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Abstract:  Many bat species depend on cave or mine roosts during part or all of the year, and gates are commonly used to protect them in their roosts.  Bat gates designed to protect bats have sometimes been harmful.  Most improvements in gate design have been based on anecdotal and observational evidence rather than experimental data.  Despite improvements, some bat species avoid or hardly use gated sites.  To assess behavioral responses of bats to gates, I will measure the flight speed, flight behavior, and vocalizations in the presence and absence of actual gates and “mock” gates simulating actual gates at 50 to 60 sites from southern Ontario to southern Tennessee/Alabama.  I will study bats’ responses to gates located at entrances and within the dark zone of caves and mines.  I will conduct my fieldwork during swarming season (late summer to fall; approximately July to October 2003), when different groups of bats of both sexes and various ages fly in and out of roosts for most of the night.  I will analyze call data using BatSound Pro software and will compare data from all parameters between different roost types (gated vs. ungated) and gate arrangements.  Such information could lead to important improvements in gate design or placement that could benefit many bat species, including threatened or endangered varieties.
Introduction:  This study will examine behavioral responses of bats to gates and gate-like structures present at their cave or mine roosts.  To achieve this, I will record and analyze data pertaining to flight speed, flight behavior, and vocalizations.  In addition to testing bat responses in the presence and absence of a gate-like obstacle, I will compare different gate locations and orientations.  To address the issue of habituation, I will also test the above parameters at caves and mines which are already gated and currently support bat populations.

Many bats, including approximately half of the bat species reported from Canada and the United States, depend on cave or mine roosts during part or all of the year (Sherwin 2002).  Approximately one quarter of U.S. bat species depend almost exclusively on such roosts for winter hibernation (Tuttle and Taylor 1998), and many others rely on caves or mines for maternity roosts.  Cave-dependent species include endangered bats such as Myotis grisescens and M. sodalis.  Human disturbance, intentional or not, can harm bats roosting within caves or mines (e.g. Sheffield et al. 1992, Mann et al. 2002).  Presence of humans can wake hibernating bats, causing them to expend energy they cannot regain in the midst of winter and subsequently starve (Sheffield et al. 1992, Thomas 1995, Johnson et al. 1998), and human disturbance can cause mother bats to drop or abandon their young (Brady et al. 1982).

Many caves and mines known to house bats have been fitted with gate closures to protect the inhabitants from humans.  Other caves and mines containing bats have been closed with gates for other purposes, such as human safety or protection of delicate cave formations or other endangered wildlife.  Regardless of a gate’s intended purpose, bats are affected by the presence of a gate placed at their roost.

Early cave gates virtually always resulted in roost abandonment by bats (Tuttle 1977).  Consequently, gate-builders and bat conservationists attempted to improve gate designs to better accommodate the bats.  Design improvements attempting to maintain adequate airflow, allow room for bats to fly, and prevent excessive predation were made based on limited research and largely on anecdotal evidence or casual observation.  The currently accepted design, the angle iron gate, was developed by Roy Powers and first installed in 1978 (Powers 2002), but the responses of many species to any type of gate remain poorly understood, unknown, or negative (Currie 2001).  Advances have also included alternative gate locations.  The first “twilight” gates (gates placed within the dark zone of a cave roost) in the United States to protect resident bats were installed in the early 1980s in Oklahoma and have since proved successful for multiple M. grisescens and Plecotus townsendii ingens roost sites, as well as one M. sodalis roost in the same area (Martin et al. 2000, B. Howard, pers. comm. 2002).  However, a dark zone gate in Alabama at a M. grisescens roost proved unsuccessful (K. Hudson as quoted in Currie 2001).

   Richter et al. (1993) showed that obstructing an entrance can lead to potentially harmful temperature changes within a cave, White and Seginak (1987) compared three different gate designs at one cave entrance (showing angle iron and round steel bar were both preferred over a funnel design), and Ludlow and Gore (2000) demonstrated that when given the choice, bats will use ungated entrances more than gated ones.  Despite these studies, behavioral responses of bats to gates remain virtually unstudied.  Additionally, responses of some bat species to gates are not well documented or largely unknown.  The angle iron design is now considered standard because it reportedly does not obstruct airflow and is difficult for vandals to breach.  However, very few manipulative studies have been conducted, and very few peer-reviewed papers about bats and gates have been published.

Thus, many questions remain.  For instance, what alterations might be made so that more species of bats accept gates at entrances?  How is the flight speed of a bat approaching a gate affected, and how much stress does the placement of a gate cause the bats present?  Why do bats frequently abandon roosts once they are gated?  Do bats perceive the gate as a threat, and thus begin to emit social calls, such as alarm or distress calls?  

To address the above questions, bats will be studied at their roosts during swarming season.  “Swarming” refers to the late summer activity of many bat species that hibernate in caves or mines.  During swarming, bats fly in and out of hibernacula during most of the night (Poole 1932, Davis and Hitchcock 1965, Fenton 1969).  This behavior has been observed in a variety of species, including Myotis lucifugus, M. keeni, M. sodalis, Eptesicus fuscus, Corynorhinus townsendii, and Pipistrellus subflavus in geographical locations including Ontario, Quebec, Pennsylvania, Indiana, Kentucky and Oklahoma (Davis et al. 1968, Hall and Brenner 1968, Fenton 1969, Cope and Humphrey 1977, Clark et al. 1997).  As the season progresses, sexual activity and the build-up of a hibernating population become components of this activity (Fenton 1969).  Swarming begins after young and females leave maternity colonies (Hall and Brenner 1968, Fenton 1969) and continues until bats enter hibernation.  During this activity, bats of both sexes and all ages (subadults as well as adults) are present (Fenton 1969).  At many sites, multiple bat species are present (Davis et al. 1968, Hall and Brenner 1968 Fenton 1969, Cope and Humphrey 1977), and banding studies have indicated that a different group of bats is present each night (Hall and Brenner 1968, Fenton 1969).  In at least some cases, a relatively small percentage of swarming bats hibernate at the site at which they were captured during swarming (Hall and Brenner 1968, Fenton 1969).  The ephemeral nature of the swarming population’s stay at any given swarming site will allow the bats to be studied without disturbing them at a time when they are vulnerable, such as in maternity colonies or during hibernation.  The large numbers present at some sites during swarming, representing a cross-section of bats of multiple species, ages, and sexes, allows an ideal opportunity to collect large quantities of data regarding the response of cave-dwelling bats as a group to cave gates.

By learning more about the behavioral responses of bats to roost gates, conservation efforts can become more focused and intentional, leading us away from the “put up a gate and see what happens” mentality that is unfortunately still wide-spread (Sherwin 2002).  In addition to furthering understanding regarding an interesting aspect of bat behavior, the results of this study could lead to effective changes in the current methods used to place gates at bat roosts.  With so many bats, including endangered and threatened species, relying on caves and mines for roosts, and with the practice of gating becoming increasingly common for conservation purposes (thousands of gates are in place across the US and Canada; Sherwin 2002), this is an issue in dire need of attention.

Methods:  This project will begin in southern Ontario, Canada, and move south to the southern Tennessee/Alabama area in the United States, including sites in several states.  I have chosen/am choosing study sites based on prior knowledge of bat presence through correspondence with local biologists, natural resources officials (e.g., Robert Currie), officials of The Nature Conservancy (e.g., Heather Garland), and other local persons knowledgeable about area bat roosting sites and/or roost gating (e.g., Roy Powers, Jim Kennedy).  To date, I have made tentative or definite arrangements with local biologists, cavers, or officials to study specific sites in Tennessee (Kristen Bobo, Tim Curtis), Kentucky (Chris Chandler, Tim Slone, Traci Wethington), New York (Alan Hicks), Vermont (Alan Hicks, Scott Darling), Indiana (John Whitaker), Ohio (Dave Swanson), and Ontario (Brock Fenton).  I have obtained state/provincial permits or official permission to work in Kentucky, Ohio, Ontario, New York, and Alabama.  Fieldwork will occur from late July 2003 until early to mid-October 2003, followed by data analysis.  I will spend the first one to two weeks of fieldwork at a mine in Ontario solidifying the exact experimental protocol to be used for the remainder of the study.  During this period any variation (under natural conditions), in vocalizations, flight speed, or behavior based on time of night will also be noted.  The project should be completed in its entirety by September 2004.
Two groupings of caves and mines will be studied, with 25 to 30 sites of each type used:

Group 1:  Ungated caves and mines.  At each of these sites, I will collect data regarding flight speed, flight 


behavior (number of times circling prior to entering or exiting, avoidance of gate, etc.), and 
vocalizations with each of the gate arrangements seen below (Table 1), as described in Table 2.  

Group 2:  Gated caves or mines.  Approximately half of Group 2 sites will contain internal gates 


and half external.  I will collect flight speeds, vocalizations, and behavioral data at each site at the gate 
already in place and at a previously ungated portion of roost (for internally gated caves, the entrance, 
and for externally gated caves, an interior passage).  Subsequently, I will place whichever gate type is not 
already installed and collect data in the same fashion.  Order of gate locations tested will be random. 

General methods, to be used at both groups of sites:

Entrance size:  For entrances whose size is not already known, measurements will be taken to 

determine height, width, and area.  Each site group will contain entrances of various sizes.

Flight speed:  I will measure flight speed using a hand-held Doppler radar gun mounted 

on a tripod, as described by Blake et al. (1990) and Salcedo et al. (1995).  Speeds will be read aloud from the radar device and recorded with a tape recorder.

Vocalizations:  I will use a Pettersson Electronik D980 bat detector to record vocalizations using the high 

frequency output of a D980 through an Ines DAQ i508 high speed card to a Dell Latitude PC running 
BatSoundPro (Tallbacksvägen 51, S-756 45 Uppsala, Sweden). Call analysis will be conducted to 
determine if vocalizations differ between presence and absence of a gate and between different gate 
arrangements.  Distress or alarm calls will be noted if found.  
Observation:  Bats will be watched using a night vision device and/or red filters on standard lights, and 


behavior such as excessive circling, avoidance of gate, changing direction when encountering gate, 
change in humanly audible calls, and presence/success rate of predators will be noted.  Video 
equipment may be used to aid in observational analysis at roost sites.

Mock gate construction:  Mock gates are constructed from wood and are built 

according to the specifications (regarding bar spacing) of the American Cave Conservation Association (ACCA), which currently holds up-to-date gate plans considered standard.  They are of an angle “iron” design, with 5 ¾ inches between horizontal bars and a minimum of 24 inches between vertical supports.  The gates are comprised of linking pieces so they can be disassembled for easy transport and reassembled into a variety of different sizes.

Placement of mock gates:  I will test nine gate location-orientation combinations at each Group 

1 site (Table 1).  

Trapping/identification of bats:  Where permitted, I will capture bats using a Harp 

Trap.  Trapping will occur for approximately five to 15 minutes (depending on the number of bats present) following the end of other data collection (flight speed, vocalizations, etc.).  Each bat will be assessed for species, sex, and reproductive condition, then promptly released at the same site.  Identifying the species and sex of a sampling of bats present at each site will augment the meaningfulness of the other data collected for this study.  Since bats will not be disturbed during hibernation or when non-volant young are present and will be released soon after capture, any negative effects on the bats should be very minimal (e.g., temporary stress) or nonexistent.

Data analysis:  Using SPSS software, I will use statistical analyses to compare each 

parameter (flight speed, behavioral data, vocalization type) between the various gate location-orientation arrangements (Table 1).  Following this, recommendations can hopefully be made as to which gate arrangement(s) appeared to have the least negative impact on the bats.

Table 1.  Gate Location-Orientation Arrangements for Group 1 Sites.

	Location
	Entrance


	Passage


	Dark Zone



	Description
	Exterior to or just inside entrance
	10 meters from entrance or just before dark zone
	30 meters from entrance or just into dark zone

	Orientation
	C
	---
	∕
	C
	---
	∕
	C
	---
	∕


C = control (no gate)

--- = gate perpendicular to entrance or passage

∕   = gate angled with respect to entrance or passage

Note:  At site, the control (within each arrangement) will be tested first, but order of gate location and orientation tested will be random.
Table 2.  Summary of Data Collection Methods for Group 1 & 2 Sites.

	Parameter
	Method
	Duration

	Flight Behavior
	Observation
	30 min. for each gate type

	Flight Speed
	Radar gun
	30 min. for each gate type

	Vocalizations
	Pettersson Bat Detector
	2 min. every 10 min. for 30 min.
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