharply de-
from black hand of base. Tips of hair may be cither dark gruy to
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® LOCALITIES FROM L
 WHICH SPEGIMENS

HAVE BEEN EXAMINED
® TYPE LOCALITY

© ADDITIONAL RECORDS

Freure 1. The diztribmtion of winter colontos of M yotic sodalis,

lack or durk brown to light hrown. When tps are hrown, never glossy
» hurnished. Fur when viewed in vellow Tight <ometines gives an illusion
[ being tinted dark purple. Tri-coloration of fur weakly evident, sinee
arious bands nob sharply delimited and dark gray tip may be sane color
s middle gray hand.

Calenr strongly keeled (figure 3). On ey sking keel evident as hump
1 posterior edge of interfemoral membrane,  On fresh specimen, carti-
ginous keel elearly seen by holding membrane before strong light.  Skull
tther delieate with rather narrow bhrainease (G.40-7.20 wm) and narrow
derorbital region 13.29-4.27 mm), Tecth essentially  indistinguishable
o other simibar-sized M yelis, with exeeption that eingulum of premolars
sther Lieavy and prominent,

Measurements: Sce tables T and 2,
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omparisens: Myolis sodalls is most casily confused with Mgotis liei-
Lo It distinguti=led frow Decdfugos by i dark, non-glossy Tur, which
stfugus is o burni=hed, glossy brown, The dark band of the base of the
i fueifuges s mueh darker. and imore sharply delimited from the color
¢ vip. M. Deeffugus has o Larger foot, with long conspicuous habrs. In
wifugus the calear is not keeled as in sodalts (figure 83, The skull of
rgus 1= more rohust, with a wider brainease {6.96-7.60 mm) and greater
srhity] hreadtl (3.62-4.25 nun}.

wotis grisescens 13 larger than . sodulis; the hairs are an even gray
from buse Lo tip; the skall s lurger, but proportions about the swne
dadis; the sagittal erest much more pronownced than sodalis; and the
»not keeled.

gotis austroriperius ts similar in size to sodalis, hut the fur is much

H
-1

® LOCALITIES FROw
WHICH SPECIMENS
HAYE BEEN EXAMINED

O 4DDITIONAL RECORDS

Frovwre 20 Summer records of M gofis sodalis,
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1-CALCAR
2-DEPRESSOR 0SSIS STYLIFORMIS

3-KEEL
4-0SSIFICATION

MYOTIS LUCIFUGUS

Fravwe 3. Right hind Toed of W yotis sodalls and W ygotis ieifagus with the skin

removed to show the ealear mud associatod structures,
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er, the color on the dorsum 18 orange-hrown to Luff-hrown: the under-
are much whiter than sodalis; and the ealeur is not keeled.
yolis velifer 1 distinguished from sedulis in huving a much lighter
veolor; no keel on the ealear; and o skull whieh s Jarger, with maxil-
eeth that are broader.
elationships: The morphologica] sinilarity of . sodalis to M. luei-
might indiente close relationship. However, the habits of sodalts are
different from those of fueifugus (sce life history discussion). .
s o tvpieal enve bat as s M, velifer, M. grisescens, mul M. austro-
ws. It 3 possible thuat sedalis represents one speeies of a group which
ave rise to welifer and grisescens, if hubits are to be taken as indieat-
Ltionships. Conversely, sedalis may have been devived from o group
ling M. lucifugus. The centers of populution of sodalis are in the eave
of Kentueky and Missouri. This speeies way well have split off from
Toof ML Deedfugus in the southern portdon of the ranee in assoeiation
huge eaves. The range of lveifugus includes nearly all the range of
st the present time, but the major eenters of population of feeifigus
northern United States, ‘
olf: Adults appareatly molt onee cuell year during early sunmmer,
i few =pecimens have been eollected in sunuuer, and they do nug rep-
a good time series. The period of molting s probably rather short,
o the middle of June, Male specimens from Rhaunon County, Mis-
on 30 May show no sign of molting,  Male and femule specimens
from 11 June to 16 June in Edmenson County, Kendacky, and Marl-
vunty, Arkanzas, show definite indientions of molting in process, This
lent by the Tuek of distinet lnnding of the fur, The new hair pushing
. the old dropping out gives the skin o dark gravish appearance, with
nidication of distinet color bands 1o the fur, Ome specimen colleeted
v 2 July in Edmonson County, Kentueky, shows signs of wmolung,
sercather specimens colleeted at this tme show no =uch evidenee of
Some variaton must ocear inomolting thne, sinee some specitens
ed i mid=Tune show no evidenee of molt. In g series of five males
od 13 June 1959, in Long's Cave, Fdmoenson County, Kentueky, three
1 =ipn of molting and two did not.
agraphic Variation: Color of coat can he divided into two groups as
20 11 those whiel are gray to black; und 23 those that have hrownish
the Tur. A gray eolor lacking truces of hrown is wore typiesl. The
noof avay brown speehinens iy plotted for various loeudities in fieure
e snudlest fraetion of brown is in eentral Kentueky and the Lugest
tages of brown specimens are on the peripbery of the range in south-
Jdissourt, castern West Virginia, and Vermont.  The population in
rn Hlimols hax o low fraetion of hrown, Some uarcas have too few
ens to give any wmeaning o this fraetion, suel as southern Hinots,
g North Carolina, and southeast Missowi. The one specimen from
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NG, U-l' GRAY SPECIMENS
NO.OF BROWN SPECIMENS

Fuivhe 4. Geographie variation of color in M gelis sodalis.

wrthern Flovida is not inelnded in figure 4. Tt is reddish brown and this
olor was poticed in a few other specimens from other localities.

The Vermont specimens scem Lo have a more distinet banding to the
ur, with the black bases being set off more sharply from the color band at
he tip of the hair. Fhe hairs on the fecet appear to be a hittle longer on
Terwont specimens. These differenees do net seem strong enough to war-
ant o subzpecifie degignation for this population.

The grayizh and brownizh color i tvpical for M. sodalis. A pumber of
harp varients have been noted in the examination of specimens,  These
olor variants show various degrees of whiteness in the fur as follows: 1)
ne small white spot on mid-dorsuny: Puluski County, Missourt (U1 (spot
5220 'ty Prlaski County, Missourl (UL (spot 10 = 10 vl Pendieton
rounty, West Virginta {(WGEF) (spot very small)l; 2) white hairs dispersed



Localily Lenel] Conlylo- Mastoidal “h“'!:illll?r :!:;1}:1].1 Nl Mendiindar
<weihly engtie hasilar breswd th 1: ; it breadth breadih
s hreadih
Southeastern Nummher 14 14 14 14 14 14
Kentucky (1} Mean 2 X050 1452 05 IR {5 TARE R 62X 03 436 £ 04 10822 05
Rauge 11.25-1-1.85 13da-14.03 708-7.65 6.73-7.14 4.00-4.55 10.45-11.20
Eanstern Kentueky Ny Tt i) 7t 2 72 T2 0
Southern Ohio (1) Mean 2S04 13472 .08 13681 .08 TAS L 02 6L 02 353301 1361 02 1UHG3 2 03
Range . 15.85-11.00 13.00-1425 TH-7597 6,4:4-7.20 3.20-4.08 J.U8-4.87 10.15-11.05
Southeast Nuinher 44 43 42 4 45 45 46,
Tennessea t12) Alean 2815 1442 X (1 13.70 1 04 AT .08 681202 37102 4361 .03 0:1:.m
Novthern Alabmmna Range 13.85-15.03 13.20-14.20 T00-7.65 GAH-7.12 3.50-4.13 4.05-4.53 10.25-11.20
Western Number 7 n h 7 7 7 ¥
Naovth Careling {13) Mean 2 sk 140612 12 1370 TA8E 06 G702 06 3207 441108 0372 .00
Rangz.- 125-1500  1335-1400  715-7.35  6.55-7.02  362-382  4£10-472  10.50-11.10
Sontheasd Number 10 0 1t 10 i0 10 10
West Virginin (14) Meun 2 =14, 4352 08 13.62% 149 742 683 0 RIvE a1} 439103 1053 07
Western Virginm Range 14.70-11.53 12,095~ 14.05 T.07-7.52 6.62-6.97 3.55-3.41 4.26-4.50 10.05-10.80
Fastern Number 26 36 36 36 A6 35
West Virginia L1 Mean 2300 14525 13 13782 05 TA0L 02 G.R6L 02 438t 03 10722 M
Range 13.490-15.05 13.00-14.30 7.15-7 067 6.509-7.21 4.03-4.80 10.25-11.15
Southwestern Numbher 4 4 B 3 5 3 5
Penn=ylvania (16} Mean 814 .25 % 25 1335 15 732106 6.7 08 378 .03 13107 1010 06
Range 14.15-14.35 13.30-13.70 TA-TAT 6.66-610 3.72-3.80 4.12-4.45 10.20-10.55
Ceniral Nunhwer 15 13 12 14 14 14 14
[Penn=vivania (17) AMemn 251 a1 13822 10 AL 04 6.59% .04 373 .03 137 .04 10611 09
Range 136015220 13.20-11.35 TA8-7 61 6.60-7.15 3.53-3406 4.20-4.66 10.20-11.30
New York Numbier 35 38 36 37 39 38 37
Vermont {18) Mean X815 48+ 03 13.76 % 04 Ta01 02 G.87 % 02 368 .02 429% 02 10672 02

Ranpge H10-12 00 13.30-1435 IR YRy ] HH2-7.19 LE3-3.96 407-163 14.30-11.30
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wroughoul fur: Edmonson County, Kentueky (KU (UL, three spechnens;
arter County, Kentueky (U, three gpecimens; Pendleton County, Wesi
irginkn (AMNH); Camden County, Missourd tUM); 3) fur white, but
ings and membranes normally pigmented: Newton County, Arkunsas
JAZY; Tron County, Missourl {UMN); Carter Gounty, Kentucky (JSH).
letager (1906} reported collecting sn ML sedelis in Carter County, Ken-
wky, which was wlite except for the wing membranes and cars,

The means, ranges, and standard errors are given for four external
cazurements and seven skoll measurements iy tables 1 oand 2 for 18
ouped] localities, which vover the entire range of the species. There is
le variation in these measurements over the runge of M. sodulis. At
¢ extremes of the range are populations in Vermont and those in the
zark arex of Missowrt and Arkansas, No signifieant variation is scen be-
ceen these two populations,  Those Trom the southern Ozarks (1) have a
can fength of hody 2.7 mm larger than the Vermont series, hut the stand-
d errors are 1.3 und 2.1, indicating that these differenees are not signifi-
at. The means Jor the other three external measureinents are all less
an 1w different in the two extreme populations,  Likewise, there are
v significant differences in means of external mieasurements hetween any
the other 16 localities,

Measuremients of the skull are muceh more reliable than external meas-
cments, beeause they can he made more acceurately, and wsually one per-
nodoes the weasuring, The Tuek of vaviction iz even more striking with
e nore refined measurements of the skull. Again, in comparing popu-
Lions at the extramnes of the range, the means for six of the skull measure-
ents are very simlay for the Vennont population (18) und the seuthern
sirk population (1) (table 2). One weasurement, nasul breadth, ix xig-
ficantly smaller at the 1 percent level for Vermont specimens (4.29 = .02)
an fur Ozark popudations (441 &= 03).

The life history studies indicate that movements of individual groups of
csodeadts iy be restrietid to eertain arcas within the tetad range. Muany
rords of movement were oltained between eentral Kentueky, Indiaoa,
stern Wentueky, and southern Ohio. No records were obtained for move-
:nt bebween Kentueky and Missouri. It is postulated that river routes
e used in navigation and that this tends to break the species up into popu-
Apns which vemudn isolated, beeause their routes of movement do not
erlap. For this reazon variation should be consistent with these isolated
pulations. Al loealitivs involved in the movement records for Kentueky
d Indinna (7-10 of tables 1 and 2y were combined o obiain means for
: measuraments and were compared with the means obtained for all the
ark populations (14 of tubles Tand 20, The differenees between means
" these grouped Joeadities are less than for the individual Toeadities men-
aed ahove. This is probably due to the inercase in soaple sige. 11 the
ablishment of populational ranges hag aeted ax an bsolating meehanian,
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nabia, 3 (OAM); Adatr County: (1) Aduir Cave, 5 mis 8 Little Kausas, 2 (0OAM);
cnsYLvaNia: Westmorelowd Cowndy: (16) Hilside, 2 «CMY: Mittin County: (17)
kin Cuve, 1 mi, NE Siglerville, 2 (AMNH)Y, 1 skell (ANMNH), 7 (CU)L 1 (MVE);
) Maitlind Cave, Lewistown, 2 (KUY Fraoklin Couanty: (17) Kittatinuy Tunnel,
hurv, 1 (UF), 1(RPM); (17) Blue M, Tunnel, 1T (RPAM); (17 Tuosewrora Tunnel,
BPM); Feycltie Connty: (16) Dulany Cuve. 7% mi. SE Uniontown, 3 (CM};
dre County: (17) Penn's Cove, Conter Hall, 10 ¢CGY, 3 (RPM); (7)) Woodward
ce, Woodward, 6 (USNND, 1 (RPALY; Haatingdon Cowndy: (17} Historie Indian
o, 1 (RPAY; Bedford Couwnty: 017) Hipple Cave, 5 (RPALY; Texxessee: Morion
add s (12) Nickajaek Cave, 3 mi. 3 Jasper, T OUF)Y, 2 OVGIEY, 25 (MVZ), 3 (KU),
RIM)Y; Versoxt: Rutlid County: (18) Brandou. 3 (MVZ), 2 (USNM); t18)
hwacker But Cave, Novih Chittenden (Chittenden) (Proctor), 4 (AMNH), 9 (MCZ),
(CRNAD. 16 (MY Viwarxia: Giles Coundy: (14Y Tony's Cave, 2 mi. N Newport,
CALY; West Vinoixis: Mowroe Cownty: t14) Greenville Saltpeire Cave, Greenville,
(G1y; Pewdlcton County: (15) Trout Coave. 16 (WGE); (15) Smoke Hole, 20
VMINH); Wiscoxsin: Grond Conndy: (6) Atkinson’s Diggings, 2% mi. W Bectown,
U,

Sumimer: Tolal number 36 from the following loculitics:

AraBama: Collnge Coventy: Weaver's Cave, Annistou, 1 ule, (MCZ); AnRKansas:
o Cowndy! But Cave, 5 mi. XW War Fugle, 1 (KUY Madisen Cowndy: Denniey
coodonic B Alabam, 2 (KUY Clay Cowndy: Greenway, 2 (CNHM ) Innavors: Cook
oy FALNH. Bl Chicago, 1 (CNHAD; Invpaxs: Crowford Cowndy: Wynn-
te Cave, 3 ale, (USNJM); Greene County: Ray's Cave, 2 (REM); Perke County:
rkey Run State Pavk, T (WGF), 1 (READ. 1T INW), 2 (¢CNHM) " Stevben Conndy:
ng, E Orland, 2 (READY; Werew County: 7 mic E and 1% mi. N Pine Villoge,
READ; La Groege Cognty: 2 mis Woand 24 mi. N Mongo, 1 (tREMY; Monigomery
nd gy Shades State Parte 1 moummy (NW)Y; Ripley Coanty: Fricudship, 2 (NW);
setuska Guwnty: Shoelk Lake, Noo Webster, 1 GIMAD : Keor Cewdy: Wheatonl,
Joeo (URNND  Bicknell, 1 ale, (UsSNM); Kextoery: Fdwonson County: Coacl
ve, Purk City, 1 (UD; Long's Cave, Alnnmotl, Cave Nuational Park, 6 (UT); Dixon
ce. Mammoth Cave Notvonad Park, 7 (UD, 2 (UR); Adaor Cowndy: Jones Cave,
lwmbsia, 1 (NWY; Carter County: Bat Cave, Carter Caves State Park, 1 (Ul
crlaax s Washenow Couniy: & mi. WXW Chelsen, 1 (TUANMZ): Ann Avhor, 1
MALZY; Wayne County: Grosse Isle, 1 (USNAD AMssovin: Booae Coundy: Co-
whin, ¥ (UL Shapnon Coanty: Thd Chave, 2 (UD ;s Frowklin Cagnty: AMushroon
ce, Meramee State Park, 2 (UADY: Bevey Cowndy: Casaville, 2 (UXNMZ): Norrn
wrLixa: Mitehell County: Roan MU, Liutlerock Creek, 1 ale, 1USNAD D Tex Ns=en:
doene Coanty: 1 IAMNH),

Additional Reeords: Winter: Apsaxsas: Boxter Coundy: Twigly Cave, 1 mi. I
dwiy (Sealinder and Young, 19553 Bewtow County: Logim Cave, 8 mi, T S8ilowmn
dngs Chad): Cave Springs Cave, e Cave Sporings ((hid Y Ouie: Thghland County:
sle amd Moubhrop, 1942Y; Pexssyevaxiy: Westmorelowd  Covndy: Bewr Cave
ohr, 1932LY; Bedford Cuanty: Noew Puris Caves (hid ) s Fulton County: Sideling
1 Tunnel Cihid); Texxussee: Bedford Cownty: Ward Cave (Wellogg, 1939); Vi
s Montgrmnery County: Nellio’s Hole (Handley and Patton, 187); Shcwandunh
wnty: Madden’s Cave Gbid); Bath County: Withero's Cave (ibid.).

Sumomer: Ixmaxa: Tippeeanoe Cownty: Lafayvente (Kirkpatrick and  Conaway,
8) (Mumford and Cone, 1958 Warion Cownty: Tndinnapoelis (presend studyy; Cloy
wnty: Brazil OMuwford and Cope, 1058); Washington Cowndy: ULELY; Woyne
wrdy s Conterville Ubid) s Wontgamery Cownl g Uhid )y Reselolph Cowidy: Win-
ster (present study) s Kextvery: Bellitt Cownty: Shepherdsville (present siudy);

at

i

)
v

579



22 A LIFE HISTORY AND TAXOXNOMIC STUDY OF THE INDIANA BAT G,‘."}‘-"'TB
Uio

of M. sodalts and A luedfugus is shown in figure 6. These two species
1iffer enough in regard 1o these three measuranents 1o show clearly that
the skulls from the bone deposit are those of M. sodalis.

Flooding of the cave ohviously destroyed this sodalts colony. The vertd-
zul distance of the pussage ubove the base level of the river was measured
A1th a level sight and rod. A cross-scetional diagram of the cave indigating
die relationship of the cave with recent flood levels of the river g shown
n figure 7. In order to floed the passage the river muest rise 1o 49 feet. In
1937 the Green River flooded to about 88 fect in this areu (Records of
Vammoth Cave Nationa] Purk).  The viver represents the water table in
Ans limestone area.  Any rising of the river causes the wuter table all
Jirough the surrounding lestone to rise.

The volume of a sample of the hone deposit was measured and the nyin-
ser of individuals in that volume determined by picking out the humeri
‘whole or distal ends). Frow only 18 cubic inches of deposit, 380 humeri

38
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— 2 STANDARD ERRORS
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Frovae 6. Compurisans of three skull mewsuvensents of hone deposit in Bt Cave,
monson County, Kentueky, with recent Myotis sodalis and M gotis laeifugus.,
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58Ft. RECENT FLOOD LEVEL

O Ft. BASE LEVEL

avie 7. Cross-sectional dipgram of Bat Cave. Edmonson County. Kenueky,
g bat bone deposdt in valation (o veeemt flood level of Green River,

cepvered, represeming ahout 200 individuadz. A minhoad estimate of
Ll deposit 35 15 cubie feet, being composed of an estimated 300000
dual s, This sodadis colony was considerably Tavger than the lavg-
esent eolony i the aren (1000000, Tt may indicate o past, grentor
anee of the speeies,
[FastTERS KENTUCKY PuprrLations

ore are ~evera) areas inog limited portion of aestern Kentueky where
caves are abundant, One sueh area s in Jessumine and Garrard
a0 Although this area was not siveved during this study, two speci-
woere exanived from a eave in Jessanine County. Another “eave
7 oeeurs mosoutheastern Kentueky along the Cumberland River in
Uand Wavne counties, Study of this arvea, in sunnoer only, pro-
o M. sodalls, but a serles of winter speelwens were examined Trom
sland Cave, Pulask: County (UNMMZ).

wmber of medinn-sized eaves oceur monortheastern Kentueky in
County. Ome, Bt Cave, b o lurge wintering population of about
VML sodaliss This s one of the Tour large winter colomies known,
wrlation has been Turge for nuny vears and is well kpown,  Weller
Uherger (19384 reported that 100,000 sodalis hibernated there in 1937,
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SocTH-CENTRAL INDIANA POPULATIONS

A tongue of cavernows limestone extends from the Ohio River in south-
ern Indiana, north about 80 miles to Owen, Monroe, und Brown counties.
The largest caves are in the south, with Wyundoule the lurgest.  Myotis
. sodalis occurs in Wyandotte and to the north near the northera limits of

the limestone i ecentral Indigna, The winter populution in Wyandotte
Cave is similar in size to Leng's, Colossul, and Dixon caves in central
Kentucky, with 2,000 to 3.000 individuals.

About sixty miles north of Wyandotte there are seversl caves with
hibernating colonies of M. sodalie, These ure wll close to the White River,
a tributary of the Wulmsh.  There appear to be no populations of sodalis
in the area between Wyandotte Cave and this northern aren. Ruay's Cave,
Greene County, s mueh smaller than any of the previously wmentioned
eaves. The colony of sodalis appurently fluctuates greatly in this cuve. In
the winter of 1958-1959 onlv about 100 were in the cave, hut the next win-
ter about 300 were seen. These smudl populations of sedalls fluctuate con-
siderably from vewr to year, Coon's Cave, Monroe County, only a few
miles from Bay's Cave, has a very small colony.  Nine were seen here in
1957-1958 and none in 1958-19549. Grotto Cave, one-half mile from Coon’s
Cave, was visited only once and it coniained about 200 sodalis. This is
alse o rather small cave, when compured to the eaves of southern Indiana
and Kentucky.

(zarKk POPULATIONS

The Ozark reglon of southern Missouri, northern Arkansag, and north-
western Okluhotna containg hundreds of eaves,  Several wintering colonies
of sodalis are found along the Casconade River in Phelps and Pulaski coun-
tieg, Missourd, Tunnel Cave. Puluski County, contuined a medimn-sized
colony in 1954, when Wayne H. Davis banded 1,300 sodalis here. When 1
visited the eave in 1958 only 200 sodedis could be found. 1t seems that this
population has deercased markedly in only four vears, The reason for this
is uppavently human distwrbance by the inereasing number of so-called
cave explorers,  Ag a result, the bats have leit except for u small remnant.
Declines of hat populations due to huwman disturbanee have been noted in
the northeastern United States by Mohr 11933). Smull colonies of sodalis
are found in Cnyx and Piquet caves, Pulaski County (tuble 3).

Bat Cave, Shinnon County, Mizsourd, wlong the Current River in south-
ern Missourt, was visited once in April 1959, The population was then
ahout 100,000, Nothing is known of the pust population here since it was
only dizcovered in 1958 by Riehard Myers, He has told me that when he
vizited the eave in 1958 the populution was sbout 50,000,

Fifty piles northeast of Bat Cuve, Shaunon County, there is a lavge
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ny in an abandoned wine tunnel, Pilot Knob Mive, Tron County. 1
+ not visited the mine, but Myers gave e information concerning this
» and showed me plotographs of the huge clusters of sodulis. This
¢, beenuse of 1ts danger, has Hude human disturbanee. The mine s one
he four places where Targe colonies of sedalis are found, It has heen
lable 10 bats for about 50 yearz,

sealunder and Young 131953) found sodaelis hibermnatimg in 11 caves in
hern Arkansas. The populations were wll smadl, the faurgest cluster ob-
ad contadned only 34 hats. Thus 1t appears that Loge populations of
{5 do not exist In northern Arvkonsas,

he Ozwrk vave region extends into castern Oklaboma. In a study of
aves in the wrea, Glass und Wurd 11959) found two sodalis in Adair
5o Aduiv County, and dwee individuals in Bower's Tradl Cave, Push-
tha County, in the Ouachita biotic distriet.

NORTHERN ILLINOIS-ROUTHERN WISCONSIN POPULATIONS

Tyotis sudalis has evidently dispersed northward by way of the Mis-
i and Ilinois rivers, The species has heen found in two mine tunnels
to the Mississippi River. One 3z i the northwest comer of Tlinois
d Mine, Galens, Jo Daviess County).  Smith and Purmalee (1954)
1 three individuals in the mine in 1953, Davis and Lidicker (1955)
1 a single individual in zouthern Wiseonsin in o mine tunnel beside the
isstppi River {Atkinson's Diggings, Grant County).
siueedl colony hibernates in o large, ubandoned eenient mine in La Salle
ty, Hlinoks, cloze to the Winois Biver (Bluckhall Mine, La Saile
tv). The mine includes ahbout 40 acres underground, but the small
v of sodalis was always found in the same precise spot. This made it
ble io learn something of fluctuations in numbers.  The mine was
d iy times each winter aml exact counts were inade of the sodalis,
maximum munber eneh winter has deereased gradually from 1953 w
In 1953 Davis bunded 600 swdalis in this mine. In 19356 the nuxi-
pumber was 337 und in 1960 only 120 sodalis were found.  This mine
wen visited by many persons, including vindals and professional col-
% (Sanborn, 1931}, This disturbance has resulted in a deeline of the
ation in this mine.  The colony has apparently been established from
ten out of either the Ozavk population or the Kentueky-Indiana
ation.  The dispersul route has evidently heen the Missizsippi and
L rivers,

SOUTHERN 1LLINOI® POPTLATIONS
small vumher of sodolis bibernate in caves in extreme southern
1= In 1953 W. M. Davis found 83 in Cuve Spring Cave, Huardin
o In 1957 1 found none in two visits and only two individuals in
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1958. The colony in this cave Buctuates considerably from year to yeur.
One specimen was exumined {rom Guihrie Cave, Cobden County.

Like the northern Hlinois population, this group wust have been derived
from cither the Ozark urea to the west or the Kentucky-Indiana ares to
the east. Many caves were searched in western Kentueky, but no sodalis
were found.

OTHER AREAS

Winter colonies of Al sedalis aceur along the Tennessee River in nortli-
ern Alabama and southeastern Tennessee,  Mohr (1932u0) reported 1,500 in
Nickajack Cave, Marion County, Tennessee, and five in Saltpetre Cave,
Lauderdale County, Alabuma, Wavne H. Davis bunded 289 in Hughes
Cave, Morgan County, Alabinna, in 1955, There are muany caves in this
area, and 1t scems that medium-sized and smull winter populations oceur
here, Frow thisz arca o few have apparently dispersed over the Appalach-
jan Divide into northern Florida, Jennings und Layne 119571 found one
individual In a cave in Juckson County.

From Alubuma the runge of 1. sodalis extends northward with its cast-
ern edge clasely approximating the Hestone reglon and the Appalachian
Divide.  The species Las dizpersed over the Divide o a few places where
1t 1e present just west of the THvide.  The puattern of digpersal iz easily
seen.  The gpecies iz found in western North Carolina ulong the ILittle
Tenneszee River, a short uibutary of the Tennessee River, The one lo-
cality Tor the species vast of the Divide In North Caroling is Just 50 miles
from the head wuters of the Little Tennessee River. This same type of re-
lationship exi=ts for a few localities cast of the Divide in Virginia, Wesi,
Virginia, and Pennsvlvanin.,  The speeies has dispersed to a considerable
distunee from the Mississippi River drainage in the northeast as far us
Vermont.

Little i# known of population size in the cast and north, Wayne H,
Duviz banded sodalis 1 11 eaves in West Vireinin,  The grestest number
wnded i one cave waz 514, Mohr (1932h, 1942) reported populations in
12 cuves and tunnels in Pennsvlvania, The largest colony was 2,000 in
Penn’s Cuve, Centre County, and-the rest were 500 or less,

Grifin (1940} reported maximum numibers of sodalis scen in severul
aves in the northeust. However, it is possible that some of these were
mizidentified M. lueifugus (Griffing in Itd. T have examined specimens
of sodalis colleeted by Griflin from only two oealitics,  One is Huile's Cave,
Albany County, New York. He reported secing only vight in this cave.
The other is a cave in Crittenden, or North Crittenden, Rutland County,
Vermont,  Griffin reported that he handed 2471 in this eave, Apparently
no large populations arce present in the custern and northeastern piots of the
range.  The eave aren of Missourt and Kentueky is the center of abun-
diance of the specics.
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SEX Ramos
A number of workers have reported o disproportionate sex ratio wmong
: that are found bibernating in caves of castern United States and Cun-
(Giriffin, 1840 Molr, 1945, Hitcheock, 1949 and Davis, 1959). These
wis indicate that rale hats comprise from 60 pereent to 80 pereent of
rnating populations of Myotis keenil, Myotis lucifugus, Myotis subu-
s, Eptesicus fuscus, and Pipistrellus subflarus. These works have shown
aderable variation in the sex ratios from one eave tw another and from
area to another. It has been noted that sex ratios becone more nearly
i in the southern parts of the United States (Daviz, 1959). There has
vinuels diseussion about the probable reusons for the preseuce of wore
s in eaves in winter, Davis (1959) presents evidence from banding re-
Ties 1o indieate that femule Pipistrellns subfloves may have u higher
tadity rute than males, His evidenee g hased on the fuct thut banded
& are recovered in greater nwobers than handed females {from year to
“Inany one cave. Cther explunations are that females may winter clse-
e or may tend 1o wove from one hibernating cave to another more than

3

ex ratios of Wyotis sedalis in winter hibermuating colonies were caleu-
Vlor 15 eaves in six states (able 4). 0 Inowmost mstanees the sex ratio
W, sodalis was about even. The only ones that even approached the
roportionate ratio reported for other huts are thoese jor the colonies 1
kbal]l Mine, La Sadte County, Ilinois. wand three caves in West Vir-
. In Bluekball Mine males comprized 60, 63, 61, 61. and 58 pereent
w population during different vears.  In three eaves m West Virginia
= comprised 63, 720 ad 76 pereent of the populations in one yvear. (n
occazions fenude M. sodalts were found i greater abundance. In
h Cave, Kentueky, during the winter of 1958-1959. males were eal-
ol to comprise 39 pereent of the population and in the winter of 1960-
A3 pereent. Azain, in Long's Cave, Kentueky. nwles conyprized 32
nt ol the population. HMowever, ssonples weken at other times in these
< rontained about equad pumbers of both =exes.

T few caves which had o greater proportion of mude M. sodalis were
Csmad] populations—3¢ to 600 individuals, However, othey sall pop-
ong wore Tound to Luve un even sex ratio, The pereentage of about 6l
oites wt Blaekbadl Mine, Ulinels. seetus to e o readlte, sinee it was
wred during five conseentive years, The fowr enves with o higher per-
ge of mules =tll did not approach the high values for other species.
sxplanation might be that female M. sodalis do not hiave a higher mor-

»rute than mades, exeept in some arcas of its range.  These four caves -

t the edges of the range in northern Tlinois and eastern West Virginia,
may e a factor in determining these sex ratios. An anelyvsis of band
erier and bearing on =wrvival i M. sedefiy will be pubiished at a dater

[
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TanrLe 4. SEX Ramios oF M yedis sodulis proy Winter CoLoNigs 1IN KENTUCRYS
INDIANA, JLLINOS, Nssoun, WesT VIRGINIL AND ALabBaMa

Total ]
buts Your Population
eounied

. Perermt
ave
Ca Mule

Kentucky

Coach, Edmonson Co. 55 1.110 BG-5T 100 000
Couch, ldmonson Co. 44 G '57-'58 100.000
Concl, Fdmonzon Co. 50 168 '57-"58 100,000
Coach. Fdmonson Cea, a4 770 58-89 100,000
Couch, Edmonson Co. 43 1,158 ‘60-"61 100.000
Bt, Cimter Co. hl 129 "Hli-'5T 106,000
Colossul, Edmonson Co, hl 181 : 1,000
Colossul, Edmonson Co. 4] 450 ’ 2,250
Long's, Edmonson Co. 16 G72 BE- 2,000
Long's, Edmonson Ca. 32 175 '58-"50 1.500
Indiana
Ruy's, Greime Co. 16 85 '38-"59 100
Ray's, Greene Co, 0 500 5960 500
Minois
Blackball, Ta Satle Co. GO 372 B3-"04 572
Blaekbull, L Sulle Co. 65 13 *56-"57 113
Blackball, La Salle Co. 61 a0 3708 a0
Bhekbuall, Ta Salle Co. 3] 109 58-"50 120
Bluckball. La Salle Co. 39 118 '59-"60 118
Cuave Spring, Hardin Co. 40 52 '53-"54 82
Missonri
Tunnel. Paluski Co. 58 a7t '53-'04 1.200
Tunnel, Puliski Co. 02 1.386 54-"55 1.380
Muxey, Pulaski Co. 47 1973 '54-"55 2.000
West Virginin
.
Trout, Pendleum Co. M 460 ‘B1-'32 600
Trout, Pensdleron Co, 18 665 '52-'53 663
Minor Rexroad, )
Pendleton Co. al 314 '52-°53 600
Martha's, Porohontas Co. 76 151 *52-"53 151
Blowing. Tucker Co. 63 119 52-°33 119
MeForrin, Grecubwier Co, 2 39 '52-'53 30
p——
Alubuma
Hughes, Morzan Co. 44 302 ‘5453 302

Ineidental work withy Myotis grisescens veveals thut the sex ratio is ulso
equal in this species in hibernating coves. During the winter of 1959-1960,
in James Cave, Edmonson County, Kentueky, 1444 were handed from a
hibernating colony of over 100000, The proportion of the sexes was ex-
actly 30 pereent cach. In the winter of 1960-1961, the sex ratio of griscseens
in this colony again was exuetly even in a sample of 1,502

CoMPanisoN oF SPECIES

The zeverul species of bats found in the eaves studicd ghow differences i
regard to the number of caves utilized and population sizes. These daia
indicaie various degrees of aggregation of different species.  Pipistrellus
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atus was found n 40 179 poreent) of the 51 caves studied in winter,
Ly Tuetfugus in 27 153 pereent) of tie caves, Myotis sodatis in 19 (37
), and Myotis grisescens in three {6 percent) of the caves. These 51
5 cun be considered ay o randomn group of caves, since as muny different
were explored az thne allowed.  Other zpecics were encounterad, but
above four wre the connnon bats in cuves during the winter in this

A correlation exists hetween the nuber of caves used by o species

t, maxing pusbers in eaves, clustering habits, sl size of geographic
e, The pipistrelle i the most randomly distributed, hut its numbers in
¢ are far less thun the other =pecies (table 5). It doex not form cius-

Tame 5. Conrpantsoxs or Forn Srremgs oF Bats as To Caves Forsp ax,
Porcianion Nusuess, Tyey or Cluster, avp Geockavoie Raxog

Numher of vaves

Qg i whieh species Maximum Type of Grographic
Species h
i found tuher chuster rung
(51 stwlirdd)
el ’.\-ub,ﬂrr rus 40 300 None Large
5 /url}’u‘(]u.\' 27 $.000 semi-dense Lorze
s sodolis 19 100.000 Dense Sinall

5 rISesCcens

3 100,000 Dense Simall

toany thwme. s range 3= large, oceupying all of castern Unhted Sutes
Januda and continuing into Central Anerica, M yotis lucifugus has a
anlont distribution, using fewer caves than the pipstrelle. A cuve
:ontuin several thowsund imdividuads. This but fors semi-dense clus-
wt not pucked, tight clusters. Tts range i also Lurge, oceupying most
ed ureas of North America.  MWyetis sodalls and M yotis griseseens
a deeidedly cluuped type of distribution, being found in fower caves
he other two species, However, they may secumulate o large nom-
ap to about a 100.000 maxinnon, Both species form tight aed com-
Tusters. Their ranges are relatively small, heing restricted to custern
Hd-west United States,

ez data show variouy degrees of aggregation in the distribution of
nt wintering speeies. The basie behavior responsible for the type of
witton s the speeifie type of clustering habit for cach species. The
hat have the hubit of forming large, dense elusters have a restricied
umped type of dizstribution, The hats that form semi-dense clusters
v ore dispersed or random distribution, and those that have an anti-
ing habit are most widely and randomly distributed, The details of
HJustering habits are diseussed in the seetion dealing with hibernation

Discvssion oF WINTER POPULATIONS
o distribution of winter populations of Wyatis sodalis eoineides closely
2 areas of the wid-west region in the area drained by the Mississippi
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River und its tributaries. Only a small part of the range is just cast of
the Appalachian Divide. The mujor populations ure eentered in areas of
cuve “nuclet,” where there are many caves in a =imall area, Smadl populu-
tiens may oceur inoany area where yather small eaves oceur. The vast
majority of hibernating caves are close to major rivers.  Dispersal probably
hus heen accomplished by following riverways.

Hibernating populations oceur in three sizes,  The highest level s a
population of about 100,000 Foeur such colonics are known: two in Ken-
tucky and two in Miszourl, The next level is a population of 1,600 to 3,000,
The lowest level is less distinet, consisting of populations of 500 te only 4
few individuals, ) '

The four large cave populations contuin 979% of the total estimated
number of sodalis in the 19 caves that were found to contuin this species,
it appears that the spectes will aceumulaie to a level of about 100,000 in-
dividuals in one cave which serves us a “headquarters.”  Other caves in
the immediate vieinity may then be uzed if the population is too large for
the one cave.

The hubit of aggregation huz been carried to an extreme degree in this
mpecies. Whether we can evaluate the aduptive signifieance of aggregation
ar not, sueh value surely exists for this species. Tt may be that the selection
for this hubit of aggregation has carried the species to a high level of spe-
sinlization, where only a slight ¢hunge in sclective pressures could eause this
habit to be a great danger to the species. The species now aggregates so
intensively in winter that a few caves contain a high pereentage of the
totu]l Individuals of the speeies. One suel population was destroved hy a
swdden flooding in Bat Cave, in Mummoth Cave National Park. This de-
posit of hones so obviously represents a eatastrophic death that its import,
for the speeics cannot be minimized.  The habit of intense aggregation
makes loeal catustrophe of great importance o the species. Local catas-
trophics mean little for a randomly distributed species, but heeome very
important when a durge portion of w species is aggregated in oonly a fow
sl places. Thus, any selective pressure sgainst aggregation coulil eause,
very rapidly, a near or complete extinetion of the speeies.

THE HIBERNATING PERIOD

Bats in temperate regions must either hibernate or migrate 1o warmer
arcus during the winter. Myotis sodalis 15 a species which hibernates by
neewnulating in caves. This pertod of lnbernation lasts from fa)l until
spring, when the bats Jeave the eaves for a summer habitat. Fhe wetual
length of hihernation is difficult to determine when speaking of individuals,
but the period of hibernstion for the population ws & whole can be deter-
mmed rather acearately,  The perisd of hibernation of M. sedalis was

2
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o most ertdenlly wt Blackball Mine, La Sulle County, [llinois, and
a, Long's, Couch, und Colozsal cuves, Edmonson County, IKentucky,

he =mull sodalis coluny in Bluckbull Mine, 11hinois, consisting of 100
0 individealy, was alwavs found in one particular area and in exact
in this arca. In figure 8 the numbers of sedalis ohzerved on various
throughout two winters are plotted.  The carliest date {for entrance
hibernation was 14 September 19570 This was one individual only.
nujor build-up of the colony oecurs during October and the first part
werber, Seme variation of two to thiree weelis was observed in regard
»time of entrance of the muin colony over a four-year period.  This

P——

18956—1957
————1957 —i558

MONTHS

one 80 Numbers of Myolis sodelis seen at Blackball Mine, Lo Salle County,
Cduring two winters,

“entered later in 1957 than n 1958 and 1939, The colony scems to
seen in hibernation earlier in 1956 than in the three subsequent years.
peak in numbers of sodalis was encounterad in mid-Novemher during
‘o yeurs when ohservations were made in Novewber tfigure 89, The
f the colony then deelined 1o ubout one-third maxinun in mid-De-
. This was not merely a1 moving to another area of the mine, since
itire mine was searehed on severad occasions. As previously men-
» the sodalts were always found in a preeise area. The liabit of going
et =pots was noted inoall caves where repeated observations were

This fluetuation apparently represents a movement oul of the mine
* November. There seems to be an inerease in nunmibers again in mid-
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sinter, Tollowed by a sharp deeline 1o late Februury, A sharp inerease was

seen onee in carly April (1958), Hibernation ends about the first week of

Muy in this mine. Twelve sodalis were still hibernating on 2 Muay 1958

ind none on 11 May 1957,

The fluctuations of numbers of sodalls indicate movements throughout
:hie winter, which must involve an actual leaving und entering of the mine,
Mther points to whicl the species may be moving are not known.  Similar
novement of Eptesicus fuscus in und out ol a cuve during the winter in
ndiang wias reported by Mumford 119581, Krzanowski (1959) reports
hat buts come and go all winter In a cave at Pulawy, Poland, resulting in
sonsiderable varintion of nwbers and individuuls throughout the winter,

Central Kentueky 15 a populational eenter for sodalis in winter. As pre-
Aously mentioned, the spectes was seen in seven eaves with populations of
00.000 1n Coach Cave, 2,000 to 3,000 in Long's, Dixon, il Colossal caves,
md 10 to 500 in James, Bat. snd Wilson caves. The sodalis hibernate in a
lefinite area in each cave. This area is close to the entrance in a zone
vhere the temperature drops to 4° to 5° C in mid-winter. Farther within
he eave there s an area of constant temperature, being about 12° to 14° C
Ub year. In this arca are Jocated guano piles. ~ At these piles sodalis are’
‘ound in small clusters in winter in an active and non-hibernating condi-
don. Tliesc aré thé same guano piles where sodalis may be found in
mmmer, although they are not found in the hibernating areas in the sum-
ner. The guano piles are in an area of activity, whether it is winter of
aimmer activiey.  The relationzhip of hibernating arens to active arcas is
hown for three caves in figures 9 1o 12, The winter hibernation can he
add to begin when bats are found torpid in the hibernating areas. On
- Septetrher 1959, no sedalis were hibernating in Dixen, Long's, and Colos-
al caves. In Coach Cave, about 50 were in the hibernating area marked
v\oin figure 90 There wore clusters of active sodalis. numbering several
wndred at the guano piles in Dixon, Long's, and Coach caves. The sex
atios at the piles were 45 pereent fomales @55 pereent male tDixon Cave)
imd 67 pereent female 0 33 pereent mule (Couech Cave), These bats were
arrying on normal feeding activities at night, as during the sunnuer
uonths, However, the sex rutio at these piles In mid-sumner is 95 to 100
wreent wales. Thus by Beptomber 1, the fonnles were returning to the
ibernation eaves, but were not vet in hibernution, The faet that there
vere a few in hibernation in Couch Cave on this date indicates that the
wriod of hibernation may have been just beginning.

One month later, on October 3, hibernation had truly begun, but only
tsmall fraction of the batx had entered hibernation,  Ahout 1,000 were in
he hibernation area of Dixon Caver These were clustered near the baek
wart of the hibernating area, The normad wid-winter population s about
LU0, In Coach Cuve ubout 2,500 were iu hibermation in the areas murked
A, G, and D, and in areas close to the guano pile Fo(figure 93, Most, about
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ENTRANCE

wd e

F 25000 HIBERNATING CLUSTER AND SIZ2E
o 100 GUANO PILE AND SIZE OF ACTIVE CLUSTER

Tavur 9, Position of Libernwting wnd aetive clusters of Myotis sodolis in Conrb
. Ldmonson County. Kentucky, on 1 January 195,



34 A LIFE HHSTORY AND TAXONOMIC STUDY OF THE INDIANA BAT

ENTRANCE

¥ 10,000 HIBERNATING CLUSTER AND SIZE
o 200 GUANO PILE AND SIZE OF ACTIVE CLUSTER

Fravne 10, Position of hibernnting and active clusiors of Myotis sodalis i Cooch
ave, Feimonson County. Kentueky, on 27 Mareh 1950,
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), were v uren A in the exaet spot where the targe elusters form in carly
er. The maximum winter population in this eave 15 about 100,000
sex rutio of the hibernating clusters was 26 pereent fomale @ 74 pereent
Many more bats were at the guano piles than in September.  In

m Cive a total of about 1,500 male and female sodalis were elustered
ned the guuno-pile area. These were Teeding at night and careving on
ng activities,  Anothur group of nen-hibemating bals was present at
ot narked A in figure 14, About 3,000 sodalis wore elustered here,
eluster wis till present on October ¥, ut was never seen at any other
of the vear. These individuads are nterpreted as heing tranzient buts

s*" 3,000 HIBERNATING CLUSTERS AND NUMEBER

O 1,500 GUANO PILE AND S1ZE OF ACTIVE CLUSTER

~. 2,000 TRANSIENT CLUSTER

aree 110 Hibernating, detive, and vunstent elns<ters of Wl sodadi= in Dixen
Fdisonson Comy, Kenteky, on @ Gerober 1930,

were inthe proeess of moving to other caves. Such a group wus
obzerved many other enve,

r October 9. the hibernating elusters in Dixon Cive were at a nuxi-
level of 3000 in the usual arcus indieated in figure 11 In Couch
about 10,000 woere hibernating in areas A, C, and Do This was un
we of about 7500 in six davs. These arcas contain about 50,000 in
cnter, or one-hall of the cave puhu]ution, the other one-half being
cer levels marked B At this rate all the sodalis should lave been in
v Cave it about five wore weeks, Thiz would plaee the end of the
1we period abowt mid-Naovenher.
trge numbers of hats were still av the guano piles on October 9, feed-

631339
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ing und cavryving on mating aetivities. The transient aren In DRixon Cuave
still contained about 2,000 but:. Iu Long's Cave on October 9 only u few
sodalts were in ibernation and only o few were at the guano pile. These
data show variation from cave o eave in regurd 1o the rewarn to biberna-
tion, Buats return sooner to Dixon Cave and extra bats are present in the
transient area.  Bats retwrn a licde later to Couch Cave and still later
to Long’s Cuve,
Dixon Cuave may be an orientution point for sodalis returning to the
arca,  This eave 3= on the bunks of the Green River, whereas the other
enves are severs] miles back from the river. The faet that bats handed in
Dixon Cave during this returning period moved to Coach Cave later in

%‘” \ f

zaoo%
(

Entronce o 30 GUANO PILE AND S1Z£ OF ACTIVE CLUSTER

f2 2800 HIBERNATING CLUSTERS AND NUMBERS

Ficure 12, Hibernating and active clusters of Myotis sodalis in Long’s Cave, Ed-
man=on County, Kentueky, on 2 March 1958,

winter supports this contention. A male sodalis banded in Dixon Cave on
September 1 was recovered two davs huder in Coacli Cave, A mule sodalis
banded in Dixon Cave on October 9 was recovered in Couch Cuve on
December 180 Movement from Couch Cave to other caves was not noted
for hats banded in the returmning period. The importanee of the river in
navigation ix indicated by these observations,

By late November the hibernating colonies are at a maxioum in these
aves. Bats were not observed feeding, o few were at guano piles, and no
mating activities were noted during the last week of November,

The large hibernating eolonies in these eaves remuin fuirly constant
during the winter, However, there are nmovenents of clusters whiieh oceur
at certain spots at definite times. There mey be unnoticeable fluetuations
of small munbers throughout the winter. In the case of the small popula-
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1oin BlaekLall Mine, Itlinois, a slight movement is very noticeable
28 it stwns that o large seale turmnover of sodolis colonies does nol oeeur
winter, hut small numbers may move noor out of o cave throughout
winter.
The hibernating colenies start: diminishing in early April. A few hats
¢ observed flying vut of Dixen Cuve at night us early as April 1 (1958},
reased feeding must start as early ws omid-Mareh s indicated by in-
ed guang deposition in Coach Cave (table 6). By Apnl 18 (1958
19591 the colonivs in Coach, Pixon, and Leng’s Caves were one-half
wo-thivds of mexitnum, On May 3 (195391 in the upper levels of Coueh
‘¢ ahout 6.500 or 13 pereent of the 50,000 were still in hibernation; in
on Cave ubout 500, or 17 pereent of the mid-winter colony, were stifl
anating.  No sedally ave in hibernation during the first week of June.
s reasonable to place the end of hibernution at mid-Mav, There is
s five- (o six-week period during which the hats are in stages of leav-

TasLk 6. Cieaxe DEpostrep aT THE Graso Pie 1x Coasen Cave,
Ensmoxsox Covxty, KENTUekY, DriNe 19249

Partod Duys Crrans/Day
I January io 29 January | 28 0.2
249 Junuary 10 7 Mareh 37 0.2
T Mareh 10 27 March 20 1.6
27 March 1003 Muy 37 74
3 Muay to 16 June 44 3.5
16 June ro 10 July 24 134
W daby 1o 2 Aeprewber s 151
2 Seprenther 1o 3 Oeeher 31 45.6

e cave, This is about the same amount of trie involved in the perod
ntrance in the fall
e Jength of hibernation as determined from carliest entranee to
<tdeparture is about 2HY days, The total hibernation period as taken
Fearliest entranee to latest departure is shout 252 davs. The uverage
th may be taken s the tme when about one-hall of the population
entered in the fall and one-half has left in the spring. This would b
vabout October 15 to April 20, or 187 days.
heve wre several aspeets of behavioy during hibernation that are of
est, such st 1) the habit of returning to exact =pots at certain times
W winter; 2) clustering habits; 3) activity; and 4) the process of leav-
ihernation. '
5 previowsly. mentioned, sodalts hibermate in exact places in o cave.
rone of the cave o whieh they Jibernate may be of vonsiderable siae,
sxact spots are used in the zone,  Thiz is well seen in Colossal Cave,
onson County, Kentueky. The sodelis may be found wlong a une-half
lengthy of the main passage, hut the elusters oceur at precise spots,
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hich do not vary by more than two to three feet from year to vear. Bl:mﬂdl 3 9 2
all Mine, Hlinods, is 1 vast underground quarry, yet almost «1] the sodalis
ere clustered in one corner of one blind ussageway.  They were some-
mes found in other spots nearhy, hut always these places were exact.
In Couch Cuve, Kentucky, clusters formed in the sume spots cach
mter. These places are indicated in figures 8 and 10 Exuactness is seen
b only in the spot occupied, but in the size of the cluster formed at uny
wticulur spot. Luarge clusters wlways form eaeh vear in exactly the sume
aces. This is particularly striking in caves with large populations,  The

Y

7N

Fiovre 13, A hibernating cluster of M yotis sodalis in But Cave, Carter County,
mtueky,

rge clusters mawrked A in Couch Cave (figure 9) always were present in
rly and mid-winter in the proportions indieated.  These were on the
fex of the passige on overhanging ledges.  During Tanuwary they hegin to
eale up and reform on the eciling at spots marked B and A in figure 10.
s was observed during two suecessive winters, Thus not only are the -
ot und the size of the eluster the same, but the time of the winter when
¢ clusters form is about the same from year to vear. Claraeteristic
asters in November were seen in two eaves, One such eluster was ob-
rved only during the second week in November at the swne =pot on two
ceessive years in Blackball Mine.  In Dixon Cave, Kentucky, o similar
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ter was geen on two successive yvears during the last week of November
pot £ on the side wall (figure 11). The number of bats in this cluster
briween 500 and 1,000, The enve was visited during every momth of
vear, wied this wus the only tine of the year when the eluster was
ent.

Slusters do not necessarily contain the =ame mdividuals every year. 1f
cluster iz banded the bats tend to disperse themselves imniediately
ughout many other elusters. The exact sizes of clusters al certain
s wust be determined by some physical Tactor at the spot in eonjunce-
with the hubit of forming dense clusters,

e of the most characteristic habits of the species s the type of chaster
Qv is formed. A tepieal cluster of M. sodalis, as shown in figure 13,
1w direethy on flit surfaces, such us ceilings or overhunging ledges on
walls. A tight, compact cluster is fonned by the bats pushing snugly
nst vieh other, il affixing thetr claws into an rregularity of the rock,

TaHLE 7, Myotis sodalis a1 Graxo P 1ix Dixox Cave, Epsoxson Covsety,
Kextrery, Turovedovt tHe WixTter Hmeryatiox Pruion,
(D—IXpime  N—Night)

1958 1959

April (X) 1,500 4 April () 300 1 Fnuary (1) 6
Aprtl (I 25 18 April (I 150 26 Junnury (D) 200
Apwil (X) 1,500 19 April (N} 150 8 Muwrch (N) 15
November (1) 30 26 November (1) 10 28 March (D) 6

28 November (1) 20 17 April (X)) 500

23 November (1) 20 18 Ayl (1)) A00
February (1)) 200 M Decetber (12 0G0 18 April (XD 00
Al (XD B1J] 1 Alay (X)) 300
Aprid (X)) 800 2 Alay (1)) 200

Aprit oIy

B

tight cluster is apparenty formed by the bats pliceing their feet bestle
feed of un adjeining bat. The fecet have many hairs which could be
oy n naiare. This grouptng behavior way eavse a radiating eluster
wh The bats st the wlge would be newrdy inoa hoerizonial pesition,
their feet aflixed newr the center of tie cluster and their adies partly
orted by adjacent Tt The cluster i adways one tier in depth, the
ot hanging on one ancther,  The hibemaoting JJuster grows in an ir-
Gte manner, forming no definite shape. The wings are always Tolded
Iv against the hody,

aformadion coneerning activity in winter was obtained by abserving
ity at guano pites. At through the winter, small groups of sodalis
e found elustered i an aetive eondition over the guano piles in Dixon,
Js,and Coneh eaves, The numbers seen during mid-hibernation (De-
wr=Febriary ) are varable, but do not execed 200 in Dixon Cave
e Th I Couelt Coave as namy as 500 may be present over guanoe piles
id-winter. These hats, whicl huve evidently awakened from hiberna-
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on, are always very active, How Tong an individual may remain aetive
nd how often an mdividual may become active is not knewn, It appears
hut periods of activity are o normal part of hibernation.

(ther gpecies of bats have been noted 1o awaken periodically during the
uter (Halin, 1908; Folk, 1940; Rysguard, 1941; and Twente, 1955). How-
ver, the detadls of this phenomenon have remained largely unknown.
fyotes sodalis hus the unique habit of going to these specifie places over
uano piles when they come out of the hibamation-torpidity.  Evidence s
1t one individual may awaken more than onee during the winter, A
wle sodalis was caught ad the goano pile in Dixon Cave on 28 February
358, and was daught again at the pile on 1 Apsil 1958,

Guano was collected with o plastic sheet over the pile in Coach Cave
om 1 January 1959 to 3 October 1959, The guano was colleeted, dried,
nd weighed at the intervals indicated in table 6. During mid-winter,
ont Japuary 1 te Muareh 1. guano wis deposited Dy the aetive bhats at the
ile at the rate of 0.2 grams per day. The increase in guano deposition in
Tareh is an indication of inereased wetivity with the onset of the period
Pleaving hibernation.  The guano deposited in mid-winter is full of chitin.
his feenl dizscharge o winter is small, hut its source must be explained.
ccome either from food material eaten jusi before eniering hibernation,
“{rom food caten during periods of activity in mid-winter, It seems un-
kely that fecal material would remain in the intestinul tract Tor peviods
Ttime up to fouwr months, even if the bat 1= in o torpid condition,  Bats
hieh were kept in artificial hibernation in g tamperature econirol room at
* C discharged some fecal material every day or two.  This material was a
ack. mucous materiad, sipee the bats had not caten recently. Thizs may
3t be o normnd situation, but does attest to the activity of the digestive
stemy, even when the body temperature is low,

The small amount of feeal discharge of M. sedalis in Coach Cave,
entueky, in winder indicates the pozsibility that o few sedelis engage in
uited {ceding in mid-winter.  Buts were ohserved flving during warm
rhods i Januvary at Mwnmoth Cave Navonal Park.  The only species
Hleeted wus the red bat, hut other species could alse be flving,

Groups of 50 to 100 hats of cach sex were weighed throughout the year.
“ight relationships of males and females throughout the vear are shown

figure 14, I the Tull, as sodalis are returning to the hibernation area,
wing late August and September, their weight is ut the lowest point of the
ar, AL this thme disseetion reveals no stored fut In the annad. Weight,

the form of fat, is rapidiy gained in September. Hibernation begins
hen the bat has reached o maximum weight. This iz higher for females
an males.  Bats taken from hibernation on October 3 weigh much more
an those taken in an active state at guano piles (fgure 14), Weght is
storather rupidly dueing the carly part of hibernation. From October 3
November 27 the rate was 016 grions every 10 days for hoth males and
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des, During nid-winter weight toss 15 decidedly Jess. From November
y Junuary 1 the rate was only 0.03 grams per 10 days, about one-fifth
ate during carly winter. Weight loss during the latter purt of winter
cuter than nid-winter, but less than carly winter,  From Junuarvy 1 to
1 18 the rate of loss was 0.09 grams per 10 days for females and 0.08
15 Tor mules,

hege differences in weight loss throughout the winter are due Lo tem-
tre changes apd aetivity. The sodalis oceupy the siame area of the
ull through the winter. When they enter hibernstion the temperature
is aresx 18 9° 10 10° C. The temperature drops gradually, but in late

s e T T TY T F Tw T A T W e v 'a !
MONTHS

HIBERNATING BATS
— ——ACTIVE BATS

avke . Weight changes of M gotis sodalis (hroughowt the vear.  Eaelt dot repre-
the avernge weight of 530 or more hats taken in a cave o Fadmonson County,
('|\',\'.

mber it s 5till 6° to 7° €. By January 1 the temperature is down to
inimum of 4% to 5° C, which is characteristie of the libernating arca
yotis sodalis in all the caves studied.  Thus the temperature during the
winter 15 higher than in omid-winter,  Thix results in @reater weight
Alzo, carly wintey is o thie of entering hiberation, Bats which enter
awre disturbed by bats coming later. Weight foss in mid-winter is re-
Sto a low rate by the Tow temperature and reduced activity, In late
Y aetivity inercases, as noted by the moving of clusters, The tem-
are in the hibernating areas begins to rise during Mareh, and with in-
A netivity causes aorise in the rate of weight-loss,

ih sexes of sedalis appurentty enter hibermution i the fall at the
rate. In the spring, however, the females leave at a laster rate than

0

[V,

5
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he mules,  The sex ratios of hibernuting clusters in Couch Cave from
Novemher through Mareh are even.  The sex ratio in late April hecomes
mbalanced with more nudes than females, and by May 3 nearly all hiber-
wmting bats are males. The sex ratio of active bats at guano piles in Dixon
med Conceh eaves from November through March are even, In late Apoil
Jie sex ratio of active bats hecomes unbidanced, with more fenales than
nales.  This indicates that there 1s greater activity among females at ihis
ame wud that they are Jeaving hibernation at a fuster rate than wmuades,
dex rutios Tor hibernating clusters and active sodalis are given for Coach
Save in table 8 and for active elusters in Dixon Cave in table 9,

Discussion oF HIBERNATION

Hibernation begins in the fall for wn individual Myetds sodalis after
nuch fat has been accumulated,  This is an individual activiee, and con-
eguently el variation ovcurs, This individual variation aceounts for
m extended period for entrance into Iibernation, lasting ubout six weeks
Tom mid-Septensber to carly Novewber,  fome fluctuation occurs {rom
vear to yeur 1 the time when the major population in a eave iz in hiber-
UHESTNR

Limited aetivity in some batg, possibly ull, occurs throughout the winter.
Evidence supports the view that some bats actually enter and leave a cave
in winter. Great variations are noted among small populations, which seem
to have peaks in November and again in mid-winter,  Such behavior is
difficult to observe with Loge populations because only a few individuals
are involved at any one thine, Some sedalis possibly engage in {eeding dur-
ing the winter. When a hat awakens from hibernation it leaves the hiber-
rating urea, which is fairly close to entrances, and goes to a deeper, warer
part of the cave where there are guanoe piles. The zone of hibemation is

TasLE 8. Sex Hamos oF Myolis sodalis 1x Cuacn Cavk. Epavoxsox CovsTy,
Kexreeky, raonM Howesarning Cov=ters axp Graxo Por Cuesmens
Trhwovenoer T WINTER

) Hibernating Guano pile active
Date —_—————— _
AMale Feyuale Alale Female
1957
3 Febroary hd 45 Not taken
20 Aweid 69 31 Xot taken
36 November A4 Dl Not tuken
1 Alwel 50 ]t Not tken
1958
4 April A0 50 29 6
1Y Ayl 64 36 40 B4
1959
7 Mareh 39 Gl 41 a9

18 At 03 47 ur 03
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B9 Sex Ramos or Wyobis sodadis a7 Graxe Png Durise Wister 1N Dixexs
Cave, Foyoxsoxn CounNTy, REXTUCRY

Caanno pile active Chano pile active
—_——— Thate _—_
Male Fenude Male Female
1958
November 53 47 29 Novedor 53 47
29 Doeeember 060 A0
Feliruary Al -3 N )
April 36 64 26 Junuary AT A3
Nuvember AT 53 18 April 08 92

¢ the temperature in mid-winter goes down 10 4° to 6° C. By mid-
ch many hats are in need of feeding, and numbers of active hats in-
se greatly. A large population of 100,000 leaves hibernation gradually
v mid-Aareh to the first of AMay,
e femules leave at a {aster rate than the males. Either the females
up fut more rapidly and thus lose weight {aster, or the departure of
‘elales is assoeiated with reproduction. Tt has been shown that the sexes
weight at the sume rate, Henee this early departure of femles must
ssoclated with the onset of ovulation and pregnuncy.
Tyotis sodalis, upon entering hibernation, oceupy the same zpots yeunr
cvear, even though the temperature is sinilar throughout much of the
in carly full. The bats huve the habit of returning to the =ame place
e cave, whieh is the plaee where the temperature inid-winter reaches
woper hibernating temperuture of this species. The Labit of returning
e sane spot aszures the bhat of being in the proper temperature zone in
avinter.  This ix possible In these large lmestone caves, heeause tem-
ture changes e geadual wand relatively constant frem year to year.
averns with many large entrances temperature changes may not he
ual or shutlar from year to year and Inds must find the proper toper-
= zone by triul and error (Twente, 1955). '

SELECTION OF THE HIBERNATION 2ITi

e habit of hibernation n bats has arisen in response to the need of
¢ through several monthis when little food ix availuble, Fat reserves
accumulated inoa short peried in the fall, The bats spend winter
ths in o state of torpidity In which the temperature of the body ap-
ches that of the environment. The fut reserve is expended during these
ths, The temperature of hibernation must be low enough that metab-
1 does not proceed at too Tast a0 rate, but not <o low that the hat will
w The suceess of hibernation depends upon metabolic rates and the
cquent speed of the using of the fat reserve. Rutes of metabolism vary
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romn species to specles aecording to many faetors, such as size, sex, temper-
ture, itge, and activity, Metabolie rates ave been studied carcfully in only
few mammals—man and Iuhoratory wnimals such us ruts, mice, and rab-
its. Ina study of metabolie rates of M. hicifugus, Hock (1951} found that
xvpen consumption varies nearly directly with body temperature.  This
1wans that the warmer the tomperature of the hibernating habitat, the
igher will be the metaholic rate of @ bat. No studies have heen done on
he metabolic rates of different species wnd the correlation with the differ-
nt hubitats selected by different speeies.

The present study analyzes the habitat scelection of Myntis sedalis and
ther species found in the same cuves.  Each species has definite environ-
wntal requirements for hibernntion,  This wus clearly seen hy Twente
1955) o study of bats in seversd caves i Kansas. He concluded that
e bats he studied found their proper eave habitat hy a trial and error
wethod.  Hiz studies were muude 1o eaverns where temperature fluetuated
reatly, and where the buts would have to rely on a trial and crror method
3 find the proper habitat,

Factors which must he taken into aceount when unalyvzing the liber-
ating habitat of a bat include; size of cave entrances; size and nature of
pems und passageways; temperature; moisture; nature of ceilings and
;allsy alr movements; clustering characteristies; previous: occupaney; and
ther species. A combination of these factors and possibly others are in-
olved in the proper habitat for hibernution of a species. This proper com-
inution must permit a speeies to mamtain o minhimum metabolie rate dur-
ag the winter.

Hamrat [eLeenox o Myotis sodals

Myotis sodalis aceummulates in large numbers in o few caves to hibernate,
“hese eaves are the same ones from vear to vear, This speeies was found
1 the sanie seven caves and no others In Edinonson County. Kentucky,
uring five consceutive winters, This species is preeise in elioosing the cave
or hibernation.  This varies from the e

v oof Myotis velifer, which scems
ot to return neeessarily to the sine caves each winter in Nansas (Twente,
955).  Myolis sedelis is typieally found in large eaves. The eave arca of
ddmonson County, Kentucky, containg some of the world's largest caves,
he sizes of these caves can he roughly divided into three gradations: 1)
ery large, with many miles of passageways (Jammeoeth, Salts, und Crystal
aves); 2) medium-sized, with lurge passageways, but not exteneding for
reat, distances (Dixon, Colussul, Couch, Jutnes, Long's, Bat, and Wilson
avest; and 31 small caves with low, narrew passageways, many hundreds
{ which are found in Edmonson County, The seven eaves that contain
olonies of sodalis are included in two, the mediumssized caves. The very
Arge eaves are apparently too dry for this speeies. The simall caves are not
vitable for this species. 1t iy only the medium-sized eaves, which have
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s large passagewavs, hut st are very moist, which M. sodaliy uses for
nation and swinmer activities.
lie relative humidity of the eaves inhabited by A7 sodalis is very high.
o5t Passhgeways it is 85 pereent or more throughout the vear, Where
¢ is abundant, sueh as in dripping pits, the humidity is near 100 per-
The only case where differences i Iimidity may be important is
AL hieifugus, whieh commonly hibernutes in places where water is
dant and the hunidity i near the suturation point,
eluperature s the most anportant faetor involved in the seleetion of
shernation ¢ite. The Jarge limestone caverns of the mid-west liave
ite temperature characteristies,  Any purticular cave is divided into
zones of temperature. One s o certain area close to the entrances
» the temperature fluctuntes considerably throughout the year it does
letuate daily, The sceond zone, farther within, s the deep eave on-
ment where tempersture rendns nearly constant throughout the year,
the first zone whieli is utilized by bats for hihernation, with the ex-
o of Prpistrellus subflovus, which hibernates in the deep parts of a

s wux pointed out in the discussion of habits of Iibernation, M. sodalls
weelly to specifie spots upon entering hibernation,  These spots are
~and oceur in the arca of the cave where the temperature reaches a°
num of 4° to 6° C in mid-winter. These minhuum temperatures were’

L in all areas where sodelis hibernates, However, when the sedalls

hibernaiien in the fall the temperature in the areas close to entrances
1o 10° C. The bats go diveetly to the area which will reach 4° to 6%
mid-winter.  Thig relationship is illustrated in figure 15, The tem-
ure fluctuation of this arca close to entrances is that of gradual ¢hange,
cooling in winter and warming in swnmer,  This means that the {em-
ure at any particular spot in the eave at any time of the vear will he
L the same from one yvear to the next,

e sedalis st select the #pot to hibernate not on the basis of wnper-
at the e of entranee, but with the antieipation of the temperature
ul-winter, two or three months later. This s accomplizhed by merely
ning to the sane spots each vear, and by fonning dense clusters at
=pots. The method by which the bats are ahle to find the same =pots
vear has not been determined. It is possible thay they know the eon-
ion of the eave througly previous ceho-location in the eave, Seent
alzo be Important in orientation in caves,  (nee a cluster has hegun
rin, uther bats would be attracted to them by sounds of the bats at
luster. Since the temperature change s the same cach year in these
i the habit of going to the sume spoty cach yvear makes 1t possible for
ats to get into the proper temperature zone hefore that idead mininuun
erature, I renched. This is Important in conscerving energy, sinee
wize they would have to wse o wrial and error methed.
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Frovaw 15, A disngrammatie representation of femperature changes and position of
bernating elusters of W yetis sadalis in o cave,
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Jyolis sodalis cluster on the flut surfaces of ccilings or overlanging
w5, The ceiling peed be only slightly rougl for the huts to hang on hy
Celawss I some cases, however, the celling may be too smooth. In
eases, uny avadlable rough surfuce in the mnediate vieinity sy be
In Long’s Cave, Ldmonson County, Kentucky, the eciling is oo
ith for thie hats to hold In_the chvws, The sordalis here Lang on rough
5 along eciling erucks.
me of the most interesting fentures of the bhehavior of bats is the chus-
g habite An hwportant problem is aab of evaluating the adaptive
» of the specific clustering habit. Muny speeles of Myofis form dense
crs in the hibernating scason.  Twente (18955) studied the possible
»of clustering of Myofis velifer in caves in Wansas,  His studies were
2 1in cuves where temperatures varied eonsiderably, He postulated that
Juster protects bats from the fluctuating periods of warmer temper-
s, Me wssumed that the bats at the edges of the clusters had been
fesz time than bais in the center of clusters. He ulso assumed that a
vhileh had been in hibernation longer was less irritable, and therefore
difficult to awaken. He found that the body temperature of bats in
enters of clusters wus slightly lower than those on the edges of elusters,
onvlusion us to the function of the hibernuting eluster is to prevent the
from warnming temperatures of eireulating air,
he situation of MWyofls sodalis is considerably different. The caves i
1 sedelis hibernates do not exhibit muely temperature fluetuation, The
nating cluster of sodalis is very tght and compact ifigure 133, The
s o not necessarily form as Twente deseribod Tor M eelifer. There
gunrantee that bats in the eeniers of clusters hiave been there Tonger
these at the edges. Tt was observed that sedelis can enter the cluster
teking i hetween other bats, Also clusters may form rapidly, o that
atire eluster may have been In hibernation about the siune time. This
wtantinted by handing information. When hats are bayded in o cave
vlewsed, 1t s poted that within an hour banded individuals are Jound
in hibernating elusters, deep inside el not necessarily on the edges.
peta] temperntures of sodalis were taken with o thernmistor imstrutent.
2 nearest 0.5° C, us wis the miero-environmentad temperature. The
mwperature 1% 1% warmer than the eave-wall temperatore. This was
also by Twente (19551, The body temperatures of sodalis are gener-
he zaone ax the teperature of the wall, not the temperature of the air.
i= true of sodulis from the edges of elusters as well ws fvom the centers
mters, Studies of hody temperatures were not made of clusters of
than 200 individuals,  In a measurement of 30 individuals hanging
stoaowall of 4° C, the {following temperatures were recorded: 18 indi-
I« ut 4%; seven at 45°; four at 5°; and one at 6° C.
1w dilferenee of these results from those of Twente for M. velifer may
wdue to the Tuet that in eaves where swdfalis hihernate there are no

(31401
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Hapirar SeLecrion oF OTHER SPECIES

“ptesicus fuscus is fuirly common in the sume enves as sodalis.  This
les typieally hibernates in colder arcas, from -2° 10 5° C. This has also
noted by Hitcheock (1949) and Rysguard {1941). Eplesicus normally
© on sidewalls or jums into cracks or Loles. They do not form tight
ers and usually hang singly.

Ayotis tuctfugus has a much wider tolerance of temperature than M.
lis. 1t has been seen hibernating in arveas of -1° up to 13° €. The
of hibernation seems o be controtled more by moisture than teper-
e. It s typieally found where the humidity is near 100 percent. This
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e 16, Hibernating elustors of Wyotis ueifegus i But Cuve, Carter County,
1rky,

Hy is in dome-pits in the caves of eentral Kentucky, where water is
Hy abundant. In Blackball Mine, Iinois, M. lecifugus are coneen-
d over pouls of water. This species forins semi-dense clusters. This
er ds different from sodalis in that the bats hang wlong eracks where
laows ean be hooked over flat projections.  The clusters are tvpically
ed in an overlupping fashion, with a belly-to-back relationship {figure

he hat which most closely approaches the ecologieal requirements of
odales i M. griseseens. Its habits of aggregation are similar to those
sdalis. Little has been published concerning, this species in winter
mation. A large wintering colony is found in Jumes Cave, Edmonson
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County, Kentueky.  This is only one-half mile from the large wintering
pepulation of M. sodalis in Couclr Cave. This is the ouly wintering coleny
known of grisescens in Kentueky or Tennessee.  This species alzo fors
dense clusters like sodelis. When they become active, grisescens go to
speeific guano piles as do sodalis.  The type of cluster is slightly different
from sodalis. Tt is best deseribed as an interwoven cluster, which muy be
several tiers m thickness, insteand of one as in sedalis. The grisescens do
not fold the arms tightly heside the body, but rather stick them out at a
sharp angle, and this makes the eluster truly interwoven by the anns of the
ats,  Temperature relationships of the clusters have not been studied,
However, ohservations indicate a wuch different situation than for sodalis.
It appears that an entire eluster may warm up at the =ame rate, and ap-
purently mueh fuster than sedalis,

The temperature of the large rooms in James Cave whoere M. grisescens
hibernate is 10° 1 11° in mid-winter.  The size of his grisescens colony
numbers between 100,000 and 150,000 individuals, This population was not
discovered until Mareh 1959, During the first two winters of study, no
griseseens were seen i Coach Cave. During the winter of 1958-1959 about
10,000 grisescens suddenly appearcd in Coaely Cave. The puzzle about
where they came from was solved when the large colony in James Cave was
discovered later the same winter. The next winter, 1959-1960, the number
m Concl Cave inereased to about 50,000, Ohvicusly the gray bats are
rapidly taking over Couach Cave as u hihernating site. The individuals and
clusters have for the most part remained separate from the sodalis elusters
in Couach Cave. Clusters of grisescens are in a zone of temperature from 7°
fo 10° C. However, there i3 some overlap of the hibernating areas of M.
grisescens and AL sodalis in Cosch Cave. In this overlap zone, the
grisescens tend to hang dircetly on elusters of sodalis. This could be a
disturbing influeace on the sodalis. Tt may be that the 47 to 6° C tempera-
ture where sodalls hibernates s too cold for grisescens and active conpeti-
tion for hibernating =pace may not oecur.

The other speeies commonly found in these caves is Pipistrellus subfluvus,
This iz the smallest bat of the area and oceupies the warer, deeper parts
of the cave where the temperature is 12° to 13° ¢, This preference for a
hibernating site makes a large area availuble to this species in these large
caves,  This avialubility of space may expladn why Pipistrellus does not
form chusters.

SUMMER DISTRIBUTION AND ACTIVITY

One of the most perplexing problems in the life history of M. sodalis is
itz distribution and habits in swomser. Miller and Allen (19283 sugpested
that the large winter colonies are composed of individuals from \\'ic,lws'])rmt,l
suthmer groups.  Some references to the species in summer have been pub-
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d. Black (1936) reported taking one specimen in Denney Cave, Madi-
Zounty, Arkunsas, on 11 June 1933 wnd another on 7 July 1934, and one
But Cave, Benton County, Arkansas, on § July 1934, Molr (1933)
rted finding a cluster of 69 male sodalis in Dixon Cave, Edmonson
1y, Kentueky, on 28 June 1932, Suminer records for the specics in
any have been summarized by Mumford and Cope (1958). These ree-
inelude o few specimens which have been shot while feeding at o nuni-
of ncadities in Indiana. They report that a small group of adults with
g were seen under o bridge at Turkey Run State Park, Purke Couniy.
1 sumier records for Indiana include two caves: Ray's cave, Greene
ity and Wyandotte Cave, Crawiord County,
e Jocalities of summer specimens that have heen examined are plotted
sure 20 In genersl, this distribution agrees elosely with the winter dis-
tion,  Winter awreas which liave vo smamer records are northern
da, castern Tennessee, North Cavolina, Virginia, West Virginia, Pein-
tnix, New Yorl, und New England. The suinnier recores from northern
sis, northern Indisna, and southern Michigan are slightly north of the
arorange. It seems that the summer range coincides fairly clusely with
vinter range,
fost of the summer speeimens are males. Females have been taken
in centrul Kentueky, and in Indiana, from Tippecanoe, Parke, Wazh-
m. Kosciusko, Knox. Ripley, and La Grange countics.  This urea in-
s large portion of Inliasa.
mee most smnmer gpechuens are from caves, ficld work wus con-
ated Ineave areas i the mid-west Inoan attempt 1o learn of the habits
otalis in the sunnner months, During June, July, and August, in 1957,
»and 1958, fifty-two caves were investigated of which 34 are in Ken-
v, cight in Tennessee, four in Hlinois, three in Missourd, and two in
i These tnelade 12 of the 19 caves in whieh this speeies was studied
ater. Most of the detailed study wag done in eentral Kentueky,
fis sodalis were found Inseven eaves ws follows: Ixpiaxa: Ray's Cave,
ne County; Missovrt: Bat Cave, Shannon Couniy; Kextrery: Bat
y Cirter County; Conely Cave, Edmonson County: Long's Cave, Ed-
son County; Dixen Cave, Edmonson County; and Colossal Cave, 12«
som County. These seven ¢aves are ones which also have hihernating
es in owinter. Myotis sedalis were not found inoany cave in sumbier
I didd mot contain o winter colony. Five caves that have winter colonjes
ot rontiuin sulmer colonies as follows: TrLisos: Bluckball Mine, Lu
County; Kextueky: Wilson Cave, Edmonson County; Jumes Cuave,
onson County; and Bat Cave, Edmonson County.
‘wo adult females were found in Ray's Cave, Greene County, Indiana,
3 uly 1959, This cave appurentdy does not contain a regular sumner
v, bt oniy an oecasional sedalis enters the cave in summer. Mumford
Cope 119538) colleeted twe immature males from this eave on & August

GUul404
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537. A volony of ahout 300 mule sedalis were seen over a guano pile
it Cave, Shammon County, Missourt, on Muy 30, 1959, This cave contains
¢ of the lurge winter colonies of uhout 100,000 individuals, On 17 August
58, three male sodalls wore colieeied in Bat Cave, Curter County, Ken-
:ky. There appears to be no major swmmer colony in this cave, which
es contain one of the larger winter colonies.

Coneentrated field work was done in the cuves of Edmonson County,
mtucky, during the sunmers of 1957, 1958, und 1959, M yolis sodualis
re found quite abundantly in Coach, Long's, Dixon, aid Colossal cuves,
previously nentioned.  They were nearly alwavs found clustered over
» gwno piles in these eaves. There is no guano pile in Colossal Cave,
t during the sunmmer the sodedis cluster in an active condition deep in the
ve, at the kind of location where guano piles are found in other caves.
1 bats in sunner are in the deeper and warner parts of the cave, whereas
» hibernating elugters wee close to entrances, where it is much colder, even
the sumimer.  The gpecies and numbers of bats found wt these piles are
ite variuble throughout the summer. Composition of these summer clus-
2 iz given for Dixon Cave in table 10.

The prineipa] bats at the piles in swmer ave wale M. sodalis. In five
vs of observation during the sunvmer of 1958 in Dixon Cuave, 900 huts
ve estimated to be at the pile. Of these, 218 were caught.  Maje M.
dalis comprised 87 pereent of thosze caught; female M. sodalis, 4 pereent;
e A luctfugus, 7 pereent; female M. lucifugus, 2 percent: and wile M,
sescens, 4 percent.  In 1959 observations were wade in Dixon Cave on
different days o June, July, and August. The total nwmber of hats esti-
steel in these visits was 23920 OF these, 1.212 were caught and the com-
sition was as follows: male M. sodalis, 819 pereent; female M. sodalis,
Fpereent; male M. lucifugus, 1 pereent; female M. lucifugus, 0.1 percent;
de M. grisescens, Y pereent; and fvmale M. grisescens, 0.1 pereent. This
ve does not have o permanent colony of bats in =unner,  They appar-
tly come by groups to the cave and stay for one or two davs. A typieal
servation iz ax follows. On June 26 (1959 no bats were in the cave
ring the dav. During the night huts started entering the ecave about 9:00
J and continued to enter for several hours.  In the morning, a eluster of
out. 200 bats wuas over the guano pile. These were aetive at 8:00 AN,
t by 10:00 AM the eluster had become inuctive. The individuals were
pid, with the hody  tenmperature lowered elose to the cnvironment
4° C). This torpidity persisted for several hours, but by late afternoon
@ bats were again active, It was expected that these bats would then
we the cave at night, but only a few did leave. The remaining stayed
the pile and did not leave the cave during the night. This evele of
dvity was repeated on the following day, exeept that the next night the
tire cluster left the eave at dark, The foHowing night another group came
0 the eave. This was o different group. because 91 were cuught and

601495
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Fin the first group on June 28, and none was recovered when 200 were
¢ Trem the seeond group on June 30, During the 18 visits to Dixon
during the summer of 1959, 993 males and 91 femndes were handed.
Feoonly three were tuken again in subseguent visits in the same sum-
These data show that groups of bats, which are mostly male M,
i VISIt certain caves for short periods of time during the sunmer and
wve on and are replaced by other groups,

D10 Conposimios oF Active CLustERs aF Bats 1x Dixox Cave, Epaoxsox
Cocxty, KexTUcky, Durine JUuNe, JULY, axh ACGUsT

N Miyutis Muyalis Myotis
U Number surlnlis Licifugus prisescens
: mated a1 caraght
gano pile ’ Male Femule  Male TFemule Aale Femnle
ne 30 ¢
A% 120 GO 51 3 G 0 0 0
Iy 200 1]
v 300 158 136 4 8 1 9 0
Iy 230 0
100 218 187 7 14 1 9 0
ne 130 0
ne 150 0
ne 14 114 41 0 1 0 72 0
e 26 26 12 0 0 0 i4 0
ne 0 0
ne 8 0
ue 15 15 12 t] 0 0 3 0
S 0 0
ae 1] 0
ae a0 0
a0 130 1 84 0 H 0 4 1
e 250 200 192 3 0 1] b1 1]
v 300 208 197 ] 0 ] o 0
Iv 130 33 4%) 1 2 1 0 0
¥ 27 221 206 i0 0 ] 3 4]
v 9 ] 2 0 7 ] 0 0
Iy 160 124 116 ] 2 0 (] U
g a00 151 80 65 3 1] 3 0
2,192 1212 993 4l 16 1 10% 1

=eidate cun be uaed o determine the approxinate munber of M.
whieh visited this one eave during the summer.  The total number
cestimated at the guano pile in 18 visits was 2,192, Of these, 82
Loor 1LI97, would be male sodalis and 8 pereent, or 175, female

This i an average of 100 wales per day and 10 females per day
sited Dixon Cave. For an entire summer from May 15 to September
~duys, the total number would be 12400 male and 1,240 femuale M.
thut entered the cave. Four caves in the arew are known to lave the
ituation s ixon Cave.

GU1406
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From this it ix apparent that neale M. sodalis are abundant in ccntruldu
entucky in sunnuer. The numbers of nades estimated o be entering the
ves are great enough to explain the presence of nearly all those known o
bernate in the area in winter.  Actuul band recoveries are indieative of
1%, g 15 pointed out below.

MOVEMENTS AND 3EASONAL BEHAVIOR

Muny thousunds of bats huve been banded in North Ameriea since
32, With all this bunding activity it seems that mueh should be known
geasonal und non-seasonuzl movements of hats, und movement ranges
ould e well worked out. Ruch s not the ease. Tditle has been reported
cgperifie wmovemenis and recoveries of handed bats. Most reports are
tsoluted recoveries, largely associated with homing experiments, which
ve not revealed mueh of nutwral wovement patterns. Not enough re-
verles of any one snecies have been made o define wdeaquutely movement.
nges hetween seasons, or within one season.  The best results with any
¢ species 1z the work done with movements of M yotis lucifugus in the
atheast United States by Geiffin (1940, 1945y, There ure no published
zords of movements of handed M. sodalis or recoveries from one season
another, :
Muyotis sodalis were bunded in Illinois, Indiana, und Kentucky, during
nter and sunmner montlis. in an attempt to make recoveries of handed indi-
Juals, und to understand seazona! and non-seasonal movements, Banding
iy done in five arcas: northern Hlineis, southern Hlinois, =outh-central
diany, castern Kentueky, and central Keonweky,  In the five winters
tween lute 1956 and carly 1961, the following sodalis were hunded in eaves
d mine tunnels of the above avews respectively: 236 males and 174 females
nded in Blackball Mine, La #alle County. 1linods; two males banded in
we Spring Cave, Hardin County, Hlinois; 186 mudes and 190 females
m Ray’s Cave, Greene County, and Wyandotte Cave, Crawfond County,
diuna: 663 males and 618 fomales from Bat Cave, Carter County, Ken-
sk 3.943 males and 4,052 Temales from Dixen, Colos-al, Coach, Long’,
e But caves, Edmonzon County, Kentueky. This is a totlal of 4,830 males
d 5,034 females handed during hibernation,

Additiona) sodelis hunded by other workers in winter during recent
ars include several thousand by Junes B, Cope and Russcli Mumford (in
=) in zouth-centyal Indiana; about 20,000 in Missouri by Richurd Myers
v litt ) 392 in nevthern Alabama by Wayne H. Davis (in Jlitt.y; and
47 in West Virginia by Davis,

WinTiER TO SUnMER RECOVERIES
None of the 1,693 V. sodalis bunded in winter in northern [Hinois, south-
¢ Hlinois, and castern Kentueky was recoversd in summer, Of the 376
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Fin south-central Indinna only one was recovered in summer.  This
femade banded in Ruy’s Cave, Greene County, on 18 Deccuber 1458,
covered Inothe swe cave on 29 July 1959, Of the 7,795 sodalis
Vin central Kentueky in winter, 16 were recovered in sununer.  This
dal recovery rate of only 0.21 pereent. Eleven of these 16 were re-
 in the smme eave in summer as the one where they were banded in
Five of these were from a group of 183 males bunded in Colossul
Edmonson County, Kentueky, in Januury 1939, wnd vecovered in
al Cave ln July 1959, This 15 u recovery rate of 2.73 pereent for this
Four males from a group of 359 banded in Long's Cave. Edmonson
v, Kentueky, in January 1959 were recovered in Long's Cave in June
One female from 475 bhanded in Long's Cave in Junuary 1959 was
red in Long's Cave on 2 Seplember 1959,
the 4399 mules bunded in Couch Cave, Edmonzon County, Ken-
i winter, four were seen in sunumer. One is o male banded in April
nd recovered in the swne eave in July 1958, The other three wore
red zome distance from Coacli Cave.  One, which was Lunded in
Cuve in Mareh 1939, was recovered in a farm huilding near Xhep-
ille, Bullitt Comty, Kentueky, in October 1960, some 60 miles NNW
1 point of bunding.  Another male banded in Felouary 1957 was re-
1 o building in Indianupolis, Marion County, Indiana, on 26 Sep-
© 1958, some 180 milez north of Couely Cuve. The third male was
L in Coneh Cuve in Mareh 1959 and recovered in Winehester, Bun-
County, Indiuns, in July 1960, somic 225 miles NNW of the winter

the 2336 femules banded in Coach Cave in winter, two were re-
Finsummer, One was banded on 20 April 1957, during hiberation,
overed g buitding in Indianapoliz, Marion County. Indiana, on 27
900, seine 180 miles north. The other female was handed on 7 March
md recovered near Urbana, Champaign County, Ohio, un 2 May
osme 240 miles NI,

.

SUMMER TO WiINTER BECOVERIES

cer WL sodalts were banded in sunnoer, und most of them were males,
the sumimer months of June, July. and August of 1957, 1958, and
n south-eentral Indiana, castern and central Kentueky, 1,279 male
femulde sodalis were bawled,  All but seven of these were banded in
Colossul, and Coach eaves, Edmonson County, Kentucky.
the sunmer of 1958, cighteen female and 261 male sodalis were
i Edmonson County, Kentucky, Seven of the males were recovered
er e ocaves of this sume county. This is a recovery rate of 2.51
Two of thest were banded i Dixon Cave in swimer and reeovered
same cave 1o winter. Three were handed in Dixon Cuave in sununer
overed in Coach Cave in winter, five miles away, One was banded

651498
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wrt distunces of a few miles between eaves in Edmonson County, Ken-
icky,  Likewise, two movements are of a few miles between eanves in
reene and Alonroe eountics, in Indiuna, The remaining 13 records jnvolve
nger distunees between eolonies in centrad Kentucky, southorn [udiang,
sethern THinois, and castern Kentucky.

These movements between winter colonics involve essentially the same
e ag that of dthe seazonal movements previously deseribed. There may be
qnsiderable movement frony one winter to the next. The longest distunee
of a but that woved 320 wiles from northern Hineis to centrud Kentoeky,
omn one winter to the next. Fifteen of the 20 records are for females. This
dicates that females tend o change their cave of lubernation more thun
ales, Thig difference iz significant at the 01 level. A greater number of
cords will he neeessary 1o say with certainty that female sodalis change
eir hibernating site more often than males.

A large nwnber of M. sodalis have been handed n recent yeurs in
¢ Ozark area of Missount by Richard Myers. We have obtained no
cords of M. sedalts movement betwern the Ozark area und the area in-
dved in the previously deseribed movements in [linois, Indiana, and Ken-
cky.

Discussion oF MoOVEMENT ‘

Male Myotis sedalis are abundant in supnuier in the smne arcas where
ey are abundant in winter.  The malkes travel around in «imall groups and
n be found over guang piles in the large caves in which they hibernate in
nter,  The exact pattern of movement is not well understood.  Any one
sup apparently visits u cave only onee or twice during the entire sunnner,
wse groups probably include ahuost all the same individuals that win-
ed in the cave. They must be moving to other places, but no reeords are
ailable to indicate where these other places are,

The wovement aren i sumer may be rather lirge. The reeords for
wement from the winter eaves in Edionzon County, Kentueky, to o sum-
€ ared i southern and central Indiana, and central Chio, are noted above,
vo Juveniles that were banded in central Indiang in sunmmer traveled to
atral Kentucky to hibernate, one being recovered during the first winter
its ife. This individual had found its way to a hibemating cave of its
n speeies 170 miles from where it was horn, When this bat was recovered
was in the sune eluster with another sedalis whicl) had been handded three
ars previously inoacave in Indiavs, 65 miles from where the juvenile was
md. It appears that the juvenile was traveling with aduit bats from In-
tna.

What «o buts orient on in traveling the 170 to 320 miles as M. sodulis
ve heen fownd to do? 1t is postulated here that the major rivers arve navi-
ton youtes for sodedis. The eaves used by this speeies are all fairly elose
rivers, One of these, Dixon Cave, in centrad Kentueky on the very banks

LE:)
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Creen River, apparently serves us an orientation poeint for hats com-
the aree in the fall and for Targe groups wmioving in the spring. Tn lute
several thousand M. sadalis may enter this cave at night and then
on in a few hours. In fall, s eave contains more hats earlier than
ther cave of the aren, These hats then move 1o other hibernuting
gituated several miles back from the river,

Arly definite movement areas may exist for certain populations of 1.
s Alovemnent records are numerous heiween Indiana, Ilinois, and

wne 19, Possible poutes of travel by viverways involved in the movements of
sedadin <hown in figures 17 and 18,

cky. but no records exist between Kentueky and Missouri. The hats
weome faniliae witly eertain areas by traveling with other hats, Onee
riverwuys are learned, the hats ean travel casily over some large
Possible routes used hy M. sodalis in the movements deseribed wre
ated in figure 19
i has bearing on so-called “homing” abilities of bats. It has been
wtrated by several workers, as summarized by Cockrum 19360, that
s may return frony distanees of over 200 miles when removed from
vosts. Kptesteus fuscus have returned from over 300 miles (Smith and
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wodpaster, 1938}, These experiments do not take into aceount the possible
atural movement and fumiliar territory of the buts under observation,
Tie abilily of an anmimal to find ity way baek to its roost from within its
nown territory does not detmonstrate a remarkable homing ability, but
ierely shows that the animal has the habit of returning to a particular area
Lacertain time of the yuur. The nutural range of populations of bats must
¢ discovered first, hefore honnng experiments will reveal muclr about or-
Mation it bats.

REPRODUGCTION

Detuils of the reproductive eveles of those specles of hats which spend
e winter in hibernation have been studied earciully by several workers
nee whout 19300 Reviews of Bterature are presented by Huartman, 1933,
Timmatt, 19425 Wimsatd and Rallen, 1957; and Wintsait and Trapido, 1952,
fyotis sodalis has been studied only by Guthrie (1933).  Apparently the
tttern of reproduction ix similar for 4l those species which hibernate, This
ady adds nothing to the knowledge of reproductive eveles of these bats,
At =ome significant observations were made coneerning the time, place, and
rewmstanees of muting i . sedalis, An mportant problem still exists us
» the location of the nursery colonies of females and their young, and thus
g0 the eure and development of the voung, Some information on these
ohlems was obtamed {rom the exaomination of musewn speeimens,

Bats that gpend the winter in hibernation mate in the fall as they enter
hernation, and the s#perm are stored in the uterus until spring, when the.
male ovulates upon leaving hibernation (Guthrie, 1933, \\'illls:xf(, 1942,
144), However, little s known of the cirenmnstances of mating, sinee evi-
aee for mating comes largely from the recovery of sperm in the female.

Actua]l obzervations of mating are few and have never involved large
unbers of bats, Wimsatt (1945) deseribes in detad] the mating of M. lued-
gus and M. sebelatus in caves throughout the winter. He saw only a few
drs and uswaldly mating occurred only after the hats were wroused by the
esenee of the ohservers, Myotis sodalls wore obscrved elosely throughout
¢ year. A fairly good idew of the cireumstances of mating was obtained,
‘ating oceurs only during a definile period in the fall, deep in the hibernat-
g caves near the guano piles, late at night, Observations were mude st
ixon Cave, Edmoenson County, Kentueky, during the fall of 1959. On
‘ptember 1, no mating activity was observed at the guano pile at which
10 to 400 hats were roozted. Mibernation Lad not yet hegun, On QOctober
hibernation had begun for some individuals. There were, however, about
300 M. sodalis at the guano pile both day and night, No mating activity
18 obzerved during the duay. At night activity inereased with some flving
it to feed, some returning adfter feeding, and mating activity was taking
ace. The nuwmber of huts at the pile inereased as the night progressed.

1411
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v pairs were scen mating and males were observed seurryving around
ng for muates.
nmale actively seeks out a femule by erawling ulong the ceiling of the
He cautiously approaches her from behind, erawls over her, then
3 the fenwde just in back of Lher head with his teeth, and holds her se-
v. The female mmnediately tries Lo escape, and sometimes manages to
way. The male gets his hind quarters underneath the interfemorul
srane, and at the swme time bends hiz tadl and membrane back onto the
g, out of the wav, The penis is inserted by strong pushing of e
quarters,  The female is constantly trying to eseape, but the male
ting a firm hold with the teeth, and spreads his wings around the fe-
to restrain her. Onee the penis iz introduced, the femuale seems to quiet
and the male loogens his grip, but brings the forearns forwird und
them against the haek of the head of the Temale, and actually hends
eck down a hiatle. The mating lasts for several minutes, but actual
g means little, gsince the bats were considerably disturbed by the pres-
of the observers. '
s mating belmvior is essentially the siome as that deseribed for M yotrs
gus by Wimsatt 11943y, On October 9, the bibernating colunies were
nereasing, wxd there were =<tll nany active buts ut the guano pile en-
in mating netivities, The next dute of abservation was November 27,
ating was observed then, or at any other time ilroughout the winter,
thougly many btz would be at the guano piles in an aciive condition.
lmited nuting wes observed in late April as the bats were leaving
wtion, This involved only u few pairs, not the mass mating ax in the
Myotie sodelis thus scems to have a more definite period of mating
does M. luctfugus.  Whercas fecifngus may mate throughout the
vy sodalis mates only in the fall and again to a lesser degree in spring.
1 important problem is whether or not a cave population in winier is
i hreeding population.  In these muting groups in Dixen Cuave, 16
L bhats were reeovered, AR of these were ones whiceh lind been banded
on Cuve. cither in winter or suniser.. However, bhats handed in TYxon
in September, before e wating season, were recovered in Coach Cave,
miles away in winter.  One was recovered the day after handing.
g the fall mating seazon in Dixon Cave, a large number of bats are
atedd in what ean he called the transient areas To way be that these
e buts which wre moving on 1o other eaves and keep themselves sepa-
‘o the colony of Dixon Cave. Some wovement from one winter cave
ther does Gike place us was pointed out before, Tt seems that the in-
als in u hibernating colony are for the most part a breeding colony,
s some interchange possible between colonies in certain areas, Ivis
wwn where the young that are horn to the females of any puarticular
uy go to mate and hibernate. The movenments of the ouly two juve-
ver bamded have already been diseussed. Botly these two juveniles
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wre banded from the sume smadl eluster in Tadiang, bt were found hiber-
ating in different caves in central Kentueky., It seens more realistie lo
ink of a breeding population ns those bhats which wre Tound within a nat-
ral populationgd movement arca. One such area apparently involves Ken-
aeky, Indiana, Hlinois, and southern Ohio.  There scoms to be little or no
ioveluent to other arcas, where populations of M. sodalis oceur.

The place and circumstances of the birth and rearing of the young of M.
ratis are unknown. Only one pregnant femnle hag ever heen seen or taken
REAL 1839). This bat was shot by Lany Culvert neur Mongo, La Grange
ounty, Indiuna, on 18 June 1959, This female conmi:}c(}___ghg'cm))i‘_\_-jo 39
ilimeters i length. Juveniles have been collected o number of thmes.
wenile records for Indinna are summarized by Munmiford and Cope (1938),
he voungest is a male collected 24 July 1952, under a bridge at Turkey
un State Pwrk, Parke County, Indizna. This individual was 71 nan long
id had its adult teeth, O daly 27, 19587, o group of innnature M. sodeliy
are caught at this same bridge (Mumford und Cope, 19381, One specinen
Neeted was 87 mm Jong.  The others were banded and thelr movements
ve been diseussed previously, Muwmford and Cope reported thut three
mature sodalis were shot while feeding near a wooded area in Steuben
sunty, Indiuna, 27 July 1957, Mumfoerd collected two Immuture sodalis

Ruy's Cave, Greene County, Tndiana, on 5 August 1957, - These were ex-
ially wdult-size, exeept that the wing epiphyvses were still open,

Other juvenmle specitiens were found in the examination of speeimens:
o muwme: from Greenway, Clay County, Arkansas, on 10 July 1898
INHMY; one tuken at Grosse Isle, Wayne County, Michigan (USNA,
th o data; three males taken In Penn's Cave, Centre County, Pennsyl-
nia, on 2 November 1924 (CU); one male from Aitkin Cave, Miffiin
amnty, Pennsylvania, on 17 November 1940 (CTU}; one female taken in™
tle's Cave, Alhany County, New York, on 2 Mareh 1941 (MCZY; anil one
male taken in Nickwacket Cave, Crittenden, Rutland County. Vermont,

22 February 1935 307,

For a speeies ux abundant as M. sodalis there are few records of breeding
nedes and Juveniles. Tt seems that the young are horn in Jate June and
v o the wing by mid-July. In the southern parts of the range, the wing,

physes are closed by the beginning of hibernation in the fall: In the”

thern portion of the vange, from Pennsylvania to Vermont, the epiply-;
may- still be open when the bats enter hibernation. They thus can be
tinguished throughout the winter as young of the veur. -

SUADMARY
1. Myotis sodalis is restrictod in winter to the major eavernous 1imestone

as of the mid-west and cuxtern Pnited States. Locslities oceur in groups
wreas where there are many large caves inonosmall are.
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Most locudities are eloge to manjor vivers. These rivers appareaddy are
tunt in navigation and may be avenues of dispersal. The castern di-
wtween the Atlantie Constal drainage and the Missi
ag somewhat of a barrier to dispersal.

The sunumer range g less well known, but appears to be about the
ag the winter range, except for a slight extension to the north beyond
WO arens,

sippl drainage has

.
Charueters of the skin and skull show no indieation of race fTormation
v the speeies. Measurements vary little over the entire range of /.
5.
The winter distvibution of cave populations iz decidedly one that is
nited, Four cuves are known in Rentueky and Missour] whieh have
~eolomies of ubout 100,000 individuads.  Other euves have only 1,000
W oo Jess, One 2ueh Jarge popalation was destroved by flooding in re-
ime in eentral Kentueky,  This species is extremely spectalized in re-
o the habit of ageregation. :
The period of hibernation is shout 190 days on e average., M yotis
¢« form charaetertstie dense clusters on eeilings i the smne spots cael
These spots are in the zene of the cave where the tanperature
54°% to 6° C m mid-winter. Considerable activity oceurs throughout
nter, ax well as some Hited fecding,
The eluster takes advantage of a rather narrow zone of temperature
eave and proteets the hats from exeessive disturbance during lsber-

Jther =pecies Torm different wepes of clusters and wee adapted to dif-
temperature zones. This has allowed several species o oceupy a cave
er
Male Mo sodalvs wander wronnd i small groups duving the stwmner,
auy he found hanging over guano piles in the sone caves iy which
Birnated. These guano piles are in the deeper, warmer parts of the
The sodaldis fly out to feed a night from these roosting places. Other
csueh ws M gotis ueifugus aanl Pipistrellus subflaces, may he Tound
seaves inosummer, but they are nearly always in g torpid condition.
o ot exhibit daily activity, hut remain in a cold, torpid condition for
duvs,  Myotis sodalis has heen able to adapt 1o cold caves, live in
uring the sunner, and <Gl carry on vormal uetivity, This 1s o hasie
ee hetween o true cave-inhabiting bat in temperate regions and one
wes cuves ondy Tor hibemation.  Wyotls griseseens und M. wetrori-
e wlsoe true eave bats in this area.
The sume individuad M. sedalis may be present in the same arca
and smonier, or may move as much as 230 miles hetween seasons.
S hand recoveries indicate that certain movement areas exist for cer-
miutions. Cne such populational range includes Nenteeky, Indiana,
and southiern Ohlo. No movement appurently takes place between

(Uislé
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his area und the Ozark area of Aissouri and Arkunsas.  The postulated
outes of navigaution wre the mujor rivers,

110 A sedelis ey hibernate in one cave one winter and in another the
ext or suhsequent winters, but the tendeney 15 to return to the saine cave
ach winter. The area of movement hetween hibernating eaves is the same
g that imvolved n seasenal movement.

12, Females tend to change their eave of hibernation more than males as
wdicated from aetual movement records,

13, The sex rtio of M. sodalis 35 cqual i the winter colonjes.

14, In comparing the hubits of severul species of M yotis found in eastern
nd mid-western United States, it ean be scen that 3. sodalis, M. griseseens,
I owvelifer, and M. austroriparivs have similar habits in regard to eave adap-
ttions and aggregation. M yotis lucifugns, M. keenii, and M. subulatis use
aves only to hibernate . 1 they enter caves in summer, they go to @ tor-
id condition az in hibernation.  Myotis sodalis and M. lectfugus resemble
weh other more clusely in morphology, but sedalis may well be more closely
Tated to M. griseseens, M. velifer. and M. austroriparius.

15, M yotis sodalis hus appuarent)hy evolved through adaptations for utili-
ttion of the larger caves of Missouri and Kentucky.,  This gpecies has be-
me a true cave-sdapled Myotis. The major cave arcas of Kentucky and
lissouri are centers of abundunce at the present time.

16. The establishment of populutional ranges restriets gene flow within
e species. This apparently has not heen in effeet long enough to allow
we differentiation to oceur,
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