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Colony Assessment of the Mexican long-nosed bat, Leptonycteris nivalis
in Big Bend National Park using Infrared Thermal Imaging

L.K. Ammerman and T. H. Kunz
Project Significance

The Mexican long-nosed bat, Leptonycteris nivalis, is recognized as an endangered species by the State of Texas, the United States Fish and Wildlife Service, and Mexico. This species occurs throughout much of Mexico, and reaches the northern edge of its range in the southwestern United States.  It has been more than 50 years since the first (and only) known maternity roost in the U.S. was described from Emory Cave by Borell and Bryant (1942) in the Chisos Mountains of Texas.  Since this time, little is known about colony size and roost use of this species in Texas, although the colony is thought to be declining.  Although the cave is located in Big Bend National Park (BBNP), and the Chisos Mountains are the most visited part of the park, there is no special effort to prevent park visitors from disturbing this important roost.  

Other important threats to the survival of this species may include competition for roosts and nectar.  Leptonycteris nivalis is known to feed primarily on nectar and pollen of Agave (century plants) and cactus (Hensley and Wilkins, 1988), and thus it is thought to play an important role in pollination of these plants and in the maintenance of arid-land ecosystems.  The impact of Agave and cactus removal for agriculture, ranching, and human development on the colony has not been ascertained.  An accurate roost census is critical to understanding (and ultimately protecting) the population of L. nivalis in BBNP.

Both state and federal recovery plans recognize the need for accurate, long-term monitoring of this species. It cannot be effectively monitored using mist net captures unless efforts are concentrated around Agave plants—and this method poses important logistical challenges.  In the past 8 years of netting over water holes in BBNP, only 3 individuals out of over 3,500 captures have been L. nivalis (L. Ammerman, unpublished data).  Roost counts have been conducted over the last 10 years and suggest that major fluctuations in colony size occur from year to year (Raymond Skiles, personal communication).  However, these estimates have been conducted only once a year by counting the number of bats per square meter and then extrapolating this over the estimated area of the roost that is covered by bats (Thomas and LaVal, 1988).  Emory Cave has many crevices and cavities that are inaccessible and probably contain roosting bats that are overlooked using this census method. 

We propose to use a new technique to census bats that emerge nightly from the cave using an infrared thermal imaging camera and to compare colony estimates using this method to estimates derived from surface area estimates.  We believe that the use of infrared thermal imaging and computer vision methods to census bats that roost in Emory Cave will be an important improvement over the surface area method because it is less disruptive to the bat colony and should make it possible to include bats that roost in inaccessible crevices in the nightly census at dusk.  Our objectives directly address two of the goals of the North American Bat Conservation Plan and the Texas Parks and Wildlife Bat Action Plan for establishing baseline population and trends: 1) to develop and evaluate new population monitoring techniques and 2) establish and monitor bat numbers.

Narrative

Bats have proven difficult to census (Kunz, In Press), yet recent technological developments now make it possible to census bats without disturbing roost sites.  Recent developments in infrared thermal imaging and computer vision techniques make it possible to census bats as they emerge nightly from caves and other roosting places, obviating the need to enter roosts to census bats—a method that is known to cause disturbance.  Because infrared thermal cameras detect heat produced by bats (Figure 1), it is possible to record and census bats independent of ambient light (Frank et al., 2003).  This method has proven successful for censusing Brazilian free-tailed bats, where millions of bats emerge nightly from selected caves in Texas (Figure 2).
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Figure 1. Close-up of Brazilian free-tailed bats (Tadarida brasiliensis) emerging from a maternity cave in south-central Texas. Bats are depicted as shades of yellow (warm body) and green (cooler wings) against  a partly cloudy sky. Vegetation is shown for reference in the lower left and far right. The images of bats were captured at 15 frames per second with an Indigo Systems Merlin-Mid Infrared Thermal Camera and processed using proprietary 

computer vision software developed at Boston University. 
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Figure 2. Full-screen infrared thermal image of Brazilian free-tailed bats (Tadarida brasiliensis) emerging from a maternity cave in south-central Texas.  Bats are depicted as shades of yellow and green. Vegetation is shown at the lower right. Image capture and analysis are the same as stated in Figure 1. 

The purpose of this project is to census the colony of Leptonycteris nivalis in Emory Cave at three different times over the course of the summer using thermal imaging and computer vision techniques and to compare these estimates to direct counts and surface area estimates (Thomas and LaVal, 1988).  These data will be used to compare estimates of colony size and to evaluate the new method as a potential tool for long-term monitoring. 

There are also several intriguing questions about the requirements and threats to the survival of L. nivalis in BBNP.  For example, Higginbotham and Ammerman (2002) captured two pregnant Leptonycteris in BBNP in April—long before its major food resource, Agave, had begun flowering.  These observations raise the question of what the bats were feeding on this time of year.  Ammerman also has captured Antrozous pallidus in mist nets during the past two years that were covered with Agave pollen.  In fact, the frequency of pollen on pallid bats has risen from 2 to 3% of all captures to about 80% of all captures over the last 8 years.  This observation raises questions about potential competition between A. pallidus and L. nivalis.  Is this sharing of food resources a threat to the Leptonycteris population?  It is difficult to understand the dynamics of the L. nivalis colony in BBNP without additional research. We believe that the initial step should be to identify a reliable method for estimating the size of the Leptonycteris colony, which would allow us to document possible population declines.


This project will be conducted at Emory Cave in Big Bend National Park.  Equipment will be carried to the cave entrance by backpack by a small field crew to record bats as they emerge at dusk.  Emory Cave is located at an elevation of 2,300 m and has one smaller opening above the main cave entrance.  Both openings are used by emerging bats and are visible from the base of the cave entrance.  The PI (L. Ammerman) has been conducting research on the bat community in BBNP for 8 years and is familiar with the cave and the terrain.  The emergence of L. nivalis will be recorded for two nights in a row in June, July and August (corresponds to flowering time for Agave and therefore food availability for L. nivalis).   Direct counts and surface area estimates in the roost will be performed on the day following the two nights of back-to-back nights of thermal imaging.  The surface area estimates in Emory Cave will be conducted in collaboration with Raymond Skiles, resource manager at BBNP.  We will minimize disturbance to the roost by limiting access to only two experienced researchers for these estimates.  Climatic data will also be collected each time we visit the roost.  We will compare total roost estimates based on area counts with estimates derived from infrared thermal imaging and computer vision methods.


The equipment for this project is available from either Ammerman or Kunz (for example we have headlamps, ladder, backpacking and camping equipment, thermal imaging camera, digital cameras, temperature data loggers, global positioning system, night vision scope, vehicles, and laptop computers).  We are requesting funds to cover travel and living expenses for a small field crew and ourselves, and for computer vision analysis. Field assistants will be necessary to hike the equipment up the mountain each night.

In summary, the overall goal of the proposed project is to determine the number of Leptonycteris nivalis that roost in Emory Cave at three different times during the summer.  Our project will allow a test of new technology that has the potential to be valuable for other species of concern.  Project results will be presented at a professional meeting such as the North American Bat Research Symposium, Southwestern Association of Naturalists and/or American Society of Mammalogists by a biologist from either Angelo State University or Boston University.  Results will be submitted to the Journal of Wildlife Management, Journal of Mammalogy, Wildlife Society Bulletin, Southwestern Naturalist, and/or Conservation Biology.
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 Project Schedule:

June 2004

Day 1 – Drive to Big Bend National Park from San Angelo, Texas.  Field crew transports recording equipment by backpacking to the Emory Cave entrance and records emerging bats at dusk until the emergence is complete.  

Day 2 - Protocol repeated the following evening. Images will be analyzed on return to Boston University. 

Day 3 - Roost counts will be conducted from within the roost. 

Day 4 – Drive home. 

July 2004:

Day 1 – Drive to Big Bend National Park from San Angelo, Texas.  Field crew transports recording equipment by backpacking to the Emory Cave entrance and records emerging bats at dusk until the emergence is complete.  

Day 2 - Protocol repeated the following evening. Images will be analyzed on return to Boston University. 

Day 3 - Roost counts will be conducted from within the roost. 

Day 4 – Drive home. 

August 2004:

Day 1 – Drive to Big Bend National Park from San Angelo, Texas.  Field crew transports recording equipment by backpacking to the Emory Cave entrance and records emerging bats at dusk until the emergence is complete.  

Day 2 - Protocol repeated the following evening. Images will be analyzed on return to Boston University. 

Day 3 - Roost counts will be conducted from within the roost. 

Day 4 – Drive home. 

Midterm progress report will be prepared.

September – December 2004:

- Analysis of recordings of L. nivalis emergence (images) and comparison of results of two census methods (T. Kunz).

- Determination of colony size in Emory Cave from the three sampling periods.

- Final project report is prepared and photos of project activities are selected.

 PI Bat Experience 

Loren K. Ammerman

Assistant Professor

Angelo State University

Loren Ammerman received her B.S. in Wildlife and Fisheries Science from Texas A&M and her Ph.D. from University of Texas at Austin in Zoology.  She has been working with bats since 1987 and has been involved with mist-net surveys of the bat community in Big Bend National Park since 1996.  She has advised several student projects (undergraduate and graduate) with bats in Big Bend National Park as well as in Costa Rica.  She has led numerous field classes to Costa Rica and Big Bend that emphasize bat biology and taught “Natural History of Bats” three times while at University of Texas at Arlington.  She is interested in community dynamics and changes in seasonal abundance of bats in Big Bend.  She is currently conducting a project on the molecular systematics of the Molossidae.
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Thomas Kunz

Professor of Biology and Director

Center for Ecology and Conservation Biology

Boston University


Tom Kunz received his Ph.D. from University of Kansas and has authored numerous articles and books related to the study of bats.  He has conducted research on many different aspects of bat biology such as energetics of reproduction, behavioral ecology of tropical bats, the evolution of tent-making behavior, and phylogeography and genetic structure.  His work frequently integrates new technologies into investigations of bat biology.  He is currently funded by an NSF grant to use infrared thermal imaging to census bats as they emerge nightly from caves, NEXRAD II Doppler radar to assess landscape patterns of nightly dispersal, and economic modeling to assess the impact that Tadarida has on a major agroecosystem in Texas. 
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