
CHAPTER 1

BACKGROUND AND JUSTIFICATION

Introduction

Two-thirds of bat species in the United States roost in man-made structures

such as buildings and bridges (Barbour and Davis, 1969). Bat colonies in

caves, mines, trees, and man-made structures, range in size from tens, to

thousands or even millions of individuals. Bats are vulnerable to loss of roost

habitat from natural (e.g., floods and wind damage) and human related causes.

This loss often leads to high mortality and may threaten some populations with

extirpation (Tuttle, 1988; Harvey, 1992; Gore and Hovis, 1992).

Eighteen chiropteran species occur in Florida (Table 1). Thirteen of the 18

species have confirmed breeding populations here (Jennings, 1958; Brown,

1985,1986,1987; Finn, unpublished). In the time period since Jennings did his

research (1958), bat populations have declined dramatically. He wrote: "The

number of roosts located during the study make it obvious that almost every town

with abandoned buildings may shelter a Tadarida colony". More recent data

compiled by Bain (1981) and Hermanson and Wilkins (1986) suggest a decline of

Tadarida has occurred in Florida. Bain (1981) attributes much of this to a decline

in suitable roosting structures. This decline is often due to a public fear of

chiropteran rabies, that typically results in the extermination of colonies.
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Hermanson and Wilkins (1986) found only three maternity colonies of Tadarida in

north Florida from 1976 -1983 and noted all of these colonies were exterminated

or scheduled for extermination.

Since the 1950's, cave roosting bats such as Myotis austroriparius have also

declined in Florida. Gore and Hovis (1992) found only five of the 15 caves

known to have housed a M. austroriparius colony in the past, still contained

bats in 1991. In recent years, mines and caves that house bat colonies have

gained some protection, but little has been done to secure roosts that occur in

buildings and other man-made structures. Roost destruction and colony eviction

may be increasing faster than alternate roosts become available. Conservation

measures must be undertaken to protect the roosts of these animals. For urban

bats these measures might include protection of active building roosts andl or

erection of alternate man-made structures (i.e., bat houses) to provide potential

roost sites.

Bird houses, for example, have been popular for years in the United States

and Europe and are important in the conservation of many bird species (i.e.,

Zeleny, 1976). In Europe, bat houses are popular and are moderately

successful in attracting bats (Stebbins and Walsh, 1991; Hutson, 1987). Bat

houses are gaining popularity in North America, but research is needed to

increase their effectiveness as a conservation tool.

loss of even a small colony of bats can have a significant environmental

impact. Most North American bats are insectivorous and are important predators
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of nocturnal insects. Each bat can consume half its body weight, or more, in

insects nightly (Kunz et al., 1995; Whitaker and Clem, 1991). Moths and

beetles (Lepidoptera and Coleoptera), which are often significant crop pests,

mosquitoes and other flies (Diptera), and Hemipterans (i.e., cicadas, leafhoppers

& planthoppers) are regularly eaten by bats (Barbour and Davis, 1969).

The significance of bat houses to local bat populations was evaluated by Bat

Conservation International (BCI, 1993). Their data suggested bat house

occupancy was at 52%. Bat houses occupied by bats have several factors in

common. One of these is a favorable range of internal temperatures. However,

most research occurred in northern regions where the chief concern was

keeping bat houses warm enough to be acceptable maternity sites. In the South,

where bats are active year-round, a dual problem occurs where houses should

remain warm, but provide protection from temperature extremes both in the

summer and winter months.

The focus of my study was to determine bat house needs in a subtropical

region (central Florida). I collected data on the temperature ranges tolerated by

bats that roost in central Florida buildings. Furthermore, I modified existing bat

house designs to mimic these requirements. Tuttle and Hensley (1993)

suggested height above ground, distance to nearest water source, etc.} would

influence occupancy of bat houses. However, no data existed to show how

temperatures in bat houses might affect occupancy rate or how different species

respond to bat house temperatures in a subtropical region.
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Can bats be expected to occupy a bat house? Bat houses erected near a

site prior to an exclusion seem to have a slightly higher success rate than bat

houses erected in an area where bats have not been recently excluded from a

known roost (BCI, 1987). The question remains: what attracts bats to a roost, or

in particular, to a bat house? And, what keeps a bat returning to a roost on a

regular basis; or, what makes a roost home?

Several theories have been discussed by bat house researchers as to various

means of attracting bats to bat houses (Tuttle and Hensley, 1993; Cope, 1959;

Fenton, 1985). These include, but are not limited to, scenting the bat house

with guano, playback of recorded vocalizations, and seeding houses with live

bats. I utilized scent and seeding in my experiments; however, the cost and

logistics of recording and playback of high frequency vocalizations prevented

experimentation with that technique during my project.

Bats In Central Florida

Nine bat species occur in central Florida. Five roost in man-made

structures. Two families are represented here. Vespertillionidae includes

Myotis austroriparius, the Southeastern Myotis; Nycticeius humeralis, the

Evening bat; Eptesicus fuscus, the Big brown bat; and Plecotus rafinesquii,

Rafinesque's big-eared bat. Molossidae is represented by Tadarida brasiliensis,

the Brazilian free-tailed bat (Jennings, 1958; Zinn, 1977; Bain, 1981). The Big

brown bat, Eptesicus fuscus fuscus and E. f osceolus, (Vespertillionidae) is
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considered rare in central Florida (Zinn, 1977), but is known to roost with

Tadarida in buildings (Jennings, 1958). Colonies of Myofis austroriparius were

not found roosting in buildings during my study, (but they were confirmed in 3

bridges in the area, and on two occasions 'found single individuals in buildings

with Tadarida and Nycticeius). Plecotus rafinesquii is classified as rare

(FCREPA, 1992). Although this species roosts in buildings in central Florida,

these structures are usually abandoned and the bats are not causing any conflict

with humans (Clark, 1995; Finn, 1996).

Main Study Species

I studied two of the five central Florida bat species that roost in man-made

structures.

Tadarida brasiliensis

Tadarida brasiliensis is the most conspicuous local chiropteran species and is

usually found in large colonies. This species consists of nine subspecies, that

differ not only in geographic range, but also in ecological and behavioral traits

(Wilkins, 1989). Two subspecies are found in the United States. Tadarida

brasiliensis mexicana (the Mexican or Brazilian free-tailed bat), is found in the

Southwestern U.S. where it is migratory and generally roosts in caves. This

subspecies is found in large maternity groups (often numbering in the millions) in

caves (i.e., Bracken, Carlsbad) and in some bridges (i.e., Congress Ave. bridge,
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Austin, Texas) and buildings. The Southeastern subspecies, T. b. cynocephala

(LeConte's free-tailed bat), is not migratory, has not been documented to roost

in caves, and seems to prefer man-made structures (Wilkins, 1989). This

subspecies is not found in large concentrations like T. b. mexicana, but can still

be found in groups of hundreds or thousands. Tadarida b. cyn oceph ala, in

central Florida, give birth to a single pup in early June (Finn, unpublished).

Bats in the family Molossidae possess a gland on the neck that produces an

oily secretion that has a distinctive odor (Herreid, 1960). Colonies of these bats

can often be identified by this odor and staining on and around the roost

entrances.

Nvcticeius humeralis

In Florida, Nycficeius humeralis consists of two subspecies. Nycticeius h.

subfropicalis is confined to the southern part of the state, with N. h. humeralis

found throughout the remainder of Florida (Jennings, 1958). Nycficeius occurs

in much smaller groups and does not possess the distinct odor associated with

Tadarida. Breeding habits of Nycticeius in Florida were studied intensively by

Bain (1981). This species is non-migratory in the southern part of its range and

usually gives birth to twins (occasionally triplets) in late spring (mid-May in

central Florida). Tadarida and Nycticeius can be found roosting together through

most months of the year.
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Importance of Roost Temperature

Roost thermo-conditions and the energy budgets of bats are intimately

related. Bats spend more than half their lives in their roost and it is important that

they select roosts and roost sites that promote an efficient energy budget.

Although the physiology of bat thermoregulation and energy budgets will not be

discussed in detail here (see Kunz, 1982 and McNab, 1982 for excellent reviews

on the subject), it should be understood this is probably the most important

selective pressure for roost site choice.

Tuttle and Stevenson (1982), and Kunz (1995) summarize that bats generally

require warm maternity roosts to insure efficient metabolism of food by pre-volant

pups. Rapid development and early volancy (usually in 3 - 4 weeks) are needed

for pups and adults to accumulate sufficient fat reserves to supply energy during

the winter while food supplies are low. Roosts that are too cool during the

maternity season may not allow pups to grow quickly enough to achieve this

state and can increase post weaning mortality. This is particularly important in

temperate regions where low fall temperatures make it necessary for juvenile

and adult bats to either migrate or hibernate. Bats (particularly

Vespertillionids) may choose non-maternity roosts with temperatures that allow

them to remain torpid during cool days to conserve energy (Vaughan and O'Shea,

1976; Kunz, 1982). Bachelor colonies of several species are found in these

cooler roosts (Tuttle, 1988).
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Bat House History

The first known attempt to provide bats with an artificial roost was in 1909

when Dr. Charles Campbell erected a bat tower to attract bats for mosquito

control in San Antonio, Texas. This house was not successful, but the next one

he built two years later was occupied by T. b. mexicana and Dr. Campbell sold

their guano as fertilizer (Campbell, 1925; Storer, 1926).

Bat house occupation in North America is presently around 52% (BCI, 1993).

Research on bat houses in North America has met with varying success. Houses

erected in Chautauqua, N.Y. (Neilson, 1991) were not occupied. A study in

Pennsylvania (Williams-Whitmer, 1994) reported a 90% occupancy rate. Striking

differences in the methods used in these experiments may explain the results.

The houses in Chautauqua were not intentionally placed near any known

colonies. Those in the Pennsylvania experiment were placed directly on the

exterior wall of buildings occupied by bats. Bat houses on buildings where

bats were later evicted were soon occupied. In contrast, bat houses on

buildings where bats were allowed to stay remained empty.

Exclusion and Relocation

Bats that roost in human-occupied buildings are often considered a nuisance.

Although they are not destructive, as are rodents, large numbers of bats can

create an aesthetic problem when their guano accumulates on objects near the

roost opening (i.e., cars, sidewalks, and the external walls of buildings), and a
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significant odor can often develop (Herreid, 1960). A considerable level of

misunderstanding still surrounds these animals in the general public and bat

colonies in human dwellings can create unfounded fear in the minds of the

human occupants.

In many states it is legal to use poisons, sticky traps, etc., to eradicate bats

from buildings. In Florida, no poisons or fumigants are registered for use

against bats (see Belwood, 1992). In areas where poisons are illegal, or

conservation is desired, the inhabitants are often evicted via an exclusion

method (Greenhall, 1982; Constantine, 1982; Corrigan, 1984). A local example

of exclusion is the colony that was evicted from the Education building, at the

University of Central Florida, in the winter of 1988.

Properly designed bat houses have potential as a management tool if a

colony is slated for eviction. The goal of using bat houses for management is to

provide a roost site where bats will not be a nuisance and will not be harassed

or evicted. If bat houses are available prior to eviction of a nuisance colony,

these houses provide the animals with a potential roost site when their main roost

is no longer available.

Can bats be expected to occupy a bat house when their present roost is

slated for eviction or destruction? Bat houses erected before bats are excluded

seem to have a slightly higher occupancy rate than bat houses erected in areas

where bats have not been recently excluded from a known roost site (BCI, 1987).

The results of a relocation experiment performed in New York state (Frantz,
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1989) were positive (three of five houses occupied), while similar experiments at

the University of Florida (UF) and Auburn University (Kiser, 1996) were less

successful. Bats moved into the UF house after it had been up for almost 4

years, but not due to the relocation attempt (Anonymous, 1995; Marks, 1996).

In Chapter 2, I describe three types of relocation experiments I performed during

this study and the exclusion that occurred at my main study site.

Objectives

During my study I wanted to determine the importance of temperature and

substrate in bat house occupation. Although bat houses erected in areas

where bats have been excluded are most successful, more often the bats simply

move into another building similar to the original roost (Tuttle, 1988). The need

exists to develop a bat house that will be attractive to bats and adopted as

'home'. A house that is small and simple enough for the average homeowner to

build would also be desirable. Important factors to consider in the construction

and placement of bat houses are: (1) location -- proximity to original roost,

proximity to water, and height above ground; and (2) design -- roosting

substrate, opening unobstructed, and temperature profile.

My study objectives were to: (1) determine the roost temperature tolerated by

bats roosting in central Florida buildings; (2) build and erect bat houses at eight

central Florida sites; (3) confirm the importance of a rough roosting substrate; (4)

attempt relocation of a bat colony at Seminole Community College, and; (5)
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determine the importance of temperature in bat house occupation and how the

presence of bats modifies the bat house or roost temperature. The main

objective of this project was to increase the likelihood of bat house occupation,

which could have important implications for bat conservation and management.

Methods and Materials

Study Sites

Eight sites were originally chosen as bat house sites (Table 2, Figure 1, and

Appendix A). By the end of the study I was monitoring thirteen sites. Some sites

were chosen for study due to the proximity to active or recently excluded bat

colonies, whereas others were selected due to the interest of the property

owners. Tables 3 and 4, and Appendix A, give details of bat house placement

at each site.

Three primary bat house designs were used in my study. These originated

with Bat Conservation International (BCI) (see Tuttle and Hensley, 1993). The

BCI beginners bat house (single chamber, 40.6 x 60.9 cm) is referred to here as

the simple style house, and the BCI small (three chambers, 55.8 x 76.2 cm) and

large (four chambers, 60.9 x 88.9 cm) nursery houses are referred to as small

and large maternity style houses. At three sites an additional, larger house

(ten chambers, 55.8 x 121.9 cm) was also placed (BCI, Texas Style house).

Officials of Seminole Community College (SCC) chose to also erect two larger

houses. One of these was a larger modification similar to BCI's Texas Style
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house (20 chambers, 76.2 x 101.6 cm), the other was a square design (40

chambers, 60.9 x 76.2 cm) that resulted in chambers facing four different

directions (Figure 2).

Five sites had the series of three BCI designs. All of these bat houses were

mounted in pairs, back to back on poles (donated by Florida Power Corporation)

so they were facing southeast and northwest. Seven other sites had varying

styles and placements of houses. Bat houses were mounted on poles, 4" x 4"

(10.2 x 10.2 cm) timbers, tree trunks (palms and pines) and buildings. All

houses were mounted 15-20 feet (3.96-5.28 m) above ground and all bat

houses had the surface of the roosting chambers roughened through the addition

of hardware cloth, fiberglass window screen, polypropylene netting, or by

manually scraping the boards.

Temperature Monitoring

Copper-constantin thermocouple wire (Omega, PP-T-24) was used in

combination with a Campbell CR10 datalogger configured with an AM416

multiplexer (Campbell Scientific, Inc.) to monitor temperature profiles of the bat

houses. Thermocouples were also placed inside occupied roosts at four sites. At

each site an additional thermocouple was placed at a height comparable to the

bat houses or roosts to monitor ambient temperature. The ambient

thermocouple was mounted in a white, three sided box, and was shaded with

fiberglass screen in an attempt to prevent ambient temperature readings being
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affected by direct solar radiation on the thermocouple tip. A Li-Cor, LI-200SA

Pyranometer was used in conjunction with the datalogger to monitor solar

radiation (kW/m2/mV). Due to vandalism and equipment failure solar radiation

was not collected at all sites on all dates.

Bat houses were treated with insulation, white and dark paint, and insulative

paint (Astec Ceramic Coating) in an effort to determine which treatment would

most closely approximate the temperatures of the occupied roosts and allow for

temperature gradients within each house. Some modification of the bat houses

continued throughout the project.

Once the bat houses were in place, they were monitored closely for bat

activity and occupation. Temperatures were monitored in both occupied and

unoccupied bat houses and preferred roosting area(s) within the occupied houses

were noted. When comparisons between the houses resulted is significant

temperature differences, modifications to unoccupied houses were made in an

attempt to improve the temperature profile.

Temperature Analysis

All temperature data were reduGed using Lotus 123 (version 5) spreadsheets.

Data were then analyzed with Statgraphics Plus (Manugistics, Inc., 1995).

Temperature profiles among bat house styles and bat house sites were

examined. Attempts were made to compare temperatures between occupied

roosts and bat houses. Due to the non-normality of the data, non-parametric
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p-values (Kruskal-Wallis, test of medians) are reported. Several attempts were

made using Taylor's Power Law (Fry, 1993) to transform the temperature data,

but none were successful at normalization. Multiple regression analysis was

performed in an attempt to learn the importance of ambient temperature, solar

radiation, and time in determining the variability of mean temperatures recorded

in the bat houses and roost sites. The inability to collect data simultaneously at

two different sites made direct comparisons problematic and results should be

viewed with these difficulties in mind.

Summary

Loss of suitable roosts is one of the biggest threats facing bat populations

worldwide. The final outcome of this study should be the confirmation of a bat

house design that has the optimal temperature profile for a successful bat colony

in central Florida. Implications of a successful bat house design are multiple.

The primary outcome being a practical management tool to provide alternate

roost sites when needed.
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