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Abstract 

In North America, bats are a taxon of concern that play an important role in insect 

control, and their response to urbanization varies. I wanted to discover if evaluating 

environmental and socioeconomic variables present in an urban landscape can help 

determine what bat species were present and how active these species were. Research 

occurred in Baltimore, Maryland, a óshrinkingô city in the eastern US, which had no prior 

research on the bat community. For my first project, I used active acoustic monitoring to 

evaluate how bat activity levels (amount of detected acoustic sequences) and the bat 

community varied along both a direct and indirect rural to urban gradient. Nine sites 

along the Gwynns Falls watershed in Baltimore County and City were used the gradient. 

Over 1,500 sequences (detection files) were recorded from six species and I found that 

the direct and indirect measures of urbanization gradient used are not a predictor of bat 

presence and activity. For my next project I used passive acoustic monitoring to record 

bat activity at 32 vacant lots within Baltimore City to determine which environmental and 

socioeconomic variables best predict bat species richness and activity at these small, 

informal, understudied urban greenspaces. Environmental and socioeconomic data was 

obtained using on-site measures, GIS, and US Census data. There were no predictors for 

overall species richness. Canopy-associated measures at both the site and neighborhood 

scale, streetlights, site distance from water and the urban core, residential race and 

income, old housing, and rental housing were all common predictors of bat speciesô 

activity levels. Species relationships with these predictors varied and some species had 

additional predictors, suggesting that bats use the urban landscape to different degrees. 
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Some larger lots could potentially be managed to have vegetation structural complexity 

(allowing both canopy cover and open space to accommodate bat species with different 

traits), but many lots are too small to do this. Vacant lots closer to water and larger 

patches of forests have the most potential to be managed for bats.
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Introduction  

Bats are a taxon of concern in North America and provide ecosystem service in 

the form of insect control. This taxon is one of several that tend be understudied in urban 

settings, which often focus on birds and plants (Coleman & Barclay 2011). Urban bat 

studies that have been done suggest that urbanization can be both beneficial and harmful 

to bats (Russo and Ancilotto 2015). Many urban ecology studies tend to conduct research 

in large, formal sites like parks and gardens, or residential yards (Aronson et al 2017, 

Botzat et al 2016). Vacant lots are small, undeveloped land parcels that remain after a 

building has been razed. In Baltimore, Maryland, there are 1,750 ha of vacant lot parcels; 

studies have found that they support birds and plants (Rega-Brodsky 2016, Johnson et al 

2018). With this in mind, my research goal was to determine if predictors exists that 

could explain patterns of bat use and activity across the urban landscape. Knowing this 

information could support management of vacant lots for wildlife.  

In Chapter 1, I look at one of the simplest measures of urbanization, a gradient, to 

determine if species composition and activity changes along a watershed as it becomes 

increasingly urban. This was done using active acoustic monitoring and results suggested 

that species richness and the activity levels of bats were could not be predicted by an 

urban gradient.  

In Chapters 2 and 3, I investigate several environmental and socioeconomic 

variables at different spatial scales, to determine if there are natural and anthropogenic 

factors in and around vacant lots that help determine how many species will use these 
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lots. This was done using passive acoustic monitoring and results found that 

environmental predictors at local and neighborhood scale, residential structure, and 

neighborhood structure predicted how active certain species were. I hope to eventually 

publish results from these chapters in Urban Naturalist, Journal of Urban Ecology, 

and/or Urban Ecosystems. 
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Chapter 1:  Bat Community Composition along an Urban Gradient 

 

Abstract 

 In urban ecology, urban-to-rural gradient studies have been conducted to 

determine how organisms or a community reacts to urbanization. The impact of 

urbanization on bats have revealed both positive and negative effects. Past use of the 

Gwynns Falls watershed (GFW) in Baltimore, Maryland, US for urban gradient studies 

made it an ideal place to determine how bats, a taxa of concern not previously studied in 

the area, may be affected by an urbanization gradient. I hypothesized that species 

richness and activity would decrease as sites transitioned from suburban to urban 

surroundings. From May to August 2016, I used active acoustic monitoring to record bat 

activity at nine sites adjacent to water gages along the GFW. Both direct (distance to city 

center) and indirect (landcover composition) measures of an urban gradient were 

calculated using GIS. Bray-Curtis polar ordination was used to depict similarity of bat 

communities at each site help and to create initial candidate models. Linear regression 

was used to determine which models best predict species richness and speciesô activity 

levels. Over 1,500 calls from six species were recorded. Big brown bats (Eptesicus 

fuscus) and red bats (Lasiurus borealis) were present at all sites. Bat species richness did 

not decrease as hypothesized; in fact, the most species-rich site was the second most 

urban site. Null models for species richness and the three most active species were top 
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models, suggesting that the measures of urbanization gradient used are not a predictor of 

bat presence and activity. 

 

 

Introduction  

 The use of gradients as a tool in urban ecology studies started in the 1970-1980s 

(Andrzejewski et al 1978, Klausnitzer and Richter 1983, Nilon et al 1986). The gradual 

variation of an urban-associated factor(s) over space acts as type of experimental 

manipulation, and can help uncover patterns in ecological systems structure and function 

across this space (McDonnell and Pickett 1990). Urbanization can be defined as the 

presence of human occupation, which can take many forms: residential areas, built 

infrastructure, modification of the natural landscape, and introduced and/or cultivated 

biota. Studies have measured urbanization using population density, road or building 

density, impervious surface, and the most common result is that native species richness 

decreases as the urban core is approached (McKinney 2002, Zipperer and Guntenspergen 

2009). McDonnell and Pickettôs (1990) paper provided a framework for using 

urbanization gradient and its potential importance in research. In general, it is assumed 

that cities have an urban ñcoreò, where the landscape has its highest level of 

development. Radiating out from this urban core, urbanization decreases in a concentric, 

irregular pattern. Thus, studies with sites along a gradient act as a manipulative 

experiment in a sense, and can provide insight about the impacts of urbanization on urban 
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flora and fauna. However, McDonnell and Pickett (1990) also acknowledge that using 

urbanization gradients can be complex due to the possibility of many different 

interactions between and amongst anthropogenic and natural variables present, and these 

must be considered before conducting a study. 

 McDonnell and Pickettôs framework states that an urbanization gradient "must 

account for the factors that constitute urbanization, the effects of urbanization on the 

biota and physical environment, and the resultant effects on ecosystemsò (1990). 

Gradient analysis can be direct, focusing on one variable distributed in a linear pattern, or 

indirect, using more than one variable that may not be distributed linearly to define a 

gradient. Indirect gradients have been the recommended approach for urban gradient 

studies (Zipperer and Guntenspergen 2009).  

Urban gradient studies have often focused on plants (Zipperer and Guntenspergen 

2009) and birds (McDonnel and Hahs 2008), leaving the many other urban taxa 

underrepresented and understudied in this manner. There has been no published research 

on bats in Baltimore. Prior bat research in Maryland has occurred in the western 

mountainous and eastern shore regions (Johnson and Gates 2008, Johnson et al 2008, 

Johnson et al 2009, Johnson et al 2011). All 12 bat species that are believed to be present 

in Maryland have been listed as species of greatest conservation concern (MDNR 2016).  

 A review of studies on bats and urbanization have found both common themes 

uncovered in urban studies (Russo and Ancilotto 2015). Cities can benefit bats by 

providing additional roosts (i.e. buildings and bridges), water sources, urban greenspaces, 
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and for some species, access to prey (via streetlights). Conversely, light pollution, roads, 

opportunistic urban predators, increased likelihood of disease transmission in larger 

urban colonies, and human-bat conflicts are common sources of mortality for urban bats. 

This often results in urban areas being home to a reduced bat community, consisting 

primarily of generalist species. 

The Gwynns Falls watershed (GFW) is located in both the Coastal Plain and 

Piedmont regions of the United States. This approximately 3600 ha watershed starts in 

western Baltimore County, running southeast until it merges with the Patapsco River near 

central Baltimore City (Figure 1). This watershed has been the site of several other 

gradient studies, all associated with the water itself (water balances: Bhaskar and Welty 

2012, fish development: Fraker et al 2012, nutrient concentrations: Duan et al 2012, 

Shields et al 2008, and riparian sediment: Bain et al 2012, Colosimo et al 2007).  Results 

from these prior studies found increased concentrations of calcium, nitrogen, and nitrate, 

an increase in channel shape and size, and smaller, shorter-lived fish as the watershed 

became increasingly urban. Past use of this watershed for gradient studies made it an 

ideal place to investigate how taxa not directly associated with to water may be affected 

by an urbanization gradient. The purpose of this study was to determine if an 

urbanization gradient acts as a predictor of bat species richness and speciesô activity 

levels. I hypothesized that an urbanization gradient would alter the bat community 

historically present, resulting in a decrease in both species richness and activity levels as 

sites became increasingly urban. 

 



 

7 

 

Methods 

Study Area 

The Baltimore Ecosystem Study (BES), an urban long-term ecological research 

site, has been monitoring water quality and nutrient cycling throughout the Gwynns Falls 

watershed via water gages. Nine of these gages are present along the main branch of the 

Gwynns Falls and are relatively equidistant from each other, making these already 

established locations ideal sites (Figure 1, Table 1). 

Acoustic monitoring and sequence identification 

Research was conducted from May 24 to August 4, 2016 at nine water gages 

along the Gwynns Falls watershed (Figure 1). Adjacent to each gage was a small field or 

open area, where the recordings occurred. Bat calls were recorded during 30-minute 

active acoustic monitoring sessions using an Anabat SD2 bat detector with an attached 

personal digital assistant (PDA) unit; this unit allowed me to collect GPS data and view 

sequences as they were being recorded. The bat detector was held at approximately a 45° 

angle. Most recording sessions occurred between 20:00 and 23:30, however one or two 

recordings for each site occurred later at night (between 02:00 and 05:00) to attempt to 

gather data at a broader temporal scale. A second or third sub-site near each gage was 

selected when feasible. Recording location at these sub-sites alternated between visits to 

ensure that results reflected the broader area and not just the recordingôs immediate 

location, which has an approximate recording radius of 40 m (Chris Corben, pers. 
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comm.), and the main location of some sites were prone to acoustic interference from 

nearby traffic noise. Data from sub-sites were summarized at the site level.  

Three sites were visited each night, and the order of site visits was changed each 

time to ensure that each site was recorded at least once during different times of night. . 

Each site was visited seven times, except for the McDonogh (MD) site, which was visited 

five times due to limited security access. Acoustic monitoring did not occur on nights 

when moderate to heavy rain was expected. Bat sequences were transferred from the 

PDA to a laptop. Sequences were reviewed in AnalookW (Corben 2015) and sequences 

with four or more calls were kept and manually identified to species level whenever 

possible. I calculated an hourly detection rate for each species at each site using the total 

number of sequences recorded and the detection probability of species at each site. 

Gradient measures 

Site locations and shapefiles for the boundaries and landcover for the city and 

county were gathered from Baltimore Ecosystem Study, Baltimore City, and Baltimore 

Countyôs open data websites (BES 2016, BCG 2016, COB 2016, LaGrosa and Welty 

2017). I used ArcMap 10.6 software to calculate the distance of each site from the city 

center and landcover composition within 500 meter-radius of sites. Because most sites 

were a kilometer apart, I chose 500-meter radius to ensure landcover composition results 

would be independent; additionally, this was used as an intermediate range in another 

urban bat study (Dixon 2012).   
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Using the landcover composition within a 500 m radius, I calculated percent 

composition of high-density housing (HDH), greenspace (forested and natural areas), and 

a miscellaneous urban landcover (combining institutional, industrial and commercial 

landcover) to define an indirect gradient; these variables been used to quantify 

urbanization in other studies (Zipperer and Guntenspergen 2009). The distance to city 

center was used as a direct gradient measure. 

Analysis 

I used Bray-Curtis Polar ordination (BCPO) in PC-ORD (McCune and Mefford 

2016) to visualize the similarity of bat communities at each site. For my BCPO I log-

transformed total number of detections for each species at each site and modified the 

landscape data with a general relativization to re-scale the data, as distance to city center 

was on a different scale from the percent landcover composition of the other variables. 

BCPO establishes distances between the sites on two axes, with the first axis denoting the 

strongest differences in the primary matrix (the number of detections recorded from 

species at each site). I also included landscape data (the landcover types associated with 

urbanization gradient) as a secondary matrix. By doing so, I could use the correlations of 

each species and each landcover type to axes to generate preliminary hypotheses on 

which I can base my models (i.e., a species and landcover type(s) that have a strong 

correlation one axis suggests that that speciesô detection levels may be associated with 

the amount of that landcover type present).  
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For overall species richness and individual speciesô activity level (total number of 

detections), I conducted linear regression to determine which variables best explained 

activity along a gradient. Models were created for individual species that were recorded 

in at least six of the nine sites. Species total activity levels were log transformed to give 

data a normal distribution. Models included a null model, a model for distance to city 

center (a direct gradient), and indirect gradient models, based on literature regarding use 

of forested areas for all bat species and Nycticeius humeralis avoidance of urban areas 

(Duchamp et al 2004, Gehrt and Chelsvig 2003). Candidate models for species richness 

were based on models used for individual species. 

 

Results 

Bats and the landscape 

Over 1,500 sequences were recorded, 76 of which were not easily identifiable to 

species level; these were noted (see Appendix 1), but not included in analysis. 

Recordings occurred for a total of 3.5 hours at each site, except for McDonogh (MD, 2.5 

hours), due to restricted access on two nights. Six species were detected across the nine 

sites (Table 1). Eptesicus fuscus and Lasiurus borealis were present at all sites, while 

Perimyotis subflavus was the least common, recorded at three sites (Table 2). Additional 

species present include L. cinereus, Lasionycteris noctivagans, and Nycticeius humeralis. 

Delight (DE) had the most bat activity while Dead Run (DR) had the least amount of bat 



 

11 

 

activity (Appendix 1). The species curve plateaued around six, suggesting that all bat 

species present in the Baltimore metropolitan area were likely detected (Figure 2). 

Sites varied in the amount of high-density housing, greenspace, and miscellaneous 

urban landcover within 500 meters. There appeared to be a greenspace gradient present: 

the percentage increased from Glyndon (GL) to McDonogh (MD), dropped at Scottsô 

Level (SL), and steadily increased again until it peaked at Dead Run (DR) (Table 3). 

Ordination and Models 

Sites at either end of the BCPO axes are the most distinct from each other: GL 

and SL are the most different from each other on the first axis, and VN and MD are the 

most dissimilar on the second axis. The remaining sites are more similar to each other in 

terms of species composition and activity levels (Figure 4). The species most strongly 

correlated with the first axis were L. noctivagans (negatively), L. borealis, and E. fuscus 

(both positively). This indicates separation of sites with more red bat and big brown bat 

activity, and less silver-haired bat activity. The species correlated positively with the 

second axis were L. cinereus, N. humeralis, and negatively with P. subflavus. In addition 

to the separation of sites by the prior three species, the second axis further separates sites 

by those with more  hoary and evening bat activity, but less tricolor bat activity. The first 

axis had a strong negative correlation with high-density housing, while the second axis 

correlated positively with greenspace landcover. (Table 4).  

 General linear models were created for overall species richness and for E. fuscus, 

L. borealis, and N. humeralis. The direct gradient model (distance to city center) was 
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included as a candidate model, as well as landscape variables that correlated in the BCPO 

(HDH for E. fuscus and L. borealis, and greenspace for N. humeralis). None of the 

landscape variables were positively correlated with each other so multicollinearity 

wouldnôt be an issue; however they were not checked for interaction effects. 

  For species richness and the three species modeled, the null model was the top 

model. For E. fuscus, the second top model slightly below the null model was distance to 

city center (Table 5). High-density housing was the second lowest model for L. borealis 

(Table 6). For overall species richness and N. humeralis activity, forested landcover was 

the next lowest model following null (Tables 7 and 8).  Models for individual species and 

species richness that had a difference of less than 2 in AIC ranking were included in the 

table of top models, however none of these secondary models were significant at P Ò 0.05 

(Table 9), suggesting that the null models were indeed the best models. 

 

Discussion 

 

The purpose of this study was to determine if a rural-to-urban gradient could 

predict bat species richness and activity. It seems unlikely that direct and indirect urban 

gradients can predict bat species richness or their activity levels. Literature reviews of 

urbanization gradient studies has found varying results regarding how organisms vary 

along such a gradient. McKinney (2002) noted several studies that found native plant, 

bird, and butterfly species richness decreased as the urban core was approached. Literature 
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reviews on urban bird studies (McDonnell and Hahs 2008) and non-avian studies 

(McKinney 2008) found responses to urbanization gradient varied tremendously. These 

reviews and my results suggest that study scale, landscape heterogeneity, and taxa traits 

(i.e., large terrestrial organisms show urban gradient effects) influence species richness or 

the extent to which gradients provide an understanding of patterns.   

The BCPO suggested that a gradient of high-density housing and possibly 

greenspace may have existed, and showed that the bat community is primarily defined by 

the how active three most common species are: the big brown bat (E. fuscus), the red bat 

(L. borealis), and the evening bat (N. humeralis). Other urban bat studies have shown E. 

fuscus being the most predominantly recorded species, as well as L. borealis (Chelsvig 

and Gehrt 2004, Johnson et al 2008, Everette et al 2001.). The community being 

primarily defined by these common urban bats species is the same as what was seen in 

Russo and Ancilottoôs (2015) review of urban bat studies, where the communities are 

primarily defined by a few species. 

This study was a first attempt to investigate what bat species were present in the 

Baltimore metropolitan area. Species present at sites were comparable to results seen in 

studies conducted in other parts of Maryland and DC (Johnson et al 2008, Johnson et al 

2009, and Johnson et al 2011). While the species accumulation curve suggests that all 

species present in the area were documented, Myotis species may also be present, as a M. 

septentrionalis specimen was collected from Baltimore County in 1940 (SNHM 2019). 

High mortality rates of Myotis spp. and P. subflavus in western Maryland hibernacula due 
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to white nose syndrome have been documented (MDNR biologist Kerry Wixted, pers. 

comm.), making their detection in the central Maryland region less likely. 

While several measures were used for an indirect gradient, many other metrics 

couldôve been used. Urbanization measures that have been used in other studies include 

impervious surface (used for a GFW study, Bhasakar and Welty 2001), human population 

density, road density, and traffic volume (McKinney 2002, Zipperer and Guntenspergen 

2009).  

It is also possible that not enough recordings were done to accurately reflect the 

bat community present. Summer 2016 in Baltimore was unusually rainy and had below-

average temperatures for most of June, which may have played a role in the limited 

amount of bat activity documented during this part of the season. Active acoustic 

monitoring occurred in 30-minute sessions, and it possible that conducting this research 

at a longer temporal scale may have changed the results. Skalak et al (2012) found that 2-

5 nights of passive recording were needed to document the most common species present, 

and 10-22 nights of recording resulted in detecting 80-90% of species present.  

Several bat species present in the study area have call patterns that overlap in 

similarity, so there is the potential that some calls were misidentified, as all sequences 

were manually identified. E. fuscus and L. noctivagans emit calls at 25 kHz, and L. 

borealis and N. humeralis do so at 35 kHz, sometimes in a manner that makes it difficult 

to differentiate between species.  
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Tables and Figures 

 

Figure 1. Gwynns Falls Watershed, located in Baltimore County and Baltimore City, 

Maryland. GL = Glyndon, DE = Soldierôs Delight, MD = McDonogh School, SL = Scotts 
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Level Branch, VN = Villanova, PM = Powder Mill Run, DR = Dead Run, RH = Rognel 

Heights, WB= Washington Blvd. 

 

 

Table 1.  Mean hourly detection rate of bat species at GFW sites. 

Site E. 

fuscus 

L. 

borealis 

L. 

cinereus 

L. 

noctivagans 

N. 

humeralis 

P. 

tricolor 

Total 

GL 4.86 10.57 0.00 0.00 0.00 0.00 15.43 

DE 40.00 39.14 0.00 0.57 3.71 2.86 86.29 

MD 17.60 6.00 3.60 1.20 1.60 0.00 30.00 

SL 35.43 0.29 0.00 0.86 0.00 0.00 36.57 

VN 29.71 2.00 0.00 0.29 0.00 9.43 41.43 

PM 65.43 6.86 0.86 0.00 1.43 0.00 74.57 

DR 10.57 1.43 0.00 0.00 0.29 0.00 12.29 

RH 59.71 10.00 0.29 1.14 2.29 0.29 73.71 

WB 45.71 19.71 0.00 0.00 3.43 0.00 68.86 

 

 

Table 2. Detection probability of species at GFW sites. 

  E. 

fuscus 

L. 

borealis 

L. 

cinereus 

L. 

noctivagans 

N. 

humeralis 

P. 

tricolor 

GL 0.31 0.69 0.00 0.00 0.00 0.00 

DE 0.46 0.45 0.00 0.01 0.04 0.03 

MD 0.59 0.20 0.12 0.04 0.05 0.00 

SL 0.97 0.01 0.00 0.02 0.00 0.00 

VN 0.72 0.05 0.00 0.01 0.00 0.23 

PM 0.88 0.09 0.01 0.00 0.02 0.00 

DR 0.86 0.12 0.00 0.00 0.02 0.00 

RH 0.81 0.14 0.00 0.02 0.03 0.00 

WB 0.66 0.29 0.00 0.00 0.05 0.00 
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Figure 2. Species Curve for bat species recorded in GFW. 

 

 

Table 3. Site names and measures of urbanization. Percentages are from the 500 m radius 

area surrounding sites. óGreenspaceô includes deciduous forest, mixed forest, and open 

urban land landcovers. óOther urbanô includes institutional, industrial, and commercial 

landcovers.  

Site name Code Distance  

from city 

center 

(km) 

High-

density 

housing  

(%)  

Greenspace 

(%)  

Other 

urban 

(%)  

Glyndon GL 25.98 4.51 15.35 18.20 

Soldier's Delight DE 21.68 0.00 32.59 0.00 

McDonogh School MD 17.65 0.00 42.01 0.00 

Scott's Level Branch SL 14.66 45.97 11.00 10.84 

Villanova VN 11.68 15.03 20.17 7.83 

Powder Mill Run PM 9.40 12.74 36.00 10.21 

Dead Run DR 9.20 36.00 55.46 4.43 

Rognel Heights RH 6.85 40.19 49.29 3.16 

Washington Blvd WB 4.61 21.44 25.08 41.85 
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Figure 3. Bray-Curtis Polar ordination of sites. The first axis separates sites by low levels 

of L. noctivagans activity, and high levels of L. borealis, and E. fuscus activity. The 

second axis separates sites by those with more L. cinereus, N. humeralis, activity and less 

P. subflavus activity. 

 

 



 

24 

 

Table 4. Correlation table of variables and species with BCPO axes. The first axis 

separated sites primarily by the amount L. borealis and L. noctivagans detections and 

appeared to show a gradient of high-density housing, while the second axis further 

separated sites by the amount of L. cinereus and P. subflavus detections and suggested a 

greenspace gradient. 

  Axis 1 Axis 2 

City center 

distance 

0.228 -0.159 

Greenspace 0.147 0.474 

HDH -0.505 -0.045 

Other urban 0.356 -0.008 

E. fuscus -0.46 0.034 

L. borealis 0.618 0.149 

L. cinereus 0.008 0.772 

L. noctivagans -0.686 0.088 

N. humeralis 0.184 0.467 

P. subflavus -0.284 -0.778 

 

Table 5. Candidate models for E. fuscus. 

Model K AICc Delta 

AICc 

AICc 

Wt 

Cum. 

Wt 

LL  

Null 2 13 0 0.51 0.51 -3.5 

Distance 3 13.64 0.63 0.37 0.88 -1.42 

HDH 3 17.03 4.03 0.07 0.95 -3.12 

Greenspace 3 17.78 4.78 0.05 1 -3.49 

 

Table 6. Candidate models for L. borealis. 

Model K AICc Delta 

AICc 

AICc 

Wt 

  Cum. 

Wt 

LL  

Null 2 20.34 0 0.56 0.56 -7.17 

HDH 3 21.45 1.11 0.32 0.89 -5.33 

City center 

distance 

3 24.94 4.6 0.06 0.94 -7.07 

Greenspace 3 24.98 4.64 0.06 1 -7.09 
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Table 7. Candidate models for N. humeralis. 

Model K AICc Delta 

AICc 

AICc 

Wt 

Cum. 

Wt 

LL  

Null 2 17.45 0 0.71 0.71 -5.72 

Greenspace 3 20.12 2.67 0.19 0.9 -4.66 

City center 

distance 

3 21.33 3.88 0.1 1 -5.27 

HDH + other 

urban 

4 28.88 11.44 0 1 -5.44 

 

Table 8. Candidate models for species richness. 
 

K   AICc Delta 

AICc 

AICc 

Wt 

Cum. 

Wt 

LL  

Null  2  35.23 0 0.54 0.54 -14.61 

Greenspace 3  36.12 0.89 0.35 0.89 -12.66 

City center 

distance 

3  39.79 4.56 0.06 0.94 -14.49 

HDH 3  40.01 4.78 0.05 0.99 -14.6 

HDH + other 

urban 

4  44.1 8.87 0.01 1 -13.05 

 

Table 9. Top models for species and species richness. Models with < 2 difference in AICc 

ranking were included. 
 

AICc Model Coefficient P 

E. fuscus 13.00 Null 1.9607 < 0.01 

13.64 City center 

distance 

-0.03248 0.082 

L. borealis 20.34 Null 1.3006 < 0.01 

21.45 HDH -0.01885 0.1016 

N. humeralis 17.45 Null 0.5547 < 0.01 

Species 

richness 

35.23 Null 3.7778 < 0.01 

36.12 Greenspace 0.05051 0.09201 
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Chapter 2: Environmental predictors of Bat abundance in vacant lots 

 

 

Abstract 

Within Baltimore, there are over 1,750 ha of vacant lots. The extent to which bats use 

small, informal greenspaces such as these has not been investigated in any published 

studies. After discovering at least six bat species were present in Baltimore (see Chapter 

1), I began investigating environmental factors in and surrounding vacant lots with the 

purpose of determining which variables best predict bat species richness and activity. 

During the summers of 2017 and 2018, I used passive acoustic monitoring to record bat 

activity for a total of  nine nights at 32 randomly selected vacant lots. I measured site-

scale variables such as canopy cover, ground cover height, and number of streetlights 

present. Neighborhood-scale variables (percent forest cover, canopy cover, vacant 

housing density, and road density) were obtained and analyzed using GIS. Both a priori 

and Bray-Curtis Polar ordination- based models were created for species richness and 

activity at these sites. Linear mixed modeling was used to discover potential predictors of 

species richness and bat activity levels. Over 33,000 sequences were recorded. Six 

species were present, with most detections coming from big brown bats (Eptesicus 

fuscus). Most sites had distinct communities with varying activity levels from 2-5 

species. While there were no models for species richness that were better than the null 

model, common predictors in the best models for individual species activity were canopy 
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variables at the site scale (canopy height and percent canopy cover) and distance from 

water. 

 

 

Introduction  

 

Vacant lots have been defined in numerous ways based on their origins, their history, 

and current characteristics (Bowman and Pagano 2000, Kremer et al 2013, Pagano and 

Bowman 2000, Rega-Brodsky 2016) but in essence, vacant lots are land parcels in urban 

areas that lack development. They can vary in size, vegetation, and age. Within the field 

of urban ecology, the ecological significance of informal greenspaces have been 

understudied (Botzat et al 2016). Studies that have been done regarding this unique urban 

habitat suggest they can play an important role in providing ecosystem services and 

supporting wildlife (Rega-Brodsky 2016, Kremer et al 2013, Kim et al 2015, Elmquist et 

al 2013 Gardiner et al 2013). In ñshrinkingò cities like Baltimore, a 34% decline in 

residential population since the 1950ôs has resulted in an increase in vacant houses, some 

of which eventually become vacant lots (Rega-Brodsky et al 2018). 

Over16,500 vacant lot parcels in Baltimore City comprise approximately 1,750 ha of 

land. Age, shape, size, vegetation, and composition of these lots can vary. Rega-Brodsky 

(2016) created six classifications of vacant lot ñsettingsò based on the lotsô surroundings, 

biota, and prior usage: vacant block, inner block, corner lot, missing tooth, suburban 
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yard, and waysides. These categories were used as part of a study on bird use and nesting 

habitat in these lots, which found that lots provide ideal nesting habitat for native birds, 

especially when in proximity to forested areas (Rega-Brodsky 2016, Rega-Brodsky and 

Nilon 2016, Rega-Brodsky and Nilon 2017). Other research in vacant lots in Baltimore 

has focused on plants and residential preference regarding these spaces. Results from 

these studies have found vacant lotsô plant community do not suffer from an island 

biogeography effect (Tauzer and Pickett 1999) and are shaped by their prior land use and 

tend to stay stable over decades (Johnson et al 2018). Residents preferred well-

maintained lots with trees, few shrubs, and more open space, which could be used for 

recreation or the community. These spaces also have the potential to be managed for 

wildlife while aligning with residential preferences for their neighborhoods (Rega-

Brodsky et al 2018). 

The extent to which bats use these smaller informal urban greenspaces has not been 

previously investigated. In a pilot study of active acoustic monitoring at parks and vacant 

lots within Baltimore, half of the vacant lots visited had more recorded bat activity than 

several medium-sized and large parks (unpublished). A habitat gradient study of bat 

activity in Baltimore City and County revealed that six bat species were present in the 

region, with one of the sites located within the city having the most species present (see 

Chapter 1). An urbanization gradient did not appear to affect bat species, suggesting that 

there may be other variables not investigated that predict bat species richness and the 

extent of batsô activity. 
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The purpose of this chapter is to determine if environmental measures of vacant can 

be used to predict species richness and bat activity levels, and if these variables are scale 

dependent. Because tree-associated variables were important for birds at these lots, I 

hypothesized that vacant lots with more canopy cover (on site and surrounding) would 

have more bats species present. Because big brown bats (Eptesicus fuscus) are known to 

roost in buildings, I also hypothesized that areas with more vacant buildings present 

would have more activity from this species. Results could potentially used to help 

manage vacant lots to increase biodiversity and ensure their ecosystem services (pest 

control) are present even in these informal greenspaces. 

 

 

 

Methods 

Study area 

Baltimore City is located in central Maryland and straddles the Piedmont and Coastal 

Plain regions. It is part of the Chesapeake Bay watershed and three smaller watersheds 

run through the city: Gwynns Falls, Jones Falls, and Herring Run. Before colonization 

and city establishment in 1729, the land was temperature deciduous forest. Baltimore 

currently has a population of over 600,000, a 34% decline since the 1950s (Rega-Brodsky 

et al 2018). Vacant lots comprise 7% of the cityôs land. 
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Site selection 

I used stratified random sampling to select sites evenly distributed throughout the 

city. After dividing the city into four regions (northwest, southwest, northeast, and 

southeast), four sites were randomly selected within each region each year (Figure 1). 

The sites were randomly selected from a group of 150 vacant lots used for a bird study 

(Rega-Brodsky 2016), though some were selected from outside of this group using 

Baltimore Cityôs vacant lots shapefile (COB 2017). After random selection, sites were 

viewed using Google Earth and/or visited in person to ensure that there was at least one 

suitable tree present to attach the bat detector to, and enough open space to ensure calls 

recorded would be optimal quality. During the second year of the study, property status 

of sites were reviewed to ensure sites were city-owned. Sites were also checked in 

ArcMap to ensure they were a minimum of 500 m from nearby sites. If a randomly 

selected site didnôt have these qualifications, then it was not used and another site was 

randomly selected. I also categorized sites into one of the six vacant lot settings 

categories; vacant block, inner block, corner lot, missing tooth, suburban yard, and 

waysides. 

Acoustic monitoring and sequence identification 

From May-August of 2017 and 2018, passive acoustic monitoring was conducted at 

32 sites for nine, for a total of 288 nights. An Anabat Express bat detector was secured to 

a tree 2-3 m above the ground, with the microphone directed towards open space (Figure 

2). The detector was set to ñnight modeò and a sensitivity level of seven out of nine to 
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ensure calls would be detected, while also limiting additional urban noises (vehicles, 

wind, rain, insects, etc.) from being recorded. The detector then recorded bat activity 

from sunset to sunrise for three consecutive nights (one recording session). All sites 

within one region were recorded simultaneously. 

On the fourth day, I retrieved the detectors and downloaded the sequences onto a 

laptop. I manually identified bat sequences to species level using AnalookW software 

(Corben 2017). Sequences with less than four calls were not included. Sequences that 

could not be identified to species level were counted and categorized based on kHz 

frequency level (Q25, Q35, and Q40), but were not included in analysis. I calculated an 

hourly detection rate for each species at each site using the total number of sequences 

recorded (see Appendix 2) and the total number of recording hours. 

Acoustic assumptions 

It is important in acoustic monitoring studies to be mindful of what assumptions are 

being made and to clearly state how sequences will be interpreted (Sherwin et al 2000). 

All sequences that were more than four calls long and identifiable to species level will be 

interpreted as bat use of vacant lots, either as foraging habitat or as corridor habitat (i.e. 

traveling within the batsô home range). Because abundance cannot be quantified from 

acoustic recordings, sequences were treated as independent events. I assumed that all 

species present within 40 m of the detectors (the approximate range of detection) would 

have the same detection probability. 

Environmental measurements 
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I measured several environmental variables at each site (Table 1). A concave 

densiometer was used to calculate percent canopy cover at the center of the site and near 

the location of the bat detector; the mean of these values was used as a measure of site-

scale canopy cover. A Biltmore stick with a hypsometer and ruler was used to measure 

ground cover height in the center if the site, and estimate canopy height of tallest tree 

present. Vegetation height was used as a measure of vegetation structure, which can 

impact the insect abundance (Pöyry et al 2006, Strauss and Biedermann 2006).  Because 

lots were mowed regularly the height did not change much and was only measured once. 

I also counted the number of streetlights visible around the site, as some species will take 

advantage of these to forage for prey, while others will avoid it (Russo and Ancilotto 

2015). I categorized all 32 sites by lot type using vacant lot categories created by Rega-

Brodsky (2016) to provide additional descriptive detail of the lots in terms of their shape 

and structure. 

Analysis 

I assembled site locations, landcover, canopy cover, water, road, and vacant building 

shapefiles in ArcMap 10.6 (ESRI 2017, COB 2017) to calculate several environmental 

variables at a larger scale. This included distance of each site to the city center and to the 

closest water body. Using a 500m radius of the area around each site, I calculated the 

percent greenspace (forests and urban open area landcovers), canopy cover area (ha), 

mean road density, and mean vacant building density (both /ha). Neighborhood-scale 

canopy cover was measured to include street trees, which wouldnôt be measured in 

greenspace landcover. I chose 500 meters as radius around sites to ensure measurements 
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at this scale were independent; this distance was used as an intermediate range in another 

urban bat study (Dixon 2012). 

I used Principal Component Analysis (PCA) to illustrate site similarity based on the 

environmental variables measured using PC-ORD software (McCune and Mefford 2016). 

PCA also allowed me to see variable correlation so that I could avoid multicollinearity in 

models. Components (axes) with eigenvalues Ó 1 were retained and variables with 

loadings Ó 0.5 and Ò -0.5 were considered strong loadings within each principal 

component.  

I then used Bray-Curtis Polar ordination (BCPO) in PC-ORD (McCune and Mefford 

2016) to visualize the similarity of bat communities at each site. BCPO establishes 

distances between the sites on two axes, with the first axis denoting the strongest 

differences in the primary matrix (the number of detections recorded from species at each 

site). I also included vegetation data as a secondary matrix. By doing so, I could use the 

correlations of each species and each vegetation variable to an axis to generate 

preliminary hypotheses on which I can base my models (i.e., a species and variable (s) 

that have a strong correlation on one axis suggests that that speciesô detection may be 

associated with that variable). Candidate models were not created for species that did not 

have a strong correlation ( Ó 0.5) with the first or second axis.  For my BCPO I log-

transformed total number of detections for each species at each site and modified the 

landscape data with a general relativization to normalize and  re-scale the data, as 

variables were measured on different scales.  
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Candidate models for species included a null model and a model based on BCPO. To 

determine the importance of spatial scale, additional candidate models were created for 

local (site canopy cover, canopy height and streetlights), and neighborhood scale (canopy 

cover and greenspace within 500m radius, distance to city center, and distance to water). 

An urban model (city center distance, lights, and vacant building density) was created to 

determine if urban factors generally seen as deterrents to bat activity would be important 

predictors. Poisson-based generalized linear mixed effect models were created using the 

glmer function in RStudio, with region and year being random effects. Bat calls were log 

transformed and variables were scaled in R Studio to ensure normal distribution. 

 

Results 

 

Bat recordings 

Over 19,000 sequences were recorded in 2017 and over 14,000 were recorded in 

2018 for a total of over 33,000 sequences (Appendix 2). Six species were recorded: the 

big brown bat Eptesicus fuscus, red bat Lasiurus borealis, hoary bat L. cinereus, silver 

haired bat Lasionycteris noctivagans, evening bat Nycticeius humeralis, and tricolor bat 

Perimyotis subflavus. Hourly detection rates varied by species and site but the most 

active species at almost all sites was E. fuscus (Table 2) and comprising over 50% of 

detections at many of these sites (Table 3). The remaining species were detected less than 

twice an hour at all but one site. P. subflavus, was the least detected at only two sites with 

six sequences; it was removed from further analyses.  
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Vacant lot characteristics 

 About half of the sites were characterized as vacant blocks. Remaining sites were 

primarily inner block and corner lots (Table 4). Sites had enormous variation in canopy 

cover at the site and neighborhood scale. Within a 500 m radius of sites, the percentage of 

land that was categorized as greenspace (forested, open urban land, and brush) varied 

from zero to 36%. On average sites were within one kilometer of a water body (Table 5). 

Canopy height at sites ranged from 11 to 36 m. Sites were predominantly surrounded by 

high and medium-density housing, followed by mixed amounts of commercial, 

institutional, and industrial (Table 6).  

Road density had a strong positive correlation with streetlights. Road density, 

vacant building density and distance to water were all highly correlated with each other 

(Table 7); models were created to avoid having these correlated variables within the same 

model. While doing preliminary analysis, it was discovered that canopy cover and 

greenspace within 500m had an interaction effect, as did site canopy cover and canopy 

height, and these interactions were included in the appropriate models. 

Ordination and Models 

A PCA for the environmental variables resulted in two principle components that 

explained 54% of the variance (Table 8). The first component explained 40% of the 

variance and had strong negative loadings for number of streetlights, distance from water, 

vacant building density, road density, and strong positive loadings for percent canopy 

cover at site scale, distance from city center, canopy cover within 500 m radius, and 
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percent greenspace within 500 m radius (Figure 3). Sites on the left side of this PCA are 

inner city vacant lots with more vacant buildings, roads, and lights, that have less canopy 

cover and do not have as much greenspaces nearby, while sites on the right are closer to 

water and have less roads, vacant buildings, and streetlights. The second axis explained 

13.9% of variance and had a strong positive loading for canopy height; vacant lots along 

the top of the PCA had taller trees present on-site.  

Bray-Curtis Polar Ordination arranged sites primarily by the amount of E. fuscus, 

L. borealis, and N. humeralis detections (Figure 4). For species correlation, an r-value of 

Ó 0.5 or Ò -0.5 was considered strong. These three species had a strong positive 

correlation to the first axis (Table 9 ); this indicated separation of sites by those that had 

more detections of these three species. E. fuscus also had a strong positive correlation to 

the second axis, which meant that sites in the upper right corner of the BCPO had the 

most recorded detections from this species. L. cinereus, and Lasionycteris noctivagans 

were only correlated to a third (discarded) axis, so models were not created for these. 

For variable correlation, only canopy height had a strong (Ó 0.5 or Ò -0.5) 

correlation to the second BCPO axis. Thus, for ordination models, variables with an r-

value of  Ó 0.3 or Ò -0.3 were included. The BCPO indicated a negative gradient of 

canopy height. There were several other variables that were correlated to a lesser extent. 

The first axis explained 47.16% of the variance and was negatively correlated with 

distance to city center, amount of canopy cover within 500m, and positively correlated 

with vacant building density. The second axis explained 19.06% of variance and in 

addition to canopy height, had a negative correlation with number of streetlights present 
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and positive correlated with percent canopy cover at the site scale. Ground cover height 

was not strongly correlated to any axes and was not included in any models. 

The null model was the top model for species richness; the second best model was 

the urban deterrents model which included distance to city center, streetlights, and road 

density (Table 10). The top model for big brown bat detection with the lowest AICc value 

included both local and neighborhood-scale vegetation, streetlights, and distance from 

water and city center (Table 11). This suggests that big brown bats are most active in 

vacant lots that had less local vegetation but more streetlights, that were located further 

from city center, and closer to water. When both canopy cover and greenspace within 500 

m was present, there was more big brown activity, but if only one or the other was 

present, then there were less detections. 

L. borealis activity was best predicted by distance from city center, road density, 

and neighborhood-scale vegetation (Table 12). This species was detected more at lots that 

were surrounded by fewer roads located in the interior of the city. When canopy cover 

and greenspace had an interaction effect, less red bat activity was detected; if there 

wasnôt an interaction effect, then red bats were detected more at vacant lots that were 

surrounded by more canopy cover but less greenspace (Table 14). The model that best 

predicted N. humeralis activity included both local and neighborhood scale variables 

(Table 13). More activity was detected from this species in vacant lots that had more 

local and neighborhood vegetation, less streetlights, closer to the city interior, and closer 

to water. When canopy cover and greenspace had an interaction effect, more evening bat 
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activity was detected; if there wasnôt an interaction effect, evening bats were detected 

more at vacant lots that were surrounded by less canopy cover and greenspace (Table 14). 

 

 

Discussion 

 

By using simple environmental measures, the amount of acoustic activity of bat 

species in an urban environment can be predicted. The BCPO suggests that vacant lot bat 

communities are defined primarily by the amount of big brown, red, and evening bat 

activity detected. For these three species, vegetation present within 500 m and distance 

from the city center were the best predictors. Models that included vegetation at both the 

site and neighborhood scale were the top models for the big brown and evening bat, and 

for the red bat it was the second model, suggesting that factors at both scales are 

important for bats. Canopy cover and the presence of nearby forested land appear to be 

common predictors for both bats and birds in Baltimore vacant lots (Rega-Brodsky and 

Nilon 2017). The presence of additional predictors for different species and their varying 

response to these predictors supports the idea that different species use urban landscape 

to different degrees (Avila-Flores and Fenton 2003, Dixon 2012). Potential other variable 

that were not measured but that likely play a role in bat activity include noise levels, 

insect diversity and abundance, and tree diversity and age. 

There were no ideal models to predict species richness that were better than the null 

model; this could mean either species richness is not influenced by urbanization or that 
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using species richness as a measure of bat diversity is not ideal (at least in Baltimore). All 

sites had 2-5 species present, and richness gave equal weight to species that were highly 

active (i.e. detected often) and species that may have been only passing through the area. 

Though present at all sites, big brown bats, an urban generalist species were more 

active in lots that had less local vegetation, more streetlights, that were closer to water, 

and were surrounded by more greenspace. In a study comparing big brown and evening 

bat activity in an urban area, big browns spent more time flying and foraging, had 

multiple foraging sites, used more low density residential areas, successfully roosted in 

buildings in a variety of surroundings, and were able to cross large patches of urban areas 

to access foraging habitat (Duchamp et al 2004). This species is a fast flying, urban 

adapted species, and so local vegetation may not be as important since they are capable of 

flying longer distances over urban landscape to access foraging habitat. It was also the 

only species associated with streetlights, likely taking advantage of these for foraging. 

  The abundance of E. fuscus activity recorded in this study appears to be a common 

theme in other North American urban studies (Brigham 1991, Chelsvig and Gehrt 2004; 

DC, Johnson et al 2008, Everette et al 2001, Johnson et al 2008). My hypothesis that E. 

fuscus would be more active in areas with more vacant housing was rejected. This is 

likely because acoustic monitoring is detecting batsô foraging activity, while VBD 

reflects a potential roosting variable. This species is known to roost in anthropomorphic 

structures, and although not supported by my data, it is likely that some of Baltimoreôs 

numerous vacant buildings are being used as both night and day roosts.  
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The tree-roosting evening bat, N. humeralis, appeared to be more active in lots that 

both local and neighborhood vegetation present, closer to the city center, and closer to 

water. This is supported by Duchamp et alôs (2014) comparison study of E. fuscus and N. 

humeralis urban activity. This study concluded that  N. humeralis was not as well adapted 

to urban living, as they avoided traveling through urban areas unless it was adjacent to 

habitat patches, likely due to having a shorter wingspan and reduced ability to travel far 

distances.  This species tends to alternate between several tree cavity roosts and have 

high fidelity to their foraging habitat, making their presence limited to urban areas with 

large amounts of greenspace present. Thus, this species may have been present in lots 

closer to their roosts. This does not explain however why they tended to be found in lots 

closer to the center of this city, which is the opposite of Duchamp et al (2014). 

The red bat, L. borealis, a migratory, foliage-roosting species, appeared to be more 

active in lots surrounded by less roads, less surrounding greenspaces, and closer to the 

center of the city. This was surprising, given that the center of the city had the highest 

road densities. This speciesô sometimes-erratic flight pattern (Shump & Shump 1982) 

could potentially result in mortality in road-dense areas. However, much of the inner city 

consist of neighborhoods that have high amounts of vacant buildings, thus roads in these 

areas may not be high-traffic that one might normally associate with high road density. 

Similar to what has been seen in other studies (Amelon et al 2014, Dixon 2012, Li and 

Wilkins 2014, Walters et al 2007) there was a positive association between L. borealis 

activity and canopy-associated variables. Although streetlights did not come up as a 

predictor, L. borealis has been documented foraging around streetlights (Walters et al 
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2007), where smaller moth species may be present that they prefer to eat (Hickey et al 

1996).  

The silver-haired bat, hoary bat, and tricolor bats were uncommon species but are 

likely also associated with the presence of greenspace and distance to water. was 

uncommon. Limited detection of L. noctivagans, a migratory, tree-roosting specie,s may 

be the results of documenting individuals traveling to/from roosting or foraging habitat 

and not active use of vacant lots. Most research done with this species has occurred in 

western North America, where this species roosts in conifer snags in areas that had low 

canopy cover (Campbell et al 1996).  In a study or urban greenspaces in Chicago, 

Chelsvig & Gehrt (2004) found this species associated with woodlands. 

In a comparison study of L. cinereus and L. borealis foraging behavior around 

streetlights (Hicket et al 1996), it was found that the L. cinereus primarily ate larger 

moths, were less maneuverable in flight, and had lower echolocation call frequency better 

suited for detecting insects at long range. This would suggest that open spaces, and 

habitat necessary for larger moth species would be important. This species was 

uncommon in recordings, and the need for larger prey species may play a role. An 

unfortunately absent measurement in my research that may have been a useful was 

abundance and diversity of insects at these lots. 

The tricolor bat, P. subflavus, was the least detected species in the study. However, 

the two sites were it was recorded have similar qualities to those associated with the 

species in Dixonôs (2012) study: both sites had high percentage of canopy cover and were 
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very close (< 250 m) to water. Additionally, a third site that was initially selected (but 

was later removed due to not being city-owned) also had several recordings of P. 

subflavus, and like the other two sites, was adjacent to high-canopy cover area. During 

the summer, P. subflavus roost in clumps of dead leaves, alternating between several tree 

roosts. Their preferred habitat are upland and riparian-forested areas (Veilleux et al 

2003). This uncommon type of habitat and the need for multiple similar trees in special 

types of forest may explain why they were not recorded more often. Additionally, P. 

subflavus is one of several species in Maryland that has been severely affected by white-

nose syndrome (MDNR biologist Kerry Wixted, pers. comm.) and was recently listed in 

nearby Pennsylvania as a state-endangered species (Thomas 2019). 

Results seen may also partially reflect the placement and location of detectors. The 

location of bat detector at sites was not in a controlled location, and so it is possible the 

location of detectors within the site and their distance from edge habitat (when present) 

may have also played a role in what activity and species were recorded. The distance of 

the recorders from edge habitat was an important predictor of bat activity in Gehrt and 

Chelsvigôs (2003) study- the further the detectors were from the edge, the fewer 

sequences were detected. Detectors were placed 2- 4 m high, however a study on bat 

foraging height (Menzel et al 1996) found that detector height played a role in how much 

bat activity was recorded for bat species, many of which were present both here and in 

the studyôs location in South Carolina.  

This was the first study within Baltimore City documenting what bat species are 

present and what factors likely encourage their presence here. Despite the urban location, 
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results reflect those seen in other parts of Maryland (Johnson et al 2008, Johnson and 

Gates 2008). In Johnson and Gates (2008), there was a possible capture of a Seminole 

bat, Lasiurus seminolus, which has a similar physical appearance and acoustical 

repertoire to L. borealis, making it impossible to know for sure if this species may have 

also been present.  

However, unlike these other local studies, no Myotis species were recorded. Potential 

local Myotis species could include M. lucifugus and M. septentrionalis. A male M. 

septentrionalis specimen was collected near the Baltimore City/County border in 

February 1941 (SNMNH 2019), an area that is still has high canopy cover and little land 

modification. Myotis have been documented in other urban bat studies in the US  

(Chelsvig and Gehrt 2004, Li and Wilkins 2014, Johnson et al 2008, Dixon 2012). In 

addition to high mortality from white nose syndrome, Myotis can also face mortality from 

car strikes, especially in areas with large patches of forested landscape adjacent to areas 

of high road density (Russell et al 2008). In an urban setting like Baltimore that has 

several large forested parks that are adjacent to areas of high road density, it seems 

unlikely that Myotis would be active in vacant lots and, if present in the city, would likely 

be limited to the large forested urban parks. 

At a landscape scale, lots that are located closer to water bodies and large patches of 

greenspace have the most potential for being used by bats, either as foraging habitat or as 

corridor habitat. Larger lots (like the vacant blocks and suburban yards) could potentially 

be managed to have a variety of vegetation structure allowing both canopy cover and 

open space. Smaller lots types (corner lots, inner blocks and missing tooths) could be 
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managed in groups where certain lots have more open space and others have more 

canopy cover. However, it is important to consider the values and needs of local residents 

around these sites before managing these lots for wildlife (Rega-Brodsky et al 2018). 

Though some vacant lots are used by residents, many are viewed negatively due to being 

locations of illegal dumping and potentially being a magnet for crime. Modifying the 

vegetation in these spaces to address biodiversity, sustainability or environmental justice 

concerns can result in higher property values and housing costs, potentially lead to 

displacement of residents and gentrification (Wolch et al 2014). A study of residential 

preference of lots in Baltimore found that residents prefer lots that show signs of 

maintenance and use, and have more trees present (Rega-Brodsky et al 2018); as trees are 

important for bats as well, it is certainly possible to manage these spaces for both 

residents and wildlife. 
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Tables and Figures 

 

 

Figure 1. Site locations and vacant lots of Baltimore City, Maryland. 
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Figure 2. Placement of an Anabat Express detector at a vacant lot in southeast Baltimore. 

It was approximately 2-3 m above ground, with the microphone pointed towards open air. 

A sign was attached to the detectors to let local residents know what the device was (and 

was not) being used for, in addition to contact information. 
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Table 1. Environmental Variables and abbreviated code used in models. 

Variable Abbreviation 

% canopy cover at site ccsite 

canopy height at site (m) canopyH 

Number of streetlights present around site  lights 

Ground cover height (cm) gr_cov 

Distance from closest water body (m) water 

distance from city center (km) citycent 

Canopy cover area within 500 m radius (ha) CC500 

% of area within 500 m radius that is 

greenspace landcover 

grsp500 

Mean road density within 500 m radius 

(/ha) 

road 

Mean vacant building density within 500 m 

radius (/ha) 

VBD 

 

 

 

Table 2. Hourly detection rates for each species at each site.  

Site E. 

fuscus 

L. 

borealis 

L. 

cinereus 

L. 

noctivagans 

N. 

humeralis 

P. 

subflavus 

EAST 1.21 0.07 0.00 0.02 0.00 0.00 

KENT  15.32 0.10 0.00 0.01 0.34 0.00 

RADN 17.31 0.10 0.00 0.00 0.18 0.00 

SHAN 5.66 0.40 0.00 0.08 0.14 0.05 

DERB 28.48 0.67 0.15 0.04 0.15 0.00 

DUPO 6.92 0.00 0.03 0.03 0.03 0.00 

ROLA  0.04 1.03 0.00 0.00 0.00 0.00 

TIPP 6.95 0.00 0.00 0.00 0.00 0.00 

CHUR 10.07 1.31 0.01 0.04 0.12 0.00 

MADI  22.56 0.09 0.00 0.29 0.03 0.00 

ODON 6.42 0.14 0.02 0.13 0.04 0.00 

WOLF  2.22 0.49 0.02 0.00 0.01 0.00 

EDMO 16.12 0.11 0.00 0.04 0.05 0.00 

HOLL  2.81 0.16 0.01 0.24 0.97 0.00 

PARK 17.95 0.19 0.02 0.26 0.14 0.00 

VINC  10.32 0.00 0.01 0.04 0.02 0.00 
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Site E. 

fuscus 

L. 

borealis 

L. 

cinereus 

L. 

noctivagans 

N. 

humeralis 

P. 

subflavus 

ELLA  7.04 0.20 0.01 0.01 0.22 0.00 

GRAN 7.83 1.52 0.00 0.01 1.64 0.00 

KEYW  34.30 0.29 0.02 0.02 0.03 0.00 

MATT  11.41 1.87 0.01 0.00 0.09 0.00 

CHES 0.15 0.00 0.00 0.04 0.00 0.00 

EFOR 9.15 0.10 0.00 0.00 0.01 0.00 

HOME  0.97 0.07 0.00 0.04 0.11 0.00 

NPAT 0.69 0.05 0.00 0.06 0.01 0.00 

BOND 6.30 0.13 0.02 0.18 0.07 0.00 

ENHO 1.90 0.22 0.02 0.41 0.02 0.00 

NCAL  7.43 0.63 0.01 0.00 0.19 0.00 

ORLE 4.02 0.06 0.00 0.07 0.02 0.00 

OTTE 1.23 0.03 0.03 0.06 0.01 0.00 

PIER 15.73 3.06 0.04 0.09 1.22 0.00 

SWIC 14.44 0.64 0.07 0.51 0.26 0.00 

WLAN  0.80 0.30 0.06 0.06 0.11 0.00 

 

 

Table 3. Detection probability of species at sites. 

Site E. 

fuscus 

L. 

borealis 

L. 

cinereus 

L. 

noctivagans 

N. 

humeralis 

P. 

tricolor 

DUPO 0.98 0.00 0.00 0.00 0.00 - 

TIPP 0.99 0.01 0.00 - - - 

DERB 0.88 0.02 0.00 0.00 0.05 - 

ROLA  0.37 0.53 - - - - 

EDMO 0.94 0.01 - 0.00 0.00 - 

VINC  0.95 - 0.00 0.00 0.00 - 

HOLL  0.63 0.04 0.00 0.06 0.22 - 

PARK 0.93 0.01 0.00 0.02 0.01 - 

RADN 0.97 0.01 - - 0.01 - 

SHAN 0.84 0.06 - 0.01 0.02 0.01 

EAST 0.91 0.05 - 0.02 - - 

KENT  0.96 0.01 - 0.00 0.02 - 

CHUR 0.83 0.11 0.00 0.00 0.01 - 

MADI  0.93 0.00 - 0.01 0.00 - 
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Site E. 

fuscus 

L. 

borealis 

L. 

cinereus 

L. 

noctivagans 

N. 

humeralis 

P. 

tricolor 

ODON 0.93 0.02 0.00 0.02 0.01 - 

WOLF  0.73 0.17 0.01 - 0.00 - 

ELLA  0.90 0.03 0.00 0.00 0.03 - 

GRAN 0.70 0.14 - 0.00 0.15 - 

KEYW  0.98 0.01 0.00 0.00 0.00 - 

MATT  0.84 0.14 0.00 - 0.01 0.00 

CHES 0.65 - - 0.17 - - 

EFOR 0.95 0.01 - - 0.00 - 

HOME  0.62 0.20 - 0.02 0.07 - 

NPAT 0.77 0.06 - 0.07 0.01 - 

BOND 0.92 0.02 0.00 0.03 0.01 - 

ENHO 0.68 0.08 0.01 0.15 0.01 - 

NCAL  0.88 0.07 0.00 - 0.02 - 

ORLE 0.95 0.01 - 0.02 0.00 - 

OTTE 0.84 0.01 0.02 0.04 0.01 - 

PIER 0.75 0.15 0.00 0.00 0.06 - 

SWIC 0.90 0.04 0.00 0.03 0.00 - 

WLAN  0.57 0.22 0.04 0.04 0.08 - 
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Table 4. Characteristics of Vacant Lot Sites. Dark grey indicates the lot and light grey 

indicates surrounding housing. Illustrations are included with permission from C. Rega-

Brodsky. 

Site Vacant 

block 

(VB) 

 

Inner 

block 

(IB) 

 

Corner 

 Lot 

(CL) 

 

Missing  

tooth  

(MT)

 

Suburban 

yard  

(SY)  

 

Wayside  

(W) 

 

 
DUPO x 

     

TIPP 
 

x 
    

DERB 
 

x 
    

ROLA 
   

x 
  

EDMO 
 

x 
    

VINC 
 

x 
    

HOLL x 
     

PARK x 
     

RADN 
   

x 
  

SHAN x 
     

EAST x 
     

KENT 
 

x 
    

CHUR x 
     

MADI  x 
     

ODON x 
     

WOLF 
 

x 
    

ELLA 
   

x 
  

GRAN 
  

x 
   

KEYW 
  

x 
   

MATT x 
     

CHES 
  

x 
   

EFOR 
    

x 
 

HOME 
  

x 
   

NPAT x 
     

BOND 
  

x 
   

ENHO x 
     

NCAL x 
     

ORLE 
  

x 
   

OTTE 
 

x 
    

PIER x 
     


