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SECTION I. ABSTRACT 

Bats are known to be important components of ecosystems worldwide. In North America 

they act as natural insecticides and control insect populations which when unchecked may 

lead to massive destruction of forest stands and agricultural crops. Despite this, little in 

known about bat natural history and, most importantly, what components of their natural 

history are in jeopardy in any given region. The year 2000 project is designed to 

e investigate parameters of roost site preferences among Boulder's bats and to compare 

these parameters with those of nonoccupied, but potentially appropriate, roost sites. In 

particular we seek to determine why bats in the area do not chose to use tree snags within 

which to form maternity and bachelor colonies, as many of them in do in other parts of 

their Rocky Mountain range. We will gain tremendous insight into the habits of bats in 

their roost sites by monitoring temperature level within the roost sites and also by 

attaching temperature sensitive radio transmitters from which we can deduce activity 

level sof bats while they roost during the day. We will also radio track individuals while 

foraging to determine preferred foraging habitats and home range estimates. In addition, 

we will continue our investigations into waterhole preferences among bat species. An 

unexpected discovery in 1999, has led us to believe that female and juvenile bats of all 

• species seek out waterholes with highest calcium levels. We seek to further investigate 
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a this compelling find, with the hopes that the City of Boulder will provide funds for the 

testing of samples taken from waterholes in the area. 

SECTION 2. INTRODUCTION 

Objectives for 2000.-- The main objectives of the proposed project are to 1) add to the 

current locality data base (n = 16, Adams and Thibault, 1999) for maternity and bachelor 

diurnal roost sites of Boulder bats using radio telemetry, especially for two species (the 

fringed myotis, Myotis thysanodes, and Townsend's big-eared bat, Corynorhinus 

townsendii) listed as sensitive and in need of immediate conservation efforts by the 
- - -- -- - - - - 

Western Bat Working Group (WBWG). In particular, to locate the maternity site of a 

colony of C. townsendii captured, but not radio tagged, last year in the area of Dowdy 

Draw open space SE of Eldorado Mountain, 2) measure roost temperatures in relation to 

ambient temperatures, with the use of temperature-sensitive data loggers, throughout the 

summer for both known roost sites and for sites not occupied by bats, including 

apparently suitable tree snags, to determine roost site parameters, 3) measure the body 

temperatures of bats while roosting, with the use of temperature-sensitive transmitters, to 

determine activity levels of individuals while in the day roost, 4) continue to document 

colony sizes by conducting visual counts during evening outflights fiom previously 

discovered, and newly discovered, roost sites, 5) map out roost sites and document 

distances between them and waterhole sites of capture, 6) continue to document home- 

ranges and preferred foraging habitats per species by conducting nighttime tracking of 

radio-tagged individuals, 7) evaluate bat species richness, diversity, and evenness at 

a previously uncensused waterhole sites, and 8) conduct water testing at waterhole sites to 



• determine characteristics of waterholes attractive to bats. 

Hypotheses.-- H,: Roosting colonies of Boulder County bats will be located in sites other 

than (REMOVE those documented in) rock crevices; H,: Roosting colonies of bats will 

not be located at sites other than rock crevices. H,: Temperature parameters within roost 

sites will differ among species and between occupied roost sites and potential but 

unoccupied roost sites. H,: Temperature parameters of roost sites among species or 

between occupied and unoccupied roost sites will not differ significantly. H,: 

. .  Reproductive females will exhibit higher levels of activity while roosting than males and 

nonreproductive females; H,: Levels of activity will not differ significantly among 

reproductive females, nonreproductive females, and males. H,: All roosts will be located 

in close proximity to a source of water, with smaller body sized species demonstrating a a stronger tendency due to their higher levels of water stress. H,: Roost site locations are 

not constrained by distance to waterholes for any species, regardless of body size. H,: 

Bats will have home ranges encompassing < 2 km in radius from their diurnal roost site; 

H,:. Bats will have home ranges encompassing > 2 km in radius from their diurnal roost 

site. H:: There is a significant positive correlation between water temperature, pH, and 

mineral content relative to species diversity and evenness as well as the distribution of 

species by age and sex at waterholes. I&: There is not a significant positive correlation 

between these variables and species diversity and evenness at waterholes. H,: Significant 

differences occur among bat species in preferred foraging habitats. &: No significant 

differences occur among bat species in preference for foraging habitats. 



• Resource Management Needs, Anticipated Value, & Relevance to Ongoing 

Studies.-This project accords with several facets of the natural resource management 

- needs of the City of Boulder Open Space program. Firstly, the results of this project's 

investigation of waterhole parameters preferred by bats will contribute to the knowledge 

base for the effective management of water availability, an essential resource for wildlife 

in Boulder parks and open space area. In addition, our project is directly related to the 

management of forests, since bat populations in the area may be constrained by the lack 

of appropriate tree snags and older trees that provide cavity and crevice roost sites in 

other parts of these species' ranges (Vonhoff and Barclay, 1996). The lack of females 

and apparently maternity roosts for some species living in Boulder open space, may be 

resultant of the lack of such roosts. Furthermore, since roost sites are of potentially 

paramount in importance to bats and human disturbance at these sites are known to be 

devastating to local populations, knowledge of localities of these sites for the 

establishment of effective protective measures is necessary if bat diversity and abundance 

are to be maintained in the region as human population increases resulting in greater 

impacts to the area. Since bats apparently prefer rock-crevice roost sites, many colonies 

may be in danger from direct human disturbance in the form of rock climbing activities, 

which are becoming increasingly popular. The effects of human-caused disturbance 

became abundantly clear last summer when a nursery colony of fiinged myotis (Myotis 

thysanodes) was disturbed by a rock climber who removed a data logger from the site 

after placement about a month earlier by Ranger Burton Stoner. We believe this human 

0 
disturbance caused a premature breakup of this maternity colony because the bats were 



present after the logger was placed at the site and the colony was gone from the site 

before it was recorded to have left in 1998. Such disturbance at this site is particularly 

troubling because the fringed myotis is categorized by the Western Bat Working group as 

i 
a species in immediate danger and in need of immediate protective measures. We feel it 

is time that protection of bat maternity roosts subject to potential human disturbances be 

brought into line with concerns and protective measures used to secure nesting sites of 

other rock-roosting species such as the Peregrine and Prairie falcons. The anticipated 

value of the year 2000 effort will be the documentation and mapping of more roost sites, 

especially for two species of concern, Myotis thysanodes and Corynorhinus townsendii. 

Finally, documenting home ranges and preferred foraging habitats for the area's bat 

species is important in constructing a conservation management plan for the area. 

The discovery in 1999 that the pattern of visitation to waterholes in the area by 

females and their young is highly correlated with calcium content of the water (see 

attached tables) is a highly significant find, not only for bats, but potentially for other 

animals as well. In addition, water tests have shown that Gregory Canyon creek is being 

polluted with high amounts of chlorine and manganese that apparently negatively affects 

it use by bat in the area. These data compel further research into the question of the 

importance of certain types of waterholes to the long term survival and conservation of 

bats in the area. In other words, not all waterholes are equal in value for reproductive 

females (Adams and Thibault, 1999), that require calcium to replace what is leached from 

bone during lactation, (Barclay, 1996; Studier et al., 1991), and for young that require 

a calcium for skeletal growth. Calcium is thought to be the major limiting nutrient to bats, 
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• perhaps constraining litter size, and recent studies have shown that tropical fruit-eating 

bats also ingest leaves high in calcium (Kunz, 1999). A rigorous study that determines if 

waterholes are important calcium sources to bats in the area would contribute 

significantly to the field of bat biology. Ln addition, relative mineral and nutrient 

concentrations of the waterholes in Boulder parks and open spaces is likely important for 

other wildlife species as well. Since such concentrations are known to change temporally 

and spatially, further analyses are required to hlly understand these patterns. 

Understanding roost site preferences and abiotic factors preferred by bat species in 

the area is critical to any management plan. We have yet to determine why Boulder bats 

are not using tree roost sites in the area. This is highly anomalous and suggests that 

roosts could be limiting or that rock crevices provide superior rnicroclimates for bats. 

The latter, however, remains to be documented, and many studies throughout the northern 

Rockies have shown that the species present in Boulder use a variety of roosts, including 

tree snags. Placing temperature- and humidity-sensitive data loggers into known roost 

sites can give insight into roost parameters for these species, and by placing this 

equipment in tree snags and unoccupied crevices, we can determine what is lacking at 

these other sites. With such information, we will be able to more accurately, and perhaps 

be able to eventually predict, the relative availability of roost sites in a given area. 

Educational Value.--Over the past four years the City of Boulder bat project has received 

exposure via the Daily Camera newspaper, which published a front page article on their 

Environmental Page, complete with color photographs of bats captured during the census 

a in 1995 and more recently in the Daily Camera Friday Section cover article (22 October 
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0 1999). Our work has also been featured in the University of Colorado Alumnus that 

featured a full page article on the Principal Investigator (PI) and the City of Boulder 

Project. In addition, the P.I.'s work in Boulder has been published recently in an article 

on bats in the Wisconsin State Journal, the most widely read newspaper in the state. In 

addition, the Colorado Bat Society has published yearly articles in The Chiropteran, the 

Society's Newsletter, to educate our members about what CBS and the City of Boulder 

are doing for bat conservation and public education in the Front Range. Kate and I have 

also participated in the field education programs for the public, teaching them about bat 

ecology and conservation efforts in the City of Boulder open space. Furthermore, the P.I. 

has given public educational slide-talks about bats, and the efforts towards bat 

conservation that the City of Boulder Open Space and Boulder Mountain Parks have 

@ undertaken. Because of these efforts the public has become much more aware of the 

plight of bats, their importance in ecosystems, and how the City of Boulder Open Space 

department is an important contributor towards bat conservation. 

In relation to past and ongoing research projects in the City of Boulder Mountain 

Parks and Open Space, studies of bat populations are highly important as indicators of 

general forest health, community ecology and ecosystem stability. Understanding critical 

roosting habitats, foraging habitats, and waterhole requirements for bats is, therefore, 

instrumental in building a management plan for the Front Range Corridor for the 2 lS 

century. 
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SECTION 3: METHODS 

Survey Methods.--Bats will be captured using Japanese mist nets that typically are 

stretched over a pond or other water source. Nets will be erected approximated 20-30 

minutes before dark. Number of nets erected per site will vary depending upon P.I.'s 

strategy. Captured individuals will be distinguished to species, weighed, sexed, and 

a checked for reproductive condition. To allow for analysis of movement patterns, all 
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• captured individuals will be marked with a plastic, split-ring, numbered forearm band for 

identification in the case of recapture (Adams, 1992; Kunz, 1988). Some captured 

individuals of each species at different sites will be outfitted with LB-2 temperature- 

sensitive radio transmitters produced by Holohil Systems, Ltd. These transmitters are the 

smallest and lightest (0.47 grams) currently available commercially. Each transmitter, 

having a life-span of 10- 14 days, will be attached to the fur using surgical glue. A 

Wildlife Materials (Carbondale, IL) 48-Channel Receiver outfitted with a Yagi antenna 

will be used to track radio-tagged individuals to their roost sites and, by using 

- triangulation techniques with two receivers, we will follow tagged individuals nightly to 

document movement and foraging patterns. 

Temperature-sensitive and hurnidity-sensitive data loggers (Onset Computer 

Carp.) will be placed in occupied and unoccupied, but potential, roost sites to compare 

and contrast these parameters. These data will allow US to better understand how 

particular species of bats choose roost sites. In addition, temperature-sensitive 

transmitters will give us data on the body temperatures of bats in their roost sites, because 

the pulse rate of the transmitter changes predictably as the body temperature of the bat 

increases or decreases. These units will also allow us to monitor behavior such relative 

amounts of time spent in torpor while roosting and how activity differs between males 

and females of a species in the roost sites. 

Water samples will be collected from the surface of the water at all of our 

waterholes. In order to determine relative mineral and nutrient content of our six sites of 

highest bat activity, we will collect two samples, each 250 rnl, of water from each site. 
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• One sample fiom each site will be immediately acidified to a pH level below 2 with nitric 

acid, while the other sample fiom each site will be immediately treated with 

phenylmercuric acetate (PMA). Samples will be transported to a chemical laboratory (yet 

to be determined). The samples treated with nitric acid will be utilized to determine the 

concentrations of minerals, Na, K, Ca, Mg, and Fe, with the atomic absorption 

spectrophotometric method. The samples treated with PMA will be analyzed for 

concentrations of the nutrients, C1, PO,, SO,, and NO,, using ion chromatography. All 

concentrations will be measured to the nearest hundredth. . . 

Statistical Analyses.-Water hole visitation data will be analyzed for species richness, 

diversity, and evenness across water holes and within water holes throughout the season 

using rarefiaction analysis (Ludwig and Reynolds, 1988). Spearman Rank Correlation 

analysis will be used to discern relationships between physical parameters of waterholes 

(i.e. water temperaturelwater pH) and measures of species diversity and evenness. Chi 

Square analysis for general (GO) and specific overlap (SO) will be used to test for 

significant differences in habitat utilization among bat species (Ludwig and Reynolds, 

1988). Student T-test and ANOVA will be used to compare temperature and humidity 

differences between occupied and unoccupied roosts as well as comparing male and 

female activity levels in the roost.. 

Project Schedule.-Data will gathered from 25 May to 25 August 2000. Data collection 

will involve nighttime mist netting at each of the waterholes on a rotational basis of no 

less than 10 days to avoid disturbance at the sites. Daytime search for previously 

w e t t e d  (new) sites will occur. Daytime reconnaissance of roost site locations based 



upon nighttime tagging of individuals will also be performed. Evening counts of 

individuals leaving roosts will allow for colony size estimations. Radio-tracking will take 

place at night, and placing of data recorders at roost sites will take place during the day. 

Because field work on bats is driven primarily by weather conditions, it is impossible to 

determine a day-specific trapping schedule. However, we head into the field on virtually 

all weather-permitting nights and days. 

Project Requiremen&.-Colorado Division of Wildlife Research~Collection and City of 

Boulder Open Space Research Permits. Overnight Parking Permits for City of Boulder 

Trailhead parking lots. We will need to coordinate with Mountain Parks Ranger Burton 

Stoner who has graciously volunteered to help in the placing of data loggers in roosts 

requiring technical climbing experience. 

@ Potential lmpcts.-Whenever manipulations of animal populations are considered, so 

must be the risk of impacting those populations due to investigative techniques. The use 

of radio telemetry and light tags have been used by bat biologists for more than 20 years 

to study foraging behavior in bats. It is also the method of choice for locating maternity 

and hibernation sites because it is the safest, most effective, and least disruptive way to 

gather such data (Buchler, 1976; Kunz, 1988; Wilkinson and Bradbury, 1988). The skin- 

bond (Smith & Nephew Inc., Largo, FL) used to attach radio transmitters disintegrates 

within two weeks of application. In addition, because bats groom themselves and each 

other when roosting, they usually inadvertently remove devices fiom themselves and 

colony members. Since the primary effort in this project is to locate roost sites, a 

transmitter removed and dropped in the roost is a welcomed event. There is no 
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• anticipated long-term impact to marked individuals during the study, and the knowledge 

gained will go a long way in helping to maintain healthy bat populations for the future in 

Boulder County. Plastic split-ring forearm bands have been used on bats for the last 10 

years and have proven to be a safe method for marking with little or no impact to 

individuals if they are applied correctly (Kunz, 1988). We have used this method over 

the past four years on the Boulder bat populations (n = 1272) without incident. 

The impact on roost sites in terms of data logger placement will be minimized by 

placing the loggers before bats arrive in large numbers at the known roost sites and with 

as little disturbance as possible into newly found roost sites. When possible, data loggers 

will be placed in occupied sites after the bats have left to forage for the evening. 

@ SECTION 5: QUALIFICATIONS OF RESEARCHERS 

Please see attached CV's 



SECTION 4. BUDGET 

Materials 
10 LB-2 temperature-sensitive transmitters (Holohil Inc.)($200.00ea.) ...... $2000.00 

6 Onset TemperatureIHurnidity Data Loggers ($90.00 ea. x 4) .................. $ 540.00 

........................ Miscellaneous (batteries, couplers, headlamp bulbs, etc.). ..$ 100.00 

Principal Investigator Cost 
PI.. .............................................................................................................. .$4,000.00 
Graduate Student (Co-PI). ......................................................................... .$3,000.00 

TOTAL _ $9,640.00 

Water Sample Analysis: Ifthe City of Boulder Open Space and Boulder Mountain Parks 
Department is interested in funding water sample analyses, we would be willing to collect 
the samples andpresewe them with the proper chemicals in the field at no extra charge. 
Estimates we have obtainedfiom private firms were $1 75.OOper sample, with two 

0 samples requiredper site. 



Table 1. Amounts measured in milligrams per liter of nine elements present at six 
waterholes in City ofBoulder Open Space and Mountain Parks. nd < 0.03, ndd < 0.00.5. 

Site 

GW~OV 
Canyon 

Stockton 
Cabin 

Shanahan 

South 
Shanahan 

Bear 
Creek 

Abbey 

C1 

9.85 

0.46 

1.23 

1.17 

1.17 

1.1 

NO, 

0.03 

1.3 

0.06 

nd 

0.07 

nd 

PO, 

ndd 

0.045 

ndd 

ndd 

ndd 

ndd 

Fe 

0.09 

0.2 

4.19 

0.8 1 

0.04 

2.95 

so4 
10.4 

8.65 

8.1 

3.66 

5.3 1 

4.13 

Na 

8.19 

2.73 

3.88 

4.15 

4.88 

4.73 

K 

0.31 

0.18 

1.12 

0.4 

0.24 

0.78 

Ca 

19.4 

6.2 

10.8 

3.8 

11.6 

7.4 

Mg 

8.2 

1.52 

5.1 

2.1 

4.6 

3.9 



• Table 2. R2 values @om model U multiple regression analysis with probability values and 
Spearman Rank Correlation (r values in parentheses) analyses of mineral content of water taken 
$"om five waterholes in Boulder County versus number females, males andjuveniles captured at 
each site (n = 1127). The only signifcant values are for high calcium content of water relative 
to high numbers of females and juveniles present. The relationship between high calcium 
content and males was not signiJicant. The values for females andjuveniles are highly 
signifcant, suggesting that these groups may be utilizing these sites as a calcium resource. * = 
significant correlation. 

ELEMENT 

Calcium 
. - -. . . . . . 

Chlorine 

Nitrogen 
(No,) 

Phosphate 
(Po,) 

Sulfate 

Sodium 

Potassium 

Magnesium 

Iron 

FEMALES 
n = 346 

0.946 (0.973)* 
p = 0.005 

0.027 (0.165) 
p = 0.790 

0.000 (-0.012) 
p = 0.985 

0.002 (-0.051) 
p = 0.935 

0.056 (-0.236) 
p = 0.701 

0.003 (-0.053) 
p = 0.933 

0.023 (0.153) 
p = 0.0805 

0.330 (0.574) 
p=0.311 

0;OOS (0.093) 
p = 0.882 

MALES 
n = 699 

0.483 (0.694) 
p = 0.192 

0.266 (-0.516) 
p = 0.373 

0.385 (0.621) 
p = 0.263 

0.347 (0.589) 
p = 0.296 

0.2 19 (0.468) 
p = 0.426 

0.217 (-0.466) 
p = 0.428 

0.126 (-0.355) 
p = 0.557 

0.002 (0.042) 
p = 0.947 

0.124 (-0.353) 
p = 0.560 

JUVENILES 
n=80 

0.895 (0.946)* 
p = 0.015 

0.004 (-0.066) 
p = 0.915 

0.040 (0.200) 
p = 0.746 

0.026 (0.161) 
p = 0.796 

0.000 (0.009) 
p = 0.988 

0.02 1 (-0.145) 
p = 0.815 

0.001 (0.025) 
p = 0.968 

0.245 (0.495) 
p = 0.397 

0.000 (-0.007) 
p = 0.991 
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• 1997. Wing ontogeny, foraging ecology and population dynamics of little brown 
bats, Myotis luc~jkgus. Dept. Biol. Colloq., Carleton College, Northtield. 

1997. How to teach students about flight development and the echolocation ability 
of bats. Denver Regional Teachers Cod., Denver Mus.of Natural History. 
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1994. The ontogenetic niche in the little brown bat, Myotis luc~figus. Department 
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Chair, Search and Screen Committee. Vertebrate Evolutionary Ecologist 
Biological Sciences Curriculum Committee, UWW 
College of Letters and Science Curriculum Committee, UWW 
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RESEARCH GRANT A WARDS 

Location and distribution of diurnal roosts and the use of water resources 
by Boulder County bats. City of Boulder ($9389.00) 
Loss of biodiversity of bats on the Caribbean island of Montserrat. 
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Continued research on bat roost locations. City of Boulder Grant 
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Location of bat roost sites using radio telemetry. City of Boulder Open 
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Location and distribution of Boulder County bats. City of Boulder Open 
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University of Wisconsin-Whitewater Research Grant ($4900.00) 
University of Wisconsin-Whitewater, Research Grant ($4000.00) 
Sponsor: University of Wisconsin Undergraduate Research Grants (2) 
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Research Fellowship, Department of EPO Biology, University of Colorado, 
Boulder ($1000.00) 
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Kathy Lichty Memorial Fund ($600.00) 
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1998(Fall) NSF-CCLI. (approx. $100,000.00) Adams, R.A, S. Ghosh, & J. McKinnon. 
Integrative Freshman Biology: A Modular Approach (Due Date, Nov. 15) 
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Investigations into community dynamics and temporal patterns of waterhole 
visitation by a Coloradan bat assemblage. 
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Dr. Steven Bissell, Colorado Division of Wildlife, Denver, 303-297-1 192. 
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Research Assistant. 1996-1999. Distribution and ecology of bats of Boulder County. 

City of Boulder Open Space, Boulder, Colorado. Rick A. Adams, P.I. 
Research Assistant. 1998. Development of the calcar in the little brown bat, Myotis 

luczfigus. Rick A. Adams, P.I. 
Research Assistant. 1998. Roosting ecology, social structure, and home ranges of the 

New Zealand long-tailed and short-tailed bats in the Eglinton Valley, Fiordland 
National Park, New Zealand. Department of Conservation, Christchurch, NZ. 

Research Assistant. 1997. Parental care in microhylid fiogs in the Crater Mountain 
Wildlife Management Area, Wara Sera Research Station, Papua New Guinea. 
David P. Bickford, P.I. 

Research Assistant. 1996. Preliminary analysis of social behavior in a captive herd of 
white-tailed deer, Odocoileus virghianus. Boston College. 
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Curatorial Assistant. Department of Mamrnalogy, The Museum of Comparative 

Zoology, Harvard University, Cambridge, MA. 1996-1997. 
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1996 North American Symposium on Bat Research, Bloomington, IL 
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Cambridge: Cambridge University Press. 
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