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Abstract 
During the summer of 2004, as part of the Tier II Environmental Impact Statement (EIS) for the 
proposed 1-69 corridor from Evansville to Indianapolis, 29 sites within Section 6 were mist- 
netted to determine the presence/absence of the federally endangered Indiana bat (Myotis 
sodalis) and the state endangered evening bat (Nycticeius humeralis). A total of 253 bats 
representing seven species were captured. Indiana bats were captured at 8 of the 29 sites. 
Transmitters were attached to five Indiana bats, resulting in the location of four roosts. Most 
notable of the four roosts was a powerpole used as a maternity roost and a dead ash (Fraxinus 
sp.) located approximately 375 ft from the existing SR 37. 

Key words: Indiana, Indiana bat, Myotis sodalis, evening bat, Nycticeius humeralis, 
Martinsville, Interstate 69, telemetry, maternity roosts 
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INTRODUCTION 

The United States (U.S.) government 
protects endangered and threatened species 
under the Endangered Species Act of 1973 
(ESA, 16 U.S.C.A. 1531-1543, P.L. 93-205. 
The primary goal of the ESA is to provide a 

means whereby the ecosystems upon which 
endangered species and threatened species 
depend may be conserved. 

Pursuant to Section 7 of the ESA, the 
Indiana Department of Transportation 
(INDOT) has initiated consultation with 
applicable federal and state agencies to 
assist in meeting requirements of the ESA 
regarding the occurrence of endangered, 
threatened, and protected species along the 
proposed 1-69 project alignment. This 
report is the result of said consultation. 

The Indiana bat (Myotis sodalis) was added 
to the U.S. list of endangered and threatened 
wildlife and plants on March 11, 1967 due 
to drastic declines in the species' population. 
Critical habitat was designated September 4, 
1966 which protected 11 caves and 2 mines 
in 6 states throughout the range of the 
Indiana bat. These caves and mines were 

located in the following states: Illinois 
Indiana- 

Kentucky- 

Missouri 

 Tennessee 
 

and West Virginia 
Despite conservation 

and management of critical habitat 
(hibernacula), Indiana bat populations have 
continued to decline (Clawson, 2001). 

In support of the Tier II Environmental 
Impact Statement (EIS) for Section 6 of the 
proposed 1-69 from Evansville to 
Indianapolis, Indiana, Ecological 
Specialties, LLC (ES) was contracted to 
conduct summer mist net surveys for the 
Indiana bat and evening bat (Nycticeius 
humeralis). ES conducted the 
aforementioned mist netting under Federal 
Endangered Species Permit No. TE- 11301-0 
and State of Indiana Division of Natural 
Resources Permit No. 3036. 

PROJECT LOCATION 

The aforementioned project corridor is 
located within the Tipton Till Plain section 
of the Central Till Plain Natural Region of 
Central Indiana, as well as the Brown 
County Hills section of the Highland Rim 
Natural Region (Figure 2). Located within 
the Central Lowland Physiographic Region, 
a level or slightly undulating plain crossed 
here and there by broad, low ridges, the 
Central Till Plain is the largest natural 
region in Indiana, extending south from the 
Wabash and Eel fiver drainages to the 
southern-most boundary of the Wisconsinan 
ice sheets. This section's deep, fertile 
glacial soils once supported vast beech, 
maple, oak, ash, and elm forests. However, 
these pre-settlement forests now only exist 
in remnants scattered through the region 
(Jackson, 1997). 
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The Highland Rim Natural Region extends 
north from the Ohio River to the 
approximate southern extent of the 
Wisconsinan glacial maximum. This region 
is predominantly forested, rugged, and 
biologically rich. As a major section of the 
Interior Low Plateaus Physiographic 
Region, the highland rim contains some of 
the most rugged terrain east of the Rockies. 
The Interior Low Plateau is a hilly area that 

was never glaciated by the ice sheets. Long 
subjected to erosion, it is an area of sharp 
ridges, deep gorges and scenic waterfalls. 
There are also numerous caves and 
sinkholes, which have been formed in places 
where water action has dissolved the 
underlying limestone of the plateau 
(Jackson, 1997). 

NATURAL HISTORY 

Summer Habitat 
Summer habitat includes mature riparian 
and adjacent upland forests, preferably with 

a full canopy and open understory (MDC, 
1999). Indiana bats roost and establish 
maternity colonies primarily beneath loose 
bark (exfoliating) of hickories (Carya spp.), 
oaks (Quercus spp.), elms (Ulrnus spp.) and 
ash (Fraxinus spp.) trees, and may also 
utilize the cavities of living and dead/dying 
trees (MDC, 1999). The physical 
characteristics of trees dictate their 
suitability as roosts, including the presence 
of bark that separates from the main trunk of 
dead, dying, or injured trees. However, 
space between exfoliating bark and the bole 
of the tree appears to be the primary 
characteristic needed for bats to use a 

particular tree. Some tree species, such as 

shell and shagbark hickories, provide 
adequate bark characteristics in mature, 
living trees. 

While it is generally accepted that Indiana 
bats use floodplain and riparian forests for 
their primary habitats during the summer, 
research has also indicated the importance of 
upland forest in the Indiana bat's natural 
history. Several studies have found that 
upland forests are important areas for roost 
locations (Clark et al., 1987; Gardner et al., 
1991; Callahan et al., 1997, MacGregor, 
2001). 

Indiana bats tend to exhibit annual site 
fidelity, returning to the same roosting and 
hibernation sites, and often the exact 
maternity trees (MDC, 1999). Although 
maternity roosts are usually assumed to 
consist predominantly of females and young 
[or gravid females before parturition (giving 
birth)], males and reproductive females have 
also been documented within the same 

roosts (Hendricks, unpublished, 1991). 
Colonies ranging from single bats (mostly 
males) to more than 140 individuals have 
been found (Hendricks unpublished, 1991). 

Considerable data are being collected 
regarding the use of alternate roosts by 
Indiana bats. Apparently, there is a 

tendency for colonies to use multiple roost 

trees; colonies have been documented using 
as many as 17 roost trees (USFWS, 1999a). 
These trees are described either as primary 
or alternative roosts, depending upon the 
proportion of time that the colonies spend at 
each roost. Most colonies have at least one 

primary roost, often as many as three. 
Populations often have multiple primary 
roosts, located as far apart as 1.8 miles 
(Callahan, 1993). The use and importance 
of alternative roosts is yet to be fully 
understood; however, the existence of 
alternative roosts suggests that not only are 

single trees important to the species, but that 
forested areas within several miles of roost 
trees may be integral to the species' success. 
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Apparently, alternative roosts are used 
during periods of precipitation or during 
other inclement weather conditions. 

Parturition occurs in late June and early July 
(Easterla and Watkins, 1969; Humphrey et 
al., 1977). The young become volant 
(capable of flight) between mid-July and 
early August (Mumford and Cope, 1958; 
Cope et al., 1974; Humphrey et al., 1977; 
Clark et al., 1987; Gardner et al., 1991; 
Kurta et al., 1996). 

The foraging areas of Indiana bats include 
tracts of floodplain forests and riparian areas 

up to approximately 524 acres (MDC, 
1999). Foraging areas include areas in and 
around the tree canopy in floodplains, 
riparian forests, and upland forests. In 
riparian situations, Indiana bats forage 
around stream corridors and associated 
bottomland forests. Impounded bodies of 
water, streams, and their associated 
bottomland forests are considered preferred 
foraging areas for gravid and lactating 
female Indiana bats (USFWS, 1999a). 
Often, these bats fly up to 1.5 miles from 
upland roosts to forage in their preferred 
foraging areas (USFWS, 1999a). 

In upland situations, Indiana bats forage 
among the canopies of upland forests, 
upland ponds and waterholes, and often- 
times along the borders of agricultural fields 
and pastures (USFWS, 1999a). 

The range of a colony's foraging habitat 
from roost trees varies from 0.5 to 0.75 
miles (Belwood, 1979; Cope et al., 1974; 
Humprey et al,. 1977; Cope et al., 1978). 
According to Gardner et. al. (1991), Indiana 
bats exhibit fidelity to their foraging areas, 
often returning nightly. 

Based upon an initial investigation of the 
study area, much of the area contains 

summer habitat that is suitable for the 
Indiana bat. Those areas that might 
comprise suitable habitat include forested 
wetlands, upland oak/hickory forests, and 

open fields. 

Winter Habitat 
Mating occurs in the fall of each year at the 
hibernacula. According to the USFWS 
(1999a), males remain active at the 
hibernacula longer than the females. This 

may be to mate with females as they arrive. 
The females store sperm through the winter 
and become pregnant through delayed 
implantation after emerging in the spring. 
Young females can mate their first autumn. 

Indiana bats hibernate in caves or mines 
with a relatively specific winter temperature 
range of 37 to 43 degrees Fahrenheit (°F). 
Relative humidity in preferred caves is 
usually above 74 percent, but below 
saturation (USFWS, 1999a). Both 
temperature and humidity appear to play 
important roles in successful hibernation of 
the Indiana bat. 

Specific features and morphology of caves 

determine their suitability for use by Indiana 
bats by influencing the temperature and 
humidity microclimates. The importance of 
existing, known hibernacula, is evidenced 
by the unique conditions that create the 
temperature and humidity conditions 
favored by hibernating Indiana bats. 
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METHODS 

Standard mist netting techniques were used 
during this study. The apparatus described 
by Gardner et al. (1989) is likely the best 
overall description of an effective mist net 
setup to date. Apparatus commonly used by 
ES closely follows that described by 
Gardner et al. (1989) and the USFWS Mist 
Netting Guidelines. 

Mist netting locations were selected prior to 
the main field phase of the project, although 
there was flexibility for additional or 

alternate sites. Typical mist netting 
locations included road corridors, stream 
corridors, water holes/ponds/road ruts, and 
other areas as determined by the Principal 
Ecologist. 

The USFWS Mist Netting Guidelines (Table 
1) provided considerable guidance with 
respect to what qualifies as a minimum 
approach to mist netting. Two net sites, 
netted for two nights, are required for each 

square kilometer of habitat. It was 

determined, through consultation with the 
USFWS, that 29 net sites (Table 2, Figure 1) 
would provide adequate coverage for the 
Section 6 study area (Martinsville to 
Indianapolis). 

Suitable netting locations were finalized by 
the Principal Ecologist immediately prior to 
commencement of netting activities for each 
separate survey area. William D. 
Hendricks, Principal Ecologist with ES was 

responsible for location of mist netting sites, 
adherence to protocol, and identification of 
captured bats. John Timpone, Project 
Biologist, supervised field crews and 
ensured data integrity. 

Radio Telemetry 
Telemetry for bats consists of specialized 
equipment. Very small transmitters are 

needed to avoid overloading myotine bats, 
which typically weigh approximately 6 

grams. Current USFWS guidance dictates 
that transmitters for Indiana bats weigh less 
than 0.8 grams. Appropriately sized 
transmitters (approximately 0.6 grams) were 

obtained from Wildlife Materials, Inc. 
(Carbondale, Illinois). Hand-held yagi 
antennas and TRS-1000S receivers were 

used to locate transmitters (Wildlife 
Materials, Inc.). Skin Bond© non-toxic 
surgical adhesive was used to attach the 
transmitters to individual bats. 

Radio transmitters were affixed to captured 
female and male Indiana bats using standard 
techniques; lightly trimming the fur on the 
dorsal surface of the body and adhering the 
transmitter to the bat with Skin Bond ® non- 

toxic surgical adhesive. The decision to 
affix transmitters to juvenile Indiana bats 

was dependent upon the perceived vigor of 
the individual and the discretion of the 
biologist. 

AnaBat Technology 
AnaBat Technology (Titley Electronics, 
Australia) was used to supplement the mist 
netting efforts. The AnaBat System 
equipment (AnaBat II Detector, ZCAIM 
Zero Crossing Analysis Interface Module, 
and supporting software) is capable of 
converting ultrasonic echolocation calls of 
bats into audible signals which can be 
processed and used to aid in the 
determination of species. AnaBat data were 

collected at six sites: 3, 5, 6, 24, 27, and 29. 
These data are being provided to the 
USFWS for analysis. 
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RESULTS 

During the period of July 12 through July 
28, 2004, ES personnel mist netted a total of 
29 locations distributed throughout the 
Section 6 study corridor. These sample sites 

are represented in Figure 1. 

Roost trees were classified based upon the 
radio-tagged individual that was tracked to a 

roost. Thus, a maternity roost would be 
defined as a roost to which a radio-tagged 
lactating female Indiana bat was tracked. A 
male roost is defined as a roost to which a 

radio-tagged male was tracked. No adult 
males were radio-tagged during this study. 

A total of five radio-transmitters were used 
during the study. Transmitter failures 
occurred on two occasions: once after 
already locating the roost of a lactating 
female and once immediately following the 
release of a radio-tagged female. One 
juvenile male was radio-tagged at Site 10. It 

was heard three nights later in the general 
vicinity of the capture site, but its location 

was never verified. The adult female radio- 
tagged at Site 19 was released and never 

heard from again. Considerable frequency 
shift was noticed on transmitters prior to 
release. It is possible that frequencies 
changed enough on these two transmitters 
after release to make recovery extremely 
difficult. A more detailed discussion of the 
radio-tagged bats and their associated roosts 

can be found below. 

It should be noted that it is assumed that the 
bats emerging from each roost tree are all 
Indiana bats. Without actually catching 
each bat, it would be impossible to be 
certain. Although Indiana bats are known to 
roost with other species (Butchkoski and 
Hassinger, 2001), the approach of this study 
was to treat each roost as if it were inhabited 
solely by Indiana bats. 

Mist Net Results 
A total of 253 bats were captured 
representing seven species, including big 
brown bat (Eptesicus fuscus, n=67), red bat 
(Lasiurus borealis, n=25), little brown bat 
(Myotis lucifigus, n=72), northern long- 
eared bat (Myotis septentrionalis, n=21), 
Indiana bat (Myotis sodalis, n=10), evening 
bat (Nycticeius humeralis, n=28) and 
Eastern pipistrelle (Pipistrellus subflavus, 
n=30) (Table 3). Indiana bats were 

captured at 8 of the 29 sites; evening bats 

were captured at 4 of the 29 sites. 

Maternity Roosts 
The first female lactating Indiana bat was 

tagged on 14 July, 2004 at Site 7/Net 1 (Tag 
No. 203). This individual was tracked using 
radio telemetry to a maternity roost (Roost 
No. 203R1) approximately 

(Photo 1) 
(Table 4). The roost was a dead ash snag 
(Fraxinus sp.). An emergence count was 

conducted and a total of 64 bats emerged 
from the roost tree during the first count. 
Subsequent counts (five counts total) ranged 
from 23 to 67 bats emerging. As the bats 
emerged, they traveled southeast along the 
unnamed tributary located adjacent to the 
roost tree. 

A post-lactating female Indiana bat captured 
July 17, 2004 at Site 14/Net 1 (Tag No. 105) 
was tracked to a second maternity roost 
located in a large power pole (Roost No. 
105R1) approximately 

(Photo 2). Site 14 was located beneath 
The 

initial emergence count yielded 90 bats 
exiting the pole. During the following four 
nights, the emergence count ranged from 98 
to 109 bats. The radio-tagged bat roosted in 

an alternate roost (Roost No. 105R2, Photo 
3), approximately 
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Emergence counts for this alternate roost 
ranged from 1 to 29 bats exiting a shagbark 
hickory (Carya ovata) over three nights of 
observation. According to Hendricks 
(2001), this is the second time a maternity 
roost has been located in a power pole. 

The fourth maternity roost (Roost No. 
022R1) was located on July 15, 2004 after 
tracking a post-lactating female captured at 
Site 8/Net 1 (Tag No. 022). The roost was 

located in a dead elm (Ulmus sp.) within the 
(Photo 4). 

This roost was approximately 
Evening counts ranged from 11 to 

15 bats emerging from underneath 
exfoliating bark. 

Bridge Survey Results 
Eighteen bridges were inspected as part of 
this study (Table 5); however, bats were 

present under only two bridges. On July 24, 
2004, eight big brown bats were observed 
under the bridge over 

 while only six were observed on 

July 25, 2004. Additionally, on July 21, 
2004, a group ranging from 3 to 20 big 
brown bats occupied the bridge over 

DISCUSSION 

As previously noted, the purpose of this 
study was to determine the presence/absence 
of the federally endangered Indiana bat and 
the state endangered evening bat within the 
proposed 1-69 corridor from Evansville to 
Indianapolis; specifically, this study mist- 
netted 29 sites along the Section 6 corridor 
between Martinsville and Indianapolis, 
Indiana. 

In addition to determining presence/absence 
of the aforementioned species, this study 
also evaluated the roosting habitat within the 
Section 6 study corridor, as well as the 
nighttime use of bridges as roosts. 

During the course of this study, 10 Indiana 
bats and 28 evening bats were captured at 
the 29 mist net sites. Of the 10 Indiana bats 
captured, four reproductive females, five 
juveniles, and one non-reproductive male 

were identified. Additionally, based on the 
locations of the sites where Indiana bats 

were captured (Figure 2), it appears as 

though this species is utilizing suitable 
habitat throughout the project area. 

Six of the captured evening bats were 

identified as males, while 17 were identified 

as females. Of this, all six males identified 

were juveniles; five of the females were 

juveniles; eight of the females were adult 
reproductive females, while four were non- 

reproductive females; and the sex and 
maturity of five of the captured evening bats 
is unknown. The mist net sites where 
evening bats were captured, although few, 
are concentrated in the central portion of the 
Section 6 study corridor (away from 
Indianapolis and Martinsville), indicating 
that this species may tend to avoid human 
disturbances. 
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“Figure 1. Mist net site locations” has been removed for confidentiality reasons related to the 
federally endangered Indiana bat.  
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“Figure 2. Indiana bat and evening bat locations” has been removed for confidentiality reasons 
related to the federally endangered Indiana bat. 
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“Figure 3. Roost site and originating mist net site locations” has been removed for confidentiality 
reasons related to the federally endangered Indiana bat. 
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Table 1. U.S. Fish and Wildlife Service Mist Netting Guidelines (1999) 

1. Netting Season: 

a. May 15 to August 15, when Indiana bats occupy summer habitat 

2. Equipment (Mist Nets): 
a. Constructed of the finest, lowest visibility mesh commercially available monofilament or black 

nylon with mesh size approximately 1.5 inches (38 mm) 
3. Net Placement 

a. Mist nets extend approximately from water or ground level to tree canopy and are bounded by 
foliage on the sides. Net width and height are adjusted for the fullest coverage of the flight 
corridor at each site. A typical net set consists of three (or more) nets stacked on top of one 
another; width may vary up to 60 feet (20 m) 

4. Net Site Spacing: 

a. Streams: one net site per 0.50 mile (1 km) 
b. Land tracts: two nets per 250 acres (1 square kin) 

5. Minimum Level of Effort per Net Site: 

a. Two net locations per site, with locations (sets) at least 100 feet (30 m) apart. 
b. Two calendar nights of netting 

c. At least three net nights; typically, two net sets are deployed at one site for two nights, resulting in four net nights. 
d. Sample period: begin at dusk and net for five hours (approximately 0200) 

e. Nets are monitored at approximately 20-minute intervals 

f. No disturbances near the nets between checks 

6. Weather Conditions (Net only if the following weather conditions are met): 

a. No precipitation 
b. Temperature greater than or equal to 50 degress F (10 degrees C) 

c. No strong winds 

7. Moonlight: 

a. Avoid net sets with direct exposure to a moon half-full or greater (typically by utlizing forest canopy cover 
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“Table 2.  Summary of Bat Survey Locations for I-69 Evansville to Indianapolis – Section 6” has 
been removed for confidentiality reasons related to the federally endangered Indiana bat. 
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“Table 5. Summary of Bride Survey Locations for I-69 Evansville to Indianapolis – Section 6 
has been removed for confidentiality reason related to thefederally endangered Indiana bat. 

  

Appendix N, Page 18



Table 6. Weather Summary for Indiana Bat 
Surveys for 1-69 Evansville to Indianapolis 

Section 6 

Site Date 

Temperature 
(20:00 to 02:00) 

Low 
(degress 

15-Ju1-04 60.80 
2 15-Ju1-04 60.80 
3 12-Ju1-04 62.85 
4 15-Ju1-04 60.80 
5 12-Ju1-04 62.85 
6 26-Ju1-04 55.28 
7 12-Ju1-04 62.85 
8 15-Ju1-04 60.80 
9 26-Ju1-04 55.28 
10 12-Jul-04 62.85 
11 24-J ul-04 61.48 
12 17oJu1-04 61.48 
13 12-Ju1-04 62.85 
14 17-Jul-04 61.48 
15 17-Ju1-04 61.48 
16 24-Ju1-04 61.48 
17 17-Ju1-04 61.48 
18 17-Ju1-04 61.48 
19 19oJu1-04 64.22 
20 19-Ju1-04 64.22 
21 21-Ju1-04 64.91 
22 19-Ju1-04 64.22 
23 21-Ju1-04 64.91 
24 19-Ju1-04 64.22 
25 21-Ju1-04 64.91 
26 24-Ju1-04 61.48 
27 24oJu1-04 61.48 
28 19-Ju1-04 64.22 
29 15oJu1-04 60.80 

High 
F) (degress F) 

71.08 
71.08 
86.60 
71.08 
86.60 
65.59 
86.60 
71.08 
65.59 
86.60 
66.96 
70.39 
86.60 
70.39 
70.39 
66.96 
70.39 
70.39 
73.15 
73.15 
80.12 
73.15 
80.12 
73.15 
80.12 
66.96 
66.96 
73.15 
71.08 
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Photo 1. Maternity Roost No. 203R1. 
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Photo 2. Maternity Roost No. 105R1. 
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Photo 3. Alternate Roost No. 105R2. 
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Photo 4. Maternity Roost No. 022R1. 
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Field Data Sheets have been removed for confidentiality reason related to the federally 
endangered Indiana bat. 
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IDENTIFICATION OF INDIANA BAT ROOST TREES 
ALONG THE PROPOSED INTERSTATE 69 

BETWEEN BLOOMINGTON AND INDIANAPOLIS, INDIANA 
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Abstract 
BHE Environmental, Inc. (BHE) investigated roost trees used by four reproductive female 
Indiana bats during the summer 2005 maternity season along the proposed Interstate Highway 69 
between Bloomington and Indianapolis in Morgan and Johnson counties, Indiana.  Mist nets 
were used at ten sites to trap bats.  Captures included four reproductive adult female Indiana bats 
from four sites.  Radio transmitters were attached to each of the four bats, which were each 
tracked to diurnal roost trees.  Between two and four roost trees were identified for each 
individual.  Emergence counts were conducted at roost trees to determine the number of bats 
present, and to estimate the size of maternity colonies.  Two of the ten roost trees identified were 
occupied by greater than 30 individuals on several occasions.  Eight were occupied by fewer than 
30 individuals during each of the emergence counts.  Based upon distances between groups of 
roost trees, we concluded maternity colonies are present near Bryant Creek, Clear Creek, and 
Pleasant Run Creek.  None of the roost trees identified in 2005 is located within the proposed I-
69 corridor.  However, the roosting and foraging areas that may be used by the three maternity 
colonies include the proposed road corridor. 
 
 
Key words:  Indiana bat, Myotis sodalis, radio telemetry, mist net, maternity roost 
 
 

Introduction 
The Indiana Department of Transportation 
(INDOT) and the Federal Highway 
Administration (FHWA) are completing six 
Tier 2 Environmental Impact Statements for 
the proposed Interstate Highway 69 (I-69) 
from Indianapolis to Evansville, Indiana.  A 
detailed description of the proposed road 
corridor was presented in the Tier 1 Final 
Environmental Impact Statement (Tier 1 
FEIS; FHWA and INDOT 2003a).  The 
study described herein is part of the Tier 2 
Environmental Impact Statement (EIS) for 
the proposed I-69 project.  The proposed I-
69 interstate is approximately 142 miles 
(228.5 kilometers [km]) in length and is 
divided into six sections to facilitate Tier 2 

EIS studies.  Investigations described herein 
address Section 5 between Bloomington and 
Martinsville, and Section 6 between 
Martinsville and Indianapolis.  Studies were 
conducted in Morgan, Johnson, and Marion 
counties along Corridor 3C, which was 
identified as the preferred alternative in the 
Tier 1 FEIS (FHWA and INDOT 2003a).   
 
The FHWA and the U.S. Fish and Wildlife 
Service (USFWS) are conducting ongoing 
consultation under Section 7 of the 
Endangered Species Act to evaluate 
potential impacts of the proposed action.  
Methods used in these investigations were 
developed in consultation with the USFWS, 
Bloomington Field Office.   
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The purpose of this study was to identify 
maternity roost trees used by Indiana bats in 
Sections 5 and 6.  Each Indiana bat 
maternity colony typically has at least one 
roost (“primary”) that is used by a majority 
of the bats during most of the summer 
(Callahan et al. 1997, USFWS 1999).  An 
Indiana bat maternity colony also inhabits 
other roosts (“alternate”), which typically 
are used intermittently and by fewer bats 
(USFWS 1999, Kurta et al. 2002, Kurta and 
Williams 1992).   
 
Callahan (1993) described primary and 
alternate maternity roost trees.  Primary 
roost trees in Missouri were characterized as 
large dead trees that are exposed to direct 
sunlight, and occupied by greater than 30 
bats on more than one occasion.  Alternate 
roosts in Missouri were either dead or live 
trees usually occupied by fewer than 30 
individuals.  Alternate roost trees in 
Missouri were similar to primary roost trees, 
except that many were located in the forest 
interior and were shaded by tree canopy 
(Callahan 1993).  The terms primary and 
alternate roost tree, as defined by Callahan 
(1993) are used herein to maintain 
consistency with terminology established by 
the USFWS Bloomington Field Office for 
this study.  However, those terms must be 
used with caution.  While 30 individuals 
may be an appropriate threshold for 
distinguishing primary and alternate roosts 
among trees studied by Callahan, other 
maternity colonies may vary in size.  Long-
term studies of two Indiana bat maternity 
colonies in Michigan indicated fewer than 
30 Indiana bats typically occupy a single 
tree during one night (Kurta et al. 2002).  In 
Tennessee, three trees identified as primary 
Indiana bat roosts contained a maximum of 
28, 23, and 81 bats (Britzke et al. 2003).  
Additionally, the number of bats using a 
certain tree may vary among years.  In 
Michigan, of 38 Indiana bat roost trees 

identified during a four-year study, only six 
trees were occupied by bats for more than 
one year (Kurta et al. 2002).   
 
During surveys in July 2004, five 
reproductive female and five juvenile 
Indiana bats were captured in Sections 5 and 
6 (Henry et al. 2004, Hendricks et al. 2004).  
Using radio telemetry, several of the Indiana 
bats captured were followed to roost trees.  
Two roost trees were identified in Section 5, 
and four were identified in Section 6 (Henry 
et al. 2004, Hendricks et al. 2004).  
However, except for three roost trees in 
Section 6, none of the roost trees identified 
in 2004 was occupied by more than 15 bats 
on nights when emergence counts were 
conducted.  Primary maternity roosts likely 
exist near sites where reproductive female 
and juvenile Indiana bats were captured in 
2004, but primary roost trees could not be 
identified for all capture areas in 2004.  The 
purpose of this study conducted in 2005 was 
to return to Bryant Creek in Section 5, and 
Clear Creek and Pleasant Run Creek in 
Section 6 to capture and track Indiana bats 
to primary maternity roost trees.  
Documenting the location of primary 
maternity roosts and the number of bats 
using those roosts supports the evaluation of 
potential effects to Indiana bats from the 
proposed I-69. 
 
Secondarily, results of this study will 
provide data regarding the evening bat 
(Nycticeius humeralis), which is not listed 
by the USFWS, but is designated by the 
State of Indiana as endangered.  
 

Materials and Methods 
Sections 5 and 6 cover approximately 48 
miles (77 km) of the proposed I-69 in 
Indiana.  The proposed road alignment will 
be within a corridor extending 1000 feet 
(305 meters [m]) on each side of the 
Corridor 3C centerline (total width of 2000 
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feet [610 m]).  The 2000-foot wide corridor 
represents the area in which a preferred 
alignment would be located.  The actual 
width of the alternative is expected to range 
from 240 to 470 feet.  In some instances, 
interchanges and connector roads may 
extend outside the corridor.  The Corridor 
3C Indiana Bat Study Area is defined by a 
5-mile (8-km) wide corridor, 2.5 miles (4 
km) wide along either side of the corridor 
centerline.  The 2.5-mile (4 km) distance 
approximates the maximum distance an 
Indiana bat travels from its daytime roost to 
its foraging area (1.5 miles in Gardner et al. 
1991; 2.8 miles in Butchkoski and Hassinger 
2002).  The Tier 1 Biological Assessment 
established the 5-mile (8 km) wide Study 
Area and identifies it as the “Indiana bat 
summer action area” (FHWA and INDOT 
2003b).  This survey was conducted in the 
same Study Area as investigations 
conducted during summer 2004 (Henry et al. 
2004, Hendricks et al. 2004).   
 
Access permission was sought and provided 
by landowners prior to implementation of 
the mist net survey, radio telemetry study, 
and roost tree identification described 
below. 

 
Mist Net Survey 

The goal of the 2005 mist net survey was to 
capture reproductive female or juvenile 
Indiana bats suitable for radio telemetry.  
Mist netting was conducted near Bryant 
Creek (Section 5), Clear Creek (Section 6) 
and Pleasant Run Creek (Section 6), where 
Indiana bats were captured but not tracked 
to primary roost trees in 2004 (Appendix A, 
Figures 1–3).  Mist net sites were also 
established at the White River, Travis Creek, 
Honey Creek, and Goose Creek. 
 
Ten mist net sites were surveyed between 
July 12 and July 19, 2005 (Appendix A, 
Figures 1–3, Appendix B, Table 1).  The ten 

net sites were selected in consultation with 
FHWA, INDOT, and the USFWS, 
Bloomington Field Office (BFO).  All ten 
net sites were located within the Indiana bat 
summer action area.  Mist net sites were 
between approximately 200 and 11,000 feet 
(61 and 3,353 meters) from the corridor 
centerline, with four of the ten net sites 
within the proposed corridor (Appendix A, 
Figures 1–3; Appendix B, Table 1).  Mist 
net sites are identified herein using site 
numbers assigned in 2004 (Henry et al. 
2004, Hendricks et al. 2004), preceded by 
the section number, i.e., Site 22 in Section 6 
is Site 6-22. 
 
Mist nets were deployed at one upland and 
nine stream sites.  Detailed descriptions of 
mist net sites are provided in Appendix C 
and in previous reports (Henry et al. 2004, 
Hendricks et al. 2004).   
 
Two mist nets were deployed at each net site 
for two nights, or until two Indiana bats 
suitable for radio telemetry were captured.  
The survey was conducted in accordance 
with Indiana Bat Recovery Team guidance 
regarding the seasonal timing of surveys, 
equipment, net placement, and acceptable 
weather conditions (USFWS 1999).  One 
mist net was composed of 2–4 nets stacked 
vertically and suspended by a system of 
poles, ropes, and pulleys (Gardner et al. 
1989).  Nets were constructed of two-ply, 
50-denier nylon with a mesh size no larger 
than 1.75 inches (4.4 cm).  Mist nets were 
18–42 feet (5.6–13.8 m) wide and 20–30 
feet (6.6–9.9 m) tall.  When possible, nets 
were bounded by vegetation above and on 
both sides to facilitate capturing bats.  Mist 
nets were monitored at least every 20 
minutes.  Disturbance near nets between 
checks was minimized.   
 
Upon capture, bats were removed from mist 
nets, identified to species, measured, and 
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released unharmed at the capture site.  Data 
recorded for each bat captured included 
species, age, gender, reproductive condition, 
right forearm length (RFA), and body 
weight.  Bats were identified to species 
based upon distinctive morphological 
characteristics (e.g., body size, hair color, 
ear length, tragus length and shape, 
presence/absence of a keeled calcar).  Adult 
female bats were classified as reproductive 
if they were pregnant (determined by 
palpation of abdomen), lactating (i.e., teats 
conspicuous and enlarged, lack of hair 
around teats), or post-lactating (visible 
regrowth of hair around teats).  Male bats 
with testicles descended into the scrotum 
were considered reproductive.  Young-of-
the-year of both sexes were classified as 
juveniles.  Young-of-the-year were 
distinguished from adults by examining 
ossification (bone growth) in phalangeal 
joints.   
 
Weather conditions were documented hourly 
during the mist net survey; air temperature, 
wind speed, cloud cover, precipitation, and 
visibility of the moon were recorded.  A 
standard thermometer was used to record 
temperature.  Wind speed, percent cloud 
cover, and moon phase were estimated 
(Appendix C).  Each net site was 
photographed and the location recorded 
using a hand-held Global Positioning 
System (GPS) receiver (Garmin 
International, Inc., Olathe, Kansas). 
 
Each captured Indiana bat was 
photographed, specifically the face, the 
whole body, and the calcar (Appendix D).   

 
Radiotelemetry 

The primary goal of radiotelemetry was to 
identify Indiana bat maternity colonies and 
their primary and alternate roost trees.   
 

Upon capture, a 0.25-ounce (0.7-gram) radio 
transmitter (Wildlife Materials, Inc., 
Carbondale, Illinois) was attached to the 
mid–scapular fur of each bat using non-toxic 
surgical cement.  A TRX-2000 radio 
receiver (Wildlife Materials, Carbondale, 
Illinois) was used to ensure each transmitter 
was functioning properly before the 
transmitter was attached.  Transmitter-
equipped bats were released unharmed from 
the point of capture (Appendix C). 
 
Attempts were made to locate radio signals 
from transmitters on day-roosting Indiana 
bats for ten days following release of each 
bat.  Radiotracking generally was conducted 
between approximately 1000 h and 1600 h 
each day.  Searches for radio signals were 
conducted most intensively within the 2000-
foot (609-meter) wide proposed corridor, but 
occurred throughout the Indiana bat Study 
Area (summer action area) in Sections 5 and 
6.   
 

Roost Tree Characterization and 
Emergence Counts 

Upon identification of a transmitter-
equipped Indiana bat roosting in a tree, 
characteristics of the tree were recorded and 
the tree was observed to monitor emergence 
of bats. 
 
We recorded the tree species (if 
recognizable), status (live or dead), 
estimated diameter-at-breast-height (dbh), 
area type (riparian/upland), distance from 
roost tree to capture site, percent of the tree 
exhibiting exfoliating bark, and the stage of 
tree decay (USFS 1979) (Appendix C).  To 
characterize habitat surrounding the roost 
tree, dominant and co-dominant tree species; 
estimated canopy closure, average dbh of 
canopy trees, and topographic slope; 
estimated distance to nearest water source; 
estimated distance to nearest flight corridor 
(i.e., space beneath the tree canopy that 
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offers protected foraging and travel space 
for bats); and estimated height from ground 
to roost were recorded (Appendix C).  A 
GPS receiver was used to record the tree 
location, and each roost tree was 
photographed (Appendix D).  The location 
of each roost tree was identified with plastic 
flagging; care was taken to avoid marking 
the roost tree to avoid attracting passersby 
that may disturb roosting bats.  
 
Emergence counts were conducted at each 
roost tree.  The counts commenced at dusk 
and emerging bats were counted for at least 
one hour per night.  An ultrasound detector 
(QMC Instruments, Ltd., London, UK) was 
used to assist in detection of bats at some 
roost tree sites.  Emergence counts were 
conducted for at least five nights at trees 
where 15 or more bats were detected 
emerging during any one of the first three 
nights of monitoring.  Emergence counts 
were conducted for at least three nights at 
trees containing fewer than 15 bats.   
 

Documenting Colony Size 
An Indiana bat maternity colony may use 
several roosts up to approximately 5 miles 
(8 km) apart (Kurta et al. 2002).  Alternate 
roosts have been reported as far as 2 miles 
(3.2 km) from the primary roost tree.  
During a 4-year study in Michigan, the 
greatest distance between roost trees was 5.7 
miles (9.2 km) (Kurta et al. 2002).  Roost 
trees greater than 6 miles (9.6 km) apart are 
likely used by different colonies.  To collect 
data on the population of Indiana bats in 
maternity colonies, BHE simultaneously 
monitored emergence from all roost trees 
believed to be associated with a colony.  
 
Simultaneous counts of bats emerging from 
roost trees identified in a colony were 
conducted for at least two nights.  Four roost 
trees in Section 5 were monitored on July 26 
and 27.  Two roost trees in Section 6 near 

Pleasant Run Creek were monitored on July 
25, 26, and 27.  Four other roost trees in 
Section 6 near Clear Creek were monitored 
on July 27 and 28.  Methods for the 
emergence count were identical to those 
previously described.   
 
Data from emergence counts must be 
interpreted carefully.  Because emergence 
counts document the number of bats 
emerging, only adults and newly-volant 
juveniles would be included in the count.  
Non-volant juveniles, which could comprise 
up to half the individuals in a maternity 
colony, would not be observed during an 
emergence count.   
 
Results of simultaneous emergence counts 
will be interpreted using a formula 
developed by the USFWS, Bloomington 
Field Office to estimate the size of an 
Indiana bat maternity colony.  Developing 
such estimates is outside the scope of this 
report. 
 

Results 
Mist Net Survey 

Between July 12 and 19, 2005, ten net sites 
were surveyed using mist nets (Appendix A, 
Figures 1–3).  Eighty-five bats representing 
eight species were captured, including four 
reproductive adult female Indiana bats and 
15 evening bats (Appendix B, Table 2).  The 
little brown bat (Myotis lucifugus) was the 
species most commonly encountered, 
making up 38 percent of the total capture.  
Other species captured included the northern 
long-eared bat (M. septentrionalis), big 
brown bat (Eptesicus fuscus), eastern 
pipistrelle (Pipistrellus subflavus), red bat 
(Lasiurus borealis), and hoary bat (L. 
cinereus). 
 
Captures at four sites included a 
reproductive female Indiana bat (Appendix 
A, Figures 1–3; Appendix B, Table 3).  
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Lactating adult female Indiana bats were 
captured at Net Sites 5-22, 6-8, and 6-23.  A 
post-lactating adult female Indiana bat was 
captured at Net Site 6-7.  All four Indiana 
bats were equipped with radio transmitters.   
 
Fourteen evening bats (six adult males, four 
reproductive females and four juveniles) 
were captured at Net Site 6-23 over Pleasant 
Run Creek.  One juvenile evening bat was 
captured at Net Site 6-10 over an unnamed 
tributary to the White River. 
 

Radiotelemetry and 
Roost Tree Identification 

In the following discussion, and in 
Appendix A, Figures 1–3, Indiana bats are 
identified by the frequency of the radio 
transmitter attached to each bat (Appendix 
B, Table 3). 
 
Lactating female Indiana bat No. 150.046 
was released near Net Site 6-8 on July 12 at 
0235 h (Appendix A, Figure 2).  The radio 
signal was detected to the northeast of the 
net site until 0320 h.  On July 13, the bat 
was tracked to Roost Tree 6-1, 
approximately 5085 feet (1550 m) east of 
Net Site 6-8.  The bat was observed in the 
roost tree beneath a crack in the bark.  Bat 
No. 150.046 was not detected near Net Site 
6-8 during the night of July 13.  On July 14, 
Bat No. 150.046 was detected southeast of 
Telemetry Station 6S-13, toward Roost Tree 
6-1, at 1110 h.  However, the bat was not 
present in Roost Tree 6-1 during the 
emergence count the evening of July 14.  On 
July 15, the radio signal was detected in 
Roost Tree 6-2, approximately 5100 feet 
(1554 m) northwest of Roost Tree 6-1 and 
2700 feet (823 m) from Mist Net Site 6-8.  
Between July 17 and 21, telemetry was 
conducted from several stations around 
Clear Creek (Appendix C) but the signal 
was not detected.  The transmitter may have 
failed or fallen off the bat due to heavy rains 

that occurred the night of July 16.  After 
July 21, while tracking Bat No. 150.025 near 
Clear Creek, BHE occasionally attempted to 
detect Bat No. 150.046, but the radio signal 
was not detected. 
 
Lactating female Indiana bat No. 150.025 
was released near Net Site 6-7 on July 17 at 
2245 h (Appendix A, Figure 2).  The radio 
signal was detected southwest and southeast 
of the mist net site, and crossing over State 
Route 37 several times until 0055 h.  On 
July 18, the bat was tracked to Roost Tree 6-
3, approximately 6360 feet (1938 m) north 
of Net Site 6-7.  The bat was detected 
emerging from Roost Tree 6-3 at dusk on 
July 18.  On July 19 and 20, Bat No. 
150.025 was detected in Roost Tree 6-3 
during the day and later during the evening 
emergence count.  However, the radio signal 
remained located at Roost Tree 6-3 after 
dusk on July 20.  Bearings to the signal were 
recorded from several locations throughout 
the night of July 20, with the signal 
apparently remaining in Roost Tree 6-3.  On 
July 21, 22, and 23 the signal was detected 
from Roost Tree 6-3 and we suspected the 
transmitter had fallen off the bat into the 
tree.  However, on July 25, Bat No. 150.025 
was tracked to the bank of the White River 
opposite Roost Tree 6-3, indicating the 
radio-equipped bat had moved.  No roost 
tree was located on July 25.  On July 27 and 
28 the radio signal was detected in Roost 
Tree 6-3.  During the evening of July 28, the 
radio signal was detected near, but not in, 
Roost Tree 6-3.  On July 29, Bat No. 
150.025 was tracked to Roost Tree 6-4, 
approximately 85 feet (26 m) from Roost 
Tree 6-3 and 6470 feet (1972 m) from Mist 
Net Site 6-7.  During the evening of July 29, 
the radio signal faded during telemetry 
monitoring, and the signal was not detected 
during monitoring attempts around Clear 
Creek conducted on July 30 or 31.  No 
telemetry was conducted after July 31. 
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Lactating female Indiana bat No. 151.046 
was released near Net Site 5-22 on July 17 
at 0220 h (Appendix A, Figure 1).  The 
radio signal was detected to the west of the 
net site until 0404 h.  On July 18, the bat 
was tracked to Roost Tree 5-1, 
approximately 3300 feet (1005 m) from Net 
Site 5-22.  During the evening of July 18, 
the radio signal was detected at Roost Tree 
5-1, and the signal faded, suggesting the bat 
emerged from the tree.  The radio signal was 
detected in Roost Tree 5-1 during the day 
and evening of July 19.  On July 20, Bat No. 
151.046 was detected in Roost Tree 5-1 at 
1330 h.  During the night of July 20, the 
radio signal was detected northeast of 
Telemetry Station 5-2, toward the White 
River, where the bat was likely foraging.  
On July 21, the bat was tracked to Roost 
Tree 5-2, approximately 2700 feet (823 m) 
west of Net Site 5-22 and 1540 feet (469 m) 
south of Roost Tree 5-1.  The radio signal 
was detected from Roost Tree 5-2 during the 
evening of July 21, then the signal faded, 
suggesting emergence from the tree.  On 
July 22, Bat No. 151.046 was tracked to 
Roost Tree 5-3, approximately 4500 feet 
(1372 m) west of Net Site 5-22 and 1820 
feet (555 m) west of Roost Tree 5-2.  On 
July 23, the signal was tracked to Roost Tree 
5-4, approximately 3750 feet (1143 m) west 
of Net Site 5-22 and 1130 feet (344 m) 
southeast of Roost Tree 5-3.  No telemetry 
was attempted on that signal between July 
24 and 26.  Between July 27 and 31, 
telemetry monitoring was attempted daily 
from several stations around Bryant Creek 
(Appendix C), but the signal from 151.046 
was not detected.  No telemetry was 
attempted after July 31. 
 
Lactating female Indiana bat No. 150.068 
was released near Net Site 6-23 on July 19 
at 2200 h (Appendix A, Figure 3).  The 
radio signal was detected southeast of the 

net site until 2335 h.  The signal was not 
detected again that night during attempts 
made between 2336 h and 0129 h.  On July 
20 at 1651 h, the bat was tracked to Roost 
Tree 6-5, approximately 1300 feet (396 m) 
northwest of Net Site 6-23.  The radio signal 
was not detected at Roost Tree 6-5 during 
emergence counts the evening of July 20, 
suggesting the bat may have moved to 
another roost during the day.  The radio 
signal was tracked to Roost Tree 6-5 on July 
21 at 1130 h, but again was not detected in 
that tree during the emergence count.  On 
July 22, the radio signal was detected from 
Telemetry Station 6N-7 toward the 
northwest, i.e., toward Roost Tree 6-5, but 
high water from heavy rains the previous 
night prevented tracking the bat to a tree.  
On July 23, Bat No. 150.068 was detected in 
Roost Tree 6-6 approximately 1230 feet 
(375 m) north of Net Site 6-23 and 700 feet 
(213 m) east of Roost Tree 6-5.  However, 
the radio signal was not detected in Roost 
Tree 6-6 during the emergence count the 
evening of July 23.  This radio signal was 
not monitored during daytime between July 
24 and 26.  The radio signal was not 
detected in Roost Trees 6-5 or 6-6 during 
emergence counts conducted on July 25.  
The radio signal from Bat No. 150.068 was 
detected in Roost Tree 6-6 on July 27 and 
July 28.  Between July 29 and 31, 
monitoring was attempted from stations 
around Pleasant Run Creek (Appendix C), 
but the radio signal was not detected.   
 

Roost Tree Characterization 
and Emergence Counts 

Roost Tree 5-1 is a dead American elm 
(Ulmus americana) located in a wooded 
riparian strip adjacent to the White River 
approximately 3,300 feet (1,005 m) from 
Net Site 5-22 (Appendix A, Figure 1; 
Appendix B, Table 4).  The tree is 
approximately  south of the 
White River, which provides the nearest 
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water source and the nearest apparent flight 
corridor.  It is approximately  

 west of the center line of the proposed 
I-69 corridor. 
 
Roost Tree 5-1 has a dbh of 9.8 in (25 cm).  
Most bark is intact, and about 5 percent of 
bark is exfoliating.  The tree is at the edge of 
the woodlot, and there is no canopy 
vegetation covering the tree.  During 
emergence counts, bats were observed 
emerging from under a section of loose bark 
approximately 15 feet (4.5 m) above the 
ground.  The radio signal from Bat No. 
151.046 was detected in Roost Tree 5-1 
between July 18 and July 20.  Emergence 
counts at Roost Tree 5-1 were conducted for 
five evenings between July 18 and 27 
(Appendix B, Table 5).  Between 1 and 3 
individuals were observed emerging during 
three of the counts, and no bats were 
observed on two occasions.   
 
Roost Tree 5-2 is a live silver maple (Acer 
saccharinum) located in a woodlot 
bordering the White River approximately 
2,700 feet (832 m) west of Net Site 5-22 
(Appendix A, Figure 1; Appendix B, Table 
4).  Canopy closure over the tree is 
approximately 30 percent.  The tree is 
approximately  south of 
the White River, which provides the nearest 
water source and the nearest apparent flight 
corridor.  It is approximately 1.9 miles (3.1 
km) west of the proposed I-69 center line. 
 
Roost Tree 5-2 has a dbh of 18 in (45 cm) 
and has no exfoliating bark.  Bats were 
observed emerging from the top of the tree 
approximately 40 feet (12 m) above the 
ground.  The presence of a crevice or loose 
bark in the top of the tree is assumed, but 
could not be clearly distinguished from the 
ground.  The radio signal from Bat No. 
151.046 was detected in Roost Tree 5-2 on 
July 21.  Emergence counts were conducted 

at Roost Tree 5-2 for five evenings between 
July 21 and 27 (Appendix B, Table 5).  
Between one and four individuals emerged 
from the tree on each of the five nights. 
 
Roost Tree 5-3 is a dead tree that could not 
be identified to species.  The tree is broken 
at the trunk and the tree top has fallen away.  
Bat No. 151.046 was tracked to the tree.  
Roost Tree 5-3 is located in the same 
wooded area as roost trees 5-1, 5-2, and 5-4.  
The tree is approximately 4,500 feet (1,371 
m) west of Net Site 5-22, where Bat No. 
151.046 was released (Appendix A, Figure 
1; Appendix B, Table 4).  The tree is 
approximately  south of 
the White River, which provides the nearest 
water source and the nearest apparent flight 
corridor.  It is approximately 2.2 miles (3.6 
km) from the proposed I-69 center line. 
 
Roost Tree 5-3 has a dbh of 14 in (35 cm).  
The bark is intact, with no loose or 
exfoliating patches.  Bats were observed 
emerging from the broken top of the tree 23 
feet (7 m) above the ground.  Canopy 
closure over the tree is approximately 75 
percent.  The radio signal from Bat No. 
151.046 was detected in Roost Tree 5-3 on 
July 22.  Emergence counts at Roost Tree 5-
3 were conducted for three evenings 
between July 22 and 27 (Appendix B, Table 
5).  Between three and 13 individuals were 
observed emerging from the tree on each of 
the three nights. 
 
Roost Tree 5-4 is a dead tree that could not 
be identified to species.  Bat No. 151.046 
was tracked to the tree.  It is located in the 
same wooded area as roost trees 5-1, 5-2, 
and 5-3.  The tree is approximately 3,750 
feet (1,143 m) from Net Site 5-22 (Appendix 
A, Figure 1; Appendix B, Table 4).  The tree 
is about  from the nearest 
water source (tributary to the White River) 
and 10 feet (3 m) from the nearest apparent 
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flight corridor.  It is about 2000 feet (610 m) 
south of the White River, and approximately 

 west of the centerline of the 
proposed corridor. 
 
Roost Tree 5-4 has a dbh of 25.5 in (65 cm), 
and 50 percent exfoliating bark.  Bats were 
observed emerging from under loose bark 
above a fork in the trunk approximately 33 
feet (10 m) above the ground.  Canopy 
closure above the tree is approximately 75 
percent.  The radio signal from Bat No. 
151.046 was detected in Roost Tree 5-4 on 
July 23.  Emergence counts at Roost Tree 5-
4 were conducted for five evenings between 
July 23 and 29 (Appendix B, Table 5).  Six 
individuals were observed emerging on July 
23.  The number of emerging bats increased 
each subsequent night and a maximum of 
128 bats was observed leaving the tree on 
July 29.   
 
Roost Tree 6-1 is a dead silver maple 
located in a riparian area approximately 
5,085 feet (1,550 m) east of Net Site 6-8 
(Appendix A, Figure 2; Appendix B, Table 
4).  The tree is in a woodlot adjacent to the 
White River, approximately 164 feet (50 m) 
southwest of the river, and approximately 32 
feet (10 m) from the nearest apparent flight 
corridor.  The tree is approximately  

 northwest of the centerline of 
the proposed corridor.   
 
Roost Tree 6-1 has a dbh of 16.5 in (42 cm).  
Much of the bark is gone; the remaining ten 
percent is loose.  Canopy closure over the 
tree is approximately ten percent.  Bat No. 
150.046 was observed roosting near the 
bottom of a crack in the bark that begins 
approximately 15 feet (4.5 m) above the 
ground and extends to the top of the tree.  
Bat No. 150.046 was detected roosting in 
Roost Tree 6-1 on July 13 but was not 
detected there on the other nine days the 
radio signal was tracked.  Roost Tree 6-1 

was monitored for five evenings between 
July 13 and 28 (Appendix B, Table 5).  
Between 1 and 2 individuals were observed 
emerging on four nights, and no bats 
emerged on one night. 
 
Roost Tree 6-2 is a dead American elm to 
which Bat No. 150.046 was tracked.  It is 
located in a fence line approximately 2730 
feet (832 m) north of Net Site 6-8 (Appendix 
A, Figure 2; Appendix B, Table 4).  This 
tree was identified during 2004 Tier 2 
studies as an Indiana bat roost tree.  The tree 
is approximately   
southwest of the White River, which 
provides the nearest water source and the 
nearest apparent flight corridor.  It is 
approximately  west of 
the proposed centerline of the proposed 
corridor.   
 
Roost tree 6-2 is 8.6 in (22 cm) in diameter.  
About 60 percent of the bark is gone, and 
the remaining 40 percent is loose.  Bats were 
observed emerging from a cavity 
approximately 26 feet (8 m) above the 
ground.  Canopy closure over the tree is 
about ten percent.  The radio signal from Bat 
No. 150.046 was detected in Roost Tree 6-2 
each day between July 15 and July 17.  
Emergence counts were conducted at Roost 
Tree No. 6-2 for five evenings between July 
15 and 28.  Between 1 and 5 bats emerged 
from the tree on four evenings, and no bats 
emerged from the tree during the last count.  
In 2004, emergence counts were conducted 
at Roost Tree 6-2 during four nights.  
Between 11 and 15 bats emerged from the 
tree on each of the four nights.   
 
Roost Tree 6-3 is a live silver maple with no 
loose bark (all bark is intact), and a dbh of 
16.5 in (42 cm).  Canopy closure over the 
tree is approximately 30 percent.  The limb 
of a large cottonwood (Populus deltoides) is 
lodged in a fork of the silver maple, and the 
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bats apparently roost in the space between 
the limb and the silver maple, approximately 
20 feet (6 m) above the ground.  Bat No. 
150.025 was tracked to the tree, which is 
located in a riparian area approximately 
6,360 feet (1,939 m) north of Net Site 6-7, 
where the bat was released (Appendix A, 
Figure 2; Appendix B, Table 4).  The tree is 
approximately 2340 feet (713 m) west of the 
proposed corridor centerline.  Of all ten 
roost trees found, this is the closest to the 
proposed road alignment (1340 feet [408 
m]).  The tree is  

 south of the White River, which provides 
the nearest water source and the nearest 
apparent flight corridor.   
 
Bat No. 150.025 was detected roosting in 
Roost Tree 6-3 from July 18 to July 22; the 
tree was monitored for five evenings 
between July 19 and 28.  Between 6 and 7 
bats were observed emerging during four of 
the evenings, and no bats emerged from the 
tree during the last count. 
 
Roost Tree 6-4 is a dead silver maple to 
which Bat No. 150.025 was tracked.  The 
tree is broken at the trunk, with the top half 
of the trunk leaning at a 220-degree angle to 
the bottom half (Appendix D).  It is located 
in the same woodlot as roost trees 6-1 and 6-
3, approximately 6,470 feet (1,972 m) from 
Net Site 6-7, where Bat No. 150.025 was 
released (Appendix A, Figure 2; Appendix 
B, Table 4).  The tree is approximately  

 from the White River, which 
provides the nearest water source and the 
nearest apparent flight corridor.  The tree is 
approximately 2,430 feet (741 m) west of 
the proposed centerline.   
 
Roost Tree 6-4 has a dbh of 11 in (28 cm), 
and intact bark.  Bats appeared to be 
roosting in a cavity 23 feet (7 m) above the 
ground.  Canopy closure over the tree is 
about 25 percent.  The radio signal from Bat 

No. 150.025 was detected in Roost Tree 6-4 
on July 29.  Emergence counts at Roost Tree 
No. 6-4 were conducted for five evenings 
between July 29 and August 2.  Between 29 
and 52 bats were observed emerging from 
the tree on each of the five nights (Appendix 
B, Table 5). 
 
Roost Tree 6-5 is a dead cottonwood to 
which Bat No. 150.068 was tracked.  The 
tree is located approximately 1300 feet (396 
m) northwest of Net Site 6-23 where the bat 
was released (Appendix A, Figure 3; 
Appendix B, Table 4).  The tree is 
approximately  east of the 
White River, which provides the nearest 
water source and the nearest apparent flight 
corridor.  The tree is about 1 mile (1.7 km) 
west of the proposed corridor centerline. 
 
Roost Tree 6-5 has a dbh of 24 in (61 cm), 
and intact bark.  Bats appeared to be 
roosting in a cavity located 20 feet (6 m) 
above the ground.  Canopy closure over the 
tree is approximately 50 percent.  The radio 
signal from Bat No. 150.068 was detected in 
Roost Tree 6-5 on July 20 and 21.  It is 
likely the bat roosted in Tree 6-5 on July 22 
as well, but high water in the White River 
prevented access to the tree.  Emergence 
counts at Roost Tree No. 6-5 were 
conducted for four evenings between July 20 
and 27.  No bats were observed emerging 
from the tree during the counts. 
 
Roost Tree 6-6 is a live silver maple in 
which Bat No. 150.068 was detected.  It is 
located in the same woodlot as Roost Tree 
6-5 approximately 1230 feet (374 m) 
northwest of Net Site 6-23.  The tree is 
approximately  east of the 
White River, which provides the nearest 
water source and the nearest apparent flight 
corridor.  It is west of the 
proposed corridor centerline. 
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Roost Tree 6-6 has a dbh of 16 in (41 cm), 
and intact bark.  Bats appeared to be 
roosting in a cavity located 25 feet (7.62 m) 
above the ground.  Canopy closure over the 
tree is approximately 70 percent.  The radio 
signal from Bat No. 150.068 was detected in 
Roost Tree 6-6 on July 23, 27, and 28.  
Emergence counts were conducted at Roost 
Tree No. 6-6 for three evenings between 
July 25 and 27.  One bat was observed 
emerging from the tree on July 26, but none 
was observed during the other two nights.  
The presence of other trees and vegetation 
around Roost Tree 6-6 made observation of 
the cavity and emerging bats difficult. 
 

Documenting Colony Size 
In 2005, groups of roost trees used by 
lactating or post-lactating female Indiana 
bats were identified near Bryant Creek, 
Clear Creek, and Pleasant Run Creek 
(Appendix A, Figures 1–3).  Two additional 
roost trees used by reproductive Indiana bats 
were identified in 2004 near Crooked Creek 
in Section 6, approximately 4 miles (6.4 km) 
northeast of Roost Tree 6-2 (Hendricks et al. 
2004).    
 
The minimum distance between roost trees 
near Bryant Creek and near Clear Creek is 
approximately , and the 
minimum distance between roost trees near 
Clear Creek and Pleasant Run Creek is 
about .  Distances among 
roost trees used by a maternity colony may 
vary, in part due to habitat conditions.  
During a 4-year study in Michigan, an 
Indiana bat maternity colony used roost trees 
up to 5.7 miles (9.2 km) apart (Kurta et al. 
2002).  In Missouri, known roost trees used 
by a single maternity colony were within 0.9 
miles (1.5 km; Callahan et al. 1997).   
 
On July 26 and 27, all four roost trees near 
Bryant Creek (5-1, 5-2, 5-3 and 5-4) were 
monitored at dusk to assess the number of 

bats in the colony.  A total of 31 bats 
emerged from the four roost trees on July 
26, and a total of 81 emerged on July 27.  
However, on July 28 and 29, the number of 
bats emerging from Roost Tree 5-4 was 115 
and 128, respectively.   
 
On July 27 and 28 we monitored emergence 
from roost trees 6-1, 6-2, 6-3, and from 
203R1, which was identified in 2004 
(Hendricks et al. 2004).  Although none of 
the Indiana bats radio-tagged in 2005 was 
tracked to Roost Tree 203R1, it is within 2.5 
miles of roost trees 6-1, 6-2, and 6-3, and is 
within the range of the Clear Creek Colony.  
Roost Tree 6-4 was not monitored on those 
dates because it was not identified until July 
29.  A total of 15 bats emerged from the four 
roost trees monitored on July 27, and two 
bats emerged from the four trees on July 28.  
However, between 29 and 52 bats emerged 
from Roost Tree 6-4 between July 29 and 
August 2.  Because Roost Tree 6-4 is only 
85 feet (26 m) from Roost Tree 6-3, and Bat 
No. 150.025 roosted in both 6-3 and 6-4, we 
conclude Roost Tree 6-4 was also used by 
the Clear Creek maternity colony.   
 
Furthermore, data collected in 2004 from 
roost trees near Clear and Crooked creeks 
should be considered.  Roost trees near 
Clear and Crooked creeks are approximately 

  On July 19, 2004, a 
total of 140 bats was observed emerging 
from Roost Tree 6-2 and the two trees 
upstream along Crooked Creek.   
 
On July 25, 26, and 27 emergence counts 
were conducted simultaneously at roost trees 
6-5 and 6-6, used by the Pleasant Run Creek 
Maternity Colony.  No bats were observed 
emerging from the trees on July 25 or 27, 
and a single bat emerged from one tree on 
July 26.  Because no primary roost tree was 
identified for the Pleasant Run Creek 
colony, emergence counts from roost trees 
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6-5 and 6-6 likely do not represent the actual 
size of the colony.  
 

Discussion 
Reproductive female Indiana bats were 
captured at four net sites in Sections 5 and 6.  
All four Indiana bats were captured between 
approximately 600 feet (183 m) and 1.5 
miles (2.4 km) from the proposed corridor 
centerline.  The bat trapped at Net Site 6-7 
was captured within 1000 feet (2400 m) of 
existing State Road 37, an established, four-
lane divided highway.  All Indiana bats were 
captured over tributaries to the White River.   
 
Between two and four roost trees used by 
each radio-equipped Indiana bat were found.  
Near Bryant Creek (Section 5), four roost 
trees occupied by Bat No. 151.046 were 
identified.  Three of the trees (5-1, 5-2, and 
5-3) each contained fewer than 15 
individuals, and meet Callahan’s (1993) 
definition of alternate roost trees.  Roost 
Tree 5-1 has a small amount of exfoliating 
bark, while roost trees 5-2 and 5-3 have no 
loose bark but provide broken tops or 
cavities as roost sites. 
 
Between 76 and 128 bats emerged from 
Roost Tree 5-4 during three evenings, 
indicating the tree is a primary roost tree for 
the Bryant Creek Colony.  Roost Tree 5-4 is 
larger in diameter and has more exfoliating 
bark than the other three roost trees used by 
this colony.  Previous studies indicate 
primary maternity roost trees tend to be 
exposed to sunlight, whereas alternate roost 
trees tend to be shaded by canopy vegetation 
(Callahan 1993; Kurta et al. 1993).  
However, canopy closure over Roost Tree 5-
4 was greater than over roost trees 5-1 and 
5-2.    
 
All four roost trees near Bryant Creek are 
located greater than 1.9 miles (3 km) from 
the proposed centerline of the I-69 corridor.  

The three alternate roost trees are within 
2110 feet (643 m) of each other.  However, 
Kurta (2001 and Kurta et al. 2002) found 
Indiana bat maternity colonies using up to 
18 roosts, which were up to 5.7 miles (9.2 
km) apart.   
 
Four roost trees used by two reproductive 
female bats were identified near Clear 
Creek.  Roost trees 6-1 and 6-2 were 
occupied by Bat No. 150.046 and roost trees 
6-3 and 6-4 were used by Bat No. 150.025.  
Bat No. 150.046 used two trees nearly 1.0 
mile (1.6 km) apart.  Although Roost Tree 6-
3 is within about 200 feet (61 m) of roost 
trees 6-1, Bat No. 150.046 was not detected 
roosting in Tree 6-3.  Because all four trees 
are less than 1.0 mile (1.6 km) apart, we 
conclude all four trees are used by a single 
maternity colony.  Roost Trees 6-1, 6-2, and 
6-3 each contained 15 or fewer bats during 
emergence counts in 2004 and 2005, and are 
therefore alternate roost trees.  Roost Tree 6-
4 contained between 40 and 52 bats during 
four evenings, and therefore meets this 
study’s definition of a primary maternity 
roost tree.   
 
All four roost trees near Clear Creek are 
somewhat atypical of maternity roost trees 
identified in some other studies.  Roost trees 
near Clear Creek are between 8.6 and 17.7 
inches (22 and 45 centimeters) dbh, which is 
smaller than many roost trees reported in 
some other studies.  Callahan et al. (1997) 
found primary maternity roost trees 
averaged 23 inches (58.4 cm) dbh and 
alternate maternity roost trees averaged 21 ± 
1.6 inches (53 ± 4.1 cm) dbh.  However, 
Gardner et al. (1991) found the diameter of 
maternity roost trees in Illinois averaged 
14.4 inches (36.7 cm).  Two of the roost 
trees near Clear Creek, including the 
primary roost tree, have no exfoliating bark; 
bats apparently roost in cavities in those 
trees.  Roost Tree 6-2 has 40 percent loose 
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bark, but is a small tree (8.6 inches dbh) and 
bats occupying the tree roost in a cavity.  
Previous studies suggest alternate roosts are 
typically in forest interiors mostly shaded 
from sunlight and primary roost trees more 
exposed to sunlight (Callahan 1993).  
However, canopy closure at all roosts 
identified near Clear Creek does not exceed 
30 percent.  Variation from the “traditional” 
characteristics of Indiana bat roosts is 
demonstrated in other recent studies.  
Greater than 100 Indiana bats were 
identified roosting beneath a sheath covering 
an electric transmission line pole (Hendricks 
et al. 2004).  In Tennessee, three Indiana 
bats were identified roosting in three 
conifers, each between 15 and 43 inches (39 
and 109 cm; Britzke et al. 2003).  These 
studies indicate the characteristics of Indiana 
bat roosts may be more variable than 
previously thought. 
 
All four roost trees near Clear Creek are 
located greater than 2330 feet (710 m) from 
the proposed centerline of the I-69 corridor, 
and at least 1330 feet (405 m) from the 
proposed road corridor.   
 
Two roost trees used by a single lactating 
female Indiana bat were identified near 
Pleasant Run Creek.  No more than a single 
bat was observed emerging from roost trees 
6-5 and 6-6 during emergence counts, 
indicating both are alternate roost trees.  No 
primary roost tree was identified for the 
colony near Pleasant Run Creek.  However, 
at least one primary roost tree is likely to 
exist within 5.7 miles of roost trees 6-5 and 
6-6.   
 
Bats inhabiting trees 6-5 and 6-6 appeared to 
roost in cavities, as neither tree has loose 
bark.  Both trees are within a woodlot and 
are shaded by 50 percent or greater 
overstory canopy closure.   
 

Roost trees 6-5 and 6-6 are approximately 
1.0 mile (1.6 km) from the proposed 
centerline of the I-69 corridor. 
 
The two primary and eight alternate roost 
trees identified in this study are located in 
woodlots bordering the White River.  The 
trees are 98 to 2,000 feet (30 to 610 m) from 
the river, suggesting these riparian woodlots 
provide important roost habitat for Indiana 
bat maternity colonies.  Three of six roost 
trees identified in Section 5 and 6 in 2004 
were similarly located in woodlots along the 
White River.  None of the ten roost trees 
identified in 2005 is within the proposed I-
69 corridor.  However, potential roosting 
and foraging areas for the Bryant Creek, 
Clear Creek, and Pleasant Run Creek 
maternity colonies do overlap the corridor. 
 
Fourteen evening bats were captured at Net 
Site 6-23, which is located 4650 feet (1417 
m) from the proposed corridor centerline.  
Captures included reproductive females and 
juveniles, suggesting an evening bat 
maternity colony is located near Net Site 5-
23.  Evening bats typically roost during 
summer in buildings or under exfoliating 
bark of trees. 
 
In addition to Indiana bats and evening bats, 
six other bat species were captured.  Each 
commonly occurs in southeastern Indiana, 
and none of the species was unexpected in 
Morgan, Monroe, and Johnson counties.  
None of the six species is listed by the 
USFWS or the State of Indiana as rare, 
threatened, or endangered.   
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Figure 1. (“Mist net sites, radiotelemetry stations and Indiana bat roost trees identified near 
Creek in Section 5 of the proposed I-69 between July and August 1, 2005”) has been removed 
for confidentiality reasons related to the federally endangered Indiana bat.  
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Figure 2. (“Mist net sites, radiotelemetry stations and Indiana bat roost trees identified near 
Creek in Section 5 of the proposed I-69 between July and August 1, 2005”) has been removed 
for confidentiality reasons related to the federally endangered Indiana bat. 
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Figure 3. (“Mist net sites, radiotelemetry stations and Indiana bat roost trees identified near 
Creek in Section 5 of the proposed I-69 between July and August 1, 2005”) has been removed 
for confidentiality reasons related to the federally endangered Indiana bat. 
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Table 1.  Location of ten sites surveyed with mist nets during 2005 in the Section 5 and Section 6 Indiana Bat Study Areas. 

Site no. County Habitat feature surveyed 

Approximate distance 
to proposed Corridor 3C

centerline in feet 
(meters) 

5-16 Morgan Bryant Creek 830 (253) 

5-19 Morgan Bryant Creek 11,370 (3,466) 

5-22 Morgan Unnamed tributary to White Fork and adjacent gravel road 7,676 (2,340) 

6-7 Morgan Clear Creek 600 (183) 

6-8 Morgan Clear Creek 5,830 (1,777) 

6-10 Morgan Tributary to the White River 3,380 (1,030) 

6-19  Morgan Tributary to Bluff Creek 200 (61) 

6-20 Morgan Goose Creek 9,050 (2,758) 

6-22 Johnson Honey Creek 220 (67) 

6-23 Johnson Pleasant Run Creek 4,650 (1,417) 
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Table 2.  Number of Indiana bats captured and radio-tagged, number of Indiana bat roost trees identified, and number of other species 
captured from ten mist net sites during 2005 in Sections 5 and 6. 

Site 
no. 

Survey dates 
(2005) 

Reproductive
adult female 
M. sodalis 

No. radio-
tagged M. 

sodalis 

Total no.
diurnal 
roosts 

identified

M
. l

uc
ifu

gu
s 

M
. s

ep
te

nt
ri

on
al

is
 

E.
 fu

sc
us

 

P.
 su

bf
la

vu
s 

L.
 b

or
ea

lis
 

L.
 c

in
er

eu
s 

N
. h

um
er

al
is

 

Total no.
bats 

captured 

5-16             7/18, 7/19 1 2 1 4
5-19          7/12, 7/13 2  1 1 2   6
5-22             7/14, 7/17 1 1 4 4 1 6
6-7           7/17 1 1 2 7 1 9
6-8             7/12 1 1 2 1 1 3
6-10             7/14, 7/15 5 2 1 1 1 10
6-19             7/12, 7/13 1 1 1 3
6-20             7/14, 7/15 8 4 12
6-22            7/19 0
6-23 7/17, 7/18, 7/19 1 1 2 4 2 10  1  14 32 

 

Table 3.  Description of Indiana bats captured during 2005 within the Section 5 and Section 6 Indiana Bat Study Areas. 

Site no. 
Date 

captured 
(2005) 

Time 
captured 

Gender  Age
Reproductive

condition* 
Weight 

(g) 
Radio-transmitter
frequency (mHz) 

Dates of 
radiotracking 

6-8         7/12 0100 F A L 7.75 150.046 7/12-7/21
5-22         7/17 0145 F A L 8.0 151.046 7/17-7/31
6-7         7/17 2140 F A PL 8.25 150.025 7/17-7/31
6-23         7/19 2130 F A L 6.25 150.068 7/19-7/31

*L= lactating, PL=post-lactating 
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Table 4.  Description of roost trees used by Indiana bats within the Section 5 and Section 6 Indiana Bat Study Areas. 

Roost 
tree 
no. 

Latitude1 Longitude1 Species Condition 
Diameter at 
breast height
inches (cm) 

Percent 
exfoliating

bark 

Percent 
canopy 
closure 
at roost 

Distance to 
capture site 

feet (meters) 

Distance to 
proposed 

Corridor 3C 
centerline 

feet (meters) 

5-1  Ulmus americana dead 9.8 (25) 5 0 3,300 (1,005) 10,975 (3,345) 

5-2  Acer saccharinum live 18 (45) 0 30 2,700 (832) 10,100 (3,079) 

5-3  
could not be 

identified 
dead 14 (35) 0 75 4,500 (1,371) 11,760 (3,584) 

5-4  
could not be 

identified dead 25.5 (65) 50 75 3,750 (1,143) 10,660 (3,249) 

6-1  A. saccharinum dead 16.5 (42) 10 10 5,085 (1,550) 2,330 (710) 

6-2  U. Americana dead 8.6 (22) 40 5 2,730 (832) 7,150 (2,179) 

6-3  A. saccharinum live 17.7 (45) 0 30 6,360 (1,939) 2,340 (713) 

6-4  A. saccharinum dead 11 (28) 0 25 6,470 (1,972) 2,430 (741) 

6-5  Populus deltoides dead 24 (61) 0 50 1,300 (396) 5,610 (1,710) 

6-6  A. saccharinum live 16 (41) 0 70 1,230 (375) 4,950 (1,509) 

203R12       Fraxinus sp. Dead unknown unknown unknown n/a3 844 (257) 
 

1Latitude and longitude provided in decimal degrees 
2Data describing this roost from Hendricks et al. 2004 
3No bats equipped with transmitters described herein utilized this roost tree. 
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Table 5.  Number of bats observed in 2005 emerging from each Indiana bat roost tree identified in Sections 5 and 6. 

Emergence Count Roost 
tree 
no. 

Date 
identified 

Roost of 
bat no. 

Date 
No. 
bats 

Date 
No. 
bats 

Date 
No. 
bats 

Date 
No. 
bats 

Date 
No. 
bats 

Primary/ 
Alternate

Roost1

5-1              7/19/2005 151.046 7/18 2 7/19 1 7/21 0 7/26 3 7/27 0 Alternate

5-2              7/21/2005 151.046 7/21 4 7/22 4 7/23 3 7/26 2 7/27 1 Alternate

5-3 7/22/2005 151.046 7/22           13 7/26 3 7/27 4 Alternate

5-4              7/23/2005 151.046 7/23 6 7/26 23 7/27 76 7/28 115 7/29 128 Primary

6-1              7/13/2005 150.046 7/13 2 7/14 1 7/15 0 7/27 2 7/28 1 Alternate

6-2              7/15/2005 150.046 7/15 4 7/16 5 7/17 3 7/27 1 7/28 0 Alternate

6-3              7/19/2005 150.025 7/18 6 7/19 7 7/20 7 7/27 6 7/28 0 Alternate

6-4              7/29/2005 150.025 7/29 40 7/30 42 7/31 52 8/1 29 8/2 41 Primary

6-5             7/20/2005 150.068 7/20 0 7/25 0 7/26 0 7/27 0 Alternate

6-6 7/23/2005 150.068 7/25           0 7/26 1 7/27 0 Alternate

203R12 2004             203 7/27 7 7/28 1 Alternate

 
1As defined in Callahan 1993 
2Roost tree identified in Hendricks et al. 2004.  The Hendricks et al. report identified an emergence count (unspecified date in 2004) of  
 64 bats at this tree. 
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Appendix C 
Field Data Sheets 

 
Appendix C: Field Data Sheets have been removed for confidentiality reason related to the 

federally endangered Indiana bat. 
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Appendix D 
Selected Photographs of Indiana Bats and Roost Trees Used by Indiana Bats 
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Bat No. 150.046, lactating female M. sodalis captured at Net Site 6-8 on July 12, 2005.
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Bat No. 151.046, lactating female M. sodalis captured at Net Site 5-22 on July 17, 2005.
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Bat No. 150.025, post-lactating female M. sodalis captured at Net Site 6-7 on July 17, 2005.
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Bat No. 150.068, lactating female M. sodalis captured at Net Site 6-23 on July 19, 2005.
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Roost Tree No. 5-1 Roost Tree No. 5-2
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Roost Tree No. 5-3 Roost Tree No. 5-4
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Roost Tree No. 6-1 Roost Tree No. 6-2
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Roost Tree No. 6-3 Roost Tree No. 6-4
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Roost Tree No. 6-5 Roost Tree No. 6-6
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USFWS INDIANA BAT MIST NETTING GUIDELINES 
 
Summer Acoustic Survey Season 

 15 May to 15 August 
 
Personnel 

 A qualified biologist must select or approve of mist net sites as suitable for capturing Indiana bats, be present at each 
site throughout the survey and confirm all bat species identifications 

 A qualified biologist can monitor multiple sites provided they can be monitored every 10 minutes via walking. 
 
Equipment: 

 Fine mesh (38 cm = 1.5 inch) nets of 50 or 75 denier 2 ply nylon. 
 
Level of Effort (Midwest) 

 Linear projects require a minimum of 4 net nights per km (0.6 miles) of suitable summer habitat. 

 Non‐linear project require a minimum of 4 net night per 0.5 km2 (123 acres) of suitable summer habitat. 

 Generally, no more than two nights at a single net location. 
 
Net Placement 

 Place approximately perpendicular across potential travel corridors extending from one side of the corridor to the 
other and extend from stream/ground surface up to overhanging canopy.  

 Net width and overall height should be dictated by the size of the corridor being surveyed.  Typical minimum size is 6 
meter (19.7 ft) wide and two stacked panels high (approximately 2.5 meter [8.2 ft]). 

 Distribute net set‐ups throughout suitable habitat. 

 Avoid net set‐ups illuminated by artificial light. 

 Photo document net placements. 
 
Mist Netting Operations 

 Check nets approximately every 10 to 15 minutes. 

 Minimize noise, lights and movement near nets. 

 Remove bats within 3 to 4 minutes 

 Indiana bats should not be held for more than 30 minutes, or no longer than 45 minutes if targeted for radio 
telemetry. 

 
Monitoring Period 

 Continuous survey for 5 hours beginning at sunset. 

 If site conditions (i.e., landscape setting) result in bats flying before sunset, survey should commence at dusk. 
 
Weather Conditions:  Cancel or terminate monitoring if any of the following occur for a particular night: 

 Temperatures fall below 50˚F (10˚C) during the survey period. 

 Precipitation (rain and/or fog) exceeds 30 minutes or continues intermittently during the first 5 hours of the survey 
period.  

 Sustained high wind speeds > 4 meters/second (9 miles/hour; Beaufort = 3) during the first 5 hours of the survey 
period. 

 
Indiana Bat Captures 

 Photograph all Indiana bats showing 
o ¾ view of face showing ear, tragus and muzzle 
o View of calcar showing presence/absence of keel 
o Transverse view of toes showing extent of toe hairs 

 Document all capture and individual measurements/observations (i.e, time of capture, gender, age, reproductive 
condition, weight, RFA, etc.) 

 If species cannot be readily determined in the field, collect one or more fecal pellets for DNA analysis by temporarily 
placing the bat in a holding bag for no more than 30 minutes. 

 Contact the appropriate USFWS FO within 48 hours of captures 
 

Source:  2014 Range‐Wide Indiana Bat Summer Survey Guidelines (January 2014) 
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I‐69 RADIO TELEMETRY GUILDLINES 

 
The primary goal  in conducting radio telemetry  is to  locate and enumerate as many maternity colonies and their 
maternity roost trees (primary and alternate) as possible that may be present within the I‐69 Action Area so that I‐
69 related impacts may be avoided and/or minimized. For this reason, surveyors should attach radio transmitters 
to the first two bats that are either reproductively active adult females or juveniles at each site. As a general rule, 
the attached  transmitter and adhesive  should not weigh more  than 5% of a bat’s weight. Transmitters may be 
placed  on  pregnant  females,  but  professional  judgment  should  be  used  to  determine whether  the  bat will  be 
overly stressed from the additional weight.  
 
Guidelines for placing transmitters on captured Indiana bats or northern long‐eared bats is summarized as follows: 

 The first adult female or juvenile male/female captured at any site (1st or 2nd night) received a transmitter. 

 A second adult female or juvenile male/female captured at any site on the 1st night would not receive a 

transmitter. 

 A second adult female or juvenile male/female captured at any site on the 2nd night can receive a 

transmitter at the discretion of the field crew if for instance the bat captured the previous night could not 

be tracked to a roost. 

 If an adult male was captured on the 1st night, no transmitter was attached. 

 If an adult male was captured on the 2nd night and no other female had been fitted with a transmitter, 

then the male can receive a transmitter. 

To fulfill Term and Condition No. 1 of the December 3, 2003 I‐69 Biological Opinion and Incidental Take Statement, 
surveyors are to track all radio‐tagged bats to their diurnal roosts for at least 5 days (do not necessarily have to be 
consecutive days). However, surveyors are encouraged to voluntarily continue daily tracking each bat for as long as 
feasible  to  generate more  data  and  to  allow  a more  complete  picture  of  each  colony’s  roosting  behavior.  An 
exhaustive  search  should  be  conducted  during  daylight  hours  in  an  attempt  to  locate  each  radio‐tagged  bat’s 
diurnal roost tree each day. Land owners should be notified before entering their property to search for a roost 
tree. 
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National White-Nose Syndrome Decontamination Protocol - Version 06.25.2012 

The fungus Geomyces destructans (G.d.) is the cause of white-nose syndrome (WNS), a disease that has 
devastated populations of hibernating bats in eastern North America.  Since its discovery in New York in 2007, 
WNS has spread rapidly through northeastern, mid-Atlantic, and Midwest states and eastern Canada.  It 
continues to threaten bat populations across the continent.  For the protection of bats and their habitats, comply 
with all current cave and mine closures, advisories, and regulations on the federal, state, tribal, and private lands 
you plan to visit.  In the absence of cave and mine closure policy, or when planned activities involve 
close/direct contact with bats, their environments, and/or associated materials, the following decontamination 
procedures should be implemented to reduce the risk of transmission of the fungus to other bats and/or 
habitats.  For the purposes of clarification, the use of the word “decontamination,” or any similar root, in this 
document entails both the 1) cleaning and 2) treatment to disinfect exposed materials.  

Under no circumstances should clothing, footwear, or equipment that was used in a confirmed or suspect 
WNS-affected state or region be used in a WNS-unaffected state or region.  Some state/federal regulatory 
or land management agencies have supplemental documents1 that provide additional requirements or 
exemptions on lands under their jurisdiction.  

I. TREATMENTS TO REDUCE RISK OF TRANSFERRING GEOMYCES DESTRUCTANS
2: 

Applications/Products:  
The most universally available option for treatment of submersible gear is:  

Submersion in Hot Water:  Effective at sustained temperatures ≥50ºC (122ºF) for 20 minutes 
Secondary or non-submersible treatment options (for a minimum of 10 min.) include: 

 
PRODUCT 

Clorox®  

(6% HOCl) 
Bleach 

Lysol® IC 
Quaternary 
Disinfectant 
Cleaner 

Professional Lysol® 
Antibacterial All-
purpose Cleaner 

Formula 409® 

Antibacterial All-
Purpose Cleaner 

Lysol® Disinfecting 
Wipes 

A
PP

R
O

V
E

D
 U

SE
S 

Hard,  
non-porous 
surfaces  Yes Yes Yes Yes Yes 
Non-porous 
personal 
protective safety 
equipment No  

Yes (headgear, 
goggles, rubber 
boots, etc.) No No No 

All surfaces, 
including: 
porous clothing, 
fabric, cloth 
footwear, 
rubber boots 

Yes (Do not use 
on ropes, 
harnesses or 
fabric safety 
gear.)   No No No No 

DILUTION / 
TREATMENT 
(as per label) 

Effective at 1:10 
dilution (bleach : 
water) 3,4  

Effective at 1:128 
dilution (1 ounce: 1 
gallon of water) 3,4 

Effective at 1:128 
dilution (1 ounce: 1 
gallon of water)3,4 

 

Effective at 
concentrations 
specified by label3,4 

Effective at 0.28 % di-
methyl benzyl 
ammonium chloride3,4  

                                                 
1 To find applicable addenda and/or supplemental information, visit  http://www.whitenosesyndrome.org/topics/decontamination 
2The use of trade, firm, or corporation names in this protocol is for the information and convenience of the reader. Such use does not constitute an 
official endorsement or approval by state and/or federal agencies of any product or service to the exclusion of others identified in the protocol that 
may also be suitable for the specified use.  
3 Product guidelines should be consulted for compatibility of use with one another before using any decontamination product.  Also, detergents and 
quaternary ammonium compounds (i.e. Lysol® IC Quaternary Disinfectant Cleaner) should not be mixed directly with bleach as this will inactivate 
the bleach and in some cases produce a toxic chlorine gas. All materials may present unknown hazards and should be used with caution. Although 
certain hazards are described herein, we cannot guarantee that these are the only hazards that exist. 
4 Final determination of suitability for any decontaminant is the sole responsibility of the user. Use of some treatments which utilize such method 
need to be applied carefully, especially in confined spaces, due to inhalation or contact risks of the product. All users should be aware of these risks 
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Other effective disinfectant(s) with similar chemical formulas (e.g., a minimum of 0.3% quaternary ammonium 

compound) or water based applications may exist but are unknown and not recommended at this time.   

REMEMBER, the product label is the law! 

It is the responsibility of the users of this protocol to read and follow the product label and MSDS. 

Products must be used in accordance with the label: 
Ensuring the safety of those who use any of the above products for treatment is of utmost importance.  Material 
safety data sheets (MSDS) developed by product manufacturers provide critical information on the physical 
properties, reactivity, potential health hazards, storage, disposal, and appropriate first aid procedures for 
handling or working with substances in a safe manner.  Familiarization with MSDS for chemical products prior 
to use will help to ensure appropriate use of these materials and assist in emergency response.  
It is a violation of federal law to use, store, or dispose of a regulated product in any manner not prescribed on 
the approved product label and associated MSDS.   

 Disinfectant products, or their contaminated rinse water, should be managed and disposed of as per 
product label directions to avoid contamination of groundwater, drinking water, or non-municipal water 
feature such as streams, rivers, lakes, or other bodies of water. Follow all local, state and federal laws. 
State-by-state requirements for product disposal may vary. Note: Quaternary ammonium wastewaters 
should not be drained through septic systems because of the potential for system upset and subsequent 
leakage into groundwater.  

II. PLAN AHEAD AND CAVE CLEAN: 
Dedicate your Gear:  Many types of rope and webbing have not been thoroughly tested for integrity after 
decontamination.  Dedicate your gear to a single cave/mine or don’t enter caves/mines that require this gear.  
Bag it Up:  Bring bags on all of your trips.  All gear not decontaminated on site should be isolated 
(quarantined) in a sealed plastic bag/s or container/s to be cleaned and disinfected off-site.      

Before Each Cave/Mine or Site Visit:   
1.) Determine G.d./WNS status5 of the state/county(s) where your gear was previously used.  

2.) Determine G.d./WNS status5 of state/county(s) to be visited. 

3.) Determine whether your gear is permitted for your cave/mine visit or bat related activity, as defined by the 
current WNS case definitions6 and the flowchart below. 

4.) Choose gear that can be most effectively decontaminated [i.e., rubber wellington type (which can be treated 
with hot water and/or secondary treatment options in section I.) vs. leather boots] or dedicated to a specific 
location.  Remember, under no circumstances should any gear that was used in a WNS-affected state or 
region be used in a WNS-unaffected state or region.  Brand new gear can be used at any location where 
access is otherwise permitted. 

5.) Determine if any state/federal regulatory or land management agency addendum or supplemental document1 
provides additional requirements or exemptions on lands under its jurisdiction that supplement the final 
instruction identified in the flowchart below. 

6.) Prepare a “Clean Caving” strategy (i.e., how and where all gear and waste materials will be stored, treated 
and/or disposed after returning to your vehicle and base area) for your particular circumstances that provides for 
cleaning and treatment of gear on a daily basis unless instructed above to do so more frequently throughout the 
day. 

                                                                                                                                                                                     
prior to entering cave environments and understand that products and corresponding procedures may cause irreversible harm. Always use personal 
protective equipment to reduce contact with these products, particularly when recommended by the manufacturer.  
5 Visit http://www.whitenosesyndrome.org/resources/map to determine the WNS status of a county or state. 
6 Visit http://www.nwhc.usgs.gov/disease_information/white-nose_syndrome/wns_definitions.jsp for current WNS case definitions. 

Appendix N, Page 104

http://www.whitenosesyndrome.org/resources/map
http://www.nwhc.usgs.gov/disease_information/white-nose_syndrome/wns_definitions.jsp


 

National White-Nose Syndrome Decontamination Protocol v 06.25.2012   3 
 

7.) When visiting multiple caves/mines or bat research sites on the same day, clean and treat all gear between 
each cave/mine/site, unless otherwise directed in an agency/landowner addendum.  It is recommended that 
known confirmed or suspect caves/mines be visited only after those sites of unknown G.d. status have been 
visited, to further reduce the risk of inadvertent transmission. 
 

Flowchart to Determine Gear Use or Decontamination 
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After Each Cave/Mine or Site Visit:   
1.) Thoroughly scrub and remove sediment/dirt from clothing, footwear, and other gear immediately upon 
emerging from the cave/mine or bat research site.  Avoid contamination of vehicles; store exposed gear 
separately from unexposed gear. 

2.) Once fully scrubbed and rinsed of all soil and organic material, clothing, footwear, and any appropriate gear 
should be sealed, bagged in a plastic container and once at home, machine or hand-washed/cleaned using a 
conventional cleanser like Woolite® detergent or Dawn® antibacterial dish soap in water (the use of Dawn® 
antibacterial dish soap is not intended for use in conventional washing machines.)  Once cleaned, rinse gear 
thoroughly in water.  Clean/treat gear used in a suspect or confirmed state prior to transport when traveling back 
to or through a state without known cases of G.d./WNS. Use the treatments listed under Applications/Products 
on page 1 for a minimum of 10 (products) or 20 (hot water) minutes. 

Remember: Many types of rope and webbing have not been thoroughly tested for integrity after 
decontamination.  Dedicate your gear to a single cave/mine or don’t enter caves/mines that require this gear. 

A.) Submersible Gear (i.e. clothing, footwear, and/or equipment that can be submerged in liquid): 
   Clothing, footwear, and other submersible gear:  

Following steps 1 and 2 above, the primary treatment for all submersible gear should always be 
submersion in water of at least 50ºC (122ºF) for a minimum of 20 minutes, where possible.  Some 
submersible gear (depending on material) could be soaked for a minimum of 10 minutes in the 
appropriate products listed in the Applications/Products chart on page 1, rinsed thoroughly in water 
again, and air dried.  Note:  Although commercially available washing machines with sanitation cycles 
often sustain desirable water temperatures, their efficacy for killing the conidia of G.d. is unknown. 

      B.) Non-submersible Gear: 
Gear that may be damaged by liquid submersion should be cleaned according to the manufacturer’s 
recommendation between cave/mine visits and when appropriate, follow steps 1 and 2 above in addition to 
following:   

 Cameras and Electronic Equipment: 

Until effective techniques are developed to comprehensively disinfect cameras and electronics, it is 
recommended that these items only be used in caves when absolutely necessary.  Regardless of the 
cave/mine visited, clean/treat cameras and electronics after each visit using an appropriate product listed 
in the Applications/Products chart on page 1.  Equipment that must be used in the cave/mine may be 
placed in a sealed plastic casing (i.e., underwater camera housing), plastic freezer bag, or plastic wrap 
that permits operation of the equipment (i.e., glass lens is exposed) and reduces the risk of exposure to 
the cave environment.  Prior to opening or removing any plastic protections, wipe the outside surfaces 
with an appropriate product described in the Applications/Products chart on page 1.  Plastic freezer bag 
or wrap should be removed and discarded after each visit.  A sealed plastic casing may be reusable if 
properly submersed in appropriate product as described in the Applications/Products chart and the 
functionality and protective features of the casing are not sacrificed (check with manufacturer).  After 
removal of any outside plastic protection, all non-submersible equipment surfaces (i.e., camera body, 
lens, etc.) should be wiped using an appropriate product described in the Applications/Products chart. 

3.) Reduce the risk of vehicle contamination and transport of G.d. to new areas by making sure to  
A)  transport gear in clean containers,  
B)  remove outer clothing/footwear and isolate in a sealed plastic bag or container prior to entering a 
vehicle. Storage container options vary considerably depending on the type of vehicle; but always clean 
and disinfect the outside surfaces of storage containers prior to putting them in the vehicle. 
C)  remain outside of the vehicle after exiting a cave/mine or completing field work,   
D)  change into clean clothing and footwear prior to entering the vehicle, and  
E)  clean dirt and debris from the outside of vehicles (especially wheels/undercarriage). 
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National White-Nose Syndrome Decontamination Protocol v 06.25.2012   5 
 

  
OBSERVATION OF LIVE OR DEAD BATS  
If you observe live or dead bats (multiple individuals in a single location) that appear to exhibit signs of WNS, 
contact a wildlife professional in your nearest state (http://www.fws.gov/offices/statelinks.html ) or federal 
wildlife agency (http://www.fws.gov/offices/, http://www.fs.fed.us/, http://www.blm.gov/wo/st/en.html, or 
http://www.nps.gov/ index.htm ).  Do not handle bats unless authorized in writing to do so by the 
appropriate government agency.  
 
 
Note on the use of Pesticides/Products listed above: 

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) (7 U.S.C. §136 et seq. (1996)) 
http://www.epa.gov/oecaagct/lfra.html 

 defines a pesticide as follows:  

(u) Pesticide  
The term “pesticide” means (in part) 
(1) any substance or mixture of substances intended for preventing, destroying, repelling, or mitigating any pest.  
 
FIFRA defines a pest at §136:   
 (t) Pest  
The term “pest” means (in part) 
(1) any insect, rodent, nematode, fungus, weed, or  (2) any other form of terrestrial or aquatic plant or animal 
life or virus, bacteria, or other micro-organism (except viruses, bacteria, or other micro-organisms on or in 
living man or other living animals) which the Administrator declares to be a pest under section 25(c)(1). 
_________________________________________________________________________________________  
This document is the product of the multi-agency WNS Decontamination Team, a sub-group of the Disease 

Management Working Group established by the National WNS Plan (A National Plan for Assisting States, Federal 

Agencies, and Tribes in Managing White-Nose Syndrome in Bats, finalized May 2011).  On 15 March 2012 a 

national decontamination protocol was adopted by the WNS Executive Committee, a body consisting of 

representatives from Federal, State, and Tribal agencies which oversees the implementation of the National WNS 

Plan. This version of the protocol contains some modifications to the 15 March version, intended to clarify the 

recommendations for the appropriate use of treatment options.  This decontamination protocol will continue to be 

updated as necessary to include the most current information and guidance available. 
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