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ABSTRACT 

Analysis of data from homing experiments (from the literature 

and from those contributed by this study) in general confirms what is 

already known by investigators of bird homing. It is obvious that a 

determination of the processes involved is extremely difficult, and 

that homing performance is affected by numerous variables. In bats, 

these variables include: (1) species, (2) maturity, (3) sex, (4) sea

son, (5) distance, (6) direction, and (7) "home" situation. Examples 

of the influence of each are described. 

Since a determination of the presence of an orienting ability 

from unfamiliar territory required knowledge of familiar area, methods 

for estimating this are suggested: (1) estimates based on maximum dis

tances of normal movement, (2) estimates based on banding data with 

migratory species, and (3) estimates using seasonal Group Home Range. 

Analysis of experiments in which homing from an unfamiliar area 

has occurred reveals both negative and positive evidence. Negative 

evidence is more abundant and suggests that homing has occurred due 

to randomness. This can usually be explained, however, on the basis 

of factors other than the lack of ability for spatial orientation. 

Mechanisms for homing are also in doubt. In the case of random

ness, chances of return may be increased by search patterns, but may 

be decreased by adherence to specific habitats. In the case of a 

homing ability, echolocation and smell can be of value only for short 

i 



distances; vision may be important at greater distances. 

Several techniques are described which may provide data not 

presently available; these include: (l) radioactive tagging, (2) sub-

miniature transmitters, (3) light-tracking, (4) disappearance direction, 

and (5) flight recorders. 
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1. INTRODUCTION 

Homing ability and the problems of navigation and spatial 

orientation have been investigated in -widely diverse animal groups. 

Numerous birds, several rodents, certain fish, sea turtles, water 

beetles, honey bees, ants, and bats have been shown to demonstrate 

varying degrees of ability for spatial orientation within their environ

ment. Of these, the ability of the homing-pigeon is perhaps best known 

and has been most widely studied. The locomotor capacities of this and 

other birds have allowed spectacular returns from great distances. Some

what less know£, but in some cases equally spectacular, are the homing 

performances of certain species of bats. The study of bat homing has 

received increasing attention in recent years, and has now become an 

important part of investigations in chiropteran natural history. 

One of the earliest homing experiments with bats was performed 

by G. Gyles (1883: 173) who, in England, transported three Pipistrellus 

plpistrellus in a light-tight box from an old castle on an island to 

the mainland half a mile away. The three bats were released singly in 

the daylight, and after one or two circuits in the air, flew against a 

strong wind in a direct line toward the island roost. Since this early 

experiment, several hundreds of bats, involving both Old and New World 

species have been marked in various ways and released at distances 

ranging from a few miles to 500 miles. Individuals of some species have 

returned from distances as great as 4-50 miles. Certain homing experi-
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raents have occurred in which no individuals have returned, while others 

have been reported which demonstrate very high percentages of returns. 

The time lapses between release and recovery range from a few minutes 

to several years. 

The literature on bat homing prior to 1955 has been summarized 

in a study by Cockrum (1956) in which 19 homing experiments, by 12 in

vestigators, are described. Since this time, the literature on this 

subject has expanded rapidly and there is now a relative abundance of 

available data. Because of this, there is currently a need for a sum

marizing study which would serve to compile the results of modern re

search in the field of bat homing and to synthesize and crystalize the 

thinking of the numerous current investigators. 

The purpose of this study is not only to fulfill this need of 

a modern synthesis, but to add to the literature a series of 91 experi

ments, performed by the present author, which help fill in the obvious 

voids in our current knowledge. It is hoped that this study will serve 

to bring the field of bat homing to a level comparable to that of the 

present status of bird orientation and to pave the way for a rapid in

crease of knowledge in the future. 

I wish to express my appreciation to severed people who have 

assisted in this study, especially to Dr. E. L. Cockrum who gave gen

erously of his time and who provided a near limitless source of sugges

tions and encouragement. He and his students had banded many bats and 

located numerous collecting localities prior to my arrival at the 

University. Bill Musgrove, Gordon Bradshaw, Bruce Hayward, Stephen 



Cross, and many other graduate students have spent many hours helping 

to perform certain of the homing experiments and in gathering other 

data in the field and laboratory. 3ruce Hayward provided special 

assistance in obtaining the flight speed data, and Stephen Cross helped 

with the light-tracking experiments. 

Financial assistance was provided by grants from the National 

Science Foundation (C—5209), the National Institutes of Health (E-314.7), 

and the Office of Naval Research (NR 301-555). 

2. LITERATURE AND GENEilAL BACKGROUND 

A. Definition of Terms and a Discussion of Certain Aspects of 

Bat Natural History. For most vertebrates it is not possible to secure 

a continuous record of the movements of an individual within its home 

range. Any insight into the movements of specific individuals is often 

dependent upon the resighting or retaking of an individual that is 

identifiable from sorr.e unique marking or characteristic. Various 

techniques, including toe clipping, dye marking (by automatic dispensers, 

shooting with dye-soaked sponges on the ends of arrows, and dyeing of 

captives), food dyeing, ear clipping, radioactive markers (in food, 

water, on metallic tags, or otherwise), ear tags and a host of other 

devices have all been used as aids in securing an insight into the 

normal movements of feral animals. 

Since bats are nocturnal, studies of their movements are even 

more difficult. Visual tracking for short distances on moonlight nights 

is sometimes possible as are some observations on the crepuscular 



activities of certain species. Such observations are generally of 

limited usefulness. The recent development of subminiature light 

sources may furnish a tool that will aid in visual tracking for greater 

distances. This technique is still so new that its limitations are not 

completely known. The subminiature radio transmitters that are current

ly being developed probably will furnish an even more useful tool for 

following the movements of an individual bat. 

Host biologists interested in the study of movements of bats 

have relied upon the use of various types of serially numbered metallic 

markers. Early experiments with ear tags, leg bands, wing bands, and 

tatooing by various workers (Mohr, Trapido, Griffin, and others) have 

led to a standardization of techniques involving the use of U. S. Fish 

and Wildlife Service aluminum bird bands applied to the forearm of the 

bat. Although this system is not completely satisfactory (Hitchock and 

Davis, among others, are currently investigating suitable modifications 

for bat banding), some such technique will probably furnish the most 

information concerning bat movements—at least for the next several years. 

It would have been advantageous (as was suggested by Mohr, 1953) 

for investigators in this field to have adopted, from, the beginning, 

the standardized terminology previously well established in bird banding. 

However, this has not been the ca3e, and unfortunately no standardiza

tion of any sort has occurred. In fact, with the increase in published 

studies resulting from bat banding, there has been a corresponding in

crease in the use of various terms in describing identical banding 

results. The terms recovery, recapture, return, foreign recapture, re

peat, and local recovery (to list only a few) have all been used without 



At the present time, from an overall viewpoint, this is not an 

extremely serious problem, for rarely does an investigator suffer more 

than minor difficulties in interpreting the published work of others. 

It does, however, become a major problem when some specific and special

ized aspect of bat activity is being considered and the author suddenly 

finds that no standard term is available to describe accurately a 

particular situation. 

The study of bat burning is a specialty which suffers from word 

confusion, iv'ot only must normal banding results be described but, in 

addition, terms must also be used which accurately convoy concepts in

volving artificial removal and return, plus abilities and mechanisms 

utilized by the bats in accomplishing these returns. For example, the 

confusion resulting fro.. the fuzzy and uncertain meaning of the follow

ing terms is obvious: homing instinct, homing ability, homeward orienta

tion, direct homing instinct, true homing, and home. When the difficulty 

in distinguishing between these terms is added to the problems result

ing from a lack of standardization of terms describing normal banding 

data, the problem becomes complex. 

In homing studies, the basic problem revolves around the rather 

unfortunate use of the term "homing." Homing implies going home, but 

as yet no attempt has been made to define the limits of a bat's home. 

In the traditional sense, an animal which has been removed from the 

specific place where it was captured, and later returns to this same 

specific place, has homed. When this occurs, no problem exists. How

ever, as is obvious to those who have studied this aspect of bat 



activity, the classical situation does not always occur. IT this is 

homing, then what can be said of the following examples: 

(1) A bat returns not to the original point of capture, bat 

instead to another locality. Is this homing? What decisions must be 

made if the return is made to a locaHty which is 2, 4-> 20 or 500 

miles away': 

(2) A bat is removed 3 feat from its point of original capture 

and returns. Is this homing.' Does it require homing ability': Suppose 

the distance is increased to 100 yards, or to 10, 70, or 500 mile3? 

Surely returns, and abilities required to return, from these various 

distances must be distinguished. What constitutes a homing experiment? 

(3) A bat is removed 5 miles from its point of original cap

ture, but does not return until the following year. Is this homing? 

Certainly this return must be less significant than an immediate return 

and should be distinguished from it. 

These few selected examples should adequately serve to demon

strate the complexity of the problem, and the nsed for definitions of 

the terms so commonly used in studies of this nature. 

For purposes of clarification and standardization, I havs com

piled the following terminology for use in this study. Whenever possible, 

bird banding terms and other published terms have been retained, but the 

entire vocabulary has been expanded and modified to fit the specific 

situations occurring with bats. This terminology is especially neces

sary in studies of homing, but if generally accepted would be highly 

advantageous for use in all aspects of banding studies. 
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General Terms and Discussion 

1. Home Range: Home range has been defined as "the area over 

which an individual animal habitually travels while engaged in his 

usual daily activities ..." (Dice, 1952). Such a definition is 

clearly applicable to any given individual on a given dav. As more is 

learned about animal behavior, however, it is becoming more evident 

that a given individual may utilize a number of localities, successive

ly, at random, or even in predictable patterns. For bats there may be 

a number of geographically distinct situations from which an individual 

bat may be taken—each of which is actually within the home range. The 

following list includes the majority of these situations: 

a. Pav-roost; The specific place at which a bat stays 

during the day-light hours. 

b. Night-roost: A specific place at which a bat stays 

during portions of the night. 

c. Hibernal roost: A specific place occupied by a bat 

for purposes of hibernation. 

d. Watering-place: A specific place which serves as a 

source of water. In all probability, certain species (e.g. nectar-

feeding Glossophaginae, and perhaps Macrotus californicus) do not re

quire free water and for such this would not apply. 

e. Foraging area: The general locality in which feeding 

takes place. 

f. Alternates: There may be alternates of any of the above 

(e.g. alternate day roosts, alternate foraging areas). In the case of 

roosts, it is possible for the same site to serve as both a day and 
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night roost. 

g. Transients: With the exception of hibernal roosts, 

there may be transient forms of each of the above (e.g. transient day 

roosts, transient vater holes). In general, these occur in geographical 

areas intermediate between the slimmer and winter home ranges, and are 

utilized by the bats during migration. 

Further, most kinds of bats, especially those in temperate 

regions, do not spend the whole year in the same home range. Rather, 

they •undergo one or more seasonal migrations (modified from Cockrum, 

1962: 131-133). 

2. Seasonal Migration: A regular seasonal movement between an 

area in which birth of young takes place and an area in which the winter 

is spent. There are four possible types: 

a. Latitudinal migration: Seasonal north-south migration. 

b. Longitudinal migration: Seasonal east-west migration. 

c. Altitudlnal migration: Seasonal movements to and from 

lowlands and mountains. 

d. Local migration: Movements which do not clearly fall 

into any of the previous categories, but usually involve changes in 

habitat associated with seasonal differences. 

Resultantly, depending upon the season of the year and the sex 

of the individual, a roo3t may be occupied by any one of the following 

colonies, each of which may be associated with a different home range 

(modified from Villa and Cockrum, 1962): 

a. Maternity colony: An assemblage of bats, primarily 

adult females, which give birth to and rear young to adult 3ize. 



b. Smtimer-male colony; An assemblage of bats, primarily 

adult males and usually small in number, that exist in scattered lo

calities throughout tho range of the species. 

c» Fall-transient colony: An assemblage of bats, usually 

primarily adult females with young of the year, which occupy a given 

site for a brief period of time in the fall of the year. 

d. Winter colony: An assemblage of bats occurring during 

the winter months, which inc .udes both males and females, young and old, 

which may or may not be in hibernation. 

e. Spring-transient colony: An assemblage of bats which 

occupy a given site for a brief period of time in the spring of the 

year. 

Members of each of these types of colonies may have one or more 

alternate day roosts, night-roosts, watering places, and foraging areas. 

Such types of colonies and roosts are possible even in those species 

that perform only a short local migration between their summer range 

and a winter hibernal. This terminology is not quite as applicable to 

the non-colonial tree bats (e.g. Lasiurus and Lasionycteris) but even 

in these summer, fall transient, winter, and spring transient day-roosts 

can be recognized. 

3. Familiar Area: The total area of the summer, winter, and 

fall and spring transient home ranges. To me, it appears logical to 

restrict the term "home range" to that geographic area traversed by an 

individual in its normal daily activities in a given season of the year. 

Familiar Area is then a more inclusive term referring to the total 
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geographic area with which a given individual is familiar. The recog

nition of this "sum total of home ranges" becomes important in inter

preting the results of certain homing experiments. For example, it is 

conceivable that an individual transplanted from a spring transient 

colony would either: (l) return to the spring transient home range, or 

(2) if the season has progressed sufficiently, move on directly to the 

summer home range. (This is not entirely based on theoretical consider

ations, for the results of certain homing experiments make sense only 

when considered in these terus.) 

Normal Behavioral Movements, as Expressed in the 

Terminology of Retaking Marked Individuals 

The following terms involve normal movements resulting from 

individuals captured, marked and released in the same place: 

1. Recovery: The retaking of an individual previously marked. 

Based upon the place of retaking of the individual in relation to the 

place where it wa3 marked, and upon the time lapse involved, several 

possible types of recoveries are recognizable: 

a. Repeat recovery: The recovery of a marked individual 

at the original point of capture. 

b. Vagrant recovery: The recovery of a marked individual 

at some point other than the point of original capture which is presumed 

to be in its normal home range. The use of the term "vagrant" does not 

imply purposeless wandering. 

c» Foreign recovery: The recovery of a marked individual 

at some point presumed to be outside the normal home range within which 
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it was originally marked. 

Early recoveries: Recoveries which occur during the 

same winter or same summer which the individual was originally banded. 

It is possible to have: (l) early repeat. (2) early vagrant. and (3) 

early foreign recoveries. 

e. Delayed recoveries: Recoveries which occur during the 

following winter or summer after the season in which the individual 

was originally banded. It is possible to have: (1) delayed repeat. 

(2) delayed vagrant. and (3) delayed foreign recoveries. 

Homing Behavior, as Expressed in the Terminology 

of Retaking Marked Individuals 

In order to eliminate as much confusion as possible in discus

sions concerning the artificial movement (in contrast to the normal 

movement) of individuals, the following set of terminology appears use

ful. A-strong emphasis is placed on the concept OL "Familiar Area." 

1. Transplant: (verb form: to transplant) An individual that 

has been removed from its point of original capture, marked, and released. 

2. Home: A term with broad meaning which is equivalent to 

Familiar Area. This term refers to the point of original capture only 

when used with quotation marks (e.g. "home" roost). 

3. Homing: (verb form: to home) The return of a transplant to 

some area presumed to be within familiar area. 

4. Homing experiment: The artificial removal of a marked 

individual to, and release at, some point other than the original local

ity of capture. Based upon where a transplant is released in relation 
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to Its familiar area, two types of homing experiments are recognizable j 

a. Tyt.e As The transplant is released at a point suspected 

or known to be within its faniliar area. 

b. Type B: The transplant is released at a point suspected 

or known to be outside of its familiar area. 

5. Return: In the specific sense (when used in conjunction 

with homing experiments) the retaking of a transplant. Again, based 

upon the place of retaking of the individual in relation to the place 

where it was marked, as well as upon the time lapse involved, five 

categories of returns are recognizable, each of which may result from 

either Type A or Type B homing experiments: 

a. Repeat return: The return of a marked individual to 

the point of original capture. 

b. Vagrant return: The return of a marked individual to 

some point other than the point of original capture which is assumed 

to be in its familiar area. 

c. Foreign return: The return of a marked individual at 

some point which is assumed not to be within familiar area. 

d. Early returns: Returns which occur during the same 

winter or same summer in which the individual was released. It is 

possible to have: (l) early repeat. (2) early vagrant. and (3) early 

foreign returns. 

e. Delayed returns: Returns which occur during the follow

ing winter or summer after the season in which the individual was 

originally released. It is possible to have: (1) delayed repeat. 

(2) delayed vagrant. and (3) delayed foreign returns. 
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6. Homing performance: The observed return or failure to 

return of an individual from a given homing experiment. For a group 

of bats, this information is given in terms of percentage of return. 

Homing p'̂ rformance is the measure by which homing ability is estimated. 

7. Homing ability: Implies (when used specifically in connec

tion with homing experiments), without an explanation of the mechanism 

or mechanisms responsible, the ability of a transplant to return to a 

specific point within, or to the region of, its familiar area. It is 

assumed that this ability results from the use of some innate ( = homing 

instinct) or learned orientating or navigational techniques. For birds, 

Griffin (1952a) has suggested three forms of homing ability. In the 

following modified form these categories appear to be useful for bats: 

a. Type I: The ability of a bat to travel within its 

familiar area, based perhaps on the recognition of landmarks. Outside 

of familiar area this ability takes the form of exploration or un

directed wandering. 

b. Type II: The ability of a bat to fly in a certain 

direction even when crossing unfamiliar territory. With pigeons this 

is most likely to be a direction that has been flown in the majority 

of previous training flights. 

c. Type III: The ability which allows a bat to choose 

approximately the correct direction of its familiar area even when re

leased in unfamiliar territory. This ability has not yet been con

clusively demonstrated in bats.-

8. Randomness: When used in conjunction with homing experi



ments, this term implies the lack of any type of homing ability as an 

explanation of returns from unfamiliar area. It involves only the 

random, radial scattering of transplants from a release point with a 

few returning by chance to familiar area. Randomness might occur in 

conjunction with Type I homing ability (in which exploratory search 

patterns may be utilized) so that the probability of reaching familiar 

territory would be increased. 

B. Types of Homing Experiments. In addition to the two basic 

types of homing experiments mentioned in the previous section (i.e. 

Type A: releases in familiar area, and Type B: releases outside familiar 

area), each of thsse may be subdivided into several subsidiary cate

gories. Obviously, there is much overlap, and certain experiments com

bine several types. However, rather distinct differences do exist 

which are correlated with the questions which the experiments are de

signed to answer. These types of homing experiments can be categor

ized as follows: 

1. Single release in a single direction (e.g. Tibbets, 1956): 

This, in its simplest form, is perhaps the least complex and most common 

homing experiment. It requires only the removal of a group of bats and 

later observations at the home roost to see if any have returned. The 

quastion asked is "Will members of a particular group of bats return 

•home1 following the release elsewhere (at a given distance)?" It is 

obvious that since a simple question is asked only a simple answer can 

be obtained. Because of this, an experiment of this type usually has 

only limited value except perhaps in the very earliest stages in the 
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experimental work with a species for which homing has not yet been 

demonstrated. Only when this type is combined with other forms 

(see types 8 and 9 below), or when the distances of release are very 

great, is much useful data obtained. 

2. Simultaneous releases from various directions at the same 

distance (e.g. see section : In this type of homing experiment the 

variable is direction. The groups of bats released are essentially 

homogeneous in composition. The question asked is "What effect does 

direction of release have on homing results?" 

3. Simultaneous releases from various distances in the same 

direction (e.g. Gifford and Griffin, I960): In this type the variable 

is distance. Again, the groups of bats released are homogeneous. The 

question asked is "What effect does distance of release have on homing 

results?" 

4. Repeated releases of the same individual in different dir

ections (see Section 5D): Actually, in this situation, two questions 

are asked: (1) "How much disturbance will a bat allow before it 

abandons its home roost and can no longer be recovered there?" and 

(2) "Can an individual bat return successfully to its home roost from 

all directions?" Negative evidence (failure to return) unfortunately 

answers neither of the two questions since they are interrelated. 

Positive evidence, on the other hand, may successfully answer both. 

5. Experiments designed to test the time required to home 

(e.g. Cockrum, 1956): The emphasis in the type of homing experiment is 

usually on rapid returns and the results are expressed in miles per hour. 

The problem here is to determine, as accurately as possible, the exact 



instant of return. The quastion asked is "At what rate of speed is 

a bat abls to return home following its release elsewhere'.'" Often 

this same qusstion has been answered by experiments which include 

other objectives (see Section 5D). In other cases, when the distances 

of release are great, the data are expressed in days required to return, 

but the results obtained may be comparable to that from shorter dis

tances of release. 

6. Sensory defect homing experiments (e.g. Mueller and Emlen, 

1957)s Homing experiments in this category ask the question "Is it 

possible for bats to return home in the absence of some particular 

sensory ability?" At present, only the effects of vision and smell 

have been tested in bat homing. However, defect experiments involving 

the auditory mechanism might conceivably prove worthwhile in certain 

species. 

7. Disappearance direction homing experiments (for birds see 

Sargent, 1962): Experiments of this type ask the question "Are bats 

able to select an initial homeward flight direction or do they scatter 

out randomly upon release?" An additional question could be "What 

relationship does initial direction at release have to successful re

turn?" A further discussion of this technique in bats is included in 

Section 7B of this study. 

8. Experiments designed to compare homing ability among males 

and females and among different age groups (see Sections 4-B and 4-G): 

The problem here, of course, is the establishment of heterogeneous 

groups of bats based on sex or age, or both. The work of Smith and 

Goodpaster (1958) is an excellent example. Typically this form of 



experiment is combined with some other type, 

9. Experiments designed to analyze the effect of season of 

year, type of home roost, and other possible variables: Experiments 

in this category are specialized adaptations of other types and may 

include several individual experiments. 

10. Training experiments involving repeated releases of the 

same individual at the same release locality: Two questions are asked 

in this type of experiment (1) "Does homing performance improve with 

practice?" A determination of the exact time required to home follow

ing each release is required. (2) "Can a bat learn to fly a given 

direction through practice and will it retain this orientation when 

released in a strange locality?" Some method of observing flight 

direction must be utilized. 

C. Results of Homing Experiments Reported in the Literature. 

The results of the majority of bat homing experiments which have been 

reported in the literature are given in the Appendix. Because of the 

present author's interest and familiarity with the literature of 

North American bats, the compilations are somewhat weighted in their 

favor. Consequently, while data dealing with homing in Old World 

species are included, they are perhaps not so complete and thorough as 

that provided for the New World forms. 

These data are arranged by species, and the species are listed 

in alphabetical order within families. Because of the use of tabular 

form, certain details have of necessity been omitted. However, when 

omitted data are pertinent to subjects discussed in text, they are 

presented at that time. For example, all data concerning sex and age 
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have been omitted in this table. This information, however, is dis

cussed in detail under the headings "Effects of Sex and Season of 

the Year" and "Effects of Maturity on Homing Performance" in section 

In those situations in which several releases were made at the 

same distance, even though the dates of release were different, the 

return data are lumped into a single category. If the same bat has 

returned more than once, only the first return is given. All returns 

given in Table 1 are repeat returns. 

3. HOMING EXPERIMENTS PERFORMED IN THIS STUDY 

Table 1 is a compilation of the results of 91 homing experi

ments with eight species conducted by the present author. Since these 

data have not previously appeared in the literature, they are given in 

considerable detail. Capture and release localities are indicated by 

numbers. The complete locality data are given in Tables 2 and 3. 

The sexes are given separately, but are lumped with young of the year. 

Those cases in which the young of the year were distinguished from 

the adults are given separately in Table 6. All experiments which 

provide information other than that which is included in Table 1 are 

described in greater detail under the appropriate headings. All returns 

are repeat returns. 

U. DISCUSSION OF THE RESULTS IN TERMS OF HOMING PERFORMANCE 

A. Variation Among the Species. From the results presented in 
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Table 1 and in the Appendix, it appears obvious that bats of several 

species (21) are able to return to the point of original capture follow

ing their release elsewhere. The data suggest that there is consider

able variation in the performance among the different species. It may 

be noted, for example, that certain Eptesicus fuscus have re burned from 

distances as great as 450 miles, while the maximum distance recorded 

for Pipistrellus pipistrellus is only 6.8 miles. The maximum distances 

of return for the other species fall between these two extremes. 

Some of this variance may be simply a function of the extent to 

which the species have been tested. Since, typically, negative results 

of homing experiments are rarely published as such, it is difficult to 

distinguish between the real maximum distance from which a species is 

able to return and the maximum distance of return reported in the 

literature. I strongly suspect that real maxima have been reached in 

very few species. 

Evidence for this conclusion is provided in Table 4. These 

data compare the maximun published distances of return with known normal 

movements based on vagrant or foreign recoveries. The normal movements 

listed are those of the greater distances reported in the literature, 

but may not in all cases represent the maximum published distances. 

By comparing these, it can be noted that in the majority of species the 

maximum homing distances are less than the indicated distances of normal 

travel. 

Table 4, however, also provides evidence that the variation in 

homing ability among the species, suggested by the maximum return 

distances, may in fact be real. In general, those species with the 



Table 1. Homing experiments contributed by the present study. Capture and release localities are 

given in Tables 2 and 3. SN indicates a return during the same night during which the bats were released. 

No. Capture Release 

Locality Date 
Release 

Locality 

Distance 
(Miles) 

Number 

Male 

Released 

Female 

Number 

Male 

Re turns 

Female 

Recovery 

Date 

Percent 

Male 

Returns 

Female 

Total 

Perceni 

Macrotus californicus 

1. 23 4 Nov 58 4 42 6 11 1 1 15 Mar 59 16.7 9.1 12.5 

2. 23 12 Nov 60 4 42 3 11 0 0 - - - 0.0 

Myotis keenii 

3. 18 7 Nov 58 1 8 1 0 1 - 15 Nov 62 100.0 - 100.0 

Myotis thysanodes 

4. 19 4 Oct 58 1 20 4 6 0 2 15 Oct 58 0.0 33.3 20.0 

5. 19 15 Oct 58 1 20 1 13 0 1 1 Aug 59 0.0 7.7 7.1 

6. 20 6 Sep 58 1 21 1 14 0 1 13 Oct 58 0.0 7.1 6.7 

7. 17 3 Jul 60 33 28 35 85 0 35 26 Jul 60 0.0 41.2 29.2 

Myotis velifer 

8. 10 6 Sep 60 4 55 21 30 1 0 24 Sep 60 4.8 0.0 2.0 

9. 13 31 Jul 60 4 78 7 38 0 0 - - - 0.0 

Eptesicus fuscus 

10. 10 11 Sep 60 16 35 1 24 0 4 
13 
3 

17 Sep 60 
4 Aug 61 
28 Aug 61 0.0 83.3 80.0 



(Table 1, continued: 2) 

Capture Release Release Distance Number Released 

No. Locality Date Locality (Miles) Male Female 

11. 10 6 Sep 60 4 55 - 12 

12. 4 25 Aug 61 25 102 1 4 

13. 5 25 Aug 61 25 105 15 46 

14. 10 17 Sep 60 17 120 - 9 

15. 4 8 Jul 59 33 328 4 18 

16. 5 28 Aug 61 24 500 16 62 

Plecotus (=. Corynorhinus) townsendsii 

17. 22 25 Mar 61 33 23 - 37 

18. 21 6 Apr 58 4 24 1 -

Antrozous pallidus 

19. 15 3 May 56 1 1.4 2 

20. 11 20 May 61 27 5 1 4 

21. 2 30 Sep 58 1 8 3 12 

22. 2 2 Oct 58 1 8 7 2 

Number Returns Recovery Percent Returns Total 

Male Female Date Male Female Percent 

6 11 Sep 60 
3 17 Sep 60 
2 4 Aug 61 - 91.7 91.7 

0 1 2 Sep 61 
3 10 Sep 61 0.0 100.0 80.0 

0 12 13 Jun 62 
3 19 Aug 62 0.0 32.6 24.6 

- 4 4 Aug 61 - 44.4 44.4 

0 1 24 Jul 59 0.0 5.5 4.5 

0 0 - - - 0.0 

- 0 - - - 0.0 

1 - 11 Jan 58 100.0 - 100.0 

2 - 16 May 56 100.0 - 100.0 

2 27 May 61 
1 5 Jul 61 

1 10 Sep 61 
1 17 Jun 62 100.0 100.0 100.0 

1 1 2 Oct 58 33.3 8.3 13.3 

0 0 0.0 



(Table 1, continued: 3) 

Capture Release Release Distance Number Released 
No, Locality Date Locality (Miles) Male Female 

Antrozous pallidus (continued) 

23. 11 20 May 61 28 10 - 5 

24. 3 9 Sep 60 4 10 6 2 

25. 1 1 Oct 58 1 14 9 10 

26. 1 8 Sep 58 1 14 1 16 

27. 1 2 Oct 58 1 14 9 11 

28. 1 3 Oct 58 1 14 6 4 

29. 16 12 Jul 58 4 15 2 4 

30. 11 20 May 61 30 19 14 

31. 4 3 Jul 60 12 21 - 48 

Number Returns 
Male Female 

Recovery 
Date 

Percent Returns 
Male Female 

Total 
Percent 

2 27 

& 

May 61 
2 5 Jul 61 - 100.00 100.0 

5 2 16 Sep 60 

1 24 Sep 60 100.0 100.0 100.0 

1 2 2 Oct 58 
3 2 3 Oct 58 44.4 40.0 42.1 

0 5 30 Sep 58 

1 1 Oct 58 

2 2 Oct 58 0.0 50.0 47.0 

0 1 SN 

1 23 Jul 60 0.0 18.2 10.0 

0 1 SN 
1 23 Jul 60 0.0 50.0 20.0 

0 0 - - - 0.0 

0 3 27 May 61 
1 23 Sep 61 0.0 100.0 80.0 

1 SN 
24 17 Jul 60 
4 19 Jul 60 
2 23 Jul 60 

1 18 Aug 60 

1 27 Aug 60 - 68.7 68.7 

to 
N> 



(Table 1, continued: 4) 

Capture Release Release Distance Number Released 
No. Locality Date Locality (Miles) Male Female 

Antrozous pallidus (continued) 

32. 7 12 Apr 57 4 23 9 -

33. 3 2 Sep 60 13 25 8 1 

34. 4 28 May 60 18 30 1 18 

35. 4 28 May 60 11 30 1 16 

36. 4 28 May 60 6 30 - 18 

37. 4 28 May 60 19 30 2 18 

38. 3 18 Jun 60 7 30 2 14 

39. 3 10 Jul 60 2 30 4 20 

40. 12 10 Jun 60 4 32 112 

Number Returns Recovery Percent Returns Total 
Male Female Date Male Female Percent 

2 - 26 May 58 22.2 - 22.2 

3 9 Sep 60 

3 16 Sep 60 

1 1 17 Sep 61 87.5 100.0 88.9 

0 3 Jul 60 

1 17 Jul 60 0.0 38.9 36.8 

0 1 SN 
3 Jul 60 

1 15 Apr 61 0.0 62.5 58.8 

3 Jul 60 
1 4 Jul 60 - 33.3 33.3 

I 
Jul 60 

1 lV Jul 60 
1 23 Jul 60 

1 27 Jul 60 

1 17 Sep 60 

1 24 Sep 60 

1 7 May 61 100.0 66.7 70.0 

0 7 10 Jul 60 

1 9 Sep 60 0.0 57.1 50.0 

0 5 23 Jul 60 
1 16 Aug 60 0.0 30.0 25.0 

2 — 6 Jun 61 — 1.8 



(Table 1, continued: 5) 

Capture Release Release Distance Number Released Number Returns Recovery Percent Returns Total 
No. Locality Date Locality (Miles) Male Female Male Female Date Male Female Percent 

Antrozous pallidus (continued) 

41. 3 16 Sep 60 5 32 15 3 1 
9 
1 

1 
SN 
24 
1 

Sep 
Oct 

60 
60 73.3 33.3 66.7 

42. 3 1 Oct 60 8 37 8 3 2 0 17 Sep 61 25.0 0.0 18.2 

43. 4 27 Aug 60 9 37 2 6 0 1 
1 
1. 

11 
17 
7 

Sep 
Sep 
May 

60 
60 
61 0.0 50.0 37.5 

44. 11 20 May 61 29 42 - 6 - 1 
1 

27 
5 

May 
Jul 

61 
61 - 33.3 33.3 

45. 4 22 Aug 60 15 49 3 3 0 2 27 Aug 60 0.0 66. 7 33.3 

46. 4 27 Aug 60 15 49 - 2 - 1 11 Sep 60 - 50.0 50.0 

47. 3 24 Sep 60 6 50 17 3 3 

4 

1 1 

17 

Oct 

Sep 

60 

61 41.2 33.3 40.0 

48. 5 28 May 60 34 50 1 33 0 2 4 Jul 60 0.0 6.1 5.9 

49. 4. 6 Aug 60 10 51 - 7 - 2 
1 

27 
11 

Aug 
Sep 

60 
60 - 42.8 42.8 

50. 4 17 Jul 60 4 55 27 8 

1 

1 
2 

23 

6 

22 
27 

Jul 

Aug 

Aug 
Aug 

60 

60 

60 
60 44.4 44.4 

51. 5 

\ 

6 Aug 60 10 55 4 8 0 1 27 Aug 60 0.0 12.5 8.3 



(Table 1, continued: 6) 

Capture Release Release Distance Number Released 
No. Locality Date Locality (Miles) Male Female 

Antrozous pallidus (continued) 

52. 4 23 Jul 60 3 56 2 18 

53. 5 3 Sep 60 4 58 2 1 

54. 11 20 May 61 35 59 - 6 

55. 4 11 Sep 60 lb 59 6 4 

56. 5 11 Sep 60 16 62 3 -

57. 3 18 Aug 60 14 63 - 2 

58. 3 23 Jul 60 3 68 3 9 

59. 4 17 Sep 60 17 68 - 7 

60. 4 1 Oct 60 8 70 2 3 

61. 14 17 Mar 61 4 80 9 12 

62. 9 1 Oct 60 8 92 2 18 

63. 4 25 Aug 61 25 102 5 9 

64. 11 1 Oct 61 4 108 7 19 

Number Returns Recovery Percent Re turns Total 
Male Female Date Male Female Percent 

0 5 6 Aug 60 
2 22 Aug 60 
1 24 Sep 60 

1 23 Jul 61 0.0 50.0 45.0 

0 0 - - - 0.0 

- 1 27 May 61 - 16.7 16.7 

0 2 17 Sep 60 
1 15 Apr 61 0.0 75.0 30.0 

0 - - 0.0 - 0.0 

- 0 - - 0.0 0.0 

0 1 18 Aug 60 

1 27 Aug 60 
1 9 Sep 60 0.0 33.3 25.0 

- 2 1 Oct 60 - 28.6 28.6 

0 1 2 Aug 61 0.0 33.3 20.0 

0 0 - - - 0.0 

0 0 - - - 0.0 

0 0 - - - 0.0 

0 1 17 Jun 62 0.0 5.3 3.8 



(Table 1, continued: 7) 

Capture Release Release Distance Number Released 
No. Locality Date Locality (Miles) Male Female 

Antrozous pallidus (continued) 

65. 4 8 Jul 59 33 328 1 5 

Tadarida brasiliensis 

66. 11 7 Aug 61 27 5 45 171 

67. 11 20 May 61 27 15 49 

68. 11 20 May 61 28 10 13 47 

69. 11 20 May 61 30 19 12 47 

Number Returns Recovery Percent Returns Total 
Male Female Date Male Female Percent 

0 0 

L2 13 10 Sep 
1 23 Sep 

4 12 1 Oct 
6 17 Jun 

2 21 May 
1 22 May 

2 3 27 May 

1 1 Jun 
1 7 Aug 

2 5 10 Sep 

1 4 1 Oct 

1 3 17 Jun 

1 5 Aug 

1 1 21 May 
1 22 May 

2 1 27 May 

2 5 7 Aug 
2 5 10 Sep 

3 1 Oct 

1 1 17 Jun 

1 2 27 May 

1 1 7 Aug 

1 5 10 Sep 

1 3 1 Oct 
2 17 Jun 

37.8 18.1 22.2 

66.7 34.7 42.2 

61.5 36.2 41.7 

33.3 27.6 28.8 

61 
61 
61 
62 

61 
61 
61 
61 
61 
61 
61 
62 
62 

61 
61 
61 

61 
61 
61 
62 

61 
61 
61 
61 
62 



(Table 1, continued: 8) 

Capture Release Release Distance Number Released 
No. Locality Pate Locality (Miles) Male Female 

Tadarida brasiliensis (continued) 

70. 4 3 Jul 60 12 21 5 3 

71. 4 28 May 60 18 30 6 23 

72. 4 28 May 60 11 30 17 

73. 4 28 May 60 6 30 23 

74. 4 28 May 60 19 

75. 4 27 Aug 60 9 

76. 11 10 Sep 61 31 

30 

37 

38 

5 

4 

14 

21 

36 

77 

77. 11 20 May 61 29 42 12 47 

78. 4 22 Aug 60 15 49 3 

Number Returns Recovery Percent Returns Total 
Male Female Date Male Female Percent 

1 0 1 Oct 60 20.0 0.0 12.5 

2 22 Aug 60 
2 27 Aug 60 

1 1 Oct 60 
1 23 Sep 61 50.0 13.0 20.7 

1 23 Jul 60 

1 18 Aug 60 

3 27 Aug 60 25.0 23.5 23.8 

1 3 Jul 60 

1 23 Jul 60 

1 7 May 61 20.0 8.7 10.7 

0 1 18 Aug 60 0.0 4.8 3.8 

1 0 3 Sep 60 25.0 0.0 2.5 

6 14 1 Oct 61 
1 4 17 Jun 62 

2 19 Aug 62 50.0 26.0 29.7 

1 22 May 61 
1 27 May 61 
2 7 Aug 61 
1 3 10 Sep 61 

8 1 Oct 61 
1 1 5 Aug 62 41.7 27.6 30.5 

0 0.0 nj *sj 



(Table 1, continued: 9) 

Capture Release Release Distance Number Released 
No. Locality Date Locality (Miles) Male Female 

Tadarida brasiliensis (continued) 

79. 4 6 Aug 60 10 51 - 2 

80. 4 3 Sep 60 4 55 3 11 

81. 4 17 Jul 60 4 55 - 2 

82. 10 6 Sep 60 4 55 22 16 

83. 4 22 Jun 59 4 55 170 171 

84. 23 Jul 60 56 

85. 11 20 May 61 35 59 13 48 

Number Returns Recovery Percent Returns Total 
Male Female Date Male Female Percent 

0 

0 1 1 Oct 61 

- 0 -

0 0 -

1 1 24 Jun 59 
1 2 8 Jul 59 

2 3 24 Jul 59 
4 1 27 Mar 60 

3 28 May 60 

1 3 Jul 60 

1 1 3 Sep 60 
1 1 1 Oct 60 

0 1 6 Aug 60 

1 27 Aug 60 

1 23 Jul 61 
1 25 Aug 61 
1 23 Sep 61 

1 2 27 May 61 

1 2 7 Aug 61 

1 3 10 Sep 61 
1 4 1 Oct 61 

2 19 Aug 62 

0.0 

9.1 7.1 

0.0 

0.0 

6.5 7.0 6.7 

0.0 83.3 71.4 

30.8 27.1 27.9 

N> 
oo 



(Table 1, continued: 10) 

Capture Release Release Distance Number Released 

No. Locality Date Locality (Miles) Male Female 

Tadarida brasiliensis (continued) 

86. 11 10 Sep 61 26 65 8 81 

87. 14 26 Feb 61 4 76 2 1 

88. 11 21 May 61 4 108 4 21 

89. 11 10 Sep 61 4 108 7 87 

90. 11 28 May 61 32 195 18 51 

91. 4 8 Jul 59 33 328 3 13 

Number Returns Recovery Percent Returns Total 

Male Female Date Male Female Percent 

6 12 1 Oct 61 

3 17 Jun 62 
1 5 Aug 62 
1 19 Aug 62 75.0 21.0 25.8 

0 1 11 Mar 61 0.0 100.0 33.3 

1 7 Aug 61 
1 10 Sep 61 

3 1 Oct 61 50.0 14.3 20.0 

3 14 1 Oct 61 
3 17 Jun 62 
2 19 Aug 62 42.8 21.8 23.4 

1 5 Jul 61 
2 3 7 Aug 61 
2 7 10 Sep 61 

6 1 Oct 61 

1 17 Jun 62 33.3 31.4 31.9 

0 1 24 Jul 59 
1 28 May 60 0.0 15.4 12.5 

vo 
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Table 2. Capture localities. These localities are referred 

to by numbers in Table 1. All are in Arizona unless otherwise indi

cated. For the animals used in this study, all Tadarlda brasiliensis 

roosts are transient roosts; for Antrozous pallidus and Eptesicus fuscus, 

all day roosts (except 6 and 9) are maternity colonies; 6 is a summer-

male colony roost, and 9 is a transient roost. 

1. Abandoned section workman's house, Apache, Cochise Co. Day roost. 

2. C. E. Darnell Ranch (3W Rodeo, New Mexico), Cochise Co. Water hole 

and night roosts. 

3. Canon del Oro Bridge, ca. 10 miles NVJ Tucson on State 84, Pima Co. 

Day roost. 

4. Highway bridge, 7.3 miles S St. David on US 80, Cochise Co. Day 

roost. 

5. Highway bridge, 12.1 miles S St. David on US 80, Cochise Co. Day 

roost. 

6. Highway bridge at N city limits of Tombstone on US 80, Cochise Co. 

Day roost. 

7. Continental highway bridge No. 1, 3.7 miles N of Continental, Pima 

Co. Night roost. 

8. Railroad bridge, 4.5 miles S Continental, Pima Co. Day roost. 

9. Santa Cruz River Bridge, ca. 5 miles NE Nogales on State 82, Santa 

Cruz Co. Day roost. 

10. Hayward1s Bridge on old Tucson-Nogales highway, ca. 7 miles N of 

US Border at Nogales, Santa Cruz Co. Day rooat. 
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11. Silver Creek Bridge, oa. 14- miles NE Douglas on US 80, Cochise Co. 

Day roost. 

12. Gravel Pit Mine, entrance of Madera Canyon, Pima Co. Pallid bat 

night roost. 

13. Highway bridge, 7.4 miles NE Pima on US 70, Graham Co. Day roost. 

14-. Highway bridges on Coolidge Dam road, S side San Carlos Lake, 

Graham Co. Day roosts. 

15. Southfork of Cave Creek, near Portal, Cochise Co. Water hole and 

foraging area. 

16. Indian Cave, N end of the Tucson Mountains, Pima Co, Night roost. 

17. Mine tunnel on E slope of Peacock Mountains, 28.5 miles NE of 

Kingman, Mohave Co. Day roost. 

18. El Tigre Mine, Pinery Canyon, Chiricahua Mountains, Cochise Co. 

Day roost. 

19. Mine tunnel, Granite Pass, ca. 20 miles NNE of Rodeo, Hidalgo Co., 

New Mexico. Day roost. 

20. Old barn at the Star Ranch, 9.5 miles S and 3 miles E of Dos 

Cabezas, Cochise Co. Day roost. 

21. Burney Mine, N slope of Catalina Mountains, Pinal Co. Day roost. 

22. Hackberry Consolidated Mine, Mohave Co. Day roost. 

23. Fortuna Mine, 4-5 road miles NNW of Tucson, Pinal Co. Day roost. 
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11. Silver Greek Bridge, ca. 14- miles NE Douglas on U3 80, Cochise Co. 

Day roost. 

12. Gravel Pit Mino, entrance of Madera Canyon, Pima Co. Pallid bat 

night roost. 

13. Highway bridge, 7.4 miles NE Pima on US 70, Graham Co. Day roost. 

14. Highway bridges on Coolidge Dam road, S side San Carlos Lake, 

Graham Co. Day roosts. 

15. Southfork of Cave Creek, near Portal, Cochise Co. Water hole and 

foraging area. 

16. Indian Cave, N end of the Tucson Mountains, Pima 3o. Night roost. 

17. Mine tunnel on E slope of Peacock Mountains, 23.5 miles NE of 

Kingman, Mohave Co. Day roo3t. 

18. El Tlgre Mine, Pinery Canyon, Chiricahua Mountains, Cochise Co. 

Day roost. 

19. Mine tunnel, Granite Pass, ca. 20 miles NNE of Rodeo, Hidalgo Co., 

New Mexico. Day roo3t. 

20. Old barn at the Star Ranch, 9.5 miles S and 3 miles E of Dos 

Cabezas, Cochise Co. Day roost. 

21. Burney Mine, N slope of Catalina Mountains, Pinal Co. Day roost. 

22. Hackberry Consolidated Mine, Mohave Co. Day roost. 

23. Fortuna Mine, 45 road miles NNW of Tucson, Pineil Co. Day roost. 
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Table 3. Release localities. These localities are referred 

to by numbers in Table 1. All are in Arizona unless otherwise 

indicated. 

1. Southwest Research Station, near Portal, Cochise Go. 

2. Twin Buttes (town), Pima Co. 

3. Nogales, Santa Cruz Co, 

4. Tucson, Pima Co. 

5. Intersection of US 80 with State 83 at Mountain View, Pima Co, 

6. Sonoita, Santa Cruz Co. 

7. On State 84 opposite Picacho Peak, Pinal Co. 

8. Mammoth, Pinal Co. 

9. Willcox, Cochise Co. 

10. 15 miles NE Willcox at N junction of State 86 with US 666, Cochise Co. 

11. Bisbee, Cochise Co. 

12. Near Mescal, ca. 10 miles W Benson, Cochise Co. 

13. The new Silver Bell Smelter at W end" of Avra Valley Road, Pima Co. 

14. Highway bridge, 7,3 miles S of St. David on US 80, Cochise Co. 

15. Douglas, Cochise Co, 

16. Duval Mine, near Twin Buttes, Pima Co. 

17. Rodeo, Hidalgo Co., New Mexico 

18. 2 miles NE of intersection of State 86 with US 666, on US 666, 

Cochise Co. 

19. 4 miles E of intersection of State 83 with US 80, on US 80, Pima Co. 

20. Red Rock, Pinal Co, 

21. Texas Canyon, at Dragoon Turnoff, Cochise Co. 
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22. Tombstone, Cochise Co. 

23. Avra Valley emergency landing strip, ca. 7 miles W of State 84., 

mile N of Avra Valley Road, Pima Co, 

24-. Richfield, Sevier Co., Utah 

25. Picacho, Pinal Co. 

26. Benson, Cochise Co, 

27. 5 miles W of Silver Creek Bridge, ca. 10 miles NE3 Douglas on 

US 80, Cochise Co. 

28. 10 miles SW of Silver Creek Bridge, ca. 5 miles NE of Douglas on 

US 80, Cochise Co. 

29. Cochise Stronghold turnoff on US 666, Cochise Co. 

30. McNeal, Cochise Co. 

31. Junction of State 90 with US 80, Cochise Co. 

32. Maricopa, Pinal Co. 

33. Kingman, Mohave Co, 

34. Nogales Airport on State 82, ca. 10 miles NE of Nogales, Santa 

Cruz Co. 

35. Junction of State 86 with US 666, Cochise Co. 



Table 4. Vagrant or foreign recoveries compared with maximum distances of return. The maximum distances 

of return are taken, in most cases, from Table 1 and from the Appendix. 3he distances given for the vagrant 

or foreign recoveries may not be, in every instance, the absolute maxima available in the literature. The 

movements described in the footnotes, with the exception of number 3, are contributed by the present study. 

Vagrant or Foreign Recoveries Maximum Distances of Return 

Species 
Distance 
(miles) Reference 

Distance 
(miles) Reference 

RhinoloDhus hipposideros 20.5 Topal (1956) 14.9 Kowalski and Wojtusiak (1952) 

Macrotus californicus 85 (1) 42 Table 1 

Myotis austroriparius 27 Rice (1957) 45 Rice (1957) 

Myotis keenii (not available) 8 Table 1 

Myotis grisescens 200 Tuttle (1962) 130 Tuttle (1961) 

Myotis lucifugus 158 Griffin (1945) 270 Schramm (1957) 

Myotis myotis 161.4 Eisentraut (1957) 95 Eisentraut (1936) 

Mvotis mystacinus 27.9 Roer (1960) 13 Issel in Roer (1960) 

Myotis oxygnathus 98.1 Topal (1956) 82 Dulic (1957) 

Mvotis sodalis 320 Hall (1962) 150 Griffin (1940) 

Mvotis thysanodes 25 (2) 28 Table 1 

(1) A female Macrotus californicus, captured near Rawhide Mine (5 miles N of Alamo Crossing, Mohave 
Co., Arizona) on 2 July 1962, was recovered on 28 August 1962 near Carl Pleasant Lake (Maricopa Co., Arizona). 

(2) A female Myotis thysanodes. captured on the E slope of the Peacock Mountains (28.5 miles NE of King
man, Mohave Co., Arizona) on 3 July 1960, was recovered 2 days later at Twin Windmills (4.5 mi. SSE Kingman). 



(Table 4, continued: 2) 

Vagrant or Foreign Recoveries Maximum Distances of Return 
Distance Distance 

Species (miles) Reference (miles) Reference 

Myotis velifer 43 Cockrum (1956) 55 Table 1 

Pipistrellus pipistrellus 5. 6 (3) Eisentraut in Roer (1960) 6. 8 Ryberg (1947) 

Nyctalus noctula 465. 7 Eisentraut (1957) 147. 2 Ryberg (1947) 

Eptesicus fuscus 142 Mumford (1958) 450 Smith and Goodpaster (1958) 

Eptesicus serotinus 90 Topal (1956) 22. 4 Havekost (1960) 

Plecotus auritus 23 Klemmer (1954) 37. 3 Ryberg (1947) 

Plecotus townsendii 32 (4) 28 Cockrum (1956) 

Miniopterus schreibersii 341. 5 Caubere (1952) 9. 9 Casteret (1938) 

Antrozous pallidus 19 (5) 108 Table 1 

Tadarida brasiliensis 800 Villa and Cockrum (1962) 328 Table 1 

(3) Roer (1960) discusses a reported movement of Pipistrellus pipistrellus of 714 miles (1150 km) which 

is apparently anomalous. 

(4) A female Plecotus townsendii, captured at Chalk Peak (2 miles W of Union Pass, Mohave Co., Arizona) 
on 17 September 1960, was recovered on 10 December 1961 in Flag Mine (13 miles S of Kingman, Mohave Co.). 

(5) A temale Antrozous pallidus, captured at a bridge 3.5 miles N of Continental (Pima Co., Arizona) on 

13 April 1959, was recovered at Bat Mine (ca. 3 miles W and 4 miles S of Tucson, Pima Co., Arizona) on 9 
April 1960. Another movement for this species, of comparable distance, is described in Section 5C(3). 

to 
Ul 
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greater distances of normal travel al3o have produced the greater hom

ing distances. This appears logical since the various species differ 

widely in strength of flight and in distances of migration and, 

therefore, in size of familiar area. 

B. The Effect of Maturity on Homing Performance. Several experi

ments recorded in Table 1 and in the Appendix contain additional data 

which confirm the homing of immature (subadult) animals. Havekost 

(I960) reports an experiment in which 18 Eptesicus serotinus females 

(subadults and adults) were released on 14 July 1958 at a distance of 

6.8 miles from the point of capture. On 21 July 1958, five of these 

animals were recaptured back at the home roost. One of these was a 

subadult. Another subadult female Eptesicus serotinus was released in 

September 22.4 miles from it3 locality of capture and was recaptured in 

July of the following year at its original roost. 

Homing of immatures has also been reported in Mvotis lucifugus 

(Hitchcock and Reynolds, 194-2) and in Eptesicus fuscus (Reynolds, 1941; 

Smith and Goodpaster, 1953). These data are recorded in Table 5. I 

have also obtained homing with immature Eptesicus fuscus from distances 

of 32, 102, and 105 miles. These data are recorded in Table 6. 

On other occasions with Eptesicus fuscus. and with certain other 

species, only negative results have been obtained with immatures. In 

his experiments with Myotls oxygnathus. Lanza (1958) had none of the 

subadults return home even though several of the adults were successful 

on repeated occasions. Cope, Mumford and Wilson (1958) could obtain no 

homing from immature Myotis lucifugus released at distances of 82 and 

107 miles while several adults returned from these distances. With 



Table 5. Comparison of homing performance of subadults with adults with data taken from the 

literature. 

No. Species 
Distance Number Number Percent 

Age (miles) Released Returns Returns Reference Remarks 

1. Myotis lucifugus 

2. Myotis lucifugus 

3. Myotis lucifugus 

4. Myotis lucifugus 

5. Eptesicus fuscus 

6. Eptesicus fuscus 

7. Eptesicus fuscus 

subadult 26 4 15.4 Hitchcock and Adults and sub

3.2 Reynolds (1942) adults released 

adult 67 33 49.2 together. 

subadult 75 16 21.3 

68 II II 

adult 148 67 45.0 

subadult 31 0 0.0 

70 II II 

adult 24 1 1.8 

subadult 26 5 19.2 
76 fl tl 

adult 88 47 53.0 

subadult 10.2 63 2 3.1 Adults released 
Reynolds (1941) at different time 

adult ca. 10 35 8 22.8 and locality. 

subadult 14 1 7.1 Smith and Adults and sub
340 Goodpaster(1958) adults released 

adult 4 1 25.0 together. 

subadult 104 0 0.0 
450 II II 

adult 51 7 4.5 
9 

-o 



Table 6. Comparison of homing performance of subadults with adults with data provided in the present 

study. 

Capture Release Release Distance Number Number 
No. Species Locality Date Locality (miles) Age Released Return % Remarks 

subadult 9 1 11.1 Both released to
1. Eptesicus fuscus 5 19 Aug 62 6 32 gether. All returns 

adult 9 2 22.2 in 5 days 

21 subadult 14 0 0.0 Released at different 
2. Eptesicus fuscus 8 8 Aug 62 57 localities. Returns 

22 adult 14 6 42.8 in 9-22 days. 

subadult 3 3 100.0 Subadults released 
3. Eptesicus fuscus 4 25 Aug 61 25 102 15 min. later. All 

adult 2 1 50.0 returns in Sep 61. 

subadult 39 2 5.1 Subad. released 15 

4. Eptesicus fuscus 5 25 Aug 61 25 105 min. later. All re
adult 22 12 59.1 turns Jun-Aug 62. 

subadult 7 0 0.0 Released same time 

5. Antrozous pallidus 3 10 Jul 60 2 30 same locality. Re
adult 17 6 35.3 turns Jul-Aug 60. 

subadult 3 0 0.0 Released same time 

6. Antrozous pallidus 3 23 Jul 60 3 68 same locality. Re
adult 9 3 33.3 turns in 9-22 days. 

subadult 63 0 0.0 Released same time 

7. Myotis thysanodes 17 3 Jul 60 33 28.5 same locality. Re

adult 57 32 56.1 turns in 23 days. 

U) 
GO 



this same species, Hitchcock and Reynolds (1942) obtained no immature 

returns from 70 and 180 miles. Table 6 includes negative results with 

immature Hvotis thysanodes. Antrozous pallidus. and Eptesicus fuscus. 

Though the results are variable, the data shown in Tables 5 

and 6 clearly demonstrate that occasionally immature bats are able to 

return, but that they do this a.3 a group, less successfully than the 

adults. With but one exception (No. 3, Table 6: with only a total of 

5 animals) the return percentages obtained from the immatures are lower 

than those obtained from the adults. 

Several explanations are possible for this difference. The 

most obvious explanation is that the young have not yet developed a 

homing ability to the same level at which it occurs in the adults. 

This suggests the possibility that honing ability i3 learned through 

practice. It may be, however, that it is not a matter of homing 

ability as much as it is simply a lack of adequately developed flight 

capacities. I have observed, on repeated occasions, that immature 

Antrozous pallidus and Eptesicus fuscus aire less able to fly against 

winds and less able to lift themselves into flight from the ground than 

are the adults. This occurs even when the young animals axe very 

difficult to distinguish from the adults and apparently have reached 
r 

full growth. Probably, at the time for migration to a winter roost (in 

those species in which seasonal migration occurs) the young are able to 

fly as well as the adults. However, homing experiments from a maternity 

colony at this time of year are typically unsuccessful due to a lessened 

loyalty for the maternity roost. Experiments analyzing homing with 

young of the year and adults from a winter colony are needed, but no 



data of this nature are presently available. The point still remains, 

however, that many of the homing failures of young taken from maternity 

colonies may be due entirely to their inability to fly the required 

distances because of physical immaturity. 

Another possible explanation is offered by Hitchcock and 

Reynolds (194-2). They point out that the lessened rate of recapture 

of the young in the year following release may be due to the greater 

mortality among them during the first year. 

A plausible explanation is that offered by Lanza (1958). He 

suggests that loyalty to a particular roost develops gradually with 

repeated use of a roosting site. In other v/ords, it may be that moti

vation to home is less well developed in the young. Hitchcock and 

Reynolds (1942) also suggest, in conjunction with this lessened 

locality loyalty, that the young tend to scatter rather than return to 

their "home" roost following their release elsewhere. 

Reynolds (1941) has indicated an additional problem which 

might invalidate much of the positive homing results obtained from im

mature individuals. He was able to obtain homing flights with young 

Eptesicus fuscus from a distance of about 10 mile3 even when the young 

were released separately (at a different locality and at a different 

time) from the adults. The point here is that if a lessened homing 

ability were present in the young, they might still be able to return 

by following the adults. By his experiment, Reynolds has shown that 

this is not the case with Eptesicus fuscus subadults at a distance of 

10 miles. However, this possibility still remains in this species 
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with distances beyond 10 miles, and at any distance with species other 

than Eptesicus fuscus. 

I have obtained homing with immature Eptesicus fuscus from 102 

and 105 mile3 (Table 6) even when the young were released, as a group, 

15 minutes later than the adults. The 15-minute interval, however, 

would not completely eliminate the possibility of the two groups join

ing later for the return trip. On one occasion, I released a group of 

young Eptesicus fuscus at the same distance (57 miles) but at an 

entirely different locality (about 22 miles N) from the adults. In 

this case J+2.8 percent of the adults returned but none of the young 

(Table 6). We are dealing here with a possible role of group coherence, 

a phenomenon which will be discussed in more detail in sections 5C and 

6B. It is well, however, to indicate at this point that even the 

positive evidence of the homing of subadults is in many cases open to 

question. 

C. The Effect of 3ex and Season of the Year. Since the activi

ties of a bat are related to its sexual status and this in turn is 

directly related to the season of the year, it is a reasonable assump

tion that both factors may have an effect on homing performance. The 

bat, Antrozous pallldus. exhibits a typical vespertillionid reproductive 

cycle. In southern Arizona, these bats arrive at the maternity colonies 

in early spring. There i3 typically a large predominance of females, 

but always a few scattered males. The majority of the males occupy male 

summer colonies during most of the summer. Birth of young occurs in 

late May through June. By August the young of the year have reached 

near adult size and can be easily distinguished from adults only by 
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the lack of phalangeal epiphyseal ossification. The young at this 

time are apparently capable of a normal life independent of their 

maternal parents. 

In August, the males begin to appear in the maternity colonies 

as the male colonies break up. At this time the males have enlarged 

and descended testes and apparently are sexually active. I have ob

served what appeared to be copulatory behavior in mid-September. Be

ginning about mid-October, these bats (males, females, and young of 

the year) leave the summer maternity colony and apparently move to 

higher altitudes to winter roosts for purposes of hibernation. The 

cycle is repeated again during the following year. 

On the basis of a life cycle such as this, it would seem 

reasonable that homing performance may be influenced, in the case of 

the females, by the development, birth, and care of the young in early 

summer, and perhaps, in the males, by the copulatory urge in late 

summer. 

Some evidence for seasonal changes in homing performance is 

found in the literature. Gifford and Griffin (I960) have suggested, 

on the basis of experiments conducted with Eptesicus fuseus. that more 

rapid homing may be expected early in the summer. Cope, Koontz, and 

Churchwell (1961), who also worked with Eptesicus fuscus. have con

cluded that homing ability is used to a greater extent early in the 

summer and to a lesser extent as the summer progresses. In this case, 

this conclusion is based primarily on the performance of adult females. 

Gifford and Griffin (i960), mentioned above, failed to specify in all 

instances the sex ratio of the animals with which they worked. I 
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suspect that the majority of these were also females. 

Because of the large number of potential variables, it is 

essentially impossible to analyze the homing data from the literature 

for evidences of interaction of sex and season. This is a task for the 

individual investigator, as only he can adequately evaluate the effects 

of such variables as release and recovery techniques, roost type, and 

other related factors. 

Table 1 presents a series of 47 homing experiments with 

Antrozou3 pallidus conducted between March and October. These data are 

unique in several ways: (l) they were obtained using similar techniques 

(2) they include a continuous series throughout spring, summer, and fall 

(3) they contain information concerning sex ratios of the animals 

tested, and (4.) almost all were obtained from animals taken from a 

single type of colony. These data then allow analysis for information 

not previously available. 

To identify the effect of season and sex, the homing results 

obtained from these experiments were divided into two categories: (l) 

early summer releases (March through July), and (2) late summer releases 

(August through October). The use of July as a cut-off date for early 

summer was considered appropriate since the rearing of the young is 

essentially over by the end of this month. I have removed from these 

data all cases involving known immature animals, and Experiment 40 

(Table 1) which included a large number of males from a summer night 

roost. These data, then, include only adult animals and with only rare 

and ineffectual exceptions, evidence obtained from summer maternity 
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colonies. This compiled information, with releases and returns by 

season and sex, is given in Table 7. 

The only possible variables which might have had adverse 

effects were differences in distance and direction of release used in 

early summer and late summer experiments. The average distance of re

lease for each homing experiment was found, however, to be quite 

comparable for each of the two time periods (Table 7). Also, a 

cursory examination of direction̂  of release reveals that this factor 

is apparently randomly distributed throughout both periods. 

From the percentages of return presented in this analysis, it 

can be seen that, in Antrozous pallidus from maternity colonies, homing 

performance changes profoundly between the two seasonal periods, and 

that the effect is opposite for the two sexes. Females of this species, 

perhaps due to pre- and post-partum effects, home best in early summer. 

Males, perhaps due to the copulatory urge, home best in late summer. 

This conclusion apparently conforms well with that of Gifford 

and Griffin (i960) and with that of Cope, Koontz, and Churchvell (1961), 

mentioned above, when only female homing is considered. 

Table 1 also contains several homing experiments with Tadarida 

brasiliensia. Unfortunately, these cannot be analyzed for the effects 

of both sex and season since the late summer experiments contain an 

unknown proportion of young of the year—a variable which might tend to 

invalidate the analysis. By this time of year, the young in this species 

are difficult to separate from the adults and consequently no age cate

gories were distinguished. 

By utilizing data from early summer, however, when only adults 
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Table 7. Comparison of homing performance by sex and season 

of the year in Antrozous pallidus. The numbers in parentheses below 

the average distances of release indicate the number of experiments 

involved. Numbers in parentheses below per cent returns compare 

total individuals released to total returns. 

Average Distance of 
Release (Miles) 
Males Females 

Per cent Returns 
Males Females 

Early Summer 
(Mar-.Jul) 

43.3 52.0 
(16) (19) 

19.4 44.3 
(7/36) (124/280) 

Late Summer 41.7 45.3 
(22) (24) 

30.4 25.0 
(38/125) (39/156) (Aug-Oct) 



were present, it is possible to detect sexual differences in homing 

performance for this season of the year. The data presented in 

Table 8 were obtained from several different homing experiments from 

Table 1 which were conducted in early summer (through June). The 

distances of release were essentially uniform for both sexes. The3e 

data were obtained from transient roosts only. 

While these data are perhaps not so conclusive as that provided 

above for Antrozous pallidus. they do at least point out the danger of 

attempting to apply the results of data obtained from one species 

directly to a different species. From these results it appears that 

in Tadarida brasiliensis. adults of both sexes home equally well to 

transient roost in early summer. This conclusion is quite different 

from that given above which was obtained with Antrozous pallidus taken 

primarily from maternity colonies during the same time of year. 

D. The Effect of Distance of Release. Three alternate hypotheses 

have been oL'fered in the literature for the effect of distance of re

lease on homing performance. Each is supported by evidence. 

(l) Bats released locally are retaken at a lower percentage 

than those released at a distance. This theory, as originally offered 

by Griffin (194-0) implies nothing concerning the frequency of return 

at greater or shorter distances. Griffin simply suggests that bats 

(evidence primarily based on Mvotis lucifugus) which are released at 

the roost are more likely to abandon that roost than are those released 

at some point away from the roost. Obviously, there may be a maximum 

distance from which they would be unable to return, and from which 



Table 8. Comparison of homing performance of Tadarida 

braslliensis in early summer by sex. All data viere obtained from 

transient roosts. Numbers in parentheses compare number of 

individuals released vith number of returns. Distances of release 

are essentially the same for each sex. 

Per Gent Returns 
Males Females 

Tadarida brasiliensis; 
Adult early summer returns 
from transient roosts. 

18.8 19 2 

(99/515) (49/261) 



return percentages would be less than repeat recovery percentages. 

As a possible explanation for this low repeat recovery percentage, as 

compared with return percentages of those released at distances of 

less than 50 miles, Griffin (194-0) suggests that the process of being 

banded probably frightens and disturbs the bats, and when released 

locally many of them desert the roost where they were caught. Those 

released at a distance, on the other hand, seem less likely to associate 

the discomfort of being banded with the home roost. 

To show that this situation does not occur in all species, I 

have compiled banding and recovery results, with Eptesicus fuscus. from 

three bridge roost maternity colonies in southern Arizona during the 

summers of 1959 and 1961. A total of 205 were banded. Each of these 

same three localities was checked about 20 days following the original 

banding, and a total of 164- banded individuals were recovered. The 

total average repeat recovery for these bats was 80 per cent (76.6, 

82.1, and 79.6). This percentage is higher than the return percentages 

obtained from most homing experiments with this species (see Table 1 

and the Appendix: 13 have lower percentages, 4- higher). This high 

repeat recovery percentage shov3 that Eptesicus fuscus are unusually 

stable bats and for this reason perform well in homing experiments 

(they hold the maximum distance record at 4-50 miles: see the Appendix). 

I suspect that Antrozous -pallidus would also show a higher repeat 

recovery percentage than homing return percentage, but I have no suit

able evidence for this conclusion. On the other hand, Iivotis velifer 

and Tadarida braslliensis on mo3t occasions would probably perform in 

accordance with Griffin's observations (mentioned above). Smith (1954-) 



found in Mvotis lucifugus that only 6.5 per cent of those released 

elsewhere were recaptured while 14-.3 per cent of those released 

locally were subsequently recovered. This indicates that even in this 

species the situation is variable. It is not unlikely that sex and 

season of the year might also affect repeat recovery percentages as 

well as homing performances and help to bring about this variability 

of results. 

(2) Bats released at intermediate distances show poorer homing 

performance than those released at the shorter and greater distances. 

This hypothesis has been offered by Gifford and Griffin (I960) on the 

basis of a suggestion concerning birds by Matthews (1955). According 

to this concept, there is sin intermediate range of distances at which 

homing bats can neither find familiar landmarks nor sufficiently dis

tinct cues related to their geographical position. These authors feel 

that this might explain the poor homing which they obtained with Mvotis 

lucifugus at a distance of 10 miles (no familiar landmarks nor adequate 

cues of geographical position), and better homing at 5 miles (in 

familiar territory) and 20 miles (some sort of direct homeward orienta

tion). Gifford and Griffin (i960) point out that many more data would 

be necessary to provide an adequate test of this speculative hypothesis. 

Mueller and Emlen (1957) present data concerning Mvotis 

lucifugus obtained from releases of 5 to 60 miles which to some extent 

substantiates this hypothesis. When their data are arranged so that 

distance of release is plotted against per cent return, the return 

curve dips abruptly in the 15-20 mile range (Figure 1), indicating a 

relatively poorer homing performance than would perhaps be expected 
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Figure 1. Per cent return plotted against distance for 

Mrotis lucifugus. Data taken from Mueller and Emlen (1957). 

No information is available concerning sex or age of animals 

used. All data were obtained during a 4-day period. 
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strictly on the basis of distance. Again, however, the sparsity of 

data allows only speculation. 

(3) Homing performance is inversely correlated to distance of 

release. In analyzing data obtained from Rhinolophus hipposideros. 

Kowalski and Wojtusiak (1952) observed that the greatest percentage of 

bats returned from the closest vicinity of the dwelling caves, slightly 

fewer came back from the middle distances, and the fewest from the 

greater distances. 

One factor which is apparently overlooked by many investigators 

in attempting to determine the relationship of distance to homing per

formance, is the possible effect of season of the year. It is un

reasonable to compare homing results obtained from experiments performed 

in different times of the year with species in which the effect of 

season has not yet been determined. This would assume that distance of 

release is the only variable when in fact it is perhaps only one of 

several. To eliminate as many variables as possible, these experiments 

should be conducted on the same day, with animals from the same roost, 

with about the same number of each sex and age groups released at each 

distance, and with all releases occurring in approximately the same 

direction from the home roost. Only under these conditions may the 

results be compared without the danger of excessive influence of addi

tional extraneous factors. 

I have set up two studies with Tadarida brasiliensis which meet 

most of these requirements. One of these was conducted in the spring 

and utilized distances of 5, 10, 19, 42, and 59 miles. The data from 
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this study suffer to some extent because the releases were not all in 

the same direction. The other study, conducted in the fall, had only 

three releases (38, 65, and 108 miles), and suffers from the possible 

influence of young of the year which may be present at this roost at 

this time of year. The results of these two studies are given in 

Table 1 and are summarized in Table 9. The spatial relations of the 

release points are shown in Figure 2 and 3. All data were obtained 

with Tadarida brasiliensis taken from a transient roost. 

These data indicate that in these two situations homing perform

ance in Tadarida brasiliensis. as suggested for Rhinolophus hipposideros 

by Kowalski and Wojtusiak (1952), is inversely related to distance of 

release. This relationship, however, is not necessarily a straight 

line function. In Study 1 (Table 9), distances of 5 and 10 idles had 

little differences in return percentages. An abrupt decrease occurred 

at 19 miles and this percentsige remained constant at 42 and 59 miles. 

In Study 2, the return percentages are very similar but show a slight 

decrease with distances. Again more data are needed, but there is an 

implication that in this species a decreasing return percentage curve 

(per cent return plotted against distance) might have two or more 

plateaus. 

E. The Effect of Direction of Release. In analyzing data obtained 

from Entesicus fuscus. Cope, Koontz, and Churchwell (1961) reported 

that a group of bats taken 250 miles south, evidently possessed a much 

stronger homing instinct than did those which were taken 250 miles 

north 15 days later. Their choice of the words "homing instinct" is 

perhaps unfortunate. Their observation is sufficient, however, to 
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Table 9. Comparison of homing performance of Tadarida 

bra3illensi3 with varying distances of release. The numbers in 

parentheses below the per cent returns compare the number of indi

viduals released to number of returns. The ratio of males to 

females was essentially the same for each release distance. 

Per Gent Returns 
5 10 19 42 59 Miles 

Study 1. Experiments No. 67-69. 42.2 41.7 28.8 30.5 27.9 
77, and 85 (20 May 61) (27/64) (25/60) (17/59) (18/59) (17/61) 

38 65 108 Miles 

Study 2. Experiments No. 76, 86, 29.7 25.8 23.4 
and 89 (10 Sep 61) (27/91) (23/89) (22/94) 



Figure 2. Southern Arizona, showing spatial relations 

of release points in Study 1 (Tahle 9). Number 1 refers to 

Experiment.67, 2 to Experiment 63, 3 to Experiment 69, 4 to 

Experiment 77, and 5 to Experiment 85 (Table 1). 
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Figure 3. Southern Arizona, showing spatial relations 

of release points in Study 2 (Table 9). Number 1 refers to 

Experiment 76, 2 to Experiment 86, and 3 to Experiment 89 

(Table 1). 



TUCSON 
WILLCOX 

[86 

108 mi. 

BENSON 

64 mi. 

20 
MILES 

TOMBSTONE 

38 mi. 

BISBEE o. 
80 

NOGALES DOUGLAS ARIZONA 

SONORA 



59 

indicate that homing performance (regardless of any variance in 

"homing instinct") may be affected by the direction of release. 

Again it is important to emphasize the necessity of eliminating 

as many of the other variables as possible in any experiment designed 

to test the effects of release direction. Experiments which are con

ducted at different times of the year, with animals from different 

roosts and colonies, using disproportionate sex ratios, using immatures, 

and with releases of varying distances, are of little value for this 

purpose. 

Table 1 contains experiments with Antrozous pallidus (No. 34-

37) and with Tadarida brasiliensis (No. 71-74) which lack these 

variables. In each case, essentially equal groups of adults from the 

same roost were released at 30 miles in 4 directions all on the same 

date. Since there were only a few males, and since they were somewhat 

unequally distributed within the groups, the most valid results are 

obtained by considering only female returns. These results are 

summarized in Table 10. The spatial relations of the release points 

are shown in Figure 4. Release date in all cases was 28 May I960. 

In these experiments, homing performance with Antrozous 

pallidus females was equally poor in the NE and SW directions, and 

comparably better in the 3E and NW directions. With female Tadarida 

brasiliensis. the poorest performance occurred from the NW, the best 

from the SE, and with the other two directions producing intermediate 

values. 

This shows, in these two instances with these two species, 

homing performance may be affected by direction of release. Certainly, 
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Figure 4. Southern Arizona, showing spatial relations 

of release points in experiments conducted 28 May i960. Number 

1 refers to Experiments 37 and 74, 2 to Experiments 34 and 71, 

3 to Experiments 35 and 72, and 4 to Experiments 36 and 73 

(Table 1). 
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Table 10, Comparison of homing performance to direction of 

release in females of two species. The numbers in parentheses 

below per cent returns compare the number of individuals released 

to the number of returns. 

Antrozous pallidus: 

NE 
Per Cent Returns 
SE SW NW Direction 

38.9 62.5 33.3 66.7 
(7/18) (10/16) (6/18) (12/18) 

Tadarida brasiliensis: 13.0 
(3/23) 

23.5 
(V17) 

8.7 
(2/23) 

4.8 
(1/21) 
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however, no universal phenomenon is suggested by these data. While, 

in these experiments, there is no obvious explanation for these re

sults, it is not unlikely that the direction of release might allow 

the inter-action of several additional factors. For example, the 

release direction might bring into effect variations in topography, 

shape of home range or familiar area, and other geographical or eco

logical situations. The possible role of habitat selection is dis

cussed in Section 6A. In T. brasiliensis. homing performance is no doubt 

affected by normal migrational movements. 

Kowalski and Wojtusiak (1952) detected nothing similar to this 

in their study. They found that Rhinolophus hipposideros returned re

gardless of the direction in which the animal3 had been transferred. 

-•F. The Effect of Colony and "Home" Type. Homing has been 

successfully demonstrated with individuals of several types of colonies 

and from several types of roosts and other situations. Examples of 

these are: 

(1) Repeat returns of members of winter colonies taken from 

hibernal roosts in Myotis lucifugus (Mueller and Emlen, 1957) and 

Rhinolophus hipposideros (Kowalski and Wojtusiak, 1952). 

(2) Repeat returns of members of summer-male colonies from 

night roosts in Antrozous pallidus (see Experiments 32 and 40, 

Table l). 

(3) Repeat returns of members of summer-male colonies from 

water hole or foraging area in Antrozous pallidus (see Experiment 19, 

Table l). 

(4) Repeat returns of members of maternity colonies from day 
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roosts in the majority of experiments given in Table 1 and in the 

Appendix. 

(5) Repeat returns of members of fall and spring transient 

colonies taken from transient roosts in Tadarida brasiliensis (Experi

ment 66-91, Table l) and similar conditions with Mvotis lucifugus 

(Hitchcock, 194-3). 

It is not possible, at this point, to determine accurately the 

effects of the various colony types and "home" situations. However, it 

is reasonable to assume that each of these may produce a different 

effect on homing performance. For example, it is possible that female 

Tadarida brasiliensis might produce higher return percentages when 

taken from a maternity colony in mid-summer than they would from stop

over transient roosts in the spring or fall. There are, however, no 

specific data to substantiate this hypothesis. 

We are dealing here with the concept of locality loyalty. In 

this case, locality is used in a restricted sense to indicate particu

lar roosts, water holes, foraging areas, and similar situations. An 

animal surely would not possess an identical loyalty to each situation 

in which it occurs. Further, this loyalty must certainly be influenced 

by sexual status and with changes in the season of the year. Both homing 

performance and repeat recovery data can provide a direct measure of 

locality loyalty. Homing experiments may be the better technique since 

they allow relatively precise variations of inhibitory disturbance 

factors which must be overcome by the strength of the motivational drives 

possessed by the bat. The distance of release may be the most important 

disturbance factor; however, the direction of release may be equally as 
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important in certain species. 

The use of both of these disturbance factors to demonstrate 

various levels of locality loyalty can be illustrated by several of 

the homing experiments with Tadarida brasiliensis given in Table 1. 

For example, it is apparent that a very high degree of locality loyalty 

is demonstrated by the return made by a female from 328 miles in Experi

ment 91. This distance, in terms of the normal seasonal north-south 

flights of this highly migratory species (Villa and Cockrum, 1962), 

is probably not extreme. However, the fact that she returned south to 

a transient roost in no more than 16 nights of flying time (at a time 

of year when her migratory route was normally northward) indicates that 
t 

this transient roost must play an important role in the annual life 

cycle of this bat. This phenomenon, in lesser degree, i3 seen in cer

tain of the female returns from Experiment 69 (19 miles), Experiment 77 

(42 miles), Experiment 83 (55 miles), and Experiment 85 (59 miles). 

Returns of this type involving males (as seen in Experiments 83 and 90) 

may not demonstrate the 3ame level of motivation since less is known 

concerning male summer habits. 
> 

Experiment 84 is unusual in that the occurrence of Tadarida 

brasiliensis (especially females) at transient roosts in mid-summer 

(23 July), does not seem to fit the pattern typical of this species. 

However, when females are found at such transient roosts in mid-summer, 

rather than at a maternity colony, it is possible that the reproductive 

process has failed and an early southern migration is occurring. It is 

not unlikely that certain of the mid-summer returns seen in Table 1 

are the direct result of abortions caused by conditions to which the 



66 

bats were subjected during the homing experiments. The presence of 

males in mid-summer is less easily explained. Perhaps these same 

transient roosts serve a limited number of males as alternate summer 

male day-roosts. 

In those cases in which the return direction was the same as 

the normal migratory direction, the degree of home loyalty which is 

demonstrated appears to be less than in the above examples. Experiment 

87 shows a relatively rapid return made by a female from a distance of 

76 miles to the south. But since this occurred in the spring, her 

northward return is only what would be expected. 

Experiments 66 and 67 indicate hone loyalty under conditions of 

minimal disturbance. The distance of release (5 miles) and the direc-
/ 

tion of release (WWW) are essentially neutral in effect. The low per

centages of return (22.2 and 4-2.2) shows that the majority had little 

or no loyalty for the "home" transient roost. While no attempt should 

be made to compare the results of these experiments with those conducted 

at other times of the year, the rather general occurrence of low return 

percentages with Tadarida brasiliensis in Table 1 suggests that strong 

locality loyalty to specific transient roosts may normally occur in 

only a relatively small proportion of the total population. In this 

species, homing data have been obtained only from transient roosts. As 

has been pointed out above, return percentages, and the level of locality 

loyalty, may be much higher at maternity colonies. 

As a much less complicated example of seasonal changes which 

might modify locality loyalty, let us consider the situation which 

occurs with Antrozous pallidus in the arid southwestern United States. 
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During periods of drought, water holes are at a premium. During such 

periods, these animals are perhaps forced to have certain loyalty to 

a single watering area since no others are available. During this 

time high repeat return percentages should occur when these animals are 

captured at and removed from these water holes. Later, during the 

rainy season, water is again abundant and this loyalty to specific 

water holes probably is no longer present. At this time, only low re

peat return percentages would occur at water holes. This situation is 

somewhat hypothetical since limited homing experiments have been done 

with animals taken from watering areas. Numerous field observations, 

however, have convinced me that these conditions do occur. 

The important factor here is that while the locality loyalty to 

water hole3 would be low during rainy seasons, during this same time of 

year it might be vary high to specific day roosts. There would then be 

a difference in locality loyalty and a subsequent difference in repeat 

return homing performance depending upon the situation from which the 

bat was taken. 

Evidence for differences in loyalty to night roosts and day 

roosts in Antrozous pallidus is discussed in more detail in Section 5C. 

It is sufficient to mention at this point that significant differences 

do occur. 

I also suspect that there may be differences in loyalty even 

among similar types of roosts. Certain species of bats are well known 

for their use of several alternate roosts. This situation has been de

scribed, for example, by Gifford and Griffin (I960) for Hvotis lucifugus. 

and for Hvotis velifer by Hayward (1961) and Twente (1955a). 
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When a species has several alternate day roosts, it does not 

necessarily follow that the bats would have equal loyalty to each roost. 

This difference might occur 3imply because certain roosts are more 

desirable than others but in other cases it may occur due to the 

habitual use of certain roosts. 

In the summer of 1961, I found a maternity colony of Eptesicus 

fuscus at a bridge roost (locality No. 5, Table 2) at which these bats 

were known not to have occurred during the two previous years. Because 

of the newness of the bridge, and the lack of accumulated guano, I 

suspect that this colony had never roosted at this locality before. I 

was interested in seeing how well these bats would return to a roost 

for which they had only one summer to develop loyalty. Consequently, 

I divided them into groups of young and adult3 and took them 105 miles 

to the NW (Experiment No. 13, Table 1). None of these bats returned 

until the following year, and only 24.6 per cent returned then. This 

wa3 one of the poorest performances which I obtained with this species. 

Obviously, they may have returned to some alternate roost at which they 

avoided recapture. The problem of alternate roosts, however, did not 

produce excessive effects in other experiments which I have conducted 

with this species. Apparently, these bats had not yet developed a high 

degree of loyalty to this particular bridge roost. 

The high return percentages from moderate distances, and the 

high repeat recovery percentages, which seem to be typical with 

Eptesicus fuscus, show that these bats can develop strong locality loyalty 

to certain roosts. Rygaard (194-1) observed a situation which provides 

additional evidence for this. He watched several, of these bats die 
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trying to get into their usual winter cave when its entreuice was 

blocked by snow, even though several other similar caves were open in 

the immediate vicinity. 

Examples such as these are sufficient to point out the possible 

influence that colony type and "home" situation may have on homing 

performance. 

5. DISCUSSION OF RESULTS IN TERMS OF HOMING ABILITY 

In the previous section, the various factors which have, or are 

suspected to have, an influence on homing performance have been dis

cussed. These included: (l) species of bat tested, (2) maturity of 

bat tested, (3) sex and season of the year, (4.) distance of release, 

(5) direction of release, and (6) colony and "home" type from which the 

bat was taken. 

It is important, at this point, to distinguish again between 

homing performance and homing ability. These two terms are related, but 

are not at all synonymous. A single bat U3ed in a single homing experi

ment can serve as a simple hypothetical example. If thi3 bat returns 

following its release, it has done so because it was motivated to re

turn, and it has accomplished this either through some form of homing 

ability or t»y randomness (chance). If the bat fails to return, either 

the bat did not possess sufficient homing ability or, having a sufficient 

homing ability, it lacked adequate motivation. 

In either case, with either a successful or unsuccessful return, 

the bat has performed and a homing performance has been observed. When 



70 

several bats are used in a homing experiment, a relative value can be 

given to homing performance in terms of the percentage of returns. 

Homing performance is, then, an observed fact. An accumulation 

of these facts may be used to estimate the effects of variables, as 

was done in the previous sections. These may also be used for purposes 

of detecting the presence or absence of the various types of homing 

ability as is done below. 

A. Type I Homing Ability. Since, by definition, Type I homing 

ability is simply the ability of a bat to travel within its familiar 

area (modified from Griffin, 1952a), it is obvious that all adult bats 

possess this ability. ""It"-i3 perhaps best developed in those species 

which have large familiar areas, but there can be no doubt that it 

occurs at least at some level of development in all species. Every 

adult bat is able to leave its roost at dusk, fly to foraging and water

ing areas, and return to its roost again before sunrise. It accomplishes 

this return by Type I homing ability. 

B. Type II Homing Ability. Type II homing ability is the ability 

of a bat to fly in a certain direction even when crossing unfamiliar 

territory (modified from Griffin, 1952a). According to Matthews (1955), 

it has been known for many years that homing performance can be improved 

in pigeons through careful training by releases at gradually increasing 

distances in one general direction. By means of this training, these 

birds learn to fly a certain direction upon release and are apparently 

able to maintain this flight direction even in surroundings in which they 

are not familiar. It is possible that certain bat species may be capable 

of the development of this one-directional flight tendency by training. 
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This tendency may also be innate and seasonally variable in such 

migratory species as Tadarida brasiliensis. 

While there are several examples of training flights in bats 

reported in the literature, there are none which have established the 

presence of this form of homing ability. Issel (1950) reported the 

return of a Rhinolophus hipposideros two times in less than 2 months 

from a distance of 8 km (5 miles). Lanza (1953) listed several examples 

of individual Mvotis oxvgnathus which were repeatedly transplanted and 

repeatedly returned. In certain instances, the same individuals were 

repeatedly released at the same localities. Mohr (1934) described the 

return of a single Mvotis luclfugus from distances of 12.5 and 30 miles. 

Havekost (i960) reported several examples of individual Bptesicus 

serotinus which were released and homed successfully on two occasions, 

from 11 and 36 km (6.8 and 22.3 miles). Other examples of training are 

discussed below in Section 5D under the heading "Repeated Homing." 

None of these experiments, however, was set up in such a manner 

as to demonstrate Type II homing ability. To do this, it would perhaps 

be best to start with a large group of bats and, during the process of 

slowly increasing the distance of release, eliminate those individuals 

which perform poorly. The final release localities, still in the original 

direction from the home roost, should be outside of familiar area of the 

remaining experimental animals (methods for estimating familiar area are 

given below). Returns from these localities would provide positive 

evidence for Type II homing ability. As further evidence, those individ

uals which have homed under the above conditions could then be trans

ferred to another locality which is in the opposite direction from the 
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home roost and which is also in unfamiliar area. When the bats are 

released at this new locality, the investigator must use some method 

for visual observation (a possible technique for this is suggested in 

Section 7B). If the bats fly in the direction for which they were 

trained, even though to do this they must fly in a direction which is 

directly away from the home roost and familiar area, this would be 

strong substantiating evidence. Nothing Like this has yet been 

attempted with bats. 

C. Type III Homing Ability. Type III homing ability allows a 

bat to choose the correct direction of its familiar area even when re

leased in unfamiliar area (modified from Griffin, 1952a). This would 

require a knowledge of geographical position and would result in direct 

homeward orientation. 

It is obvious from this definition that Type A homing experi

ments (releases in familiar area) can provide no data concerning the 

presence or absence of Type III homing ability. The immediate problem 

then, in attempting to analyze the results of homing experiments given 

in Table 1 and in the Appendix, is to determine which are Type A and 

which are Type B (release in unfamiliar area). Only Type B experiments 

are of any value for this purpose. 

This distinction is difficult in most cases since knowledge of 

seasonal home ranges and migration routes necessary for determining total 

familiar area is extremely limited for most species. In general, the 

individual investigator who has studied a particular 3pecies in great 

detail is best equipped to make this decision. Lacking such information 

from specialists, there are several alternate methods available. 
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(l) Estimates of familiar area based on maximum distances 

of normal movements. Table 4 gives the near maximum distances of normal 

movements, which have been reported in the literature, for each of the 

species for which homing data are available. Lacking other knowledge, 

an estimate of the familiar area for each species can be calculated by 

one of two possible techniques: (l) We can assume that the maximum 

distance of normal movement for each species is a flight from one edge 

of familiar area to another. This distance would then represent a 

diameter of a circle. (2) Another possibility is perhaps closer to 

the true situation. In this case, the maximum distance of normal move

ment may be a flight from some locality within familiar area to some 

other locality at the outer edge of familiar area (or, of course, vice 

versa). Under these conditions, the maximum distance of normal movement 

would represent a radius of a circle if one locality were at the center 

of familiar area. This might provide an estimate of the greatest 

possible extent of familiar area. 

Obviously, in either case these estimates are unrealistic since 

it is unlikely that the familiar area of any species is ever completely 

circular. Also, the observed maximum distances of normal movement may 

have only limited relationship to distances of movement which actually 

occur. However, these data do provide adequate warning concerning the 

danger of attempting to detect the presence of either Type II or Type 

III homing ability by the use of homing experiments in which the dis

tances of release are less than the distances that individuals of the 

same species are known to have flown under normal conditions. 

Table 4. also compares maximum homing distances with the near 
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maximum normal movement distances. Only a few species (perhaps 7) 

have homed from distances which axe appreciably greater than the ob

served distances of normal flight. 

(2) Estimates of familiar area based on banding data ob

tained with migratory species. In certain species, many other data 

are known in addition to Lhe maximum distances of normal flight. 

Tadarida brasiliensis is an excellent example. As shown by Villa and 

Cockrum (1962) these bats migrate southward in the fall, spend the 

winter in central Mexico, and return to the northern parts of their 

range in the spring. Here throughout most of the summer the females 

occur in large maternity colonies while the males occupy smaller 

colonies. The maximum observed distance of latitudinal migration is 

800 miles. While it is probably not actually trua, at present the en

tire geographic range of the species in North America must be considered 

as the potential familiar area of any one individual. The only way in 

which a Type B homing experiment could be conducted with any high degree 

of certainty would be to take these animals to some area which is out

side of the geographic range of the species. 

Lacking this knowledge, serious misinterpretations of homing 

data obtained with this species could occur. An example is the female 

T. brasiliensis (see Davis and Cockruai, 1963) taken from a spring 

transient roost near Douglas (locality No. 11) and released on 21 May 

1961 in Tucson—a distance of 108 miles to the WNW. On 1 October 1961, 

it was recovered back at the original roost. With only these facts 

known, one might deduce that this bat had only limited locality loyalty 

or a rather poor orienting ability since more than four months were 
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required for the return. Fortunately, however, this same bat had been 

recaptured on 24 June 1961 in a large maternity colony, about 100 

miles north of the roost at which it had originally been captured. In 

all probability, this bat had simply continued its northward migration 

following its release in Tucson, had borne and reared its young in the 

maternity colony, and had returned again to the original roost to use it 

again as a transient roost for its southward migration in the fall. On 

the basis of this analysis, it is obvious that a vagrant return occurred 

prior to a repeat return. Without an adequate knowledge of this bat's 

natural history, this would never have been suspected. 

Based on the natural history of Tadarida brasiliensis. it is 

apparent that none of the results of homing experiments with this species 

reported in Table 1 and in the Appendix can provide data of any great 

value in determining the presence of Type II or Type III homing ability. 

The few miles involved in these homing experiments are probably mean

ingless since, in many cases, these bats may have traveled several 

hundred mile3 during normal migration between their original release and 

subsequent return. The maximum homing distance which is known for this 

species (Table 1: 323 miles) is insignificant in a species in which 

normal movements of perhaps 1,000 miles may be common. 

(3) Estimates of familiar area based on determination of 

seasonal Group Home Range. In certain other species, which are less 

mobile than Tadarida brasiliensis. migratory patterns are more difficult 

to determine. For these species, knowledge of some form of seasonal 

home range is useful. 
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In contrast to many terrestrial vertebrates, the mode of loco

motion and the secretive behavior of bats present serious obstacles to 

the study of home range. Dice (1952: 231) has defined home range as 

"the area over which an individual animal habitually travels while en

gaged in his usual daily activities. ..." If we restrict the concept 

of home range to this definition, which is entirely adequate when used 

with most nonchiropteran species, little will be known of home range in 

bats until specialized techniques of study, such aa sub-miniature radio 

transmitters, are devised. Meanwhile, we must either ignore this aspect 

of bat activity or establish a new concept of home range v/hich will 

allow utilization of available data. With full awareness of its limita

tions, I have selected the second alternative. 

In bats relatively few observations of movements of any one 

individual are available. While occasionally several recoveries of a 

particular animal may have been made, the majority are frora the point 

of original capture and provide no clue as to home range. However, even 

though foreign recoveries are relatively rare for any one bat, several 

may be available from among the members of one population. 

In an attempt to overcome these difficulties, Hayward (1961) has 

suggested a method of home range estimate for cave myotis, Myotis velifer. 

that is based not on individuals but upon an entire group of bats. 

Utilizing 1,14-0 recoveries of cave myotis banded at various localities 

in southern Arizona, Hayward made the basic assumption that during the 

summer months local subspeciflc populations are divided into cohesive 

groups, each of which is restricted to a rather specific geographical 

area. The procedure used in separating the groups from the entire popu
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lation, and for determining the home range of these groups, involved 

the use of multiple recoveries of numerous individuals. When the 

localities of capture and the movements between these localities were 

plotted on a map, Hayward was able to determine that certain localities 

had a common denominator in terms of the movements between them. The 

bats which occurred at these localities (and only at these localities) 

were then said to be members of the same group. The geographical rela

tionship of these localities of capture gave evidence of the size of 

the home range of the group. 

As a simple and hypothetical example of a situation of this 

type, we can consider three localities: A, B, and C. Let us assume that 

recoveries have shown movements of certain individuals between A and B, 

movements of other individuals between B and C, and movements of still 

others between A and G. No movements are known between these localities 

and localities other than these three even though the investigators have 

conducted extensive field work in the surrounding areas. Since locali

ties A, B, and C have movements and individuals in common, we can sur-
l 

mise that the individuals occurring at these localities belong to the 

same group, and that these localities represent at least portions of the 

home range of this group. Obviously, sin assumption such as this has its 

greatest validity when used with colonial species which exhibit strong 
I 

group coherence. The degree of coherence and stability of the group 

involved is directly related to the extent of similarity between home 

range of the group and the classical concept of home range (which is 

primarily concerned with single individuals). The greater the coherence 

of the group, the greater the similarity between the two concepts. 
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As used by the present author, Group Home Range is defined as 

the seasonal home range of a specific group of animals. Based on 

evidence presented below, I think that in the case of the pallid bat, 

Antrozous pallidus. Group Home Range and the home range of an individual 

of the group are extremely similar if not identical. 

Pallid bats apparently possess strong group coherence, especially 

among the females. Several observations support this viewpoint: (l) 

Banding activities in southern Arizona have revealed repetitive recoveries 

of the same individuals at the same locality year after year. (2) On 

occasions these bats have been observed to leave a particular roost, 
\ 

either to utilize an alternate roost or to exchange a summer roost for 

one which is more suitable in the winter, and typically they do this as 

a group. The population numbers in a given roost increase or decrease 

abruptly. (3) During the summer of 1961, several pallid bats were removed 

from a day roost at a bridge and released at various distances away from 

the home roost. This bridge was then checked every day to determine the 

exact dates of return. On the first morning one individual returned, but 

no others came back for several days. Then suddenly after about one 

week a large group returned all at the same time, even though several 

of these bats had been released at different localities (Table 1: 

Experiments 20, 23, 30, 4-4, and 54-). 

In conjunction with this strong group coherence, homing experi

ments and banding results also indicate that pallid bat colonies possess 

strong home loyalties to certain specific day roosts. Consequently, 

recoveries at day roosts provide home range information of only limited 

value. However, when data obtained from recoveries at night roosts are 
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utilized, this roost loyalty is observed to break down and certain 

patterns of activities axe then detectable. The reason for this is 

unknown but perhaps requirements for day roosts are more restricted 

and only a few are suitable—while at night a wider range of situations 

can serve as convenient spots for rest, and for chewing of prey. 

Utilizing night roost recoveries and using the technique sug

gested by Hayward (1961), the summer Group Home Range has been deter

mined for a small population of pallid bats occurring in a typical 

Lower Sonoran habitat near Tucson, Arizona (Figure 5). All localities 

are summer night roosts. The summer day roost and the winter roosts are 

unknown for this group of bats. The 52 movements were obtained from 35 

individual bats of which 33 were female and 2 male (Table 11). 

One recovery of a member of this population has occurred which 

is not included on Table 11 or Figure 5. This recovery was of a male 

which had been banded 8 June I960 at Helmet Peak (see Figure 5). It 

was found nearly two years later (IS April 1962) about 17 miles west of 

the original banding locality. The early spring date of this recovery 

suggests the possibility that this individual may have been in the 

process of migrating from a winter roost toward its summer habitat. 

This would explain its occurrence at a locality which is at a consider

able distance from its expected summer roosting sites. At any rate, 

because subsequent field work has failed to disclose additional recoveries 

and because of the two year delay in recapture, I feel that this movement 

is anomalous and do not consider it to represent a part of the normal 

summer home range of the group of bats with which this study deals. 

The estimated area of the summer Group Home Range for this 
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Figure 5. Estimated summer Group Home Range for a popu

lation of pallid bats. The arrows indicate known directions 

of movement but do not necessarily suggest actual routes. The 

dashed lines indicate assumed directions of movement for which 

there are no actual recoveries. TB refers to mine shafts in the 

Twin Buttes area, and CB refers to highway bridges in the region 

of the town of Continental. The distance between TB-1 and TB-2 

is exaggerated for clarity (the actual distance is only about 

mile). 
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Table 11. Night roost band recovery data on which the 

summer Group Home Range for this population of pallid bats is esti

mated. The 52 movements present here were obtained from 35 individual 

bats of which 33 were female and 2 male. All recoveries were made 

during the summer months of 1958-1960. 

Number of 
Direction of 
Movements 

Observed 
Movements 

Approximate Time 
Between Caotures 

CB-1 to CB-2 5 2:1 mo., 3:1 yr. 

GB-1 to TB-1 4 3:1 mo., 1:1 yr. 

GB-1 to TB-2 2 1 mo. 

CB-1 to Helmet Pk. 1 1 mo. 

CB-1 to Bat Mine 1 1 yr. 

TB-1 to TB-2 21 18:20 min., 1:8 days, 2:1 yr 

TB-1 to CB-1 U 1:4 mo., 3:1 yr. 

TB-1 to Helmet Pk. 3 1 yr. 

TB-2 to TB-1 8 5:5 days, 3:1 yr. 

TB-2 to CB-1 1 1 yr. 

Helmet Fk. to TB-2 1 1 hr. 



population is 80 square miles. Hayward (1961) determined the Group 

Home Range for two separate populations of Myotis veLifer as 360 and 

625 square miles. It is obvious that additional information is needed 

for other populations of these same species before any meaningful con

clusions can be drawn. It is possible, for example, that the variance 

in the size of these Group Home Ranges may be due partially to the 

differences in the population sizes. However, these data lend support 

to the general feeling one gets, after working with these two species 

for several y-̂ ars, that pallid bats are much more sedentary and stable 

than are the cave myotis. 

While knowledge of Group Home Range is a poor substitute for 

data concerning total familiar area, it is at least helpful in estimating 

minimal limits of seasonal familiar area. This knowledge is also neces

sary to distinguish between vagrant and foreign returns. 

D. Positive and Negative Evidence for Type III Homing Ability. 

Rather than consider all possible Type B homing experiments, it is more 

convenient to consider only those which have been conducted with three 

species: (l) Myotis lucifugus (distances of 180-270 miles), (2) 

Eptesicus fuscus (distances of 250-500 miles), and (3) Antrozous 

pallidus (distances of 41-323 miles). Details of these experiments are 

given in Table 1 and in the Appendix. With Myotis lucifugus and 

Eptesicus fuscus. those experiments which include distances beyond that 

known for normal travel (Table 4) have been selected. In the case of 

Antrozous pallidus. since the known normal maximum travel distance is 

so small, I have selected a minimum distance of 4-0 miles somewhat 

arbitrarily. This distance is more than twice that of the known maximum 
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distance of normal travel for this species and should be well beyond 

the summer Group Home Range. In most directions, releases at this 

distance should be in unfamiliar area. 

(l) Negative Evidence for Type III Homing Ability. 

a. Low Re turn Percentages. With only occasional ex

ceptions, these presumed Type B homing experiments have produced rather 

uniformly low percentages of return. The three experiments with 

Myotis lucifugus, which meet the minimal distance requirements, have an 

average return percentage of only 11.7 (3, 26, and 6; no return per

centage is available for a 250 mile experiment by Beer and Greeley). 

With Eptesicus fuscus the average percentage is 15.6 (59, 11, 4, and 

0.0). With Antrozous pallidus, the average percentage is 22.5 (22 

experiments: including 7 with 0.0 and one with 80). 

At first glance, these low return percentages apparently con

stitute strong negative evidence against the presence of Type III homing 

ability. A conclusion such as this, however, would require the supposi

tion that low return percentages would result only from the lack of 

Type III homing ability; or, as a corollary, that the presence of Type 

III homing ability within the members of a particular species of bat 

would result in uniformly high return percentages. 

Actually, of course, there are numerous other possible explana

tions for low return percentages. Griffin (1940) has shown that in many 

instances, due perhaps to disturbance factors, low repeat recovery per

centages occur even when the bats are released at the same locality at 

which they were captured. It would certainly not be surprising, then, 

that transplanted bats also produce low percentages of return. 



An examination of Table 1 and the Appendix will demonstrate 

that the possible Type 3 homing experiments have no priority on low 

percentages of return. This occurs, though the results are variable, 

in most homing experiments regardless of the distance of release. I 

have already pointed out that Type I homing ability must be present in 

all adult bats. If low return percentages o:;cur from Type A homing 

experiments, in which the bats are known to have the ability to return, 

then factors other than homing ability must cause these results. The 

young animal may perhaps be an exception to this. It has been shown 

in Section 4.B that subadult bats produce a lov;er return percentage than 

adults. There are several possible explanations for this. It may be 

that young animals have a smaller total familiar area than adults. What 

might be a Type A experiment for the adults may be a Type B for the 

young; or, it may simply be that the young have less ability to return 

than the adults. The point still remains, however, that even when only 

adults are used in Type A homing experiments, from which they surely are 

able to return, low return percentages are still the typical results 

(see Tables 5 and 6). 

Other factors that may cause low percentages follow: A certain 

proportion of any group of transplanted bats will not return because of 

natural mortality. During homing experiments, the natural mortality 

rate may be substantially increased due to the techniques used in band

ing, and to the presence of the band. Band damage has been described 

by Hitchcock (1957). In Type B homing experiments, the bats may be 

subjected to increased predation, lack of availability of roosts, water, 

food, and other necessities resulting from the introduction of these 
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animals into unfamiliar territory. 

Another portion of any group of transplanted bats may actually 

return to familiar area, but are not recaptured by the investigator. 

Many bats may return to unknown alternate roosts, as discussed by 

Gifford and Griffin (i960), or even return to the original site of 

capture where they escape detection due to various complexities of the 

roosts (Cockrum, 1956; Cope, Koontz, and Churchwell, 1961). 

On certain occasions, individuals may temporarily return to the 

original roosts and leave again between visits by the investigator. 

Often, differences in return percentages may result from differences in 

the number of times, and the frequency at which, a roost is checked 

after the original release. Because of all of these factors, even if 

all individuals did possess homing ability, 100 per cent homing should 

never be expected. 

There is also the problem of the lack of uniform locality 

loyalty within any colony of bats. Mayr (1954-) points out that, in the 

case of birds, there are indications that the populations in many species 

are composed of two kinds of individuals—those with a strong locality 

loyalty and those with little or none. The latter group makes up per

haps 10-30 per cent of the population, differing from species to species. 

If this situation should also occur among bats, it would help explain 

low return percentages. We are dealing here, then, with the difficulty 

in distinguishing between a lack of desire or willingness to return and 

the inability to return. Since most evidence for homing ability must be 

obtained indirectly from homing performance, this problem is inevitable 

and there is no simple solution. 
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The problem of low return percentagea is obvious and nearly-

universal. Any theory for Type III homing ability must take this into 

account. 

b. Delayed Returns. The slow and gradual trickling 

back of experimental individuals from homing experiments, over long 

periods of time, is perhaps as universal as low return percentages 

(see Table 1 and the Appendix). Again, however, this occurs with Type 

A homing experiments as well as Type 3. Consequently, even in those 

individuals which may possess Type III homing ability, there i3 no 

reason to expect that they should return immediately from Type B homing 

experiments. This has occasionally occurred (examples are described 

below) but there are many other examples of slow and delayed returns. 

Just as for low return percentages, there are many possible ex

planations for this other than the absence of Type III homing ability. 

The fact that delayed recoveries also are common must be considered. 

Variations in maturity, early returns which avoid recapture, variations 

in motivation to return during different seasons of the year, could all 

account for delayed returns. 

c. Foreign Returns. Table 12 gives several examples 

of vagrant or foreign returns. If all of these should be, in fact, 

only vagrant returns then of course they should not be considered as 

negative evidence for Type III homing ability. This decision is diffi

cult and can best be made by the individual investigators. 

However, as an alternative, these can again be compared with the 

near maximum distances of normal travel given in Table 4-. In those 

cases in which this distance is less than the distance of the recapture 
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No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Table 12. Vagrant or foreign returns. This is a compilation of examples of individuals who failed 

return to the immediate vicinity of the point of original capture. Other examples are described in text. 

Species 
Release 
Distance Direction 

Locality of Recovery in 
Relation to Capture Site Time Reference 

Mvotis lucifugus 5 

15 

20 

26 

30 

40 

40 

68 

76 

168 

Myotis daubentonii 42.2 

Myotis aus troriparius 31 

Myotis myotis 

31 

62 

N 

ENE 

ESE 

W 

s 

s 

NE 

SW 

N 

? 

NE 

NE 

9 

(at release locality) 5 days 

1 mile E next day 

4 miles WSW 7 days 

28 miles ESE 14 mo. 

6 miles SE 3 yrs. 

39.5 miles S 36 hrs. 

35 miles SSE 36 hrs. 

ca. 90 miles NE 27 days 

71 miles SW 71 days 

118 miles N 1 yr. 

(at release locality) 8 mo. 

27 miles NE 1 mo. 

28 miles N 1 mo. 

12 miles (in line with 3 mo. 
release point) 

Gifford and Griffin 
(1960) 

Smith (1954) 

Mohr (1942) 

Hitchcock and 

Reynolds (1942) 

Griffin (1940) 

Ryberg (1947) 

Rice (1957) 

tl 

Casteret (1938) 

09 
oa 



(Table 12, continued: 2) 

Release 

No. Species Distance Direction 

15. Mvotis velifer 26 S 

16. " " 24 S 

17. Eptesicus fuscus 340 SW 

18. " " 450 N 

19. " " 450 N 

20. Pipistrellus pipistrellus 

6.8 SW 

21. " " 6.8 SW 

22. Nyetalus noctula 28.6 SE 

23. " " 71.4 SE 

24. " " 71.4 SE 

25. Rhinolophus hipposideros 
10.5 SE 

26. Tadarida brasiliensis 50 NW 

Locality of Recovery in 

Relation to Capture Site Time Reference 

20 miles SSW 1 mo. 

26 miles S ? 

200 miles NW 2 mo. 

449 miles N next day 

452 miles N 3 days 

10.2 miles S 3 days 

(at release locality) 2 mo. 

24.8 miles SSW 1 yr. 

77 miles SE 2 days 

115 miles SE 9 days 

11.8 miles SSE 20 days 

100 miles N 6 days 

Twente (1955a) 

I I  

Smith and Goodpaster 

(1958) 

tf 

II 

Ryberg (1947) 

Bels (1952) 

Kowalski and 
Wojtusiak (1952) 

Villa and Cockrum 
(1962) 

CO 
vO 
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locality from the site of original capture, a possible foreign return 

can be suspected. 

I have gathered information concerning several other examples 

of returns to localities other than the point of original capture. 

Some have previously been reported (Davis and Cockrum, 1963). These 

have been brought up to date, included with other examples, and described 

below. With the exception of those given for Tadarida brasiliensis. 

these are probably all foreign returns. Details of the experiments 

from which these have resulted are given in Table 1. 

Antrozous pallidus: On 10 June I960, a number of male pallid 

bats were taken from a night roost and released in Tucson—a distance of 

about 32 miles north (Experiment No. 4-0). Thrse of these individuals 

were recovered in Tucson during the same year (13 June, 21 July, and 

30 August I960). Three others were recovered during the following 

summer: two of these were found in Tucson (13 April and 20 May 1961) 

and the third was netted in Sabino Canyon (3 July 1961) about U5 miles 

north of the locality of original capture. 

On 3 July 1961, several adult pallid bats were taken from a 

maternity colony and released near Mescal—a distance of about 21 miles 

northwest (Experiment No. 31). A female of this group was later cap

tured on 13 May 1962 in a night roost at Helmet Peak (see Figure 5) 

about 53 miles west of the original capture locality. 

Myotis veljfer: On 31 July I960, a number of cave bats were 

taken from a maternity colony and released in Tucson—a distance of 

approximately 78 miles to the southwest (Experiment No. 9). On 31 

August I960, two of these were recaptured in Sahuaro National Monument, 
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about 68 miles southwest of the "home" roost. 

Eptesicus fuscus: On 17 September I960, a small group of big 

brown bats was taken from a maternity colony to Rodeo, New Mexico— 

about 120 miles to the east (Experiment No. 14). One of these was 

recaptured near Douglas, Arizona on 20 May 1961 about 93 miles east of 

the locality of original- capture. 

Tadarida brasiliensis: On 20 May 196.1, a number of guano bats 

were taken from a spring transient roost and released 19 miles to the 

northwest (Experiment No. 69). On 2 July 1961, one of these was re

captured in a cave near Carbo in Sonora, Mexico—about 145 miles south 

of locality of original capture. 

On 21 May 1961 several guano bats were taken from a spring 

transient roost and released 108 miles to the northwest at Tucson 

(Experiment No. 88). The vagrant return of one of these prior to its 

repeat return has already been described in Section 50 (2) above. 

On 27 August I960 a group of guano bats was taken from a tran

sient roost and released at Willcox—about 37 miles northeast 

(Experiment No. 75). Two of these were recaptured on 10 September 1961 

at a fall transient roost near Douglas about 4.9 miles southeast of the 

locality of original capture. 

Macrotus californicus: On 26 March 1962 a single leaf-nose bat 

was taken from a cave and released at the Biological Science Building 

at the University of Arizona in Tucson—a distance of about 42 miles 

south. On 27 March it was recaptured in the Business and Public Adminis

tration Building about 400 yards northwest of the release point. It was 

then taken about one-half mile south of the University Campus and released 
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again during the evening of 27 March 1962. It was again recovered in 

the Liberal Arts Building on 23 March 1962 about 300 yards west of the 

original release point. This same individual was then released on 28 

March 1962 about 5 miles west of the University Campus. No further 

recaptures of this bat have occurred. 

It should be noted that foreign returns can result from either 

Type A or B homing experiments. In the case of those resulting from 

Type B experiments, there are two possibilities. If Type III homing 

ability does occur, it either is not present in all individuals, or it 

occasionally malfunctions. An alternate possibility is that Type III 

homing ability is not present in any of the individuals, and that the 

few examples of foreign returns given above are the result of random 

scattering from the release points; those that do return do so by chance. 

(2) Randomness. All of the evidence listed above as possible 

negative evidence for the presence of Type III homing ability may be 

used as positive evidence for randomness. The theory of randomness 

suggests that transplanted bats, when released in unfamiliar territory, 

scatter radially in all directions with a few returning by chance to 

familiar area. If randomness is the means by which bats return from 

Type B homing experiments then one would expect: (1) low return per

centages, (2) occasional delayed returns (as well as some rapid returns), 

and (3) foreign returns. As pointed out above, however, there are 

numerous alternate explanations for the occurrence of these three situa

tions other than that of simple randomness. 

In addition to these, randomness might also explain the de

creasing return percentages with increasing distance of release which 
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has been observed in two species (Rhlnolophus hipposideroa and Tadarida 

brasiliensis. described in Section 4D above). In both cases, however, 

this apparently resulted from Type A homing experiments in which 

randomness should play no role. 

(3) Positive Evidence for Type III Homing Ability. These 

data, of course, may also constitute negative data for randomness. 

a. Rapid Earl.v Repeat Returns. Several examples of 

rapid returns are given in Tables 13 and 14.. This information can be 

compared with the known flight speeds of various species given in 

Table 15. From these, it is obvious that on a number of occasions bats 

have returned at speeds which indicate a nearly direct homeward return 

route. Unfortunately, for purposes of discussing Type III homing 

ability, only one can be considered a Type B homing experiment. This 

is the 250 mile release of 36 adult female Eptesicus fuscus by Cope, 

Koontz, and Churchwell (1961). In this experiment, not only did the 

bats home at high rates of speed (up to perhaps 6 miles per hour), but 

an amazingly high percentage (85) returned. Lacking the high percent

age of returns, this evidence would not support the presence of Type 

III homing ability. If this were the case, those individuals which, 

by chance, selected the correct return route could have returned at 

high rates of speed, while those which were unlucky scattered, just as 

rapidly, in all compass directions. However, since the data provided 

by Cope, Koontz, and Churchwell mentioned above included both rapid 

returns and high return percentages the evidence is very strong for this 

performance having been accomplished by some orienting or navigational 

ability (Type III ability). It is unlikely that this could have occurred 



Table 13. Speed of return. Examples of rapid returns taken from the literature. 

Distance 

No. Species (Miles) Time M.P.H. Reference Remarks 

1. Myo tis lucifuRus 20 

2. " " 30 

3. " " 5 

4. " " 5-60 

5. Myotis velifer 28 

6. Eptesicus fuscus 250 

5 hrs 

6.5 hrs 

1 hr 

4.0 

4.6 

5.0 

5-19 

4 hrs 7.0 

4 nights 6.3 

Cope, Koontz, and 

Churchwell (1961) 

Gifford and Griffin (1960) 

Gifford and Griffin (1960) 

Mueller and Emlen (1957) 

Cockrum (1956) 

Cope, Koontz, and 
Churchwell (1961) 

Taken from hibernation, 
(usually tail wind) 

85 per cent returns. 
MPH based on 10 hrs 
flying time/night. 

vO 



Table 14. Speed of return. Examples of rapid returns obtained during the course of the present 

study. 

No. 

Capture Release Release Distance Elapsed 

Species Locality Date Locality (Miles) Time M. P.H. Remarks 

1. Antrozous pallidus 

2. " " 

3. " 

4 

1 

17 Sep 60 5 

28 May 60 11 

3 Oct 58 1 

32 8 hrs 4.0 Elapsed time and MPH 
based on time between 

release and sunrise. 

30 7 hrs 4.3 Actual time. 

14 2 hrs 7.0 Actual time. 

so 
Ul 



Table 15. Plight speeds of bats. 96 

No, Species 

Maximum 
Speed (MPH) 
Obtained Method Used Reference 

1. Minopterus schreibersi 33.5 measured course 
(out of doors) 

Constant and 
Cannonge (1957) 

2. Nvctalus noctuala? 31 car speedometer Kolb (1955) 

3. Noctilio leporinus 20 TI Goodwin (1928) 

4. it ii 17 boat speed 31oedel (1955) 

5. Eptesicus fuscus 15.5 measured course 
(indoors) 

Hayvard and 
Davis (MS) 

6. n ti 15.2 II Layne and 
Benton (1954) 

7. Mvotis velifer 15 car speedometer Twente (1955b) 

8. it II 12.8 measured course 
(indoors) 

Hayward and 
Davis (MS) 

9. Leptonycteris nivalis 13.9 N it 

10. Tadarida brasiliensis 13.5 it it 

11. Lasiurus cinereus 13.2 n it 

12. Plecotus townsendii 12.3 II it 

13. Lasionycteris noctivaeans 11.6 it II 

14. Mvotis lucifusus 11.2 (not given) Gould (1955) 

15. Antrozous pallidus 10.6 measured course Hayvard and 
(indoors) Davis (MS) 

16. Mvotis volans 10.6 »» it 

17. Mvotis californicus 10.2 » it 

18. Mvotis thvsanodes 9.8 » it 

19. Mvotis keeni 9.7 » n 

20. Mvotis yumanensis 8.9 » ti 

21. Pipistrellus hesoerus 6.1 » it 
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by chance. 

b. Repeated Homing. If Type III homing ability were 

not present in bats, and if returns from unfamiliar territory take 

place only by chance, then it would be reasonable to expect that any one 

individual bat, if taken repeatedly into regions with which it was un

familiar, would soon become "unlucky" and fail to return. We are deal

ing here with a problem in probability, for which it is very difficult 

to give exact figures. If ve assume, however, that low return percent

ages are the result of randomness, then we can use these same data to 

calculate probability of return. As an example, in the experiments 

given in Table 1, 139 female pallid bats were released in 16 experiments 

from distances of 42 to 70 miles. From these experiments, 43 individuals 

returned. Based on these data, the probability of return is about 0.3. 

Davis and Cockrum (1962) have described the early repeat returns 

of a female pallid bat (Antrozous pallidus) from 8 consecutive releases 

from distances of 21 to 68 miles. Each release was at a different 

locality. Most were in different directions. The spatial relation of 

these release points is given in Figure 6. The dates of release and re

capture are given in Table 16. Six of these releases ranged between 49 

and 70 miles and, for reasons given previously, meet the estimated mini

mum requirements (41 miles) for Type B homing experiments with this 

species. Using 0.3 as the probability of return for a single release 

at these distances, the probability of this individual bat returning from 

six consecutive releases is .00022. 

These six repeat returns, of course, could have happened by 

chance, but the very low probability of this occurring suggests that 
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% 

Figure 6. Southern Arizona, showing spatial relation

ships of release points for a series of experiments with a 

female Antrozous pallidus. The straight lines do not suggest 

actual routes taken on return trips. This bat was not recovered 

after its release at Mammoth. 
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Table 16. Summary of the homing of a female pallid bat. The 

recovery dates indicate only maximum possible time of return and 

should not be interpreted as actual "return dates." All releases 

and recoveries were during the summer of i960. 

Release Release Recovery 
Date Point Date 

28 May Sonoita 3 July 

3 July Mescal 17 July 

17 July Tucson 23 July 

23 July Nogales 6 Aug. 

6 Aug. near Willcox 27 Aug. 

27 Aug. Douglas 11 Sept. 

11 Sept. Duval Mine 17 Sept, 

17 Sept. Rodeo, N. M. 1 Oct. 

1 Oct. Mammoth None 
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factors other than randomness must have been in operation. It may also 

be that none of the female pallid bat returns mentioned above, on which 

the probability was estimated, were the result of chance. Type III 

homing ability may be present in all members of this species, but 

various levels of locality loyalty occur among the individuals. This 

would explain the low percentage returns, and would also explain the 

repeated returns of the female bat described above. A suggestion that 

this situation may occur in certain groups of birds (l-Iayr, 1954) has 

already been discussed. A wide range of individual variation in homing 

performance of pigeons has been described by Matthews (1955). 

Repeated homing has also been observed in other species. A male 

Tadarida brasiliensis has returned to the same transient roost (capture 

locality No. 11, Table 2) from distances of 195 miles NVJ, 103 miles 

WNW, 60 miles NW, 33 miles WNW, and 5 miles WSW. All except the return 

from 103 miles were early returns. 

A single male Ilvotis velifer. which repeatedly occurs all by 

itself at one particular spot in a fall transient bridge roost (capture 

locality No. 5, Table 2) has returned from distances of 55 miles NW, 

59 miles W, 69 miles E, and 32 miles WSW. All except the return from 

69 miles were early returns. 

A female Eptesicus fuscus has repeatedly returned to a maternity 

colony (capture locality No. Table 2) from distances of 328 miles, 

102 miles, 55 miles (two returns), and 21 miles. All releases were in 

a northwest direction. All were early returns with the exception of 

one return from 55 miles. 
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Other examples have been described above (Section 53) in 

Myotis lucifugus. Mvotis oxvgnathus. Eptesicus serotinus, and 

Rhinolophus hipposideros. Several involve training, since the same 

individuals were released more than once at the same localities. 

Probably all, except the female Antrozous pallidus and the female 

Eptesicus fuseus. represent homing from Type A homing experiments. 

Training may play a role in the returns of the Eptesicus fuscus, since 

all releases were in the same direction. 

The data given above for the Antrozous pallidus. in which most 

experiments were Type B and all release sites were at different locali

ties in different directions, are strong positive evidence for the 

presence of Type III homing ability. 

c. Returns From Great Distances. If the successful 

return from unfamiliar territory must be explained by randomness, then 

the probability of return should decrease with increasing distance. 

Theoretically, there would be certain maximum distances from which re

turns are highly improbable. 

For purposes of this discussion, Eptesicus fuscus offers a 

convenient example. If we allow the maximum distance of normal travel 

(142 miles, Table 4) to be a radius of a circle representing familiar 

area, based on the required angles of accuracy the probability of any 

one bat selecting by chance a route which would allow it to return to 

familiar area would vary with the distance of release. At 250 miles the 

probability of return would be about .19; for 4-50 miles it would be 

about .10. Or, in other word3, if this estimate for familiar area is 

correct and if randomness is in operation, one would expect 19 per cent 
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returns from 250 miles, and 10 per cent returns from 4-50 miles. 

If, on the other hand, the maximum distance of normal travel 

recorded for this species actually represents a flight from one.edge 

of familiar area to another, then this distance should be considered 

as a diameter of a circle and not a radius. Under these conditions, the 

probabilities of return given above would be decreased by .5 (.OB and .05). 

In either case, based on these estimates of familiar area, re- . 

turns by chance from distances of 250 and 500 miles are entirely pos

sible. The return percentage (4-. 5) obtained by Smith and Goodpaster 

(1958) from a record 450 mile release is less than that predicted on 

the basis of chance even when the smaller familiar area is used. How

ever, the 85 per cent return obtained by Cope, Koontz, and Churchwell 

(1961) from 250 miles, suggests that factors other than chance were pro

ducing an effect. This experiment again provides possible positive 

evidence, on the basis of per cent return and distance, for the presence 

of Type III homing ability. 

(4) Summary of Evidence for the Presence or Absence of 

Type III Homing Ability in Bats. From the data given above, it is ob

vious that the presence of a universal orienting or navigational ability 

allowing bats to return from unfamiliar territory is still in doubt. 

At the present time, only single examples of repeated returns from un

familiar localities in Antrozous pallidus and rapid homing from great 

distances with high percentages of return in E-ptesicus fuscus can be 

used as positive evidence. Other data, which may constitute negative 

evidence, are much more abundant. In mo3t cases, however, the negative 

evidence, can be explained on the basis of conditions other than the 
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absence of Type III homing ability. 

Obviously, much additional evidence is needed to determine 

accurately the cause and effect relationships of observed homing per

formance with the factors which produce it. 

6. >ECHANISMS OF HOMING 

A. Alternate Mechanisms. In attempting to explain homing per

formance in bats, only two alternatives have, thus far, been described: 

(l) homing ability, and (2) randomness. Cockrum (1962: 120) has given 

an additional means by which bats may return. He suggests that the 

individual, in being transported, obtains information enabling it to 

follow a return route to its "home." While this may have possible 

validity in certain mammalian homing, I strongly suspect that nothing of 

this sort occurs with bats. Bats have occasionally been sealed in closed 

containers, shipped by airplanes to release points, and have success

fully returned (Bels, 1952). I have transported bats in tied sacks, or 

in small wire cages, in the rear of an automobile. On many occasions, 

the bats were taken on extremely circuitous routes, involving several 

directional changes, before their ultimate release. It is unlikely that 

a bat could obtain sufficient orienting information, under these condi

tions, which would enable it to return. 

In addition, even the concept of randomness does not necessarily 

exclude the possibility that certain techniques might be used by a bat 

which would increase the chances of return. Cockrum (1962: 120) has 

given two possible mechanisms which should be included in this category. 
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These are listed and discussed below: 

(1) Individuals, by habitat selection (food, terrain, 

vegetation, etc.) restrict the area of random dispersal and increase 

the probability of return. It seems reasonable that, to some extent, 

this should occur. However, in southern Arizona at least, it is un

likely that this would, in most instances, provide any great advantage. 

For example, the female pallid bat mentioned above (Davis and 

Cockrum, 1962), which returned from eight consecutive releases in 

different directions, was released in every case at localities which 

provided typical Lower Sonoran conditions comparable to that present 

at the "home" roost. Although specimens of Antrozous pallidus have 

been taken from elevations as high a3 6,4-00 feet (Cockrum, i960), let 

us assume that this particular individual "preferred" lower regions. 

Even with this supposed habitat preference, only the isolated mountain 

ranges would have restricted the possible travel routes from any given 

release point. The possible flight directions were still essentially 

limitless. In addition, there were at least two instances in which 

the correct homeward route could have been blocked by habitat differ

ences caused by high mountains (Figure 6). 

There are other instances of homing in which a strict habitat 

selection would have greatly hindered a successful return. For example, 

several Myotis thvsanodes were taken from an oak-grassland area and 

released 21 miles away on the opposite side of the Chiricahua Mountains 

(experiment No. 6, Table 1). This species is much more restricted in 

habitat requirements than is Antrozous pallidus. At the release 



106 

locality, this group of Myotis thysanodes was still in suitable habitat 

but on the wrong side of the mountain. For these transplanted bats to 

return to their "home" roost by following this ecological zone would 

have required taking a route which would have avoided the higher eleva

tions. To do this would have necessitated a flight completely around 

one end of the extensive Chiricahua Mountains—a route far greater in 

distance than the relatively short trip (21 miles) over the top. And 

yet, one of this group returned in little more than one month. Whether 

it went over or around is not known. 

While habitat selection may occur, on long distance flights it 

may serve to decrease, rather than increase, the probability of return 

by chance. This would be especially true in species with highly 

specialized ecological requirements. 

(2) Individuals follow search patterns in attempting to 

return, thus increasing the chances of homing. Griffin (1952a) has 

described for birds several theoretical exploratory search patterns 

which could occur with simple radial scattering. These include: (1) 

rectangular search patterns, (2) expanding search patterns, and (3) 

spiral exploration. It would serve no purpose to discuss these in any 

great detail. The present level of knowledge of bat homing, and the 

difficulties involved in their study, do not warrant this. It is suffi

cient to point out that while search patterns, in conjunction with 

randomness may play a role in bat homing, there is no substantiating 

evidence presently available. Perhaps certain techniques discussed be

low may eventually provide these data. 

B. Possible Sensory Mechanisms for Homing Ability. While homing 
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ability has been described above as occurring at three possible levels 

(Types It IIt and III), it is sufficient now to combine these for 

purposes of discussing the possible mechanisms involved in each. 

(1) Hearing and Sound Production. Twente (1955a) has sug

gested, on the basis of releases within 50 feet of the roost, that the 

sounds made by bats within a cave may aid those flying outside to find 

the entrance. Since bats are known to be able to detect objects in 

their flight path by echolocation, it is interesting to consider the 

possibility that audition and high frequency sound production may serve 

in the process of orientation and navigation. However, Vesey-Fitzgerald 

(194-7) has pointed out that the maximum distance of effectiveness is 

only about 12 feet. Under these conditions, it is not likely that 

echolocation could be of any great value in the orientation of a bat 

within an area of several miles. 

(2) Smell. The strong odor of ammonia which i3 present in 

certain caves in which large concentrations of bats occur is well known 

to many investigators. Again, however, any function of these odors in 

bat homing must be limited to relatively short distances, and at best, 

the effects of changing wind currents would surely produce unreliable 

results. In addition, homing has taken place at many roosts in which 

few bats occur, and in which odors seem much less obvious. On the basis 

of observations made with bats whose nostrils had been filled with 

grease, Twente (1955a) concluded that smell is not an important factor 

in homing, even from short distances. 

(3) Vision. Even though the vision of the microchiroptera 

is known to be very poor (Griffin, 1958), and several tests have shown 



only limited visual discrimination in these animals (Eisentraut, 1950), 

the possible importance of the eyes in homing ability can not be ignored. 

Since visual awareness of celestial cues has been shown to be important 

in the orientation of certain birds (e.g. Hamilton, 1962), it i3 im

portant to consider this as a possibility in bats. 

Two investigators have conducted homing experiments in which 

bats have returned without the aid of vision. Mueller and Eralen (1957) 

released two groups of Hvotis lucifugus at a distance of 5 miles. One 

group was composed of bats which had been blindfolded; the other group 

was a control. During the first night, 71.9 per cent of the blindfolded 

bats returnod, and only 64.0 per cent of the controls. Gifford (in 

Griffin, 1958) had 3 of 5 blinded Hyotjs lucifugus return from 5 mile3 

in one and two days. 

I have conducted a series of experiments with blinded bats from 

greater distances than those used in the experiments described above. 

These are given in Table 17. rlo returns were obtained from blinded 

male Antrozous pallidus from 65 miles, or from blinded Myotis velifer 

from 55 miles, or from blinded Eptesicus fu3cus from 57 miles. Unfor

tunately, in those cases in which normal bats were used., these controls 

were not given "sham" blinding operations. Secondary effects of blind

ing may have adversely affected homing performance. 

The only experiment which produced positive results (No. 3) was 

one in which 2 of IB blinded Eptesicus fuscus (11.1 per cent) returned 

from a release of 32 miles. They were recaptured on the 5th day follow

ing release. Of the control group, 16.7 per cent returned. This 



Table 17. Experiments with blinded bats of three species. 

Ho. Species 
Capture Release Release Distance Number Number % 

Condition Locality Date Locality (Miles) Released Return Return Remarks 

1. Antrozous pallidus blinded 6 6 Aug 62 4 65 20 0 0.0 All males. 

blinded 20 57 

2. Eptesicus fuscus 8 8 Aug 62 
normal 22 57 

10 0 0.0 All returns 

on 17 and 31 
14 6 42.8 Aug 62. 

3. Eptesicus fuscus 

blinded 

normal 

5 19 Aug 62 6 32 
18 

18 

2 11.1 All returns 
on 24 Aug 62 

3 16.7 1 blinded bat 
found 6 mi S. 

4. Myotis velifer blinded 10 30 Aug 62 4 55 0.0 
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experiment is interesting for several, reasons. Even though this was 

the shortest distance at which blinded bats were released, it was also 

the only case in which both blinded and normal bats were set loose 

together at the same release locality. 

There is a possibility that blinded bats are able to return by 

following those with normal vision. If certain groups of bats possess 

coherence and stay together as a unit during normal foraging flights, 

it is possible that one bat, which could not otherwise return, might 

successfully follow the other normal bats who could. 

Evidence for group coherence in Antrozous pallidus has been 

given above in Section 5C. Gifford and Griffin (i960) described this 

in the behavior of Myotis lacifuerus. Bradshaw (I960) implied it in 

connection with his studies of Macrotus californicus. Wallin (1961) 

discussed the occurrence of strong group coherence with small hunting 

groups of female Myotis dau'oentoni. Whether this coherence is also 

present and sufficiently strong within groups of Eptesicus fuscus is 

open to conjecture. It is interesting to speculate, however, that 

perhaps all homing of bats without vision is due. to this phenomenon. 

In this same experiment (No. 3, Table 17), one blinded Eptesicus 

fuscus was recovered at a bridge roost about six miles south of the 

"home" roost. This bat apparently returned alone, to a roost at which 

no Eptesicus fuscus are known to occur. This bridge roost is almost 

identical in construction to the "home" roost. Perhaps this individual, 

after orienting to a nearly correct return rou;-,e, missed its objective 

by a few miles, and became "confused" by the similarity in the two roosts. 
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It was not present the following day, nor was it ever recaptured at 

the original roost. 

These data suggest that the evidence for homing without vision 

may not be as conclusive as was once thought. Apparently, bats of 

certain species are able to return at high percentages from short 

distances without the aid of their eyes. At greater distances, other 

blinded bats have typically shown poor homing performance as compared 

with animals with normal vision. In those cases in which blinded or 

blindfolded bats have returned, it is not known whether they did this 

by following normal bats. 

7. TECHNIQUES FOR FUTURE STUDY 

A. The Necessity for Controlling Variables. The data presented 

in this study should adequately point out the necessity for the control, 

whenever possible, of the numerous variables which may produce effects 

upon bat homing. The results of experiments which lack uniformity of 

conditions can not easily be compared. Perhaps the most important 

variable, in attempting to compare the homing performance of different 

species or in the determination of homing ability, is familiar area. It 

is only by fastidious attention to the control of variables, and es

pecially by an awareness of the necessity for at least a rudimentary 

knowledge of familiar area, that the traditional capture-transport-

release experiments will provide data of any significance beyond those 

which are presently available. 

B. New Techniques. Several techniques may contribute greatly 
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to the study of bat homing. Soma of these have been used to a limited 

extent already, and will undoubtedly receive increased attention in 

the future. 

(1) Radioactive Tagging. Radioactive tagging was suggested 

by Griffin (1952b) and has subsequently been used with bats by Punt and 

van Nieuwenhoven (1957), Gifford and Griffin (i960), and Cope, Koontz, 

and Churchvell (1961). Detailed instructions have been provided by 

Cope, Churchwell, and Koontz (I96I). 

The basic advantage of this technique is that it allows the 

detection of hidden bats which have returned, but which would otherwise 

escape recapture. Gifford and Griffin (i960) yere able to increase the 

observed return percentages by this means. Cope, Koontz, and 

Churchwell (1961) have gone one step further and were able to estimate 

the total percentage of tagged returns, based on the number of spots in 

which radiation was detected and by the intensity of radiation in these 

areas, even when the majority of bats were completely inaccessible. 

Advantages in the use of this technique are obvious. 

In many situations, a technique such a3 this is unnecessary. A 

large proportion of the experiments which I have carried out in southern 

Arizona were accomplished with bats taken from bridge roosts. In these 

roos ;s, the bats were usually easily accessible and, with rare exceptions, 

all that were present could be captured. 

(2) Subminiature Radio Transmitters. The subminiature radio 

transmitters that are currently being developed may furnish a useful tool 

for following the movements of an individual bat. Obviously, many 

studies must be accomplished before a proper evaluation can be made of 
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the effect of the physical presence of such a transmitter. This system 

has certain other inherent disadvantages that will inhibit its wide

spread usage. These disadvantages include: (l) the system is expen

sive. Currently a transmitter costs about \i>50 plus custom assembly by 

a competent engineer. A suitably sensitive receiving systern probably 

will cost in excess of ;)6,000 in addition to a vehicle in which to 

transport it. (2) The system involves a line-of-sight transmission. 

Thus, individuals in caves, crevices or low valleys are not detectable. 

(3) The range is limited. Because of the low power sources available 

for this system (a bat can't carry much weight) even under ideal condi

tions the detectable distance of a line-of-sight transmission is 

probably not much more than 25 miles and under most conditions may be 

considerably less. (4) Because of weight limitations, the life of the 

device is short—perhaps measurable in hour3, and at best, probably 

only a few weeks. 

(3) Light-tracking. Light-tracking has been successfully 

used to track the flight of ducks at night by Bellrose (1953). His 

equipment, however, was much too great in weight and size for use with 

bats. A more suitable light-battery device was used experimentally by 

Cross (1962) in his study of the tiny bat, Pipistrellu3 hesperus. 

I have used a modified form of this device with Antrozous 

pallidus. This consisted of a type HM-4. Micro-lamp (available from 

Miniature Lamp Engineering Company, New York) and a single 1,2 volt 

cell from an Eveready No, E-177 battery. I-Jith a fresh battery, this 

light will operate between five and six hours. The apparatus was 

attached to the back of the bat with Pliobond glue. Under ideal condi-
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tions and with the aid of binoculars, this light could be seen for 

distances of about one mile. 

While no extraordinary success has yet been obtained by light-

tracking with bats, this at least suggests a possible technique for 

observing the flight of a bat at night which may yet prove to be of 

considerable value. 

(4) Disappearance Direction. The study of disappearance 

direction in relation to homing performance has b.,en used with birds 

(e.g. see Sargent, 1962). In much less refined forms, it has also been 

used to a limited extent with bats. In every case, the bats have been 

released and observed in daylight, a time at which their flight may in 

no way be normal. 

Gyles (1883) released several Pipistrellua pipistrellus a few 

miles from their home roost and noted that each of the.a, after making 

one or two circuits in the air, went off in a direct line for its home. 

Ryberg (1947) was able to observe the return flight of some Nyctalus 

noctula with field glasses. With or without a short spiral, they 

steered a course in a direction of the home-locality. Kowalski and 

Wojtusiak (1952) reported that Rhinolophus hipposideros. when released 

in a place protected from the wind, made several circles with a growing 

diameter, and then chose a direction which varied with the particular 

individual. It was impossible to watch them fly directly to the cave 

in a determined direction in relation to the four cardinal points. 

Cope, Koontz, and Churchwell (1961) observed that Hvotis 

lucifugus. as soon as they were released, flew directly toward the 

"home" colony. This was in contrast to studies made by the senior 
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author (Cope: unpublished) in which he had liberated l̂ jyotia in the 

daytime and watched them with binoculars. He observed that they flew 

to the nearest cover, rather than to the home roost. 

Realizing the difficulties involved in releasing bats during 

the day, in the summer of 1962 I attempted to adapt light-tracking 

techniques to the study of disappearance direction. Data concerning 

the flight directions taken by bats from the release point, and a sub

sequent comparison of these with homing performance, would have great 

value in the problem of radial scattering in randomness as opposed to 

true homing ability. 

Several Antrozous pallidus were taken to a release point about 

70 miles from their "home" roost. This distance should have been well 

beyond familiar area for this species. The bats were released individ

ually, each with a light attached (as described above). A nine foot 

square canvas tarpaulin, marked with standard compass directions, was 

placed on the ground and oriented to true north. The observer sat on 

a swivel stool, which had been placed in the center of the large "compass" 

and watched each lighted bat with binoculars until it disappeared from 

sight. The disappearance direction, and wind direction and velocity, 

were recorded for each bat as it was released. 

In a few cases, bats were observed for 10 to 15 minutes before 

they disappeared from the'sight of the observer. It was noted that most 

of the bats flew about rather "haphazardly" until their subsequent dis

appearance. None of them seemed to fly directly away. 

After several bats had been released, and a disappearance 

direction recorded for each, we suddenly were aware that there were a 
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number of lighted bats flying around the release area. Obviously, the 

"observed" disappearance directions were meaningless for these bats. 

Apparently these individuals were simply feeding in the immediate area 

and had no intention of returning directly home. The experiment was 

terminated at this point. With modifications, it is possible that 

something like this may eventually prove to be of importance in the 

study of bat homing. 

(5) Flight Time Recorders. In attempting to determine the 

speed of return, it would be very desirable to know the exact periods 

of time during which a bat was actually flying. Estimates of 3peed 

based on time of recapture as compared to time of release, or estimates 

of total possible flight time based on periods of darkness, can never 

give true maximum speed values. 

Wilkinson (1950) has devised a flight recorder for use with 

birds, which night be easily adapted for bats. It consists of a small 

cylinder which has an alpha-particle source at one end, and a photo

graphic emulsion at the other. Inside is a gravity-activated ball 

shutter. In use, the device could be attached to the back of a bat 

with glue (such as Fliobond). Neither the weight nor the size of the 

device should cause serious difficulties with bats such as Eptesicus 

fuscus or Antrozous pallidus. The device should be arranged so that 

during flight it would be approximately horizontal and the particles 

from the radiation source could then 3trike the emulsion and make dis

crete tracks. These tracks can be counted under a microscope after 

development of the emulsion. Whenever the bat alighted and hung upside 
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down, in the typical rest position, the ball shutter would close and 

prevent further exposure of the emulsion. 3y counting the alpha-

particle tracks on the developed emulsion, with suitable calibration, 

time of fLight can be determined. 

Matthews (1955) has pointed out several limitations in the use 

of this device. If these could be overcome, the potential value of 

such a technique is obvious. 

8. SUI-1MARY AND CONCLUSIONS 

The literature on bat homing includes data from approximately 

150 experiments conducted with 19 species. To the3e have been added 

the results of 91 experiments with eight species—including four species 

for which no homing data have been previously available. In general, 

the findings have confirmed what has already been known, or suspected, 

by investigators concerned with homing of birds. It is obvious that a 

determination of the processes involved is extremely difficult, and 

that homing performance is influenced by a large number of factors. 

For example, the present study provides data which indicate that, in 

Antrozous pallidus. return percentages (as an indication of homing 

performance) are lower in young than in adults; in adult females they 

are higher in early summer than in late summer (while this situation is 

reversed in adult males); and, in one case, they were higher in certain 

release directions than in others. In Tadarida brasiliensis. the return 

percentages tend to decrease with increased distance of release. In 

both species, the type of roost, colony, or situation from which the 
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bats were taken may also affect homing performance. In all species, 

observed homing performance may differ from actual homing performance 

due to differences in techniques used by various investigators. Con

sequently, the results of homing experiments can not be easily analyzed 

or compared when undetermined ratios of young, and males and females 

are used; and when the data are obtained during different seasons of 

the year, from different release directions and distances, and from 

different types of "home" situations. 

Since a determination of the presence or absence of a homing 

ability must be obtained from data concerning horning performance, the 

problem is obviously complex. Further, the confirmation of homing 

ability involving the capacity to return from regions with which the 

bat is unfamiliar, requires knowledge concerning familiar area. 

Several techniques are proposed which are useful for this purpose: 

(l) estimations of familiar area based on maximum distances of normal 

travel, (2) estimations based on banding data with migratory species, 

and (3) estimations using seasonal Group Home Range. Only when such 

information is available can true spatial orientation be proven. 

An analysis of data from experiments in which bats were released 

in unfamiliar area has provided both positive and negative evidence for 

the presence of this ability. In general, the negative evidence is more 

abundant and suggests that a bat may return merely by chance and not by 

any orientating techniques. In almost every case, however, these negative 

data can be explained on the basis of conditions other than the absence 

of these abilities. The positive evidence, though limited, is suffi-
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ciently strong to necessitate its consideration in any theory for bat 

homing. 

With either homing ability, or with randomness (returns by 

chance), there are even fewer data concerning the actual mechanisms 

involved. In the case of randomness, the chances for a bat to return 

may be increased by following certain search patterns, but they might 

be decreased by the necessity of strict adherence to specific habitats. 

With homing ability, echo-location and smell can be of value only for 

short distance orientation. At greater distances, contrary to what 

had previously been thought, there is the possibility that successful 

homing requires the use of vision—perhaps for purposes of celestial 

navigation. At the present time, the presence of any navigational or 

orientating abilities which would allow the return from unfa;.iiliar 

territory, and the possible mechanisms for these, are still in doubt. 

Several techniques are described (some of which are new to bat 

homing studies) which nay eventually provide data not presently avail

able. These include:" (l) radioactive tagging, (2) subminiature radio 

transmitters, (3) light-tracking, (4) disappearance direction, and 

(5) flight recorders. 
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10. APPENDIX 

Homing experiments from the literature. A detailed explanation 

is included in the text in Section 2G. 

Distance dumber Number Per Cent 
(Miles) Released Returns Returns Time Reference 

Rhinolophus hipposideros 

.001 100.0 immed. 

.003 2 2 100.0 immed. 

.007 2 2 100.0 immed. 

.3 3 1 33.3 4 mo. 

.4 1 0 0.0 -

.6 4 1 25.0 5 hrs. 

2.2 10 4 40.0 1-3 mo. 

2.5 6 2 33.3 1-3 mo. 

3.1 3 2 66.7 1 mo. 

3.4 4 2 50.0 1-3 mo. 

3.7 2 0 0.0 -

4.3 2 1 50.0 8 days 

5.0 36 16 44.4 3 days-' 

5.6 2 1 50.0 14 days 

5.6-13 32 0 0.0 -

7.4 4 1 25.0 41 days 

Kovalski and Wojtusiak 
(1952) 

Issel (1950) 

Kovalski and Wojtusiak 
(1952) 

Issel (1950) 

Kowalski and Wojtusiak 
(1952) 
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Distance Number Number Per Cent 
•(Miles) Released Returns Returns 

Rhinolophus hipposideros (continued) 

8.1 3 0 0.0 

9.9 4 0 0.0 

10.5 3 1 33.3 

14.9 7 1 14.3 

Macrotus californicus (Table 1) 

Kvotis austroriparius 

18 80 18 

45 100 8 

108 100 0 

178 79 0 

Myotis capaccinii 

1.2 9 0 

Mvotis grisescens 

56 1 3 

66 7 5 

68 ? 7 

80 ? 38 

130 ? 3 

Mvotis keenii (Table 1) 

Mvotis lucifuffus 

1.3 ? 1 

2 283 ? 

Time 

14 days 

3ii mo. 

22.5 ? 

8.0 ? 

0.0 

0.0 

0.0 

? ? 

? ? 

? ? 

? ? 

? ? 

? 20 days 

? lst-2nd 
summers 
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Reference 

Kovalski and Wojtusiak 
(1952) 

ii 

it 

II 

Rice (1957) 

II 

II 

ti 

Lanza (1958) 

Tuttle (1961) 

II 

ii 

it 

II 

Mohr (1934) 

Cope, Mumford, and 
Wilson (1958) 
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Distance Number Number Per Cent 
(•Miles) Released Returns Returns Time Reference 

vlyotis lucifueus (continued) 

2.8 ? 1 ? ? Mohr (1934) 

3 10 3 30.0 ? Griffin (1940) 

3 9 2 22.2 ? 11 

3.2 93 37 39.8 to 2 yrs. Hitchcock and 
Reynolds (1942) 

4 46 ? ? 1 yr. Cope, iiumford, and 
Wilson (1958) 

5 84 48 57.1 same 
night 

Mueller and Emlen 
(1957) 

5 8 4 50.0 same 
night 

Gifford and Griffin 
(I960) 

10 158 55 34.8 1st and 
2nd 
nights 

Gifford and Griffin 
(I960) 

10 14-0 17 12.1 ? Griffin (1940) 

10 58 30 51.7 same 
night 

Mueller and Emlen 
(1957) 

10 179 9 ? 7 rno-
3rd 
summer 

Cope, Mumford, and 
Wilson (1958) 

10 20 4 20.0 2 days Poole (1932) 

12 200 + (all but one) ca.lOO overnight Mohr (1942) 

12 22 4 18.2 ? Griffin (1940) 

12 2 0 0.0 ? It 

12 49 2 4.1 ? It 

12.5 ? 3 ? 20 days Mohr (1934) 

15 331 43 13.0 lst-2nd Gifford and Griffin 
nights (I960) 
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Distance Number Number Per Cent 
(Miles) Released Returns Returns Time Reference 

Myotis lucifugus (continued) 

15 57 16 28.1 same 
night 

Mueller and Emlen 
(1957) 

16 19 2 10.5 2 and 10 
days 

Hitchcock (1943) 

17.5 ? 4 9 20 and 
33 days 

,'ohr (1934) 

17.5 10 0 0.0 - Gifford and Griffin 
(1960) 

18 10 6 60.0 4 days Poole (1932) 

20 10 5 50.0 l3t-2nd 
nights 

Gifford and Griffin 
(I960) 

20 10 2 20.0 7 Griffin (1940) 

20 60 10 16.7 same 
night 

Mueller and Emlen 
(1957) 

20 40 16-18 80-90 same 
night 

Cope, Koontz, and 
Churchwell (1961) 

24 5 1 20.0 1 Griffin (1940) 

30 122 23 18.8 1st-2nd 
nights 

Gifford and Griffin 
(I960) 

30 ? 3 ? 12 and 
13 days 

Mohr (1934) 

30 50 18 36.0 same 
night 

Mueller and Emlen 
(1957) 

33 2 1 50.0 ? Griffin (1940) 

36 5 1 20.0 ? Griffin (1936) 

36 24 6 25.0 ? Griffin (1940) 

4.0 50 11 22.0 same 
night 

Mueller and Emlen 
(1957) 

6-49 519 34 6.5 ? Smith (1954) 
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Distance 
(Miles) 

Number 
Released 

Number 
Returns 

Per Cent 
Returns Time Reference 

Mvotis lucifuEus (continued) 

50 135 6 4.4 2nd night Gifford and Griffin 
(I960) 

50 50 9 18.0 same 
night 

Mueller and Emlen 
(1957) 

55 70 29 41.4 period 
of years 

Mohr (1953) 

60 50 8 16.0 same 
night 

Mueller and Emlen 
(1957) 

66 49 2 4.1 •? Griffin (1940) 

66 59 9 1 33 days Cope, Mumford, and 
Wilson (1958) 

68 223 83 37.2 to 2 yrs. Hitchcock and 
Reynolds (1942) 

70 55 1 1.8 following 
year 

it 

76 114 52 46.0 7 days to 
2 yrs. 

ii 

77 229 •) 
• 33 days to 

3rd summer 
Cope, Mumford, and 
Wilson (1958) 

82 66 •> ? 3 mo-1 yr. tl 

93 133 1 ? 33 days tr 

100 52 2 3.8 2 mo. and 

5 yrs. 
Gagle and Gockrum 
(194.3); Gockrum 
(1949) 

107 181 V V 3 mo. to 
1 yr. 

Cope, Mumford, and 
Wilson (1958) 

120 118 ? ? 33 days- fl 

156 82 7 8.5 ? Griffin (1940) 

180 78 2 2.6 following 
year 

Hitchcock and 
Reynolds (1942) 



Distance fJumber Number Per Gent 
(Mies) Released Returns Returns Time 
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Reference 

Myotis lucifueus (continued) 

228 77 2 26.0 1 and 
2 yrs. 

250 7 2 V •> 

270 34 2 5.9 17 and 
22 days 

Myotis myotis 

1.2 6 1 16.7 4 days 

5.6 3 1 33.3 10 days 

11.2 4 1 25.0 1 day 

13.0 74 12 16.2 -

27.9 ? ? V ? 

93.1 1 1 v ? 

1M.9 27 0 0.0 -

Mvotis mystacinus 

13.0 11 2 18.2 -

Myotis oxyemathus 

1.2 14 6 42.8 1 day ti 
1 year 

5.6 6 3 50.0 3 days • 
1 year 

11.2 6 1 16.7 1 year 

82 15 1 6.7 1 year 

Myotis sodalis 

20 35 10 28.6 ? 

150 44 2 4.5 ? 

Smith and Hale 
(1953) 

Beer and Greeley in 
Mohr (1953) 

Schramm (1957) 

Lanza (1958) 

ii 

it 

Issel (1950) 

Eisentraut (1957) 

It 

Dels (1952) 

Issel (in Roer, 1-960) 

Lanza (1958) 

Dulic (1957) 

Griffin (1940) 

II 
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Distance Number Number Per Cent 
(Miles) Released Returns Returns Time Reference 

Hyotis thysanodes (Table l) 

Hvotis velifer (Also see Table 1) 

7 52 1 1.9 

26 28 3 10.7 

28 68 6 8,3 

5-30 119 4 3.4 
(5 and 30 mi) 

38 72 

40 1 1 

Fipistrellus tgpistrellus 

.5 3 3 

1.2 10 

6.8 303 

Nvctalus noctula 

1.9 30 

3.1 

6.2 

13.0 

23.6 

24.8 

27.9 

28 

? 

29 

6 

7 

many 

several 

0 

16 

several 

4.2 

100.0 

100.0 

60.0 

2.3 

23.3 

25.0 

? 

0.0 

55.2 

? 

2 mo. 

1 and 5 
days 

5 days-
3 mo. 

1 and 2 
mos. 

2 weeks 

immedi
ately 

1 day 

3-5 days 

Tvente (1955a) 

It 

Cockrum (1956) 

Hayward (1961) 

Gyles (1883) 

Ryberg (1947) 

same yr.- Bels (1952) 
2 yrs. 

same yr.- " 
2 yrs. 

a few hrs. Ryberg (1947) 
to 1 day 

1 day 11 

1 day-
2 yrs. 

1 day 

Bels (1952) 

Ryberg (1947) 
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Distance 
(Miles) 

Number Number 
Released Returns 

Per Cent 
Returns Time Reference 

Nyctalus noctula (continued) 

28.6 30 4 13.3 same yr. 
to 3 yrs. 

Bels (1952) 

71.4 30 6 20.0 same yr. 
to follow
ing yr. 

it 

77.6 29 10 34.5 2 days-
3 yrs. 

it 

86.9 30 2 6.7 1-2 yrs. it 

103.1 30 0 0.0 - it 

104.3 28 3 10.7 same yr. n 

114.9 60 2 3.3 following 
yr. 

tl 

147.2 10 1 10.0 9j- mo. Ryberg (1947) 

Errtesicus fuscus (See also Table 1) 

ca. 10 98 10 10.2 7-8 days Reynolds (1941) 

15 32 9 28.1 same ni.̂ ht 
to 2 days 

Gifford and Griffin 
(I960) 

19 6 5 83.3 36 days Griffin (1940) 

20 20 14-18 70-90 same 
night 

Cope, Koontz, and 
Churchwell (1961) 

20 5 2 40.0 2 yrs. Howell and Little 
(1924) 

40 47 15-19 32-40 2 nights Cope, Koontz, and 
Churchwell (1961) 

54 13 0 0.0 - Gifford and Griffin 
(I960) 

60 8 2 25.0 3 and 19 Tibbetts (1956) 
days 
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Distance Number Number Per Cent 
(Miles) Released Returns Returns Time 

Eptesicus fuseus (continued) 

95 

100 

250 

340 

450 

9 

11 

54 

18 

155 

2 22.2 

8-11 73-100 

32 

2 

59.2 

11.1 

4.5 

Eptesicus serotinus 

6.8 38 

22.4 ? 

Plecotus auritus 

37.3 9 

21.0. 

22.2 

Reference 

9 mo. and Hall and Davis (1958) 
2 yrs. 

3 nights Cope, Koontz, and 
Churchwell (1961) 

4-6 nights 11 

15 days Smith and Goodpaster 
(1958) 

34 days " 
and 3 mo. 

12 hrs- Havekost (i960) 
7 days 

5 days to " 
1 year 

2 and 4 Ryberg (1947) 
years 

Plecotus (=Corynorhinus) townsendii (See also Table l) 

28 54 4 7.4 2 days to Cockrum (1956) 
2 mo. 

Lanza (1958) 

Casteret (1938) 

Minipterus schreiberaii 

1.2 1 0 0.0 

9.9 137 42 30.6 6 days 

Antrozous pallidus (Table 1) 

Tadarida brasiliensia (See also Table 1) 

60 6 1 16.7 14 days Tibbetts (1956) 


