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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 ﬁiddle
distances, and again poor at long distances.

Griffin (1940) showed that bats caught, banded and
released near their colony were as likely to be recaptﬁred
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



using radioactive tags, Punt and Nieuwenhoven (1957) in-
creased the detection of returns.. |

By 1957, distance return rgcords were avéilable 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 eﬁough to demon-
strate accurate or direct homeward orientation by bats, as
opposed to waﬁdering and/or exploratory flights until "fami-

"' was reached. Mueller's (1963) studies of Myotis

liar area
luctfugus led him to postulafe 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

! 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) recognizeddtwo 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 loyalitf. 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 aﬁd distance of release
from colony. These findings confirmed those of Kowalski
and Wojtusiak, (1952), Mueller (1963), and Hassell (1963).
Release also apparently affected pércentages 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,



4
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 Eptestcus fuscus as possible
evidence for Type 3 homing (Table II).

Navigation by bat employing celestial, rotational, or
magnetic cues was rejected by Davig 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 blin&ed
bats versus normal controls (Mueller, 1963; Williams et al.,
1966, 1967; Davis and Barbour, 1966, 1969; Stones and
Brénik, 1969) reVealed no significant difference in percent
returns of blinded and non-blinded baté. .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 dirgct 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 ﬁhen released, but none homed, compared
to about 30% homing for confrols and blinded bats. R. Davis
(pers. comm.) reported that most of the bats he deafened

refused tb'fly.



Wilson and Findley (1972) suggested that homing might
result from a random process,.and chose a non-miératory 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 iﬁ'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
R, that ?rébability =’§§5:' 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, a7sumﬁer
colony of E. fuscus was investigated to determine whether
the W-F model is applicable té this migratory species. BE.
fuscus was chosen because females seem to have a high_loé-
ality loyality to the summer nursery -(Humphrey gjboﬁe,
1976). If the model is applicabie, familiar area can'be
determined, and possibly<hibernacula discovered, as E.
fuscus is usually a sedentary bat and migratory mqvements"
are not of great distances. Secéndly, the model was ap-
plied, where possible, to previously recorded-work. A
summary of other homing experiments is fbﬁnd in Table II.

Finally, anomalies .and non-random homing are discussed.
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- TABLE I

ACTUAL AND EXPECTED HOMING PERFORMANCE OF Myotis nigr<

DiStance (km) Number Released Number Returns Number E
3.5 17 | 16 17
5 12 11 12

10 17 12 17

16 - 12 4 3.

38 . 16 - 4 1.

50 | | 39 2 , 3.

104 | S o .

!Wilson § Findley (1972)



TABLE II
 SUMMARY OF PUBLISHED HOMING PERFORMANCES OF BATS

Distance Number Number Percent
(Miles) Released Returned Returns

Rhinolophus hipposideros

5.0 36 16 - 44 Issel (19
5.6- B 32 0 O "

iOO Kowalski

. aQ . . ) * . L) L) . . L) .
COOHPOUWUNDRRUING & W
NUPUNBRNNNPRNOORHFWNNN
FROOHRFRHONNNAMHOKMRNDNN -

7]
=

SFPOVONUVAUNUNUHUNDNIDNOOO

=



TABLE II (Continued)

Distance Number Number Percent
(Miles) Released Returned Returns

Macrotus waterhousii
42 ' 31 2 , 6  Davis (1

Phyllostomus hastatus

6.25 48 39 48 Williams
10 10 8 10
12 11~ 5 11
16 20 . 15 20
17 10 5 5
20 42 22 14
" 21 10 3 3
30 - 25 7 5
40 25 3 4
Myotis austroriparius
18 ‘ 80 18 23 Rice (19
31 25 2 8 - "
45 100 8 8 "
108 100 0 0 "
178 79 0 0 "

- Myotis capacciniti

1.2 9 ' 0 0 . Lanza (1



TABLE II (Continued)

Distance Number : Number . Percent
(Miles) Released Returned ~ Returns

Myotis dasycneme

3.7 5 : 3 : 60 Punt & Ni

Myotis daubeéntonti
4.4 _ 42 2 5 Punt § Ni

Myotis grisescens

38 - 225 48 22 Gunier §
75 ' 212 ‘ 59 27
100 : 50 8 16 Harvey, e
100 50 2. 4 ,
100 50 4 3
100 ‘ 50 3 6
56 ? 3 ? Tuttle (1
66 ? 6 ? ‘ A
68 ? 7 ?
80 ? 38 ?
130 ? 3 ?

Myotis keenii

8 | 1 1 : 100 Davis (1¢



TABLE II (Continued)

Distance Number Number . Percent
(Miles) Released ‘Returned Returns

Myotis lucifugus

100 ' 52 2 4 Cagle § C

- also Cc

20 40 16-18 80-90 Cope, Koc

(1961

4 ' 46 ? ? Cope, Mun
10 179 ? ?
66 59 ? ?
77 _ 229 ? ?
82 ) 66 ? ?
93 133 ? ?
107 181 ? ?
120 , ' 118 ? ?

12 - 113 5 4 Davis § H
12 : " 12 0 0
17 102 5 5
17 26 0 0
51 A 64 0 0

5 8 4 50 . Gifford §
10 158 55 35
15 331 43 13
17.5 10 0 0
20 10 5 50.
30 : 122 23 19



TABLE II (Continued)

Distance ‘Number Number Percent
(Miles) Released Returned Returns
Myotis lucifugus (Continued)
50 135 6 4 Gifford ¢
36 5 1 20 Griffin (
3 10 3 © 30 Griffin |
10 140 17 12
12 73 6 8
20 10 2 20
24 5 1 20
33 2 1 50
36 24 6 25
66 49 2 4
156 82 7 8
61 19 2 11 ~ Hitchcocl
3.2 93 37 - 40 Hitchcoclk
68 223 83 37 '
70 55 1 2
76 114 52 46
180 78 2 3
1.3 ? 1 ? Mohr (1972
2.8 ? 1 ?
12.5 ? 3 ?
30 ? 3 ?


http:Reynol.ds

TABLE II (Continued)

Distance Number - Number Percent
(Miles) Released Returned _ Returns

Myotis lucifugus (Continued)

12 : 200+ (all but 1) . 100 Mohr (194
25 162 0 0 Mohr (19
55 70 29 41 Mohr (195
250 ? 2 ? Reported
.3 60 54 . 90 - Mueller (
5 527 ' 295 56
10 151 66 44
15 786 ~ 377 48
20 128 49 ' 38
25 - 702 217 31
30 91 34 - 37
40 70 15 21
50 66 9 13
60 72 7 10
5 109 ‘ 60 55 Mueller §
10 58 30 52
15 57 - 16 , 28
20 60 ' 10 17
30 - ‘ 50 18 36
40 ‘ 50 _ 11 22
50 50 9 18
60 - 50 ' 8 16

10 20 4 : 20 Poole (16



" TABLE II (Continued)

Distance Number Number Percent

(Miles) Released Returned Returns
Myotis lucifugus (Continued)

18 10 0 0 Poole (1¢
270 34 2 6 Schramm ¢{
228 77 20 25 Smith § }

32 11 4 36 Stones §
Myotis myotis
114.9 27 0 0 Bels (19¢

10 1 1 100 Casteret
124 17 1 6

26 40 9 23 Eisentrat

95 22 1 5

27.9 ? ? ? Eisentrat

13 74 12 16 Issel (1

? ? 1 ? Krzanowsl
1.2 6 1 17 Lanza (1¢
5.6 3 1 33

11.2 4 1

25



TABLE II (Continued)

Distance Number " Number - Percent -
(Miles) Released Returned ~ Returns

Myotis mystacinus .
13 11 2 18 Issel as
3.7 10- ‘ 1 10 | Punt § Ni
Mgotis natterert
3.7 ? 1 ? Punt § Ni

Myotis nigricans

6.2 17 : 12 70 Wilson (1
2.2 17 16 i 94 Wilson §&
3.1 12 11 92
10 12 4 33
23.8 16 4 25
31.2 39 2 5
65 : 21 0 0

-Myotis oxygnathuse

82 15 1 7 Dulic (16
1.2 14 6 | 43 Lanza (1
5.6 6 3 50

11.2 6 1 17



TABLE II (Continued)

Distance Number Number Percent
(Miles) Released Returned Returns

Myotis sodalis

5 A 40 : 23 58 Davis § E
15 40 21 53
25 © 50 31 62
40 100 51 51
20 35 .10 29 Griffin (
150 44 2 ‘ 5
12 25 17 ' 68 Hassell (
24 25 16 - ] 64
36 25 14 56
48 25 9 36
60 51 16 . 34
72 49 8 16
84 - 50 9 18
96 , 75 9 12
108 ' 77 6 - 8
120 . 98 5 5
132 100 6 6
144 100 4 4
200 1472 555 38 ’ Hassel §

20 . 100 18 18 Mueller (



TABLE I1 (Continued)

Distance Number Number - Percent
(Miles) Released - Returned Returns
‘Myotis thysanodes
20 10 2 20 Davis (1
20 14 1 7
21 15 1 7
28 110 35 29
Myotis velifer
28 . 68 6 9 Cockrum
5 .
20 119 4 3 Hayward
38 72 3 4
40 ' 1 1 100
7 ' 52 1 2 Twente (
26 28 3 11
Laéionycterié noctivagans
107 3 1 33 Davis §
Pipistrellus pipistrellus
.5 3 3 100 Gyles (1
1.2 10 6 60 Ryberg (
6.8 303 7 2



TABLE II (Continued)

Distance

Number

Number Percent
(Miles) Released Returned Returns
Nyctalus noctula
1.9 30 7 23 Bels (195
3.1 28 7 25
24.8 29 16 55
28.6 30 4 13
71.4 30 6 20
77.6 - 29 10 35 .
86.9 30 2 7
103.1 30 0 0
104.3 28 3 11
114.9 60 2 3
6.2 ? ? ? Ryberg (1
13 ? ? ? -
23.6 ? 0 0
27.9 ? ? ?
147.2 10 1 10
Eptesicus fuscus
20 20 14-18 70-90 Cope, Koo
(196
40 47 15-19 32-40 '
100 11 8-11 73-100
250 36 31 . 85
250. 18 1 6
35 25 20 80 Davis (19
55 12 11

92



TABLE II (Continued)

Percent

Distance Number Number
(Miles) Released Returned Returns
Eptesicus fuscus (Continued)
102 5 4 80 Davis (1¢
105 61 15 25
120 9 4 44
328 22 1 5
500 78 0 0
15 32 9 28 Gifford ¢
54 13 0 0
19 6 5 83 Griffin |
95 9 2 22 Hall § D:
20 5 2 40 Howell §&
5 5 3 60 Phillips
15 11 3 27
20 12 5 42
40 23 7 30
45 7 1 14
10 98 10 210 Reynolds
340 18 2 11 Smith § (
450 155 7 5
60 8 2 25 Tibbetts



TABLE II (Continued)

Distance Number Number Percent
(Miles) Released Returned Returns
Eptesicus 3erotiﬁus
6.8 38 8 21 Havekost
22.4 ? 2 ?
Nycticeius humeralis
96 145 26 18 Cope § Hu
38 38 3 8
56 26 - ? ?
96 : 27 7 26 -
Barbastella barbastellus
3.7 ? 1 ? Punt § N
Plecotus auritus
37.3 9 2 22 Ryberg (:
Plecotus townsendii
28 54 4 7 Cockrum
23 -37 0 0 Davis (1
1 100

24 1



TABLE II (Continued)

Distance Number ‘Number Percent
(Miles) Released Returned " Returns

Miniopterus schreibersii

10 138 42 30 Casteret
124 1 0 0
12 1 0 ’ 0 - Lanza (1

Antrozous pallidus

1.4 2 2 100 - Davis (1

5 5 5 - 100
8 15 2 13

8 9 0 0
10 15 5 - 33
10 8 8 100
14 19 '8 42
14 17 8 48
14 20 2 10
14 10 2 20
15 6 0 0
19 5 4 80
21 48 33 69
23 9 2 22
25 9 8 90
30 19 8 37
30 17 10 59
30 18 6 33
30 20 14 70
30 - 16 8 50
30 24 6



. TABLE II (Continued)

Distance Number Number Percent
(Miles) Released Returned Returns

Antrozous pallidus (Continued)

32 112

2 2 . Davis (1
32 18 ' 12 67
37 11 2 18
37 8 3 38
42 6 2 33
49 6 2 33
49 2 1 50
50 : 20 8 40
50 34 2 6
51 7 3 42
55 27 12 44
55 . 12 ‘ 1 8
56 ~ 20 9 45
58 3 0 0
59 6 1 17
59 10 3 30
62 _ 3 "0 0
63 2 0 0
68 12 3 25
68 7 2 29
.70 5 1 20
"~ 80 21 0 0
92 20 0 0
102 14 0 0.
108 26 1 4
328 6 0 0



TABLE II (Continued)

Distance Number Number Percent
(Miles) Released - Returned Returns

Tadarida brasiliensis

5 216 48 22 Davis (1€
- 64 27 42
10 60 25 42

19 ' 59 17 29 -

21 8 1 13
30 29 6 21
30 21 5 24
30 28 3 11
30 26 1 4
37 40 1 3
38 ‘ 91 27 30
42 59 18 31
49 ‘ 3 0 0
51 _ 2 0 0
55 14 1 7
55 -2 0 0
55 38 0 0
55 341 23 7
56 7 5 71
59 61 17 28
65 : - 89 23 26
76 3 1 33
108 25 5 20
108 ' " 94 22 23
- 195 69 22 32
-2 13

328 : 16
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TABLE II (Continued)

Distance Number Number Percent
(Miles) Released Returned Returns )
Tadar{da brasiliensis (Continﬁed) |
85 19 9 47 LavVal (1
60 6 ' 1 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).

26



MATERIALS AND METHODS

Study Site

The Eptesicus 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 betﬁeen them, both
were considered as a siﬁgle nursefy. 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 rodst (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 weré used to capture bats.
The mist net was mounted on two 3/4" x 96" aluminum poles
set in the ground. The only ﬁajor modification to the bat
trap was the use of 1/2 1b. test monofilament nylon fishiﬁg

leader in place of the recommended wire. Netting times
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A = chimney roost

B = attic roost

B
x
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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 éxtra 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 (Buchler, 1976). Tem-
porary marking wés done by punchmarking the right chiro-
patagium (Bonaccorso and Smythe, 1972) and dying the holesA'
with a white liquid dye, normally used for ear branding
cattle. Plastic wing bands (BOnaccorso,Aet al., 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

-
»5,
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experiments. When possible, released bats were also ob-
served as long as possible by using a hand-held Bushnell

40X spbtting scope.

Transportation And Release

Only adults were used in homing experiments. Ten
bats per release site were transpofted 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. vCare was taken to be
certain each bat was flying and gone from view before leav-
ing the'reléase site. Returns wereAnotéd by recapture at
or near the nurséry colony. Time of return within the
period of sfudy 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 HéiiosR
Vernier dial calipers. Each individual was inspected for.
parasites and wiﬂg damage. Dates were noted for‘partufi-
tion and first capture of young. A Schnabel population in-
dex was:  used to esfimate changes in populations of the

colony itself, and in numbers of<femaiés, males, and of



.31

juveniles as a group and by sex (Giles, 1971). Cyalumeg
was used for determining individuals in the nursety after

the young were weaned.

Application Qf W-F Model To Data From Published Studies

The W-F model was applied to published studies that
presented sufficient data for its use., X? values are cal-

culated, (P 2 0.010), and reported in the tables.



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 IIia contains the
homing results. The diameter'df'both areas is approximafely
20 mi, well within the expected range previously recorded

for known movements of this species.

Rhinolophus hippsideros

Strelkov (1969) and Roer (1972) reported that this
species is relatively sedentary. Issel (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? tests are shown in Table IIID, and‘Figure
4, and suggest that returns are probably random. Issel's
(1950) reéults could not be used in this test because -

~ specific returns from specific distances were not available.

Macrotus waterhousii

Only one homing test is reported, not enough for the
X? evaluation (0 degrees of freedom). Barbour and Davis
(1969) report M. waterhousii as sedentary, mo#ing 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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Figure 3b. Indicated familiar area by homing returns

of Camp Namanu bats.



TABLE Illa

RETURNS OF CAMP NAMANU BATS WITH NUMBERS OF RELEASES AND RETURNS FROM E.
IN RELATION TO DISTANCE AND DIRECTION. X2 VALUES FOR ACTUAL AN]
EXPECTED RETURNS ARE CALCULATED

Released Released Direction ’ Returns Returns
Total from from & Total from from
Released Attic Chimney Distance Returns Attic " Chimney
10 6 4 10 mi S. S 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. S ‘4 1
10 6 4 15 mi N S 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

TOTAL



5%

TABLE IIIb

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Rhinolophus hippside:

Distance (Miles) Number Released Number Returns Number Expected
.001 2 2 2
.003 | 2 | 2 2
.007 S 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
5.7 2 0 0

E=Y

(2]

L3N]
b
o

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

14.9 7 . 1 0

!Kowalski § Wotjusiak, 1952 : TOT:
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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.g., 36% recoveries
x 11 = 3.96 or 4, the closest to an integer of 36% of any

number from 5 to 22.

Myotis austrioriparius

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 capaccinii, M. dasycneme, M. daubentoni, M. keent,

And M. natterert

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 Phyllostonus

Distance (Miles) Number Released* =~ Number Returns Number E:

6.25 | 48 39 41
10 10 8 | Y
12 11 5 ' 1:
16 20 15 21
17 | | 10 5 |
20 | 42 | 22 Y
21 | 10 3
30 | 25 7 o
40 25 | 3 | :

*The above figures are as close as can be determined from the litera
figures as to actual numbers were given.

!williams, et al., 1966, 1967.
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TABLE V
ACTUAL AND EXPECTED HCMING PERFORMANCES OF Myotis austrc

Distance (Miles) Number Released Observed Returns Expecte

18 80 | 18 o 1
31 | 25 2

45 100 8 <
108 ' 100 - 0

178 : 79 0 ' . :

!Rice, 1957
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complicating'the issue of an adequate test for this species

(Lauffens, 1973).

Myotis grisescens

Tuttle (1961) did not repdrt 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 southwafd 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. grisescens.

Myotis lucifugus

Data from Mueller (1963) shows returns are not random '
Data 1nd1cate 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)‘givé 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 Myotis gri:

Distance (Miles) Number Releases

Number Returns Number E:
100 50 8 5
100 50 2 5
100 50 4 5
100 50 ‘3'. 5

'Harvey, et al., 1976.



TABLE VII
ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis gr<.

Distance (Miles) Number Releases Number Returns Number E.

38 " 225 48 5

75 | 212 59 o

! Gunier and Elder, 1971.



TABLE VIII
ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis Luc

Distance (Miles) Number Releases Number Returns Number E

12 54 6 9

17 42 5 5

1Hitchcock and Davis, 1965.
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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 drainagé, and at distant releases near the
river one might expect adults to attempt to follow it, sug-
gesting a 50% probability of feturn. Using this premise,
Table IX indicates homing was fandom at distant releases iﬁ
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 frdm 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 luc

Distance (Miles) Number Releases Number Returns Number E
76 88 - 47 4
68 _ 66 | 30 3
68 82 37 4

!Hitchcock § Reynolds, 1942,



TABLE X

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis Lluc

Distance (Miles) Number Releases Number Returns Number E
10 58 30 2
15 57 16 1
20 60 10 1
30 50 18 1
40 50 ll
50 50 9
60 50 8

'Mueller and Emlen, 1957.
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Myotis myotis

A1l 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 1is

probably random.

Myotis mystacinus

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 tStrelkov, 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., 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.

Myotie sodalis

Hassell (1963) reports migratory movements of about
30-36 mi among bats which he used in the homing experiment
(other M. sodalis migrate up to 200 mi North from this

hibernacula). Using 36 mi as a radius of familiar territory



ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis m

- TABLE XI

Distance (Miles) Number Releases Number Returns Number E
| 1.2 6 1 6
5.6 3 1 1
ig.z 5 x 1
- 13 - 74 12 9
26 40 9 6
95 22 1 1
115 27 0 0
124 17 1

1 Eisentraut, 1936; Casteret, 1938; Issel, 1950; Bels, 1952; Lanza, 1
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TABLE XII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis mys

Distance (Miles) Number Released Number Returns Number E
3.7 10 1 ' 1
13 , 11 2 : 1

'punt § Nieuwenhoven, 1957; Issel as by Roer, 1960.



TABLE XIII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis oxy

Distance tMiles) Number Released Number Returns Number E
1.2 14 | 6 14
5.6 6 3 | 3
11.2 6 1 . 1
82 15 _ 1 1

lLanza, 1958 and Dulic, 1957.
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(all were released from the west) an& assﬁming, M. sodalis
use the Ohio drainage as possible gld to nav1gat10n (Hall,
1962), probability determ1£at16n 1$ciué;s the possibility of
flying to the river and then follow1ng 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 thysanodes

Davis (1966) provided the only 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 studylgroﬁp is from 4

to 22 mi, with approximately 11 mi as a mean.

Myotzs velifer

Only 4 experiments of Twente (1955L 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_ﬁnes from Hayward (1961), Twente (1955),

and Cockrum (1956) are sedentary, a radius of 4-5 mi of



.

TABLE XIV

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis scdalis?

Distance (Miles) Number Release§ Number Returns Number Expected
5 ' 25 17 25
12 ' 25 16 A 25
15 20 24 20
24 25 16 25
25 ' 25 17 . 25
36 25 14 13
40 . 50 35 . 50
48 25 9 9
60 - s1 16 15
72 ) 49 8 12
84 . 50 9 10
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
TOTA!

'Hassell;, 1963; Hassell and Harvey, 1965; Barbour § Davis, 1965.
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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.

Nyctalus noctula

Ryberg's (1947) information is incomplete, but he does
report that N. noctula 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 (migrétory?) of N. noctula
from the Netherlands, as opposed td flights over only a very
short distance (less than S mi). Strelkov (1960) compares
the long flights from the Netherlands to those of migration-
in the U.S.S.R. as béing 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‘gréater than five miles
should contain equal numbers of the population and those
with a ionger migratory range should homevat 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'frbﬁ the long migrators
(about 60 mi) and 1/2 from the.short migrators (aboﬁt 5 mi),

the returns and X? values do not indicate randomness in



TABLE XV
ACTUAL AND EXPECTED HOMING PERFORMANCES OF Myotis ve

Distance (Miles) Number Releases " Number Returns Number E
7 52 1 ) 10

26 28 3 1

28 68 6 3

38-40 . 73 3 2

1Twente, 1955; Cockrum,‘1956; Hayward, 1961.
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homing for N. noctula. |
If assumptions are made that all of the colony is
composed of either long or the short migrators, the X?
values still indicate that the Wilson and Findley model

does not fit for randomness.

Plecotus townsendii

Pearson, et az.; (1952) recorded migrétory 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 geénus Plecotus. A familiar area
for Western P. townsendii appears to be about 20 mi. Table
XVI displays resdlts of Cockrum (1956) and Davis (1966) to
be random for this species, if a diameter of 10 mi is as-

sumed.

Eptesicus fuscue

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 mﬁy be composed of many subcolonies, migrat-
ing in different hirections (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 énd Davis (1958), and Gifford ahd Griffin,
(1960). Tables XVII, XVIII, and XIX énd Figufés 11, 12, and



TABLE XVI
ACTUAL AND EXPECTED HOMING PERFORMANCES OF Plecotus to

Distance (Miles) Number Releases Number Returns Number E:

23-24 . 38 1 5

28 | 54 4 ) 6

1Davis, 1966 and Cockrum, 1956.



TABLE XVII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Eptesicus

Distance (Miles) Number Releases - Number Returns Expecteq
5 5 3 - !
15 11 3 ' z
20 h 12 : ‘ 5
40 23 7

45 ‘ 7 1

- 1Phillips, 1966.



TABLE XVIII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Epiesicus

Distance (Miles) Number Releases Number Returns Expecte
15 : - 38 , 13 1.
19 6 : 5 1
20 5 2 :
54 13 - 0 .
60 8 : 2 | :
95 - | 9 | | 2 J

1Gifford § Griffin, 1960; Hall § Dav1s, 1958; Howell § Little, 1924
Tibbetts, 1960.



TABLE XIX

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Eptesicus f

Distance (Miles) Number Releases Number Returns Number E>
20 18 18 y
40 47 19 4
100 ' 11 11 ]
250 54 32 y

! Cope, Koontz, § Churchwell, 1961.
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and 13 indicate réndomness 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) indicgte 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 édge 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 Plecotus auritus

Insufficient data again prevent application of the
W-F model. RybergA(194l) 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 (1966j 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 Eptesicus

Distance (Miles) Number Released Number Returns Number I

35 25 20

55 12 ) 11
102 5 o 4
105 61 15
120 o 4
328 . 22 - 1
500 - ' .78 ' 0

1Davis, '1966.
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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.
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TABLE XXI

ACTUAL- AND' EXPECTED HOMING PERFORMANCES OF 4ntrozous

!

Distance (Miles) Number Releases Number Returns Number
5 5 5
10 5 5
19 4 . 4
42 6 - 2
59 6 1
108 ' | 19 1

iDavis, 1966 . - -



TABLE XXII

ACTUAL AND EXPECTED HOMING PERFORMANCES OF Antrozous pallidus?

LY

Distance (Miles) Number Releases Number Returns Number Expected

-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 ) 1 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 T 14 0 1
328 6 0 0

TOTAL :

! Davis, 1966
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- DISCUSSION

Applicétion 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 (Typé 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 nearhy roosts where re-
turned bats may have gone because of disturbance (Griffin,
1940a).

Homing data from the E. fuscus in thiéistudy 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 consistedAof 2 separate
day roosts, between which individuals were known to move.
During the 2 weeks immediqtely after parturition, when trap-
ping and mist-netting Weré 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



77 -
and Davis, 1969; Humphrey § Cope, 1976; Griffin, 1940 a, b).

Several checks of the roosts on warm dafs 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 sucﬁeés is only
about 3%.

Movement through familiar territory is probably ac-
complished by a combination of echolocation, vision, and
memory. Blinded bats returh from shorter distances at
aboﬁt 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 topdgraphic features.
Griffin (1958) and Heerdt and Sluiter (1968) reported the
aBility of bats to memorize cues and létgr to use the memo-

rized information.



'CONCLUSIONS

Comparisons of homing success bétwgen juveniles and
adults (Hitchcock and Reynolds, 1942; Davis, 1966) indicate
that flight, migratory-area and wandering movements expand
the faﬁiliar area for adults. The facts that bats fly cer-
tain patterns coﬁsistently (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 microchiropteran species. Some species
do not depehd on echolocation for navigation; most, however,
do. Likewisé, most microchiropterans may home randomly from
unfamiliaf territqu 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 microchiroptefan flight
ability and navigation across terrain from hibernacula is
probably based on memory, vision and echoloﬁation. 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 bfeadth, wingspan, and total length to be
significantly smaller for malés 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 significéntly 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
deviafion (SD) and variance (V) for each sex ére'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 CAl
WITH THOSE OF PATTERSON AND DAVIS (1968)

E. fuscus from Camp Namanu

- FEMALES .

No. M SD. \' No. M

Forearm 74 47.9 1.947 4.05 21 46 ..

E. fuscus from Patterson and Davis (1968)

Forearm 92 47.8 = 1.433 3.10 ‘ 32 46.
Body | 92 76.4  3.024  3.96 - 32 67.
Total Length - 92 122.3 4.480  3.65 32 115,

- Tail - - 92 45.8 2.837 6.19 ‘ 32 44,
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APPENDIX B
' NATURAL HISTORY NOTES

Behavior

The flight of E. fuscus 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 pdnd, and the section of
the river that coincided with the aforementioned feeding
site. Although data were insufficient for analygis, it ap-
peared that the bats preferred a specific feeding site (as
noted by Barbour and Davis, 1969), and a specific drinking
site. -

Ibually one or two bats emerged at a time, beginning
at about’S min past civil sunset. Bats often continued td
emerge for over two hours (Fig. 18). Immediately after
emergence a short circling flight occurred, folibwed 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. fuscus over a

water hole.
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Figure 17. Preferred feeding and drinking sites of Camp Namanu. bats.
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A study of the colony's guano was not coﬁducted; how-
ever one insect eaten was fhe flying carpenter ant. Handley
- (1956) and Wilson (1958) reported finding big brown bats
each with the head of an ant firmly atfached by‘its mandibles
to the side of the bat's face. We captured 3 such Bats dur-
ing the ants' flying period, two females with the ant head
attached to the lower lip, and a male with one attached to
his ear. Preference was exhibited by individual bats for
one of the two day roosts. However, excessive disturbance
{a combination of workers and campers) at certain times pro-
bably caused movement from one roost to the other. Exchange
was noted between both roosts. No rejection or aggression

to outsiders from either roost was seen.

Male Populations

Before females gave birth, the number of males present
in samples was approximately 36% of the total. Postnatally,
their numbers dropped to 17%. As the young became volant,
numbers of males increased until . they once'égaih reached

about 30%.

Ectoparasites

Barbour and Davis (1969) report mild to destructive
lévels of mites and Cimex piZoseZZué in E. fuscus nursery
colonies. Various species of fleas have also been reporfed.
Careful search of each bat captured produced only 5 mites,

one flea, and 2 C. pilosellus. No ectoparasites were 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.

Reproduction And Growth

Barbour and Davis (1969) indicate that partufition ’
time varied with latitude (Table XXIV). In this 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. fuscus 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 séparation 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.

| Populétion numbers could only be estimated by capture-

recapture methods, due to the inaccessability of one portion



PARTURITION VARIANCE OF E.

TABLE XXIV

fuscus BY LATITUD

LOCATION LATITUDE DATES
Louisana 32° North Lat May Gates
San Diego, Ca. 33° North Late May Krutz
Los Angeles, Ca. 34° North Mid-June Howel
Central Kentucky- 38° North Early June . Davis
Maryland 39° North Late May Chris
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 vEérly-Mid July Griff
Western Oregon 45° North Early July (?) Baile
Portland, Oregon 45°% North Early July This
Montana 46° North - Early July Jones
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TABLE XXV

JUVENILE FOREARM MEASUREMENTS OF E. fuscus FROM CAMP NAMAN

RANGE MEAN PERC

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 = Mf& where N is the total estimated, M is the
number previously marked in the popﬁlation, n is the number
captured and x is the number of captures marked, was used.
The adult fémale 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. fuscue 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 yoﬁng per female would be 6,74, 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. Oﬁe
factor which could be responsibleAfor a large postnatal loss
was a 1l0-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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