
Little Brown Bats (Myotis lucifugus): ecology of
a White-nosed syndrome affected population.

Item Type Thesis

Authors First, Melissa Conrad

Download date 23/05/2023 21:50:26

Link to Item http://hdl.handle.net/20.500.12648/148

http://hdl.handle.net/20.500.12648/148


 

 

 

Notice: Signature Page Not Included 

 

This thesis has been signed and approved by the appropriate parties. 

The Signature page has been removed from this digital version for privacy reasons. 

The Signature page is maintained as part of the official versions of the thesis in print that is kept in 

Special Collections of Reed Library at SUNY Fredonia. 



LITTLE BROWN BATS (Myotis lucifugus): ECOLOGY OF A 
WHITE-NOSE SYNDROME AFFECTED POPULATION 

and 
THE ANGLE TRAP: A HIGHLY EFFECTIVE TRAP FOR 

THE CAPTURE OF BATS 

by 

Melissa Conrad First 

A Thesis Submitted in Partial Fulfillment of the 
Requirements for the 

Degree of Master of Science 
Department of Biology 

State University of New York at Fredonia 
Fredonia, NY 

May 2011 



Table of Contents 

List of Tables and Figures-------------------------------------------------------------------------iii 

A ckn ow I edge men ts----------------------------- - ~ ----- --- ------------------------ ---------------- i v 

Chapter 1: Little Brown Bats (Myotis lucifugus]: Ecology of a White-Nose Syndrome 
Affected Po pula ti on---------------------------------------------------------------------------------1 

At>stract---------------------------------------------------------------------------------------------- 2 

In trod u cti on----------------------------------------------------------------------------------------- 4 

Methods------------------------------ -------------------------- - - - -------------------------~--------- 7 

Co II ecti on of Bats--------------------------------------- ----------~---------------- ------- 7 

M. lucifugus: Vital statistics------------------------------------------------------------ 8 

Wing Damage Surveys and Banding---- -----------:---------------------------------- 8 

Insect A vail ability---------------------------------------------- ------------------------- 9 

Cl i rna te Data------------------------------------------------------------------------------10 

Results-------------------------~------------------------- ---------- ------ - ---- - - ---------------- -----11 

Seasonal and Spatial Patterns of Insect Availability-------------------------------11 

Influence of Climate and Precipitation on Insect Populations-------------------12 

Seasonal Variation in Body Mass Index (BMI) of Bats----------------------------13 

Prey Availability and BMI Changes in Little Brown Bats-------------------------14 

Discussion------------------------------------------------------------------------------------------ 16 

Literature Cited------------------------------------------------ ~------------- ----- .----------------- 21 

Chapter 2: The Angle Trap: A Highly Effective Trap for the Capture of Bats----------30 

Abstract-------------------------------------------------------------------------------------------- 31 
In trod u cti on---------------------------------------------------------------------------------------- 31 

Methods--------------------------------------------------------------------------------------------- 3 5 

i i 



Co nstru cti on----------------------------------------------------------------------------------------3 6 

Results-----------------------------------------------------------------------------------------------3 9 

Discussion------------------------------------------------------------------------------------------ 41 

Liter a tu re Cited------------------------------------------------------------------------------------ 4 5 

List of Tables 

Table 1: Comparison of the capture rate of M. lucifugus in two versions of a trap 
design deployed at 8 locations at the Chautauqua Institution-------------------------- 46 

List of Figures 

Figure'1: Seasonal patterns of abundance of dipteran species at the Chautauqua 
I nsti tu ti on------------------------------------------------------------------------------------------ 2 5 

Figure 2: Seasonal precipitation and high and low temperatures during the study 
period at the Chautauqua Institution--------------------------------------------------------- 27 

Figure 3: Changes in BMI of adult female, male and juvenile M. lucifugus at the 
Chautauqua Insti tu tio n ---------------------------------------------------------------------------2 9 

Figure 4: Diagram of the angled net trap, side view----------------------------------------48 

Figure 5: Diagram of the angled nettrap, front view---------------------------------------50 

iii 



Acknowledgements 

I would like to thank my advisor, Dr. William Brown, for being available, 

allowing me to try my hand at grant writing and other endeavors and taking the 

time to work with me on them. His mentoring and feedback were incredibly helpful. 

I certainly would not have learned as much without him. I also want to thank him 

for making my research experience enjoyable and his lab a welcoming one. 

I would like to thank Dr. Scott Ferguson, though our work is not included 

here, for being availq_ble and enthusiastic in helping me pursue my other research 

interests. His expertise and encouragement in the lab made it possible for me to 

explore a particular area of interest. 

Thanks to Dr. Karry Kazial for getting me started in my research direction. 

Her enthusiasm for and knowledge of bats encouraged me to find a way to 

incorporate studies of them into my particular area of interest. 

Most thanks to my husband, without whom none of this would have been ~ 

possible, in one of my craziest years ever. For climbing ladders, building whatever I 

asked perfectly and being the best assistant and friend. 

iv 



Chapter 1 

LITTLE BROWN BATS (Myotis lucifugus): ECOLOGY OF A 
WHITE-NOSE SYNDROME AFFECTED POPULATION 
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Abstract: 

White-nose syndrome (WNS) is currently classified as an emerging disease, 

caused by the fungus, Geomyces destructans, currently affecting hibernating bats 

across the Appalachian range, into Canada and locations in the Midwest (USGS, 

2011). The effects of the disease have been devastating, with bats at infected sites 

showing 87-95% mortality and complete loss of populations in some caves (Blehert, 

2009, Frick, 2010). One of the most significant findings to date is that WNS affected 

bats exhibit depleted white and brown fat reserves by mid-winter and, although this 

is not the causal factor for development ofWNS, it has been found to be the ultimate 

cause of bat death in affected hibernacula (Blehert, et al. 2009). In addition, studies 

have found -that bats in White-Nose syndrome areas may be entering hibernation 

with lower stores of body fat, predisposing them to starvation when affected by G. 

destructans (Kunz, 2009). 

The Chautauqua Institution (CI), Chautauqua, NY is home to approximately 

5,000 little brown bats (Myotis lucifugus) in maternity colonies occupying the attics 

and crawl spaces of the 750, lakeside seasonal homes and buildings there (Neilson, 

1991, Syme, 2001, this study). The population is assumed to be affected by White

Nose syndrome since approximately 30% ofthe bats captured from two of the 

colonies during the summer of 2010 exhibited White-nose syndrome type wing 

damage and the fungus was identified in hibernacula approximately 75 km from the 

(CI) the preceding winter, 2009-2010 (USGS, 2011). However, this population 

appears to be stable, although affected by WNS. 
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We studied the feeding-ecology ofthis population to determine if there were 

factors contributing to increased survival in WNS affected bats that reside at the CI. 

We found that preferred prey (Diptera) numbers were more than adequate for 

reproduction and pre-hibernation fat deposition and were not affected by either 

precipitation levels or ambient temperature. We also found that bats exhibiting 

WNS type wing damage did not have significantly different body mass indices 

(BMI's) than their unaffected conspecifics. Bats at the CI have maintained BMI in 

comparison to historical data. This combined with an abundance of roosts may 

contribute to the stability of aWNS affected population. 
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Introduction: 

White-nose Syndrome, an emerging, fatal disease, has caused at least 

1,000,000 deaths in 6 species of North American bats since it was first documented 

in 2006 (Blehert, 2009). The psychrophilic fungus, Geomyces destructans, has been 

identified as a causal agent of the disease, although 5 years into the epidemic, the 

causes of morbidity in affected bats are still not definitively known (Gargas, 2009; 

Meteyer, 2009). Because the eventual cause of death in affected bats is starvation, a 

portion of current research has focused on factors such as reduced body mass 

indices prior to hibernation and dysfunctional patterns of arousal from torpor as 

contributing to fat loss associated mortality (Kunz, 2009; Cryan, 2010). In addition, 

mortality rates observed in G. destructans infected bats vary between species, with 

disproportionate rates of mortality experienced by little brown (Myotis lucifugus) 

and northern (Myotis septentrionalis) myotis, even in cases where those bats are co

hibernating with other species, such as big brown bats (Eptesicus fuscus), that 

appear to be less susceptible to the disease (USGS, 2011). This disparity suggests 

that there may be interspecies variation in pathogen specific immune response or in 

generalized immune functioning during torpor that contributes to differences in 

survival. Factors also suggested as contributing to development ofWNS include, 

climatic factors in individual hibernacula that contribute to the growth and 

virulence of G. destructans, bioaccumulation of environmental pollutants, and 

dietary deficiencies during summer feeding, among others (Frick, 2009, Kunz, 2009, 

Kurunthachalam" 2010). 
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Importantly, attempts to isolate any of these factors as contributing to 

increases or decreases in survival are also complicated by the discontinuity between 

studies of summer populations and those in winter hibernacula. A large part of the 

problem is the difficulty in tracking individual bats between summer feeding sites 

and specific hibernacula, although some studies have succeeded on a local basis. For 

example, recapture studies in NYS identified little brown bats from 2 summer 

populations approximately 55 km apart that where hibernating at the same location 

during the subsequent winter. Mortality rates were similar for bats from both 

populations, indicating that cave microclimate or some other factor may have been 

contributing to mortality. (AI Hicks, NY DEC, pers. comm). Comparisons of body 

masses in 2008 with historical data from the same population of M. lucifugus in WNS 

affected areas indicated the bats were experiencing an unexpected drop in body 

mass prior to hibernation (Kunz, 2009). Entering hibernation potentially low on fat 

stores could increase mortality in those individuals when exposed to a fungus that 

causes them to burn through their fat more rapidly (Boyles, 2009). Interestingly, 

that same population of bats, in a related ~tudy, was also found to be dependent on 

climatic factors for timing of parturition and overall survival (Frick, 2009). Wet 

years were correlated with increased survival and earlier timing of parturition. This 

relationship is likely due to the effects of precipitation on insect abundance, 

particularly Diptera, preferred prey for little brown bats (Kunz, 1998; Syme, 2001). 

The timing of parturition and increases in body mass of adult females during 

summer has been strongly correlated with changes in insect abundance (Grindal, 

1992; Frick, 2009) In a related study on a population of myotis in the northwest 
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United States, precipitation alone controlled timing of parturition, which in turn 

affected survival probability of juvenile bats (Grindal, 1992). Insectivorous bat 

populations, vulnerable to fluctuations in climate and insect availability during 

summer feeding, may be more susceptible to G. destructans associated starvation in 

years where climatic factors negatively influence prey supply or where other factors 

negatively affect prey abundance (Foley, 2011). Independence from the influence of 

climate on prey supply and an abundance of avai,lable roosts may help to explain the 

increased survival rates in a population of M. lucifugus, currently affected by White

Nose Syndrome. 

The Chaut~uqua Institution (CI), Chautauqua, NY is a summer retreat located 

on the western shore of Lake Chautauqua, consisting of about 750 seasonal private 

homes and historic buildings. The attics and crawl spaces of these structures 

provide roosts for between 3,000 and 20,000 little brown bats each summer 

(Neilson, 1991, Syme, 2001, M. First, curr. study). In surveys conducted for bats 

with White-nose syndrome type wing damage, during the summer of 2009, no bats 

were identified as being affected by the fungus (M.C.F. unpub. data). In our study, 

surveys for White-nose syndrome related wing damage revealed that approximately 

30% of the bats from two maternity colonies were affected. Additionally, the fungus 

had been identified in hibernacula approximately 75 km from this location the 

preceding winter, 2009-10. 

ln our current study, we investigated the ecology of this particular 

population of little brown bats in relation to survival in the presence of the fungus, 

G. destructans. We hypothesized that BMI changes of little brown bats at the CI 
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would depend on relative prey abundance, but that the numbers of prey would be 

independent of climatic factors, particularly precipitation since the population feeds 

along a freshwater lake. We also predicted that the timing of parturition would be 

consistent with dates observed previously since, in this population of bats 

parturition has not been affected by either cold temperatures or year-to year 

changes in precipitation levels. 

We also hypothesized that, if relative prey abundance was low during 

pregnancy, lactation, or late season feeding designed to maximize fat deposition it 

would be evident in decreased BMI's of adult and juvenile bats when compared with 

historical data. If White-nose Syndrome was found to be affecting this population of 

bats, we predicted there would be a decline in the overall population and a decrease 

in body masses of affected bats, at least early in the season, when bats are returning 

from hibernation. 

Methods: 

Collection of Little brown bats (Myotis lucifunus) from maternity colonies: 

Bats were collected on seventeen different occasions at the Chautauqua 

Institution (C.I.), NY, USA ( 42° 12' N, 79° 28' W) between May 21, 2010 and 

September 26, 2010, at approximately one-week intervals. Forty three buildings in 

the 3. 9 square kilometers of the Institution were identified as containing M. 

lucifugus. Of those, 23 were identified as containing at least 100 bats and 8 of those 

were used for trapping based on accessibility of the roost entrances and population 

counts of bats they contained. On the night prior to collection, emergence counts 

were conducted at the location of intended trapping to estimate the number ofbats 
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in the roost prior to trapping. Bats were captured at exit locations from roosts as 

they were emerging to feed. A novel trap was constructed and used that was placed 

in front of the roost opening and funneled bats into a collecting net as they emerged 

(submitted, M. First). Traps were placed at roost openings at 16:00 on the day of 

capture and left there until we returned Vz hour prior to sunset to monitor bats 

emerging from roosts. 

Bats' Vital Statistics 

Bats captured were assessed for overall condition, weight (to the nearest 0.1 

g), forearm length (to the nearest 0.1 em), gender, age (young of year or adult), and 

reproductive condition (non-pregnant, pregnant, lactating, or post-lactating). Bats 

captured prior to parturition were all considered adult. Following parturition, 

volant juveniles were identified by evaluating the degree of ossification of the 

metacarpal-phalangeal joint (Kunz, 2009),until mid-August when it was difficult to 

discern from adults because the joint was sufficiently fused that all age classes 

appeared similar. In that case nipple condition was used to differentiate adult 

females from juveniles, as well as testicular size differences between adult and 

juvenile males (Kunz, 2009). 

Wing Damage Survey 

All bats captured were assessed for wing damage associated with infection by 

G. destructans during the previous winters hibernation and the extent of damage 

was recorded on a scale of 0-3 as described by Reichard (2009). Bats exhibiting 

wing damage were banded using 2.9 mm aluminum lipped bands (Porzana, ltd.) and 

all bats were released, following processing, at the site of capture. 
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Body Mass Index (BMI) was calculated as the mass of each bat (g)/length of 

the forearm (mm). Using BMI as an index of gain is an improvement over simple 

body mass as it corrects for variation in the size of individual bats (Pearce, 2008) . 

Insect Availability 

Aerial insects were trapped from April 8, 2010 to September 15, 2010 using 

2, (1.8m x 1.8m) malaise traps with dry collecting heads fitted with dichlorvos strips 

to kill trapped insects. Previous research at the C. I. has demonstrated that M. 

lucifugus, there preferentially feed on Diptera, primarily midges and mosquitos, 

insects which are available throughout the summer. Our selection of malaise traps 

was based upon research demonstrating that they have the least bias in trapping of 

Diptera and are most likely to provide an accurate representation of relative levels 

of those insects present (Southwood, 2000). Analyses of bat fecal pellets in past 

studies has demonstrated that approximately 80% of the insects consumed by M. 

lucifugus at the C.l., are Diptera with lesser amounts ofTrichoptera (13.45-22.85%) 

and Coleoptera (3.59-8.18%). Other insect orders represented less than 2% of 

insect species present in fecal pellets of the bats at any given time but included 

Lepidoptera and Hymenoptera (Syme, 2001). Although Malaise traps have a 

collection bias against Coleoptera species, we did not consider their presence or 

absence to significantly impact our results. A large body of evidence suggests that 

M. lucifugus feed exclusively on insects ranging from 3-10 mm in size, thus we 

quantified, by order, the numbers of insects captured that were within 3-10mm. We 

also recorded the number of insects captured in the malaise traps that were less 
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than 3 mm .in size, but did not sort them by order. We did not capture any insects in 

our traps that were greater than 10 mm in size. 

Trapping was conducted at least twice weekly at two locations, one at the 

edge of Lake Chautauqua (termed "lake") and the other in an open area 

approximately 200 feet from the lake (termed "field") locations where bats were 

regularly observed to be feeding. Traps were set up Yz hour prior to sunset and 

were left in place until 1/z hour after sunrise at which time the collecting heads were 

removed and the insects placed immediately into jars containing 99% ethanol. 

Because insect collection was carried out from early May until mid September, 

setting a consistent starting and finishing hour for collection would not accurately 

assess insects available during the period in which bats are known to feed. 

Therefore, the time at which insect collection was initiated and completed was 

based upon established sunset and sunrise times (Mayville weather station, 

Mayville, NY, USA). 

Using a dissecting scope, insects collected from the traps were counted and 

sorted by order~ Numbers of insects in each order caught by each of the two traps 

(Lake and Field) were recorded over 33 trapping periods between April 8 and 

September 15, 2010. On 4 additional occasions (May 19, 20 and 21 and June 15), we 

obtained data at the field location, but not the lake because spiders set up webs over 

the entrance to our collecting heads at this location. 

Climate data 

Low and average daily temperatures (to the nearest 0.1 °C) for the 

Chautauqua institution as well as daily precipitation levels (to the nearest 0.1 em) 

10 



were obtained from the weather station in Mayville, NY, located approximately 2 

miles away on the northern edge of Lake Chautauqua. Temperature values were 

recorded on the days insects were collected and precipitation values were averaged 

weekly beginning two weeks prior to capture of bats and continuing until 

September 26, 2010. 

Results 

Seasonal and Spatial Patterns of Insect Availability 

Twelve insect orders were represented in the malaise traps including, 

Coleptera, Dermaptera, Diptera, Hemiptera, Homoptera, Hymenoptera, lsoptera, 

Lepidoptera, Mecoptera, Neuroptera, Orthoptera, and Trichoptera. Mecoptera and 

Orthoptera species were not captured at the lake trap and were only captured on 

two occasions (June 11 and July 18, 2010) from the field trap and in those two cases 

only one member of each species was captured on both nights. Similar capture rates 

were seen for Hemiptera. Only two members of the species were caught on a single 

evening in the field trap (August 15, 2010). Capture rates were highest for Diptera 

species, comprising 88% of insects captured in both the Field and Lake traps. Not 

surprisingly, numbers of diptera were consistently higher in the trap set at the lake 

edge and observations of insects there as well as insects captured in the traps 

indicate that midges were the predominant species found throughout most of the 

season, though they were not counted separately. 

Lower numbers of dipteran species were captured early in May when 

nighttime temperatures were lower, although equally low numbers of insects were 

captured on occasions in the summer when nighttime temperatures were 
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significantly higher. Beginning on August 25, 2010 numbers of Diptera captured in 

the lake trap were at least 8-fold greater than the largest number captured on any 

preceding date and remained high until collection was complete on September 14, 

2010 (Figure 1). Species captured during this period, though not counted 

separately, were observed to be almost exclusively midges and coincided with 

observations of midge hatches along the lakeshore (M. first, personal observation). 

Numbers of insects trapped in the field trap during this period were very low. 

Diptera totals for each of the four trapping nights there were 3, 5, 1 and 2 insects 

total. 

Influence of Climate and Precipitation on Insect Populations 

Weekly precipitation averages ranged from 0 em to a maximum of 5.31 em. 

during the study period. Precipitation values were not associated with abundance 

of dipteran species (Fu6=0.0156, P=0.700). This is reasonable since most dipteran 

species caught in the lake trap and consumed by the bats have aquatic larval stages 

that would be independent of seasonal rainfall. There was a significant negative 

correlation between the availability of diptera and average weekly temperatures 

throughout the experimental period (Fu6=5.127, P=0.041) This is most likely due to 

a disproportionate increase in midge populations from late August to mid

September, a time when average temperatures decreased. Thus, insect availability 

did not necessarily increase with increasing ambient temperatures. The four days 

experiencing the highest daily (low) temperatures: June 27, July 17 and 24 and 

August 9, with temperatures of 21.4, 20.7, 21.7 and 20.9 oc respectively had among 
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the lowest levels of insects captured in traps on those nights, at both locations 

(Fig.2). 

Seasonal Variation in Body Mass Index (BMI) of Adult and Juvenile Bats 

Average BMI from females captured on the first day of the study (May 

21,2010) was 0.195 (N=20, SE=0.004). Body masses predictably increased with 

pregnancy, particularly after June 3, when most females were obviously pregnant. 

One female captured on June 8 was not pregnant (NP) and one captured on June 15 

was lactating (L). On June 22 and 23, coinciding with parturition and evidence of 

lactation in captured bats, BMI for all bats decreased from their highest values of 

0.241 (N=26, SE=0.004) and 0.242 (N=25, SE=0.006) on June 8 and 15, respectively. 

Bats were identified as lactating over the next 4 captures on June 30 and July 6, 10 

and 17 and BMI did not appear to change over this period (July 10 avg. BMI=0.183, 

N=27, SE=0.003)(Fig,3). 

Volant young were captured beginning on July 17, roughly coinciding with 

evidence of weaning in adult females (Kunz, 2009) captured at the same time. 

Beginning with weaning, both adult females and volant juveniles increased BMI over 

the next 10 weeks, though the rate of gain was not consistent over that period. 

Adult female and juvenile bats did not appear to increase body mass in one two 

week period from July 24 to August 7. Adult females did not appear to increase 

body mass (BMI=0.254 on 8/29; BMI=0.249 on 9 /8) during the 10 day period from 

August 29 to September 8, though juveniles during that same period did (BMI=0.181 

on 8/29; BMI=0.191 on 9 /8) (Fig.3). Numbers of females and juveniles captured 

from maternity roosts decreased at the end of August but were replaced by adult 
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males captured on September 15 and 26. Presumably these were males passing 

through between summer feeding and fall swarming sites or were relocating from 

roosts nearby. 

Relationship of Prey availability to BMI changes in Little Brown Bats. 

Numbers of Diptera present in the Malaise traps exhibited a positive 

significant correlation with BMI changes in M. lucifugus (F1,49o=152.673, P<O.OOOS). 

This result is likely due to large numbers of midges captured in the Lake trap 

beginning on August 25 (Diptera= 575) and continuing through September 15 

(Diptera = 625) (fig.2). When the insect data for those 4 capture periods is removed, 

there is no significant relationship between changes in prey and BMI in adult 

females (FU19=2.764, P=0.097) or juvenile bats (Fl,s6=1.541, P=0.218). From June 8 

to June 15, pregnant bats captured showed no real increase in BMI (June 8, 

BMI=0.239, June 15, BMI=0.242) although numbers of Diptera increased 

significantly during that same time (from N=3 Diptera in the lake trap on June 10 to 

N=25 Diptera in the lake trap on June 11). In addition, adult females did not increase 

(average) body mass indices between August 29 (BMI=O .254) and September 8 

(BMI=0.249), though levels of Diptera were at their highest (580, 431, 980 and 630 

Diptera on August 25th and 31st and September 11th and 14th, respectively). 

Conversely, juveniles exhibited an increase in BMI during the same period (August 

29th, BMI= 0.181, September 8, BMI= 0.192). 

Changes in BMI of both adult and juvenile bats do not correlate with 

increases and decreases in insect numbers captured at either the lake or field trap. 

Subsequent to weaning of juveniles on July 10, both adult females and juveniles 
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typically increase BMI in preparation for hibernation. Adult females did not increase 

BMI for a total of 24 days during this period (from July 24 to August 7 and from 

August 29 to September 29). Yet, average BMI and body mass of adult females 

(BMI=0.260, Body mass=9.6g) and juveniles (BMI=0.201, Body mass=7.3g) on 

September 26 was comparable to body masses of bats recorded in previous years at 

the same location (unpub data from Syme, 2001). Little brown bats commonly feed 

along lakeshores due to the consistent supply of insects with aquatic larval stages. 

Therefore, although dramatic, the increase in Diptera at the end of the summer may 

not be ecologically important for little brown bats at the Cl. The lower numbers of 

diptera represented in the traps prior to August 25 were more than adequate for 

reproduction, lactation and pre-hibernation weight gain of bat populations there. 

WNS associated Wing Damage and Body Mass in Little Brown Bats 

Four adult female bats that were banded on June 23 (n=2) and July 10 (n=2) 

and identified as having WNS type wing damage, were recaptured on September 8, 

(n=2), September 15 (n=1) and September 26 (n=1) at the same locations they were 

captured initially. Bats were identified by number and their BMI was plotted 

against members of the maternity colony that were captured with them on the same 

date. Each bat is represented by two data points (Fig.3). The first point was initial 

capture and banding and the second, later in the season is upon recapture. Thirty 

one additional bats were identified as having WNS-type wing damage and were 

banded but, because they were not recaptured, their data is not shown separately 

from other bats captured at the same time. There was no relationship between 

WNS-type wing damage, index=1 (WD1) and overall BMI of affected bats 
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(Fl,319=0.255, P=0.614) which is consistent with the findings of Frankl (2011). All 

four bats initially exhibiting wing damage and recaptured during the study were 

lactating and all except bat 1 were within the BMI range of their cohorts at the time 

of banding. The other 31 bats, though not recaptured, were within one standard 

deviation of the average BMI of unaffected bats at the time of initial capture. At the 

time of recapture, the BMI of all four bats was within one standard deviation of the 

mean BMI of adult females captured at the same location at that time. No bats were 

observed at the CI that exhibited damage greater than WDI=1 although the two 

locati,ons in which wing damaged bats were observed, approximately 30% of bats 

captured were affected. Female bats captured from the other 6 maternity roosts, 

with the exception of 3 adult females, were not identified as having WNS type wing 

damage although all roosts sampled were within 1500 meters of each other. It is 

possible that bats from maternity colonies in which we did not identify members 

with White-nose syndrome type wing damage are hibernating in locations where 

the fungus is not yet present. 

Discussion 

The population of little brown myotis at the Chautauqua Institution, NY has 

remained steady for at least the last 21 years with population surveys having been 

conducted, on average, every 3-5 years beginning formally in 1990 (Syme, 2001; CI, 

unpub. Data; M. First 2010, curr. study). Surveys for bats affected by White-Nose 

syndrome were conducted during the summer of 2009 at the CI and Fredonia, NY 

located approximately 40 km to the northeast (Unpub. Data). During those surveys, 

bats were identified in the Fredonia, NY population that had WNS-type wing damage 
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but none were found at the C.I. The following winter, 2009-2010, White-nose 

syndrome was positively identified in bats hibernating near Buffalo, NY, another 80 

km north (USFWS, 2010) Our research at the CI the subsequent summer, 2010, 

identified 35 bats with WNS type wing damage out of 562 bats surveyed. All bats 

that were affected had mild wing damage (WDI=1) and, consistent with other 

studies, the damage was not associated with decreases in BMI when compared to 

conspecifics without wing damage (Reichard, 2009; Frankl, 2011). In addition, all 

female bats exhibiting wing damage were either pregnant or lactating and overall 

fecundity rate for the population was 98% (1/51 adult females were not pregnant 

during 2 capture periods (Fig.3). 

Importantly, little brown bats at the C.l. have not had a detectable decrease in 

numbers, although WNS appears to be directly affecting members of the population. 

How much increased winter survival in G. destructans infected bats is dependent on 

summer feeding ecology has not been determined, but some populations of M. 

lucifugus have been found to have lower body masses in WNS-affected areas prior to 

hibernation when compared with historical data (Kunz, 2009). In addition, other 

studies have pointed to the importance of climate in influencing the timing of 

parturition, survival of young and ability of bats to put on prehibernation weight. 

(Frick, 2009). All of these suggest that, although there may be other factors as well, 

the contribution of consistent and abundant summer prey to winter survival in 

WNS-affected hibernacula is likely to be significant. By these measures, little brown 

bats at the CI have prey supplies that appear to exceed, consistently, demand by the 

local population. This is evidenced by the fact that adult females did not increase 
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BMI for a total of 24 days from July 24 to September 26, yet average BMI and body 

mass of adult females (BMI=0.260, Body mass=9.6g) and juveniles (BMI=0.201, 

Body mass=7.3g) on September 26 was comparable to body masses of bats recorded 

in previous years at the same location at that time (Sept. 28, 1990, BMI=0.258, body 

mass=9.5 g; Sept. 24, 1991, BMI=0.256, body mass=9.4g, Syme, 2001) and is higher 

than that reported for other M. lucifugus populations in theN ortheast (Kunz, 1977, 

1998, 2008). These results are at odds with our predictions that BMI changes in the 

bats would closely correlate with prey abundance and suggest that there is a large 

amount of flexibility for both young and adult bats in feeding and timing of pre

hibernation weight gain. 

At the time of completion of this study, White-nose syndrome was identified 

in hibernacula in the neighboring county and bats were identified as having wing 

damage associated with infection by G. destructans but there has not been an 

observable decline in the population at our study study site (CI). It is reasonable to 

assume that there is some associated mortality but that those bats either died in the 

hibernacula or had moderate to severe wing damage (WDI=2, WDI=3) and did not 

survive the return to summer colonies. The fact that those bats are not making an 

observable impact on the population at the C. I., though, suggests a higher survival 

rate during the winter. It is also possible that, increased body condition, going into 

hibernation, is aided by relatively short migration distances for some of the bats. 

Bats that were captured from two of the maternity colonies were observed 

emerging from roosts as early as April4, 2010, indicating that they may not have 

long distances to travel following emergence from hibernation. Short migrations 
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are also likely to enhance survival of bats in G. destructans affected hibernacula by 

conserving valuable energy prior in the movement to hibernacula and following 

·emergence in the spring before arriving at summer feeding sites. However, without 

monitoring individuals or groups of bats as they move to swarming sites and then 

subsequently to hibernacula, we cannot confirm that body condition and/or 

proximity to hibernacula are critical factors in the apparent stability of aWNS

impacted population. Myotis species in Europe have been confirmed to be infected 

with G. destructans during hibernation, but the fungus there does not appear to be 

causing associated mortality (Wibbelt, 2010). It is unclear whether this is due to 

resistance on the part of the bats, decreased virulence of the fungus or some 

combination of both, but survival of bats there may reveal clues that help us 

understand disease development on this side of the Atlantic Ocean. 

One of the greatest impediments to making progress in understanding 

factors that may contribute toWNS survival is the fact that summer and winter 

studies of most bat species are not linked by individual data (Foley, 2011). Bat 

species in WNS affected hibernacula may come from many summer colonies with 

very different environments that may have conferred physiological advantages or 

disadvantages on those bats prior to hibernation. These factors may contribute to 

differential survival in hibernacula where G. destructans is present but cannot be 

assessed in any meaningful way unless individual bats with their life histories are 

monitored between summer and winter sites. Unfortunately, the sheer difficulty of 

banding and/or tracking individual bats on their migratory paths between summer 

and winter sites has precluded general application of that approach. However, if we 
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are to obtain truly useful information on factors contributing to survival of 

insectivorous bats in WNS affected caves, more effort will be needed to do just that. 

In our current study of a population of little brown bats at the Chautauqua 

institution, NY, precipitation, temperature and relative insect abundance did not 

alter the fecundity rates or the timing of parturition from historical values. In 

addition, BMI changes were not significantly correlated with climate or prey 

availability. In addition, in this study, 30% of the adult female bats captured at two 

of the maternity colonies were identified as having WNS-associated wing damage. 

These females did not have lower rates of fecundity or decreased BMI compared 

with non-affected females and the population at the C.l. has remained steady in spite 

of the presence ofWNS. While the etiology ofWNS appears to be complex, a 

populations of bats that are robustly healthy by current, and historical standards, in 

WNS affected areas may be valuable for establishing parameters associated with 

survival in the face of the disease. 
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Figure 1: The numbers of dipteran species captured in two malaise traps located at 
the edge of Lake Chautauqua (Lake) and 200m from the edge of the lake in a field 
(Field). Traps were left in place from sunset to sunrise on each collection day. A. 
Diptera captured from May 8 to August 23, 2010. B. Diptera captured from August 
25 to September 13, 2010 in the same traps. The graphs are separated, as the total 
numbers of diptera captured cannot be accurately displayed due to a difference in 
scale. 
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Figure 2: Precipitation (em) and Temperature (C), high and low values for the study 
period, taken from the weather station in Mayville, NY, 2 km northwest of the 
Chautauqua Institution. 
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Figure 3: Changes in BMI of adult female, juvenile and male M.lucifugus, from May 
21 to September 26, 2010. BMI is calculated as the mass of the bat (g)/ forearm 
length (mm). Points identified as WNSl-4 represent individual bats banded and 
identified as having WNS-type wing damage. The first points are at the time of 
capture and the second set are at recapture. 
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Chapter 2 

THE ANGLE TRAP: A HIGHLY EFFECTIVE TRAP FOR 
THE CAPTURE OF BATS 
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Abstract: The Angle Trap, A Highly Effective Trap for the Capture of Bats 

The capture of large numbers of bats from given populations has been a challenge since 

bat trapping schemes were first devised. The two most commonly employed devices are 

the harp trap, utilizing a series of parallel wires to disrupt bats in flight and mist nets, 

borrowed from avian research, that function to entangle bats that contact it while in flight. 

Modifications to both have been made to increase their efficiency but both still suffer 

from relatively low capture rates, and can be cumbersome to use. We have constructed 

and utilized a trap for bats that has capture rates of between 80 and 100% when deployed 

at the entrances to maternity roosts of little brown bats (Myotis lucifugus). Our trap 

incorporates a mechanism for detaching the bag holding captured bats and attaching a 

new bag so that trapping can continue uninterrupted while processing of captured bats 

can begin. Using this trap we were able to capture 456 bats in one evening using 4 

holding bags in succession. The principles used in the angle trap could be applied to 

larger, megachiropteran species as well as more open environments, such as flyways and 

feeding sties. 

Introduction: 

The collection of adequate numbers of bats for surveillance, research and management 

purposes is typically a time consuming activity with low rates of capture. Hand capture 

.c)f bats in day roosts is often used but yields relatively small numbers of bats. Harp 

traps, mist nets and modifications of both have been used to trap Megachiroptera and 

Microchiroptera species but both trap types are limited in overall capture rates (Kunz, 

2009; Francis, 1989). Successful capture in mist nets is dependent on the species of bat 

encountering the net as well as placement of the nets and requires constant monitoring 
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(Francis, 1989; Rautenback, 2008). In addition, trapping of microchiropertans often 

results in damage to the nets due to bats chewing the net in attempts to escape, or 

extensive tangling of bats in the nets themselves. Harp trap success is dependent on 

placement of the trap, tension on the trap wires and the relative ability of bats to pass 

through the wires or bounce off them (kunz, 2009: Tuttle, 1974; Youngson, 1977). In 

general, the capture rate with either type of trap is typically low on a bat per trap-night 

basis (Francis, 1989; Kunz, 1977). A comparison of mist nets and two variations of a 

harp trap found suborder differences in capture rates but overall rates were low for both 

Megachiroptera and Microchiroptera, having a high of 4.4 bats/trap-night (Francis, 1989). 

In that study, traps were placed across trails or streambeds, presumably locations of 

increased bat activity. However, traps were not observed for the duration ofthe trapping 

so capture success was measured as bats per time per trap, a measure that does not reflect 

the total number of bats potentially available for capture at each net. In a study involving 

little .brown bats (Myotis lucifugus) and utilizing modified harp traps (Tuttle traps) Kunz, 

(1977) found capture rates ranged from 30-80% depending on location and seasonal 

timing, though most of the trap setups functioned to capture about 50-60% of bats. Kunz, 

(1977) placed traps at sites of emergence of bats from man-made structures, so capture 

rates were higher than observed when similar traps are placed in probable feeding areas 

or flyways (Y oungson, 1977). Kunz (1977) expressed capture rate as the number of bats 

that encountered the trap and were subsequently caught or avoided capture. Capture 

rates varied depending on the nature of the exit space (from a small crevice in one 

situation to a large window sized opening in another) and appeared to decrease when bats 

emerged from larger openings, because they contacted the wires of the trap with greater 

32 



momentum and were able to pass through the trap more frequently. In addition, it has 

been observed that capture rates sometimes decrease with the repeated use of harp traps 

and mist nets at the same location. This has been suggested to be due to learning 

associated changes in flight behaviors by the bats such as changing flight patterns to 

avoid the trap altogether and altering flight behavior to fly through the wire configuration 

of the trap itself (Kunz, 1977; Kunz, 2009; Francis, 1989). 

In situations where bats emerge from roosts or have typical flight routes more 

than 3 meters above ground level, both mist nets and harp traps become cumbersome and 

increasingly inefficient and difficult to use. Modifications that allow traps to be raised or 

lowered increase the height at which collection can occur but have the negative 

consequence that if captured bats are to be handled, the trap must first be lowered, at 

which point no further collection can occur or bats must be held until all bats possible 

have been captured (Rautenback, 2008). Since many colonial roosting species of bats 

may emerge over a period of hours, waiting to process bats until all possible bats are 

caught greatly increases the time bats are held, a consideration especially in areas where 

bats are already stressed and adequate feeding and weight gain or limited food resources .. 

are a concern. In cases where hundreds of bats occupy a single roost, if ideal catch rates 

are achieved, it may also be problematic to leave traps in place as the bag or net holding 

captured bats exceeds its capacity. 

Design of the trap discussed in this paper emerged during the course of a larger 

ecological study on a population of little brown bats (Myotis lucifugus) at the Chautauqua 

Institution in Chautauqua, NY. As part of that study, we needed to recapture bats we had 

banded from 2 separate maternity colonies comprising over 300 bats each (M. First, 
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personal,observation). Our objective in constructing the angled trap was a design that 

would capture, ideally, every bat emerging from each of the colonies. We also wanted the 

ability to process bats from the traps' holding bag, while still capturing emerging bats, a 

challenge since all roost entrances were at least 5 meters above ground and two were 

approximately 12 meters above ground. 

Initial trap construction utilized a vertical piece of 1.9cm2 bird netting designed to 

"bounce" bats backward into a holding net as they were emerging from day roosts, a 

principle that has been variously applied by others capturing both micro and 

megachiropteran species (Kunz, 2009). However, bats would frequently contact the 

netting, grab hold, and then maneuver through the netting itself. This was especially true 

if bats were emerging from larger openings or approaching the trap from a greater 

distance (2.4m.) or with greater momentum. Observations of bats as they encountered the 

trap net led us to suspect that if we could adjust the trap so that it contacted bats in flight 

at the top or back of their head, the bats might bounce into the holding bag but be unable 

to grab the net and escape. In the redesigned trap, utilizing a section of 1.9cm2 bird 

netting placed at an approximately 60° angle (fig. 1), bats hitting the trap's angled net 

with their heads immediately contracted into a semi-rolled position and dropped neatly 

into the holding net. In every case, if a bat contacted the angled net, it was captured. This 

response contrihuted to an extremely effective trap for the capture of small, vespertilionid 

bats as they emerged from roosts to forage. 
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Methods: 

Capture of M lucifugus occurred at several maternity colonies located in man-made 

structures, including privately owned homes and 2 historic public buildings in the 

Chautauqua Institution, Chautauqua, NY. The Institution, a popular summer retreat, is an 

ideal location for studies of this particular bat population as it houses approximately 

5,000 little brown bats in the attics and crawl spaces of many of the 250 seasonal use 

homes located there (Syme, 2001; M. First, pers. obs. ). Homes chosen for collection 

contained at least 1 00 little brown bats and had roost entrances that were accessible by 

ladder. Bats in these homes emerged from the eves of dormer windows, attic vents, 

cracks between the drip edge and roofing, window sized openings in attics and the ridge 

vent at the top of a roof. Population estimates were made by taking emergence counts at 

each trapping location on the evening prior to set up of the trap and reported population 

values were taken as the average of 3 individual counts (Sutherland, 2000). Because 

trapping was often stopped before all individuals in a colony had emerged, only the total 

number of bats emerging from roosts at the trap location were counted and taken into 

consideration in capture rate. All bats caught remained in the trap net and were unable to 

escape from it and, so represent the actual number of bats available for data collection. 

Traps were installed in the afternoon on the day of capture, and we returned 

shortly before sunset to observe bats as they emerged. During capture attempts, bats were 

counted as they emerged from the exit on which the trap was placed. Bats that avoided 

capture were counted as well as the total number of captured bats. We counted bats as 

avoiding capture if they hit the trap net but escaped or avoided the trap entirely by flying 

around it or at oblique angles to the trap net. Numbers of bats counted exiting at traps do 
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not always represent the total number of bats inhabiting that particular roost as 

determined on the prior evening. Often we stopped trapping when we had caught a 

sufficient number of bats for that evening's data and on one occasion weather forced us 

to stop capture. Capture times were approximately Y2 hour before sunset until about 2 Y2 

hours after sunset. 

Capture attempts from May 21, 2010 to July 24, 2010 utilized a trap identical to 

the one described here, except that the netting used was placed vertically at the back of 

the trap assembly. Starting on August 1, 2010 and for all remaining trapping attempts, 

the trap utilizing an angled net in the trap assembly, as described, was used. When the 

two versions of the traps were used at the same location on different dates, trap placement 

was kept the same. The eight locations at which we trapped bats were private residences 

and, for protection of privacy they are listed as alpha-numeric identifiers under location. 

Construction 

Materials: (2), 3m. lengths 1.3cm, schedule 40 PVC; (4) 1.3 em, 90° elbows with side 

outlet; (4) 1.3 em, threaded adapters if side outlet is threaded; (4) 1.3cm "T"s; (4) 1.3cm 

90° elbows; (32) #8 x 1.9cm self tapping screws; (1) .. 65 em x 24 em x 56 em PVC sheet 

goods; (2) 1.9cm x 1.9cm x 67.3 em PVC sheet goods; (4) 35 em zip ties; (20) 17 em zip 

ties; (10) 1.2 X 1.8 m piece of 1.9m2 bird netting (Avinet, Dryden, NY); (1) 38cm 

diameter, heavy duty butterfly net (Bioquip, Rancho Dominguez, CA), steel rim 

removed; 1.4 m self adhesive, heavy duty, hook and loop tape; (2) heavy duty spring 

clamps, 5 em jaw opening. 
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Preparation: 1.3 em PVC cut to 4 pieces at 56 em, 4 pieces at 38 em, 4 pieces at 19 em, 

and 4 pieces at 5 em. One 1.9 em x 1.9 em PVC sheet cut to (2) pieces at 24 em and (2) 

pieces at 42 em. 

Frame construction: Note: construct entire frame prior to installing screws. Top: Using 

the ( 4), 90° elbows with side outlet, set out to 4 comers with outlet down. Install front 

and back (2 sections of 38 em) and sides (2 sections of 19 em) and then install4 uprights 

( 4 sections of 56 em), using the adapter if required. Set out ( 4) "T" pieces with the 

perpendicular facing up (this will become the bottom of the frame) and install between 

the front and back (2 sections of 38 em). Now add (4) 5 em sections to the opposite side 

of the "T". Take the (4) elbows, 2 on each side and attach the remaining (2) 19 em side 

pieces. Attach these sections to the short 5 em pieces so that you have a rectangle. Install 

the bottom of the uprights into the top of the "T" pieces. You should have a rectangular 

box with short "wings" that extend out from the sides of the bottom. These wings will be 

used to clamp the trap itself to the collecting net. Square up the box and make sure all the 

piping is seated. Drill pilot holes and install screws through connector into pipe. 

Attaching bird netting: Fasten 36 em zip ties, 2 together, front and back at each "T". 

Attach an approximately 76 em long section of bird netting inside the frame so that it 

goes diagonally from the front top to rear bottom of the trap. Be sure there is extra bird 

netting to accommodate attachment to the frame sides. Secure the netting with 19 em zip 

ties as required to adequately secure the netting. When installed, the diagonal netting will 

feel very loose to the touch with very little tension on the netting itself. Do not attempt to 

tighten the diagonal section of netting so that it is taut as it is not necessary or 

advantageous for proper functioning of the trap. Now enclose the trap in the remaining 
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netting by starting at the bottom flange and securing the netting on the sides, top, bottom 

and back of the trap using zip ties as necessary to secure. Fasten the diagonal netting to 

the side netting along its length on both sides using zip ties as necessary. 

Assembling the holding net: Using the 1.9 x 24 x 61 em PVC sheeting, cut a hole from 

the center measuring 19 x 38 em. Attach the (2) 24 x 1.9 x 1.9 em and (2) 42 x 1.9 x 1.9 

em PVC pieces to the PVC sheeting so that they are flush with the inside edge of the 

hole. Secure with screws as necessary. To this lip, attach hook and loop tape (135 em) 

around the outside perimeter. Next, attach the complementary strand of hook and loop 

tape to the inside top edge of the butterfly net, securing with thread, staples or cement as 

desired. Cut the corner off a heavy duty black garbage bag such that the top edge of the 

corner piece can be folded over the top of the PVC sheet and secured with duct tape 

around the perimeter of the garbage bag, leaving no openings. The bottom point of the 

corner should extend approximately 46 em down the hole inside the PVC sheet and into 

the holding net. Cut a 15 em slit along the bottom corner for bats to drop through. A 2.5 

em hole may be drilled in any one of the corners of the holding net so that the net can be 

lowered or raised via rope and hook. To assemble the complete trap, the holding net is 

attached to the top of the trap using two spring clamps applied at the long ends of the 

PVC sheet and trap top. 

Trap installation: The trap is attached to the opening by two light screws at the top of the 

trap frame or, in cases where screws cannot be used, the trap is light enough to be held to 

the roof with duct tape (fig.4). Alternatively, the trap can attached to a stand similar to 

those used with harp traps if attaclunent to the building is not feasible. 
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Results 

Initial trapping attempts from May 21, 2010 through July 24, 2010 utilizing the trap 

assembly with vertically placed .02 meter bird netting, yielded low rates of capture 

(Table 1 ). Average capture rate using the vertical trap design was 45%, with a low of 

28.7% and a high of 70.7% of bats flying into the trap being caught in the holding bag. 

Individual capture rates varied depending on the opening type utilized by bats but were 

not consistent over the 9 trapping periods. A capture rate of 32.1% was observed on May 

21 at a maternity colony that was departing from a, roughly, 4" long crack between the 

shingles and metal drip edge. At maternity colonies with similar exit types on July 17 

and July 24, significantly higher capture rates were observed (Table 1). On both of those 

occasions, trapping included volant young, but their representation in the holding net was 

less than 40% on both occasions (unpub. data). Lower rates of capture (37.9% and 

40.2%) occurred, also, where bats were emerging from the eves of a dormer window 

(63P, May 28 and June 30) and the trap could be placed no closer than 8 feet from the 

point of emergence. The lowest capture rate, 28.7%, was observed where bats were 

exiting the roost from a window size opening (fig.1; Table 1, June 15). 

Eight trapping attempts from August 1, 2010 through September 26,2010 utilized 

the design as described here (Fig.4, Fig. 5) and capture rates increased significantly over 

previous attempts with an average capture rate of93.2% and a high of 100% at one 

location on two separate trapping attempts (table 1 ). The lowest capture rate of 81.4% 

was observed at 63P, a location where bats were emerging from the eve of a dormer and 

the trap was approximately 8 feet in front of the exit location, even with the dormer 

window. The lower capture rate at this location was due to the fact that the distance to the 
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trap from the roost entrance allowed many bats to avoid the trap net altogether. 

Interestingly, the colony with the lowest capture rate using the vertical net trap design 

had the highest rate of capture using the angled net. The capture rate remained at or near 

100% with repeated trapping (August 16, September 16 and September 26) (Table 1) 

indicating that the bats may have difficulty adjusting to the angled net and increasing 

their rate of escape with repeated trapping, a trend that has been suggested by others 

(Francis, 1989; Kunz, 1977). It is important to note, though; that on September 26, most 

of the bats captured were male, in what had been a summer maternity colony. This may 

have positively affected capture rates, since the males using the attic at that location, late 

in the season, were likely passing through and would have encountered the trap for the 

first time. Higher rates of capture (81.4 -95.1 %) were observed at the other locations 

relative to our initial trap design and to other trap designs commonly in use (Anthony, 

1981; Francis, 1989; Kunz, 2009) regardless of the type of opening used by bats to exit 

roosts. In addition to 17M, a repeat capture attempt was made at 63P using the angled 

net. Capture rate increase from 37.9 and 40.2% on the previous two attempts using the 

vertical net to 81.4% on September 8, using the angled net. This was the most difficult 

trapping situation, since bats exiting at this location contacted the trap approximately 2.4 

meters from the roost entrance and were fully in flight. All escapes from the trap at this 

location were due to avoidance of the trap net entirely. Bats still contacted the trap in 

high numbers as their flight pattern took them along the side of the dormer window and 

into the trap at the end of the dormer. 

No bats that were caught in the trap were injured and there were no fatalities. 

Most bats that dropped into the holding net climbed to the top of the assembly and 
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remained upside down in groups. Occasionally a bat would become tangled for 2 or 3 

minutes in the single layer of bird netting before escaping, but of 1523 bats captured, 

only 3 had to be untangled by hand from the trap net. No bats were able to escape from 

the holding net. 

Discussion 

Initially, we constructed the traps described, not because we anticipated that they would 

improve upon previous models, but because of time and budget constraints. Unlike the 

commonly used Tuttle trap, our trap takes about 2 hours to assemble, initially, from raw 

materials, weighs only about 3.5 kg for the smaller versions and costs less than US $50. 

Even at low capture rates we were confident that we would obtain sufficient bats to 

address the questions inherent in our study so high capture rates were not necessary. 

However, after banding specific individuals, it became clear that in order to obtain useful 

data, we needed to recapture as many banded individuals as possible from the maternity 

colonies of interest and the initial trap design was inadequate for that purpose. 

Observations of M lucifugus contacting the (vertical) trap net revealed that, when 

individuals were not seen to bounce offthe net they were, in the majority of instances, 

able to grip the net and then quickly maneuver through the 2 em openings. The principles 

of our initial trap design are similar to that of the Tuttle trap in that bats' flight is 

disrupted by an obstacle (or series of obstacles) and their subsequent loss of altitude is 

taken advantage of by a collecting bag or net (Tuttle, 1974, Constantine, 1958). In our 

trap, the bats are directed backward and down and in Tuttle traps they continue forward, 

dropping between a series of wires. Observations of bat responses to Tuttle traps in which 

a certain number of individuals pass through the wires (Kunz, 1977) has parallels to the 
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original design of our trap in which individuals that could recover from contact with the 

net were able to negotiate quickly through it and resume flight. There have been 

"observations that capture rates may decrease with the repeated use of Tuttle traps at the 

same location and this has been attributed, in part, to learning by the bats themselves to 

accommodate flight to the trap wires (Kunz, 2009). It is possible that this occurred with 

our initial (vertical net) trap design, but we have insufficient data to test this 

With vertical barriers such as bird netting or wire, a common disadvantage is that 

bats are challenged by the trap system from head on, a position from which they can most 

effectively use echolocation, sight and/or physical ability to detect, avoid and escape 

from the trap. We hypothesized that if we could use our net to direct bats in flight from 

above, by angling it in, they would be less able to modify their physical response in time 

to grip the net before bouncing down in to the holding net. We were not as concerned 

about detection of the net itself by vision or echolocation since the majority of bats 

escaping capture in the vertical net trap, did so by passing through the net rather than 

avoiding it altogether by flying at oblique angles to the trap (M. First, pers. observ.) 

When bats hit the angled net, their response was the same in every case and that response 

guaranteed capture in the collecting bag. The bats flew into the bird netting, contacted it 

with the top or back of their heads, contracted into a semi-rolled position and dropped 

vertically down into the holding bag. In the angled net trap as described (fig.4 & fig.S), a 

bat contacting the net at the top would drop, at most .61meters before entering the catch 

net. In our largest version of the trap, which was .61 x .91 meters, and was used in 

conjunction with a dormer window (63P), bats were still dropping into the holding bag 

after contacting the angled net near its top. 
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Although we did not have the opportunity to test the trap on other bat species, 3 

big brown bats (Eptesicus fuscus) were captured on September 26 from the colony at 

17M (unpublished data) and appear to respond in the same way to contact with the angled 

net. Additional research is needed to determine if the response to the angled net is 

observed across a range of chiropteran species. 

The trap that is described in the methods has a maximum distance of .61m that the 

bats could drop before being caught by the holding net. We did not construct a trap large 

enough to exceed the drop recovery distance of bats in this study, so cannot determine 

what that value is. It would be useful to design a larger version of our trap that could be 

utilized in areas where mist nets or harp traps are typically deployed, along flyways and 

feeding areas. In that case, it would be critical to know just how far bats will drop before 

resuming flight to keep trap nets within that parameter. Assuming the capture rate 

remains high as the size of the trap is increased, the trap should be a dramatic 

improvement on both the Tuttle trap and mist net for both capture rate and ease of use. 

The single layer of bird netting may be more difficult for echo locating species to resolve 

and avoid than traditional mist nets in which there are multiple layers of net positioned at 

intervals along the trap (Francis, 1989). Time saved removing bats from mist nets can be 

spent gathering data from a larger number of individuals. One consideration in adapting 

the trap to open spaces is the lack of constraint on the position of the bats at any given 

time. Insectivorous bats when feeding can be found flying in a continuum of directions 

from vertically ascending to banking and diving sharply. In our trap, we assumed bats 

were generally approaching the trap head on, although we often observed bats dropping 

from their roost entrance and contacting the net with their backs. Bats also often exited 
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roosts and immediately flew upwards, contacting the net on the fro!_lt of their head, but 

were still caught. Nonetheless, for capture ofvesperatilionidae emerging from roosts this 

trap is superior to the commonly used Tuttle trap or small mist nets. It is easier to 

assemble and use, costs significantly less, weighs less, is more portable and is more 

effective at capturing a greater percentage of bats. Whether the principles used in its 

design can be extended to larger bat species or open spaces are two questions we hope to 

address in the future. 
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Table 1: -Comparison of the capture rate of M lucifugus in two versions of a trap design deployed at the roost entrances of 8 separate 
maternity colonies at the Chautauqua Institution, Chautauqua, NY between May 21 and September, 26, 2010. Estimated populations 
were taken to be counts (an average of three) of bats emerging on the evening prior to collection. Locations are alpha numeric 
identifying numbers of maternity roosts. 

Date Location Emergence Estimated Bats Bats Capture 
Emerging caught rate 

Opening population at trap #caught/ 
location 

n n # at trap 

0.1mwide 
21-May 41H crack 250 112 36 32 .1 
28-May 63P Dormer 375 140 53 37 .9 

0.15 m 
8-Jun 145 long crack 150 100 40 40.0 
15-Jun 17M attic window 325 275 79 28.7 

Vertical 
Net 23-Jun 6C ridge vent 200 75 37 49 .3 

30-Jun 63P Dormer 375 122 49 40.2 
10-Jul 6C ridge vent 200 87 36 41.4 

0.1m wide 
17-Jul 8M wide crack 265 155 101 65.2 
24-Jul MBH Bat house 125 75 53 70.7 

Average 126.8 53.8 45.0 
0.1m wide 

1-Aug 8M wide crack 265 143 136 95.1 
7-Aug 6C ridge vent 275 125 112 89.6 
16-Aug 17M attic window 525 456 456 100.0 

Angled 
net 25-Aug UBBH Bat house 65 58 52 89 .7 

0.1m wide 
29-Aug 41H crack 325 311 289 92.9 
8-Sep 63P Dormer 315 113 92 81.4 
16-Sep 17M attic window 300 ' 250 243 97.2 
26-Sep 17M attic window 225 143 143 100.0 

Average 199.9 190.4 93.2 
Table 1 
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Figure 4. - Diagram of the angled net trap, side view, showing details of the construction 
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A. "J" Hook 
B. 90° Elbow with side outlet 
C. 1 /2" schedule 40 PVC pipe 
D. 3/4" HOPE bird netting secured to top front 
and bottom rear with zip strip 
E. "T" 
F. 90° elbow at net support (clamping) 
G. 3/4" PVC sheeting 
H. 3/4" PVC rim w/ velcro fasteners 
I. butterfly net (cutaway) 
J. garbage bag funnel (cut open at bottom) 
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Figure 5: -Diagram ofthe angled net trap, front view, showing details ofthe construction. 
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A. "J"Hook (front only) 
B. 1/2"schedule 40 PVC 
C. 90" elbow w/ side outlet 
D. 3/4" HDPE bird netting 
E."T" 
F. 1/2"x 2"schedule 40 PVC nipple 
G. 90" elbow3 
H. Spring clamp 
I. PVC sheet 3/4" x 9" x 22" with 7 1 /2" x 1 5" hole cut out 
J. Heavy duty plastic garbage bag corner, slit end 
K. Standard butterfly net (cut away view) 
fastened to PVC rim with velcro 
l. Zip-tie side netting support 
M. Placment of rack for hanging net 
during processing, after removal from trap upper 
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