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Abstract 

The nursing bL,havior of Mexican free-tailed bats (Tadarida brasiliensis mexicana) was examined 
in two large maternity cave roosts during six nursing seasons. After depositing pups in large creches, 
adults return to these creches two o r  more times daily to nurse. Densities, movements, and roosting 
associations of pups in creches were documented, and a night-vision device and infrared-sensitive 
video system were used to observe female-pup reunions and nursing affiliations. Densities of young 
(< 15 d)  pups in creches averaged 4000 pups/m2. Pups moved independently of one another between 
milk meals. Stable roosting associations among pups were absent, and females evidently could not 
predict where a given pup would be relocated. Upon returning to the creche, females searched for and 
relocated pups using vocal and olfactory cues. Experiments with marked individuals demonstrated 
that females nursed the same pups on subsequent nights. These same experiments indicated that 
female/pup recognition was mutual and that the pup participated in reunions by moving toward its 
putative mother. However, pups also attempted to  suckle from other females and 35 instances of 
apparently successful milk “theft” were observed. Observed milk theft was insufficient to account for 
the frequency of alloparental nursing that was estimated independently using genotype tests. The high 
densities of bats within roosts and the lack of stable roosting associations among individuals argue 
against selection for shared nursing via kin selection and/or reciprocity. Errors in pup recognition, 
milk-dumping by females, and adoption by mothers whose own pup had died may occur, but high 
pup survival to  weaning suggests that adoption is rare. The estimate of alloparental nursing obtained 
from genotype tests may be inflated as a result of increased opportunities for milk theft caused by our 
disturbance of adults. Current evidence suggests that energetic costs to females of alloparental nursing 
and searching for pups Are compensated by mutualistic benefits obtained from aggregative roosting. 

Corresponding author: Gary F. MCCRACKEN, Department of Zoology, University of Tennes- 
see, Knoxville, TN 37996-0810, U.S.A. 

Introduction 

Mexican free-tailed bats (Tadurida brasiliensis mexicuna) give birth and 
nurse their pups in roosting situations that pose an extreme challenge to selective 
parental care. In spring, adult females migrate from Mexico to the southwestern 
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U.S. where they aggregate in large caves in populations that often exceed several 
million individuals ( V I I L A K  & C C ~ C K K U M  1962; D A V I S  et al. 1962; COCKRUM 1969). 
Most females give birth to a single pup in mid-June. Following birth, the female 
provides her pup with a milk meal, then deposits it with others on the cave walls 
o r  ceiling (DAVIS et al. 1962; MCCKACKEN 1984). Masses of densely packed pups 
(“creches”) soon cover much of the roosting surface (Fig. 1). Pups remain in these 
creches until they are volant at about 6 weeks of age. After placing their pups in a 
creche, females roost in areas of the cave apart from the pups, but they return to 
the creche and nurse pups two o r  more times each day. 

Fig. I: Photo of massed pups in a creche. Within a few days following the onset of births, single 
creches can cover areas greater than 100 m’ of roost surface and have densities exceeding 4000 pups/ 

m’. The photo shows approximately 0.15 m’ of roosting area 

Because of the cost of location (MILLAK 1977; KUNZ et al. 1983; OFTEUAL 
1984; GITTLEMAN & THOMPSON 1988), we expect female mammals to be selective 
regarding the young that they nurse. Despite conditions in their roosts, and 
contrary to earlier reports (DAVIS et al. 1962), this expectation was confirmed for 
Mexican free-tailed bats by examining allozyme genotypes of female-pup pairs 
taken from a natural maternity roost (MCCRACK~N 1984). However, while 
genotype tests showed nursing to be highly nonrandom, the same tests also 
showed that, minimally, 17 74 of the females examined were nursing pups that 
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could not be their offspring. Subsequently, our  studies on these bats focused on 
establishing the selective context in which alloparental nursing occurs (see reviews 
of this topic in KlEDMAN 1982; GITTLEMAN 1985), and determining how female- 
pup recognition and selective nursing is achieved (GELFAND & MCCRACKEN 1985; 
GUSTIN & MCCKACKEN 1986; MCCRACKEN & GUSTIN 1987; BALCOMBE 1990). 

Here we report observations on female-pup reunions and nursing behavior 
within natural maternity colonies. We also describe aspects of creche demogra- 
phy, including pup  densities, their movements, and roosting-group stability. The 
results reported allow us to account for the alloparental nursing observed, and to 
discount possible roles of kin selection (e.g. BERTRAM 1975; OWENS & OWENS 
1984) o r  reciprocity (TRIVERS 1971; AXELROD & HAMILTON 1981) in offsetting the 
costs of alloparental nursing in these bats. 

Methods 

Dates and Study Sites 

Field studies took place from early June to late July of 1981-1985 and 1987, in maternity 
colonies located in Davis Cave, Blanco Co., Texas, and James River Cave, Mason Co., Texas. In the 
late 1950’s, colony sizes in these caves were estimated at 4 X lo6 and 6 x lo6 individuals, respectively 
(DAVIS et al. 1962). Although more recent estimates of colony sizes are unavailable, both caves still 
house extremely large numbers of Mexican free-tailed bats. 

Sex Ratios, Densities, and Roosting Associations 

Sex ratios of adults and pups in roosts were obtained from individuals captured for genetic 
studies (MCCRACKEN 1984). Individuals were collected from accessible roost surfaces by hand or  
using a bucket collecror (MCCRACKEN & BRADBURY 1981), or they were captured in the cave or  at the 
cave entrance using ‘I butterfly net. 

Density estimates of pups in creches were obtained, without detaching pups from their 
roosthold, by counting all pups encircled within a wire hoop (area = 82 cm’) appressed to the creche. 
O n  four nights in latc June and early July, 6 counts were taken from accessible creche areas in different 
locations of Davis o r  James River Caves (Table 1). The number of pups roosting in 1 mz was 
extrapolated from these counts. Counts were taken between 22.00 h and midnight, when most adults 
were foraging outside o f  the caves. 

Table I; Estimated densities of Mexican free-tailed bat pups in creches in two caves in 1983. Sample 
size = 6 for each estimate 

Cave 
PupsJm’ 

Date x (range) 

Davis 26 June 4,134 (3,579-5,307) 
James R. 27 June 3,928 (3,209-4,689) 
Davis 3 July 3,044 (2,838-3,209) 
James R. 5 July 2,859 (2,345-3,085) 

Stability of roosting groups and movements of pups within creches were examined by marking 
adjacently roosting pups and recording individuals’ displacements during 24-h periods. To avoid 
disruption and possihle abandonment of creche areas, successful marking required that pups were not 
detached from the roost and that they were marked with as little disturbance as possible. Dabbing the 
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heads of pups with water-based, nontoxic, fluorescent paint (Pactra Acrylic Colors) provided an 
effective mark that persisted for one to several days. These studies took place between 22.00 h and 
midnight. The location of pups when marked was recorded relative to permanent paint marks on  the 
roost surface. At 24-h intervals, marked pups were relocated using an ultraviolet (UV) light (365 nm 
wavelength) and their roosting locations were again recorded. Two protocols were employed. First, 
five groups of 13-15 pups roosting adjacently within areas of <.Ol mz were painted, each group with 
a different color. These pups were relocated 24 h after marking and the direction and distance of 
dispersal of each pup were recorded. Second, 26 pairs of adjacently roosting pups were painted, the 
pups in a pair each with a different color. These individually marked pups were relocated 24 and 48 h 
after marking and the distance and direction of movement of each pup were recorded. The protocol 
using pairs allowed us to test whether the disturbance caused by marking pups influenced their 
movements. 

NVD and NVD-Video 

In 1983 and 1984, a Javelin Model 221 night-vision device (NVD) was employed to observe 
female-pup behavior in the maternity creches of Davis and James River Caves. For  these observations, 
the NVD,  with an attached zoom lens (70-210 mm, f3.4) and a biocular viewer, was placed o n  a 
tripod 1.8-2.1 m from creches located on  vertical or  nearly vertical roost surfaces. Observation of 
more horizontal surfaces was prevented by the rapid accumulation of bat guano on  the lens. The sole 
source of illumination was a miner’s light (MSA model ML-2), fi t  with a Wratten-Kodak 87B infrared 
( IK)  filter and a frosted-plastic light diffuser. This was sited along the N V D  to provide illumination of 
the area being observed. This light is beyond human perception and caused no  evident disturbance to  
7.b. rnexzcuna females or  pups. Studies on light responses in adult females (MISTRY & MCCRACKEN 
1990) indicate that they d o  not respond behaviorally to light from this source. 

38 h of observation were made between 20 June-19 July 1983 and 19-26 June 1984. While in 
the cave, observers wore ammonia and dust filtering respirators. Observations took place between 
23.00-2.00 h, with observers generally working 1-h shifts per night. It is during this time that 
females begin returning to nurse pups within creches. After 2.00 h the numbers of adults and the 
consequent activity on  creches are so great that systematic observation of individuals is precluded. 
Most observations involved focal-animal sampling (ALTMANN 1974) in which a creche was observed 
until a returning adult landed in the field of view. This bat then was followed until it (1) was lost 
among other bats, (2) moved outside the possible viewing area of the NVD,  (3) flew from the creche, 
or (4) selected and nursed a pup. 

In 1984 and 1985 a low-light sensitive CCTV camera (Panasonic, Model WVl650) was attached 
to the N V D  to allow video taping of in-creche behavior. As with the N V D  studies, all observations 
were conducted by a person in the cave. Remote observation was precluded because manual 
manipulation and focusing of the NVD-video was required to follow the rapid movements of adults 
on  the creche. Behavior was observed through a monitor connected to a VHS videocassette recorder 
(VCR; Cannon Model VR2OA). To block the light produced by the monitor, all observations were 
made from within a small blind. All equipment was battery operated and within reach of the observer 
in the cave. The video camera, VCR, and power supplies were in sealed containers containing calcium 
carbonate (drierite) to protect them from the dust, high humidity, and the ammonia and fecal rains 
within the roost. 

A total of 31 h of video recording, made between 19 June-17 July, 1984 and 18-27 June, 
1985, was of sufficient quality for analysis. All videotaping took place between 23.00-2.00 h, and on 
most nights two observers each taped for 1 h. As with the N V D  observations, NVD-video studies 
involved focal animal observations of returning adults. 

Infrared Video 

The N V D  and NVD-video studies of 1983-1 985 involved observation of female-pup nursing 
interactions among individuals for which we knew nothing regarding previous o r  subsequent nursing 
affiliations. To establish these affiliations, observation of marked individuals during two o r  more 
nursing periods was necessary. This posed logistic difficulties in that a mark must not only identify 
individuals, but also make them sufficiently conspicuous within the dense masses of other bats in the 
roost. Young pups weigh as little as 3 g and any mark must be small and lightweight. The mark also 
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must r e i n i n  con\picuous between milk meals and, because females return to the cave and nurse 
throughout  the night, it must be possible t o  monitor  a marked pup  continuously during this period 
without  disturbing 1ieh.ivior. 

I n  1987, tcrnalcs a n d  pups a c r e  marked with I K  reflecting tags (Scotch-light, 3M Co.).  Creches 
were i loodcd Lvitli Ion intensity I K  light, and the movements of tagged bats were monitored using I K -  
senqitive CCI) c.iincr.is. O u r  objective was to  monitor  the locations of tagged individuals continu- 
ous ly  \Tithin crechc .ireas of several ni', and containing several thousand pups,  t o  observe both 
se.irches md ternale-pup reunions. We found that with low intentity IK light, reflecting tags in the 
fielcl of view s l i ~ i ~ v c ~ l  .I\ bright ,pots even though the individual bats were not discernible. Increa\ing 
the I K  intensity iii.cl-cased the contrast  between the reflection from the tag and the background of the 
creche, m,iking l o c a t i o n  ot tagged individuals more difficult. 

Trio c.inier<is (141, Model 712 CCD, J A I  Electro-Optical Ltd.;  Sanyo, Model VI)C 3800, 
S m v o  Electronics) n i t h  12.5-75 nim, f l . 2  lenses were used. The  J A I  camera has greater I K  
sensitivit!, and xvitli i t  \ve monitored roost 'ireas o f  appros. 4 m'. Thc  San)o camera was  used tu 
inonitor ctcclic ai-c.i\ ot .ipprox. 1.8 in'. klincrs' lights with IK filters o r  banks of 3 IK light-emitting 
d i o d e s  (Lightning Rug. Model CW TIIOO) s c r ~ e d  as light sources. 'The cameras were in scaled plastic 
housings containing drierite and tethered to  VCK's and inonitors located outside of the cave. All 
equipment w.is poir ercd with 12-V gel-cell batteries. 

1,'or these cxp.ri inents,  iemale-pup nursing pairs were collected by hand frotn accessihle creche 
.ire.is between 23.0C h and midnight.  An approx. 1-cm-' scotch-light tag wa\ attached using surgical 
gluc (Skinbond C h i c n t )  to the head o t  the pup. and a similar but larger (- 4 ctn') tag to  the hack ot 
the fem.ile. To avoicl Ic.iving odors ,  we  wore surgical gloves when handling bats. 

Although tag' \vcre seen as reflecting s p o t s ,  it was possible t o  distinguish between thc tags of 
females a n d  p u p \ ,  .inti among gross difference5 in tag shape (e.g., square vs stripe) on the video 
inonitor.  I n  addition, \ve used three colors of scotchlight that can be distinguished in visible light, hut 
not IR. Using .I conibination of different tag colors a n d  shapes, each individual w a s  given a un ique  
mark d i s  t  i n gu is1i.i hlc i 11 v is ib l  c I igh t . 

Tagged pups \\.ere returned, within 1/2 h o f  their removal, t o  within 10 cni of wherc they were 
captured. A c.imcra w.is tocuscd on  that creche area and thc tagged iemale \\'as released at the cave 
eii trmce. The crecIi<,. with the tagged pup in  vicw, then was monitored for the female's return. O n  
most nights, a c,iniL,i-'i \vas used to  monitoi- a single marked pup;  however, o n  three nights t w o  
distinctively marhcd pups iverc monitored sirnultaneously. I t  also proved possible to relocate tagged 
p u p s  o n  subsequent nights and t o  monitor  these pups again for possible reunions with the same tagged 
females. 

These c.;pcrinients \\.ere conducted o n  1 I nights betwccn 26June-14 July.  I 4  female-pup pairs 
ivcrc tagged .ind u \ c ~ l  i n  18 rctriev.11 esperimcnts.  Three ragged pairs were monitored on t w o  (2 pairs) 
o r  three ( I  pair)  tlittercnt nights,  the other pairs were monitored for one  night. Tagged bats were 

5.8 h (rang' 3.3-7.0 h) per night. 

Results 

Demography and Creche Development 

The  earliest that pups first were observed in creches was 5 June (James River 
Cave, 1981) and the latest that pups first were observed was 11 June (Davis Cave, 
1982 and 1983). Parturition was highly synchronous. For  example, on  10 June 
1981, 9 of 66 ( I4 (L) females examined had given birth and the remaining 57 were 
pregnant, whereas 9 days later (19 June 1981) a sample of 647 females from the 
same cave consisted of 605 (94 74) that had given birth and only 42 that were still 
pregnant. These observations agree with DAVIS et al. (1962) who reported that 
over 90 '7;) ot adult T.b. mexicuna females gave birth within a 15-d period in mid- 
June. 
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For several days after births began, clusters of a few to several hundred pups 
were scattered over the cave walls and ceilings. As more births occurred, clusters 
rapidly increased in size, and by the third week in June, single creches typically 
covered areas of 10 to several 100 mz. Pups remained densely clustered in creches 
until they began growing fur at about 4 weeks of age. Unfurred pups found 
outside of creches invariably appeared sick and emaciated. As pups obtained fur, 
their roosting densities decreased; however, the distinct segregation of adult and 
pup roosting locations persisted until weaning, at 6 weeks following birth. 

Bucket collections at James River Cave illustrate the extreme segregation of 
adult and pup roosting areas. 7 collections were made between 7-24 June 1981, 
and were taken from adult roosting areas. Although 746 lactating, post-partu- 
rient, adult females were captured, only 27 pups were taken in the same 
collections. 

Creches typically extend into crevices and other irregularities on the cave 
surface and estimating their size often is difficult. The estimates of pup density 
(Table 1) are from creches that were located on relatively flat surfaces where pups 
could be counted accurately. Other  than meeting this criterion, these creches 
appeared typical of others in these caves. A t  the time of the 26-27 June estimates 
most pups present were 1-2 weeks of age. The sex ratio of all pups examined was 
biased slightly, but not significantly, toward females (421 femaledB1 males, n = 
812; p > . lo, G-test). DAVIS et al. (1962) also reported a slight, but not 
statistically significant, bias toward female pups. 

DAVIS et al. (1962) reported that over 95 % of adult Mexican free-tailed bats 
present in maternity roosts during June and July were female, and that essentially 
all of these were parous. In our  study, 1,499 adult T.b. mexicana were captured in 
arbitrary samples (those other than female-pup pairs). Of these, 1,449 (97 %) 
were female and 1,442 (96 70) were pregnant o r  lactating. Other  studies (VILLAR 
& COCKRUM 1962; COCKKUM 1969) have shown that a large segment of the adult 
male population remains in Mexico throughout the summer, and that most males 
that come Nor th  roost in alternative sites (DAVIS et al. 1962; SVOBODA & CHOATE 
1987). 

Although relatively few adult males are present in maternity roosts, there is 
evidence that the males present are nonrandomly distributed. The  arbitrary 
samples from James River Cave were made using bucket collectors to capture 
groups of adjacently roosting individuals. The numbers of males taken from 
different areas within the roost were highly heterogeneous (p << .OO1, G-test, 
SOKAI. & R O H L ~  1981), with males comprising 0-1 % of the bats present in four 
collections (total collection sizes (n) = 37-655), and between 6-31 % of bats in 
the remaining three collections (n = 33-87), 

Movements and Roosting Associations of Pups in Creches 

Marking studies showed that pups change roosting locations between milk 
meals. The average distances between relocations were 41 cm (range 13-117 cm, 
n = 60) for pups marked in groups and 45 cm (range 6-107 cm, n = 37) for 
pups marked in pairs (Tables 2 ,  3). Because pups moving longer distances are 



No. of pups N e t  d i s t m c c  moved in cni Kav le igh  
c.1\ c t ; r c ) u p  in.iidicd reIoc'itcJ s range z P 

~- ~~~~ 

L)d\ I\ I 13 13 38. fI  12.7- 76.6 1.91 >.I0 

D.i\ is \ 13 I 2  17.0 15.2-1 16.8 10.38 <.001 
1 ).ivi s I 13 I I  30.7 22.9- 66.0 2.23 1 .10  

j.1nics K .  I I i 14 45.1 17.H-101.6 2.3x >.os 
].itiic\ K. 1 I i 10 42.7 17.2- 94.0 2.92 >.20 

T,rG/c 3:  \lc)vc.meiit\ ( i n  mi) dut-ing the t i n t  .ind second 24-11 periods attcr marking  of p u p s  markcd 
111 paii-s. I 'up\ in c.izIi p.iir \verc adi.icenr \vlien marked .  Average distances moved dur ing  thc  1st versus 
2nd 24-11 p c i - i o J  ~1ttL.i. in,irl\ing \\ ere not  signitic.1ntly different within a n y  marking  period ( t - t r s t ,  0.10 
< p < 0.20 t o r  1 i1nc  2S~-30;  0.50 < p < 0.90 t o t -  .[uly 7-9 and Ju ly  11-13), T h e  distances moved i n  

dtttet-ent m.irking pet-iocis differed signiticantly 
___ 

I \ t  24  I1 atter marking  2nd 24 h after marking 
\ r m s e  I1 Y r a n ~ e  n 

.-. ~ 

2s-33 I t l l l C .  11x34 27.7 12.7- 45.7 7 44.2 25.4-57.8 3 
.5- 7 lul!. I'lS1 3 6 . 3  S.3- 83.8 1 1  42.1 6.4-87.0 6 

11-1 3 , l l l lv.  I9S3 70.3 36.8-100. -8 79.1 76.8--81.3 2 
___ 

probably more difficult t o  relocate, these results may be biased toward more 
sedentary pups. However,  such a bias is probably slight because these studies 
involved intensive searching of areas of at least 3-m radius, centered on  locations 
where the pups were marked, and a large proportion (87 (Yo) of all marked pups 
was relocared. l ' h c  paint marks on  pups are ephemeral, and failure to relocate a 
pup  was likcl!, a result of loss of its mark. 

RelocLition of distinctively marked pups 1 and 2 days after marking showed 
that the net displacement of pups during the first 24 h after marking was not 
significantly difterent from their displacement in the subsequent 24-h period 
(Table 3), indicating that their movements were not a result of the disturbance 
caused by marking them. Although the distances moved by pups within a 
sampling period dId not differ during the first or second day after marking, the 
distances moveti during different marking periods differed significantly (H = 
13.348 (df = 2 ) ,  p < .001, Kruskal-Wallis one way analysis of variance; 
Table 3). Movement distances also were heterogeneous among the three groups 
of pups marked i n  D'ivis G v e  (p << .OOI, G-test; Table 2). The  observation of 
greater movements in later marking periods (Table 3) suggest that pups may move 
more as the>, m.iture. 

T h e  directions individuals dispersed from the centroids of where groups 
were markcd wcre apparently random in 4 of the 5 groups marked, and highly 
nonrandom i n  the remaining group (Fig. 2, Table 2). The  case of observed 
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Fzg. 2; Net  distance and dispersal direc- 
tions of 14 marked pups in group 1 ,  
Jame\ River Cave, 24 h after marking 

(see Table 2) 

H 
10 cm \ 

nonrandom dispersal evidently was a result of cave topography, this group being 
o n  the edge of a creche, adjacent to a rock ledge that was devoid of pups. All pairs 
of pups that were adjacent when marked were not adjacent 24 h later and the 
movements of these individuals evidently were independent of one another. The 
average distances between adjacent pups were 42 cm (range 22-99 cm; n = 8) 
after 24 h and 49 cm (range 40-58 cm; n = 2 )  after 48 h. 

Female-Pup Behavior on Creches 

Searches for pups begin when females enter creches by landing on  other 
roosting bats or  on adjacent, uninhabited areas of the cave surface. Typically, 
females vocalize for several s after landing, then begin crawling over and through 
the masses of pups, continuing to vocalize as they crawl. During a typical search, 
the female frequently stops crawling and vocalizes intensively for brief periods 
before resuming her movement. This calling is accompanied by ear-twitching, 
suggesting that females receive auditory signals as well as broadcast them. 

Pups within creches call sporadically when no  adults are nearby, and rates of 
calling appear to increase when adults are on the creche. While a female is on the 
creche, nearby pups orient toward her and attempt to attach to her teats in evident 
attempts to get milk. Females are vigilant to suckling attempts by pups and block 
pups with their folded wings. However, pups frequently are successful in 
attaching to teats for brief periods. Females repel pups by beating them with their 
wings, scratching them with their hind feet, and biting. If a search is “successful” 
the female evinces interest in a pup, touching the top of its head with her muzzle, 
evidently smelling and exchanging vocalizations with it. These exchanges can 
persist for a minute o r  more, before the female raises her folded wing and nudges 
the pup toward one of her teats. 

Search Statistics; NVD and NVD Video 

We monitored 170 adults landing on o r  adjacent to creches. 57 (34 Yo) of 
these landings were accompanied by n o  evidence of searching behavior and the 
adult flew from view within 5 s. In  all other cases (n = 113) the adult remained in 
view for > 5 s and either vocalized, but did not move among pups (n = 13), o r  
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A Fig, 3;  hlovements of t\vo lactating 
fcmales from the loi'ltion o n  the  creche 

p u p s  they .ici.cpteii .inJ nursed. Cross- 
n.here they landed t o  the location of the 

hatchet mark 1oc.1t101is w h e w  females FEMALE 

htoppcd to  call .iind:ot- smell. The  duration 

FEMALE LANDED 

NURSED PUP 

of search h f rcm I,incling to  acceptance of 
tlic pup W.IS 7 niin 24 s o n  5 July 1984. of 

B 1 min 50 I on 13 Jd!. 1984 

10 em 

FEMALE 
NURSED PUP 

FEMALE LANDED 

M 
10 SID 

both vocalized m d  moved among pups (n = 100). 35 of these 113 apparent 
searches were not observed to their conclusion, in most cases because we lost the 
adult among other bats. Of the 78 searches that were followed to conclusion, 61 
(78 I % )  ended with the adult flying from the creche without accepting any pup, 
and 17 (22 ( X I )  ended with her settling into the creche and accepting and nursing a 
pup. A n  additional 97 adults that already were involved in searching on creches 
when we first ohserved them also were followed until they either flew from the 
creche without selecting a pup (n = 66), o r  selected and nursed a pup (n =31). 

For successful searches observed in their entirety, the time elapsed from 
landing to  accepting a pup ranged from 12 s to 9 min 51 s (X = 3 min 57 s). The 
time elapsed froin when a female and pup made physical contact until the pup 
appeared to attac.h to the female's teat ranged from 8 s to 2 min 19 s ( 2  = 32 s). 
Unsuccessful searches observed in their entirety ranged from 5 s to 1 min 28 s ( X  

= 21 s) when the female called but did not crawl through the creche, and from 
IO s to 5 min 23 s (X = I min 29 s) when the female both called and moved 
through the creche. The longest apparent search observed was 25 min 16 s, lasting 
from when we began watching a female already actively engaged in searching until 
she flew from view without accepting a pup. 

All adult movements were mapped for 11 successful searches (Fig. 3). The 
to ta l  distance moved by females ranged from O cm to 260 cm (X = 78.1 cm). The  
net distance from where a female landed to the location where she accepted and 
nursed a pup ranged from 0 cm to 190 cm (X = 45.4 cm). 

The durations of milk meals observed from when a pup was accepted until 
the female and pup separated ranged from 9 min 18 s to 27 rnin 34 s (x = 20 min 
27 s, n = 8). All pups observed suckled from both of the female's teats, 
alternating betwcen teats as many as 5 times during a single meal. Teat switches 
were accomplished quickly with the evident assistance of the female. Pups 
remained attachcd to the cave surface during nursing, and female-pup pairs 

I r l l r l l r y i ,  \ , I 1  99 ( 4  22 
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moved short distances through the creche during milk meals. Most movement 
occurred shortly before the female and pup separated, when it often appeared as if 
the female was dragging the attached pup. In the longest of these observed 
movements, a female and attached pup traveled a straight-line distance of 28 cm 
before separating. 

Milk Stealing 

Most observed attempts to steal milk occurred when pups bit at the teats of 
females passing close to them. Pups also attempted to take milk from the 
unoccupied teats of females nursing other pups, and pups evidently attempted to 
sneak under other pups which were being accepted by females, so as to gain access 
to those females’ teats. Females responded quickly to pup suckling attempts and 
most pups were repelled almost instantly. Because of the brevity of these 
interactions, and because our  views of teats often were intermittant and 
obstructed, assessing the success of pup suckling attempts is difficult. However, 
we observed 35 incidents where pups clearly were successful in attaching to the 
teats of females, without the sequence of behavior typical in female-pup reunions. 
28 incidents involved a pup quickly attaching to the teat of a passing female. O n  
24 of these occasions the pup was repelled immediately; in the 4 remaining 
incidents the pup was attached for periods of 8-15 s, with the female beating and 
scratching the pup until it was repelled. O n  5 other occasions we observed a pup 
attach to the unoccupied teat of a female already nursing another pup. In all cases 
the second pup was immediately repelled. O n  two occasions a female-pup pair 
began apparently typical recognition interactions, but the female repelled the pup 
and moved away from it when it  attached to her. 5 females that repelled pups 
were observed until they accepted and nursed a different pup, and we observed 
three different pups attach to one female within a period of 2 min, before she 
accepted and nursed a fourth pup. We  also twice observed adult T.b. mexicuna 
attaching to the teats of other adults. In both instances the pair fought and quickly 
flew from view. 

Although our  observations d o  not demonstrate that lactating females actu- 
ally lose milk during these encounters, indirect evidence indicates that they 
probably do. Lactating females return to creches with large milk loads (DAVIS et 
al. 1962; KUNZ, pers. comm.), milk can be expressed easily with the slightest 
manual pressure, and when the teat of a hand-held female is offered to a pup, the 
pup attaches and obtains milk immediately (also see DAVIS et al. 1962). The 
success of milk theft by adults also apparently was documented by DAVIS et al.’s 
(1962) observations of milk in the stomachs of autopsied adult females. 

Female-Pup Reunions: IR Video 

Retrieval and nursing of a pup by the same female that nursed it on one o r  
more previous nights were documented in six of the 18 experiments where tagged 
pups were returned to the creche. These 6 reunions involved four different 
female-pup pairs. The reunions of one tagged pair were documented on three 
nights over a 5-night period; the reunions of the three other pairs were 
documented on  one night each. Reunions occurred at all times of night; the 
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earliest ‘it 0.30 h and the latest at 5.25 h. In 8 other experiments we documented 
the return of putative mothers to within t m of their tagged pups; however, these 
pairs did not reunite during ou r  observations. 

Failure to  monitor tagged pups continuously for the return of tagged females 
was due  most frequently to 1) movement of pups beyond our  field of view, 2 )  loss 
of sight of tags as bats crawled over and under one another, and 3) fouling of the 
camera lens. Furthermore, as the density o f  returning adults on  creches increased, 
our  ability to discern pup  and adult tags decreased, and after ca. 5.30 h, the 
obse IT a t i o x i  of t ,i g j  TI‘ as d i f f ic u 1 t . Con  seq u en t 1 y , w h i 1 e o bserved reunion s demon - 
strated repeated nursing affiliation between the same female and pup, failure to 
observe female wturns o r  female-pup reunions does not mean that they did not 
occur. 

The I l i  v idco  studies showed searching patterns similar to those seen with 
the NVD. In thc 14 experiments where a female returned to her presumed pup’s 
vicinit!., inultiplc returns often were observed throughout the night (range 1-1 1 
returns/female, tor SZ observed visits). In 38 visits the female landed on o r  
adjacent to the ircche within I rn of the appropriate pup. In the remaining 14 
visits the female crawled into the field of view. In 7 of the 38 landings observed 
the fetiide flew from the creche within S s. In another 8 landings the female 
remaincci o n  t h e  creche for > S s but did n o t  move within it, and in the remaining 
23 landings the teniale ci-an~led through the creche before either aborting the 
apparent scarch and flying o r  reuniting with the pup. When multiple landings 
were observed, Imding locations often bracketed the location of the tagged pup, 
suggesting that multiple landings may be used t o  “triangulate” the pup’s position 
(Fig. -I). Where the female’s search could be mapped from her final landing to the 
reunion (n = 3 ) ,  the aver‘igc straight-line distance from this landing to  the pup’s 
location w ~ s  42.7 mi (range 23.1-69.8 cm). 

Because the I K  video observations recorded reunions of marked pairs, it was 
possible to  map the movements of pups as well as those of adults (1;ig. 5). In a11 
five reunions \\,here pup movements could be mapped, it was evident that not 
only did the fein.ilc approach the pup, but the pup  also moved toward the female. 
The  mean net distmce inoved by these five pups as the female approached them 
was 10.4 mi (range 5.6-1 7.3 cm). 
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Fig. 5:  Joint female-pup movements 
leading to the reunions of two 
marked pairs. Movements of adults: 

I\ w dashed lines, pup movements: solid 
I$ lines. A :  between 3.32-3.40 h 

INTO VIEW X LOCATION (search duration 7 min 35 s) on  30 
J u n e  1987. B :  between 5.21-5.25 h 
(search duration 3 min 25 s) on 14 
Ju ly  1987. On A the pup reached 
locarion Y as the adult reached loca- 
t i o n  X, suggesting that the pup dis- 
criminated its presumed mother at a 

distmce of at least 40 cm 

A 
REUNION 

Y 

CN 

FEMALE WALKED A PUP’S ORIGINAL 

%2 

FEMALE LANDED 
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Discussion 

The Frequency and Context of Alloparental Nursing 

Although wc observed frequent attempts by pups to steal milk, ou r  video- 
tapes of focal animals include 4.3 h of suckling following searches and apparent 
acceptance of a pup, but only a total 1.3 min of suckling following apparent milk 
thefts. The latter is less than 0.5 (7’0 of the total suckling observed. While we have 
almost certainly underestimated the number of attempts at milk theft that were 
successful, these statistics suggest that milk theft alone cannot account for the 
relatively high frequency of alloparental nursing (ca. 17 %) indicated by genetic 
tests (MCCRAC:M,:N 1984). A possible explanation for this discrepancy is that milk 
theft is only one source of alloparental nursing, and females also may accept and 
nurse pups other than their own. 

Where information is available, all relevant features of T. b. mexicunu’s 
biology argue against selection f o ~  alloparental nursing through kin selection 
( K I F . I ) ~ I A K  1982; GITTLLMAN 1985) o r  reciprocity (TRIVERS 1971 ; A X ~ L R O D  & 
HAMILTON 1981; WILHNSOK 1988). Stable associations among related individuals 
are a common if n o t  universal feature accompanying the evolution of kin-biased 
interactions (WEST-EBEKHARL) 1975; GREENWOOD 1983; H0LMt.s & SHERMAN 
1983). In T. b. mcxicuna, the density and independent movements of pups and 
adults (OKOhI1:WSKI 1986) demonstrate that persistent associations among indi- 
viduals d o  not occur within roosts. The lack of stable roosting associations also 
suggests that a female cannot monitor the nursing affiliations of other females and 
pups known to her, and this eliminates the possibility of selection for shared 
nursing via reciprocity (TRIVERS 1971 ; WILKINSON 1988). Information on  the 
genetic structure of pups and adults within colonies further corroborates the 
conclusion that, except for nursing mother-pup pairs, roosting associations of kin 
are absent in these roosts (MCCRACKEN 1984). Banding studies (DAVIS et al. 1962; 
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VILLAK & COCKKLIM 1962; CONSTANTINE 1967; COCKRUM 1969) documented the 
movements of individuals among different maternity roosts, and also appear to 
obviate the possibility that interdemic selection (WADE 1978) acts to favor 
alloparental nursing in these bats. 

Helping to raise unrelated young could still be advantageous to females i f  
females received benefits such as improved social status, better integration into 
social units, o r  from learning (e.g. H R D Y  1976; BROWN 1978; Roo11 1978). 
However, the lack o f  stable groups in T. b. mexicana also appears to eliminate the 
first t w o  of these possible benefits. High mortality among the pups of certain 
mothers (e.g., J oung mothers), could provide a class of females that would 
benefit from helping if the experience gained made them better mothers in the 
future. However, Ht-KRFII) (1967) estimated preweaning pup mortality in Davis 
Cave at only 1.3 %. The estimated high survival of pups through weaning 
indicates that success at raising pups is not likely to increase because of learning. 

In some cases, adoption following the loss of a female’s own offspring may 
occur because continued nursing is important for maintaining a female’s post- 
weaning estrus and mating cycle (LEBOEUF et al. 1972; REDMAN & L E w E U i .  
1982). This is improbable in T. b. mexicanu because whether o r  not they nurse a 
pup  through weaning, females will not mate again until the following spring 
(DAVIS et al. 1962). Furthermore, the estimated high survival rate of pups suggests 
that even if females that lose their pup  adopt another, this could explain only a 
fraction of the alloparental nursing suggested by our  genetic results. 

If adoption is common, most adoptions would require that a female either 
abandon her own  living pup  o r  that she raise two pups. Abandonment of her own  
for the benefit of an unrelated pup is implausible. We do not know whether a 
female can provide sufficient milk for nursing two  pups, but females pregnant 
with twins are extremely rare (DAVIS et al. 1962). It is not known how frequently 
the birth of live twins occurs, o r  if  the female can raise both pups. Work  in 
progress on  pup growth and the energetic demands of lactation (KURZ, pers. 
comm.) should address these issues. 

At  present, we suspect that the costs would be extremely high if a female 
with a living pup were to adopt another. PIEROTTI & MUKPHY (1987) have 
proposed a model that could favor adoption of unrelated individuals as a result of 
selection acting both on  individuals and through “soft altruism” (WILSON 1980). 
However, the model of PIEROTTI & MURPHY (1987) requires that costs to the 
adopting parent(s) are low, a condition that almost certainly does not hold for 
T. b. mexicma. 

We know that female T. b. mexicuna often abandon searches without accept- 
ing and nursing a pup. Female elephants that have difficulty locating their calf 
may nurse another calf to reduce their milk load (LEE 1987). We have seen no  
evidence of “milk dumping” in T. b. mexicana. Observed nursing was always 
preceeded by either the sequence of mutual interactions suggesting recognition, 
o r  by aggressive o r  covert attempts by pups to attach to the female. In n o  case did 
we see a female allow a pup  to nurse without apparent mutual vocal and olfactory 
exchange. However, milk dumping remains a possibility. 
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Alloparental care often has been attributed to parental “mistakes”, such 
mistakes being more common in colonies with dense populations (RIWMAN 1982; 
KOVACS 1987). The extreme challenge for recognition that T. b. mexicana face 
suggests that mistakes are likely. Two instances that we counted as milk thefts 
began with typical female-pup recognition behavior, but the pup was repelled 
after it attached to the female’s teat. Females also often stop during searches and 
appear to “check” a particular pup before passing by it. The potential for parent 
error clearly exists. We did not, however, observe any case where a female 
accepted a pup and nursed it, only later to repel it. 

As a final possibility, FOIIGI:N (1971) attributed earlier reports of “adoptive” 
nursing in gray seals (SMITH 1968) to disturbance caused by human observers. The 
discrepancy between the observed frequency of milk theft and our genetically- 
based estimates of alloparental nursing could be due, in part, to disturbance 
caused in obtaining the genetic estimates. While on the creche, adult females are 
vigilant to the suckling attempts of pups; any lapse in this vigilance is likely to 
present nearby pups with an opportunity to attach to the female. Visible light, 
which was used during ou r  sampling of nursing pairs, is disturbing to both adults 
and pups, but perhaps more so to adults. Although we spent minimal time in the 
roost and sampled only females and pups that were firmly attached when first 
sighted (MCCKACKEN 1984), it is possible that our  presence reduced the vigilance 
of adults and increased the likelihood of successful milk theft by pups (as 
pickpockets take advantage of disturbance in a crowd). It is difficult to imagine 
how this possibility can be eliminated. N V D  goggles and IR light could be used 
while pairs are collected. But we know from our  observations in creches that even 
without visible light roosting adults are disturbed by the nearby presence of large 
moving bodies, which they presumably detect using echolocation. 

The roosting habits of T. b. mexicunu result in costs to females, minimally, 
from the milk lost to pups other than their own, and from the activities required 
to relocate pups and selectively nurse them. Two  questions that arise are; 1) why 
are maternity colonies so large, and 2) why do these bats roost in such high 
density? 

T. b. mexicana are known to roost in much smaller colonies in buildings, 
mine shafts, train tunnels, and beneath bridges (DAVIS et al. 1962; pers. obs.), but 
such roosts rarely include nursing females and pups. The fact that maternity 
colonies are almost always restricted to caves that can accommodate millions of 
bats, suggests they gain benefits in these roosts that compensate for the resultant 
costs (other likely costs of large aggregations include increased susceptibility to 
ectoparasites (MAKSHALI. 1982) and infectious disease (CLAKK 1981), and long 
commuting distances for resources (DAVIS et al. 1962). 

Aggregation in large populations provides thermal benefit. Temperatures 
within maternity roosts are at 35-40 “C, as an apparent consequence of accumu- 
lated metabolic heat. MCCKACKEN (1989) argued that there may be a “threshold” 
population size which is sufficiently large to raise in-roost temperatures. How-  
ever, this does not necessarily account for dense clustering. In some caves (e.g. 
James River) all roost surface appears to be occupied by bats; however, in other 
caves (e.g. Davis) much roost surface is unoccupied and less dense aggregation 
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seems possible, but does not occur. In this regard, HERREIU (1963a, b) has 
demonstrated that dense clustering by both adult and juvenile free-tailed bats 
elevates and stabilizes body temperatures and reduces the metabolic costs of 
thermoregulation. 

Evidently, females aggregate in large numbers and place pups in dense 
creches to gain these and other possible mutual benefits. In so doing, they must 
tolerate the other costs of such behavior. These costs appear to be unavoidable 
consequences of their roosting behavior. 

The Role of Pups in Female-Pup Reunions 

Many studies on  bats have concentrated on female recognition of pups 
(BKOWN 1976; sc HI\.lIUT et al. 1982; BKOWN et al. 1983; ROTHIX & SCHMIDT 1985; 
THOMSON et al. 1985), but for a few species evidence exists that pups also 
discriminate among females (TUKNER et al. 1972; KOLU 1977). Although it is not 
yet established that T. b. mexicana pups discriminate among the calls (BALCOMUF. 
& MCCKACKFN 1991) o r  odors (LOUGHKY & MCCRACKEN 1991) of females, the 
infrared-video recordings of reunions between tagged females and pups suggest 
that mutual recognition occurs, and that pups actively participate in reunions by 
moving toward their presumed mother. These pup movements were seen in all 
reunions monitored, and in one reunion, the pup’s movement was greater than 
that of the adult (Fig. 5B). The observation that a pup began movement toward 
the appropriate temale when the female and pup were as far as 40 cm from one 
another implies mutual acoustic recognition. 
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