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Purpose

This document outlines objectives and tasks to be completed by state, federal, tribal, and private
partners in order to address information needs associated with Montana’s bat populations and
conservation threats such as White-nose Syndrome (WNS), mortalities at wind turbine facilities, and
disturbances at winter roost sites. This information will provide biologists and resource managers with
a better understanding of the natural history, ecology, year-round spatial and temporal distribution,
habitat use, and conservation status of bat populations, allowing them to better respond to threats
faced by Montana’s bat species.

Introduction

Montana’s bat populations face a wide array of conservation issues, including loss of roosting sites,
elimination of prey species, collision or drowning hazards at sites where they forage, drink, and mate,
and a lack of baseline information on distribution and habitat use that is available to resource
managers. In recent years, concerns have focused on fatalities at wind turbine facilities and those
resulting from WNS (Table 1). The large increases in mortality posed by these threats are especially
significant to bat populations because bats are long-lived and have only 1 or 2 young per year (Barclay
and Harder 2003).

Of North America’s 45 documented bat species, mortalities from wind turbines have been documented
in 11 and 7 of them occur in Montana for at least a portion of the year (Table 1; Kunz et al. 2007,
Arnett et al. 2008). Of these species, mortality rates have been highest (> 75%) in tree roosting
migratory species such as the Silver-haired Bat (Lasionycteris noctivagans), Eastern Red Bat (Lasiurus
borealis), and Hoary Bat (Lasiurus cinereus) (Kunz et al. 2007, Arnett et al. 2008 and 2011, Cryan 2008).
However, resident bats may also be impacted and impacts may occur even during the winter. For
example, data from Canada suggests that non-migratory overwintering bats may remain active to
some degree during the winter when temperatures go down to as low as -6 or -7 °C ( 21 to 19 °F)
(Lausen and Barclay 2006).

Since 2006, White-Nose Syndrome, resulting from the cold adapted fungus Pseudogymnoascus
destructans, has killed an estimated 5.7 to 6.7 million bats in eastern North America (Blehert et al.
2008, Lorch et al. 2011, USFWS News Release January 17, 2012, Minnis and Lindner 2013). As a result,
the extinction of Little Brown Myotis (Myotis lucifugus) is predicted in eastern North America by 2026
(Frick et al. 2010), M. lucifugus, Northern Myotis (M. septentrionalis), and Tri-colored Bat (Perimyotis
subflavus) were emergency listed as Endangered under Canada’s Species at Risk Act (COSEWIC 2012),
M. lucifugus has been petitioned for emergency listing under the United States Endangered Species Act
(Kunz and Reichard 2010), and M. septentrionalis has been listed as Threatened under the United
States Endangered Species Act across its range, including portions of eastern Montana (USFWS 2015).
P. destructans has progressed westward to states along the Mississippi River corridor as well as the
Province of Ontario, Canada, has caused WNS in at least three species documented in Montana, has
been detected in other species that may serve as local or regional vectors, and seems likely to affect
other Montana species due to the close relatedness of species that have been impacted (Table 1,
Blehert et al. 2011, Heffernan 2014).



Table 1. Montana bat species, conservation status, and known or potential concerns from WNS and wind turbine facilities.

Species

Conservation Status

Species known to be affected by
White-Nose Syndrome / P. destructans

Species known to be subjecE
to mortality at wind turbines

Pallid Bat
(Antrozous pallidus) = ANPA

G5 S3, MT SOC, BLM
Sensitive, USFS Sensitive

No connection known at this time.

No mortalities documented in
literature.

Townsend'’s Big-eared Bat
(Corynorhinus townsendii) = COTO

G34 S3, MT SOC, BLM
Sensitive, USFS Sensitive

Detected, but no diagnostic sign of WNS (USFWS 2014).
Potential winter roost vector.

No mortalities documented in
literature.

Big Brown Bat
(Eptesicus fuscus) = EPFU

G5 54

Blehert et al. 2008, Langwig et al. 2012, 2014, Frank et al.
2014.

Johnson et al. 2004; Kunz et al.
2007; Arnett et al. 2008, 2011.

Spotted Bat
(Euderma maculatum) = EUMA

G4 S3, MT SOC, BLM
Sensitive, USFS Sensitive

No connection known at this time.

No mortalities documented in
literature.

Silver-haired Bat
(Lasionycteris noctivagans) = LANO

G5 S4, Potential MT SOC

Detected, but no diagnostic sign of WNS (Bernard et al. 2015,
USFWS 2014). Potential regional migratory vector.

Johnson et al. 2004; Kunz et al.
2007; Arnett et al. 2008, 2011;
Baerwald et al. 2009; Poulton
and Erickson 2010.

Eastern Red Bat
(Lasiurus borealis) = LABO

G5 SU, Potential MT PSOC

Detected, but no diagnostic sign of WNS (Bernard et al. 2015,
USFWS 2014). Potential regional migratory vector.

Kunz et al. 2007; Arnett et al.
2008, 2011.

Hoary Bat
(Lasiurus cinereus) = LACI

G5 S3, MT SOC

No connection known at this time.

Johnson et al. 2004; Kunz et al.
2007; Arnett et al. 2008, 2011;
Baerwald et al. 2009; Poulton
and Erickson 2010.

California Myotis G554 Close relatedness to M. leibii indicates possible susceptibility | No mortalities documented in
(Myotis californicus) = MYCA (Agnarsson et al. 2011, Langwig et al. 2012) literature.
Western Small-footed Myotis G554 Relatively close relatedness to M. lucifugus indicates possible | No mortalities documented in
(Myotis ciliolabrum) = MYCI susceptibility (Frick et al. 2010, Agnharsson et al. 2011) literature.

Long-eared Myotis G554 Close relatedness to M. sodalis indicates possible Kunz et al. 2007

(Myotis evotis) = MYEV

BLM Sensitive

susceptibility (Agnarsson et al. 2011, Langwig et al. 2012)

Little Brown Myotis
(Myotis lucifugus) = MYLU

G3 S3, MT SOC

Blehert et al. 2008, Frick et al. 2010, Lorch et al. 2011,
Warnecke et al. 2012, Johnson et al. 2014, Langwig et al.
2012, 2014.

Johnson et al. 2004; Kunz et al.
2007; Arnett et al. 2008, 2011.

Northern Myotis
(Myotis septentrionalis) = MYSE

G1G3 SU, BLM Special
Status, USFS Threatened,
USFWS Listed Threatened

Blehert et al. 2008, Langwig et al. 2012, 2014, USFWS 2015.

Kunz et al. 2007; Arnett et al.
2008

Fringed Myotis
(Myotis thysanodes) = MYTH

G4 S3, MT SOC, BLM
Sensitive

Relatively close relatedness to M. lucifugus indicates possible
susceptibility (Frick et al. 2010, Agnarsson et al. 2011)

No mortalities documented in
literature.

Long-legged Myotis
(Myotis volans) = MYVO

G5 sS4
BLM Sensitive

Close relatedness to M. sodalis indicates possible
susceptibility (Agnarsson et al. 2011, Langwig et al. 2012)

No mortalities documented in
literature.

Yuma Myotis
(Myotis yumanensis) = MYYU

G5 S3S4, Potential MT
SOC

Relatively close relatedness to M. grisescens indicates
possible susceptibility (Agnarsson et al. 2011, USFWS 2014)

No mortalities documented in
literature.

*Unidentified Myotis species mortalities have also been reported at the Judith Gap Wind Farm (Poulton and Erickson 2010).
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Objectives
The overarching objectives of bat and WNS surveillance efforts in Montana are to:

1. Gain a better understanding of Montana’s bats, including their year-round distribution, roost use,
and activity levels in various habitats.

2. Gain a better understanding of Montana’s cave environments and their likelihood of supporting
P. destructans, including initiation of baseline surveys to detect the presence of P. destructans.

3. Develop risk criteria for WNS invasion of winter bat roosts (e.g., bat use, temperature, humidity,
and human visitation rates) and rank the relative risks of WNS in cave and mine sites used, or
potentially used, as winter hibernacula by Montana’s bats in order to inform response plans.

4. Centralize information on Montana bat roosts and bat distribution and activity levels, as well as
broader research on bats and the threats they face, and make it readily available to natural
resource managers for mitigating the impacts of WNS, wind turbines, and other threats to bat
populations.

Collaborators have agreed to accomplish these overarching objectives through a common set of roost
and acoustic surveillance goals and protocols detailed below.



Surveillance of Montana Bat Roosts: Collaborative Assessment of
Year-Round Roost Distribution, Roost Characteristics, and Risk of WNS Invasion

Background
The threat of WNS led to an initially contentious meeting between stake holders in the fall of 2010 that

has since evolved into a strong collaborative partnership between caving groups and federal, state,
tribal, and nongovernmental organizations centered around the goal of addressing information needs
that will allow WNS to be detected in a timely manner and provide the best opportunities for impacts
from WNS and other threats to be mitigated. Central to this collaboration is a consensus that the
collective knowledge and unique skillsets of caving groups are essential to gaining a better
understanding of Montana’s cave resources and their use by bats. While cavers and caving groups
have been the primary method of gathering information on Montana’s caves and their use by bats and
humans, a variety of other collaborators are contributing information on summer bat roosts in
Montana. To-date collaborators have included, ABR Inc., Big Fork Caving Club, the Montana/Dakotas
office of the Bureau of Land Management, Confederated Salish and Kootenai Tribes, Fort Peck Tribal
Office of Environmental Protection, Montana Department of Environmental Quality, Montana
Department of Fish, Wildlife, and Parks, Montana Natural Heritage Program, MPG Ranch, National
Bison Range, National Park Service, Northern Rocky Mountain Grotto, Plum Creek Timber Company,
University of Montana, U.S. Fish and Wildlife Service, and Region 1 of the U.S. Forest Service.

Goals

While individual goals may vary across collaborators depending on funding availability and local
information needs, collaborators have agreed on the following common roost surveillance goals for an
initial 4-5 year (2011-2016) collaborative statewide effort:

1. Conduct winter (November to early April) surveys of caves and mines (see decontamination
protocols in Appendix 1 and example survey report and datasheets in Appendix 2) to document:

a. presence and body condition of bats with identification of species through morphological
measurement of a limited number of individuals (Appendix 3) and, if necessary, wing
punches and subsequent genetic testing for species not able to be confidently identified to
species in hand (e.g., M. septentrionalis and M. yumanensis)

b. numbers of bats including cluster sizes of bats roosting in direct contact with one another,
and within a 1 foot of other bats, through direct counts or post survey counts of digital
photos taken during the survey

c. roost features used (e.g. cracks, crevices, walls, ceilings)

d. period of bat occupancy documented through multiple surveys or deployment of a low
power acoustic roost logger (e.g., Anabat Roost Logger, Titley Scientific)
roost surface and/or bat temperatures remotely measured with an infrared thermometer

f. air temperatures and relative humidities throughout caves and mines, including areas near

bats, measured at the time of the survey with hand held thermometers as well as across
one or more years measured with data loggers (e.g., Hobo Pro v2 U23-001 or U23-002 or DS
1923 Hygrochron iButton)

lesions resulting from WNS by UV fluorescence of bats (Turner et al. 2014)

presence of P. destructans by swabbing bats and substrates (Muller et al. 2013, Shuey et al.
2014).

i. presence of P. destructans by soil sample collection (Lorch et al. 2012, 2013)

> o



2. Conduct active season (late April through late October) surveys of bridges, buildings, caves,
mines, rock crevices, tree snags, and other habitats potentially supporting maternity (highest
priority), day, and night roosts (see cave and mine decontamination protocols in Appendix 1 and
example survey report and cave and bridge survey datasheets in Appendices 2 and 4) to inform
resource managers and provide additional bat surveillance opportunities for determining the
potential impacts of WNS by documenting:

a. period of bat occupancy documented through multiple surveys or electronic surveillance
(e.g., videography)

b. presence and body condition of bats with identification of species through morphological
measurement of a limited number of individuals (Appendix 3) and, if necessary, wing
punches and subsequent genetic testing for species not able to be confidently identified to
species in hand (e.g., M. septentrionalis and M. yumanensis)

c. numbers of bats and clustering behavior through direct counts or post survey counts of
digital photos taken during the survey

d. roost features used (e.g. cracks, crevices, walls, ceilings)

e. roost surface and/or bat temperatures remotely measured with an infrared thermometer at
the time of survey

f. air temperatures and relative humidities of roost crevices measured throughout the
summer roosting period with data loggers (e.g., Hobo Pro v2 U23-001 or U23-002 or DS
1923 Hygrochron iButton)

3. Document human visitation rates at Montana caves, with an emphasis on those used by bats, and
particular emphasis on those that are ungated and known to support significant aggregations of
winter roosting bats (e.g., Lick Creek Cave, Ophir Cave, Old Dry Wolf Station Cave, Whitaker Sink,
and Little Ice Cave) by:

a. getting estimates of annual visitation rates and timing of visitation events from local cavers

b. installing water proof cave registers at/near the entrance and the terminal room or end of
larger caves

c. installing game cameras to document human activity at cave entrances (e.g., Moultrie Game
Spy M-990i Gen 2 10.0 MP)

d. installing infrared beam counters or pressure sensitive plate counters (e.g., TRAFx G3
counters) to document human activity inside caves

e. deploying low power acoustic roost logger to record bat activity and correlate timing of bat
activity with timing of human activity (e.g., Anabat Roost Logger, Titley Scientific)

4. Develop risk criteria and rank the relative risks of WNS in cave and mine sites used or potentially
used as winter hibernacula by Montana’s bats in order to prioritize future surveillance efforts and
and inform managers of high risk sites. To-date, risk criteria have included the following variables
with risk values listed from low to high for each criteria:

a. numbers of roosting bats at potential winter roosts with various levels of bat activity
documented (no bat sign documented, bat droppings detected, <20 bats detected, 20-100
bats detected, >100 bats detected)

b. temperature (<5°C, unknown temperature in small cave/mine, unknown temperature in
large cave/mine, 5-17°C)



c. humidity (e.g., <90% relative humidity, unknown humidity level in small cave/mine,
unknown humidity level in large cave/mine, >90% relative humidity)
d. estimated number of human visitors per year (<5, 6-20, 21-200, >200)

5. Centralize information on what is known about active and winter season bat roosts in Montana
as well as across the known range of Montana’s bat species, including period of roost occupancy,
temperature, humidity, and physical nature of roosts, and make it readily available to natural
resource managers so that it can be used to inform a variety of management decisions, prevent
the spread of WNS and/or mitigate impacts of WNS and other threats to bat populations (see
Appendix 5 for the latest overview of roost site, travel distance, and home range information for
Montana bat species).

6. ldentify non-cave/mine roost habitat features that are providing the dominant winter roosting
habitat for Montana bats (e.g., rock crevices, talus slopes, root wads, and other nonfreezing
microhabitats) and determine their likelihood of supporting P. destructans by:

a. conducting radio telemetry studies of bats in winter and summer

b. filming likely landscape features (e.g., talus slopes and rock outcrops) with infrared
videography to document emergence and immergence locations (e.g., Sony HDR SR12
Camera on nightshot infrared light setting with illumination provided by a dual IRLamp6
array)

c. documenting air temperatures and relative humidities of roost features that are detected
with data loggers (e.g., DS 1923 Hygrochron iButton)



Equipment/Supplies Needed for Roost Surveys

Internet Purchases

1. Cason 380 pistol grip infrared thermometer for remote measurement of roost surface
temperatures http://www.amazon.com/Non-contact-Infrared-Digital-Thermometer-
Measurement/dp/BOODRTESDQ/ref=sr 1 1?ie=UTF8&qid=1423081674&sr=8-
1&keywords=Cason+380+thermometer

2. Taylor 6094N dial bi-therm (-40 to + 50 C) Thermometer (rugged and inexpensive for air temps)
http://www.amazon.com/Taylor-Bi-Therm-Standard-Instant-
Thermometer/dp/B0062PCP7S/ref=sr 1 fkmrl 2?ie=UTF8&qid=14230818748&sr=8-2-
fkmrl1&keywords=Taylor+6094N+dial+bi-therm+%28-40+t0+%2B+50+C%29+Thermometer

3. UV Flashlight 51-LED 385 or 395nm for florescence of WNS presence/damage to bats
http://shop.ledwholesalers.com/index.php?route=product/product&product id=176

4. UV Protection Safety Glasses for use with UV Flashlight
http://shop.ledwholesalers.com/index.php?route=product/product&path=41&product id=263

5. Hobo Pro v2 temperature and relative humidity data logger U23-001 or U23-002
http://www.onsetcomp.com/products/data-loggers/pro-v2-temp-rh-data-loggers-outdoor

6. DS 1923 Hygrochron iButton temperature and humidity data logger
http://www.ibuttonlink.com/products/ds1923
https://store.thermodata.us/content/ds1923-hygrochron
http://www.embeddeddatasystems.com
http://www.mouser.com/

7. DeWalt DCT411S1 9mm inspection camera http://www.amazon.com/DEWALT-DCT411S1-12V-
Inspection-Camera/dp/B0O05LUKEQOU/ref=sr 1 1?ie=UTF8&qid=1431641651&sr=8-
1&keywords=Dewalt+DCT+9mm-+Inspection+Camera

8. Anabat Roost Logger (Anabat RL1)
http://www.titley-scientific.com/us/index.php/anabat-roost-logger

9. Pesola 50 gram spring scale http://www.pesola.com/e/

10. 150 mm 0.1mm scale dial caliper e.g., http://www.amazon.com/Wiha-Metric-Dial-Max-Caliper-
Resolution/dp/BO01CTUCGA

11. Three millimeter Militex Biopsy Punch http://www.miltex.com/prodinfo/surgical/biopsypunches.aspx

12. Game camera, e.g., http://www.amazon.com/Moultrie-M-990i-Camera-
MossyTreestand/dp/BO0SSGUHVA/ref=dp ob title sports

13. TRAFx G3 counters http://www.trafx.net/products.htm

14. Sony HDR SR12 Camera in nightshot mode http://www.amazon.com/gp/offer-
listing/B00123WDR2/ref=0lp tab all

15. Dual IRLamp6 array http://www.batmanagement.com/Ordering/irlight/irlight.html

Other Supplies

1. Clear ruler with millimeter scale for measuring ear, tragus, and toe lengths

2. Nitrile gloves for sterile handling of individual bats

3. Lysol Wipes for decontamination of measurement gear, headlamps, headlamps, pencils, etc.

4. Ziplock bags for sterile management of supplies and samples and disposal of smaller waste items

5. Garbage bags for containing gear from cave to decontamination area to prevent spread of WNS

6. Swabs for swabbing bats for PCR

7. Microcentrifuge boxes and tubes with buffer for swabs or tissue biopsies for detection of P.
destructans or bat species identification (best to get from genetics collaborator)

8. Compass for orientation

9. GPS for documenting longitude and latitude of site location



Passive Acoustic Surveillance of Montana Bats:
Assessing Year-Round Distribution and Activity Levels with Songmeter Ultrasonic Detectors

Background
Starting in the fall of 2011, various federal, state, and tribal partners began deploying SM2Bat and

SM2Bat+ ultrasonic detectors to gather year-round baseline information on bat activity in various
localities across Montana. During 2012, individual efforts began to coalesce into a statewide array of
detectors to address most bat species known to occur in Montana (Figure 1, Table 2, Appendices 6 and
7). Most of the recordings from this array are being analyzed by the Montana Natural Heritage
Program and stored in the Montana Bat Call Library. The library of Montana bat calls is housed on a
series of 15-20 Terabyte Drobo 5D and 5N storage arrays at the Montana State Library as well as a
secondary offsite location to protect against catastrophic loss.

Goals

While individual goals may vary across collaborators depending on funding availability and local
information needs, the following common baseline information goals emerged for an initial 2-3 year
(2012-2015) collaborative statewide effort focused on the species that are readily detected by the
SM2Bat, SM2Bat+, and SM3 detector/recorder systems (Figure 1, Table 2, Appendices 6 and 7).

1. Summaries of year-round monthly and nightly bat activity levels, as measured by the number of
bat passes detected, regardless of species

2. Summaries of year-round nightly activity levels of individual bat species based on automated
Sonobat 3.0 call identification analyses in order to identify annual timing of immergence to and
emergence from hibernacula by resident bat species and timing of spring and fall migrations by
migratory bat species

3. Summaries of timing of nightly activity patterns of individual bat species based on automated
Sonobat 3.0 call identification analyses

4. Correlations of overall bat activity and activity of individual species with temperature and, where
possible, wind speed and barometric pressure

5. Confirmation of both monthly species presence and minimum temperatures of activity through
hand analyses given that Sonobat 3.0 automated call identification analyses are not always
reliable

6. Summaries of information gathered on individual ultrasonic acoustic monitoring devices will be
compiled in site specific powerpoint presentations that can be readily shared with local partners
and the general public

7. Collective summaries of information gathered on all ultrasonic acoustic monitoring devices
deployed across the state in order to identify landscape characteristics that are associated with
different levels of bat activity throughout the year and in order to identify timing, and potentially
pathways, of migratory events.

Considerations for Selecting Passive Acoustic Monitoring Locations
Sites selected for deployment of acoustic monitoring devices have been determined by the following
considerations:

1. Does location fill gap in statewide acoustic monitoring scheme?

2. Does location provide information to inform local management decisions?




Figure 1. SM2Bat
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Is the detector at risk of damage from vandalism, cows, or other hazards?
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Table 2. Acoustic Monitoring Comments for Montana Bat Species

SOC

Common Name Scientific Name 4 Letter Conservation Status Acoustic Monitoring Comments
Code (see Montana Bat Acoustic Key and Call Identification
Training Materials in Appendices 6 and 7 for more details)
Pallid Bat Antrozous pallidus ANPA G5 S3, MT SOC, BLM Probably only able to differentiate via social calls.
Sensitive, USFS Sensitive
Townsend’s Big-eared Bat Corynorhinus townsendii COTO G34 S3, MT SOC, BLM Quiet bat. Poor rates of detection by most detectors. Partial calls
Sensitive, USFS Sensitive | overlap with Fringed Myotis. Need good recordings with harmonics
for differentiation. Surveys of known roosts likely to remain an
important component of monitoring species.
Big Brown Bat Eptesicus fuscus EPFU G554 Calls often overlap, and are confused with, calls of Silver-haired Bat
and, more rarely, Hoary Bat.
Spotted Bat Euderma maculatum EUMA G4 S3, MT SOC, BLM Poor rate of detection with Long-term SM2 detectors. Standard call
Sensitive, USFS Sensitive | processing (16 KHz lower cutoff) does not allow for detection of this
species. Processing to filter calls with a 3-8 ms duration at 7-10 KHz
has successfully pulled out call sequences for this species as well as
social calls for other species. Species needs focal acoustic surveys in
high elevation meadows above big cliff habitats.
Silver-haired Bat Lasionycteris noctivagans LANO G5 S4, Potential MT SOC | Calls often overlap, and are confused with, calls of Big Brown Bat
and, more rarely Hoary Bat.
Eastern Red Bat Lasiurus borealis LABO G5 SU, Potential MT Call sequences for this species are easily differentiated by finding
PSOC sequences with variable frequencies and characteristic call shapes.
Sonobat 3.0 often mistakes MYLU call sequences for this species.
Hoary Bat Lasiurus cinereus LACI G5 S3, MT SOC Call sequences for this species are easily differentiated by finding
sequences with variable frequencies and characteristic call shapes.
California Myotis Myotis californicus MYCA G554 Calls overlap to some extent with the calls of Yuma Myotis.
Western Small-footed Myotis | Myotis ciliolabrum MYCI G554 Reasonably well differentiated call with good recordings that contain
harmonics.
Long-eared Myotis Myotis evotis MYEV G554 Reasonably well differentiated call using characteristic frequency
BLM Sensitive cutoff for good recordings that contain harmonics.
Little Brown Myotis Myotis lucifugus MYLU G3 S3, MT SOC Calls overlap to some extent with Eastern Red Bat and Plains version
of Sonobat 3.0 often mistakes this species for Eastern Red Bat calls.
Northern Myotis Myotis septentrionalis MYSE G1G3 SU, Potential MT Only a single record in Montana.
SOC, BLM Sensitive
Fringed Myotis Myotis thysanodes MYTH G4 S3, MT SOC, BLM Reasonably well differentiated call using characteristic frequency
Sensitive cutoff for good recordings that contain harmonics.
Long-legged Myotis Myotis volans MYVO G554 Very difficult to differentiate from other Myotis species unless a
BLM Sensitive rarely observed upsweep into calls is recorded.
Yuma Myotis Myotis yumanensis MYYU G5 S3S4, Potential MT Calls overlap to some extent with the calls of California Myotis.

10




Equipment/Supplies Needed for Each Detector/Recorder Installation

(see Figure 2 photos below for examples of SM2 mounting setups)

Parts from Wildlife Acoustics http://www.wildlifeacoustics.com/

SM2Bat+ ultrasonic detector/recorder
10-meter or 50-meter SM2 microphone cable
SM2 6/12 volt power adapters

SMX-US ultrasonic omnidirectional microphone
Ultrasonic calibrator

Extra windscreens for the microphones

Extra cover fasteners

Ultrasonic microphone calibrator/tester

Other Internet Purchases

Optima YellowTop 12-volt dual purpose starting and deep cycle battery (8071-167 D51)
Instapark 30-watt mono-crystalline solar panel and 12-volt charge controller

Kingston 32 gigabyte class 10 flash memory cards (SD10G2/32gb) x 5 per detector

AA Energizer industrial strength batteries x 2 changed approximately annually for powering
internal clock

Parts from Local Hardware Store

4 x 6 ft metal picket fence posts to mount the detector, microphone, and solar panel

10 ft of electrical conduit for mounting microphone (could also use a wooden dowel)

Bent % inch PVC pipe to hold microphone

Duct tape for initially holding conduit on fence post and PVC pipe on conduit

Bailing or other malleable wire to attach solar panel on fence post, and detector on fence
post

4 x hose clamps to attach conduit on fence post and PVC pipe on conduit

9 inch x 9 inch piece of plywood to mount the detector/recorder to with wood screws. Drill
holes in the plywood to wire it to a fence post or screw it to a tree etc.

Plastic tub (ammo container may be better in bear country) for the battery and extra cable
Zip ties (9 or 11 inch) to hold the cables down to the fence post and conduit

Small amount of fencing and a few fence posts if detector is at risk of cattle rubbing on the
detector or microphone

Other Supplies for Installing and/or Checking Detector/Recorder

Phillips screw driver to open detector/recorder cover

Multimeter for checking battery voltage

Compass to orient direction (south) and angle (~60 degrees) of solar panel

GPS for setting latitude and longitude and setting and checking time

Fence post pounder

Fencing pliers

Retaining ring pliers for replacing microphone covers

Drobo 20 TB 5-drive array for data storage with redundancy to protect against drive failure

11



Figure 2. Examples of SM2 Deployment Locations and Setups
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Figure 2 Continued. Examples of SM2 Deployment Locations and Setups

13



Settings for SM2Bat and SM2Bat+ Detector/Recorders with SMX-US Microphones
Basic settings are below, but see Powerpoint overview with images at:
http://mtnhp.org/animal/presentations/20130101 SM2 Deployment Settings.pdf

Note: We do not recommend using the SM2Bat detector when recording high
frequency/bandwith bats (e.g., M. evotis, M. thysanodes, M. volans, M. septentrionalis)
because the maximum frequency of sampling and maximum frequency recorded are too low at
192 kHz and 96 kHz, respectively, to record the full frequency bandwith of these species.

Switches (SM2Bat+)
- Power — set to external when on external 12-volt battery
- Switches 1 and 7 set to on and all others set to off

Jumpers (SM2Bat)

- Power — set to external when on external 12-volt battery

- Left and right high pass filter set to 1,000 Hz (i.e. top two jumpers set to the far right)

- Left and right gain both set to 48 dB (i.e. for both right and left microphone, both of the
bottom two jumpers will be at 24 dB in order to add up to 48 dB bottom). This results in a
staggered appearance so that the bottom is to the far right and second to the bottom is one
pin to the left.

Schedule Settings
Set Schedule Settings to the Advanced option with the following lines of code
01 At SSET-00:00:00
02 DO
03 RECORD 00:30:00
04 GOTO LINE 03 0X
05 UNTSRIS+00:00:00
06 GOTO LINE 01 0X

Time and Date Settings
- Set at Standard Mountain Time (do not use Daylight Savings Time) so that a consistent time
setting is used year-round. During the summer this will result in a displayed time that is one
hour earlier than Daylight Savings Time.

Location Settings
- Prefix = Enter abbreviated location name
- Location = Enter Longitude North and Latitude West decimal degree coordinates
- Time Zone =set at UTC -7:00
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Audio Settings

Sample Rate = 192,000

Channels = Mono-R, Mono-L, or Stereo depending on microphone(s) deployed

Compression = WACO

Gain Left and Right = leave at 0.0 dB. These are only set with jumpers/switches

Advanced Settings

O Dig HPF Left and Right = Off if not in use and fs/24 if in use (192/24 = 8 kHz as minimum
frequency in order to filter out sounds below Spotted Bats)

0 Dig LPF Left and Right = Off since we don’t want to remove highest frequencies

0 Trg Lvl Left and Right = Off if not in use and 18SNR if in use (SNR = signal-to-noise ratio)

0 Trg Win Left and Right = 2.0s so that call sequences won’t be recorded within 2 seconds
of one another

O Trig Max Length = 0s

O Div Ratio=16

0 Nap Trg Lvl = off

Upgrading Firmware

1.

Download the new firmware (V 3.3.9 or later) from the Wildlife Acoustics website
http://www.wildlifeacoustics.com/wa-php/downloads.php onto an SD card

Insert the SD card into Slot A of the detector

Hold the Up button down as you hit and release the Reset button (SM2Bat) or turn the
power switch off and back on (SM2Bat+) until you see the boot message

Your SM2 file will show up on the screen and use the Up/Down and Select to select it

Press Reset (SM2Bat) or turn the power switch off and back on (SM2Bat+) to reboot and the
screen will tell you it is “Upgrading” and “Complete”

Utility Settings

1.

Use “Save A:SONGMETR.SET” to save the current recording settings into a configuration file.
This can be handy for diagnosing problems with recording settings.

Use “Erase all cards” to erase all cards in the unit. This is handy for quickly eliminating O Kb
files that sometimes get recorded. Cards can also be reformatted using SDFormatter V3.1
or later software https://www.sdcard.org/downloads/formatter 3/

Restarting Recording After the Start of a Scheduled Recording Session

If power is not provided to the detector/recorder until after the beginning of a scheduled

recording session or if you are making changes in the settings menu during the beginning of a

scheduled recording session, the detector will not record that night and will instead start

recording the next evening. If this happens, you can hold the Wake/Exit button down to force

recording to initiate. The display will read “Backing up...” and then “Recording....”
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Settings for SM2Bat+ Detector/Recorders with SMX-U1 Microphones

*See Upgrading Firmware, Utility Settings, and Restarting Recording After the Start of Scheduled Recording Session above.
Switches

- Power — set to external when on external 12-volt battery

- Switches 1, 6 and 9 set to on and all others set to off. This sets the unit to recording in

kilohertz and the microphone gain to 12 dB.

Schedule Settings

Set Schedule Settings to the Advanced option with the following lines of code

01
02
03
04
05
06

At SSET-00:00:00
DO

RECORD 00:30:00
GOTO LINE 03 OX
UNTSRIS+00:00:00
GOTO LINE 01 OX

Time and Date Settings

- Set at Standard Mountain Time (do not use Daylight Savings Time) so that a consistent time

setting is used year-round. During the summer this will result in a displayed time that is one

hour earlier than Daylight Savings Time.

Location Settings

- Prefix = Enter abbreviated location name

- Location = Enter Longitude North and Latitude West decimal degree coordinates
- Time Zone = set at UTC-7:00

Audio Settings

(0}

o
o

Sample Rate = 384,000

Channels = Mono-R, Mono-L, or Stereo depending on microphone(s) deployed
Compression = WACO

Gain Left and Right = leave at 0.0 dB. These are only set with jumpers/switches
Advanced Settings

Dig HPF Left and Right = Off if not in use and fs/48 if in use (384/48 = 8 kHz as minimum
frequency in order to filter out sounds below Spotted Bats)

Dig LPF Left and Right = Off since we don’t want to remove highest frequencies

Trg Lvl Left and Right = Off if not in use and 18SNR if in use (SNR = signal-to-noise ratio)
Trg Win Left and Right = 2.0s so that call sequences won’t be recorded within 2 seconds
of one another

Trig Max Length = 0s

Div Ratio = 16

Nap Trg Lv1 = off
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Checklist for Checking SM2Bat and SM2Bat+ Detectors

Tools Needed

Phillips Screw Driver for opening detector
Multimeter for checking voltage
Rag for cleaning solar panel

Checklist

1.

w

Check microphone to make sure it is oriented slightly downward so that precipitation drains away
from the microphone and the microphone cover to make sure it is intact (i.e. no bird damage). The
cover will turn orange, but still provides protection to the microphone if intact and not brittle. If
damaged, the cover needs to be replaced in order to ensure the microphone is protected from
precipitation damage. Replacing the SMX-US microphone covers is recommended every 6 months.
Check that the microphone cable is connected at the detector.

Clean solar panel to make sure it is free of dust, bird feces, etc.

Check power cable connections on detector, voltage regulators, and battery to make sure

everything is connected.

Check voltage of battery with the multimeter. Hopefully it is in the range of 12-13.5 volts. Ifitis

below 11 volts there is a problem.

Check that “charging” (red) and “power out” (green) lights on charge controller are on; sometimes

hard to see in direct sunlight so cup your hands over them. If the voltage is 12-13 volts then this

isn’t a big deal, but if voltage is below that, the power and charging lights provide important
information to diagnose problems with battery charging issues.

Take the cover off the detector recorder with the Phillips Screw Driver and do the following:

a. If the screen doesn’t power up when you take the cover off, push the Wake/Exit button in the
upper left.

b. Record the % full reading for each card.

Remove cards that are full or partially full.

d. Shift empty cards on the right to the left (i.e. towards slot A) and add empty cards in at the right
so that 4 cards are in the detector from May through September and at least 2-3 cards are in the
detector from October through April. If you are using 64GB cards make sure that they are
formatted to FAT32 format with the SmartDisk_Fat32_Tool program at:
http://www.verbatim.com/includes/binary details.php3?show=1&id=840

e. Make sure cards are reading in their new slots. If they aren’t, push the Wake/Exit button to put
the unit to sleep and then wake it up again.

f. If interested, or if there have been recent problems with the detector, check that the detector
recorder settings match those suggested above

g. Check that microphone is working properly with a Wildlife Acoustics Microphone Calibrator
using the protocol at the Wildlife Acoustics website
http://www.wildlifeacoustics.com/images/documentation/Ultrasonic-Calibrator.pdf
A quick check of microphone performance can also be made by plugging headphones into the
detector, putting it in recording mode by holding the up and down buttons down, turning on the
headphone sound by pressing the select button, and turning on the “chirp” mode of the
calibrator while placing it in the vicinity of the microphone.

h. Put the detector to sleep by pushing the Wake/Exit button and take note of the time when the
detector says it is going to sleep until. The time should correspond with the standard time for
sunset; i.e. one hour before sunset while we are on daylight savings time between March 10 and

o
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November 3 and at sunset once we are back on standard time between November 4 and March
9. If necessary, update the time using your GPS unit or a watch with accurate time.
If for any reason the screen freezes during your visit, turn off the power using the
external/internal power switch/jumper in the middle of the right side of the unit.
See instructions above for Upgrading Firmware, Utility Settings, and Restarting Recording After
the Start of a Scheduled Recording Session.
If there are problems during your visit and you have cell phone coverage you can call Bryce Maxell
for immediate feedback at: (406)-444-3989 (office) or (406) 461-1279 (cell).
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Settings and Checklist for SM3Bat Detector/Recorders with SMM-U1 or SM3-U1 Microphones

SM3 Bat Detector Settings
Use the SM3 Configurator Software from Wildlife Acoustics to load the following settings into a .PGM

file that you can load onto the detector using the program update instructions below.

Prefix = prefix you want to use for all files at the deployment location
Timezone = UTC-07 for Montana

Position = enter latitude and longitude coordinates of the detector
Solar mode = sunrise/sunset

Deployment scenario = SM3BAT with cards of the size you have

Mic 0 = SMM-U1 microphone

Mic 1 = internal

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18

HPF 1,000 Off
Gain 12.0dB Auto
FS WAC 0 256k
ZC Off 8
Frgmin 7,000 Off
Frgmax 128,000 Off
Dmin Off Off
Dmax Off Off
Trglvl +18 Off
Trgwin 2.0 0.1
Trgmax Off Off
Nap Off

Repeat

At SSet +00:00:00

Repeat

Record 00:30:00

UntSris +00:00:00

UntCount Forever = Inf

*Save the file with the desired name onto an SDHC or SDXC card

To load a program update

NooswdDE

© x©

Save the .pgm file on an SDHC or SDXC memory card

Load the card into slot A of the SM3

Press the Check Status button

As soon as you see something come up on the screen, push the Program Stop button
With the cursor flashing on the Program line, press the Enter/Menu button

Toggle down to the Import Program option and press the Enter/Menu button

It will take a few seconds to pop up, but you should see the XXXX.pgm filename pop up.
Select it and hit the Enter/Menu button

Press the left arrow

Press the Program Start Button

19



To update the firmware

1.

ok wnN

o N

Download the latest firmware from the Wildlife Acoustics website and store it on an SDHC
or SDXC memory card

Load the card into slot A of the SM3

Press the Check Status button

As soon as you see something come up on the screen, push the Program Stop button
Enter the Utilities menu and select Firmware Update

Select the Sys-XXXXX.SM3 file corresponding to the firmware version and press the
Enter/Menu button

Confirm that it has updated to the latest firmware version on the screen message

Press the Program Start Button

Checklist for checking SM3 detectors

1.

w

10.

Check microphone to make sure it is free of spider webs and not damaged. Remove spider
webs if needed and let Bryce know if there appears to be any damage.

Check that the microphone cable is connected to the detector

Clean solar panel to make sure it is free of dust, bird feces, etc.

Check that the power cable is connected to the detector and to the battery via the wire
loops.

Check voltage of battery with the multimeter. Hopefully it is in the range of 12-15.5 volts.
If it is below 11 volts there is a problem.

Press the Check Status button on the left side of the front of the detector....as soon as you
see something come up on the screen, push the Program Stop button on the lower right
side of the front of the detector

Press the Check Status button and note how full cards A, B, C, and D are.

Remove any cards that have data and send them in and move remaining cards from the D
to A direction (note card indications stamped onto outside of card cover piece). Put new
cards in so that unit has 4 empty cards.

Press the Check Status button and make sure that cards A, B, C, and D are being read by the
detector. If not, power down with switch inside the card bays and power back up and
recheck.

Press the Program Start button and make sure the unit says it is going to sleep at the
approximate time of sunset (1 hour earlier than sunset during daylight savings time since
the unit is set at standard time year round).
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Work Flow for Data Management and Analysis for SM2 Detectors with SMX-US Microphones

*see Figure 3 below.

b

10.

Remove card(s) from detector and use card reader to copy .wac files to computer. Archive

original .wac files for potential reanalysis in the future.

Convert .wac files to .wav files using Wildlife Acoustics WAC to WAV Conversion Utility using

the following settings: Split Triggers checked, Skip Noise checked, Sonobat checked, Max

duration = 86400, Gain Adj = 0, Min signal = 0.002, Min freq = 16000, Min spacing = 5, filter

= SMX-US Comp, Max freq = 125000

Compensate for SMX-US weatherproof ultrasonic microphone using Sonobat Batch

Compensator Utility with default settings

Eliminate nonbat noise files using Sonobat Batch Scrubber

Batch attribute files using Sonobat Batch Attributer

Batch analyze files using Batch Analysis Utility in one of the three versions of Sonobat 3.0.

Given our current understanding of species distributions, it is advisable to generally use the

“Mountains” version for mountainous areas of western Montana, the “South” version for

eastern Montana Great Plains habitats south of the Missouri River and the “Plains” version

for eastern Montana Great Plains habitats north of the Missouri River.

Import Sonobat 3.0 Batch Analysis output files and temperature log files into a Microsoft

Access database for long term management, hand analyses, and data summaries.

Hand check files identified to species by Sonobat 3.0 Batch Analysis Utility against the

Montana Bat Acoustic Key and Montana Bat Call Identification training materials (see

Appendices 6 and 7, respectively). Hand analyzed calls are classified as DEFINITIVE if the call

sequence meets definitive characteristics, PROBABLE if the call sequence meets some, but

not all, of the definitive characteristics, and NOT CONFIDENT if the call sequence as
identified by automated analysis lacks characteristics of a particular species that allow it to
be even tentatively identified as a particular species, or NO if the call sequence is clearly not
the species identified by the automated analysis such as when the software reads
overlapping calls, a harmonic, or background noise.

Hand analyses will focus on the following priorities:

a. Check calls identified to species by Sonobat 3.0 or later batch analyses within each
month until each species has either been definitively identified as present during that
month or until all calls have been reviewed by hand.

b. Check all call sequences associated with temperatures below 0 degrees Celsius to verify
that they are bats and, if possible, what their species identity is.

c. Check other calls of interest as needed (e.g. to identify migration date range within a
month or establish new low temperatures of activity for a species).

Summarize call data within worksheets of an Excel Workbook and in site specific

Powerpoint presentations or reports using pivot tables to generate graphical summaries.
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Work Flow for Data Management and Analysis for SM2BAT+ Detectors with SMX-U1
Microphones and SM3 Detectors with SMM-U1 or SM3-U1 Microphones

*see Figure 3 below.

w

for all Montana bat species with the exception of Spotted Bat (Euderma maculatum),

convert WAC to WAV files with Kaleidoscope Pro 3.0 or later using the following settings:

Time expansion factor = 1, Split to max duration seconds = 5, Filter noise files = checked,

Keep noise files = unchecked, Signal of interest = 16-128 kHz, 2-500 ms, Minimum number

of calls = 2, Advanced signal enhancement = checked

for E. maculatum, convert WAC to WAV files with Kaleidoscope Pro 3.0 or later using the

following settings: Time expansion factor = 1, Split to max duration seconds = 5, Filter noise

files = checked, Keep noise files = unchecked, Signal of interest = 7-10 kHz and 3-8 ms,

Minimum number of calls = 2, Advanced signal enhancement = checked

Eliminate nonbat noise files using Sonobat Batch Scrubber

Conduct automated species identification analyses with Sonobat 4.0 using the standard

recommended settings for mountains and plains and Kaleidoscope Pro 3.0 using both the

Accurate and Sensitive Classifier settings; Kaleidoscope analysis for E. maculatum files is

only analyzed with the Sensitive Classifier.

Import Sonobat 4.0 Batch Analysis output files and temperature log files into a Microsoft

Access database for long term management, hand analyses, and data summaries.

Hand check files identified to species by Sonobat 3.0 Batch Analysis Utility against the

Montana Bat Acoustic Key and Montana Bat Call Identification training materials (see

Appendices 6 and 7, respectively). Hand analyzed calls are classified as DEFINITIVE if the call

sequence meets definitive characteristics, PROBABLE if the call sequence meets some, but

not all, of the definitive characteristics, and NOT CONFIDENT if the call sequence as
identified by automated analysis lacks characteristics of a particular species that allow it to
be even tentatively identified as a particular species, or NO if the call sequence is clearly not
the species identified by the automated analysis such as when the software reads
overlapping calls, a harmonic, or background noise.

Hand analyses will focus on the following priorities:

a. Check calls identified to species by Sonobat 3.0 or later batch analyses within each
month until each species has either been definitively identified as present during that
month or until all calls have been reviewed by hand.

b. Check all call sequences associated with temperatures below 0 degrees Celsius to verify
that they are bats and, if possible, what their species identity is.

c. Check other calls of interest as needed (e.g. to identify migration date range within a
month or establish new low temperatures of activity for a species).

Summarize call data within worksheets of an Excel Workbook and in site specific

Powerpoint presentations, using pivot tables to generate graphical summaries.

22



Figure 3. Data processing flow chart.
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Appendix 1.

Decontamination Protocols for Bat Surveys (WNS, Chytrid, and other Pathogens)

Goal

The major goal of decontamination protocols is to greatly reduce the likelihood of pathogen transfer by human
researchers. Bats are likely the major vector for WNS so minimizing bat contact with people and reused gear will
minimize decontamination requirements. Using disposable gloves between handling individual bats will reduce
likelihood of pathogen transmission. Wearing disposable gloves over leather or nitrile gloves will reduce the need to
decontaminate those gloves between bats while protecting the researcher from bites.

When to Decontaminate
- Between any site separated by more than 10 miles, a major change in watersheds (e.g., crossing Continental
Divide).
- After any site where an ill or potentially infected animals are encountered.
- Anytime a gear item has been in direct or indirect contact (e.g., handling a bat and then touching your hat or
headlamp) with a bat and the above situations apply.

Decontamination Protocols for Washable Gear

Gear examples:
Mistnets, clothes, net bags, bat bags, nitrile gloves, guy lines

Protocol:

1. Heat water to a minimum sustainable temperature of 50C or 122F. This can be done by turning up the
temperature on hot water heaters or using a large pot on a stove or using a turkey fryer in more back country
situations.

2. Fully immerse items to be decontaminated for a minimum of 20 minutes, monitoring temperature throughout.

3. Air or tumble dry gear.

Decontamination of Large Non-washable Gear

Gear examples:
Net poles, rebar, rubber boots, waders, gear tubs

Protocol:
1. Wash off all mud, vegetation, and other debris before leaving a site and before beginning decontamination.
2. Mix a 10% bleach mixture by using 1 part household bleach (sodium hypochlorite) and 9 parts tap waterina 1
gallon pump action pressurized weed sprayer. Mixing is facilitated by marking the sides of the container.
Lay out gear to be sprayed on a road surface or other unvegetated area
4. Pressurize the container and spray gear until entire surface is thoroughly wetted; be sure to turn gear over to
wet all surfaces.
5. Let gear air dry for as long as possible. If immediate transport is necessary then place gear in tubs or rinse in tap
water after at least 10 minutes of saturation with bleach.

w

Decontamination of Small Non-washable Gear

Gear examples:
Headlamps, calipers, scales, cutting boards, rulers, tables, tweezers, forceps, naked hands

Protocol:

1. Use Lysol Wipes (also possible to use Formula 409) to wipe down all surfaces of all minor gear items.
2. Wipe down all gear coming into contact with bats between processing of individual bats.
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Appendix 2

Example Cave Survey Report and Cave Survey Datasheets

Site Name:Cave X Lat: XXXXXXX Long: XXXXX
Town: TRS County: Lewis and Clark State: Montana Date: 8 March 2014

Surveyors:_ Bryce Maxell, James Cummins, Ellen Whittle, lan Chechet, Haendel Zepeda

Contact email:bmaxell@mt.gov

Site type (circle one): @mine Time in: 13:30 Timeout:__ 17:00
Specify type (e.g. fractured cave, limestone mine): Limestone Cave at entrance elevation of 6411 ft.
WNS present (circle one): uspect/Confirmed Pd positive

WNS 1* Year of Detection: Bat Mortality: Y/N %

Site map: See attached.

Please include a site map or draw a rough sketch here. (See example on back.)
See attached.

Site description (describe features — standing water, rappel in, multiple entrances, crawling, etc):
See attached.

Approximate physical size of hibernaculum:

___Very small: blunt, dead end passage < 10m in length

____Small: one to two short passages > 10 — 100 m in length, may have a single room
_X_Medium: multiple rooms connected by 2 or more passages, or passages > 100 m in length
___Large: many rooms, passages, and levels; total area is >1 km?, but < 5 km?

___Very large: many rooms, passages, and levels, extensive passages; > 5 km?

Complete survey: (circle one:@N)
If NO: Please briefly list the areas surveyed, and with a description of sections that were skipped.

Percent of site area (e.g. number of chambers or levels used) occupied by bats:

<10%_ 10-25%__ 25%-50%__ 50-75% X _ >75%
Percent of occupied areas (e.g. within used areas, amount of wall) covered by bats:
<10% X 10-25%__ 25%-50%__ 50-75% >75%

Species present and final counts of each:

Circle: | MYCI Unidentified
Myotis

Total # 2 42

If other species present, please specify and include count by species:
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Section ID and Description Tally of bats by species in each cluster # Bats
(Start/End Time) Numbers represent # of bats in each cluster (defined as bats in physical contact); indicate number of Swabbed
bats with visible signs of WNS in parenthesis (see example below) (swab 1Ds)
Entrance Room (mostly | Unidentified Myotis Species: 1 0
on cave right wall and
ceiling) (ca. 13:30-14:00)
Right Passage off Unidentified Myotis Species: 1-1-1 0
Entrance Room (ca.
14:00-14:45)
Small Room rigging for Unidentified Myotis Species: 1 0
drop into bottom room
(ca. 15:15-15:45)
Lower Level MYCI: 1-1 0
(ca. 16:00-17:00) Unidentified Myotis Species: 1-1-1-2-1-1-1-1-1-1-8-10-8
Total Count Summary | MYCI = 2
Unidentified Myotis = 42
Total Bats = 44
Page _1_of _1__
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Upper Level

L : 2 MYSP @ 2.8 C Surface,
Forest Service roosting singly
interpretive sign —
v 1MYSP@2.8C Qf
1 MYSP @ 2.0 C Surface 'A" B L rlace

Lower Level
C 1 B . ik

2 MYSP @ 2.8 C Surfacelin cluster
1 MYCI @ 3.1 C Surface

Old PVC pipe with loose capped
ends as cave register. Paper was
a wad of goo with no sheets of

paper recognizable.

2 MYSP @ 2.8 § Surface rogsting singly
1 MYSP @ 3.0 §Surface

Hobo Data Logger 10130202 under
large rock on large shelf about 8 ft
from access to shelf. Downloaded
and left in place.

1 MYSP @ 4.0 C air

¥Flying in small room at 90
ft profile datum where
you rig ropes to descend
to lower level

6 MYSP @ 2.3 C Surface roosting singly
1MYCl@23C

8 MYSP @ 2.5 C Surface in cluster

10 MYSP @ 2.3 C Surface in cluster

8 MYSP @ 2.3 C Surface in cluster




Cave X 8 March 2014 Survey Photos in Order of Survey

Haendel Zepeda in snow shoot leading to entrance Entrance looking out through excavated snow drift




Shaft at cave left at bottom of entrance chamber

Unidentified Myotis species roosting singly in lower level chamber.




Unidentified Myotis species roosting in clusters in lower level chamber

Cluster of 10

Cluster of 8

Cluster of 2

Cluster of 8 and 1 single




Haendel Zepeda on upper wall of terminal end of lower level




Cave register near bottom of rope line into lower level Ellen Whittle ascending rope from lower level to upper level.
p ; ' s ¥ >~ T
a / : X

per is basically a consistency of paste.
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Temperature and Relative Humidity Data

Cave X Hobo Data Logger = 10130202
An Onset Hobo V2 U23-002 temperature and relative humidity data logger was deployed near the bottom of the drop into the lower level on cave right under a
large rock on a large shelf about 8 feet from the access to the shelf itself. Between the initial deployment at 20:30 on 21 May 2012 and the download at 16:19
on 8 March 2014 temperature averaged 4.65 degrees C (range 4.5 to 4.8) and relative humidity was at 100% with the possibility that the sensor just became
saturated very near the time of deployment.

40 110

i r —Temp, °C
r —FRH, %

T - & Coupler Detached
E - ¥ Coupler Atached

35 4 100 O Stopped

r » End Of File

] oo

30— -
i :—BIZI

25 4 -
] 70

P 20— E e

-5 :_EU

15
1 50

10 r
i :_40

5 B
] s_—3|:l
405,/21/12 09:00:00 PM 03/08/14 04:1:13 PM [
T 655d 19h 19m 13s L i
0-= T T T T T T T T T 20
0712 0113 0713 01/14
05421412 12:00: GhIT-06:00 a 0309774 TZ00:00 Al GhiT-06:00
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Site Name: Lat: Long:

Town: County: State: Date:
Surveyors: Contact email:
Site type (circle one): cave/mine Time in: Time out:

Specify type (e.g. fractured cave, limestone mine):
WNS present (circle one): Unknown/Suspect/Confirmed Pd positive

WNS 1* Year of Detection: Bat Mortality: Y/N %
Site map:

Please include a site map or draw a rough sketch here. (See example on back.)

Site description (describe features — standing water, rappel in, multiple entrances, crawling, etc):

Approximate physical size of hibernaculum:
__Verysmall: blunt, dead end passage < 10m in length
___Small: one to two short passages > 10 — 100 m in length, may have a single room

___Medium: multiple rooms connected by 2 or more passages, or passages > 100 m in length

Large: many rooms, passages, and levels; total area is >1 km?, but < 5 km?
Very large: many rooms, passages, and levels, extensive passages; > 5 km?

Complete survey: (circle one: Y/N)

If NO: Please briefly list the areas surveyed, and with a description of sections that were skipped.

Percent of site area (e.g. number of chambers or levels used) occupied by bats:

<10%_ 10-25%__ 25%-50%__ 50-75% >75%

Percent of occupied areas (e.g. within used areas, amount of wall) covered by bats:

<10%__ 10-25%__ 25%-50%__ 50-75% >75%

Species present and final counts of each:

Circle: | MYLU | MYSO | MYLE | MYSE | MYGR | MYVE | PESU | EPFU | COTO | COTOVI

Total #

If other species present, please specify and include count by species:
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Section 1D and Description Tally of bats by species in each cluster # Bats
(Start/End Time) Numbers represent # of bats in each cluster (defined as bats in physical contact); indicate number of bats Swabbed
with visible signs of WNS in parenthesis (see example below) (swab 1Ds)
Section 1: Entry Hall to MYLU: 3-2-1-1-2(1WNS+)-4-8(2 WNS+)-1 MYSO: 50-10(3WNS+)-5-100(5WNS+) 2
Example: | beginning of big room Mixed: 3(2 MYLU, 1 MYSE) - 8 (7 MYSO(3WNS+), 1 MYLU) NY00023
(9:00-9:15) N'Y00024
Page _ of
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Swab Instructions: Moisten swab in dipping tube, rub moistened swab on closed right forearm 5X, then muzzle 5X, break into storage tube and label with ID tag.

# bats .. Sex Other
: Cluster # bats : Is Pd visible? Substrate
Section ID (as onmap))  Swab ID Bat Spp Size within 1ft ;gggr&% (Circle one) sample ID (M/F) | (Notes, Band #, Photo #, etc)

5MYLU 10 MYLU .
1 - Entrance Hall WF14NY001 MYLU 5 MYSO 5 MYSO 3MYLU | No/Wings/Face WF14NY002 M

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

No/Wings/Face

Section ID: Indicate section ID or description within hibernacula using same ID/naming system corresponding to cave map and count data. Swab ID: Unique identifier provided - label should be placed on tube.
Bat species: First two letters of genus and species (ex: MYLU). Cluster size: Total number of bats in the cluster where focal bat is located; cluster is defined as group of bats that have physical contact, if mixed
spp cluster use: (Tot: 10, MYLU:5, MYSO:5) # of bats within 1 ft: Indicate the cumulative total number of bats of each species within 1 ft/30 cm of sampled bat, including bats that were counted in the cluster
(ex: MYLU:20, MYSO:5; if cluster had 10 bats (5 MYLU, 5 MYSO) and 15 more MYLU present within 1 ft # bats touching focal bat: Number of individuals touching focal (sampled) bat. Where is fungus
visible on bat on wall/in hand? If visible, circle where fungus is visible (Wings/Face), otherwise circle3®lo” Substrate sample: Write 1D (ex: WF13NY002) if you swab the wall underneath where bat was
roosting.. Sex: M/F. Other: Record any helpful notes, including band number and origin (if known), corresponding photo #, etc.



Appendix 3

Morphological Key for Montana Bat Species

Abbreviated Summary of Characteristics for Identification of Montana Bat Species
(see detailed key below for details)

Forearm Keeled | Characteristic
Species (mm) Calcar Frequency Other Key ldentifying Features
(KH2z2)
Larger Easily lIdentified Bats (arranged from largest to smallest forearm lengths)
ANPA 48-60 N 26-30 Muzzle like pit bull terrier. Musky odor. Cream
or pale yellow in color.
LACI 46-58 Y 13-30 Grizzled dorsal fur edged with black and
| contrasting with yellowish/orangish collar and
(narrowly) white wing patches
EUMA 48-51 N 7-10 Black with 3 conspicuous dorsal white patches
EPFU 43-52 Y 26-32 Orangish brown, rounded dark muzzle.
COTO 390-48 N 18-27 Very large ears joined on forehead. Two
prominent lumps on nose.
LABO 37-45 Y 38-50 Reddish orange with whitish tips. Relatively long
uropatagium.
LANO 37-44 N 26-28 Light color at base of small rounded black ears.

Black fur with silver highlights.

Myotis Species (Use calcar keel, forearm length, and then

other key features listed. Brackets identify

species pairs most difficult to distinguish or features difficult to distinguish)
MYVO 34-43 rY 40-46 Fur extending to elbow. Usually dark chocolate.
MYCI 29-35 Y 37-43 Bare snout length 1.5 times distance between
nostrils. Thumb >4.2mm. Usually lighter color.
IMYCA 129_35 Ly 47-55 Bare snout length same length as distance between
nostrils. Thumb <4.2 mm. Usually reddish.
MY SE 36-41 N 41-45 Ear extends <5mm beyond nose tip. Only a single
( record in NE Montana.
rl\AYEV 36-41 N 33-38 Ear >16mm and extending beyond tip of nose by
>5mm.
IMYTH 39-46 N 15-32 Conspicuous fringe of hairs extending backward
< from edge of tail membrane.
> - - See last page, but best to have genetics to
"MYLU 36(34 40) N 37-43 definitively distinguish from MYYU.
IMYYU <36(32-38) L N 47-55 See last page, but best to have genetics to

definitively distinguish from MYLU.
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Key to Idaho, Montana, & South Dakota Bats
2005*

1. a) About half of the tail projecting beyond the uropatagium (Fig. 1); forearm
length 36-46 mm —-» Tadarida brasiliensis, [TABR], (Family
Mollossidae), mexican free-tailed bat. This species is typically associated
with temperate climates at more southerly latitudes than this region.

Free tail

Enclosed tail
Fig. 1 Free tail vs enclosed tail

b) Tail enclosed in uropatagium (Fig. 1), with no more than a few mm
projecting free (Family Vespertilionidae) - 2

2. a) Ears very large (Fig 2), over 26 mm from notch to tip (Fig. 3) -» 3
b) Ears less than 26 mm from notch to tip(Fig. 2&3) -» 4

Fig. 2 Ear and tragus measures

Ear Length

Tragus

Nagorsen and Brigham 1995

3. a) Fur black, with 3 conspicuous white patches on back; forearm length 48-
51 mm - Euderma maculatum, [EUMA], spotted bat
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Very large ears

Fia. 3 larae ears and alands

b) Dorsal fur darkest at base, gray to brown; ears joined across forehead; 2
prominent lumps on nose; naked uropatagium; forearm length 39-48 mm —»
Corynorhinus townsendii, [Coto], Townsend’s big-eared bat; lump-nosed
bat

c) Dorsal fur lightest at base, colored cream or pale yellowish; simple muzzle;
ears not joined; wings and ears pale; often has a distinct musky oder;

forearm length 48-60 mm -» Antrozous pallidus, [ANPA], pallid bat

4. a) Color of fur black, occasionally dark brown, and may or may not be silver-
tipped; dorsal surface of uropatagium lightly furred; round ears with light
patch at base of leading edge, blunt tragus; forearm length 37-44 mm —>»
Lasionycteris noctivagans, [LANO], silver-haired bat

b) Color other than the above -»5

5. a) Uropatagium densely furred across entire dorsal surface; distinct patches
of fur on wrists —-» 6

b) Uropatagium unfurred for at least posterior half —» 7

6. a) Fur color black with white tips, giving overall frosty or hoary appearance;
ears contrastingly edged in black, contrasting yellow collar and yellow
and/or white wing patches; forearm length 46-58 mm —» Lasiurus
cinereus, [LACI], hoary bat

b) Fur color reddish orange to yellowish brown sometimes with white tips;
comparatively long uropatagium; forearm length < 45 mm (M. Kalcounis
pers. Comm.) -» Lasiurus borealis, [LABO], eastern red bat. This
species has been documented in eastern Montana and in South Dakota.
This species has not been documented in Idaho. Lasiurus blossevillii may
be more likely to occur in Idaho, although it has not been documented.

7. a) Small bat with ashy-gray to yellowish-gray colored fur with contrasting
black mask; individual hairs tri-colored; short and blunt tragus with tip bent
forward; forearm length 27-33 mm - Pipistrellus hesperus, [PIHE],
western pipistrelle. Records for this species are limited to west-central and
southwestern Idaho in this region(R. Dixon pers. Comm.).
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Similar to above with simple blunt tragus and dorsal surface of forearm
reddish in contrast to darker wing membrane; hair on back dark at base
and tip, but lighter in the middle. Pipistrellus subflavus [PISU] eastern
pipistrelle. Records for this species are limited to South Dakota.

b) Fur color not as above -» 8

8. a) Forearm length more than 42 mm; calcar keeled; brown to copper-colored
fur; blunt tragus -» Eptesicus fuscus, [EPFU], big brown bat

b) Forearm length less than 42 mm -9

9. a) Conspicuous fringe of hairs projecting backward from posterior edge of
uropatagium (Fig 4); ears 16-20 mm, may extend beyond nose tip when
gently laid forward; dorsal fur usually reddish brown, varying to dark brown;
ventral fur comparatively pale; rostrum typically furred; calcar typically not
keeled; forearm length 39-46 mm -» Myotis thysanodes, [MYTH],
fringed myotis; fringed bat

No Fringe

i

Setter and Schmidly 1991

Fig. 4 Stiff hairs (fringe) along tail membrane.

b) Without a conspicuous fringe of hairs projecting backward from posterior
edge of uropatagium - 10

10.a) Ear extends more than 5 mm beyond tip of nose when gently laid forward,
i.e. ear more than 16 mm; ears and other membranes black; rostrum
typically bare; keeled calcar typically lacking or reduced; few hairs on
posterior edge of uropatagium, visible with hand lens;forearm length 36-41
mm - Myotis evotis, [MYEV], western long-eared myotis

b) Ear extends less than 5 mm beyond nose tip when gently laid forward; ears
and membranes dark, not black; few hairs on posterior edge of
uropatagium, visible with hand lens; dark shoulder patches sometimes
noticeable; Targus sharp and slender (unlike MYLU; T. Dewey pers.
Comm.), may have pink flesh around eyes and lower lip that distinguishes
them from other long-eared Myotis (D. Burles, pers. Comm.); forearm
length 36-41 mm Myotis septentrionalis, [MYSE], northern long-eared
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myotis. According to Natureserve, the range for this species includes
eastern Montana and South Dakota.

Ear does not extend beyond tip of nose when gently laid forward, i.e. ear less
than 16 mm - 11

A

}
Q Szewczak 2002

11.a) Keeled calcar —-» 12 b) Calcar not keeled - 14

12.a) Well-developed keel on calcar; ventral fur extends outward onto wing to a
line from elbow to knee (Fig. 6); anterior quarter of uropatagium dorsal
surface furred; Foot greater than 8.5 mm long (Fig 7); forearm usually

more than 35 mm -» Myotis volans, [MYVO], Hairy-winged myotis,
Long-legged myotis

furred wing

Cross

Fia. 6 furred wina elbow to knee
b) No fur on underside of wing from elbow to knee; foot less than 8.5 mm
long (Fig 7), - 13
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Hind
Foot

Nagorsen and Brigham 1995

Fig. 7 Hind foot measure
13.a) Well-developed keel on calcar; Forehead rises abruptly; tail does not

extend to point beyond interfemoral membrane, or if it does by only one
vertebra; dorsal fur dull, not glossy, often brown, but may vary to light
brown; brown facial mask, dark brown ears; distance to hairline on snout
about equal to width of snout when viewed from above; third metacarpal
usually longer than 30.5 mm; forearm length 29-36 mm -» Myotis
californicus, [MYCA], California myotis

b) Well-developed keel on calcar; Forehead more flattened; tail extends to

point beyond interfemoral membrane by 2 or 3 vertebrae; dorsal fur glossy,
straw-colored; black facial mask; sharp tragus; distance to hairline on snout
about one and a half times the width of snout when viewed from above,;
third metacarpal usually less than 30.5 mm; forearm length 30-36 mm —»
Myotis ciliolabrum, [MYCI], Small-footed myotis

14.a) Lacking keeled calcar; flat forehead; dorsal fur brown, with a noticeable

sheen; ear color typically darker than dorsal fur color; ventral fur lighter; toe
hairs may extend past end of toes; forearm length 34-40 mm, typically > 36
mm -» Myotis lucifugus, [MYLU], Little brown bat

b) Lacking keeled calcar; dorsal fur dull brown, in eastern Oregon often very

light; forearm length 32-38 mm, typically < 36 mm; a post-calcar lobe may
be visible -» Myotis yumanensis, [MYYU], Yuma myotis
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wrist

/e _wing membrane
/ (propatagium)

interfemoral elbow
membrane
(uropatagium)

. | -—"ear
tail — snout (nose)
tragus
knee
calcar upper arm (humerus)

foot — forearm (radius)

wing membrane g

(chiropatagium) \T‘*

4th finger

7/<«— thumb

1A\ <——— 1st finger

3rd finger

Fig. 8 Bat anatomy
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Fig. 9 Tragus Comparisons

,J Setter and Schmidly 1991
..T-:,,.?

b) curved, blunt tragus c) straight, pointed tragus

Anthony 1988

Fig. 10 Adult vs. juvenile phalanges and metacarpal joints

\\\l/__/

¥ Mbyotis californicus

N— _ g

Szewczak 2002

Myotis ciliolabrum

Fig 2. Myotis californicus / Myotis ciliolabrum:View of nose from above, and of tail

*Sources include: Ormsbee and Risdal, 2002: Oregon Bat Data Base; Szewczak 2002: northern California bat key;
Cross: Key to bats of Oregon; BCI: Key to the bats of the eastern U. S.; Anthony,E.L.P.. 1988. Age

determination in bats. In Kunz, T.H. (editor) Ecology and behavior methods for the study of bats.

Smithsonian Inst. Press., Wash. DC. Pp 533; Nagorsen, D.W., and R.M. Brigham.1995.Bats of British Columbia.

UBC Press, Vancouver, BC, Canada Pp 164; Setter, C. 1991. in Schmidly, D. J. (Editor) Bats of Texas Texas
A&M, Univ. Press Pp 188; Barbour, RW, and Davis, W. H. 1969. Bats of America. Univ. Press Kentucky,
Lexington, KY.
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Differentiating Little Brown Myotis (Myotis lucifugus) and Yuma Myotis (Myotis yumensis)
with Characteristic Frequency and Forearm Length (from Weller et al. 2007 Acta Chiropterologica 9(1):133-147)
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FIG. 4. Forearm length versus characteristic frequency of echolocation calls for M. lucifugus (n = 150) and
M. yumanensis (n = 155) in the Pacitic Northwest, 2002-2004. Values depicted are from training and test
datasets. Fc was obtained from the longest duration call for individuals recorded with ANABAT

Tasie 2. Predicted probability (%) with which individual bats may be identified as Myoris lvafugns a8 a function of their forearm length and characteristic
fraquency (Fe) of their echolocation call. Values in paremtheses represent the probability that an individual waes M promanensis. Values in bold represent
combimations of the variables that provide > 95% probability of correct assignment to either species
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Appendix 4

Bridge Surveys for Bat Use

Bridge Information

Bridge ID Date: Observer: Road Type: Bridge Type:
4-lane interstate  2-lane interstate 1-lane paved culvert
2-lane unpaved  1-lane unpaved decked
County Latitude Longitude Elevation (ft) Feature Crossed: Ideal Crevices?
road flowing water  standing water No  Abutment Parallel
other Central Expansion
Percentage of Surrounding Habitat (top 4) Span Material: Decking Material:
X X X . . Concrete Wood Concrete Steel Wood
Conifer forest Deciduous Forest Agriculture Residential
Riparian Grasslands Wetland
Start Time: ‘ End Time: ‘ Weather: Clear Overcast Partly Cloudy Rain Wind

General Comments:

Mark for return visit? Yes/No

Roost Information

Roost f# Bats in Night Roost
4 Roost Type Roost Feature Roost Classification Species (Ex. 1 x MYLU @ 17°C)
Crevice Depth
No Night Day <4 >4
1 Open 01234
Maternity p
Other
Crevice Depth
No  Night Day <47 >4”
2 01234
Maternity Open
Other
Crevice Depth
No  Night Day <47 >4”
3 01234
Maternity Open
Other
Crevice Depth
No  Night Day <47 >4”
4 01234
Maternity Open
Other
Crevice Depth
No  Night Day <47 >4”
5 01234
Maternity Open
Other
Crevice Depth
No  Night Day <47 >4”
6 01234
Maternity Open
Other
Crevice Depth
No  Night Day <47 >4”
7 01234
Maternity Open
Other
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Sketch of Photographed Roost Locations

*Side View

**Bottom View

*Include height of roost (side) and width (bottom) and photo locations. Label sides for orientation between views.
**Shade areas with droppings, circle (with number) locations of bat roosts

#

Active
Nests

<5

5-10

CIiff Swallow

10-20

>20

<5 5-10

Barn Swallow

10-20

>20

Rock Pigeon (Y/N)

Other Notes (e.g., incidental species):
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Night Use Index

Rating | Level of Usage Index

0 No sign of droppings or urine stains.

Small amount of such signs in only one location.

1
2 Small urine stains and/or scattered droppings in several locations
3

]
¢

4 Dropping accumulations several inches thick in several locations. Roosting evident
throughout structure. Fresh urine stains in all optimal locations.

Table 2. The qualification of varying levels of use for night roosts.
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Appendix 5.

Overview of Roosting Habitat and Home Range / Foraging Distance Documented for Montana Bats

Bryce A. Maxell, Montana Natural Heritage Program - 24 February 2015
The table, figures, and images below summarize and provide examples of what is known about winter, maternity, and day/night roost habitat use and home range or
other travel distance information for Montana bat species in the state and/or elsewhere across their ranges. Protection of these cave, mine, cliff, rock outcrop, ground
crevice, large tree, bridge, and building habitats with cracks and crevices ranging from /5 to 1 inch in width and associated temperature and humidity regimes, is
essential for protection and conservation of Montana’s bats. Artificial bat roosts that provide maternity, night, and day roosts for some species, can be deployed to
serve as a surrogate for large diameter tree and other roosts that have been lost and/or to encourage roosting away from buildings where bats would be in close

proximity to sleeping humans.

Species / Comments

Winter Roost

Summer Maternity Roost

Summer Day/Night Roost

Home Range/Foraging Distance

Pallid Bat

(Antrozous pallidus)

Low roost site fidelity with 90%
of inter-night movements of 50-
600 meters. Highly social,
often using day and night roosts
in groups of 20 or more guided
by social vocalizations and
odors.?* Yearling females
typically give birth to a single
pup, but older females typically
give birth to 2 pups.4' 43

Not documented in Montana,
but likely occurs in deep rock
crevices if the species is
present.*

Not documented in Montana.
Elsewhere in vertical and
horizontal rock crevices,
under rock slabs, in buildings,
and on taller and larger
diameter live trees and tree
snags with loose bark in
mature stands with southerly
aspects and lower

percentages of overstory.*?
38,41,42,44

7,

Under rock slabs, in horizontal
and vertical rock crevices, and
on farm equipment in
Montana.' Elsewhere
occasionally on buildings,
bridges, caves, mines, vertical
and horizontal rock crevices
that are typically on east or
southeast aspects, and taller
and larger diameter live trees
and tree snags with loose bark
in mature stands with
southerly aspects and lower

percentages of overstory.” * "
22,23,30, 37, 38,39,40,41, 44

Lactating females moved an average
of 2,450 meters +/- 845 from roost
to foraging areas and had an average
foraging area size of 1.56 square km
+/- 0.88 SE. Post-lactating females
moved an average of 210 meters
from roost to foraging areas and had
an average foraging area size of 5.97
square km +/- 2.69 SE in northern
California.’’ Individuals commuted 1
to 4 km between day roosting and
foraging areas, 0.5 to 1.5 km
between day roosts and night roosts,
and switched day roosts often,
usually moving <200 meters
between roosts (range 25 to 3,660
meters) in eastern Oregon. 38,39
Individuals typically commuted 1-2
km from day roosts to foraging
areas, but one male often used
different day roosts separated by 10
km in California. *

Townsend’s Big-eared Bat
(Corynorhinus townsendii)

High fidelity to maternity and
hibernacula roosts, lower
interseasonal roost site fidelity,
and travel up to 24 km from
hibernacula to summer foraging
areas.” Forage and commute
adjacent to vegetation.72

Twilight areas of caves, mines,
and unused tunnels in
Montana.” 3% 7> [imestone
or lava tube caves and mines
are known to be used
elsewhere with arousal and
movement within or between
sites, possibly responding to
changing temperature.> 7> 7% &

Caves and mines, often in
twilight areas in Montana."
73 Reported in caves, mines,
buildings, and basal tree
hollows elsewhere.” > 7% 738
8.8 Females prefer cooler
maternity roosts than other
vespertilionid bat species.?
52

In Montana, usually in caves
and mines, often in twilight
areas, but more rarely building
attics, root cellars, and
pocket/daylight caves.” *"3%3>
73 Reported in caves, mines,
buildings and large diameter

basal tree hollows elsewhere.”
5,72,81,82,83

Average one-way travel distances
between day roosts and foraging
areas was 3.2 km +/- 0.5 SD for
males and 1.3 km +/- 0.2 SD for
females in coastal California;
maximum distance traveled from the
day roost was 10.5 km.”




Species / Comments

Winter Roost

Summer Maternity Roost

Summer Day/Night Roost

Home Range/Foraging Distance

Big Brown Bat

(Eptesicus fuscus)

Males often roost solitarily
during summer. Rarely move
more than 80 km between
summer and winter roosts. *®
Roost switching is common at
natural roosts, but show high

fidelity to man-made roosts.** >
71

Caves, mines, and some
evidence for rock crevices
which are probably the most
widespread winter roost in
Montana.”**® Known to use
narrow deep rock crevices or
erosion holes in steep valley
walls on the Canadian prairie
and buildings in Ohio.® ®

Buildings, bridges, large
diameter trees snags with
hollows or loose bark in
Montana.” " Primarily large
diameter tree snag hollows
and crevices, but also live
aspen hollows, in more
sparsely spaced stands, deep
rock crevices, and older
human structures are known

to be used elsewhere. * %%
64, 65, 66, 67,68, 71

Rock crevices, buildings,
bridges, and caves in
Montana.” 3! Larger
diameter tree snags with
hollows and crevices and
preferential selection for older
more sparsely spaced stands,
older buildings, and rock
crevices with good solar
exposure are known to be
used elsewhere, 27/ 2% 30646566
67:68.69.71 caves and mines
known to be used as night
roosts elsewhere.”®

Average of 1.5 km +/- 0.9 SD (range
0.4 to 1.8 km) from roosts to
capture locations with average
movement between successive
roosts of 1.1 km +/- 0.7 SD (range 0.4
to 2.0 km) in the Black Hills of South
Dakota.”” Average one-way travel
distances between day roosts and
foraging areas of 1.8 km +/- 0.1 SE )
range (0.3 to 4.4 km) in southern
British Columbia.®*

Spotted Bat

(Euderma maculatum)

High roost site fidelity with
multiple individuals following
the same nightly commuting
routes up side canyons to
foraging areas at speeds of up to
53 km/hr. 54 Forage over

clearings and along cliff rims. 49
50, 51

Not documented in Montana.
Deep rock cracks and crevices
are commonly used elsewhere
and caves and human
structures are rarely used
elswhere 1" "%

Not documented in Montana.
Rock cracks and crevices in
upper portions of tall remote
south facing cliffs near
perennial waters are used
elsewhere. %780

Buildings and other human
structures in Montana. ¥’
Rock cracks and crevices in
upper portions of tall remote
cliffs near perennial waters,
and, apparently more rarely,

cave entrances and buildings
elseWhere. 2,7,8,45, 46, 47,48, 49, 50,

51

50-60 km round trip flight distances
nightly with average home range size
of 297 +/- 25 SE (range = 242.5 to
363.8) square km in northern
Arizona. ® Nightly round trip
commutes of >77 km between day
roosts, foraging areas, and night
roosts that differed in elevation by
ca. 2,000 meters in northern
Arizona.* Nightly round trip foraging
flights of 12 to 20 km in British
Columbia.”®

Silver-haired Bat
(Lasionycteris noctivagans)

Not documented in Montana.
Known to use loose bark, basal
tree cavities, cavities under
tree roots, and rock crevices
on more southerly aspects and
in older stands of trees,
elsewhere with retreat to
more underground sites at
lower temperatures. 93 Use of
mines is also known. °*

Large diameter tree snags
with loose bark or cavities in
Montana. ** ** Hollows and
crevices in live aspen and
large diameter and taller
trees or tree snags in older
lower canopy closure stands

known to be used elsewhere.
9,59, 86, 90, 91, 92, 95, 96

Large diameter tree snags with
loose bark or cavities and a
building in Montana. > %78
Large diameter trees or tree
snags in older stands with
hollows and crevices are
predominant summer roost
elsewhere, but rock crevices,
buildings, bridges, and other

human structures also used.”
22, 86,90, 91, 96

Distance between capture locations
and roost snags ranged from 0.1 to
3.4 km (averages for juvenile males,
juvenile females, adult males, and
adult females were 1.3, 1.5, 1.8, and
0.5 km, respectively) in northeastern
Washington. *°
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Species / Comments

Winter Roost

Summer Maternity Roost

Summer Day/Night Roost

Home Range/Foraging Distance

Eastern Red Bat

(Lasiurus borealis)

Species is a solitary rooster at
heights of 1 to 6 meters from
the ground, but forage and
migrate in groups. *°

Not documented in Montana
and thought to migrate far to
the south where they use tree

roosts on warmer days a
nights and retreat below

nd
leaf

litter when temperatures dip

below freezing. ** >

Maternity roosts or lactating
individuals have not been
detected in Montana.
Elsewhere, known to roost
mostly in dense foliage that
provides shade and
protection from the wind, but
also on trunks, of larger
diameter mature deciduous
and conifer trees, often in
riparian areas. 10,52, 33, 35,56, 57

Not documented in Montana.
Elsewhere, known to roost
mostly in denser foliage, but
also on trunks, of larger
diameter mature deciduous
and conifer trees, often in
riparian areas. Also more
rarely in shrubs, under leaf
litter, and on human
structures. 10, 52, 53, 55, 56, 57

Maximum distances traveled to
foraging areas averaged 1.24 km
(range 0.19 to 3.28) and foraging
areas averaged 94.4 Ha +/- 20.2 SE
with no significant differences
between sex and age classes in
Mississippi.52 Maximum distances
traveled from diurnal roosts to
foraging areas ranged from 1.2 to 5.5
km for females and 1.4 to 7.4 km for
males with average foraging area
size of 334 Ha in Kentucky **

Hoary Bat

(Lasiurus cinereus)

Species is a solitary rooster at
heights of 3 to 5 meters from
the ground, but forage and
migrate in groups. 1

Not documented and thought
to migrate far to the south of
Montana in the winter. **

Only a bridge roost
documented in Montana.’
Known to be a solitary rooster
in deciduous and conifer tree
foliage that offers shelter
from the wind and more
southern exposure to the sun
EISeWhere. 11, 85, 86, 87, 88, 89

A bridge and cottonwood
foliage in Montana.! Known to
roost in deciduous and conifer

tree foliage elsewhere. "%
86, 87

Females traveled one-way distances
up to 20 km from day roosts while
on first of up to five nightly foraging
bouts in Manitoba Canada.®

California Myotis
(Myotis californicus)
Roosts alone or in groups. *

Recent acoustic and telemetry
data indicates species likely
overwinters in rock crevices in

Montana.

communication ROCk CreV'ceS,

1, Nate Schwab, personal

caves, mines, tunnels, and
buildings are used elsewhere.

2,12,25,61

Not documented in Montana.
Elsewhere known to roost
under loose bark or in holes
or cracks in more isolated
larger diameter tree snags in
areas with lower canopy
closure.”®>® More rarely,
known to use buildings
elsewhere. ®°

A house and a cellarin
Montana. ** Elsewhere known
to roost under loose bark or in
holes or cracks in more
isolated larger diameter tree
snags in areas with lower
canopy closure.”®* Also
known to use rock crevices,
bridges, buildings, and other

human structures elsewhere.
12,21,22,30,60

*No documentation found.

Western Small-footed Myotis
(Myotis ciliolabrum)

Mostly a solitary rooster, but
sometimes aggregates in small
groups. Fidelity to roost areas is
shown, but roost switching
within those areas is frequent ™
% Also show a high fidelity to
commuting corridors.®

Caves and mines documented

in Montana.” 7% 8

Known to

use lava tube caves, deep
cracks in ground, deep rock
crevices, tunnels, and drill

holes in rock elsewhere.

2,13,77

Rock outcrop crevices with
good solar exposure in
Montana. ' Known to rely
mostly on vertical and
horizontal crevices in cliffs
and rock outcrops, but also
documented using buildings
elsewhere. ' %

Rock outcrop crevices, bridges,
caves, mines, and buildings in
Montana. *** 32 Known to use
rock outcrops, cracks in
ground, tree hollows, and
trees with loose bark
elsewhere. **®* No bats were
detected using night roosts in
a north central Oregon study.®

6 to 24 km round trip travel
distances from roosts to foraging
areas in north central Oregon. ®
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Species / Comments

Winter Roost

Summer Maternity Roost

Summer Day/Night Roost

Home Range/Foraging Distance

Long-eared Myotis

(Myotis evotis)

Suspected of only traveling
short distances between
summer and winter roosts. **
Have low fidelity to individual
roosts, but high fidelity to roost

areas.”” %%

Caves and mines.” % M
also use deeper rock
crevices. **

ay

Caves, cliff and rock outcrop
crevices, and large diameter
trees in Montana." **

’® Known to use sheltered
erosion cavities on stream
banks, crevices in basalt,
conifer stumps, conifer snags,
buildings, and mine tunnels
elsewhere, %9798 9

Large diameter trees, rock
outcrops, buildings, and caves
in Montana. »?* 3 Known to
use buildings, trees/snags with
loose bark, trestle bridges,
mines, rock crevices, stream
bank cavities, and sink holes
elsewhere. 14, 21, 27,97, 98, 99

Traveled an average of 970 meters
(range 35-5,154 meters) between
roosts in western Montana.”® Moved
1 to 812 meters between day roosts
and had roosting home ranges that
ranged from 0.08 to 1.93 ha in
Alberta.” Traveled 620 meters from
capture sites to day roosts in
western Oregon .>® Traveled an
average distance between day roosts
of 148.9 m in northeastern
Washington.”

Little Brown Myotis

(Myotis lucifugus)

Show high fidelity to summer
colonies and hibernacula across
years, but some individuals
relocated between years a
median distance of 315 km
between hibernacula (range 6 to
563 km) and 431 km between
summer roosts (range 25 to 464
km).'®® Males and
nonreproductive females
occupy cooler roosts than
pregnant or lactating females."”

Caves and mines with high
humidities and temperatures
above freezing in Montana and
elswhere. 3%3%7>% May also
use deeper rock crevices.
Predominantly documented
using caves elsewhere. '®°

Attics and roofs of buildings,
bridges, and bat houses in
Montana. ' Known to use
cracks or hollows in larger
diameter tree snags in older
stands, rock crevices, and

buildings elsewhere. %> 3>
101, 102, 103

Large diameter tree, rock
crevices, buildings, bridges,
caves, and bat houses in
Montana. 2% 3% Known to
use cracks or hollows in larger
diameter tree snags in older
stands, wood piles, and rock
crevices elsewhere.” > %
Caves and mines known to be
used as night roosts
elsewhere.”

Average 970 meters (range 35-5,154
meters) between roosts in western
Montana.?® Traveled 10 to 647 km
from hibernacula to summer
colonies in Manitoba and
northwestern Ontario, Canada.'®
Female home range averaged 30.1
ha +/- 15.0 SD during pregnancy and
17.6 ha +/-9.1 SD during lactation in
Quebec, Canada.’® Males moved
and average of 275 m +/- 406 SD
between successive roosts, had
mean minimum roosting areas of 3.9
ha +/- 7.9 SD, mean minimum
foraging areas of 52.0 ha +/- 57.4 SD,
mean distance between roosting and
foraging areas of 254 m +/- 254.2 SD,
and mean distances between
capture sites and first roosts of 761
m +/- 623 SD in New Brunswick. %
Mean home range area was 143 ha
+/- 71.0 SE in New York.'®®
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Species / Comments

Winter Roost

Summer Maternity Roost

Summer Day/Night Roost

Home Range/Foraging Distance

Northern Myotis

(Myotis septentrionalis)

Low roost site fidelity, but often
stay in same general area within
a season. May travel up to 56

km between summer and winter

roosts. *°

Only known from a single
abandoned coal mine in
Montana."” ”” Known from
caves, with a preference to
cluster in deep crevices and
possibly move between caves
within a winter elsewhere.

Not documented in Montana.
Known to use bark and
hollows of larger diameter
trees, usually in decay, and
building crevices and bat

houses elsewhere, 1& 293> 6
102

Not documented in Montana.
Known to use bark and
hollows of larger diameter
trees, usually in decay, and
building crevices and bat
houses elsewhere.'® 2% 3%
Caves and mines known to be
used as night roosts
elsewhere.””

Average of 2.2 km +/- 1.4 SD (range 0.1
to 5.9 km) from roosts to capture
locations with average movement
between successive roosts of 0.6 km +/-
0.5 SD (range 0.1 to 1.5 km) in the Black
Hills of South Dakota.” Females/males
moved and average of 457/158 m +/-
329/127 SD between successive roosts,
had mean minimum roosting areas of
8.6/1.4 ha +/-9.2/1.4 SD, mean
minimum foraging areas of 46.2/13.5 ha
+/-44.4/8.3 SD, mean distance between
roosting and foraging areas of
584.6/293.0 m +/- 405.8/282.8 SD, and
mean distances between capture sites
and first roosts of 1001/402 m +/-
693/452 SD in New Brunswick.'”

Fringed Myotis

(Myotis thysanodes)

Very sensitive to roost site
disturbance. * Maintain at least
some level of group integrity
when switching roosts. *

Not documented in Montana
and presumed to migrate
south of Montana.®

Caves.' Known to use cracks
and hollows of larger
diameter trees, usually in
decay, rock crevices on south-
facing slopes, and buildings
elsewhere. %

Caves in Montana. >3 Known

to use cracks and hollows of
larger diameter trees, usually
in decay, rock crevices on
south-facing slopes, mines,
buildings, and bridges
elsewhere. 72222

Average of 1.0 km +/- 0.6 SD (range
0.1to 2.0 km) from roosts to
capture locations with average
movement between successive
roosts of 0.5 km +/- 0.6 SD (range 0.1
to 2.0 km) in the Black Hills of South
Dakota.”

Long-legged Myotis
(Myotis volans)

Caves and mines in Montana
and elsewhere, 1% 31,3675, 84

Large diameter trees in
Montana. »*® Elsewhere in
taller, but random to normal
diameter tree snags with
loose bark or cracks,
especially in areas with less
habitat fragmentation,
greater snag density but with
greater tree spacing. 28,33, 34,
3% Also in rock crevices, cracks
in the ground, and buildings
are known to be used
elsewhere with south-facing
roosts preferred.??’

Buildings, mines, caves and
large diameter trees in
Montana. 1,26,31,32,78,79
Elsewhere in taller but random
to larger diameter tree snags
with loose bark or cracks,
especially in areas with less
habitat fragmentation, greater
snag density but with greater
tree spacing, are known to be
used elsewhere with south-
facing roosts preferred. 222
30.33,3435 Also in buildings,
cracks in the ground, rock
crevices, and caves. ™ *

Average of 2.0 km +/- 0.1 SE from
roosts to capture locations with
average movement between
successive roosts of 1.4 km +/- 0.1 SE
across four study areas in
Washington and Oregon.’® Average
of 1.9 km +/- 1.6 SD (range 0.4 to 3.7
km) from roosts to capture locations
with average movement between
successive roosts of 0.7 km +/- 0.5
SD (range 0.2 to 1.6 km) in the Black
Hills of South Dakota.” Average
home range size of 647 ha +/- 354 SE
(range 16.5 to 3,029 ha) for males,
448 ha +/- 78.7 SE for pregnant
females, and 304 ha +/- 53.8 SE for
lactating females in Idaho.*
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Species / Comments Winter Roost Summer Maternity Roost | Summer Day/Night Roost | Home Range/Foraging Distance
Yuma Myotis Not documented in Montana, |Building, bridges, and bat Buildings, bridges, and bat Average of 2 km (range 0.59-3.5 km)
(Myotis yumanensis) but acoustic evidence indicates|houses in Montana." houses in Montana.””° Large |from roosts to capture locations in
Sensitive to roost site overwintering in rock crevices |Buildings, bridges, caves, diameter trees, buildings, California.?* 4 km from maternity
disturbance.? in cliffs.* mines, and abandoned cliff rock/cliff crevices and roost to foraging areas in British

swallow nests are known abandoned cliff swallow nests |Columbia.”
elsewhere. 2,20,21,22,25 elsewhere. 2,21, 22,23,24,25,30

!supported by observations in Montana’s statewide point observation database.

2 Adams, R.A. 2003. Bats of the Rocky Mountain West: natural history, ecology, and conservation. University Press of Colorado. Boulder, Colorado. 289 p.

*Lewis, S,E. 1996. Low roost-site fidelity in pallid bats: associated factors and effect on group stability. Behavioral Ecology and Sociobiology 39:335-344.

*Hermanson, J.W. and T.J. O’Shea. 1983. Antrozous pallidus. Mammalian Species Account 213:1-8.

>Kunz, T.H. and R.A. Martin. 1982. Plecotus townsendii. Mammalian Species Account 175:1-6.

®Kurta, A. and R.H. Baker. 1990. Eptesicus fuscus. Mammalian Species Account 356:1-10.

"Watkins, L.C. 1977. Euderma maculatum. Mammalian Species Account 77:1-4.

8 Chambers, C.L., M.J. Herder, K. Yasuda, D.G. Mikesic, S.M. Dewhurst, W.M. Masters, and D. Vleck. 2011. Roosts and home ranges of spotted bats (Euderma
maculatum) in northern Arizona. Canadian Journal of Zoology 89:1256-1267.

Kunz, T.H. 1982. Lasionycteris noctivagans. Mammalian Species Account 172:1-5.

°Shump, K.A. Jr. and A.U. Shump. 1982. Lasiurus borealis. Mammalian Species Account 183:1-6.

" Shump, K.A. Jr. and A.U. Shump. 1982. Lasiurus cinereus. Mammalian Species Account 185:1-5.

2Simpson, M.R. 1993. Myotis californicus. Mammalian Species Account 428:1-4.

B Holloway, G.L. and R.M.R. Barclay. 2001. Myotis ciliolabrum. Mammalian Species Account 670:1-5.

1 Manning, R.W. and J.K. Jones, Jr. 1989. Myotis evotis. Mammalian Species Account 329:1-5.

> Fenton, M.B. and R.M.R. Barclay. 1980. Myotis lucifugus. Mammalian Species Account 142:1-8.

'8 Caceres, M.C. and R.M.R. Barclay. 2000. Myotis septentrionalis. Mammalian Species Account 634:1-4.

Y O’Farrell, M.J. and E.H. Studier. 1980. Myotis thysanodes. Mammalian Species Account 137:1-5.

8 Keinath, D.A. 2004. Fringed Myotis (Myotis thysanodes): a technical conservation assessment. USDA Forest Service, Rocky Mountain Region. 64 pp. Available
at: http://www.fs.fed.us/r2/projects/scp/assessments/fringedmyotis.pdf

¥ Warner, R.M. and N.J. Czaplewski. 1984. Myotis volans. Mammalian Species Account 224:1-4.

20 Betts, B.J. Microclimate in Hell’s Canyon mines used by maternity colonies of Myotis yumanensis. Journal of Mammalogy 78(4):1240-1250.

2! Dalquest, W.W. 1947. Notes on the natural history of the bat, Myotis yumanensis, in California, with a description of a new race. American Midland Naturalist
38:224-247.

22 Geluso, K. and J.N. Mink. 2009. Use of bridges by bats (Mammalia: Chiroptera) in the Rio Grande Valley, New Mexico. The Southwestern Naturalist 54(4):421-429.

2 Licht, P. and P. Leitner. 1967. Behavioral responses to high temperatures in three species of California bats. Journal of Mammalogy 48(1):52-61.

** Evelyn, M.J., D.A. Stiles, and R.A. Young. 2004. Conservation of bats in suburban landscapes: roost selection by Myotis yumanensis in a residential area in California.
Biological Conservation 115:463-473.

%> Nagorsen, D.W. and R.M. Brigham. 1993. The bats of British Columbia. University of British Columbia Press, Vancouver.

?® schwab, N. 2006. Roost-site selection and potential prey sources after wildland fire for two insectivorous bat species (Myotis evotis and Myotis lucifugus) in mid-

elevation forests of western Montana. Master of Science Thesis. University of Montana. Missoula, MT. 89 pp.

% Arnett, E.B. and J.P. Hayes. 2009. Use of conifer snags as roosts by female bats in western Oregon. Journal of Wildlife Management 73(2):214-225.

*® Baker, M.D. and M.J. Lacki. 2006. Day-roosting habitat of female long-legged myotis in ponderosa pine forests. Journal of Wildlife Management 70(1):207-215.

*® Cryan, P.M., M.A. Bogan, and G.M. Yanega. 2001. Roosting habits of four bat species in the Black Hills of South Dakota. Acta Chiropterologica 3(1):43-52.

* Dalquest, W.W. and M.C. Ramage. 1946. Notes on the Long-legged Bat (Myotis §@lans) at Old Fort Tejon and vicinity, California. Journal of Mammalogy 27(1):60-63.



http://www.fs.fed.us/r2/projects/scp/assessments/fringedmyotis.pdf%2019
http://www.fs.fed.us/r2/projects/scp/assessments/fringedmyotis.pdf%2019

31 Hendricks, P., D.L. Genter, and S. Martinez. 2000. Bats of Azure Cave and the Little Rocky Mountains, Montana. The Canadian Field Naturalist 114:89-97.

2 Hoffman, R.S., D.L. Pattie, and J.F. Bell. 1969. The distribution of some mammals in Montana. II. Bats. Journal of Mammalogy 50(4):737-741.

33 Johnson, J.S., M.J. Lacki, and M.D. Baker. 2007. Foraging ecology of Long-legged Myotis (Myotis volans) in north-central Idaho. Journal of Mammalogy 88(5):1261-
1270.

** Lacki, M.J., M.D. Baker, and J.S. Johnson. 2010. Geographic variation in roost-site selection of Long-legged Myotis in the Pacific Northwest. Journal of Wildlife
Management 74(6):1218-1228.

% psyllakis, J.M. and R.M. Brigham. 2005. Characteristics of diurnal roosts used by female Myotis bats in sub-boreal forests. Forest Ecology and Management 223:93-
102.

% Schowalter, D.B. 1980. Swarming, reproduction, and early hibernation of Myotis lucifugus and M. volans in Alberta, Canada. Journal of Mammalogy 61(2):350-354.

3" Baker, M.D., M.J. Lacki, G.A. Falxa, P.L. Droppleman, R.A. Slack, and S.A. Slankard. 2008. Habitat use of Pallid Bats in coniferous forests of northern California.
Northwest Science 82(4):269-275.

38 Lewis, S.E. 1996. Low roost-site fidelity in Pallid Bats: associated factors and effect on group stability. Behavioral Ecology and Sociobiology 39(5):335-344.

* Lewis, S.E. 1994. Night roosting ecology of Pallid Bats (Antrozous pallidus) in Oregon. American Midland Naturalist 132(2):219-226.

0 Schorr, R.A. and J.L. Siemers. 2013. Characteristics of roosts of male pallid bats (Antrozouz pallidus) in southeastern Colorado.

* Vaughan, T.A. and T.J. 0’Shea. 1976. Roosting ecology of the Pallid Bat, Antrozous pallidus. Journal of Mammalogy 57(1):19-42.

*2 Brown, P. 1982. Activity patterns and foraging behavior in Antrozous pallidus as determined by radiotelemetry. Bat Research News 23(4):62.

* Davis, R. 1969. Growth and development of young Pallid Bats, Antrozouz pallidus. Journal of Mammalogy 50(4):729-736.

* 0’Shea, T.J. 1977. Nocturnal and seasonal activities of the Pallid Bat, Antrozous pallidus. Journal of Mammalogy 58(3):269-284.

*> Geluso, K. 2000. Distribution of the Spotted Bat (Euderma maculatum) in Nevada, including notes on reproduction. The Southwestern Naturalist 45(3):347-352.

% Leonard, M.L. and M.B. Fenton. 1983. Habitat use by Spotted Bats (Euderma maculatum, Chiroptera: Vespertilionidae): roosting and foraging behavior. Canadian
Journal of Zoology 61:1487-1491.

* Nicholson, A.J. 1950. A record of the Spotted Bat (Euderma maculata) for Montana. Journal of Mammalogy 32(1):197.

* Poche, R.M. and G.A. Ruffner. 1975. Roosting behavior of male Euderma maculatum from Utah. Great Basin Naturalist 35(1):121-122.

* Rabe, M.J., MS. Siders, C.R. Miller, and T.K. Snow. 1998. Long foraging distance for a Spotted Bat (Euderma maculatum) in northern Arizona. The Southwestern
Naturalist 43(2):266-286.

*® Wai-Ping, V. and M.B. Fenton. 1989. Ecology of Spotted Bat (Euderma maculatum) roosting and foraging behavior. Journal of Mammalogy 70(3):617-622.

> Sherwin, R.E. and W.L. Gannon. 2005. Documentation of an urban winter roost of the Spotted Bat (Euderma maculatum). The Southwestern Naturalist 50(3):402-
407.

> Elmore, L., D.A. Miller, and F.J. Vileella. 2005. Foraging area size and habitat use by red bats (Lasiurus borealis) in an intensively managed pine landscape in
Mississippi. American Midland Naturalist 153:405-417.

> Hutchinson, J.T. and M.J. Lacki. 1991. Foraging behavior and habitat use of red bats in mixed mesophytic forests of the Cumberland Plateau, Kentucky. P. 171-177 in
J.W. Stringer and D.L. Loftis (eds.). 12" Central Hardwood Forest Conference, U.S. Forest Service Southeast Experiment Station, Asheville, North Carolina.

** Mormann, B.M., M. Milam, and L. Robbins. 2004. Red bats do it in the dirt. Bats 22(2):6-9.

> Perry, R.W., R.E. Thill, and S.A. Carter. 2007. Sex-specific roost selection by adult red bats in a diverse forested landscape. Forest Ecology and Management 253:48-
55.

*® Mager, K.J. and T.A. Nelson. 2001. Roost-site selection by Eastern Red Bats (Lasiurus borealis). American Midland Naturalist 145:120-126.

> Limpert, D.L., D.L. Birch, M.S. Scott, M. Andre, and E. Gillam. 2007. Tree selection and landscape analysis of Eastern Red Bat day roosts. Journal of Wildlife
Management 71(2):478-486.

*8 Brigham, R.M., M.J. Vonhof, R.M.R. Barclay, and J.C. Gwilliam. 1997. Roosting behavior and roost-site preferences of forest-dwelling California bats (Myotis
californicus). Journal of Mammalogy 78(4):1231-1239.

**Vonhof, M.J. and J.C. Gwilliam. 2007. Intra- and interspecific patterns of day roost selection by three species of forest-dwelling bats in southern British Columbia.
Forest Ecology and Management 252:165-175. 58



% Krutzsch, P.H. Notes on the habits of the bat, Myotis californicus. Journal of Mammalogy 35(4):539-545.

®> Young, D.B. and J.F. Scudday. 1975. An incidence of winter activity in Myotis californicus. The Southwestern Naturalist 19(4):452.

%2 Lausen, C.L. and R.M.R. Barclay. 2006. Winter bat activity in the Canadian prairies. Canadian Journal of Zoology 84:1079-1086.

% Rodhouse, T. and K.J. Hyde. 2014. Roost and forage site fidelity of Western Small-footed Myotis (Myotis ciliolabrum) in an Oregon desert canyon. Western North
American Naturalist 74(2):241-248.

% Brigham, R.M. 1991. Flexibility in foraging and roosting behavior by the Big Brown Bat (Eptesicus fuscus). Canadian Journal of Zoology 69:117-121.

® Lausen, C.L. and R.M.R. Barclay. 2002. Roosting behavior and roost selection of female Big Brown Bats (Eptesicus fuscus) roosting in rock crevices in southeastern
Alberta. Canadian Journal of Zoology 80: 1069-1076.

® Lausen, C.L. and R.M.R. Barclay. 2003. Thermoregulation and roost selection by reproductive female Big Brown Bats (Eptesicus fuscus) roosting in rock crevices.
Journal of Zoology 260:235-244.

® Willis, C.K.R., C.M. Voss, and R.M. Brigham. 2006. Roost selection by forest-living female Big Brown Bats (Eptesicus fuscus). Journal of Mammalogy 87(2):345-350.

% Neubaum, D.J., K.R. Wilson, and T.J. O’Shea. 2007. Urban maternity-roost selection by Big Brown Bats in Colorado. Journal of Wildlife Management 71(3):728-736.

% Whitaker, J.0. Jr., D.W. Sparks, and V. Brack Jr. 2006. Use of artificial roost structures by bats at the Indianapolis International Airport. Environmental Management
38(1):28-36.

7% Agosta, S.J., D. Morton, B.D. Marsh, and K.M. Kuhn. 2005. Nightly, seasonal, and yearly patterns of bat activity at night roosts in the central Appalachians. Journal
of Mammalogy 86(6):1210-1219.

"L Rancourt, S.J., M.I. Rule, and M.A. O’Connell. 2007. Maternity roost site selection of Big Brown Bats in ponderosa pine forests of the channeled scablands of
northeastern Washington State, USA. Forest Ecology and Management 248:183-192.

72 Fellers, G.M. and E.D. Pierson. 2002. Habitat use and foraging behavior of Townsend’s Big-eared Bat (Corynorhinus townsendii) in coastal California. Journal of
Mammalogy 83(1):167-177.

3 Dobkin, D.S., R.D. Gettinger, and M.G. Gerdes. 1995. Springtime movements, roost use, and foraging activity of Townsend’s Big-eared Bat (Plecotus townsendii) in
central Oregon. Great Basin Naturalist 55(4):315-321.

* Genter, D.L. 1986. Wintering bats of the upper Snake River plain: occurrence in lava tube caves. Great Basin Naturalist 46(2):241-244.

7> Swenson, J.E. and G.F. Shanks Jr. 1979. Noteworthy records of bats from northeastern Montana. Journal of Mammalogy 60(3):650-652.

’® Jones, J.K. Jr., R.P. Lampe, C.A. Spenrath, and T.H. Kunz. 1973. Notes on the distribution and natural history of bats in southeastern Montana. Occasional papers of
the Museum of Texas Tech University 15:1-11.

7 Swenson, J.E. 1970. Notes on distribution of Myotis leibii in eastern Montana. Blue Jay 28:173-174.

78 Swenson, J.E. and J.C. Bent. 1977. The bats of Yellowstone County, southcentral Montana. Proceedings of the Montana Academy of Sciences 37:82-84.

 Bell, J.F., G.J. Moore, G.H. Raymond, and C.E. Tibbs. 1962. Characteristics of rabies in bats in Montana. American Journal of Public Health 52(8):1293-1301.

8 Bell, J.F. and L.A. Thomas. 1964. A new virus, "MML," enzootic in bats (Myotis lucifugus) of Montana. American Journal of Tropical Medicine and Hygiene 13(4): 607-
612.

8 Sherwin, R.E., W.L. Gannon, and J.S. Altenbach. 2003. Managing complex systems simply: understanding inherent variation in the use of roosts by Townsend’s Big-
eared Bat. Wildlife Society Bulletin 31(1):62-72.

8 Sherwin, R.E., D. Stricklan, and D.S. Rogers. 2000. Roosting affinities of Townsend’s Big-eared Bat (Corynorhinus townsendii) in northern Utah. Journal of
Mammalogy 81(4):939-947.

8 Mazurek, M.J. 2004. A maternity roost of Townsend’s Big-eared Bats (Corynorhinus towsendii) in coast redwood basal hollows in northwestern California.
Northwestern Naturalist 85(2):60-62.

8 Hendricks, P. 2012. Winter records of bats in Montana. Northwestern Naturalist 93(2):154-162.

8 Barclay, R.M.R. 1989. The effect of reproductive condition on the foraging behavior of female Hoary Bats, Lasiurus cinereus. Behavioral Ecology and Sociobiology
24(1):31-37.

% Barclay, R.M.R. 1985. Long- versus short-range foraging strategies of Hoary (Lasiurus cinereus) and Silver-haired (Lasionycteris noctivagans) bats and the
consequences for prey selection. Canadian Journal of Zoology 63:2507-2515.  ggq



8 veilleux, J.P., P.R. Moosman, Jr., D.S. Reynolds, K.E. LaGory, and L.J. Walston, Jr. 2009. Observations of summer roosting and foraging behavior of a Hoary Bat
(Lasiurus cinereus) in Southern New Hampshire. Northeastern Naturalist 16(1):148-152

8 Klug, B.J., D.A. Goldsmith, and R.M.R. Barclay. 2012. Roost selection by the solitary, foliage-roosting Hoary Bat (Lasiurus cinereus) during lactation. Canadian Journal
of Zoology 90:329-336.

8 Willis, C.K.R. and R.M. Brigham. 2005. Physiological and ecological aspects of roost selection by reproductive female Hoary Bats (Lasiurus cinereus). Journal of
Mammalogy 86(1):85-94.

% Crampton, L.H. and R.M.R. Barclay. 1998. Selection of roosting and foraging habitat by bats in different-aged aspen mixedwood stands. Conservation Biology
12(6):1347-1358.

1 Mattson, T.A., S.W. Buskirk, and N.L. Stanton. 1996. Roost sites of the Silver-haired Bat (Lasionycteris noctivagans) in the Black Hills, South Dakota. Great Basin
Naturalist 56(3):247-253.

%2 Betts, B.J. 1998. Roosts used by maternity colonies of Silver-haired Bats in northeastern Oregon. Journal of Mammalogy 79(2):643-650.

% perry, R.W., D.A. Saugey, and B.G. Crump. 2010. Winter roosting ecology of Silver-haired Bats in an Arkansas Forest. Southeastern Naturalist 9(3):563-572.

% Pearson, E.W. 1962. Bats hibernating in silica mines in southern lllinois. Journal of Mammalogy 43(1):27-33.

% parson, H.J., D.A. Smith, and R.F. Whittam. 1986. Maternity colonies of Silver-haired Bats, Lasionycteris noctivagans, in Ontario and Saskatchewan. Journal of
Mammalogy 67(3):598-600.

% Campbell, L.A., J.G. Hallet, and M.A. O’Connell. 1996. Conservation of bats in managed forests: use of roosts by Lasionycteris noctivagans. Journal of Mammalogy
77(4):976-984.

% Nixon, A.E., J.C. Gruver, and R.M.R. Barclay. 2009. Spatial and temporal patterns of roost use by western long-eared bats (Myotis evotis). American Midland
Naturalist 162:139-147.

% Waldien, D.L., J.P. Hayes, and E.B. Arnett. 2000. Day-roosts of female Long-eared Myotis in western Oregon. The Journal of Wildlife Management 64(3):785-796.

% Rancourt, S.J., M.I. Rule, and M.A. O’Connell. 2005. Maternity roost site selection of Long-eared Myotis, Myotis evotis. Journal of Mammalogy 86(1):77-84.

190 Norquay, K.J.O., F. Martinez-Nunez, J.E. DuBois, K.M. Monson, and C.K.R. Wills. 2013. Long-distance movements of Little Brown Myotis (Myotis lucifugus). Journal
of Mammalogy 94(2):506-515.

191 Henry, M., D.W. Thomas, R. Vaudry, and M. Carrier. 2002. Foraging distances and home range of pregnant and lactating Little Brown Bats (Myotis lucifugus).
Journal of Mammalogy 83(3):767-774.

192 Broders, H.G., G.J.Forbes, S. Woodley, and I.D. Thompson. 2006. Range extent and stand selection for roosting and foraging in forest-dwelling Northern Long-eared
Bats and Little Brown Bats in the Greater Fundy Ecosystem, New Brunswick. Journal of Wildlife Management 70(5):1174-1184.

193 Coleman, L.S., W.M. Ford, C.A. Dobony, and E.R. Britzke. 2014. Comparison of radio-telemetric home-range analysis and acoustic detection for Little Brown Bat
habitat evaluation. Northeastern Naturalist 21(3):431-445.

60



Overview of Known Bat Roosts in Montana

Pallid Bat Roost Use Type Overview
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Big Brown Bat Roost Use Type Overview
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Spotted Bat Roost Use Type Overview
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Townsend’s Big-eared Bat Roost Use Type Overview
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Silver-haired Bat Roost Use Type Overview

aaaaaa

*No roost information is available for
Eastern Red Bat in Montana, but the
species is known to roost in
deciduous tree foliage in other
states and most acoustic or mist
netting records in Montana are from
. e areas adjacent to floodplains with
*Tr‘e.es (cavmes bark crevit-:és) are primary roosts in other areas cottonwood gallery forests.

@ Bachelor Roost

@ Maternity Roost g Roost Type on Survey | No. Records |Notes on Roost Structures
Bachelor Roost 0
. Hibernacula 4 2
Maternity Roost 1 1 Ponderosa Pine snag
Day and Night Roost Hibernacula 0
@ richtRoost Day and Night Roost 1 Inside animal hide
Night Roost 0

Hoary Bat Roost Use Type Overview

nnnnnnnn *Recent radio telemetry data
indicates California Myaotis likely use
tree and rock crevice roosts in the
summer and rock crevice roosts in
the winter in Montana (Nate
Schwab, personal communication).
The species is known to roost in
LS S e rock crevices, trees, caves, and
o sachlr oo , 1| *Deciduous tree foliage is primary roosthabitat in other areas mines in other states.

@ Materity Roost Roost Type on Survey |No. + Surveys No. Roost Structures

Bachelor Roost 0

Hib !

. RETIRCHE Maternity Roost 1 1 Bridge (Hendricks 2005)
Day and Night Roost Hibernacula 0

@ 1icht Roost Day and Night Roost 1 1 recent cottonwood

tree roost

(=]

Night Roost
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Long-eared Myotis Roost Use Type Overview

Small-footed Myotis Roost Use Type Overview
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Philips

Forgus
T3 T Judin Basin
h ¥ Prairie
Meogher
VWheatland Musselshell
Gpiden Valldy
d| Rosebud
. % Yellowstone
et Grass

Eitine Vally
Phillps

s %

Meagher

Wheatiand
Broadwater Sfidan Virk
g Rosabud
T Yellowstone
Carter
Pewder River

N 3

Big Hom
@& . e

Cascade

Stillwater

Big Hom
Powder River

@ Bachelor Roost @ Bachelor Roost
. Maternity Roost Roost Type on Survey |No. + Surveys |No. Roost Structures . Maternity Roost Roost Type on Survey |No. + Surveys [No. Roost Structures
Bachelor Roost 0 Bachelor Roost 0
Hibernacula i Hibernacul
. ibernacul Maternity Roost 1 1 Rock Outcrops . pels Maternity Roost 5 1 Cave, 1 Tree, 2 Rock Outcrops
Day and Night Roost Hibernacula 11 2 Caves, 6 Mines Day and Night Roost Hibernacula 3 1 Cave, 2 Mines
@ nicht Roost Day and Night Roost 24 16 Rock Outcrops, 2 Bridges, 2 Buildings, 3 Mines @ nightRoost Day and Night Roost 28 25 Rock Outcrops, 2 Buildings, 1 Cave
Night Roost 0 Night Roost 0

Little Brown Bat Roost Use Type Overview Northern Myotis Roost Use Type Overview

Daniats sheridan A
%

. Glacier

Glacier s
ocle .
Ly Hil
ot Valley Roosevelt
Philips.

Pondera

Dawson

if
Fergus
Meagher
Wheatland
Giden Vall
Rosebud
1 ﬁ Yellowstone
3 Sweet Grass]
Carter
aiia i Big Hom
P Powder River

Fhillips

o| "Rosebud
Big Hom

Powder River

Beaverhaad ok

Beaveread

*Trees are also a likely primary roost, but are not well documented.

@ Pachelor Roost @ bachelorftooet Roost Type on Survey |No. + Surveys [No. Roost Structures
@ eternity Roost Roost Type on Survey |No. + Surveys No. Roost Structures @ Voternity Roost YP i ) i i
. P Bachelor Roost 0 . ok : Bachelor Roost 0
ibernacula B
e Maternity Roost 16 1 Bridge, 7 Buildings Maternity Roost 0
Day and Might Roost Hibernacula 12 & Caves, 1 Mine Day and Night Roost Hibernacula 1 1 Mine
p . _— Night R I
@ nicht Roost Day and Night Roost 36 1 Bat House, 5 Bridges, 10 Buildings, 1 Cave @ right Roost Day and Night Roost o
Night Roost 1 1 Building 63 Night Roost 0




Long-legged Myotis Roost Use Type Overview

Danisls

.

Fringed Myotis Roost Use Type Overview

Dariels

Sharidan

Roosevelt

Glacier
Tacle
Philips

Roosevelt

Judith Basin

Meagher

Wheatiand

G

Powder River
Beaverhead

*Also known to use trees and rock crevices in other areas

Beaverhead
N b

*Known to roost in trees, rock crevices, and buildings in other areas
@ Bachelor Roost Roost Type on Survey |No. + Surveys|No. Roost Structures @ Eachelor Rooat Roost Type on Survey |No. + Surveys |No. Roost Structures
@ Maternity Roost @ maternity Roost
Bachelor Roost 0 Bachelor Roost 0
@ rivermacuia Maternity Roost 1 1 Cave @ toemeaic Maternity Roost 0
Day and Night Roost Hibernacula 0 Day and Night Roost Hibernacula 6 2 Caves, 1 Mine

@ right Roost Day and Night Roost 0 @ nightRoost Day and Night Roost 2 1 Building, 1 Mine

Night Roost 0 Night Roost 0

Yuma Myotis Roost Use Type Overview

*Call data strongly supports this, but genetic confirmation is needed.

Darials.

Wheatland
[

Beaverhead

@ Bachelor Roost
@ Hoterity Roost Roost Type on Survey |No. + Surveys |No. Roost Structures
Bachelor Roost 0
@ rivemacia Maternity Roost 1* 1 Building
Day and Night Roost Hibernacula 0
@ richtRoost Day and Night Roost 0
Night Roost 0 64




Examples of Winter Roosts for Montana Bats

Townsend’s Big-eared Bats in cave — James Cummins Cluster of Little Brown Myotis in cave — Ronan Donovan
- : -y

Bats roosting on wall of large cave room — Ronan Donovan, James Cummins




Townsend’s Big-eared Bat in cave — Ronan Donovan




Big Brown Bat in crevice in cave hibernaculum — Bryce Maxell




Unidentified Myotis (notice frost on fur) — Alex Jensen - _ = e 4 Townsend’s Big-eared Bat in cave — Bryce Maxell I

L lr".’ v \‘ "&W“»"‘;- y . ' - - " . = ;W::;_\.:F_}—- S : -— e

¥

"

| Cluster of unidentified Myotis in cave hibernaculum — Bryce Maxell




Examples of Summer Maternity Roosts for Montana Bats

Unidentified Myotis maternity roost behind south facing sign on
brick wall — Bryce Maxell

STATE OF MONTANA
SCHOOL

2260 SIERRA ROAD EAST

VISITORS WELCOME

Little Brown Myotis maternity colony in barn - Kristi DuBois




Stump and rounds of large diameter Ponderosa Pine that was a maternity roost for Big Brown Bat and Little Brown Myotis, and a day roost for Silver-haired Bat — Bryce Maxell

Lorig-eared MyBHS LA " silver-haired Bat: F- e i
maternity roost ; * . maternitvroost ' S e

Lz &x o : %

Nate Schwab =¥ . . NateSchwab — _ 1 KristPDuBois
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. ;— Yuma Myotis maternity colony - Kristi DuBois

© Kristi DuBois

Little Brown Myotis maternity colony in cook house attic. Bat house is not used. — Kristi DuBois © Kristi DuBois

Big Brown Bat maternity colony in house attic — Bryce Maxell Unidentified Myotis maternity colony in interstate highway bridge

expansion joint — Bryce Maxell




Entry point for unidentified Myotis maternity colony in garage eves — Bryce Maxell Droppings from Little Brown Myotis maternity colony — Kristi DuBois

o ——

Eve entry points for Little Brown Myotis maternity colony — Kristi DuBois Big Brown Bat maternity colony on metal barn rafters — Adam Messer

I

|
|
|
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g-eared Myotis roost in horizontal crevice — Bryce Maxell




H

© Kristi DuBois

Little Brown Myotis on tree night roost

Fringed Myotis on tree trunk
Bryce Maxell

Kristi DuBois

Hoary Bat roosting in cottonwood foliage — Nathan Cooper




Townsend’s Big-eared Bat on underside of cellar roof — Kristi DuBois

~, . = g = g T B W

Spotted Bat on brick wall of Billings parking garage — Dick Dede

Hoary Bat at atypical (typically in tree foliage) concrete roost — Matt Bell




Western Small-footed Myotis on brick wall with good solar exposure — Bryce Maxell Big Brown Bat in highway expansion joint crevice — Bryce Maxell

Little Brown Myotis pup in crack of log cabin — Kristi DuBois

Droppings under bridge. Sometimes large volumes of droppings result
only from night roosting near foraging areas — Ellen Whittle




Examples of Artificial Summer Roosts (Bat Houses)
T * %

Crevices in bat house that supports

a Little Brown Myotis maternity

Bat houses on 4 x 4 inch posts with Bat houses mounted back to back Bat house on old power pole with

colony — Lewis Young

good solar exposure — Lewis Young — Lewis Young good solar exposure — Bryce Maxell

Bat house on brick chimney with good solar
exposure — Bryce Maxell Rocket box bat house on eve with good

solar exposure — Bryce Maxell

Bat houses on brick wall with good solar exposure — Bryce Maxell
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ppendix 6

Echolocation Call Characteristics of Montana Bats!

species

fe

low f

high f

.fmax

dur

Upper
slope

Lower
slope

Total
slope

Diagnostic? and
Special characteristics

Hand-Class
Priorities®

NHP
Notes®

Search Phase
call intervals®

50

Myotis
yumanensis

Yuma Myotis

49.2

44.8-54.8

45.6

42.4-48.4

90.0

64.0-116.0

55.2

46.0-78.8

5.5

3.3-7.9

16.6

5.4-27.4

4.4

1.6-9.4

8.1

2.2-17.9

Pronounced knee, dur >6 ms, upprSip <16, lwrSlp <3,
f. >47 kHz diagnostic within known range (95% ClI for
MYVO). Sometimes insert longer duration calls within
sequence of short duration calls. Power focused around
fc; gradually builds up to peak and attenuates rapidly.
Typically exhibit only a hint of a tail. Limited geographic
range in MT (west of Continental Divide).

fo> 50 kHz
dur > 6 ms

Date range: Year round

90-175 ms

Myotis
californicus

49.1

California Myotis| 44.9-52.9

45.3

40.7-48.7

99.6

78.4-122.4

52.8

45.0-65.2

3.8

2.0-5.6

28.0

14.0-42

7.4

2.4-12.6

15.1

3.9-26.9

FM sweep a smooth curve (i.e., no inflection), beginning
steeply and then increasing in curvature*. Often a well-
defined downward tail. Sometimes a lower inflection;
with the appearance of a “ledge” or “shelf”’ or
“secondary change in slope” before f.. Peak power of
call typically persists for at least 1 ms on
non-saturated calls. f. >48 kHz diagnostic (95% ClI for
MYCI). Limited geographic range (western MT).

*some calls may have an inflection, but the smoothly
curved variant is diagnostic.

fe > 50 kHz
dur<5ms

D calls should have:
fc>48 kHz

uppr slp >20

total slp > 10

dur <4 ms

tail > 3 kHz

Date range: Year round

75-125 ms
(occ. >175 ms)

40

Myotis
ciliolabrum

Western Small-footed
Myotis

443

39.7-47.7

40.6

37.4-43.4

95.1

76.9-112.9

49.1

42.9-54.9

3.2

1.8-4.6

33.5

20.5-46.5

9.6

4.4-14.4

16.9

7.1-27.1

FM sweep a smooth curve (i.e., no inflection), beginning
steeply and then increasing in curvature*. Often a well-
defined downward tail. Peak power of call typically
persists for at least 1 ms on non-saturated calls, f.
<45 kHz diagnostic if within MYCA geographic range
(95% CI for MYCA).

*some calls may have an inflection, but the smoothly
curved variant is diagnostic.

fc>42kHz
dur<5ms
Kaleido Accurate

D calls should have :
fc>42kHz

uppr slp >25

total slp > 12

tail > 3 kHz

Date range: Year round

75-125 ms

Calls may have up to 100 kHz of bandwidth.

Presence in Montana uncertain - capture
and genetic analysis needed to confirm ID.

Myotis volans

Long-legged Myotis|

41.6

36.4-46.4

36.9

31.1-43.1

89.6

66.4-112.4

48.0

39.0-60.0

4.8

2.4-7.0

15.1

6.9-22.9

1.7

1.1-143

12.0

4.0-22.0

[May exhibit an upward sweep into the call;

uncommon, but diagnostic when present on steep
calls. May have subtle lower slope or backward bend at
higher frequencies. End of call may exhibit a rounded, lazy
drop. Generally has shorter, steeper calls than MYLU in
uncluttered areas. Note that alias harmonics may resemble]
upsweeps if sonogram is truncated (e.g. 96 kHz maximum
for SM2s with FS = 192 kHz).

fo>35kHz

Date range: Year round

80-160 ms?

Myotis
lucifugus

Little Brown Batf

40.8

37.2-43.2

38.1

33.9-41.9

74.5

51.5-97.5

44.5

36.0-53.5

6.0

3.2-8.6

13.1

2.7-26.9

3.9

0.8-9.1

6.2

1.6-13.8

Can make the longest duration and lowest slope calls of all|
Myotis. Dur >7 ms (95% CI for MYVO) and lwrSlp <3
diagnostic among 40 kHz Myotis; f. <44 kHz
diagnostic west of Continental Divide (95% ClI for
MYYU). Calls may have abrupt upturn at end (unlike
smooth LABO upturn). Sometimes with multiple power
centers making calls look clumpy.

dur > 6 ms

Date range: Year round

100-200 ms

Lasiurus
borealis

Eastern Red Bat

40.4

31.6-47.6

40.2

33.8-45.8

67.6

40.4-94.4

43.8

34.2-54.2

6.8

3.2-11.4

10.0

0.1-22

2.0

0.0-4.4

4.4

0.1-9.8

U-shaped calls; up-turn at end of call; may exhibit
variable f. across sequence. Power smoothly centered
in call. Typically 32-40 kHz calls with dur >10 ms are
LABO, but look at shape. fc > 30 kHz in sequences with
characteristic variation in frequencies (as opposed to LACI
<30 kHz). Limited geographic range in MT (eastern
plains).

Kaleido Accurate,
dur>9-11 ms

Date range: June 14 - Oct 15

100-250 ms
(occ. >300 ms)

30

Myotis evotis

Long-eared Myotis

34.3

31.7-37.7

28.1

23.9-33.9

78.5

49.5-107.5

39.1

31.0-46.9

3.7

2.1-53

20.5

6.1-35.5

8.7

2.3-15.3

13.5

4.9-24.5

Calls may have up to 100 kHz of bandwidth. Shaped like
MYTH and MYSE but distinguished by f. = 32-36 (upper
range boundary for MYTH, 95% Cls for MYVO and
MYSE). FM sweep may be nearly linear making f; difficult
to recognize. Harmonics converge toward primary call
component.

fo=33-36 kHz
dur < 3-4 ms;
Sonobat=EPFU
and dur <5 ms

Date range: Year round

90-200 ms

Eptesicus
fuscus

Big Brown Bat]

28.2

25.8-31.8

27.2

24.8-30.8

56.6

43.4-69.4

31.9

25.0-40.1

7.8

2.8-12.2

8.5

2.5-15.5

21

0.3-4.3

4.0

0.6-7.6

Variable; calls with high f below 60 kHz can be confused
with LANO. Calls with high f >65 kHz distinguish from
LANO (range boundary for LANO), duration >12 ms to
distinguish from ANPA where species coexist (range
boundary for ANPA). May produce nearly flat calls (with fc
as low as 23 kHz) but never 100% flat at any point in call.
Parallel harmonics. Some calls may have inflection.

fo=28-32 kHz
dur>6ms

Look at longer calls if in
ANPA geographic range, but
note that long calls (>10ms)
may have call/sec < 6

Date range: Year round

100-150 ms
(150-250 ms for
long, low calls)

Antrozous
pallidus

Pallid Bat}

28.0

26.0-30.0

26.2

23.8-29.8

54.5

41.5-67.5

31.0

25.0-37.0

6.8

3.8-10.0

8.1

3.0-15.9

2.7

0.6-5.1

4.3

2.1-7.9

Often simple curved FM sweep, sometimes with knee in
center. Distinguish from short, steep EPFU calls by
looking for call intervals >180 ms for 21 second (<6
lls/sec). Note that MYTH & MYEV can also be <6

calls/sec. No Myotis-like tail, but calls may end in a foot-likg
arch or “dog paw”. Parallel harmonics. Presence of social
calls diagnostic (see ref. calls). Limited geographic range
(southeastern MT).

dur <10 ms
calls/sec < 6
fc<35kHz

Probables: Sequences of
short, steep calls with >200
ms intervals

Defintives: Social calls, must
view "unfiltered" to see these

Date range: Apr 5 - Oct 1

150-300 ms?

20

Lasionycteris
noctivagans

Silver-haired Bat

26.5

25.5-27.5

254

22.6-28.6

41.5

26.0-58.5

28.8

24.0-33.2

9.2

2.3-16.8

5.2

0.0-12.6

1.3

0.0-3.7

2.5

0.0-6.7

Some call variants can be confused with EPFU. Flat calls
with f. 226 kHz diagnostic. Shorter calls reverse
J—shaped; often with a distinct inflection. Short search
phase calls (<7 ms) with harmonics do not exceed
55kHz. Parallel harmonics. Flat LACI calls are lower in f,
but shorter LACI approach calls may overlap short LANO
calls (examine entire sequence and call interval). Low
slope calls with f. = 25-26 kHz may be distinguished from
LACI by the presence of an inflection. EPFU typically has
more FM, with smooth curvature (no inflection), but may
produce nearly flat calls (with fc as low as 23 kHz).

fc<28kHz

Date range: Year round

200-500 ms
(100-200 ms for
short, steep calls)

Myotis
thysanodes

Fringed Myotis|

24.5

21.5-27.5

19.8

14.2-24.2

72.4

41.6-103.6

30.7

24.0-39.3

3.9

1.9-5.9

19.0

7.1-33.0

9.2

3.1-16.8

13.9

4.9-24.1

Calls may have up to 100 kHz of bandwidth. Shaped like
MYEYV but distinguished by f.. FM sweep may be nearly
Jlinear making f. difficult to recognize. Want to have
presence of harmonics to distinguish from COTO if high f
<50 kHz. Continuous steep shape and f. down into the
20s is diagnostic: totalSlp >15, f. <28 kHz, and low f
<24 kHz diagnostic or totalSlp >10,f. <28 kHz, and low
f <24 kHz diagnostic if harmonics converge toward
primary call component.

fc <24 kHz,
dur 3-5 ms, and/or
Kaleido Accurate

Date range: Apr 3 - Oct 31

100-160 ms

Corynorhinus
townsendii

Townsend’s Big-eared
Bat|

234

18.6-28.6

214

17.0-24.6

42.5

37.5-47.5

311

24.9-36.9

4.6

1.7-8.0

7.1

0.2-18.9

4.9

1.5-8.3

5.0

2.0-8.0

Low intensity, difficult to record; harmonics may be
present. Call-shape simple linear FM sweep (sometimes
with upsweep or flat at onset - no knee or upward facing
curvature toward end of call unless a connected squiggle).
Squiggle calls diagnostic (5-7 ms period); rare, likely
social and used near roosts. f ., may alternate between
primary call component and second harmonic. For search
phase calls, COTO will have high f <50 kHz, f. <32 kHz,
and fmax <41kHz (upper range boundaries). *Examine
entire call sequence and look for upward facing curvature
on any call; if found, likely not COTO. LACI and LANO
approach calls and some linear MYTH fragments can
mimic COTO.

fo< 35 kHz

Date range: Year round

70-120 ms
(occ. >150 ms)

Lasiurus
cinereus

Hoary Bat

20.1

16.0-23.9

19.7

16.3-24.3

26.0

17.0-36.0

20.8

17.0-25.2

11.0

4.0-19.0

2.2

0.1-6.0

0.0-1.2

0.0-2.1

Pronounced or subtle U-shape or very flat calls (<20
kHz). Low f & f. may vary across sequence; power
builds toward center then gradually declines. Short calls
can be confused with LANO or EPFU. f. <30 kHz in
sequences with characteristic variation in frequencies (as
opposed to LABO >30 kHz).

fc <20 kHz and/or
Kaleido Accurate

Date range: May 1 - Oct 31

250-400 ms
(occ. >500 ms)

10

Euderma
maculatum
Spotted Bat

10

8.6-12.0

9.6

8.2-10.4

14.5

12.0-17.5

12.5

10.0-15.5

3.2

1.6-6.0

2.2

0.1-5.2

1.5

0.1-3.1

1.7

0.9-2.7

Simple linear FM sweep, sometimes with a mild
inflection. Short calls at low frequency. Harmonics often
present, with second harmonic persisting beyond primary
call component. f. =7-10 kHz and dur = 3-8 ms
diagnostic.

Process separately in
Kaleidoscope, view
"unfiltered"

Date range: Apr 19 - Nov 12

200-500 ms

! data from Humbolt State University Bat Lab (Eastern and Western US Bats 2011); numbers represent means and approximate 95% confidence intervals - if the 95% Cl exceeded the observed range of a charcteristic, the range boundary was used.

2 diagnostic characteristics for determination of species identification are bolded in text.

3 filters and notes represent work in progress or draft guidelines to speed hand review of call sequences; seasonal range dates are from either definitively identified calls or captures in the Montana Point Observation Database as of January 2015.
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Important Characteristic/Sonogram Terminology®

Primary call:  the component of an echolocation sound emitted by a bat with the lowest frequency, also called the fundamental;
typically the most powerful and sometimes the only part of the call visible on a sonogram
Harmonic: multiple, typically subtle components of the call, existing at higher frequencies but roughly parallel to the primary call

component; presence may indicate higher call quality unless a call is oversaturated

The characteristics below refer to attributes of the primary call. In rare cases, a harmonic may be the most powerful component of a call; these
characteristics and their corresponding values in this key are not applicable to those measured from a harmonic component.

low f: lowest frequency (kHz)

high f: highest frequency (kHz)

f.: characteristic frequency, the frequency of the call at its lowest slope (kHz)

fmax: the frequency where the power is greatest (kHz)

dur: duration (ms) from the start to the end of a call

Upper slope: the slope of the call (kHz/ms) between the high f and the knee; abbreviated: upprSlp

Lower slope: the slope of the call (kHz/ms) between the knee and the f;; abbreviated: lwrSlp

Total slope: the slope of the call (kHz/ms) between the high f and the low f; abbreviated: totalSlp

Other terms used to describe calls:

FM: frequency modulation, change in frequency over time; most calls start at a high frequency and sweep down to a lower frequency

power: amplitude or sound energy (i.e. volume)

oversaturation: powerful calls may exceed the microphone/recorder capability and produce anomalies in the sonogram such as full
spectrum “noise” (clipping) or alias harmonics (upside-down harmonics resulting from truncation of the upper portions of calls
due to sampling frequency limitations); peak power duration cannot be accurately estimated

inflection or knee: pronounced change in slope; some calls may not have an obvious knee if very steep or smoothly curved

flat: a call or portion of a call with very low or no slope (horizontal), i.e. constant frequency (CF)

sequence: a series of bat calls, produced as a bat flies past the detector

calls/sec: the number of calls per second for a given period; note that Sonobat’s calculation of this characteristic may be incorrect due to
multiple bats in a recording, low intensity calls, and dead air space in a sequence — ms between calls should be examined and
calls should be looked at in real time to accurately estimate this characteristic if needed

Note that all frequencies should be interpreted as apparent or observed frequencies. These values may vary from the frequency emitted by the
bat due to distance to detector (decreasing call power or volume). Call volume may have a noticeable effect on all frequencies recorded
depending on the location of the power in the call (>5 kHz).

Call T)(Qes2

The values for the characteristics listed in this key are based on search phase calls. Therefore, it is important to make sure that search phase calls

are examined and analyzed during hand classification.

Search phase calls: used for general navigation and searching in uncluttered areas, generally consistent call characteristics, approximately 3-12
calls per second; bats may be able to detect objects >10 meters away with these calls®

Approach phase calls: used when approaching either prey or a landing site or in cluttered airspace, such as when flying around vegetation; these
calls are typically steeper and shorter than search calls and frequencies may shift up significantly, often 10-25 calls per second

Feeding buzz: also called terminal phase calls, used for close proximity object location during prey pursuit/capture, may exceed 100 calls per
second”; very steep and short calls that can mimic other species if interpreted as search calls, but can be much lower in volume/power;
not useful for species ID

Social calls: used to communicate with other bats, often lower in frequency than search phase calls for a species and may contain complex
frequency modulation patterns; may be very helpful for identifying some species (e.g. ANPA) but are irregularly recorded

How to Use the Key for Montana Bats®

Tip: Put bat detector in an open, uncluttered environment so that it is more likely to detect bats using search phase calls.

1. Load auto-identification analysis results into a database in order to expedite hand review of calls by sorting calls to species or species
groups and/or sorting on call characteristics.

2. Look at search phase calls (not approach calls, feeding buzzes, or social calls) within a sequence.

3. Choose noise free calls with harmonics so that you are more likely to see the whole call instead of just a portion. Note that some calls
may be oversaturated if the bat closely approached the microphone and these should be avoided if possible.

4. Look at the entire sequence in both compressed and real time views. This will help you see the whole picture (Are there multiple bats?
Are there feeding buzzes or other non-search phase calls?). This is particularly important for differentiating EPFU vs. ANPA, MYLU vs.
LABO, and for COTO in general since many other species may have calls that mimic COTO.

5. Look at the standard view for multiple calls within a sequence. BE AWARE that Sonobat sometimes identifies incorrect characteristics,
analyzes strong harmonics instead of the primary call, and occasionally includes noise along with the primary call of interest.

! Adapted from Humbolt State University Bat Lab. 2011. Eastern and Western US Bat Keys.

2 Reviewed in Fenton, M. B. 2013. Questions, ideas and tools: lessons from bat echolocation. Animal Behaviour 85, 869-879. Originally described
in Griffin, D. R., et al. 1960. The echolocation of flying insects by bats. Animal Behaviour 8, 141-154.

® Fenton, M. B. 2004. Bat Natural History and Echolocation. In Brigham, R. M.,et al., eds. Bat Echolocation Research: tools, techniques, and
analysis. Bat Conservation International, Austin, TX.

* Elemans, C., et al. 2011. Superfast Muscles Set Maximum Call Rate in Echolocating Bats. Science 333, 1885-1888.

80



OBSERVATIONS AND SEASONAL RANGES OF MONTANA BAT SPECIES

Pallid Bat (Antrozous pallidus) Townsend's Big-eared Bat (Corynorhinus townsendii)

Big Brown Bat (Eptesicus fuscus) Spotted Bat (Euderma maculatum)

Silver-haired Bat (Lasionycteris noctivagans) Eastern Red Bat (Lasiurus borealis)

California Myotis (Myotis californicus)

Bat Observation Type Range Type
X MISTNET/HAND GAPTURE/OTHER [ vear-round
o SM2ACOUSTIC 0 summer

@ PETTERSSONACOUSTIC

® ANABATACOUSTIC
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Western Small-footed Myotis (Myotis ciliolabrum) Long-eared Myotis (Myotis evotis)

Little Brown Myotis (Myotis lucifugus) Fringed Myotis (Myotis thysanodes)

Long-legged Myotis (Myatis volans) Yuma Myotis (Myotis yumanensis)

Acoustic Survey Sites Mistnet Survey Sites

Bat Observation Type Range Type
X MISTNETMAND CAPTURE/OTHER I vear-round
SM2 ACOUSTIC [ summer

o]
@ PETTERSSONACQUSTIC
[ ]

ANABATACOUSTIC
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Appendix 7

Montana Bat Call Identification

Montana Natural Heritage Program

ﬁﬁ&f&i Heritage
KAC Program

Bryce Maxell, Shannon Hilty, Braden Burkholder, and Scott Blum

*Special thanks to Joe Szewczak and the Humboldt State University Bat Lab for their ongoing efforts
in acoustic identification of bats. Much of the information in this powerpoint was derived from Joe’s
trainings and their 2011 Western and Eastern U.S. Echolocation Call Characteristics tables
http://www.sonobat.com/
http://users.humboldt.edu/joe/
http://www.sonobat.com/download/EasternUS _Acoustic_Table _Mar2011.pdf
http://www.sonobat.com/download/WesternUS _Acoustic_Table Mar2011.pdf
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**Unless otherwise noted spectrograms in this powerpoint are from the Montana Bat Call Library
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http://users.humboldt.edu/joe/
http://www.sonobat.com/download/EasternUS_Acoustic_Table_Mar2011.pdf
http://www.sonobat.com/download/EasternUS_Acoustic_Table_Mar2011.pdf
http://www.sonobat.com/download/WesternUS_Acoustic_Table_Mar2011.pdf
http://www.sonobat.com/download/WesternUS_Acoustic_Table_Mar2011.pdf
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M Bats of Montana - 6 Species of Concern

Common Name Scientific Name 4-Code MT Range/No. Recs
Pallid Bat Antrozous pallidus ANPA 17
Townsend’s Big-eared Bat Corynorhinus townsendii COoTO 281
Big Brown Bat Eptesicus fuscus EPFU % 1,090
Spotted Bat Euderma maculatum EUMA 108
Silver-haired Bat Lasionycteris noctivagans 1,381
Eastern Red Bat Lasiurus borealis 65
Hoary Bat Lasiurus cinereus LACI 1,041
California Myotis Myotis californicus MYCA 189
Western Small-footed Myotis Myotis ciliolabrum MYCI 917
Long-eared Myotis Myotis evotis MYEV 1,085
Little Brown Myotis Myotis lucifugus MYLU s 1,468
Northern Myotis Myotis septentrionalis < 1
Fringed Myotis Myotis thysanodes MYTH 130
Long-legged Myotis Myotis volatzf MYVO %\% 252
Yuma Myotis Myotis yum;nensis A, 34




Image from Joe Szewczak

Library of Bat Calls of Known
Species ldentity Used for Hand |
Identification of Acoustic
Recordings and in Automated
Classifiers such as SONOBAT
3.0 and Kaleidoscope Pro 2.0
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Math and Potential Discriminating
Resolution of Bat Echolocation
o\/ = \f
\/elocity (344,000 mm/s) = Wavelength x Frequency

*\Wavelengths less than 2 times the length of an
object can generally be used to detect the object

Frequency | Wavelength Object Discrimination Examples
120 kHz 2.9 mm 1.4 mm — Biting Midge on pine needles
50 kHz 6.9 mm 3.4 mm — fruit fly
40 kHz 8.6 mm 4.3 mm — smallest of mosquitos

20 kHz 17.2 mm | 8.6 mm—house fly, small moths/beetles

10 kHz 34.4 mm 17.2 mm — larger moths and beetles
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General Factors to Keep in Mind
When Recording Bats

Recording high quality search phase calls is of paramount
importance for identifying bat call sequences to species.

Avoid environmental clutter that will cause bats to use approach
phase calls instead of search phase calls.

Avoid areas with reflective surfaces that might result in multiple
echoes of a call.

Higher frequency sounds attenuate more rapidly than low
frequency sounds in general and are more affected by humidity,
wind, and convection currents; mount microphones accordingly.
Bats need to be within at least 30 meters of a microphone to be
detected and when in the same air space they adjust frequencies
so they don’t overlap with one another; avoid foraging areas and
target flight corridors that are potential commuter routes where

search phase calls with dominate.
88



Spectrogram Terminology



Spectrogram Terminology - |

Primary call: the component of the sound emitted by a
bat with the lowest frequency; typically the most
powerful and sometimes the only part of the call visible
on a spectrogram.

Harmonic: multiple, typically subtle components of the
call, existing at higher frequencies but roughly parallel
to the primary call component; presence may indicate
higher call quality unless a call is oversaturated.
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Spectrogram Terminology - Il

Characteristics below refer to attributes of the primary call

low f: lowest frequency (kHz)

high f: highest frequency (kHz)

fc: characteristic frequency, the frequency of the call at its lowest slope (kHz)
fmax: the frequency where the power is greatest (kHz)

duration: duration in (ms) from the start to the end of a call, abbreviated: dur

upper slope: the slope of the call (kHz/ms) between the high f and the knee,
abbreviated: upprSlp

lower slope: the slope of the call (kHz/ms) between the knee and the fc,
abbreviated: lwrSlp

total slope: the slope of the call (kHz/ms) between the high f and the low f,
abbreviated: totalSlp 92
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Spectrogram Terminology - lli

Characteristics below refer to attributes of the primary call

FM: frequency modulation, change in frequency over time; most calls start at a high frequency and
sweep down to a lower frequency

bandwith: total range of frequencies a call sweeps through
power: amplitude or sound energy (i.e. volume)

oversaturation: powerful, loud calls may exceed the microphone/recorder capability and produce
anomalies in the spectrogram such as full spectrum “noise” (clipping) or alias harmonics (upside-
down harmonics); peak power duration cannot be calculated from these calls

inflection or knee: pronounced change in slope; some calls may not have an obvious knee if very
steep or smoothly curved

ledge: a secondary change in slope before fc
flat: a call or portion of a call with very low or no slope (horizontal); i.e. constant frequency (CF)

sequence: a series of bat calls, produced as a bat flies past the detector

call interval: duration between calls when viewed in “real time”; useful for identifying search,
approach, and feeding buzz calls

calls/sec: the number of calls per second for a given period; note that values listed by Sonobat may
be incorrect due to multiple bats in a recording, low intensity calls, and dead air space in a sequence.
**ms between calls should be examined and calls sfould be looked at in real time to accurately
estimate this characteristic if needed for species identification
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Call Types

Real Time View
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Search Phase Calls

gl

e e S5 =
EUMA

Used for general navigation and searching in uncluttered areas. Search phase calls
generally have consistent call characteristics so are the most useful call type for species
identification. Often have 3-12 calls per secggnd. Bats may be able to detect objects >10
meters away with these calls.




Approach Phase Calls
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Used when approaching either prey or a landing site or in cluttered airspace, such as when flying around
vegetation. These calls are typically steeper, shorter, and have tighter call intervals than search phase calls
and frequencies may shift up significantly, often with 10-20 calls per second. Approach phase calls have
greater overlap between species and are less useful for species identification.
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Feeding Buzz
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Also called terminal phase calls. These are used for discriminating close objects during prey
pursuit/capture with call rates possibly exceeding 100 calls per second. These are often very

steep and short calls (often with lower power) and there can be a great deal of overlap between
species so are not useful for species identification.

Note: feeding buzzes are generally not visible in the “compressed view” of a sequence, but are

usually visible in “real time” view (pictured aboyg). They can be identified easily by listening to
the whole sequence.




Call Types in Real Time and Compressed Views

i Real Time View
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Potential Call Variations in Different Environments
ml-_l_ig_hly C[uttered
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NOTE: Calls shown above are actually from search phase, apq&ach, and feeding buzz sequences. Since all of our detectors
are in open, uncluttered environments, these are the most analogous calls we have to those seen in different environments.



Social Calls

Used to communicate with other bats. Social calls are often lower in frequency than
search phase calls and may contain complex frequency modulation patterns. Social
calls may be very helpful for identifying some species (e.g. ANPA) but may not be

recorded with regularity.
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General Guidelines For Recording, Processing,
and Hand Classifying Call Sequences
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General Guidelines - |

1. Deploy bat detector in an open, uncluttered environment so that it is more
likely to detect bats using more diagnostic search phase calls.

2. Accept the fact that not all call sequences can be definitively identified to a
species.

3. To expedite hand review, focus on reviewing call sequences that were
assigned an automated species identification using Sonobat or
Kaleidoscope because they are more likely to be higher quality call
sequences. Even if the auto-id is a misidentification, an auto-identified call
is likely to be one of a handful of sp&cies whose calls tend to overlap.



General Guidelines - I

Review a single species at a time in order to be consistent and efficient in
your hand review; importing the Sonobat or Kaleidoscope batch analysis

files into a relational database will allow all files that were automatically

identified as a particular species to be sorted together.

Limit the potential species list for a particular acoustic survey site by the
known geographic ranges of species; depending on the degree of call
overlap it may be worth reviewing some that would be extralimital if
species identity can be confirmed.

For species identification, focus your review on clear search phase calls
and take precautions (i.e. view in “real time” view) to avoid using approach
phase calls, feeding buzzes, and social calls for most species.

Where possible, select noise free calls that have harmonics for review so
that you are more likely to have full calls instead of call fragments. Note
that some calls may be oversaturated if the bat closely approached the
microphone; these should be avoided if possible.

Use the general call shape and chargcteristic frequency to identify the
phonic group so that you have fewer species to consider.



General Guidelines - 1l

9. Look at the entire sequence in both “compressed” and “real time” views.
This will help you see the whole picture (are there multiple bats, feeding
buzzes or other non-search phase calls?). This is particularly important when
differentiating EPFU vs. ANPA, MYLU vs. LABO, and for COTO in general.

10. Review multiple calls in a sequence with the “std view”. The more calls with
definitive features, the more confidence in the identification.

BE AWARE that Sonobat’s automated analysis sometimes uses inappropriate
information in the spectrogram.
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Diagnostic Montana Bat Call Shapes

Pronounced Inflections
(hockey stick)
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[Vifithin groupes calls ans organizsd by relative Treguency)

Steep with High Bandwidth

VLY

Curved FM Sweep

MYCA  MYC] \ b |
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EPFU
ANPA

g Flat
Simple Linear FM Sweep
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EUMA
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Individual Species Calls and Call Overlap
Between Species that will be Reviewed

pvae MYYU |
THE XN e

LACI COTO EPFU MYLU

ek DETn]

\ MYTH LANO

Bats are grouped based on search phase call shape and overlap. As noted earlier,
there may be even greater overlap between species for approach phase calls.
Within groups, bats are organized by characteristic frequencies. It is particularly
difficult to find definitive ANPA, MYVO, and COTO call sequences.



Relative Ease of Recording and Confirming
Definitive Call Sequences for Montana Bats

Difficult to

record COTO MYSE
definitive ANPA
characters
MYVO
MYCA MYYU
MYTH MYEV
MYCI
MYLU
LANO EPFU
Easy to
record LACI LABO
definitive EU MA
characters
Easy to confirm 110 Difficult to confirm

definitive sequences definitive sequences



Specific Hand Review Steps |

1. Use automated species classifications from Sonobat and Kaleidoscope and output on certain
call characteristics from these software packages (e.g., FcMean, FcDuration, FcStdDev) as
noted in the Echolocation Call Characteristics Key for Montana Bats to locate sequences most

likely to be the species of interest. Best to use a relational database to do this, but this can
also be done in a spreadsheet.

2. Open file. If the sequence is more than 8 s long, you can determine which portion you will
look at. If calls appear to be horizontally truncated, you can lengthen the discrimination
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Specific Hand Review Steps Il

In compressed view, get an overview of the call shapes, frequencies, harmonics,
highest powered calls, etc. Then toggle to “real time” view to get a good sense of
time intervals, whether or not there is variation in frequency across the sequence,
call types and number of bats recorded in the sequence

I T IR | ——

4

compressed

. SonoBcﬁ =
| S [

Think about all species in the phonic group of your species of interest and
consider geography and differentiating call characteristics. If there are
characteristics that are not indicative of the species of interest or if the sequence
is of poor quality or lacks search phase calls, potentially skip the call sequence at
this stage and jump to one of better qyglity where you are more likely to
definitively confirm the species.



SpeC|f|c Hand Review Steps 11

selected call at “50 msec std view”

SonoBat™_ |- selected call at “10 msec std view”

5. Pick a call with a strong power center (but avoid over-saturated calls), harmonics,
and clear search phase call intervals. Use “std view” to zoom in and measure the
call. Note that the automated measurements from Sonobat are sometimes
incorrect and some parameters will need to be measured by hand.

5. Toggle between different “std view” lengths and look closely at call shapes and
various call measurements relative to definitive characteristics.

6. In most cases, you will want to have multiple definitive calls across a sequence to

definitively assign a species to a call sequence.
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Overview of Call Characteristics
for Montana’s Bats



Spotted Bat (Euderma maculatum) = EUMA

EUMA real time

EUMA time_expanded

Xe

Bat Observation Type
MISTHNETHAND CAPTURE/OTHER

SM2 ACOUSTIC

& PETTERSSON ACOUSTIC

Range Type
Year-round
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EUMA Call Shapes
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*Red scale bars are set at 10 kHz.

e Short, simple linear FM sweep at low frequency e Sometimes a mild inflection or curvature

** No bat in Montana is easily confused with
EUMA because search phase calls are the
lowest frequency of any bat in the state

e Harmonics are usually present, sometimes with
second harmonic persisting beyond the primary

call component
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EUMA Definitive Characteristics

e Simple linear FM sweep
 Duration: 3-8 ms
e fc:7-10 kHz




Hoary Bat (Lasiurus cinereus) = LACI

Range Type

nd

LACI_time_expanded




LACI Call Shapes

%:_

2 Pronounced or subtle “U”
# shape

| —

e Very flat calls may have slight downturn into call and/or upturn at the end

*Red scale bars are set at 20 kHz. 1o



LACI Definitive Characteristics

Pronounced or
subtle “U” shape
OR very flat calls
<20 kHz

Low f and fc may
vary across a
sequence;

fc <30 kHz in these
sequences

*Red scale bars are set at 20 kHz.




LACI Similar Species

-

LACI using higher and shorter calls to enter feeding buzz

LACI vs. LANO: Flat calls in the fc = 23-26 kHz range are indistinguishable. Low sloped calls in
the fc = 25-26 kHz range with inflection are distinguished from LACI. Short LACI approach calls
may overlap undiagnostic, short LANO calls.

LACI vs. EPFU: Approach calls can be confused with undiagnostic , short EPFU and LANO calls.

*Red scale bars are set at 26 kHz. 121



Silver-haired Bat (Lasionycteris noctivagans) = LANO

Bat Observation Type Range Type

MISTNET, E/OTHER ind

LANO_time_expanded




LANO Call Shapes

105

“j Long and smooth i Short, with inflection
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Long and flat

*Red scale bars are
set at 26kHz.




LANO Definitive Characteristics

M

1
mised! 2 4 & 8 10 412 14 11

* Flat calls with fc >26 kHz
* Long, flat calls with some frequency modulation have a distinct
inflection between upper and lewer portions of call

)
msec’

*Red scale bars are set at 26 kHz.




LANO Similar Species

LANO vs. EPFU and ANPA: EPFU has more frequency modulation; lower, longer calls
with a pronounced inflection help distinguish LANO from EPFU. LANO does get <6
calls/sec but tends to drop below ANPA fc range and higher LANO calls tend to have
inflection, while ANPA does not.

LANO vs. LACI: Flat calls in the fc = 23-26 kHz range are indistinguishable. Low slope calls
in the fc= 25-26 kHz range with inflection are distinguished from LACI. Short LACI

approach calls may overlap short LANO. Examine entire sequence!

125
*Red scale bars are set at 26 kHz.



Big Brown Bat (Eptesicus fuscus)

Bat Observation Type Range Type
IETH 0 ¢

EPFU_time_expanded




| Short Call

EPFU Call Shapes

N Long Call
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Variable; smoothly curved FM sweeps. Even long calls have some FM

|||||||||

B B 7 8 2

3 4

1 I i
—eadl 12

component.
Harmonics usually parallel, but may slightly converge or “drip down” at ends.
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*Red scale bars are set at 30 kHz.



EPFU Definitive Characteristics

* high f> 65 kHz

e calls with duration > 12 ms
distinguish EPFU from
ANPA where species
coexist

128



EPFU Similar Species

a8

3 3 ¥ ¥ ¥ ¥ & 5 8 § 8 8 3 H & &
3 4 % B ¥ ¥ 8 & ¥ OB O3 3 3

¥
N
]
[

EPFU vs. ANPA: Calls with duration > 12 ms and/or > 6 calls/second %
distinguish EPFU from ANPA where species coexist. Geographic range .
also distinguishes EPFU from ANPA. .
EPFU vs. MYTH/MYEV: Converging harmonics, shorter calls, higher total | =
slopes, and tails distinguish MYTH/MYEV from EPFU. -
EPFU vs. LANO: Search phase calls with high f > 65 kHz distinguish EPFU | LANO
from LANO. or W

*Red scale bars are set at 30 kHz. | ————
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Pallid Bat (Antrozous pallidus) = ANPA

[ I i I | 1 | I I I I I |
a0 90 100 110 120 130 0 0 160 170 180 190 200 210 220 230

Bat Observation Type Range Type
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ANPA Call Shapes

| et fttl s e |
weocd 1 2 3 4 5 6 7 8 9 10 11 12 13 14

e Simple curved FM sweep

* No tail, but calls may end in a foot-like arch

131

« Parallel harmonics *Red scale bars are set at 28 kHz.



ANPA Definitive Characteristics
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 Presence of social calls; usually Iong in duratlon and
low in frequency

e <6 calls per second 132
*Red scale bars are set at 15 kHz.



ANPA Similar Species
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ANPA vs. EPFU: Presence of social calls distinguishes ANPA from EPFU.
Sequences with < 6 calls/second distinguish ANPA from EPFU.

ANPA vs. MYTH/MYEV: MYTH/MYEV can have < 6 calls/second and look
like ANPA in certain standard views, but converging harmonics, shorter
calls, higher total slopes, and tails distinguish MYTH/MYEV from ANPA.

ANPA vs. short/higher LANO: LANO does get <6 calls/sec but tends to
drop below ANPA fc range; higher LANO calls teg to have inflection. S MIYEV

*Red scale bars are set at 30 kHz. m



Townsend’s Big-eared Bat (Corynorhinus townsendii

= COTO

Range Type

Bat Observation Type
MISTHNETHAND CAPTURE/OTHER Year-round

SM2 ACOUSTIC Summer

ETTERSSON ACOUSTIC

®  ANABATA

COTO _time_expanded



COTO Call Shapes
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* low intensity calls that are difficult to detect; harmonics may be present
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e fmax may alternate between primary call component and harmonic

e For search phase calls, COTO typically have high f <50 kHz, fc <32 kHz, and fmax <41
kHz 2

*Red scale bars are set at 50 kHz.
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COTO Definitive Characteristics
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Simple linear FM
sweep (sometimes
with upsweep or
plateau at onset-
NO knee or upward
facing curvature
toward the end of
call)

Squiggle call with
5-7 ms intervals



COTO Similar Species

MYTH fragment; note
converging harmonics
and the fact that high
f is out of COTO range

LACI feeding buzz mimicking COTO

COTO vs. MYTH: Linear MYTH fragments and other partial calls without harmonics mimic COTO;
look at entire call sequence for any curvature.

COTO vs. LACI vs. LANO: Approach calls and feeding buzzes of LACI/LANO may be similar in
appearance and frequency to COTO, but those species may be ruled out by examining entire
call sequence. *Red scale bars are set at 50 kHz.



Fringed Myotis (Myotis thysanodes) = MYTH

Surmmer

MYTH_time_expanded




MYTH Call Shapes
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e Calls may have up to 100 kHz of bandwidth
e FM sweep may be nearly linear, making fc difficult to recognize
* Shaped like MYEV but distinguished by fc

139
e Converging harmonics *Red scale bars are set at 28 kHz.



MYTH Definitive Characteristics

e Continuous steep shape,
especially with harmonics

e fc <28 kHz (and usually into
the 20s), total slope >15,
and low f < 24kHz

 fc< 28 kHz, total slope >10,
and low f < 24kHz diagnostic
IF harmonics converge
toward primary call
component

140
*Red scale bar is set at 28 kHz.




MYTH Similar Species
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MYTH vs. MYEV: Calls are almost identical in appearance. Use fc and low f to distinguish.

MYTH vs. COTO: MYTH fragments with high f <50 kHz can look like COTO; use high f and
converging harmonics to rule out COTO.

MYTH vs. EPFU/ANPA: Lower slope and frequency MYTH overlap EPFU/ANPA. Look at
geographical range for COTO vs. ANPA, converging harmonics, and total slope to distinguish

COTO from both EPFU and ANPA. 141
*Red scale bars are set at 28 kHz.



-eared Myotis (Myotis evotis) = MYEV

=3

Bat Observation Type
' I[ETH

MYEV_time_expanded




MYEV Call Shapes
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Calls may have up to 100 kHz
of bandwidth

FM sweep is sometimes
nearly linear, making fc

difficult to recognize

Shaped like MYTH but
distinguished by fc

Converging harmonics

143



MYEV Definitive Characteristics

 Converging harmonics

e fc: 32-36 kHz

144



MYEV Similar Species
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MYEV vs. MYTH: Calls are almost identical in appearance and characteristics; use fc to distinguish.

MYEV vs. MYVO: Lower, non-diagnostic MYVO calls can have overlap; unable to distinguish unless upsweep is present for
MYVO.

MYEV vs. MYSE: Calls are similar in appearance and charactetigics;
use fc to distinguish. *Red scale bars are set at 32 kHz.




Long-legged Myotis (Myotis volans) = MYVO
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MYVO _time_expanded




MYVO Call Shapes

Calls from Sonobat Western US Reference Views, J. Szewczak
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Upsweep into call is uncommon, but diagnostic

Generally has steeper, shorter calls in open, uncluttered areas

Note alias harmonics may resemble upsweep in truncated spectrograms
produced by SM2 recordings witti’a sampling frequency of 192 kHz




MYVO Definitive Characteristics

e Upward sweep into
the call is diagnostic,
but rare




MYVO Simi!ar Species

M Call from Sonobat Western
M US Reference Views, J.
W Szewczak
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*Red scale bars are set at 40 kHz.
MYVO vs. MYCA MYVO vs. MYCI MYVO vs. MYEV MYVO vs. MYSE

For all of these comparisons, non-diagnostic calls can be similar in appearance; unable to distinguish unless
there is an upsweep into the call, which is diagnostic for MYVO. MYVO may have subtle lower slope or

backward bend at higher frequencies. _

BEWARE of ALIAS HARMONICS THAT :
CAN RESEMBLE UPSWEEP INTO MYVO CALLS

Alias harmonics are upside-down harmonics resulting from truncation of the upper
limits of calls due to sampling frequency limitations (e.g., 96 kHz maximum for SM2
Bat+ detectors with sampling frequency set at 192 kHz). These are typically sharply
inflected at the upper end of the upsweep relative to the actual MYVO upsweep. To

avoid this, set sampling frequency at 256 kHz or higher.



Northern Myotis (Myotis septentrionalis) =MYSE

Call from Western US Reference Views, J.
Szewczak
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Bat Observation Type Range Type
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MYSE Call Shapes

Call from Sonobat Western US Reference Views, J. Szewczak
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FM sweep may be nearly linear making fc difficult to determine
e Shaped like MYEV and MYTH but distinguished by fc

e Quiet but consistent calls 151




MYSE Definitive Characteristics

 Presence in Montana is uncertain.
Genetic testing of museum
specimens is underway. Follow-up
capture and genetic testing along
eastern border is needed

e (Calls shaped like MYTH and MYEV
with up to 100 kHz of bandwidth

e Fc>40kHz

e Examine sequence in “real time”
and confirm consistent search
BN .1 from Sonobat Western U phase call intervals across the
| Reference Views, J. Szewczak sequence to rule out approach
phase calls from other Myotis spp.

meedd 1 2 3 4 5 & 7 & 9 10 11 12 13



MYSE Similar Species
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Zsi Call from Sonobat Western
e US Reference Views, J.
':: Szewczak

MYSE vs. MYTH/MYEV: Similarly shaped steep calls with overlap in non-diagnostic calls.
fc <28 kHz is diagnostic for MYTH, fc between 32-36 kHz is diagnostic for MYEV, and fc >
40 kHz is diagnostic for MYSE.

MYSE vs. MYVO: Non-diagnostic calls overlap; unable to distinguish unless there is an
upsweep into the call (which is diagnostic folrsg\/IYVO).

*Red scale bars are set at 40 kHz.
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Sequences Incorrectly Auto-identified as MYSE

| Real time A Compressed

1 I
100 00

Call shapes look similar to MYSE. However, when you view calls in “real time” and listen to the
sequence, it becomes apparent that these are gctually approach calls going into a feeding buzz.
Call intervals are very tight (40-50 ms) as well, indicating that these are approach phase.




Sequences Incorrectly Auto-identified as MYSE

i Real time " Compressed

Call shapes look similar to MYSE. However, when you view calls in “real time” and
listen to the sequence, it becomes apparent that there are two bats in the
sequence. While both bats appear to be in search phase (over 100 ms call
intervals), it is difficult to tell whether or not the calls are altered due to

interactions between the two.
156




MYSE Definitive Sequences

! Real time ! Compressed
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Joe Szewczak emphasizes that in order to definitively identify call
sequences as MYSE you need to: (1) examine whether there are steady
intervals across the call sequence to ensure that they are search-phase calls
instead of inspection/approach-phase calls of other Myotis species; (2)
then examine Fc and other call features to see if they match MYSE.

Sequence from Joe Szewczal¢ and the Humboldt State University Bat Lab




MYSE Definitive Sequences

Real time Compressed

Calls have steady intervals and are likely search phase
calls throughout sequence.

Sequence from Joe Szewczak and the Humboldt State

University Bat Lab
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Little Brown Myotis (Myotis lucifugus) = MYLU

Range Type
Yearsound

MYLU_time_expanded




MYLU Call Shapes

*Red scale bars are set at 40 kHz.

 Sometimes have multiple power centers making calls appear clumpy
e Usually have inflection

e Can make the longest duration and:ibowest slope calls of all Myotis



MYLU Definitive Characteristics

N

 Duration >7 ms

 Lower slope<3

e fc < 44 diagnostic west
of Continental Divide

when comparing with
MYYU

161



MYLU Similar Species
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MYLU vs. LABO: LABO calls have up-turns at ends, smooth power centers
and longer duration. LABO call sequences often have variable fc across the
sequence (see next slide).

MYLU vs. MYYU: fc < 44 kHz distinguishes MYLU from MYYU where there is

overlap in geographical range west of the Confihental Divide.
*Red scale bars are set at 40 kHz.



Eastern Red Bat (Lasiurus borealis) = LABO

LABO_time_expanded




LABO Call Shapes

Short and steep Long and “U” shaped; Long and flat
power centered smoothly in with upturn
16
cenl}ter *Red scale bars are set at 35 kHz.




LABO Definitive Characteristics

 “U” shaped calls; upturn at end

e fc variable within a sequence

165




LABO Similar Species

0 0 ' 0 O
11 12 13 14

LABO vs. MYLU: MYLU calls infrequently exceed 10 ms, are not upturned at the
end; instead, have a steadily decreasing frequency or a steady fc across a

sequence. NOTE: Sonobat sometimes classifies EPFU/LANO harmonics as MYLU
or LABO.

LABO vs. LANO: LANO can have a similar shape to LABO, but are much lower in

166
fc. *Red scale bars are set at 35 kHz.



Yuma Myotis (Myotis yumanensis) = MYYU
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MYYU Call Shapes

Calls from Sonobat Western US Reference Views, J. Szewczak
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Power focused around fc; gradually builds to a peak and attenuates rapidly

168

Typically exhibit a hint of a tail



MYYU Definitive Characteristics

* Pronounced knee

e fc>47 kHz, duration > 6 ms,
upper slope < 16, and lower
slope < 3 within known range
west of Continental Divide

e Sometimes insert longer
duration calls within a
sequence of short duration
calls

169



MYYU Similar Species
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MYYU vs. LABO: LABO calls tend to have a variable fc across a
sequence, up-turns at ends, and longer durations. MYYU duration
does not exceed 8 ms. MYYU fc is generally higher.

MYYU vs. MYLU vs. MYVO: fc > 47 kHz distinguishes MYYU from

MYLU and MYVO when the two overlap geogfaphically. rred cale b ok
Red scale bars are set at 50 kHz.



Western Small-footed Myotis (Myotis ciliolabrum)
= MYCI

MYCI_time_expanded
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MYCI Call Shapes
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* FM sweep a smooth curve, beginning steeply and then increasing in curvature

e Often with a prominent downward tail

* Some calls have inflection, but smooth yariant is diagnostic

*Red scale bars are set at 40 kHz.



MYCI Definitive Characteristics

e FM sweep a smooth curve

Well defined downward tail

fc <45 kHz when within MYCA
geographical range

 Peak power of call persists for
at least 1 ms
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MYCI Similar Species
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MYCI vs. MYCA: Calls are similar in appearance and characteristics. When the two species
overlap geographically, fc > 45 kHz is diagnostic for MYCA.

MYCI vs. MYYU: Non-diagnostic calls can overlap in shape; diagnostic calls do not. m
MYCI vs. MYLU: Diagnostic MYLU are longer duration (> 7 ms) and have a strong inflection.

MYCI vs. MYVO: Non-diagnostic calls overlap; unable to distinguish unless there is an upsweep  *

into the call which is diagnostic for MYVO.
174
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California Myotis (Myotis californicus) = MYCA
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Bat Observation Type Range Type
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MYCA Call Shapes
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FM sweep a smooth curve, beginning steeply and then increasing in curvature

Often with a prominent downward tail

Some calls have inflection, but smooth van@nt is diagnostic
*Red scale bars are set at 50 kHz.




MYCA Definitive Characteristics

1256-
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115-
110-

e FM sweep a smooth curve

e Sometimes a lower
inflection, or “ledge,”
before fc

e Often a well-defined
downward tail

e Peak power persists for at
least 1 ms
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e fc > 48 diagnostic when within MYCI geographical range

177
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MYCA Similar Species
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MYCA vs. MYCI: Calls are similar in appearance and characteristics. When the two
overlap geographically, fc > 48 kHz is diagnostic for MYCA.

MYCA vs. MYYU: Non-diagnostic calls can overlap in shape but diagnostic calls do not.
MYCA vs. MYLU: Diagnostic MYLU are longer (> 7 ms) in duration and have inflection.
MYCA vs. MYVO: Non-diagnostic calls can be similar in appearance; unable to

distinguish unless there is an upsweep into the call which is diagnostic for MYVO.
178

*Red scale bars are set at 50 kHz.



Appendix 8
Montana Bat Acoustic Monitoring Database — SQL Server 2008

Structure, Creation Code, and Query Code

Authorship/Contact:

Braden Burkholder
Biological Data Analyst
Montana Natural Heritage Program
1515 East, 6™ Avenue, Helena, Montana 59620
bburkholder@mt.gov
(406) 444-0202
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Table structure in SQL Server Database

Table_Name

Bat_Species_Data
Bat_Species_Data
Bat_Species_Data
Bat_Species_Data
Bat_Species_Data
Bat_Species_Data
Bat_Species_Data
Bat_Species_Data
Bat_Species_Data
Lunar_Calculations
Lunar_Calculations
Lunar_Calculations
Lunar_Calculations
Lunar_Calculations
Lunar_Calculations
Lunar_Calculations
Lunar_Calculations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT _Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT _Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT _Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT _Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations

Column_Name

ID

ELCODE
S_Sci_Name
S_Com_Name
Four_Code
Min_Month_Day
Max_Month_Day
Min_Month_Typical
Max_Month_Typical
ID

SitelD

SampleNight
LastRise

LastSet

NextRise

NextSet
midNightlllum
SitelD

Location

Latitude

Longitude

Contact

Comments
Installation_Date
Decommission_Date
Ownership
Detector_Survey_Type
Status

Funder
SiteNameShort
AnalysisGroup
TimeStamp

State

FolderName
WxStnID_Wind
WxStnID_Wind2
WxStnID_Temp
WxStnID_Press
WxStnID_Humid
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Data_Type
int
nvarchar
nvarchar
nvarchar
nvarchar
datetime
datetime
int

int

int

int
datetime2
datetime2
datetime2
datetime2
datetime2
float

int
nvarchar
float

float
nvarchar
nvarchar
datetime2
datetime2
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
timestamp
nvarchar
nvarchar
varchar
varchar
varchar
varchar
varchar

Max_Length
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Table_Name
MT_Acoustic_Monitoring_Stations

MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
MT_Acoustic_Monitoring_Stations
Solar_Calculations
Solar_Calculations
Solar_Calculations
Solar_Calculations
Solar_Calculations
Solar_Calculations
Temp_Logger_Master
Temp_Logger_Master
Temp_Logger_Master
Temp_Logger_Master
Temp_Logger_Master
Temp_Logger_Master
Temp_Logger_Master
Temp_Logger_Master
Temp_Logger_Master
TemperaturelLU

TemperaturelLU

TemperaturelLU

TemperaturelLU

TemperaturelLU

TemperaturelLU

TemperaturelLU

WAV_Master

WAV_Master

WAV_Master

WAV_Master

WAV_Master

WAV_Master

WAV_Master

Column_Name
WxStnID_Solar
WxStnID_Precp
SiteElev_m

POINT
DistWxStn_Wind_km

DistWxStn_Wind2_km

DistWxStn_Temp_km
DistWxStn_Press_km

DistWxStn_Humid_km

DistWxStn_Solar_km
DistWxStn_Precp_km
ID

SitelD

Date

Sunrise

Sunset
Daylength_M

ID

SitelD

Date

Time

Temp_C

Sensor
Date_Time
Date_Time_Round
TimeStamp

ID

SitelD

Date_Time
tDate_Time
Temp_C
Temp_Time_Diff M
TimeStamp

ID

SitelD

Filename
M_Sonobat_Class
M_DiscrProb
S_Sonobat_Class
S_DiscrProb
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Data_Type
varchar
varchar
float
geometry
float

float

float

float

float

float

float

int

int
datetime2
datetime2
datetime2
float

int

int
datetime2
datetime2
float

float
datetime2
datetime2
timestamp
int

int
datetime2
datetime2
float

float
timestamp
int

int
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar

Max_Length
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Table_Name
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master

Column_Name
P_Sonobat_Class
P_DiscrProb
Master_Class
Hand_Class
Comments
MultiSpp

Reviewer

Location
Download_Date
Channel

Year

Month

Day

Date

Sample_Night
Hour

HHMMSS
Date_Time
Date_Time_Round
tDate_Time
tDate_Time_Round
Temp_C
Temp_Time_Diff M
Temp_toLU
Sunrise

Sunset
Time_After_Sunset
Hour_After Sunset
Daylength_M
NightLength_M
M_Class_Group
M_Class_Group_DiscrProb
M_FcMean
M_FcStdDev
M_DurMean
M_DurStdDev
M_Mean_Calls_Sec
M_SpeciesRankl
M_SpeciesRank2
M_SpeciesRank3
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Data_Type

nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
smallint
nvarchar
nvarchar
nvarchar
nvarchar
smallint
smallint
smallint
datetime2
datetime2
datetime2
datetime2
datetime2
datetime2
datetime2
datetime2
float

float

int
datetime2
datetime2
datetime2
datetime2
float

float
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar

Max_Length

510
510
510
510
510

510
510
510
510

00 00 O OO O &~ 00 00 O OO OO O OO OO O N NN

510
510
510
510
510
510
510
510
510
510



Table_Name
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master

S_FcStdDev
S_DurMean
S_DurStdDev
S_Mean_Calls_Sec
S_SpeciesRankl

P_FcStdDev
P_DurMean
P_DurStdDev
P_Mean_Calls_Sec
P_SpeciesRank1

KA_Margin

Column_Name
M_SpeciesRank4
M_SpeciesRank5
M_SpeciesRank6
S_Class_Group
S_Class_Group_DiscrProb

S_SpeciesRank2
S_SpeciesRank3
S_SpeciesRank4
S_SpeciesRank5
S_SpeciesRank6
P_Class_Group
P_Class_Group_DiscrProb

P_SpeciesRank2
P_SpeciesRank3
P_SpeciesRank4
P_SpeciesRank5
P_SpeciesRank6
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Data_Type

nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
nvarchar
smallint
smallint
float
nvarchar
smallint
smallint
float
nvarchar
smallint
smallint

Max_Length
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Table_Name
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
WAV_Master
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Data
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations
Weather_Stations

Column_Name
KS_Margin
TimeStamp
DateTime_RoundHour
Wind_m_s
Pressure_mb
Last_Updated
Wind2_m_s
TempWx_C
PressChng_mb
Precip_mm_hr
RHumid_pcnt
MoonUp
Moonlllum
WeatherDatalD
STID

Station_Date
Air_Temp
Relative_Humidity
Wind_Speed
Wind_Direction
Solar_Radiation
Altimeter
Precip_Accum
DateTimeMST_RoundHour
BaroPrss_Adj_mb
WeatherStationsID
State

County

STID
Station_Name
Site_ID

Latitude
Longitude

Elev_Ft

Max_Date
Last_Run_Date
Rec_Count

Active

POINT
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Data_Type

float
timestamp
datetime2
float

float
datetime2
float

float

float

float

float

int

float
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varchar
datetime
real

real

real

real
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real
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int
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bit
geometry
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Creation Code for replicating Table structure above in a SQL Server Database
Change highlighted text as needed.

USE [NHPBat]
GO
[¥¥*¥*¥** Object: Table [dbo].[Bat_Species_Data] ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Bat_Species Data](
[ID] [int] IDENTITY(1,1) NOT NULL,
[ELCODE] [nvarchar](1@) NULL,
[S_Sci_Name] [nvarchar](250) NULL,
[S_Com_Name] [nvarchar](200) NULL,
[Four_Code] [nvarchar](6) NULL,
[Min_Month_Day] [datetime] NULL,
[Max_Month_Day] [datetime] NULL,
[Min_Month_Typical] [int] NULL,
[Max_Month_Typical] [int] NULL,
CONSTRAINT [PK_Bat_Species_Data] PRIMARY KEY CLUSTERED

(

[ID] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY]

GO
/*¥*R*¥¥x Object: Table [dbo].[Lunar_Calculations] ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Lunar_Calculations](
[ID] [int] IDENTITY(1,1) NOT NULL,
[SiteID] [int] NULL,
[SampleNight] [datetime2](@) NULL,
[LastRise] [datetime2](@) NULL,
[LastSet] [datetime2](@) NULL,
[NextRise] [datetime2](@) NULL,
[NextSet] [datetime2](@) NULL,
[midNightIllum] [float] NULL,
CONSTRAINT [PK_Lunar_Calculations] PRIMARY KEY CLUSTERED

(

[ID] ASC
YWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY]

GO
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/¥*¥**** Object: Table [dbo].[MT_Acoustic_Monitoring_Stations] ******/

SET ANSI_NULLS ON

GO

SET QUOTED_IDENTIFIER ON

GO

SET ANSI_PADDING ON

GO

CREATE TABLE [dbo].[MT_Acoustic_Monitoring_Stations](
[SiteID] [int] IDENTITY(1,1) NOT NULL,
[Location] [nvarchar](255) NULL,
[Latitude] [float] NULL,
[Longitude] [float] NULL,
[Contact] [nvarchar](255) NULL,
[Comments] [nvarchar](max) NULL,
[Installation_Date] [datetime2](@) NULL,
[Decommission_Date] [datetime2](@) NULL,
[Ownership] [nvarchar](255) NULL,
[Detector_Survey_Type] [nvarchar](255) NULL,
[Status] [nvarchar](255) NULL,
[Funder] [nvarchar](255) NULL,
[SiteNameShort] [nvarchar](15) NULL,
[AnalysisGroup] [nvarchar](15) NULL,
[TimeStamp] [timestamp] NOT NULL,
[State] [nvarchar](2) NULL,
[FolderName] [nvarchar](255) NULL,
[WxStnID _Wind] [varchar](5) NULL,
[WxStnID_Wind2] [varchar](5) NULL,
[WxStnID_Temp] [varchar](5) NULL,
[WxStnID_Press] [varchar](5) NULL,
[WxStnID_Humid] [varchar](5) NULL,
[WxStnID_Solar] [varchar](5) NULL,
[WxStnID_Precp] [varchar](5) NULL,
[SiteElev_m] [float] NULL,
[POINT] AS

([geometry]: :STGeomFromText (( (("POINT('+CONVERT([varchar](20),[Longitude],0))+"

')+CONVERT ([varchar](20),[Latitude],0))+"')",(4326))),
[DistWxStn_Wind_km] [float] NULL,
[DistWxStn_Wind2_km] [float] NULL,
[DistWxStn_Temp_km] [float] NULL,
[DistWxStn_Press_km] [float] NULL,
[DistWxStn_Humid_km] [float] NULL,
[DistWxStn_Solar_km] [float] NULL,
[DistWxStn_Precp _km] [float] NULL,

CONSTRAINT [MT_Acoustic_Monitoring Stations$PrimaryKey] PRIMARY KEY CLUSTERED

(

[SiteID] ASC
YWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY] TEXTIMAGE_ON [PRIMARY]

GO

SET ANSI_PADDING OFF
GO
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/¥*¥*¥*¥*¥x Object: Table [dbo].[Solar_Calculations] ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Solar_Calculations](
[ID] [int] IDENTITY(1,1) NOT NULL,
[SiteID] [int] NULL,
[Date] [datetime2](@) NULL,
[Sunrise] [datetime2](@) NULL,
[Sunset] [datetime2](@) NULL,
[Daylength_M] [float] NULL,
CONSTRAINT [PK_Solar_Calculations] PRIMARY KEY NONCLUSTERED
( [ID] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY]
GO
/*¥***¥*¥%x Object: Table [dbo].[Temp_Logger Master] ****¥*/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Temp_Logger_Master](
[ID] [int] IDENTITY(1,1) NOT NULL,
[SiteID] [int] NULL,
[Date] [datetime2](@) NULL,
[Time] [datetime2](@) NULL,
[Temp_C] [float] NULL,
[Sensor] [float] NULL,
[Date_Time] [datetime2](@) NULL,
[Date_Time_Round] [datetime2](®) NULL,
[TimeStamp] [timestamp] NOT NULL,
CONSTRAINT [PK_Temp_Logger Master] PRIMARY KEY CLUSTERED
( [ID] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY]
GO
/¥*¥**¥*¥* Object: Table [dbo].[TemperaturelLU] ****x**/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[TemperatureLU](
[ID] [int] IDENTITY(1,1) NOT NULL,
[SiteID] [int] NULL,
[Date_Time] [datetime2](@) NULL,
[tDate_Time] [datetime2](@) NULL,
[Temp_C] [float] NULL,
[Temp_Time_Diff M] [float] NULL,
[TimeStamp] [timestamp] NOT NULL,
CONSTRAINT [PK_TemperatureLU] PRIMARY KEY NONCLUSTERED
( [ID] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY]
GO
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/¥*¥*¥*¥*¥x Object: Table [dbo].[WAV_Master] *¥¥¥**/

SET ANSI_NULLS ON

GO

SET QUOTED_IDENTIFIER ON

GO

CREATE TABLE [dbo].[WAV Master](
[ID] [int] IDENTITY(1,1) NOT NULL,
[SiteID] [int] NULL,
[Filename] [nvarchar](255) NULL,
[M_Sonobat_Class] [nvarchar](255) NULL,
[M_DiscrProb] [nvarchar](255) NULL,
[S_Sonobat_Class] [nvarchar](255) NULL,
[S_DiscrProb] [nvarchar](255) NULL,
[P_Sonobat_Class] [nvarchar](255) NULL,
[P_DiscrProb] [nvarchar](255) NULL,
[Master_Class] [nvarchar](255) NULL,
[Hand_Class] [nvarchar](255) NULL,
[Comments] [nvarchar](255) NULL,
[MultiSpp] [smallint] NULL,
[Reviewer] [nvarchar](255) NULL,
[Location] [nvarchar](255) NULL,
[Download_Date] [nvarchar](255) NULL,
[Channel] [nvarchar](255) NULL,
[Year] [smallint] NULL,
[Month] [smallint] NULL,
[Day] [smallint] NULL,
[Date] [datetime2](®@) NULL,
[Sample_Night] [datetime2](@) NULL,
[Hour] [datetime2](®) NULL,
[HHMMSS] [datetime2](@) NULL,
[Date_Time] [datetime2](@) NULL,
[Date_Time_Round] [datetime2](®) NULL,
[tDate_Time] [datetime2](@) NULL,
[tDate_Time_Round] [datetime2](®) NULL,
[Temp_C] [float] NULL,
[Temp_Time_Diff M] [float] NULL,
[Temp_toLU] [int] NULL,
[Sunrise] [datetime2](@) NULL,
[Sunset] [datetime2](@) NULL,
[Time_After_Sunset] [datetime2](®) NULL,
[Hour_After_Sunset] [datetime2](@) NULL,
[Daylength_M] [float] NULL,
[NightLength_M] [float] NULL,
[M_Class_Group] [nvarchar](255) NULL,
[M_Class_Group DiscrProb] [nvarchar](255) NULL,
[M_FcMean] [nvarchar](255) NULL,
[M_FcStdDev] [nvarchar](255) NULL,
[M_DurMean] [nvarchar](255) NULL,
[M_DurStdDev] [nvarchar](255) NULL,
[M_Mean_Calls_Sec] [nvarchar](255) NULL,
[M_SpeciesRankl] [nvarchar](255) NULL,
[M_SpeciesRank2] [nvarchar](255) NULL,
[M_SpeciesRank3] [nvarchar](255) NULL,
[M_SpeciesRank4] [nvarchar](255) NULL,
[M_SpeciesRank5] [nvarchar](255) NULL,
[M_SpeciesRank6] [nvarchar](255) NULL,
[S_Class_Group] [nvarchar](255) NULL,
[S_Class_Group_DiscrProb] [nvarchar](255) NULL,
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[S_FcMean] [nvarchar](255) NULL,
[S_FcStdDev] [nvarchar](255) NULL,

[S_DurMean] [nvarchar](255) NULL,

[S_DurStdDev] [nvarchar](255) NULL,
[S_Mean_Calls_Sec] [nvarchar](255) NULL,

[S_SpeciesRank1]
[S_SpeciesRank2]
[S_SpeciesRank3]
[S_SpeciesRank4]
[S_SpeciesRank5]
[S_SpeciesRank6]

[nvarchar](255)
[nvarchar](255)
[nvarchar](255)
[nvarchar](255)
[nvarchar](255)
[nvarchar](255)

NULL,
NULL,
NULL,
NULL,
NULL,
NULL,

[P_Class_Group] [nvarchar](255) NULL,
[P_Class_Group_DiscrProb] [nvarchar](255) NULL,
[P_FcMean] [nvarchar](255) NULL,
[P_FcStdDev] [nvarchar](255) NULL,
[P_DurMean] [nvarchar](255) NULL,
[P_DurStdDev] [nvarchar](255) NULL,
[P_Mean_Calls_Sec] [nvarchar](255) NULL,
[P_SpeciesRankl] [nvarchar](255) NULL,
[P_SpeciesRank2] [nvarchar](255) NULL,
[P_SpeciesRank3] [nvarchar](255) NULL,
[P_SpeciesRank4] [nvarchar](255) NULL,
[P_SpeciesRank5] [nvarchar](255) NULL,
[P_SpeciesRank6] [nvarchar](255) NULL,
[KA_Class] [nvarchar](255) NULL,
[KA _Pulse] [smallint] NULL,
[KA_Match] [smallint] NULL,
[KA_Margin] [float] NULL,
[KB_Class] [nvarchar](255) NULL,
[KB_Pulse] [smallint] NULL,
[KB_Match] [smallint] NULL,
[KB_Margin] [float] NULL,
[KS_Class] [nvarchar](255) NULL,
[KS_Pulse] [smallint] NULL,
[KS_Match] [smallint] NULL,
[KS_Margin] [float] NULL,
[TimeStamp] [timestamp] NOT NULL,
[DateTime_RoundHour] [datetime2](@) NULL,
[Wind_m_s] [float] NULL,
[Pressure_mb] [float] NULL,
[Last_Updated] [datetime2](@) NULL,
[Wind2_m_s] [float] NULL,
[TempWx_C] [float] NULL,
[PressChng_mb] [float] NULL,
[Precip_mm_hr] [float] NULL,
[RHumid_pcnt] [float] NULL,
[MoonUp] [int] NULL,
[MoonIllum] [float] NULL,

CONSTRAINT [PK_WAV_Master2] PRIMARY KEY CLUSTERED

(
[ID] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]

GO
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/¥*¥*¥*¥*¥x Object: Table [dbo].[Weather_Data] ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
SET ANSI_PADDING ON
GO
CREATE TABLE [dbo].[Weather Data](
[WeatherDataID] [int] IDENTITY(1,1) NOT NULL,
[STID] [varchar](5) NOT NULL,
[Station_Date] [datetime] NOT NULL,
[Air_Temp] [real] NULL,
[Relative_Humidity] [real] NULL,
[Wind_Speed] [real] NULL,
[Wind_Direction] [real] NULL,
[Solar_Radiation] [real] NULL,
[Altimeter] [real] NULL,
[Precip_Accum] [real] NULL,
[DateTimeMST_RoundHour] [datetime2](@) NULL,
[BaroPrss_Adj _mb] [float] NULL,
CONSTRAINT [PK_Weather_Data] PRIMARY KEY CLUSTERED
( [WeatherDataID] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY]
GO
SET ANSI_PADDING OFF
GO
/¥¥*¥¥*¥* Object: Table [dbo].[Weather_Stations] ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
SET ANSI_PADDING ON
GO
CREATE TABLE [dbo].[Weather_Stations](
[WeatherStationsID] [int] IDENTITY(1,1) NOT NULL,
[State] [char](3) NULL,
[County] [varchar](20) NULL,
[STID] [varchar](5) NULL,
[Station_Name] [varchar](80) NULL,
[Site ID] [int] NULL,
[Latitude] [numeric](9, 5) NULL,
[Longitude] [numeric](9, 5) NULL,
[Elev_Ft] [int] NULL,
[Max_Date] [datetime] NULL,
[Last_Run_Date] [datetime] NULL,
[Rec_Count] [int] NULL,
[Active] [bit] NULL,
[POINT] AS
([geometry]: :STGeomFromText (((('POINT("'+CONVERT([varchar](20), [Longitude],(0)))+'
')+CONVERT ([varchar](20), [Latitude],(©)))+')"',(4326))),
CONSTRAINT [PK_Weather_Stations] PRIMARY KEY CLUSTERED
( [WeatherStationsID] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY = OFF,
ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON, FILLFACTOR = 75) ON [PRIMARY]
) ON [PRIMARY]
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GO
SET ANSI_PADDING OFF
GO

ALTER TABLE [dbo].[WAV Master] ADD CONSTRAINT [DF__WAV Master Temp] DEFAULT ((@)) FOR
[Temp_tolLU]

GO

ALTER TABLE [dbo].[Lunar_Calculations] WITH CHECK ADD CONSTRAINT
[FK_Lunar_Calculations_MT_Acoustic_Monitoring_Stations] FOREIGN KEY([SiteID])
REFERENCES [dbo].[MT_Acoustic_Monitoring Stations] ([SiteID])

GO

ALTER TABLE [dbo].[Lunar_Calculations] CHECK CONSTRAINT
[FK_Lunar_Calculations_MT_Acoustic_Monitoring_Stations]

GO

ALTER TABLE [dbo].[Solar Calculations] WITH CHECK ADD CONSTRAINT
[FK_Solar_Calculations_MT_Acoustic_Monitoring Stations] FOREIGN KEY([SiteID])
REFERENCES [dbo].[MT_Acoustic_Monitoring_Stations] ([SiteID])

GO

ALTER TABLE [dbo].[Solar Calculations] CHECK CONSTRAINT
[FK_Solar_Calculations_MT_Acoustic_Monitoring_Stations]

GO

ALTER TABLE [dbo].[Temp Logger Master] WITH CHECK ADD CONSTRAINT
[FK_Temp_Logger_Master_MT_Acoustic_Monitoring_Stations] FOREIGN KEY([SiteID])
REFERENCES [dbo].[MT_Acoustic_Monitoring Stations] ([SiteID])

GO

ALTER TABLE [dbo].[Temp_Logger_Master] CHECK CONSTRAINT
[FK_Temp_Logger_Master_MT_Acoustic_Monitoring_Stations]

GO

ALTER TABLE [dbo].[TemperatureLU] WITH CHECK ADD CONSTRAINT
[FK_TemperatureLU_MT_Acoustic_Monitoring_Stations] FOREIGN KEY([SiteID])
REFERENCES [dbo].[MT_Acoustic_Monitoring_Stations] ([SiteID])

GO

ALTER TABLE [dbo].[TemperatureLU] CHECK CONSTRAINT
[FK_TemperatureLU_MT_Acoustic_Monitoring_Stations]

GO

ALTER TABLE [dbo].[WAV_Master] WITH CHECK ADD CONSTRAINT
[FK_WAV_Master2_MT_Acoustic_Monitoring Stations] FOREIGN KEY([SiteID])
REFERENCES [dbo].[MT_Acoustic_Monitoring_Stations] ([SiteID])

GO

ALTER TABLE [dbo].[WAV _Master] CHECK CONSTRAINT
[FK_WAV_Master2_MT_Acoustic_Monitoring_ Stations]

GO

191



Query Code for filling in supplementary fields in a SQL Server Database
Change highlighted text as needed.

/*¥*¥*¥*¥*¥* These queries match bat call batch data output from Sonobat to RAAAAK [/
[¥¥**** temperature logger, solar, lunar, and weather data within a SQL server k¥****/
/¥*¥*¥*¥*¥* anyvironment. If these data are not present, some queries will not RAAAAK )
/¥*¥*¥*** ypdate any records. If queries require a SiteID, change as needed. FARAAAK )

/¥¥*¥*¥xx After data from a Site is Downloaded and Imported: ******x/
J¥¥¥¥*x% CHECK APPEND COUNTS ***x**/

SELECT COUNT(*)

FROM NHPBat.dbo.WAV_Master WAV

WHERE ((WAV.SiteID) Is Null);

SELECT COUNT(*)
FROM NHPBat.dbo.PlainsAppend Plns
WHERE ((Plns.SiteID) Is Null);

SELECT COUNT(*)
FROM NHPBat.dbo.Temp_Logger_Master TEMP
WHERE ((TEMP.SiteID) Is Null);

JXF*F*FEX ENTER VARIABLES *****%*/
--Site to assign

DECLARE @site_id INT = SitelID;
--Download Date to assign
DECLARE @ddate INT = 20150101;

J*FE*KE ASSTGN SiteID **kxkx/
UPDATE WAV

SET WAV.SiteID = @site_id

FROM NHPBat.dbo.WAV Master WAV
WHERE ( (WAV.SiteID) Is Null);

UPDATE Plns

SET Plns.SiteID = @site_id

FROM NHPBat.dbo.PlainsAppend Plns
WHERE ((Plns.SiteID) Is Null);

UPDATE TEMP

SET TEMP.SiteID = @site_id

FROM NHPBat.dbo.Temp_Logger_Master TEMP
WHERE ((TEMP.SiteID) Is Null);

UPDATE WAV SET [P_Class_Group] = Plns.P_Class_Group
,[P_Class_Group_DiscrProb] = Plns.P_Class_Group_DiscrProb
,[P_FcMean] = Plns.P_FcMean
,[P_FcStdDev] = Plns.P_FcStdDev
,[P_DurMean] = Plns.P_DurMean
,[P_DurStdDev] = Plns.P_DurStdDev
,[P_Mean_Calls_Sec] = Plns.P_Mean_Calls_Sec
,[P_SpeciesRankl] = Plns.P_SpeciesRankl
,[P_SpeciesRank2] = Plns.P_SpeciesRank2
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,[P_SpeciesRank3] Plns.P_SpeciesRank3

,[P_SpeciesRank4] Plns.P_SpeciesRank4

,[P_SpeciesRank5] Plns.P_SpeciesRank5

,[P_SpeciesRank6] = Plns.P_SpeciesRank6
FROM NHPBat.dbo.WAV_Master WAV JOIN NHPBat.dbo.PlainsAppend Plns ON WAV.[Filename] =
Plns.[Filename]

WHERE (((WAV.P_Mean_Calls _Sec) Is Null)) AND WAV.SiteID = @site_id;

J*¥¥¥x% ETLENAME SPLITTING **¥¥**x/

-- Variables for different Filename structures

DECLARE @offset INT;

DECLARE @offset2 INT;

SET @offset = (SELECT DISTINCT (CASE

WHEN [Filename] LIKE '%| | @] | _@| _20%' ESCAPE '|' THEN 4
WHEN [Filename] LIKE '%|_|_@|_|_20%' ESCAPE '|' THEN 1
WHEN [Filename] LIKE '%|_©|_20%' ESCAPE '|' THEN @

WHEN [Filename] LIKE '%| _20%' ESCAPE '|' THEN -2 END)
FROM NHPBat.dbo.WAV_Master WHERE (Date Is Null AND SiteID
SET @offset2 = (SELECT DISTINCT (CASE

WHEN [Filename] LIKE '%| | _@| | _@| _20%' ESCAPE '|' THEN 4
WHEN [Filename] LIKE '%|_|_©|_|_20%' ESCAPE '|' THEN 1
WHEN [Filename] LIKE '%|_@|_20%' ESCAPE '|' THEN @

WHEN [Filename] LIKE '%|_20%' ESCAPE '|' THEN @ END)

FROM NHPBat.dbo.WAV_Master WHERE (Date Is Null AND SiteID

@site_id));

@site_id));

-- Apply variables and extract data

UPDATE WAV

SET WAV.Location = Left((WAV.[Filename]), (Len(STN.SiteNameShort))),

WAV.Channel = Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset2+2),1),

WAV.Year = Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset+4),4),

WAV.Month = Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset+8),2),

WAV.Day = Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset+10),2),

WAV.Hour =

convert(datetime,Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset+13),2)+':00:0
0',114),

WAV .HHMMSS =

convert(datetime,Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset+13),2)+": "+
Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset+15),2)+"': " "+Substring((WAV.[Fil
ename]), (Len(STN.SiteNameShort)+@offset+17),2),114),

WAV .Date =

convert(datetime,Substring((WAV.[Filename]), (Len(STN.SiteNameShort)+@offset+4),8), 112)
FROM NHPBat.dbo.WAV_Master WAV JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations STN ON
WAV.SiteID = STN.SitelID

WHERE (((WAV.Location) Is Null) AND (WAV.SiteID = @site_id));

JRFFFEE-INITIAL Master_Class VALUES ***x*x/

UPDATE WAV SET

WAV.Master_Class = CASE

WHEN WAV.Master_Class IS NULL AND WAV.M_Sonobat_Class IS NOT NULL THEN
WAV.M_Sonobat_Class

WHEN WAV.Master_Class IS NULL AND WAV.S_Sonobat_Class IS NOT NULL THEN
WAV.S_Sonobat_Class

WHEN WAV.Master_Class IS NULL AND WAV.S_Sonobat_Class IS NULL AND WAV.P_Sonobat_Class IS
NOT NULL THEN WAV.P_Sonobat_Class

WHEN WAV.Master_Class = 'Undetermined’' AND WAV.S_Sonobat_Class IS NULL AND
WAV.P_Sonobat_Class IS NOT NULL THEN WAV.P_Sonobat_Class
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WHEN WAV.Master_Class IS NULL AND WAV.M_Sonobat_Class IS NULL AND WAV.S_Sonobat_Class IS
NULL AND WAV.P_Sonobat_Class IS NULL THEN 'Undetermined’

END

FROM NHPBat.dbo.WAV_Master WAV

WHERE ((WAV.Master_Class IS NULL) AND (WAV.SiteID = @site_id));

/****** DATE AND TIME ******/
UPDATE NHPBat.dbo.WAV_Master
SET Date_Time = DT.Date_Time,
Sample_Night = DATEADD(dd, DATEDIFF(dd, @, DATEADD(hh,-12,DT.Date _Time)), @),
Date_Time_Round = DATEADD(mi, DATEDIFF(mi,@,DATEADD(s,150,DT.Date Time)) / 5 * 5,
),
DateTime_RoundHour = DATEADD(hh, DATEDIFF(hh, @, DATEADD(mi, 3@, DT.Date_Time)),
9),
Temp_toLU = @
FROM(
SELECT WAV.ID, CAST(CAST(WAV.[Date] AS DATE) AS DATETIME) + CAST(WAV.HHMMSS AS TIME) AS
Date_Time
FROM NHPBat.dbo.WAV_Master WAV
WHERE ((WAV.Date_Time Is Null) AND (SiteID = @site_id))
) DT INNER JOIN NHPBat.dbo.WAV_Master ON NHPBat.dbo.WAV_Master.ID = DT.ID;

JRFFFEX ASSTGN DOWNLOAD DATE ******/

UPDATE WAV

SET WAV.Download_Date = @ddate

FROM NHPBat.dbo.WAV_Master WAV

WHERE (((WAV.Download_Date) Is Null) AND ((WAV.SiteID)=@site_id)

AND
((DateDiff("n",(WAV.[Date_Time]),DateAdd(hh,12,convert(datetime,str(@ddate),112))))>0));

/****** SOLAR DATA ******/
UPDATE NHPBat.dbo.WAV_Master
SET Sunrise = ST.Sunrise,
Sunset = ST.Sunset,
Daylength_M = ST.Daylength_M,
NightLength_M = ST.NightLength_M,
Time_ After_Sunset = CONVERT(datetime,CONVERT(varchar(8), DATEADD(s,
DATEDIFF(ss,ST.Sunset, ST.Date Time), @), 114),114),
Hour_ After Sunset = CONVERT(datetime, CONVERT(varchar(8), DATEADD(hh,
(DATEDIFF(ss,ST.Sunset, ST.Date Time)/3600), 0), 114),114)
FROM(
SELECT WAV.ID, WAV.Date Time,
SOLAR. [Sunrise] AS Sunrise,
SOLAR. [Sunset] AS Sunset,
SOLAR.[Daylength_M] AS Daylength_M,
(1440-SOLAR. [Daylength_M]) AS NightLength_M
FROM NHPBat.dbo.WAV_Master WAV JOIN NHPBat.dbo.Solar_Calculations SOLAR ON WAV.SitelID =
SOLAR.SiteID AND WAV.[Date] = SOLAR.[Date]
WHERE (((WAV.Sunrise) Is Null) AND (WAV.SiteID = @site_id))
) ST INNER JOIN NHPBat.dbo.WAV_Master ON NHPBat.dbo.WAV_Master.ID = ST.ID;

/****** LUNAR DATA ******/
UPDATE NHPBat.dbo.WAV_Master
SET MoonUp = MoonData.Moon,
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MoonIllum = MoonData.midNightIllum
FROM (
SELECT MoonTbl.ID, MoonTbl.midNightIllum,
(CASE WHEN ([Before_LastRise]+[Before_LastSet]+[After_NextRise]+[After_NextSet] = @)
THEN CASE WHEN RiseFirst=1 THEN @ ELSE 1 END
ELSE CASE WHEN ([Before_LastRise]+[Before_LastSet]+[After_NextRise]+[After_NextSet] = 1)
THEN CASE WHEN [Before_LastRise]=1 THEN ©
WHEN [Before LastSet]=1 THEN 1
WHEN [After NextRise]=1 THEN 1
WHEN [After NextSet]=1 THEN ©
ELSE NULL END END END) AS Moon
FROM (
SELECT WAV_Master.ID, Lunar_Calculations.LastRise, Lunar_Calculations.LastSet,
Lunar_Calculations.NextRise, Lunar_Calculations.NextSet,
Lunar_Calculations.midNightI1llum,
(CASE WHEN ([Date_Time]<[LastRise]) THEN 1 ELSE @ END) AS Before_LastRise,
(CASE WHEN ([Date Time]<[LastSet]) THEN 1 ELSE © END) AS Before_ LastSet,
(CASE WHEN ([Date_Time]>[NextRise]) THEN 1 ELSE © END) AS After_NextRise,
(CASE WHEN ([Date Time]>[NextSet]) THEN 1 ELSE @ END) AS After NextSet,
(CASE WHEN ([LastRise]<[LastSet]) THEN 1 ELSE @ END) AS RiseFirst
FROM NHPBat.dbo.WAV_Master INNER JOIN NHPBat.dbo.Lunar_Calculations
ON (NHPBat.dbo.WAV_Master.SiteID = NHPBat.dbo.Lunar_Calculations.SiteID) AND
(NHPBat.dbo.WAV_Master.Sample_Night = NHPBat.dbo.Lunar_Calculations.SampleNight)
WHERE ((NHPBat.dbo.WAV_Master.SiteID)=@site_id AND (NHPBat.dbo.WAV_Master.MoonUp IS
NULL))) AS MoonTbl
) AS MoonData INNER JOIN NHPBat.dbo.WAV_Master ON NHPBat.dbo.WAV_Master.ID =
MoonData.ID;

JX*¥*¥*** TEMPERATURE LOGGER DATE AND TIME ******/

UPDATE TEMP

SET TEMP.Date Time = CAST(CAST(TEMP.[Date] AS DATE) AS DATETIME) + CAST(TEMP.[TIME] AS
TIME),

TEMP.Date_Time_Round = DATEADD(mi, DATEDIFF(mi,®,DATEADD(s,150,(CAST(CAST(TEMP.[Date] AS
DATE) AS DATETIME) + CAST(TEMP.[TIME] AS TIME)))) / 5 * 5, @)

FROM NHPBat.dbo.Temp_Logger_Master TEMP

WHERE (((TEMP.Date_Time_Round) Is Null) AND TEMP.SiteID = @site_id);

JX*¥*x*** APPEND TEMP LOGGER DATA ******/

UPDATE WAV

SET WAV.tDate Time = TEMP.[Date_Time],

WAV.tDate_Time_Round = TEMP.[Date_Time_Round],

WAV.Temp_C = TEMP.[Temp_C],

WAV.Temp_Time Diff M = abs(DATEDIFF(mi,WAV.[Date Time],TEMP.[Date _Time])),
WAV.Temp_tolLU = 1

FROM NHPBat.dbo.WAV_Master WAV INNER JOIN NHPBat.dbo.Temp_Logger Master TEMP
ON (WAV.SiteID = TEMP.SiteID) AND (WAV.Date_Time Round = TEMP.Date Time_Round)
WHERE ((WAV.tDate Time IS NULL) AND (WAV.SiteID = @site_id));

[X*¥*¥*xx APPEND WEATHER DATA *****x/

-- Append average Temperature for the current hour
UPDATE NHPBat.dbo.WAV_Master

SET TempWx_C = dataStnWxHr.AvgTemp

FROM NHPBat.dbo.WAV_Master WAV

INNER JOIN (

SELECT dataStn.SiteID, dataStn.ID, WxHr.AvgTemp
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FROM (

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID_Temp

FROM (

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((TempWx_C IS NULL) AND (Download Date = @ddate) AND (SiteID = @site_id))
) AS data

INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SiteID = data.SitelID
) AS dataStn

LEFT JOIN

(SELECT STID, DateTimeMST_RoundHour, Round(Avg(Air_Temp),2) AS AvgTemp

FROM NHPBat.dbo.Ratz_Weather_Data

GROUP BY STID, DateTimeMST_RoundHour

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Temp AND WxHr.DateTimeMST_RoundHour =
dataStn.DateTime_RoundHour

) AS dataStnWxHr ON dataStnWxHr.SiteID = WAV.SiteID AND dataStnWxHr.ID = WAV.ID;

-- Append average Wind Speed for the current hour

UPDATE NHPBat.dbo.WAV_Master

SET Wind_m_s = dataStnWxHr.AvgWind

FROM NHPBat.dbo.WAV_Master WAV

INNER JOIN (

SELECT dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour,

WxHr .DateTimeMST_RoundHour, WxHr.AvgWind

FROM(

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID Wind

FROM(

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((Wind_m_s IS NULL) AND (Download Date = @ddate) AND (SiteID = @site_id))
) AS data

INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SiteID = data.SiteID
) AS dataStn

LEFT JOIN

(SELECT STID, DateTimeMST_RoundHour, Round(Avg(Wind_Speed),2) AS AvgWind

FROM NHPBat.dbo.Ratz_Weather_Data

GROUP BY STID, DateTimeMST_RoundHour

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Wind AND WxHr.DateTimeMST_RoundHour =
dataStn.DateTime_RoundHour

) AS dataStnWxHr ON dataStnWxHr.SiteID = WAV.SiteID AND dataStnWxHr.ID = WAV.ID;

-- Append SECONDARY average Wind Speed for the current hour

UPDATE NHPBat.dbo.WAV_Master

SET Wind2_m_s = dataStnWxHr.AvgWind

FROM NHPBat.dbo.WAV_Master WAV

INNER JOIN (

SELECT dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour,

WxHr .DateTimeMST_RoundHour, WxHr.AvgWind

FROM(

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID_Wind2

FROM(

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((Wind2_m_s IS NULL) AND (Download_Date = @ddate) AND (SiteID = @site_id))
) AS data

INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SiteID = data.SiteID
) AS dataStn

LEFT JOIN
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(SELECT STID, DateTimeMST_RoundHour, Round(Avg(Wind_Speed),2) AS AvgWind

FROM NHPBat.dbo.Ratz_Weather_Data

GROUP BY STID, DateTimeMST_RoundHour

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Wind2 AND WxHr.DateTimeMST_RoundHour =
dataStn.DateTime_RoundHour

) AS dataStnWxHr ON dataStnWxHr.SiteID = WAV.SiteID AND dataStnWxHr.ID = WAV.ID;

--Append average Humidity for the current hour

UPDATE NHPBat.dbo.WAV_Master

SET RHumid_pcnt = dataStnWxHr.AvgHumid

FROM NHPBat.dbo.WAV_Master WAV

INNER JOIN (

SELECT dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour,

WxHr .DateTimeMST_RoundHour, WxHr.AvgHumid

FROM(

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID_Humid

FROM(

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((RHumid_pcnt IS NULL) AND (Download_Date = @ddate) AND (SiteID = @site_id))
) AS data

INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SiteID = data.SitelID
) AS dataStn

LEFT JOIN

(SELECT STID, DateTimeMST_RoundHour, Round(Avg(Relative Humidity),2) AS AvgHumid
FROM NHPBat.dbo.Ratz_Weather_Data

GROUP BY STID, DateTimeMST_RoundHour

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Humid AND WxHr.DateTimeMST_RoundHour =
dataStn.DateTime_RoundHour

) AS dataStnWxHr ON dataStnWxHr.SiteID = WAV.SiteID AND dataStnWxHr.ID = WAV.ID;

-- Append Avg mb Pressure for current hour, mb_change and direction (+ -) over the
previous 2 hours

-- temp tables

CREATE TABLE #Prsso (

SitelID int,

ID int,

RndHour Datetime2(9),

AvgPress float,

MinPress@ float,

MaxPress@ float)

CREATE TABLE #Prssl (

SitelID int,

ID int,

RndHour Datetime2(0),

MinPressl float,

MaxPressl float)

-- first part is Pressure during hour of call

INSERT INTO #Prss@ (SiteID, ID, RndHour, AvgPress, MinPress@, MaxPresso)

SELECT dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour, Avg(WxHr.BaroPrss_Adj_mb)
AS AvgPress, Min(WxHr.BaroPrss_Adj_mb) AS MinPress, Max(WxHr.BaroPrss_Adj_mb) AS MaxPress
FROM(

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID_Press

FROM(

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((PressChng_mb IS NULL) AND (Download_Date = @ddate) AND (SiteID = @site_id))
) AS data
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INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SiteID = data.SiteID
) AS dataStn

LEFT JOIN

(SELECT STID, DateTimeMST_RoundHour, BaroPrss_Adj_mb

FROM NHPBat.dbo.Ratz_Weather_Data

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Press AND WxHr.DateTimeMST_RoundHour =
dataStn.DateTime_RoundHour

GROUP BY dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour

-- second part is Pressure during hour prior to call

INSERT INTO #Prssl (SiteID, ID, RndHour, MinPressl, MaxPressl)

SELECT dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour, Min(WxHr.BaroPrss_Adj_mb)
AS MinPressl, Max(WxHr.BaroPrss_Adj_mb) AS MaxPressl

FROM(

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID Press

FROM(

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((PressChng_mb IS NULL) AND (Download_Date = @ddate) AND (SiteID = @site_id))

) AS data

INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SiteID = data.SitelID
) AS dataStn

LEFT JOIN

(SELECT STID, DateTimeMST_RoundHour, BaroPrss_Adj_mb

FROM NHPBat.dbo.Ratz_Weather_Data

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Press AND
dateadd(hh,1,WxHr.DateTimeMST_RoundHour) = dataStn.DateTime_RoundHour

GROUP BY dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour

UPDATE NHPBat.dbo.WAV_Master

SET PressChng_mb = Pressure.PressChng_mb,

Pressure_mb = Pressure.Pressure_mb

FROM NHPBat.dbo.WAV_Master WAV

INNER JOIN

(SELECT Data@.SiteID, Data®.ID, ROUND(CASE WHEN (Data@.MaxPresso-
Datal.MinPressl)>(Datal.MaxPressl-Data@.MinPress@) THEN (Data®.MaxPress@-Datal.MinPressl)
ELSE

CASE WHEN (Data®@.MaxPress@-Datal.MinPressl)=(Datal.MaxPressl-Data@.MinPress@) THEN ©
ELSE(Data@.MinPress@-Datal.MaxPressl) END END, 3) AS PressChng_mb, ROUND(Data®@.AvgPress,
3) AS Pressure_mb

FROM #Prss@ AS Data©

LEFT JOIN

#Prss1l AS Datal ON Datal.SiteID = Data®.SiteID AND Datal.ID = Data@.ID AND Datal.RndHour
= Datal.RndHour

) AS Pressure

ON Pressure.SiteID = WAV.SiteID AND Pressure.ID = WAV.ID;

DROP TABLE #Prsso

DROP TABLE #Prssi

--Append Precip mm_change over the previous 2 hours
-- temp tables

CREATE TABLE #Precip@ (
SitelID int,

ID int,

RndHour Datetime2(9),
MaxPrecip@ float)
CREATE TABLE #Precipl (
SiteID int,

ID int,

RndHour Datetime2(9),
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MinPrecipl float)

-- first part is Precip during hour of call

INSERT INTO #Precip® (SiteID, ID, RndHour, MaxPrecip®)

SELECT dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour, Max(WxHr.Preci
MaxPrecip@

FROM(

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID_Precp
FROM(

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((Precip_mm_hr IS NULL) AND (Download_Date = @ddate) AND (SiteID = @sit
) AS data

INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SitelD =
) AS dataStn

LEFT JOIN

(SELECT STID, DateTimeMST_RoundHour, Precip_Accum

FROM NHPBat.dbo.Ratz_Weather_Data

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Precp AND WxHr.DateTimeMST_RoundHour
dataStn.DateTime_RoundHour

GROUP BY dataStn.SitelID, dataStn.ID, dataStn.DateTime_RoundHour

-- second part is Precip during hour prior to call

INSERT INTO #Precipl (SiteID, ID, RndHour, MinPrecipl)

SELECT dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour, Min(WxHr.Preci
MinPrecipl

FROM(

SELECT data.SiteID, data.ID, data.DateTime_RoundHour, Stn.WxStnID Precp
FROM(

SELECT SiteID, ID, Date_Time, DateTime_RoundHour

FROM NHPBAT.dbo.WAV_Master

WHERE ((Precip_mm_hr IS NULL) AND (Download Date = @ddate) AND (SiteID = @sit
) AS data

INNER JOIN NHPBat.dbo.MT_Acoustic_Monitoring_Stations AS Stn ON Stn.SiteID =
) AS dataStn

LEFT JOIN

(SELECT STID, DateTimeMST_RoundHour, Precip_Accum

FROM NHPBat.dbo.Ratz_Weather_Data

) AS WxHr ON WxHr.STID = dataStn.WxStnID_Precp AND
dateadd(hh,1,WxHr.DateTimeMST_RoundHour) = dataStn.DateTime_RoundHour

GROUP BY dataStn.SiteID, dataStn.ID, dataStn.DateTime_RoundHour

UPDATE NHPBat.dbo.WAV_Master

SET Precip_mm_hr = Precip.Precip_hr_mm

FROM NHPBat.dbo.WAV_Master WAV

INNER JOIN

(SELECT Data@.SiteID, Data®@.ID, Data®.RndHour, (CASE

WHEN MaxPrecip® IS NULL THEN NULL

WHEN MinPrecipl IS NULL THEN NULL

WHEN (MaxPrecip® < MinPrecipl) THEN NULL

ELSE Round(MaxPrecip@-MinPrecipl, 3) END) AS Precip_hr_mm

-- first part is MaxPrecip during hour of call

FROM #Precip® AS Data@

INNER JOIN

-- second part is MinPrecip during hour prior to call

#Precipl AS Datal ON Datal.SiteID = Data@.SiteID AND Datal.ID = Data®.ID AND
Datal.RndHour = Datal.RndHour

) AS Precip

ON Precip.SiteID = WAV.SiteID AND Precip.ID = WAV.ID;

DROP TABLE #Precip@

DROP TABLE #Precipl
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Appendix 9

Downloading Weather Station Data from Mesowest

Braden Burkholder bburkholder@mt.gov, Dave Ratz, and Bryce Maxell
Montana Natural Heritage Program
1515 East, 6™ Avenue, Helena, Montana 59620

The Data Request Code below can be used to download data from a single weather station from the
nationwide network of weather stations represented on the Mesowest Application Programming
Interface http://mesowest.utah.edu/. Just plug in the STID (station id...e.g., E5549) for the site of
interest as listed on the Mesowest website, and the start (e.g., 7/23/2014 as 20140723) and end (e.g.,
3/1/2015 as 20150301) dates of interest into the red font sections in the URL code below and paste the
resulting text string into a web browser to get a text file of weather data back. We have also developed
code that can be used to download weather station data for multiple sites at once. Please contact us if
that is of interest, but you would need to get your own token from Mesowest in order to do this.

http://api.mesowest.net/v2/stations/timeseries?stid=E5549&start=201407230000&end=20150
3010000&vars=air_temp,relative_humidity,wind_speed,wind_direction,solar_radiation,altimet
er,precip_accum&token=cf05237b2fe34b6bb744a6dd1a482c69&output=csv

*Please note that the default time output in the resulting text file is in Coordinated Universal
Time (UTC) so you will need to adjust this to match your local time zone and whether you want
it represented in daylight savings or standard

time http://www.worldtimeserver.com/current _time in UTC.aspx

** refer to the APl documentation (http://mesowest.org/api/v2/docs/) for changing this or
other variables in the URL query string (e.g. additional sensors may be present at your site of

interest).
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Appendix 10
Montana Bat Acoustic Solar and Lunar Data

Python (v. 2.7.8) Code

with packages:
ephem (3.7.6.0)
pyodbc (3.0.7)

Authorship/Contact:

Braden Burkholder
Biological Data Analyst
Montana Natural Heritage Program
1515 East, 6" Avenue, Helena, Montana 59620
bburkholder@mt.gov
(406) 444-0202
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Solar Data - code for computation and database storage
Change highlighted text as needed.

Hith
import datetime, pyodbc, ephem

MST=-7.0/24.0 # UTC correction factor
serverName = 'Server_Name'
batDatabase = 'BatDBName'

sites = ()

# generate valid site list

cnxn = pyodbc.connect(driver='{SQL
Server}',server=serverName,database=batDatabase,trusted_connection=True)
cursor = cnxn.cursor()

siteQry = cursor.execute("SELECT SitelD \
FROM MT_Acoustic_Monitoring_Stations\
WHERE Status IN ('Installed'’,'Decommissioned')")
for site in siteQry:
sites+=(site[0],)

cursor.close()
cnxn.close()

# iterate for all sites
for SitelD in sites:

# get site data
cnxn = pyodbc.connect(driver='{SQL
Server}',server=serverName,database=batDatabase,trusted_connection=True)

cursor = cnxn.cursor()

cursor.execute("SELECT SitelD, Latitude, Longitude, Installation_Date, Decommission_Date, Status \
FROM MT_Acoustic_Monitoring_Stations\
WHERE SitelD="+ str(SitelD))

Sitelnfo=list(cursor.fetchone())

cursor.close()
cnxn.close()

# format dates, default end date if NULL
startDate = datetime.datetime.strptime(str(SiteInfo[3]),'%Y-%m-%d %H:%M:%S')
if SiteInfo[4] == None:
endDate = datetime.datetime(2017, 12, 31, 0, 0)
else:
endDate = datetime.datetime.strptime(str(SiteInfo[4]),'%Y-%m-%d %H:%M:%S')
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# buffer dates to months deployed

startMonth = datetime.datetime(startDate.timetuple()[0],startDate.timetuple()[1],1)

endMonth =
datetime.datetime((endDate+datetime.timedelta(days=31)).timetuple()[0],(endDate+datetime.timedelt
a(days=31)).timetuple()[1],1)

AprxDays = (endMonth - startMonth)

# adjust to noon MST
startMonth += datetime.timedelta(hours=19)

# sun viewing site parameters

site = ephem.Observer()

site.pressure =0

site.horizon ="'-0:34'

site.lat, site.long = str(Sitelnfo[1]),str(SiteInfo[2])

# create date list for range provided above
date_list = [startMonth + datetime.timedelta(days=x) for x in range(0, AprxDays.days)]

cnxn = pyodbc.connect(driver="'{SQL
Server}',server=serverName,database=batDatabase,trusted_connection=True)
cursor = cnxn.cursor()

# iterate for all dates
for date in date_list:
site.date = date
# sun object created
sun = ephem.Sun()
#check if data already exist for site and date
cursor.execute("SELECT SitelD FROM Solar_Calculations WHERE SitelD = "+\
str(Sitelnfo[0]) +" AND Date = ""+str(ephem.date(site.date-0.5))+"")
if cursor.rowcount == 0:
# write new record if not present
delta = ephem.date(site.next_setting(sun)+MST)-ephem.date(site.previous_rising(sun)+MST)
cursor.execute("INSERT INTO Solar_Calculations "\
"VALUES ("+ str(SiteInfo[0]) +",""+\
str(ephem.date(site.date+MST-0.5))+"",""+\
str(ephem.date(site.previous_rising(sun)+MST))+"",""+\
str(ephem.date(site.next_setting(sun)+MST))+"","+\
str(round(delta*1440))+")")
cnxn.commit()
else:
pass
cursor.close()
cnxn.close()
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Lunar Data - code for computation and database storage
Change highlighted text as needed.

Hith
import datetime, pyodbc, ephem

MST=-7.0/24.0 # UTC correction factor
serverName = 'Server_Name'
batDatabase = 'BatDBName'

sites = ()

# generate valid site list

cnxn = pyodbc.connect(driver='{SQL
Server}',server=serverName,database=batDatabase,trusted_connection=True)
cursor = cnxn.cursor()

siteQry = cursor.execute("SELECT SitelD \
FROM MT_Acoustic_Monitoring_Stations\
WHERE Status IN ('Installed'’,'Decommissioned')")
for site in siteQry:
sites+=(site[0],)

cursor.close()
cnxn.close()

# iterate for all sites
for SitelD in sites:

# get site data
cnxn = pyodbc.connect(driver='{SQL
Server}',server=serverName,database=batDatabase,trusted_connection=True)

cursor = cnxn.cursor()

cursor.execute("SELECT SitelD, Latitude, Longitude, Installation_Date, Decommission_Date, Status \
FROM MT_Acoustic_Monitoring_Stations\
WHERE SitelD="+ str(SitelD))

SiteInfo=list(cursor.fetchone())

cursor.close()
cnxn.close()

# format dates, default end date if NULL
startDate = datetime.datetime.strptime(str(Sitelnfo[3]),'%Y-%m-%d %H:%M:%S')
if SiteInfo[4] == None:
endDate = datetime.datetime(2017, 12, 31, 0, 0)
else:
endDate = datetime.datetime.strptime(str(SiteInfo[4]),'%Y-%m-%d %H:%M:%S')

204



# buffer dates to months deployed

startMonth = datetime.datetime(startDate.timetuple()[0],startDate.timetuple()[1],1)

endMonth =
datetime.datetime((endDate+datetime.timedelta(days=31)).timetuple()[0],(endDate+datetime.timedelt
a(days=31)).timetuple()[1],1)

AprxDays = (endMonth - startMonth)

# adjust to midnight MST
startMonth += datetime.timedelta(hours=7)

# moon viewing site parameters

site = ephem.Observer()

site.pressure =0

site.horizon ="'-0:34'

site.lat, site.long = str(Sitelnfo[1]),str(SiteInfo[2])

# create date list for range provided above
date_list = [startMonth + datetime.timedelta(days=x) for x in range(1, AprxDays.days+1)]

cnxn = pyodbc.connect(driver="'{SQL
Server}',server=serverName,database=batDatabase,trusted_connection=True)
cursor = cnxn.cursor()

# iterate for all dates
for date in date_list:
site.date = date
# moon objects created
moon = ephem.Moon()
moonPhs = ephem.Moon(site.date)

#check if data already exist for site and sample night
cursor.execute("SELECT SitelD FROM Lunar_Calculations WHERE SitelD = "+\
str(Sitelnfo[0]) +" AND SampleNight = '""+str(ephem.date(site.date+MST-1))+""")
if cursor.rowcount == 0:
# write new record if not present
cursor.execute("INSERT INTO Lunar_Calculations "\
"VALUES ("+ str(SiteInfo[0]) +",""+\
str(ephem.date(site.date+MST-1))+"',""+\
str(ephem.date(site.previous_rising(moon)+MST))+",""+\
str(ephem.date(site.previous_setting(moon)+MST))+"",""+\
str(ephem.date(site.next_rising(moon)+MST))+"',""+\
str(ephem.date(site.next_setting(moon)+MST))+"","+\
str(round(moonPhs.moon_phase, 3))+")")
cnxn.commit()
else:
pass
cursor.close()
cnxn.close()
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