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ABSTRACT
Factors Influencing the Use of Artificial Bat Boxes as Maternity Roosts in New Jersey

Erica Robinson Fischer

Summer roosts are critical components of many Northeastern bat species life histories,
and many take advantage of man-made bat boxes for this purpose. While numerous
studies have focused on the use of artificial bat houses by transient males as summer
roosts, few studies have attempted to discern what type of bat box is ideal for housing a
maternity colony, which are of greater conservation importance. In this study, |
investigated numerous variables associated with the installation and placement of
artificial bat boxes that are actively utilized as maternity roosts throughout the state of
New Jersey, and compared those characteristics with unused bat boxes. Placement of a
bat box on a building and not on a tree produced the most significant likelihood that a
maternity roost would occupy it. Lighter coloring, less hours of sun daily, and older
physical condition also emerged as significant variables, although these are all likely
influenced by the highly significant mount type characteristic. Finally, bat boxes located
in more disturbed areas such as suburban and urban areas were more often used than
those in isolated areas, most likely due to the lack of natural roosting habitat in those
areas. | provide actionable conservation recommendations based on these findings to
inform the most effective placement of bat boxes. Lastly, this study represents the first of
its kind in a post-white-nose fungus environment, and may serve as a starting point for
more specific and focused studies on the importance of bat boxes used by maternity

colonies in recovering bat populations.
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INTRODUCTION

In the summer months many species of North American bats such as Eptesicus
fuscus, Myotis lucifugus and Myotis sodalis form intraspecific maternity colonies in
which pregnant females congregate and roost together to raise their young, while the
males roost solitarily, frequently switching roost sites (Barbour and Davis 1969; Williams
and Brittingham 1997; Whitaker et al. 2006). Man-made structures are often utilized for
these maternity and male roosts (Fenton 1997; Williams and Brittingham 1997; Pierson
1998; Arnett and Hayes 2000; Brittingham and Williams 2000; Dillingham et al. 2003;
White 2004; Ritzi et al. 2005; Lausen and Barclay 2006; Whitaker et al. 2006; Neubaum
et al. 2007). This ability of many bat species to roost in buildings suggests that they may
adapt more easily to increased urbanization, yet it also poses a threat in the form of
human persecution and disturbance. Bats are often regarded as pests, and misconceptions
about their behavior and the likelihood of disease transmission to humans hinder their
ability to persist in buildings (Mickleburgh et al. 2002). One solution to unwanted bat
roosts in buildings is the installation of man-made bat boxes, which allow bats to use
man-made roosts and utilize human-altered habitats while minimizing the interaction
between people and the bat colonies (Williams and Brittingham 1997; Brittingham and
Williams 2000; Racey and Entwistle 2003).

Bat boxes present an opportunity for citizen conservation efforts, as they are
small, inexpensive, easy to install, do little in the way of altering human habitats, and
have proven to be effective summer bat roosts (Tuttle and Hensley 1993). Major bat
conservation organizations such as Bat Conservation International and the UK’s Bat

Conservation Trust both encourage citizen bat conservation efforts, such as providing a



bat population monitoring “app,” and by actively involving student and volunteer groups
in bat house building workshops. Increased knowledge on what factors influence a bat’s
use of an artificial box can, therefore, create a large impact in the form of citizen
conservation efforts. While investigation into their success is in its infancy and in some
situations they may not be effective (Neilson and Fenton 1994), one study showed that
over a ten-year period, a wild population of Plecotus auritus had nearly doubled in size
while living in artificial bat boxes (Boyd and Stebbings 1989). A number of studies
investigate the use of bat boxes by solitary males, looking specifically into what factors
make a bat box attractive (Chambers et al. 2002; Dillingham et al. 2003; White 2004;
Ritzi et al. 2005; Whitaker et al. 2006). However, as White (2004) indicates, maternity
roosts are of greater conservation importance than solitary male roosts (Napal et al.
2009), and research into this topic is lacking. While less frequent than use by solitary
males, maternity roosts do utilize these bat boxes (Brittingham and Williams 2000) -- a
particularly unexplored area of research is what aspects of a bat box make it a successful
site for a maternity colony.

This utilization of artificial structures by maternity roosts may in fact have
advantages over natural roosting sites, as Lausen and Barclay (2006) revealed that urban
roosting bats are less vigilant and sleep deeper in predator-protected buildings, and thus
give birth earlier and more successfully than their counterparts roosting in rocky features.
Increased research on bat house designs and installation aspects is critical in order to
understand what makes an effective site for maternity colonies so that they may be used
more widely in situations where bat roosts in buildings are evicted, or in general to

increase the amount of maternity roost sites in urban areas.



Recently, white-nose syndrome has devastated the northeastern bat populations.
As a result the precipitous decline and possible future extinction of the federally
endangered Myotis sodalis and once abundant Myotis lucifugus is expected (Frick et al.
2010; Thogmartin et al. 2013). In the face of white-nose syndrome and other risks, an
increased understanding of the use of bat boxes by these critically important maternity
colonies can become a powerful conservation tool. In this study, I investigate what
factors of bat box design and installation are significantly associated with successful
maternity colonies in the state of New Jersey and provide immediate conservation

recommendations.

METHODS

The state of New Jersey is aware of and actively monitors 25 artificial bat boxes
that are used as maternity roosts; 20 of which were available for this study.
Comprehensive searches of state records and exhaustive outreach efforts yielded 14 bat
boxes never used by a maternity colony, totaling thirty-four bats houses available for this
study. The occupied bat boxes are monitored by the homeowner and/or the state of New
Jersey annually for a variety of purposes, such as species identification, population
counts, and identification of a maternity roost; however, for the purpose of collecting
measurements for this study, each of these boxes was visited once from June through
November of 2013. The location of the boxes varied from private homes to public parks,
and included a variety of habitats and design types. Closely following White’s (2004)
model, numerous aspects were measured, assessed or identified at each bat house site
including box volume, number of cavities, landing area, color, aspect, roughness of

landing area, physical condition, mount type, canopy cover, height, disturbance, hours of



sunlight per day, time since placement, whether there was prior bat roosting at the
location, and distance to nearest body of water.

Box volume and landing area were measured, and number of cavities, in most
cases, was easily discernable by visual inspection. Color, roughness of landing area and,
physical condition were ranked ordinally, as was disturbance, which took into account

number of vehicles, bicycles and people passing by on a daily basis (Table 1).

TABLE 1. Ordinally ranked variables (White 2004).

Variable Ranking Description
Roughness of landingarea 1to 3 Smoothest to roughest
Color 1to5 Lightest to darkest
Physical condition 1to5 New to decrepit
Disturbance= 1to5 Secluded to urban

*Disturbance ranking descriptions. 1: 0-5 people, 0 vehicles; 2: 6-10 people, 1-5 bicycles;
3: 11-15 people, 1-10 cars; 4: 16-50 people, 11-25 cars; 5: >50 people, >25 cars (White
2004).

Aspect was measured with a compass pointed in the direction in which the front
of the box was facing. Mount type referred to whether the house was installed on a
building, tree or pole. Canopy cover was estimated visually based on the canopy cover in
a vertical direction above the box to the nearest 10% (Gorresen et al. 2009). Height of

each box was measured using a Kolbalt Laser Distance Measurer (Model #: LDM-35)

triangulated from the bottom most point of the box to the ground. Hours of direct sunlight



on the box per day during the active summer months were visually estimated based on
nearby structures and canopy cover (White 2004). The time since installation and prior
roosting in the area were based on state records, visual inspection and landowner
estimates. The GPS coordinates of each box were collected in order to determine distance
to nearest permanent body of water and site elevation, which were later acquired with
ArcGIS 10.1 (ESRI 2013).

Each explanatory variable was analyzed against the outcome variable, maternity
roost presence, using univariate and multivariate analyses in the statistical software
program R (version 3.0.2). When an explanatory variable was perfectly associated with
the presence or absence of a maternity colony, the univariate analyses were able to
completely explain the results, rendering multivariate analyses ineffectual. A multivariate
analysis was forced to preform with the perfectly fitted variables to provide additional
support to the univariate analyses. A final multivariate analysis was preformed excluding
any perfectly fitted variables, yielding additional explanatory variables of statistical

interest.

RESULTS

Throughout New Jersey in 10 counties, 20 bat houses used as maternity roosts
were surveyed, representing 80% of the known maternity roosts in bat boxes in the state;
and 14 bat boxes unused by maternity colonies were surveyed (Fig. 1, Appendix). It is
likely that this number of unused bat boxes represents a much smaller percentage of the
actual number of unused bat boxes, as they are readily available to the public, yet no

database exists for recording their establishment.



Absolute species identification was not available for every occupied box, as
passive methods such as the use of bat detectors and guano inspection are preferred to
disturbing the maternity colony. However, of those that have been positively identified,
ten were occupied by Eptesicus fuscus, three by Myotis lucifugus and one by the federally
endangered Myotis sodalis, leaving six boxes without absolute species identification. Co-
roosting is also a possibility in some of these boxes, which would require future capture
and release methods to positively determine.

Due to the previously mentioned limited records of unoccupied bat boxes, many
of those that were known of were replicates of the same design, therefore design aspects
such as volume, number of cavities, landing area and roughness are not included in this

analysis.



TABLE 2. Summary statistics of explanatory variables within occupied (n=20) and unoccupied
(n=14) bat houses. Means and SD are included for continuous and ordinal variables, and
percentage and frequency counts are included for categorical variables. P values were obtained
using Fisher’s Exact Test for count data and Kruskal-Wallace tests for continuous data.

Variable Occupied Unoccupied P
Volume (cms) 19532.45 (19524.69) -- --
Number of cavities 2.75 (0.97) -- --
Landing area (cmz2) 50502.23 (83517.02) -- -
Roughness (ordinal) 2.55 (0.6) 2.8 (0.42) --
Color (ordinal) 3.5 (1.4) 4.43 (1.09) 0.00345**
Aspect North (315° to 45°) 86% (6/7) 14% (1/7) 0.116

East (45° to 135°) 50% (3/3) 50% (3/3)

South (135° to 225°) 33% (4/12) 67% (8/12)

West (225° to 315°) 75% (6/8) 25% (2/8)
Physical condition (ordinal) 2.85 (1.57) 2.57 (1.02) 0.008671**
Mount type  Building 100% (16/16) 0% (0/16) 2.285e-06***

Tree 0% (0/3) 100% (3/3)

Pole 26% (4/15) 73% (11/15)
Height (m) 431 (1.12) 3.99 (1.43) 0.1949
Canopy cover (%) 0.18 (0.32) 0.25 (0.31) 0.3774
Disturbance (ordinal) 3.5(1.28) 2.14 (0.77) 0.0233*
Hours of sun per day 4.9 (1.92) 7(2.22) 0.006948**
Time since placement (yr) 8.7 (8.21) 5.14 (2.66) 0.5976
Prior roosting Yes 86% (6/7) 14% (1/7) 0.1978
In the area 529% (14/27) 48% (13/27)
Elevation (ft) 425.15 (327.05)  404.21 (131.02) 0.5752
Distance to water (ft) 784.98 (955.22) 1214.39 (615.54) 0.1402

*Significant at 0.05, **Significant at 0.01, ***Significant at 0.001



Five explanatory variables were significantly associated with the presence of
maternity roosts in univariate analyses, 4 of those being highly significant (Table 2).
Specifically, mount type emerged as the most significant variable (P < 0.001), 100% of
boxes installed on buildings were occupied by maternity roosts, and none of the boxes
installed on trees were occupied by maternity roosts. Color was also highly significant (P
< 0.01) suggesting that lighter colored boxes were more often successful at housing
maternity roosts. Hours of sunlight directly on the bat house was also highly significant
(P <0.01), indicating that less hours of direct sunlight may be increase the likelihood of a
maternity roost occupying the box. Physical condition of the box (P < 0.01) also emerged
as highly significant, suggesting that the older a bat house is, the more likely it is to be
occupied by a maternity roost. Lastly, disturbance was found to be significant (P < 0.05),
suggesting that the more disturbed the area, the more likely it is for a bat house to be
occupied by a maternity colony. However, these results may be influenced by the small
sample size of the study, and this should be taken into consideration when interpreting
the results.

Several variables, specifically color, mount type, physical condition, disturbance,
and hours of daily sun, were perfectly fitted to the outcome variable, so it was not
possible to preform a multivariate logistic regression to further analyze the data. When a
logistic regression model was forced to preform with the perfectly fitted variables, a
model including only mount type produced the lowest AIC score, which is logical
considering this it was found to be the most highly significant variable with univariate
analyses. However, when perfectly fitted variables were removed and a logistic

regression was performed on the remaining variables, a southerly facing aspect emerged



as near significant (P = 0.065), with maternity roost occupancy being least likely in a
southerly facing box. However it is important to note that the previously mentioned
variables emerged as the most important variables in the data analysis.

Correlations between all numeric and ordinal variables were measured with few
moderate associations (Fig. 2 and 3, Appendix). Moderate positive correlations exist
between the time since placement and the physical condition of the box, which is logical
(r = 0.55), and between the amount of canopy cover and level of disturbance (r = 0.51).
This is also logical considering that the more disturbed and developed areas are likely to
have fewer trees and, thus, less canopy cover. Moderate negative correlations were found
between elevation and disturbance level (r = -0.61), amount of canopy cover and hours of
daily sunlight (r = -0.58), distance to water and elevation (r = -0.52), and time since

placement and color (r = -0.51).

DISCUSSION

Based on these findings, bat houses that are successful at attracting a maternity
roost are likely to be mounted on a building, older and lighter in color, receiving roughly
five hours of sun per day in the active summer months, and in a relatively developed area.
The bat house being mounted on a building, as opposed to a tree or a pole, emerges as the
most significant determining factor in a bat house’s success. This finding was supported
by other investigations on bat house occupancy, as well as multiple bat box installation
guides, that reveal the same conclusion that building mounted boxes are most successful,
and tree mounted boxes are rarely utilized (Tuttle and Hensley 1993; Brittingham and
Williams 2000; Kiser and Kiser 2004; White 2004; Flaquer et al. 2006; Bat Conservation

International 2012; Tuttle et al. 2013). Building mounted boxes may provide roost sites
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that would otherwise be unavailable in urban areas, while tree-mounted boxes might
simply add to the amount of natural roosting space already available. Specifically in
terms of maternity roosts, a building mounted box may aid in regulating temperatures and
maintaining a smaller change in temperature within the box, which is crucial for
maternity colonies (Pierson 1998; Brittingham and Williams 2000; Kiser and Kiser
2004).

There may be other factors playing a role in this finding, such as increased shade,
more variable temperature and decreased predator protection in tree-mounted boxes
(Flaquer et al. 2006; Threlfall et al. 2013). There is also evidence that tree-mounted boxes
are preferred only when they closely resemble the tree (Chambers et al. 2002); in this
study no effort was made for the boxes to resemble the tree. While species specific roost
requirements are known to exist (Racey and Entwistle 2003), every species identified in
this study, Eptesicus fuscus, Myotis lucifugus, and Myotis sodalis, is known to readily
occupy both man-made and tree roosts, so it is unlikely this result is due to species type
(Humphrey et al. 1977; Brigham and Fenton 1986; Neilson and Fenton 1994; Agosta
2002). Regardless, this repeatedly occurring conclusion that building-mounted boxes are
more successful at housing roosting bats, specifically maternity colonies, is well-
supported.

The significant finding that maternity colonies prefer lighter colored boxes is
surprising, considering all available literature suggests darker colored or black boxes,
even specifically for the state of New Jersey (Tuttle and Hensley 1993; Mitchell-Jones
1999; Brittingham and Williams 2000; Dillingham et al. 2003; Kiser and Kiser 2004; Bat

Conservation International 2012). This may be explained by the fact that many
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homeowners paint or stain bat boxes mounted on their house to match the color of their
house, which were more often than not, in this investigation, a lighter color. Therefore the
dominating preference for building-mounted boxes may be skewing the number of
occupied lighter colored boxes. Alternatively, a similar study focusing on “bachelor
boxes” found no significant correlation with box color and occupancy (White 2004).

Another significant variable determining maternity roost occupancy was hours of
direct sunlight the box received per day in the peak of summer, suggesting that occupied
bat boxes receive closer to five hours of sun daily, while unoccupied boxes receive more
sunlight, closer to seven hours daily. This again contradicts the bat box scientific
literature. A number of studies provide evidence that the more direct sunlight on a bat
box the better, especially for the state of New Jersey, suggesting that over seven hours of
direct sunlight daily is necessary (Brittingham and Williams 2000; Kiser and Kiser 2004;
Bat Conservation International 2012). This is likely due, again, to the dominating
influence of mount type, since pole mounted and bare tree mounted boxes receive large
amounts of unobstructed daily sun.

In terms of physical condition, older boxes were significantly more likely to be
occupied by a maternity roost than not. However, a moderately positive correlation
between physical condition and the time since the box was installed was found, as
mentioned previously, which suggests that time since installation may be a proxy for
physical condition. Virtually no evidence has been presented regarding a bats preference
for an “aged” bat house (White 2004), however the time since installation may be a
relevant variable. In this study on average a maternity roost was found to occupy bat

houses that had been in place for over eight years, while unoccupied bat houses were on
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average in place for 5.14 years. Although, this study lacks a record of how soon after
installation the bat boxes were inhabited by a maternity colony. The literature on this
topic is small, but most installation guides report that bat houses are most likely to be
occupied within the first nine months of installation (Tuttle and Hensley 1993; Kiser and
Kiser 2004; Bat Conservation International 2012). However this is not specific to
maternity roosts for which the literature is even more sparse, and may in fact have
different roosting behaviors than males. In a study where a large maternity colony of
Myotis sodalis was displaced, a maternity colony was not found to use any of over 3,000
installed bat houses until 11 years after their placement (Ritzi et al. 2005). This is a single
event, yet it reveals an interesting area of missing evidence regarding time since a bat
house installation until its occupancy by a maternity roost.

Anthropogenic structures such as buildings, bridges and bat boxes are used
readily by Eptesicus fuscus, Myotis lucifugus and to a good degree Myotis sodalis (Fenton
1997; Williams and Brittingham 1997; Pierson 1998; Arnett and Hayes 2000;
Brittingham and Williams 2000; Dillingham et al. 2003; White 2004; Ritzi et al. 2005;
Lausen and Barclay 2006; Whitaker et al. 2006; Neubaum et al. 2007), which is why the
finding that bat boxes in more disturbed areas were used by maternity roosts significantly
more often than in less disturbed areas is not completely surprising. This, again, may be
reflective of the fact that natural and undisturbed areas contain more natural maternity
roosting sites such as hollow trees (Williams and Brittingham 1997), while more urban
areas lack these natural resources, causing bat boxes to be used more commonly in these
more disturbed areas. A number of studies reflect this finding, suggesting that in

disturbed areas bat boxes are used more extensively, by both maternity colonies and
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transient males (Smith and Agnew 2002; Flaquer et al. 2006; Whitaker et al. 2006). This
is a particularly exciting aspect of bat box conservation, providing hope that some species
can readily adapt and utilize anthropogenic structures in the face of increasing
urbanization.

Few studies exist concerning the use of anthropogenic roosts by maternity
colonies, and even fewer on bat boxes used specifically by maternity roosts. A study by
Brittingham and Williams (2000) found that evicted maternity colonies of Eptesicus
fuscus and Myotis lucifugus utilize bat boxes that receive over seven hours of daily sun,
are installed on the same building which they had been evicted from, have high internal
temperatures and are relatively wide in design.

In the face of precipitous declines in bat populations caused by white nose
syndrome, the research on bat box use, particularly by maternity colonies, is crucial.
Different species are affected by white nose syndrome in different ways, and while many
reasons for this are still unclear, a more significant decline in Myotis lucifugus and Myotis
sodalis is apparent, with a more resilient population emerging in Eptesicus fuscus (Frick
et al. 2010; Langwig et al. 2012). In light of these shifting species compositions in the
Northeast, an ethical question emerges regarding future bat research efforts. Should all
conservation efforts be focused on protecting the fragile Myotis lucifugus and Myotis
sodalis in the face of their highly possible extinction? (Frick et al. 2010; Thogmartin et
al. 2013) Or is it more beneficial in the long-term to put conservation resources towards
the more resilient Eptesicus fuscus? Regardless, future maternity roost bat box research in

the face of white nose syndrome should more closely investigate species-specific
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preferences in bat box placement and design, so that efforts may become more effective
for certain species.
Limitations of this Study

This study represents the first of its kind on maternity roosts using bat boxes in a
post-white nose syndrome environment. While it is more important than ever to increase
and improve roosting habitats for these maternity colonies, it is important to limit
disturbance to these precipitously declining maternity colonies. This includes certain
limitations than may have enhanced this study yet harmed the colony, such as internal
box temperature measurements, and catching and counting the number adults and
juveniles in each colony for sex ratio information and absolute species identification.
Specifically the temperature and temperature gradient inside anthropogenic maternity
colonies appears to be an important aspect (Williams and Brittingham 1997; Brittingham
and Williams 2000; Rancourt et al. 2005; Lausen and Barclay 2006; Neubaum et al.
2007; Park and Broders 2012). Additionally, the small number of bat boxes used by
maternity colonies was a limiting factor in this study. Ideally a larger number of both
occupied and unoccupied boxes would have improved the statistically reliability and
resulting conclusions. One possible solution to this would be to create a publicly
accessible bat box database, which would allow the records of both known maternity
roosts occupying bat boxes and unused bat boxes to expand with little effort.

As bats in the Northeast are more threatened than ever, there is a resurgence in the
use of bat boxes as conversation tools, increasing the amount of research opportunities in
this field (Pierson 1998). It is important to maximize returns on these increased public

efforts with more thorough and robust research. Also a more quantitative way to measure
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certain variables such as color and disturbance will enhance similar future studies. A final
limitation in this study exists in the difficulty of locating unoccupied bat boxes. Occupied
bat boxes are often reported to the state or to local wildlife conservation programs, while
unoccupied boxes are not documented in any format, and it is a challenging task in
locating a random sampling of distinct and unoccupied bat houses. A citizen science
database, as mentioned previously, while it would require oversight, would offer a
solution to this problem. Additionally, including information such as state biologist
contacts and such a public database with the purchase of all future bat boxes would
improve records of both used and unused bat boxes.
Management Recommendations and Future Directions

The results of this study can be immediately utilized in installing bat boxes for
maternity roost use, and public outreach is the first step to making this available. This
study strongly supports the recommendation to install bat boxes on buildings or large
structures whenever possible, and to avoid installation on a tree. Installation on a pole
may be effective, as the results and Tuttle et al. (2013) suggest, if a building is not
available. Additionally, it may take many years for a maternity colony to use a bat box,
so avoid removing or moving bat boxes if they appear to be unused. Lastly, installation of
bat boxes in urban and suburban areas may be the most effective utilization of a bat box,
as roosting habitats in these areas are most limited. Therefore, efforts to increase the
number of bat boxes in urban and disturbed areas may prove to be an effective
conservation tool. Distributing this information to the public in the form of pamphlets, for
instance, along with bat boxes would help facilitate the goal of making these findings

immediately effective in future bat box installations.
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Research moving forward should focus on certain variables that may be
important for maternity colonies, yet may have been masked by the dominating building-
mounted variable, such as the color of the box, the hours of sunlight it receives daily, and
the physical condition of the box, as well as many other variables measured here.
Additionally, studies focused on maternity roost use of bat boxes in any capacity are
crucial for conserving these now highly threatened species, and this research should
expand into other areas outside of New Jersey that are impacted by white-nose fungus.

Man-made structures and specifically bat boxes are readily used by multiple
species of bats and occasionally their maternity colonies. They are inexpensive to build,
easy to install, and actually may be most effective in human-modified habitats. They can
provide critical habitats for pregnant females and pups, and have even been shown to
increase bat populations (Boyd and Stebbings 1989). This makes installing bat boxes a
simple and extremely effective means of bat conservation that is easily accessible to the
public with little alteration to existing habitats. The utilization of bat boxes by maternity
colonies may prove crucial in future research and bat conservation throughout North
America. With inventive ideas emerging such as white-nose fungus-free artificial caves,
the bats’ ability to utilize our increasingly urbanized environment coupled with growing

conservation interest may be the key to sustaining many species of bat populations.
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APPENDIX
FIGURE 1. Map of thirty four surveyed bat boxes throughout New Jersey.
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FIGURE 2. Scatter plots of correlations between all numeric and ordinal variables.
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Abbreviations: PC: physical condition, CC: canopy cover, Dist: disturbance, HDS: hours
of daily sunlight, TSP: time since placement, Elev: elevation, DW: distance to nearest

water body.



FIGURE 3. Correlation coefficients (r) between all numeric and ordinal variables.
Darker colors depict stronger correlations, and vice versa.
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Abbreviations: PC: physical condition, CC: canopy cover, Dist: disturbance, HDS: hours
of daily sunlight, TSP: time since placement, Elev: elevation, DW: distance to nearest
water body.
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