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INTRODUCTION

Many investigators assumed migrating bats utilized 
special navigational aides. In the first recorded homing 
experiment on bats, Gyles (1883) displaced the animals 
about 0.5 miles from their roost and noted that when re
leased they flew directly back to it.

Early experimenters (Eisentraut, 1936; Casteret, 
1938; Mohr, 1934 and Poole, 1932) used leg, ear, and wing 
tags to discover that homing among migratory bats was 
usually poor at distances less than 10 km., good at middle 
distances, and again poor at long distances.

Griffin (1940) showed that bats caught, banded and 
released near their colony were as likely to be recaptured 
as those which were released at a distance from it. He 
hypothesized that the bats associated the capture/release 
location with the trauma of being banded; hence they de
serted the area. Griffin obtained two records of bats 
which were released at a distance from the colony and later 
were recaptured between the release site and the capture 
site. These records led him to postulate that cave bats 
had a well developed homing instinct. In later papers, 
Gifford and Griffin (1960) and Twente (1955) noted move
ments of distant releases to alternate roosts near the cap
ture site. By checking these alternate day roosts and
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using radioactive tags, Punt and Nieuwenhoven (1957) in

creased the detection o£ returns.

By 1957, distance return records were available for 

several species of bats and their speed of return was 

studied. Cockrum (1956) and Mueller and Emlen (1957) noted 

that percentages of returns were not high enough to demon

strate accurate or direct homeward orientation by bats, as 

opposed to wandering and/or exploratory flights until "fami

liar area"1 was reached. Mueller’s (1963) studies of Myotis 

luoifugus led him to postulate that returns at faster than 

4 mph (about 1/4 of normal flight speed) were in excess of 

what one might expect on the basis of a random search by a 

bat. Several of Mueller’s experiments attempted to identify 

mechanisms used by bats in homing by comparing the returns 

of test bats to those of control bats. Mueller found no 

difference in performance between young> adults and old 

adults, varying wind speeds and directions, cloud cover at 

night, vision, olfaction, topographic familiarity, light 

density or direction, and group coherence (numbers released 

all at once, all returning together to the capture site). 

Mueller applied Wilkerson’s (1952) test for random search 

by birds to his data on bats. Mueller assumed that the 

bat’s search for familiar territory ended after a designated

1 Defined as the area traversed by a bat in normal undis
turbed movements.



3

time, ignoring reports (Hitchcock and Reynolds, 1942; Bels, 

1952; Dulic, 1957) of returns from distant releases later 

than one year after release. His findings were inconclus

ive .

Davis (1966) recognized two types of homing experi

ments: Type A, in which release is at a point within the 

bat’s familiar area; and Type B, in which release is at a 

point outside of the familiar area. Three types of homing 

ability were described: 1) ability to home within familiar 

area; 2) ability to maintain a directional flight even when 

in unfamiliar area; and 3) ability to approximate the cor

rect direction of the familiar area when in unfamiliar ter

ritory. Differences Davis observed in homing abilities of 

immatures compared to adults were thought to result from 

lack of flight capability, undeveloped homing ability, 

and/or differing locality loyality. Davis found that sea

sonal factors affected the homing of the pallid bat, Antro- 

zous pallidus, significantly. An inverse relationship was 

found between number of returns and distance of release 

from colony. These findings confirmed those of Kowalski 

and Wojtusiak,(1952), Mueller (1963), and Hassell (1963). 

Release also apparently affected percentages of returns 

(Davis, 1966; Mueller, 1963; Hassell and Harvey, 1965) from 

various directions from the colony.

Davis (1966) concluded that Type 1 homing occurred 

in all bats, since they were able to leave roosts, forage.
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ete. , and return to the roost before sunrise. Davis specu
lated that Type 2 homing probably involved some learning 
and experience by bats. He considered returns from dis
tances of 250 and 450 mi. by Eptesieus fuscus as possible 
evidence for Type 3 homing (Table II).

Navigation by bat employing celestial, rotational, or 
magnetic cues was rejected by Davis and others as an ex
planation of types 2 and 3 homing. So was use of informa
tion on routes traveled gathered in transit by bats before 
release. Davis regarded echolocation as important in Type 
1 homing, but not in Types 2 and 3.

Statistical analysis of homing performances of blinded 
bats versus normal controls (Mueller, 1963; Williams et al,^ 
1966, 1967; Davis and Barbour, 1966, 1969; Stones and 
Branik, 1969) revealed no significant difference in percent 
returns of blinded and non-blirided bats. However, blinded 
bats returned more slowly and oriented themselves at the 
release site at a slower, rate than did non-blinded ones. 
Release site orientation usually involves circular flight 
followed by a direct departure, or random movements over 
the release area. The latter was displayed most often by 
the blinded bats. Stones and Branik (1969) reported that 
deafened bats flew when released, but none homed, compared 
to about 30% homing for controls and blinded bats. R. Davis 
(pers. comm.) reported that most of the bats he deafened 
refused to fly.
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Wilson and Findley (1972) suggested that homing might 

result from a random process, and chose a non-migratory bat, 

Myotis nigricans > to study. A model (hereinafter called 

the W-F model) was proposed, based upon the assumption that 

bats will fly randomly from a release point in a straight 

line until familiar territory is reached.

Figure 1 shows how expected returns may be calculated. 

Within the bat’s familiar territory (circle) expected re

turns are 100%. As distance from the familiar territory 

increases, the probability of return decreases; at point 
6 R, that probability - • Figure 2 shows the expected

and observed returns obtained by Wilson and Findley, based 

on a familiar area of 13 km. Table I shows a summary of 

Wilson and Findley data.
This study involves three phases. First, a summer 

colony of E. fuscus was investigated to determine whether 

the W-F model is applicable to this migratory species. E. 

fuscus was chosen because females seem to have a high loc- 

ality loyality to the summer nursery (Humphrey § Cope, 

1976).. If the model is applicable, familiar area can be 

determined, and possibly hibernacula discovered, as E. 

fuscus is usually a sedentary bat and migratory movements 

are not of great distances. Secondly, the model was ap

plied, where possible, to previously recorded work. A 

summary of other homing experiments is found in Table II. 

Finally, anomalies and non-random homing are discussed.
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R = Release Site 
= 2 (sin B/4)

gProbability of return =

Figure 1. Wilson-Findley Model for Randomness in
Bat Homing
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Figure 2. Expected and Observed Returns of Myotis nigricans.



TABLE I

ACTUAL AND EXPECTED HOMING PERFORMANCE OF M yotis n ig r ic

D istan ce  C ^ ) Number R eleased Number R eturns Number Ex

3.5 17 16 17

5 12 11 12

10 17 12 17

16 12 4 3.7

38 16 4 1.8

50 39 2 3.1

104 21 0 .6

1 Wilson, g F in d ley  (1972)



TABLE II

SUMMARY OF PUBLISHED HOMING PERFORMANCES OF BATS

Distance 
(Miles)

Number 
Released

Number 
Returned

Percent
Returns

Rhinotophus hipposideros

5 .0
5 . 6 -

1 3 .0

36
32

16
0

44
0

I s s e i  (1 9 5
I I

0 .0 0 1 2 2 100 K ow alsk i 
0 .0 0 3 2 2 100
0 .0 0 7 2 2 100
0 .3 3 1 33
0 .4 1 0 0
0 .6 4 1 25
2 .2 10 4 40
2 .5 6 2 33
3 .1 3 2 67
3 .4 4 2 50
3 .7 2 0 0
4 .3 2 1 50
5 .0 2 1 50
7 .4 4 1 25
8 .1 3 0 0
9 .9 4 0 0

1 0 .5 3 1 33
1 4 .9 7 1 14



TABLE I I  (C o n tin u e d )

D is ta n c e  Number Number
(M ile s )  R e le a se d R e tu rn e d

M acrotus w a te r h o u s i i

.42 31 2

P hyZlo s to m u s  h a s ta tu s

6 .2 5  48 39
10 10 8
12 11 5
16 20 15
17 10 5
20 42 22

' 21 10 3
30 25 7
40 25 3

M y o tis  a u s t r o r ip a r iu s

18 80 18
31 25 2
45 100 8

108 100 0
178 79 0

M y o tis  c a p a c c in i i

1 .2  9 0

P e r c e n t  
R e tu rn s

6 D avis (1 9

48 W il l ia m s
10
11
20

5
14

3
5
4

23 R ice  (195
8 it
8 tt
0 tt
0 n

0 L anza (19



TABLE I I  (Continued.)
D istance Number(M iles) Released Number Returned
M yotis dasy cneme

3.1 5 3
M yotis daubentoni4.4 42 2
M yotis g r is e s c e n s38 225 4875 212 59100 50 8100 50 . 2 .100 50 4100 50 356 ? 366 ? 668 ? 780 ? 38130 ? * 3
Myotis. k e e n ii .8 1 1

PercentReturns 
60 Punt § Ni

5 Punt § Ni
2227 Gunier § 16436 Harvey, e

? ????•
T u ttle  (1

100 Davis (19



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

Myotis tucifugus

100 52 2

20 40 16-18

4 46 ?
10 179 ?
66 59 ?
77 229 ?
82 66 ?
93 133 ?

107 181 ?
120 118 ?

12 113 5
12 12 0
17 102 5
17 26 0
51 64 0

5 8 4
10 158 55
15 331 43
1 7 .5 10 0
20 10 5
30 122 23

P e r c e n t
R e tu rn s

4 C ag le  C
a ls o  Co

80-90 C ope, K oo
(1961

? 
? 
? 
? 
? 
? 
? 
?

C ope, Mum

4 
0
5 
0
0

D av is £ H

50 
35 
13

0 
50. 
19

G if f o r d  §



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a s e d

Number 
R e tu rn e d

M y o tis  tu o i fu g u s (C o n tin u e d )

50 135 6

36 5 1

3 10 3
10 140 17
12 73 6
20 10 2
24 5 1
33 2 1
36 24 6
66 49 2

156 82 7

61 19 2

3 .2 93 37
68 223 83
70 55 1
76 114 52

180 7 8 2

1 .3 ? 1
2 .8 ? 1

1 2 .5 ? 3
1 7 .5 ? 4
30 ? 3

P e r c e n t  
R e tu rn s

4 G if fo rd  §

20 G r i f f i n  (

30 
12

8
20 
20
50
25

4
8

G r i f f i n  (

11 H itc h c o c k

40
37

2
46

3

H itc h c o c k

?
?
?
?
?

Mohr (193

http:Reynol.ds


TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

M y o tis  t u c i fu g u s (C o n tin u e d )

12 200+ ( a l l  b u t  1)
25 162 0

55 70 29
250 ? ♦ 2

.3 60 54
5 527 295

10 151 66
15 786 377
20 128 49
25 702 217
30 91 34
40 70 15
50 66 9
60 72 7

5 109 60
10 58 30
15 57 16
20 60 10
30 50 18
40 50 11
50 50 9
60 5 0 8

10 20 4

P e r c e n t  
R e tu rn s

100 
0

Mohr (194
Mohr (194

41 Mohr (195
? ♦ R e p o rte d  

90 M u e lle r  (
56
44
48
38
31
37
21
13
10

55 M u e lle r  &
52
28
17
36
22
18
16

20 P o o le  (19



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

M yo tte  tu c i fu g u s (C o n tin u e d )

18 10 0

270 34 2

228 77 20

32 11 4

M y o tis  m y o t is

1 1 4 .9 27 0

10 1 1
124 17 1

26 40 9
95 22 1
2 7 .9 ? ?

13 74 12

? ? 1

1 .2 6 1
5 .6 3 1

1 1 .2 4 1

P e rc e n t
R e tu rn s

0 P o o le  (19

6 Schramm (

25 Sm ith  § H

36 S to n e s  § 

0 B e ls  (195

100
6

C a s t e r e t  

23 
5 
?

E i s e n t r a u

E i s e n t r a u

16 I s s e i  (19

? K rzanow sk

17
33
25

Lanza (19



TABLE I I  (C o n tin u e d )

D is ta n c e  Number
(M ile s )  R e le a se d

Number 
R e tu rn e d

Myotis my stacinus

13 11 2

3. 7 10 1

Myotis nattereri

3 .7 ? 1

Myotis nigricans

6 .2 17 12

2 .2 17 16
3 .1 12 11

10 12 4
2 3 .8 16 4
3 1 .2 39 2
65 21 0

Myotis oxygnathus

82 15 1

1 .2 14 6
5 .6 6 3

1 1 .2 6 1

P e rc e n t  
R e tu rn s

18 I s s e i  a s  

10 P u n t § N i

? P u n t § N i

70 W ilso n  (1

94
92
33
25

5
0

W ilso n  § 

7 D u lic  (19

43
50
17

L anza (19



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

Myotvs sodatvs

5 40 23
15 40 21
25 50 31
40 100 51

20 35 10
150 44 2

12 25 17
24 25 16
36 25 14
48 25 9
60 51 16
72 49 8
84 50 9
96 75 9

108 77 6
120 98 5
132 100 6
144 100 4

200 1472 555

20 100 18

P e rc e n t
R e tu rn s

58 D avis § B
53
62
51

29 G r i f f i n  (
5

68 H a s s e l l  (
64
56
36
34
16
18
12

8
5
6
4

38 H a s s e l  § 

18 M u e lle r  (



TABLE I I  (Continued)D istance (M iles) Number Released Number Returned
M y o tis  th y  sa n o d es20 10 220 14 121 15 128 110 35
M y o tis  v e l i f e r28 68 6530 119 438 72 340 1 17 52 126 28 3
L a s io n y o t e r i s n o c tiv a g a n s107 3 1
P i p i s t p e l t u s p i p i s t r e l l u s.5 3 31.2 10 66.8 303 7

Percent Returns
207729 Davis (1

9 Cockrum 3 Hayward 4100211 Twente (
33 Davis 5 

100 Gyles (18602 Ryberg (



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

Nyctalus noctuta

1 .9 30 7
3 .1 28 7

2 4 .8 29 16
2 8 .6 30 4
7 1 .4 30 6
7 7 .6 29 10
8 6 .9 30 2

1 0 3 .1 30 0
1 0 4 .3 28 3
1 1 4 .9 60 2

6 .2 ? ?
13 ? ?
23 .6 ? 6
27 .9 ? ?

1 4 7 .2 10 i
Eptestcus fuscus

20 20 14-18

40 47 15-19
100 11 8-11
250 36 31
250 18 1

35 25 20
55 12 11

P e r c e n t
R e tu rn s

23
25
55
13
20
35

7
0

11
3

B e ls  (195

?
?
0 
? 

io

R yberg (1

70-90 C ope, K oo
(196

32-40
73-100

85
6

80
92

D avis (196



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

E ptes'L cus fu s c u s  (C o n tin u e d )

102 5 4
105 61 15
120 9 4
328 22 1
500 78 0

15 32 9
54 13 0

19 6 5

95 9 2

20 5 2

5 5 3
15 11 3
20 12 5
40 23 7
45 7 1

10 98 10

340 18 2
450 155 7

60 8 2

P e r c e n t
R e tu rn s  

80
25
44

5 
0

D av is  (19

28 
0

G if f o r d  §

83 G r i f f i n  (

22 H a l l  § D a

40 H ow ell § 

60
27
42
30
14

P h i l l i p s  

10 R eynolds 

11
5

S m ith  § G

25 T ib b e t t s  



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

Eptesieus serotinus

6 .8 38 8
2 2 .4 ? • 2

Eyctieeius humeralis

96 145 26
38 38 3
56 26 ?
96 27 7

Barbastettd barbastellus

3 .7 1

Ptecotus auritus

3 7 .3 9 2

PZeeotus townsendii

28 54 4

23 37 0
24 1 1

P e rc e n t
R e tu rn s  

21 
?

H av ek o st 

18
8 
?

26

Cope § Hu

—  

? P u n t § N i

22 R yberg (1

7 Cockrum (

0
100

D av is (19



TABLE I I  (Continued)
D istance (M iles) Number Released Number Returned
Miniopterus schreibersii10 138 42124 1 012 1 0
Anirozous pa ttidus1.4 2 25 5 58 15 28 9 010 15 510 8 814 19 814 17 814 20 214 10 215 6 019 5 421 48 3323 9 225 9 830 19 830 17 1030 18 630 20 1430 16 830 24 6

PercentReturns
30 C a ste re t 00 Lanza (19

100 Davis (191001303310042481020080692290375933705025



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

A n tro zo u s p a l l i d u s  (C o n tin u e d )

32 112 2
32 18 12
37 11 2
37 8 3
42 6 2
49 6 2
49 2 1
50 20 8
50 34 2
51 7 3
55 27 12
55 12 1
56 20 9
58 3 0
59 6 1
59 10 3
62 3 0
63 2 0
68 12 3
68 7 2
70 5 1
80 21 0
92 20 0

102 14 0
108 26 1
328 6 0

P ercen t. 
R e tu rn s

2 D av is  (19
67
18 
38
33 
33 
50
40

6
42 
44 

8 
45 

0
17
30 

0
0

25 
29
20

0
0
0 
4
0



TABLE I I  (C o n tin u e d )

D is ta n c e  
(M ile s )

Number 
R e le a se d

Number 
R e tu rn e d

Tadarzda braszlienszs

5 216 48
5 64 27

10 60 25
19 59 17
21 8 1
30 29 6
30 21 5
30 28 3
30 26 1
37 40 1
38 91 27
42 59 18
49 3 0
51 2 0
55 14 1
55 2 0
55 38 0
55 341 23
56 7 5
59 61 17
65 89 23
76 3 1

108 25 5
108 94 22
195 69 22
328 16 2

P e rc e n t  
R e tu rn s

22
42
42
29
13
21
24
11

4
3

30
31

0
0
7
0
0
7

71
28
26
33
20
23
32
13

D avis (19



TABLE II (Continued)

Distance 
(Miles)

Number Number
Released Returned

Tadarida bras widens vs (Continued)
85 19 9
60 6 1

Percent
Returns

47 LaVal (19
17 Tibbetts 

@Includes some blinded bats.
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Some general information on the E. fuscus colony is pre
sented (Appendix A and B).



MATERIALS AND METHODS

Study Site

The Eptestcus fuscus colony studied was situated at 
Camp Namanu, 7.0 mi North of Sandy, Multnomah County, 
Oregon, at an elevation of 350 m. Dominant vegetation is 
second growth Douglas fir, averaging about 12 m in height. 
Two rivers converge within 1000 m of the camp. Two day
night roost sites were used by E. fuscus. Since there ap
peared to be an exchange of individuals between them, both 
were considered as a single nursery. Roosts were a 5-8 X 
100 X 120 cm south-facing crack between an external chimney 
and the exterior wall of one building, and an adjacent 
dwelling’s attic from which the only apparent exit was 
under a south-facing covered porch approximately 10 m from 
from the chimney roost (Figure 3a).

Capture Techniques

A 2 X 8 m nylon mist net and a double-frame bat trap 
(Tuttle, 1974) arranged randomly along two of the 

three open sides of the porch were used to capture bats. 
The mist net was mounted on two 3/4” x 96n aluminum poles 
set in the ground. The only major modification to the bat 
trap was the use of 1/2 lb. test monofilament nylon fishing 
leader in place of the recommended wire. Netting times



chimney roost
= attic roost

28

Figure 3a. Roosts used by E, fuscus in this study.
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extended from 30 min before civil sunset until the bats 
were no longer observed to be flying and found at the night 
roosts, nursing young or grooming. Captured bats were 
placed in canvas bags until being marked and released.

Because excessive netting and handling places undue 
stress upon bats (Stebbings, 1966), collection was termin-, 
ated when females appeared close to parturition, and was 
resumed approximately 16 days after most births occurred. 
Trap days were also limited to a maximum of two per week 
until the last week of the study when an extra trap night 
was used, attempting to collect all individuals in the 
colony.

Marking And Observations
Three methods of marking were employed. Night observa

tions were made possible by attaching gelatinous capsules 
with glue dorsally to the cervical area and injecting the 

capsule with CyalumeR  chemical Light (Buehler, 1976). Tern- * 
porary marking was done by punchmarking the right chiro- 
patagium (Bonaccorso and Smythe, 1972) and dying the holes 
with a white liquid dye, normally used for ear branding 
cattle. Plastic wing bands (Bonaccorso, e t  a l , ,  1976) were 
applied to right forearms for a more permanent record of 
selected individuals.

Two observers, using 7 x 40 binoculars, observed fly
ing bats at the nursery and upon release in the homing
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experiments. When possible, released bats were also ob
served as long as possible by using a hand-held Bushnell 
40X spotting scope.

Transportation And Release
Only adults were used in homing experiments. Ten 

bats per release site were transported via auto to points 
that approximated as closely as possible the four compass 
directions. Releases, of single individuals and of all in
dividuals simultaneously were used. Care was taken to be 
certain each bat was flying and gone from view before leav
ing the release site. Returns were noted by recapture at 
or near the nursery colony. Time of return within the 
period of study was not considered, only whether a return 
was made.

U. S. National Forest Service Maps were used to deter
mine aerial distances from release points. Except for two 
occasions (the northernmost release points), releases were 
made the same night of capture.

Additional Activities
Forearm measurements of adults were taken with HeliosR 

Vernier dial calipers. Each individual was inspected for 
parasites and wing damage. Dates were noted for parturi
tion and first capture of young. A Schnabel population in
dex was used to estimate changes in populations of the 
colony itself, and in numbers of females, males, and of
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j u v e n i l e s  as a g roup  and by sex  ( G i l e s ,  1 9 7 1 ). Cyalumej^ 

was u se d  f o r  d e te rm in in g  i n d iv i d u a l s  in  th e  n u r s e r y  a f t e r  

th e  young w ere w eaned.

A p p l ic a t io n  Of W-F Model To D ata  From P u b l is h e d  S tu d ie s  

The W-F m odel was a p p l i e d  to  p u b l is h e d  s t u d i e s  t h a t  

p r e s e n te d  s u f f i c i e n t  d a ta  f o r  i t s  u s e . X2 v a lu e s  a re  c a l 

c u l a t e d ,  (P - 0 .0 1 0 ) ,  and r e p o r t e d  in  th e  t a b l e s .



RESULTS - EXPERIMENTAL STUDIES

The study colony exhibited two ’’familiar areas" of 
approximately equal sizes, and homing consistent 
with these areas. Figure 3b shows the areas and approximate 
distances of possible migration. Table Illa contains the 
homing results. The diameter of both areas is approximately 
20 mi, well within the expected range previously recorded 
for known movements of this species.

R h i n o  t o p h u s  h i p p s i d e r o s

Strelkov (1969) and Roer (1972) reported that this 
species is relatively sedentary. Issei (1950) recorded 
migratory movements with a mean of 1.2 mi. This mean 
was used in Kowalski and Wotjusiak’s (1952) homing tests. 
Results of my X 2 tests are shown in Table IIlb> and Figure 
4, and suggest that returns are probably random. Issei’s 
(1950) results could not be used in this test because 
specific returns from specific distances were not available.

M a o r o t u s  M a t e r h o u s i i

Only one homing test is reported, not enough for the 
X 2 evaluation (0 degrees of freedom). Barbour and Davis 
(1969) report M. v a t e r h o u s t i as sedentary, moving only 
about 5-10 mi. If 5 mi is used as a radius, then the 
expected return for the one test would be 1 of 31, very
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N

10 mi

Figure 3b. Indicated familiar area by homing returns 
of Camp Namanu bats.



TABLE I l l a

RETURNS OF CAMP NAMANU BATS WITH NUMBERS OF RELEASES AND RETURNS FROM EA
IN RELATION TO DISTANCE AND DIRECTION. X2 VALUES FOR ACTUAL AND

EXPECTED RETURNS ARE CALCULATED

TOTAL 

T o t a l
R e le a s e d

R e le a s e d  
from  
A t t i c

R e le a s e d  
fro m  

Chim ney

D i r e c t i o n  
§ 

D i s t a n c e
T o ta l  

R e tu r n s

R e tu r n s  
fro m  
A t t i c

R e tu r n s  
f ro m

C him ney

10 6 4 10 mi S . 5 3 2
10 5 5 10 mi E . 3 1 2

10 7 3 10 mi W. 6 5 1
10 6 4 7 mi N. 4 1 3
10 7 3 15 mi W. 5 4 1

10 6 4 15 mi N. 5 4 4
13 6 7 20 mi W. 6 4 2

16 12 4 25 mi W. 6 4 2
10 3 7 20 mi N. 5 1 4



TABLE I I I b

ACTUAL AND EXPECTED HOMING PERFORMANCES OF R h in o lo p h u s  h ip p s id e r

D is ta n c e  (M ile s ) Number R e le a se d Number R e tu rn s Number E x p ec ted

. 001 2 2 2

.003 2 2 ?

.007 2 2 2

• 3 3 1 3
.4 1 0 1

.6 4 1 4

2 .2 10 4 2

2 .5 6 2. 1
3 .1 3 2 1
3 .4 4 2 1
3 .7 2 0 0
4 .3 2 1 0
5 .6 2 1 0
7 .4 4 1 0
8 .1 3 0 0
9 .9 4 0 0

10 .5 3 1 0
1 4 .9 7 1' 0

1 K ow alski £ W o tju s ia k , 1952 TOTAL
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close to that of 2 returns of 31 released (Davis, 1966).

Phyllostomus hastatus

Experimental data indicate that the edge of familiar 

territory is approximately 17 mi. (Williams, et al,, 1966, 

1967). Table IV and Figure 5 show the homing results and 

demonstrate that returns from beyond 17 mi were probably 

random. Because exact release numbers (5-22 individuals) 

were not reported, the percent recovery was used to cal

culate the closest number between 5 and 22 and the resulting 

number assumed as the number released; e.#., 36% recoveries 

x 11 = 3.96 or 4, the closest to an integer of 36% of any 

number from 5 to 22.

Myotis austriorip arius

Rice (1957) recorded both migratory movements and hom

ing experiments. The mean of migratory movements was a- 

bout 10 mi homing randomness was calculated from this 

mean. Table V and Figure 6 show results indicating random

ness.

Myotis capacciniij M. dasyoneme3 M, daubentoni f M. keeni?

And M. nattereri

One homing experiment per species did not yield suffi

cient data for this analysis. Migratory movements of these 

bats are not well understood. M. nattereri moves frequently 

from one nest site to another during the summer, further



TABLE IV

ACTUAL AND EXPECTED HOMING PERFORMANCES OF P h y l lo s to n u s  

D is ta n c e  (M ile s ) Number R e le ased * Number R e tu rn s Number E x

6 .2 5 48 39 48

10 10 8 10

12 11 5 11

16 20 15 20

17 1 0 5 5

2 0 42 22 14

21 10 3 3

30 25 7 5

40 25 3 4

*The above f i g u r e s a r e  a s  c lo s e  a s  can be d e te rm in e d  from th e  l i t e r a t u

f i g u r e s  a s  to  a c t u a l  num bers w ere g iv e n .

1 W il l ia m s , e t  a l . ,  1966 , 1967.
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TABLE V

ACTUAL AND EXPECTED HOMING PERFORMANCES OF M y o t i s  a u s t r o

D i s t a n c e  ( M i l e s ) N u m b e r  R e l e a s e d O b s e r v e d  R e t u r n s E x p e c t e

18 80 18 1 8

31 25 2 3

45 1 0 0 8 6

1 0 8 1 0 0 0 3

1 7 8 79 0 2

x R i c e ,  1 9 5 7
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Figure 6. Expected and Observed Returns of Myotis Austroriparius
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complicating the issue of an adequate test for this species 
(Lauffens, 1973).

Myotis griseseens

Tuttle (1961) did not report numbers released, so his 
data cannot be used here. Harvey, et al., (1976) reported 
migratory movements of about 32 mi this figure was 
used as the radius of familiar area. Results (Table VI) 
indicate randomness. Gunier and Elder (1971) show possible 
movements of about 25 mi in an East-West direction and 
possible southward movements of about 45 mi. The 38 mi re
lease point was North of the colony; a radius of 25 mi was 
used for those results. The Southwest release of 75 mi in
dicated use of the 45 mi distance as a radius. (Migratory 
movements indicate an ellipse as opposed to a circle.) 
Table VII also indicates randomness in M. gvisesoens.

Myotis lucifugus

Data from Mueller (1963) shows returns are not random. 
Data indicate an ellipse of 5 mi North-South of the colony, 
5 mi West, and 15 mi East as a familiar area. Returns from 
30 and 40 mi are the ones which give values not indicative 
of randomness. Davis and Hitchcock (1965) give known migra
tory range for two of the homing studies as approximately 
25 mi. Only adults are considered in Table VIII. Juveniles 
were only volant for about one week; their strength and ex
perience were assumed to be minimal. The known data again



TABLE VI

ACTUAL AND EXPECTED HOMING PERFORMANCES OF M y o t is  g r i s

D i s t a n c e  ( M i le s ) N um ber R e l e a s e s N um ber R e tu r n s Number E x

100 50 8 5

100 50 2 5

100 50 4 5

100 50 3 5

1 H a r v e y , e t  a l .  * 1 9 7 6 .



TABLE V II

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis gris

D i s t a n c e  ( M i le s ) N um ber R e l e a s e s N um ber R e tu r n s N um ber E

38 225 48 51

75 212 59 43

P u n i e r  a n d  E l d e r ,  1 9 7 1 .



TABLE V I I I

ACTUAL AND EXPECTED HOMING PERFORMANCES OF M y o t i s  l u a

D i s t a n c e  ( M i le s )  N um ber R e l e a s e s N um ber R e tu r n s N um ber E

12 54 6 9

17 42 5 5

H i t c h c o c k  a n d  D a v i s ,  1 9 6 5 .
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supports the randomness hypothesis.

Hitchcock and Reynolds (1942) lack data on bat migra
tory movements and good recovery techniques (due to mate
rials and chosen roost sites), making homing results un
certain. It was noted that the known colonies are on the 
Thames River drainage, and at distant releases near the 
river one might expect adults to attempt to follow it, sug
gesting a 50% probability of return. Using this premise, 
Table IX indicates homing was random at distant releases in 
Ontario. Hitchcock and Reynold’s (1942) New England ex
periment lacks sufficient data on migratory movements and 
homing to indicate a familiar area.

Mueller and Emlen (1957) report homing on bats from 
the same location as Mueller (1963). Using the same ellipse 
as for Mueller’s (1963) work, the returns are random if 
those from a distance of 5 mi (expected 100%) are neglected 
due to disturbance of bats and release too close to the 
colony (Table X, Figure 7).

The reports of. Hitchcock (1943), Cagle and Cockrum 
(1943), Smith and Hale (1953), Griffin (1936, 1940b), 
Schramm (1967), Cope, Mumford, and Wilson (1958), Mohr 
(1934, 1942, 1953), Cope, Koontz, and Churchwell (1961), 
and Stones and Branik (1969) all lack sufficient data for 
this analysis.



TABLE IX

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis tuc

Distance (Miles) Number Releases Number Returns Number Ex

76 88 47 44

68 66 30 33

68 82 37 41

1 Hitchcock § Reynolds, 1942.



TABLE X
ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis luo

D is ta n c e  (M ile s )  Number R e le a se s  Number R eturns Number E10 58 30 2915 57 16 1320 60 10 1030 50 18 1240 50 1150 50 960 50 8
1 M u e lle r  and Em len, 1957.
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Myotis myotis

All reports on homing in this species were applicable 
except for those of Krzanowski (1960) . Results are based 
on a 5 km (3.1 mi) radius of familiar territory and move
ment (Strelkov, 1969, Heerdt and Sluiter, 1960, 1961). 
Table XI and Figure 8 suggest that homing in M, myotis is 
probably random.

Myotis mystaeinus

Only 2 homing experiments are available (Punt and 
Nieuwenhoven, 1957, and Roer, 1960); the familiar area is 
again considered to be 5 km [3.1 mi (Strelkov, 1969)]. Re
sults (Table XII) suggest randomness in homing for this 
species.

Myotis oxygnathus

Strelkov (1969) reports this species has a migratory 
behavior similar to M, myotis, t The 2 homing experiments 
(Lanza, 1958, and Dulic, 1957) indicate this is probably 
true, Table XIII and Figure 9 show that homing results in
dicate randomness and a familiar territory of about 5 km.

Myotis sodatis

Hassell (1963) reports migratory movements of about 
30-36 mi among bats which he used in the homing experiment 
Cother M, sodatis migrate up to 200 mi North from this 
hibernacula). Using 36 mi as a radius of familiar territory



TABLE XI
ACTUAL AND EXPECTED HOMING PERFORMANCES OF M yotis mD istance (M iles) Number Releases Number Returns Number E1.2 6 1 65.6 3 1 11011.2 5 2 113 74 12 926 40 9 695 22 1 1115 27 0 0124 17 1 0

1 E is e n tr a u t , 1936; C a s te r e t , 1938; I s s e i ,  1950; B e ls , 1952; Lanza, 1
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Figure 8. Expected and Observed Returns of Myotis myotis



TABLE XII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis myst

Distance (Miles) Number Released Number Returns Number Ex

3.7 10 1 1 

13 11 2 1 

xPunt § Nieuwenhoven, 1957; Issei as by Roer, 1960.



TABLE X I I I

ACTUAL AND EXPECTED HOMING PERFORMANCES OF M y o t i s  o x y

D i s t a n c e  ( M i le s ) N um ber R e l e a s e d N um ber R e tu r n s N um ber E

1 .2 14 6 14

5 .6 6 3 3

1 1 .2 6 1 1

82 15 1 1

1 L a n z a ,  195 8  a n d  D u l i c ,  1 9 5 7 .
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Release Distance
Figure 9. Expected and Observed Returns for M. oxygnathus
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(all were released from the west) and assuming, M. sodalis 
use the Ohio drainage as possible aid to navigation (Hall, 
1962), probability determination includes the possibility of 
flying to the river and then following the river course.
This also indicates a 50% probability that the bat will fly 
in the correct direction when the river is reached. This 
technique was used for all 3 homing experiments from Bat 
Cave, Carter Co., Kentucky, found in Table XIV (Barbour 
and Davis, 1965, and Hassell and Harvey, 1965). Figure 10 
contains only work by Hassell (1963), as his was the most 
extensive. The results indicate randomness.

Myotis thy sanodes

Davis (1966) provided the ohly homing data on this 
species. Migratory studies and known movements are almost 
non-existent. If the model is used for Davis’ results, the 
diameter of the familiar area of the study group is from 4 
to 22 mi, with approximately 11 mi as a mean.

Myotis vetifor

Only 4 experiments of Twente (1955), Cockrum (1956) , 
and Hayward (1961) are usable for this test. Twente and 
Tinkle and Patterson (1965) report migrations up to 90 mi in 
winter, but agree with Barbour and Davis (1969) that most 
are permanent residents.

Assuming the ones from Hayward (1961), Twente (1955), 
and Cockrum (1956) are sedentary, a radius of 4-5 mi of



TABLE XIV

TOTAL

ACTUAL AND EXPECTED

R e le a s e s

HOMING PERFORMANCES

Num ber R e tu r n s

OF M y o tis

Num ber

s o d a i  i s  1

. t a n c e  ( M ile s ) Number E x p e c te d

5 25 17 25

12 25 16 25
15 20 24 20

24 25 16 25

25 25 17 25

36 25 14 13

40 50 35 SO
48 25 9 9

60 51 16 15
72 49 8 12

84 50 9 1 0

96 75 9 11
108 77 6 11
120 98 5 11
132 100 6 10
144 100 4 9
200 500 335 335

200 500 165 165

200 500 80 63

C a s s e l l ,  1 9 6 3 ; H a s s e l l  an d  H a rv e y , 1 9 6 5 ; B a rb o u r  £ D a v is ,  1 9 6 5 .
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of familiar area is possible. Results in Table XV indicate 

no randomness in homing if 5 mi is used as a familiar area 

, radius,

Nystatus noctuZa

, Ryberg’s (1947) information is incomplete, but he does

report that 27. noctuZa is relatively sedentary and a year 

! round resident in Sweden. Sluiter and Heerdt (1953, 1954,

1956, 1957, 1958, 1959, 1965) were cautious in reporting 

and interpreting the long flights (migratory?) of N. noctuZa 

from the Netherlands, as opposed to flights over only a very 

short distance (less than 5 mi). Strelkov (1960) compares ।
the long flights from the Netherlands to those of migration 

in the U.S.S.R. as being approximately in the same direction 

and of the same distance. Behavioral notes indicate that 

nurseries may include a diversified group, some long migra

tors and other short migrators. If we assume this to be 

correct, returns from distances of greater than five miles 

should contain equal numbers of the population and those 

with a longer migratory range should home at approximately 

the 100% level until the edge of their familiar area is 

reached. Using this as a modification of the model, and 

applying it as though selection of bats for the homing 

tests were random’, and 1/2 are from the long migrators 

Cabout 60 mi) and 1/2 from the short migrators (about 5 mi), 
the returns and X 2 values do not indicate randomness in



TABLE XV
D is ta n c e  (M ile s)

ACTUAL AND EXPECTED HOMING PERFORMANCES OF M y o tis  v e

Number R e le a s e s Number R eturns Number E7 52 1 1026 28 3 128 68 6 338-40 73 3 2
1 T w ente, 1955; Cockrum, 1956; Hayward, 1961.
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homing for N . n o a t u l a .

If assumptions are made that all of the colony is 
composed of either long or the short migrators, the X2 
values still indicate that the Wilson and Findley model 
does not fit for randomness.

P l e c o t u s  t o w n s e n d i i

Pearson, e t  a l . ,  (1952) recorded migratory movements 
of up to 20 mi, but indicated that most were of consider
ably shorter distance. Strelkov (1969) indicates less than 
20 km migrations for the genus P l e c o t u s . A familiar area 
for Western P . t o w n s e n d i i appears to be about 20 mi. Table 
XVI displays results of Cockrum (1956) and Davis (1966) to 
be random for this species, if a diameter of 10 mi is as
sumed.

E p t s s l o u s  f u s e  u s

Beer (1955), Griffin (1940a, b), Mumford (1958) and 
Phillips (1966) note migratory movements of 3.5 to 142 mi 
with the mean approximately 13 mi. A 26 mi diameter might 
be suitable for this species, since the nursery and hiber
nacula colonies may be composed of many subcolonies, migrat
ing in different directions (Beer, 1955; Phillips, 1966). 
A radius of 13 mi was used for the experiments of Phillips 
(1966), Howell and Little (1924), Griffin (1940), Tibbetts 
(1956), Hall and Davis (1958), and Gifford and Griffin, 
(1960). Tables XVII, XVIII, and XIX and Figures 11, 12, and



TABLE XVI

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Plecotus tow

1Davis, 1966 and Cockrum, 1956.

Distance (Miles) Number Releases Number Returns Number Ex

23-24 38 1 5 
28 54 4 6 



TABLE XVII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF E p te s ic u s  

D is ta n c e  (M ile s ) Number R e le a se s Number R e tu rn s E x p ec te d

5 5 3 • 5

15 11 3 4

20 12 5 3

40 23 7 3

45 7 1 1

1 P h i l l i p s ,  1966.



TABLE X V II I
ACTUAL AND EXPECTED HOMING PERFORMANCES OF E p t e s ic u s  

D is ta n c e  (M ile s) Number R e le a s e s Number R etu rn s E xp e cte d15 38 13 1219 6 5 220 5 2 154 13 0 160 8 2 195 9 2 1
G i f f o r d  $ G r i f f i n ,  1960; H a ll  § D a v is , 1958; H ow ell § L i t t l e ,  1924;T i b b e t t s , 1960.



TABLE XIX

ACTUAL AND EXPECTED HOMING PERFORMANCES OF E p t e s z c u s  f

D i s t a n c e  ( M i le s ) N um ber R e l e a s e s Num ber R e tu r n s N um ber E x

20 18 18 2

40 47 19 4

100 11 11 1

250 54 32 2

^ o p e ,  K o o n tz ,  § C h u r c h w e l l ,  1 9 6 1 .
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■ Expected and Observed Returns for E. fuscua.
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Figure 12. Expected and Observed Returns for E. f u s c u s .
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and 13 indicate randomness for E. fuscus in these experi
ments.

Reynolds’ (1941) experiments were not used because his 

search for returns was hampered by roost location and time. 
Cope, Koontz, and Churchwell (1961) indicate an area (from 
homing results) larger than the migratory maximum noted by 
Mumford (1958). It is interesting to note that both col
onies are from the same general area in Indiana. If the 
250 miles are used as the edge of the familiar area, Table 
XIX indicates randomness.

Davis’ (1966) work suggests an area of approximately 
100 mi, well within the longest known migratory movements. 
Using this number as the familiar area radius, Table XX and 
Figure 13 show the results, suggesting randomness.

Eptesicus serotinus and Eleeotus auritus
Insufficient data again prevent application of the 

W-F model. Ryberg (1941) and Strelkov (1969) report P. 
auritus migratory movements of 20 km. At that distance 
Ryberg’s result of 2 returns from 9 releases at 60 km is 
close to the expected 1 return.

Antrozous pallidus

Davis (1966) reports homing with sufficient data for 
application from four sites. All four indicate an area with 
a radius of approximately 30-36 mi. The known movements of 
this species are less than 30 mi (Davis, 1966), but no firm



TABLE XX

ACTUAL AND EXPECTED HOMING PERFORMANCES OF E p te s ic u s  

D is ta n c e  (M ile s ) Number R e le a se d Number R e tu rn s Number E

35 25 20

55 12 11

102 5 4

105 61 15

120 9 4

328 22 1

500 78 0

1 D a v is , 1966 .
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F igure  13. Expected and Observed R eturns fo r  E. fu s c u s .
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data are available on movements between nurseries and 
hibernacula. Tables XXI and XXII, and Figures 14 and 15 
show results which suggest randomness.



TABLE XXI

ACTUAL AND EXPECTED HOMING PERFORMANCES OF A n t r o z o u s  p

D i s t a n c e  ( M i le s ) N um ber R e l e a s e s N um ber R e tu r n s N um ber E

5 5 5

10 5 5

19 4 4

42 6 2

59 6 1

108 19 1

1 D a v i s ,  1966



TABLE XXII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF A n trozous p a l lv d u s 1

D is tan ce  (M iles) Number R e leases Number R eturns Number E xpected
10 4 4 4
21 48 33 48
25 9 8 9
30 36 14 18
30 19 7 9
30 17 10 9
30 18 6 9

■ 32 18 12 9
37 11 2 3
49 8 3 2
50 20 8 4
56 20 9 4
59 10 3 2
63 2 0 0
68 12 3 2
68 7 2 1
70 5 1 1

102 14 0 1
328 6 0 0

TOTAL =
1 D a v is , 1966
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Figure 15, Expected and Observed Returns for Antrozous pallidus.



DISCUSSION

Application of the W-F model to literature reports of 

bat homing in tropical and temperate microchiropterans re

veals that 25 of 29 applicable studies indicate homing 

randomness outside familiar territory (Type A). As Davis 

(1966) predicted, no record of Types 2 or 3 homing was en

countered. The suggestion of non-randomness in four experi

ments may reveal lack of understanding of movements in migra

tion or inadequate investigation of nearby roosts where re

turned bats may have gone because of disturbance (Griffin, 

1940a).

Homing data from the E, fuscus in this study also sug

gest reasons why data from the 4 non-random experiments may 

not provide correct results. Circular or ellipitical as

sumed areas may not be true pictures of the familiar area 
of colonial bats. My study colony consisted of 2 separate 

day roosts, between which individuals were known to move. 

During the 2 weeks immediately after parturition, when trap

ping and mist-netting were suspended, no roost changes were 

noted. Table XXIII shows number of returns from directions 

by roost, the attic returns mostly from the East and the 

chimney roost mostly from the North. This indicates that 

there may be 2 or more distinct parts to the colony, as has 

been reported for many North American bats (Barbour
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and Davis, 1969; Humphrey § Cope, 1976; Griffin, 1940 a, b). 

Several checks of the roosts on warm days during the 

winter of 1976-77 revealed no sign of any of the bats at the 

colony site or in the indicated migratory areas. That none 

were found is not unusual as Only 74 were permanently banded 

(juveniles and adults), and normal recovery success is only 

about 3%.

Movement through familiar territory is probably ac

complished by a combination of echolocation, vision, and 

memory. Blinded bats return from shorter distances at 

about the same percentages as controls (Barbour and Davis, 

1969; Mueller, 1963) indicating echolocation may be impor

tant at short homing distances. Barbour and Davis (1969) 

and Williams, et al., (1967) report that some species of 

bats have visual ability to distinguish topographic features. 

Griffin (1958) and Heerdt and Sluiter (1968) reported the 

ability of bats to memorize cues and later to use the memo

rized information.



CONCLUSIONS

Comparisons of homing success between juveniles and 
adults (Hitchcock and Reynolds, 1942; Davis, 1966) indicate 
that flight, migratory-area and wandering movements expand 
the familiar area for adults. The facts that bats fly cer
tain patterns consistently (Barbour and Davis, 1969), that 
wandering usually occurs in < 5% of the population (Griffin, 
1940a, b), and that roost attachment is strong (Humphrey § 
Cope, 1976), indicate that most (at least) conform to the 
normal movements of the colony.

Care should be taken in accepting the W-F model as 
applicable for all microchirbpteran species. Some species 
do not depend on echolocation for navigation; most, however, 
do. Likewise, most microchiropterans may home randomly from 
unfamiliar territory while others may utilize special navi
gational ability as yet unknown.

Combining these findings with the applications of the 
model leads to the hypothesis that microchiropteran flight 
ability and navigation across terrain from hibernacula is 
probably based on memory, vision and echolocation. Homing 

from outside the familiar area is probably random. Return 

percentages are based on release distance and area radius.
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APPENDIX A

Forearm Size Variation
Engels (1936) observed that in E. fuscus females were 

4-5% larger than males. Phillips (1966) reported skull 
length, zygomatic breadth, wingspan, and total length to be 
significantly smaller for males than for females. Patterson 
and Davis (1968) found the total length and forearm length 
of females to be significantly larger than for males; how
ever, tail length was not significantly different between 
sexes. Total length and forearm length values were found 
to be least variable; in live bats the forearm is the 
easiest and most accurate to measure.

Forearms, including carpals, of all adults captured 
were measured to the nearest 0.1 mm. Mean (M), standard 
deviation (SD) and variance (V) for each sex are displayed 
in Table XXIII and Figure 16, above the findings of Patter
son and Davis. Females were found to be significantly 
larger than the males (_z = 7.284).



TABLE XXIII

COMPARISON OF SOME MEASUREMENTS OF E. fuscus FROM CAM
WITH THOSE OF PATTERSON AND DAVIS (1968)

E, fuscus from Camp Namanu
FEMALES . 

No. M SD. V No. M 
Forearm 74 47.9 1.947 4.05 21 46.8

E. fuseus from Patterson and Davis (1968)
Forearm 92 47.8 1.433 3.10 32 46.5
Body 92 76.4 3.024 3.96 32 67.0
Total Length 92 122.3 4.480 3.65 32 115.5
Tail 92 45.8 2.837 6.19 32 44.9
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APPENDIX B

NATURAL HISTORY NOTES

Behavior
The flight of E. fuseus was usually straight, and 

certain patterns were often repeated by the same bat on 
different nights. Feeding was noted at three distinct sites: 
the clearing immediately outside the roost; over the river; 
over an open commons area of the camp [Fig- 17). Two drink
ing areas were utilized - a boating pond, and the section of 
the river that coincided with the aforementioned feeding 
site. Although data were insufficient for analysis, it ap
peared that the bats preferred a specific feeding site (as 
noted by Barbour and Davis, 1969), and a specific drinking 
site.

Lfcually one or two bats emerged at a time, beginning 
at about 3 min past civil sunset. Bats often continued to 
emerge for over two hours (Fig. 18). Immediately after 
emergence a short circling flight occurred, followed by a 
direct flight to the drinking site. About a fourth of the 
bats flew to the feeding site first, and then drank after 
feeding. This may help to explain the findings of Cross, et 
al. (1976) of two peaks of activity of E. fuseus over a 
water hole.
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Figure 17, Preferred feeding and drinking sites of Camp Namanu bats.
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Figure 18. Emergence times of E. fuscus at Camp Namanu.
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A s tu d y  o f  th e  c o lo n y ’ s guano was n o t  c o n d u c te d ; how

e v e r  one i n s e c t  e a te n  was th e  f l y in g  c a r p e n t e r  a n t .  H andley  

(1956) and W ilson  Q1958) r e p o r t e d  f in d in g  b ig  brown b a ts  

e ach  w i th  th e  head  o f  an a n t  f i r m ly  a t t a c h e d  by i t s  m an d ib le s  

to  th e  s id e  o f th e  b a t ’ s f a c e .  We c a p tu re d  3 such  b a ts  d u r 

in g  th e  a n t s ’ f l y in g  p e r i o d ,  two fe m a le s  w ith  th e  a n t  h ead  

a t t a c h e d  to  th e  low er l i p ,  and a m ale w i th  one a t t a c h e d  to  

h i s  e a r .  P r e f e r e n c e  was e x h ib i t e d  by i n d iv id u a l  b a t s  f o r  

one o f  th e  two day r o o s t s .  How ever, e x c e s s iv e  d i s tu r b a n c e  

(a c o m b in a tio n  o f  w o rk e rs  and cam pers) a t  c e r t a i n  tim e s  p r o 

b a b ly  c a u se d  movement from  one r o o s t  to  th e  o th e r .  Exchange 

was n o te d  b e tw een  b o th  r o o s t s .  No r e j e c t i o n  o r a g g re s s io n  

to  o u t s i d e r s  from  e i t h e r  r o o s t  was s e e n .

Male P o p u la t io n s

B e fo re  fe m a le s  gave b i r t h ,  th e  number o f  m ales p r e s e n t  

i n  sam p les was a p p ro x im a te ly  36% o f  th e  t o t a l .  P o s t n a t a l l y ,  

t h e i r  num bers d ro p p ed  to  17%. As th e  young became v o l a n t ,  

num bers o f  m ales in c r e a s e d  u n t i l  th e y  once a g a in  re a c h e d  

ab o u t 30%.

E c to p a r a s i t e s

B arbour and D avis (1969) r e p o r t  m ild  to  d e s t r u c t i v e  

l e v e l s  o f  m ite s  arid Cimex p i l o s e l l u s  i n  E, fu s c u s  n u r s e r y  

c o lo n i e s .  V a rio u s  s p e c ie s  o f f l e a s  have a l s o  been  r e p o r t e d .  

C a re fu l  s e a rc h  o f  e a c h  b a t  c a p tu r e d  p ro d u ce d  o n ly  5 m i t e s ,  

one f l e a ,  and 2 C. p i l o s e l l u s . No e c t o p a r a s i t e s  w ere found
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on any juveniles. Among adults, less than 11% of the popu
lation studied was externally parasitized. All parasites 
but the flea were first observed in the ears or the fur of 
the occipital region, 

i 
Reproduction And Growth

Barbour and Davis (1969) indicate that parturition 
time varied with latitude (Table XXIV). In fhis study the 
first births noted were on 2 July; most young were born with
in the next two days. Gates (1937,. 1941) noted a similarly 
short interval for E. fuecus births. Parturition here occurs 
about the same time as in Montana (Jones, et al., 1973), 
despite the fact that the mean temperatures are lower in 
that state than in western Oregon.

The first volant young were captured on August 3, 1976, 
about four weeks after the first births. Kunz (1974) also 
reported volancy at about 4 weeks, and that the size of the 
young at 10 weeks was 85-90% of that of the adults. Young 
of my colony were not measured until about the sixth week; 
then only the lack of ossification in the phalanges allowed 
the separation of the juveniles from the adults. At 6 weeks 
the forearm measurements were that of an adult (Table XXV). 
Perhaps more rapid maturation is associated with higher 
latitudes.

Population numbers could only be estimated by capture
recapture methods, due to the inaccessability of one portion



TABLE XXIV

PARTURITION VARIANCE OF E. fusaus BY LATITUDE

LOCATION LATITUDE DATES
Louisana 32° North Lat May Gates 
San Diego, Ca. 33° North Late May Krutzs
Los Angeles, Ca. 34° North Mid-June Howell
Central Kentucky 38° North Early June Davis,
Maryland 39° North Late May Christ
Central Kansas 39° North Early June Kunz 
Central Iowa 43° North Late June Kunz 
Southwest Ohio 43° North Mid-June Mills,
New England 45° North Early-Mid July Griffi
Western Oregon 45° North Early July (?) Bailey
Portland, Oregon 45° North Early July This 
Montana 46° North Early July Jones,

http:Weste.rn


TABLE XXV

JUVENILE FOREARM MEASUREMENTS OF E. fuscus FROM CAMP NAMANU

RANGE MEAN PERCE
MALES 42.1mm - 49.1mm 45.8mm
FEMALES 45.5mm - 49.0mm 47.7mm
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of the roost in the later weeks of the study. Schnabel’s 
formula, N = where N is the total estimated, M is the 
number previously marked in the population, n is the number 
captured and x is the number of captures marked, was used. 
The adult female population was estimated to be 60.

Christian (1956) indicated a 7% postnatal mortality 
for E, fuscus; this contrasts with Kunz (1974) prenatal loss 
of 34%, indicating that the accumulative loss by weaning is 
about 40% (Beer, 1955). Wimsatt:’s (1944) study of mature and 
ruptured follicles in E, fuscus indicates a prenatal loss of 
up to 34%. If the 26 young netted are considered to be ap
proximately 60% of all possible births, then the number of 
young would be 43 if no deaths occurred. The approximate 
number of young per female would be 0.74, somewhat below the 
0.85-0.95 numbers previously reported (adjusted for eastern 
E. fuscus, where 2 young are normal, by dividing ratios by 
two). No females with severe wing damage were ever found to 
be lactating or nursing a juvenile. If these females are 
subtracted from the reproducing adult female population, then 
the ratio rises to 0.84, very close to reported ratios. One 
factor which could be responsible for a large postnatal loss 
was a 10-day period in early July during which temperatures 
rarely rose above 65° F. Also, the handling of the bats may 
have induced some bats to abandon the colony and their young.
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