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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 vatiasanted to discover if evaluating

environmental and socioeconomic variables present in an urban landscape can help
detemine what bat species were present and how active these species were. Research
occurred in Baltimore, Maryl and, a O0shrink
research on the bat community. For my first project, | used active acoustic mortiboring
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 trengradi

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

the direct and indirect measures of urbanization gradient used are not a predictor of bat
presence and activit{zor my next project | used passive acoustic moimigpto record

bat activity at 32 vacant lots within Baltimore City to determrigch environmental and
socioeconomiwariables best predict bat species richness and adivihese small,

informal, understudied urban greenspaces. Environmental an@sme@mnic data was

obtained using osite measures, GIS, and US Census data. There were no predictors for
overall species richness. Canegsociated measures at both the site and neighborhood

scale, streetlights, site distance from water and the urbajresr@ential race and

income, old housing, and rental housing we
activity levels. Species relationships with these predictors varied and some species had

additional predictors, suggesting thattsusethe urban laniscape to different degrees



Some larger lots could potentially be managed to have vegetation structural complexity
(allowing both canopy cover and open spcaccommodate bat species with different
traits), but many lots are too small to do this. Vadatstcloser to water and larger

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



Introduction

Bats are a taxon of concamNorth America and provide ecosystem service in
the form of insect controlhis taxon is one of several that ¢éelme understudied arban
settings, which often focus on birds grldnts(Coleman & Barclay 20)1Urban bat
studies that have been done suggest that urbanization can be both beneficial and harmful
to bats (Russo and Ancilotto 2018)any urban ecology studies tend to conduct research
in large, formal sites likparks andyardensor residential yards (Aronson et al 2017
Botzat et al 2016)Vacant lots are small, undeveloped land parcels that remain after a
building has been razebh Baltimore Maryland,there arel,750ha ofvacant lotparcels;
studies have found th#ébeysupportbirds and plant§RegaBrodsky 2016, Johnson et al
2018) With this in mind, my research goal was to deternffiqedictorsexiststhat
couldexplainpatierns ofbatuse and activitycross the urban landscag@owing this

information could support management of vacant lots for wildlife.

In Chapterd, | look at one of the simplesteasures of urbanization, a gradi¢at,
determine if species compositiondaactivity ctanges along a watershed as it becomes
increasingly urbanThis 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 Chaptes 2 and 3, | 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



lots. This wasdone 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. | hope to eventually
publish results fronthese chapters tdrban Naturalist Journal of Urban Ecology

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

Abstract

In urban ecology, urbato-rural gradient studies have besanductedo
determine how organisnmg a communityeacts to urbanization. The impact of
urbanization on bats have revealed both positive and meggfectsPast use of the

GwynnsFalls watershed (GFW) 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 gradiagipothesized that species

richness and activity would decrease as sites transitioned from suburban to urban
surroundings. From May to August 2016, | used active acoustic monitoring to record bat
activity atnine sites adjacent to waterggs along the GQN. Both direct (distance to city
center) and indirect (landcover composition) measures of an urban gradient were
calculated using GIS. Bra@urtis polar ordination was used to depict similarity of bat
communities at each site help and to create initiadidate models. Linear regression
was used to determine which model s best
levels. Over 1,80 calls from six species were recorded. Big brown lgttegicus

fuscu$ and red batd @siurus borealiswere preserdt all sites. Bat species richness did
not decrease as hypothesized; in fact, the most spaesite was the second most

urban siteNull models for species richness and the three most active species were top



models, suggesting that the measures lodnization gradient used are not a predictor of

bat presence and activity.

Introduction

The use of gradients as a taolurban ecology studies started in the 29880s
(Andrzejewskiet al 1978Klausnitzer and Richter 1983, Nilon et al 198R)e gradial
variation of & urbanassociatedactor(s)over spaceactsas type okexperimental
manipulationand carhelp uncovepatterns in ecological systems structanel function
across this spad®icDonnell and Pickett 1990Urbanization can be defined et
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 ogbuildin
density, impervious surface, and the most comnesaltis that native species richness
decreaseasthe urban cores approache@icKinney 2002, Zipperer and Guntenspergen
2009) . Mc Donnel | and Pickettdos (1990) pape
urbankgation gradient and its potential importance in research. In general, it is assumed
that cities have an urban Acoreo, where th
developmentRadiating out fronthis urbancore urbanization decreas@sa concentric,
irregular patternThus, 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



flora and fauna. However, McDonnell and Pickett (1990) also acknowledggsthgt
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.

Mc Donnel | and Pi c khattah wbaniz&tionegradiemtdmukt st at e
account for the factors that constitute urbanization, the effects of urbanization on the
bi ota and physical environment, and the re
Gradient analysis can be direct, focusing on aréable distributed in a linear pattern, or
indirect, using more than omariable thatmay not be distributed linearly to define a
gradient.Indirect gradients have been the recommended approach for urban gradient

studieg(Zipperer and Guntenspergen 2009)

Urban gradient studies have often focused on plants (Zipperer and Guntenspergen
2009) and birds (McDonnel and Ha2@08), 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 (JohmsdiGates 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 urbatian 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,



and for some species, access to prey (viathghts). Conversely, light pollution, roads,
opportunistic urban predators, increased likelihood of disease transmission in larger
urban colonies, and humdnat conflicts are common sources of mortality for urban bats.
This often results in urban areasifig home to a reduced bat communitnsising

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
westernBaltimore County, running southeast until it merges with the Patapsco Ri&er n
central Baltimore City (Figur&). This watershed has been the site of several other
gradient studiesall associated with the water itself (water balanBésiskarandWelty
2012 fish development: Fraker et al 2QXfutrient concentrationdduan etal 2012,

Shields et al 2008, and riparian sedim@&atin et al 2012, Colosimo et al 200 Results

from these prior studies found increased concentrations of calcium, nitrogen, ate] nitr

an increase in channel shape and size, and smaller, dhatkfish as the watershed

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

ideal place to investigate haaxanot directly associated with to water magy affected

by an urbanization gradierithe purpose of this study wasdetermine if an

urbani zation gradient acts as a predictor
levels | hypothesized that an urbanization gradient would alter the bat goitym

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

sites became increasingly urban.



Methods

Study Area

The Baltimore Ecosystem Study (BES), an urban-emm ecological research
site, has been monitoringater 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 locationsedl 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 Fallwatershed (Figurg). Adjacent to each gage was a small field or
open areawherethe recordings occurreBat calls were recordeslring 30-minute
active acoustic monitoring sessgarsing an Anabat SD2 bat detector with an attached
personal digital assistarIDA) unit; this unit allowed me to collect GPS data and view
sequences dbey were being recordedhe bat detector was held at approximately a 45°
angle. Most recording sessions occurred betv2®e@0 and 23:30however one or two
recordings for each site occurred later at night (betW2£0 and 05:0Pto attempt to
gather @ta at a broader temporal scale. A second or thirgsiseilmear each gage was
selected when feasible. Recording location at thessisebalternated between visits to
ensure that results reflected the broader

location, which has an approximate recording radius of 40 m (Chris Corben, pers.



comm.), and the main location of some sites were prone to acoustic interference from

nearby traffic noiseData from suksites were summarized at the site level

Three sitesvere visitedeachnight, 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 weegiewed inAnalookW (Corben2015) and sequences
with four a more calls were kept amdanuallyidentified to species level whenever
possiblel 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

Sitelocationsand shapefiles for the boundaries and landcover for the city and
county were gathered from Baltimore Ecosystem Study, Baltimore City, and Baltimore
Count ybds ope BESRAEECGREBCOB20E6sLaGrosa and Welty
2017). | used ArcMap 10.6 software to calcultte distanceof each site from theity
center and landcover composition within 500 meaglius of sitesBecause most sites
were a kilometer apart, | choS60-meterradius to ensure landcover composition lssu
would be independent; additionally, this was used as an intermediate range in another

urban bastudy (Dixon 201}



Using the landcover composition within a 500 m radius, | calculated percent
composition ohigh-densityhousing (HDH), greenspace (ésted 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 Guntensperged).Zlide distance to city

center was used as a direct gradient measure.

Analysis

| used BrayCurtis Polar ordination (BCP) PG-ORD (McCune and Mefford
2016) tovisualize the similarity of bat communities at each $ite.my BCPO | log
transformed totahumber of detections for each species at each site and modified the
landscape data with a general relativization tea@e the data, as distance to city center
was on a different scale from the percent landcover composition of the other variables.
BCPOestablishes 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). | also included landscape data (the landcover types asstitiated w
urbanization gradient) as a secondary matrix. By doing so, | could use the correlations of
each species and each landcover type to axes to generate preliminary hypotheses on
which | can base my models (i.e., a species and landcover type(s) thatstraga
correlation one axis suggests that that sp

the amount of that landcover type present).



For overall species richness andividual specieéactivity level fotal number of
detection}, |1 conducted linearegression to determine which variables best explained
activity along a gradienModels were created fandividual species that were recorded
in at least six of the nine siteSpeciegotal activity levels were log transformed give
data a normal distributioModels included a null model, a model for distance to city
cente (a direct gradient), and indirect gradient models, based on literature regarding use
of forested areas for all bat species Alydticeiushumeralisavoidance of urban areas
(Duchamp et al 2004, Gehrt and Chelsvig 20@2ndidate 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 easilfiatéénto
species levelthese 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 nigbitsspecies were detected @&s the nine
sites Table J). Eptesicus fuscusndLasiurus borealisvere present at all sites, while
Perimyotis subflavus/as the least common, recorded at three €ltakle 2) Additional
species present includle cinereusLasionycteris noctivagansnd Nycticeius humeralis

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

10



activity (Appendix ). Thespecies curvelateauediroundsix, suggesting that all bat

species present in the Baltimore metropolitan area Wiy detectedFigure 2).

Sitesvaried in the amount of higtlensity housinggreenspace, and miscellaneous
urban landcovewithin 500 metersThere appearetb be agreenspacgradient present:
the percentage increased fr@tyndon GL) to McDonogh MD), droppedatSc ot t s 0

Level (SL), and steadily increased again until it peaked at Dead Run (DR) (Tjable 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 othethe first axisandVN and MDare the
most dissimilar on the second axifielremaining sites are more similar to each other in
terms of species composition and activity levels (Figure 4). The species most strongly
correlated with the firshxiswereL. noctivagans(negatively) L. borealis andE. fuscus
(both positivéy). This indicates separation of sites with more red bat and big brown bat
activity, and less silvelaired bat activityThe speciesorrelatedositivelywith the
secondaxiswerel. cinereus, N. humeraligndnegatively withP. subflavusin addition
to the separation of sites by the prior three species, the second axis further separates sites
by those withmore hoary and evening bat activity, but less tricolor bat actiMig.first
axis had a strong negative correlatioith high-densityhousing while the second axis

correlatedoositivelywith greenspace landcovem able4).

General linear models were created for overall species richness &dudecus

L. borealis andN. humeralis The direct gradient model (distance to city center) was

11



included as a candidate model, as well as landscape variables that correlated in the BCPO
(HDH for E. fuscusandL. borealis and greenspace fo. humerali¥. None of the
landscape variabk were positively correlated with each other so multicollinearity

wo u |l d n dgssuelimeever they were not checked for interaction effects.

For speciegichness and the three speamsdeled the null model was the top
model. FoiE. fuscusthe secod top model slightly below the null model was distance to
city center (Tabl&). High-density housing was the second lowest model fdworealis
(Table6). For overall species richness aMdhumeralisactivity, forested landcover was
the next lowesmodé following null (Tables 7 and)38 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

(Table9), suggesting that the null models were indeed the best models.

Discussion

The purpose of this study wasdetermineaf a ruralto-urban gradientould
predict bat species rickas and activity. It seems unlikely that direct and indirect urban
gradiens can predicbat species richness threir activity levels.Literature review of
urbanization gradient studies has fowmadlying results regarding how organisms vary
along such gradient. McKinney (2002) noted several studies that found native plant,

bird, and butterfly species richness decreased as the urban core was approached. Literature

12



reviews on urban bird studié&lcDonndl and Hahs 2008) and neavian 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 BAPO suggested that a gradient of hagnsity 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 brow.das¢u} the red bat
(L. borealig, and the evening balN( humerali$. Other urban bat studies have shdwn
fuscusbeing the most predominantly recordgabciesas well ag.. borealis(Chelsvig
and Gehr2004, Johnson et al 2008, Everette et al 200h¢ community being
primarily defined by these common urban bats species is the same as what was seen in
Russo and Ancilottods (2015) review of wu

primarily defined by a few species.

This study was first attempt to investigate what bat specieere present in the
Baltimore metropolitan area. Species present at sites were companaseltsseen 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 accummutairve suggests that all
species present in the area were documeMgdtisspecies may aldoe presentasa M.
septentrionalispecimen was collected from BaltimdZeuntyin 1940 (SNHM 2019).

High mortality rates oMyotisspp. and®. subflavusn western Maryland hibernacula due
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to white nose syndrome have been documemMiaNR biologistKerry Wixted, pers.

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

While several measures were used for an indirect gradmamy othemetrics
coul dov e Uthanzationusasudes that have been used in other studies include
impervious surface (used for a GFW study, Bhasakar and \2@M/) human population
density, road density, and traffic volume (McKinney 2002, Zipperer ande@Gsipergen

2009).

It is also possible that not enough recordings were done to accuedlety the
bat community presenfummer 2016 in Baltimore was unusually rainy and had below
average temperatures for most of June, which may have played a radimitid
amount of bat activity documented during this pdithe seasarActive acoustic
monitoring occurredh 30-minute sessions, andgbssiblethat conducting this research
at a longer temporal scateay have changed the resui&alak et a(2012 found that 2
5 nights of passive recording were needed to document the most common species present,

and 1022 nights of recording resulted in detecting®®%o of species present.

Several bat species present in the study area have call patterns tlagut iover
similarity, so there is the potential that some calls were misidentifgedll sequences
were manually identifiece. fuscusandL. noctivaganemit calls at 25 kHz, anid.
borealisandN. humeralisdo so aB5 kHz sometimes in a manner that makiedifficult

to differentiate between species.
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Level Branch, VN = Villanova, PM = Powder Mill Run, DR = Dead Run, RH = Rognel
Heights, WB= Washington Blvd.

Tablel. Meanhourly detection rate of bat species at GFW sites

Site E. L. L. L. N. P. Total
fuscus borealis cinereus noctivagans humeralis tricolor
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 3543 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 4571 19.71 0.00 0.00 3.43 0.00 68.86

Table2. Detection probability of species at GFW sites.

E. L. L. L. N. P.

fuscus  borealis cinereus noctivagans humeralis 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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GFW Species Curve

Average Number of Species
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Figure 2 Species Curve for bat species recorded in GFW.

Table3. Site names and measures of urbanizatancentages are from the 500 m radius

deci

duous

area surrounding site6.Gr eenspaced includes
urban landandcovers 6 Ot hé&ncludesiinstitutional, industrial, and commercial
landcovers.

Site name Code Distance High- Greenspace Other
from city density (%) urban
center housing (%)
(km) (%)

Glyndon GL 25.98 451 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 LeveBranch 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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Bray-Curtis Polar Ordination of GFW Bat Communities
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Figure3. Bray-Curtis Polar ordination of sites. The first azeparates sitds/ low levels
of L. noctivagansctivity, and high levelsf L. borealis andE. fuscusactivity. The
second axis separates sites by those with inocaereusN. humeralisactivity andless
P. subflavusctivity.
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Table4. Correlation table of variables and species with BCPO axes. The first axis
separated sites primarily by the amolunborealisandL. noctivagansletectionsand
appeared to show a gradient of higgnsity housingwhile the second axis further
separated sites by the amount.otinereusandP. subflavusletectionsaand suggested a
greenspace gradient

Axis1 AXis 2

City center 0.228 -0.159
distance

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

Table5. Candidate models fd&t. fuscus

Model K AICc Delta AICc Cum. LL
AlCc Wt Wit
Null 13 0 0.51 051 -35

2
Distance 3 1364 063 037 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

Table6. Candidate models fdr. borealis

Model K AICc Delta AICc Cum. LL
AlCc Wit Wt

Null 2 20.34 0 0.56 0.56 -7.17

HDH 3 21.45 1.11 0.32 0.89 -5.33

Citycenter 3 2494 46 0.06 0.94 -7.07

distance

Greenspace 3 2498 4.64 0.06 1 -7.09
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Table7. Candidate models fdd. humeralis

Model K AICc Delta AICc Cum. LL
AlCc Wt Wit

Null 2 17.45 0 0.71 071 -5.72

Greenspace 3 20.12 2.67 0.19 0.9 -4.66

City center 3 2133 3.88 0.1 1 -5.27

distance

HDH + other 4 28.88 11.44 0 1 -5.44

urban

Table8. Candidate models for species richness.

K AICc Delta AICc Cum. LL
AlCc Wit Wt
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 3 39.79 4.56 0.06 0.94 -14.49
distance

HDH 3 40.01 4.78 0.05 0.99 -14.6
HDH + other 4 44,1 8.87 0.01 1 -13.05
urban

Table9. Top models for species and species richness. Models Ritfifference inAIC
ranking were included.

AlCc Model Coefficient P

E. fuscus 13.00 Null 1.9607 <0.01

13.64 City center -0.03248 0.082
distance

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 35.23 Null 3.7778 <0.01

richness 36.12 Greenspace 0.05051 0.09201
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Chapter 2Environmental predictors @databundancén vacant lots

Abstract

Within Baltimore, there are over 1,750 ha of vacats. [dhe extent to which bats use
small, informalgreenspacesuch as thedgas not been investigatedany published
studies After discovering at least six bat species were present in BaltiseeeChapter
1), | began investigating environmental factors in and surrounding vacant lots with the
purpose of determing which variables best predict bat species richness and activity.
During the summers of 2017 and 20L8sedpassive acoustic monitoririg record bat
activity for a total ofnine nights at 32andomly selected vacant lotsnkasuredite-
scale variales such as canopy cover, ground cover height, and number of streetlights
presentNeighborhooescale variables (percent forest cover, canopy cover, vacant
housing density, and road density) were obtained and analyzed3lSirngoth a priori
andBray-Curtis Polar ordinationbased models were created for spedimess and
activity at these sited.inear mixed modelingvasusedto discover potential predictors of
species richness and bat activity levels. Over 33,000 sequences were recorded. Six
species &re present, with mosietectionscoming from big brown bat€Eptesicus
fuscu$. Most sites had distinct communities with varying activity levels frefn 2
speciesWhile there were no models fepecies richness that were better than the null

model, common predictois the best modelf®r individual species activity were canopy
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variables at theite scale (canopy height apdrcent canopy coveand distance from

water

Introduction

Vacant los have been defined in numerous ways basebeinorigins their history,
and current characteristics (Bowman and Pagano 2000, Kremer et aP2@gaBo and
Bowman 2000RegaBrodsky 2016) but in essence, vacant lots are land parcels in urban
areas thalack development. They can vary in size, vegetation, and age. Within the field
of urban ecology, the ecological sifjoance of informal greenspackave been
understudied (Botzat et al 2016). Studies that have been done regarding this unique urban
habitatsuggest they can play an important role in providing ecosystem services and
supporting wildlife (RegdBrodsky2016 Kremer et al 2013, Kim et al 2015, EImquist et
al 2013 Gardineretal2013 I n fishrinkingo cities | ike B
residem i al popul ati on si nanencréabean vdc@8nbhouses, stnes r e

of whicheventually becomeacant lot§RegaBrodsky et al 2018).

Overl6,500 vacant lot parcels in Baltimore City compaigeroximatelyl,750 ha of
land. Age, shape, size, vegetation, and composition of these lots can vararBasiay
(2016) created six classifications of wvaca

biota, and prior usage: vacant block, inner block, cornemissing 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 areBe@aBrodsky 2016RegaBrodsky and

Nilon 2016, RegaBrodsky and Nilon 202). Other research wacant lotsn Baltimore

has bcused on plantsnd residential preferencegarding these spacé&esults from

these studies have f moitydodoteufer momtanidlaad sd pl an
biogeography effedfTauzer and Pickett 199@nd are shaped by their prior land use and

tend to stay stable over decadéshnson et al 20)8Residents preferrasell-

maintained lots withrees, few shrubs, and more ogace, 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 thes®ller informalurban greenspaces has not been
previously investigated. In a pilot study of active acoustic monitoring at parks and vacant
lots within Baltimore half of thevacant lotsvisitedhad more recorded bat activity than
several mediunsized anddrgeparks(unpublishedl A habitatgradient 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 L 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 batsdé activity.
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The purpose of this chagtis to determine €&nvironmentameasuresf vacantcan
be used to predigpeciegichness antatactivity levels and if these variables are scale
dependentBecause treassociated variables were important for birds at these lots, |
hypothesized that vacant lots with more canopy cover (oasitesurrounding) would
have more bats species present. Because big browrEp#sicus fuscisare known to
roost in buildings, | also hypothesized that areas with more vacant buildings present
would have more activity from this speci®esults could ptentially used to help
manage vacdnots to increase biodiversity and ensure their ecosystem services (pest

control) are present even in these informal greenspaces.

Methods

Study area

Baltimore Cityis located in central Maryland and straddles Pieimont and Coastal
Plainregions It is part of the Chesapeake Bay watershed and three smaller watersheds
run through the cityGwynns Falls, Jones Falls, and Herring Run. Before colonization
and city establishment th729,the land was temperature decidadarest Baltimore
currently has a population of over 600,0834% declinesince the 1950s (Redgrodsky

et al 2018)Vacant lots comprisé% oft h e landt y 6 s
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Site selection

| usedstratified randonsamplingto select sitesvenly distributed throughout the
city. After dividing the city into four regions (northwest, southwest, northeast, and
southeast)four sites were randoly selected within each region eagkar(Figure 1)
Thesiteswererandomlyselected from group of150 vacant lots used for a bird study
(RegaBrodsky 2016), though some were selected from outside afrhigpusing
BaltimoreG t y6s vacant | ot.Afteredmdom sefectigrestes ve¢eOB 201 7
viewed using Google Earth and/or visiiadpersorto ensure that there was at least one
suitable teepresento attachthe 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 sitege cityowned Sites were also checkéd
ArcMapto ensure they were a minimum of 500 m from nearby ditagandomly
selected site didnoét h anotusethidesother sitevsas i f i c a't
randomly selected.also categorized sitésto 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 MayAugust of 2017 and 2018, passive acoustic monitoring was condaicted
32 sitedor nine, fora totalof 288 nights An Anabat Express bat detector was secured to
a tree 23 m above the ground, with the microphone directed towards open(&jmgoe

2). The detector was set foight mod® and a sensitivity level of sevent 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 recordéte detector then recorded bativity
from sunset to sunrise for three consecutive nights (one recording seABisit¢s

within one region were recorded simultaneously.

On the fourth dayl retrieved theletectorsanddownloadedhe sequences ant
laptop.l manually identifiecbat sequences 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 weoeinted andategorized based iz
frequency level (Q25, Q35, and Q40), but were not included in andlgsisulated 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 assunptions

It is importantin 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 taespecel will be
interpreted as bat use of vacant lots, either as foraging habitat or as corridor habitat (i.e.
traveling wit hi hBetanse abbradnse@antmoobmaguantifiechfrgre
acoustic recordingsequences were treated as independanrite | assumed that all
species present within 40 m of the detectors (the approximate range of deteatitzh)

have the saméetection probability.

Environmental measurements
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| measureseveral environmental variablaiseach sit€Table 1). A concave
densiaoneter was used to calculate percent canopy aivibie center of the site and near
the location of the bat detectdhe mean of these values was used as a measure of site
scale canopy coveA Biltmore stick with a hypsometer and ruieas used to easure
ground cover height the center if the sit@ndestimate canopy height of tallest tree
presentVegetation height was used as a measure of vegetation structure, which can
impact the insect abundandesiryet al 2006, Strausend Biedermann 2006)Because
lots were mowed regularly the height did not change much and was only measured once.
| also countedhite number of streetlights visible around the, siiesome species will take
advantage of these to forage for prey, while others will avoRius$o and Ancilotto
2015) | categorized all 32 sites by lot typsing vacant lot categorieseated by Rega
Brodsky (2016) to provide additional descriptive detail of the lots in terms of their shape

and structure.

Analysis

| assembled site locationandcover, canopy cover, water, road, and vacant building
shapefilesn ArcMap 10.6(ESRI 2017, COB 2017%p calculateseveral environmental
variables at a larger scale. This includistanceof each sitéo the city center antb the
closestwaterbody. Usng a 500m radius of the area around each site, | calculated the
percent greenspace (forests and urban operlaaréeover}, canopy cover area (ha),
meanroad density, antheanvacant building densit{both /ha) Neighborhooescale
canopy cover was measured to include stree

greenspace landcover. | 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 diatemange in another

urban bastudy (Dixon 201p

| used Principal Component Analysis (PCA) to illustrate site similarity based on the
environmental variables measured using@®D software (McCune and Mefford 2016).
PCA also allowed me to see variabtarelation so that | could avoid multicollinearity in
models.Componentgaxes)with eigenvalue©1 wereretained and variables with
loadingsO 0 . 5-0.awerk cobsidered strong loadings withachk principal

component.

| thenused BrayCurtis Polaordination (BCPO)n PG-ORD (McCune and Mefford
2016) tovisualize the similarity of bat communities at each &#@POestablishes
distances between the sites on two axes, with the first axis denoting the strongest
differences in the primary matrix (tmeimber of detections recorded from species at each
site). | also included vegetation data as a secondary matrix. By doing so, | could use the
correlations of each species and each vegetation variable to an axis to generate
preliminary hypotheses on whicltdn base my models (i.e., a species and variable (s)
that have a strong correlation on one axi s
associated with that variable). Candidate models were not created for species that did not
have astrongcorrelatin  ( O 0.5) with the first or sec:
transformed total number of detections for each species at each site and modified the
landscape data with a general relativization to normalize arsdafe the data, as

variables were measured different scales.
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Candidate models for species included a null modebamddebased on BCPO. To
determine the importance of spatial scale, additional candidate models were created for
local (site canopy cover, canopy height and streetlights), eigtiltorhood 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 oaies to bat activity would be important
predictors. Poissehased 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 scate® Studio to ensure normal distribution.

Results

Bat recordings

Over 19,000 sequences were recorded in 20bver 14,000 wereecorded in
2018 for a total obver33,000 sequencédppendix 2) Six species were recorddte
big brown baEptesicuduscusred batLasiurus borealishoary bat.. cinereussilver
haired bat.asionycteris noctivagansvening balNycticeius humeralisandtricolor bat
Perimyotis subflavugdourly detection rates varied by species and siteHsutrtost
activespeciesat almost all sitewvasE. fuscugTable 2)and comprising oves0% of
detectionsat many of these sit€¥able3). The remaining species were detected less than
twice an hour at all but one site. subflavuswas the least detectatonly two sites wit

six sequencest was removed from further analyses.
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Vacant lot characteristics

About half ofthesites wereharacterized as vacant blocks. Remaining sites were
primarily inner blockand corner lot§Table4). Sites had enormous variationcanopy
cover at the site and neighborhood scale. Within a 500 m radius of sites, the percentage of
land that wagategorized agreenspee forested, open urban land, and brush) varied
from zero to 36%. On average sites were within one kilometer of a wate(bauly 5.
Canopy height at sites ranged from 11 to 36 m. Sites were predominantly surrounded by
high and mediurtensity housing, followed by mixed amountommercial,

institutional, and industrial (Table 6).

Road density had a strong positive correlatioth 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 analysiswas 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 variablessulted intwo principle components that
explained 5% of the variancéTable 8) The firstcomponentxplained 40% of the
variance and hastrong negative loadings for number of streetlights, distance from water,
vacant building density, road densitydastrong 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 radieigure3). Sites on the left side of this PCA are
inner city vacant lots with moneacant buildings, roads, and lights, that have less canopy
cover and do not have as much greenspaces nearby, while sites on the digiseare
water and have less roads, vacant buildings, and streetligigsecond axis explained
13.9% of varianceral had a strong positive loading for canopy heigatant lots along

the top of the PCA had taller trees presensive.

Bray-Curtis Polar Ordinatioarranged $es primarily by the amount &. fuscus,
L. borealis andN. humeralisdetections (Figure)4For species correlation, avalue of
O 0. 50.50vas cddsidered strorithese three speciéad a strong positive
correlation to the first axis (Table 9 ); this indicated separation of sites by those that had
more detections of these three spedieguscusalso had a strong positive correlation to
the second axis, which meant that sites in the upper right corner of the BCPO had the
mostrecorded detections from this speciescinereusandLasionycteris noctivagans

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

For variable correlation, only canopy height had a stréhg5®.r -0.8)
correlation to the second BCPO axis. Thus, for ordination models, variableswwith
value of O 0 . 30.3overe ifluded. The BCPO indicated a negative gradient of
canopy height. fiere 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, amounteznopy 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 peent canopy cover at the site sc&eound 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 whicieluded distance to city center, streetlights, and road
density (Table 10). The top model for big brown bat detection with the lowesvAlG:
included both local and neighborhesdale vegetation, streetlights, and distance from
water and city centdifablel1). This suggests that big brown bats are most active in
vacant lots that had less local vegetation but rmtretlightsthat were located further
from city center, and closer to wat&/hen both canopy cover and greenspace within 500
m was presd#, there was more big brown activity, but if only one or the other was

present, then there were less detections.

L. borealisactivity was best predicted by distance from city center, road density,
and neighborhocdcale vegetation (Tabl). This speciesvas 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
wasnoOt an interact i otected mdrecatvicant Ibthteahweree d b a't
surrounded by more canopy cover but less greenspace (Table 14). The model that best
predictedN. humeralisactivity included both local and neighborhood scale variables
(Table 13). More activity was detected from tipgeaes in vacant lots thaad more
local and neighborhood vegetatidess streetlights;loser to the citynterior, and closer

to waterWhen canopy cover and greenspace had an interaction effect, more evening bat
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activity was de andntetadiaoh;effect,fevening bats everevdeetected t

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 eénenment can be predictetihe 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 centewere 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 forbats. Canopy cover and the presence of nearby forested land appear to be
common predict@for both bats and birds in Baltimore vacant I®RegaBrodskyand
Nilon 2017). The presence of additional predictors for different species and their varying
resporse to these predictors supports the idea ftiffereint species use urban landscape
to different degrees (Avit&lores and Fenton 2003, Dixon 201Rhtential other variable
that were not measured but that likely play a role in bat activity include rviaks |

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 speciedchness as a measure of bat diversity is not ideal (at least in Baltimore). All
sites had 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 thraugh.the

Though present at all sites, big brown bats, an urban generalist spe@sore
active in lots that had less local vegetatimore streetlightshat werecloser to water
and were surrounded lnyoregreenspace. In a studgmparing big brown anevening
bat ativity in an urban aredig brownsspent 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 largeepaithrban 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 accessrigragbitat. It was also the

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

The abundance @&. fuscusactivity recordedn this studyappears to be a common
themein otherNorth American urban studi¢Brigham 091, Chelsvig and Gehrt 2004,
DC, Johnson et al 2008, Everetteal 2001, Johnson et al 2Q00Bly hypothesis thak.
fuscuswould be more active in areas with more vacant housing was rejected. This is
|l i kely because acoust ifocagingactvitytwhileVBDg 1 s det e
reflects a potentialbbostingvariable. This species is known to roost in anthropomorphic
structures, and although not supported by

numerous vacant buildings are being used asrgtit and day roosts.
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The treeroosting evening balN. humeralisappeared to be more active in lots that
bothlocal and neighborhood vegetatipresentcloser to the city center, and closer to
waterThi s i s suppor t ¢2014)cgmpdison stuayép fuseusanddl 6 s
humeralisurban activity. This study concluded thidt humeralisvas not as well adapted
to urban living, as they avoided traveling through urban areas unless it was adjacent to
habitat patches, likely due taving 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 ofrgenspace 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 batl.. borealis,a migratory, foliagaoosting 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
roaddesi t i es. Thi s-ersaficdlight pater (Seunnm& Shunm €.382)
could potentially result in mortality in roadense 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 highaffic that one might normally associate with high road density.
Similar to what has been seen in other stugh@selon et al 2014Dixon 2012 Li and
Wilkins 2014 Walters et al 20Q%there was agsitive association betweén borealis
activity and canopyassociated variables. Although streetlights did not come up as a

predictor,L. borealishas been documented foraging around streetlights (Walters et al
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2007), where smaller moth species may be present that they prefer to eay @liak

1996).

The silverhaired 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 &f noctivagansa migratory, tre@oosting pecie,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 smagsas that had low
canopy cover (Campbell et al 1996 a study or urban greenspaces in Chicago,

Chelsvig & Gehr{2004) foundthis speciesssociated with woodlands.

In a comparison study a&f. cinereusandL. borealisforaging behavior around
streelights (Hicket et al 1996), it was found that thecinereusprimarily 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, an
habitat necessary for larger moth species would be important. This species was
uncommon in recordings, and the need for larger prey species may playfarole.
unfortunately absent measuremeniny researclthat may have been a useful was

abundance andiversity of insects at these lots.

The tricolor batP. subflavuswas the least detected species in the stddwever,
the two sites were it was recorded have similar qualities to those associated with the

species i n Di x o rsiteshadighpetc@niagesatanoplycaver and wehne
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very close (< 250 m) to water. Additionally thirdsite that was initially selectetiut

was later removed due to not being @tyned) also had several recording$of

subflavus and like the other two sitesas adjacent to higbanopy cover are®uring

the summerP. subflavusoost in clumps of dead leaves, alternating between several tree
roosts. Their preferred habitat are upland and ripdaeested aread/gilleux et al

2003). This uncommon type of htdi and the need for multiple similar trees in special
types of forest may explain why they were not recorded more often. AdditioRally,
subflavugs one of several species in Maryland that has beeerelyaffected by white

nose syndromeDNR biologist Kerry Wixted, pers. comm.) and was recently listed in

nearby Pennsylvania as a statelangered species (Thomas 2019).

Results seen may also partially reflect the placement and location of defEtors.
location of bat detector at sitesmsvnot in a catrolled location, and sib 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 habitasvan important predictor of bat activity in Gehrt and
Chel svi go s-the farthér he¢ detedtors vgre from the edge, the fewer
sequences weetectedDetectors were placed 2 m high, however a study on bat
foraging height (Menzel et al 1996)und 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 studyés |l ocation in South Carolina.

This was the first study within Baltimore City documenting what bat spaoges

present and what factors likely encourage their presence here. Despite the urban location,
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results reflecthoseseen in other parts of Maryland (Johnson et al 2008, Johnson and
Gates 2008)in Johnson and Gates (2008), there was a possible captfgeafinole
bat,Lasiurus seminolyswvhich has a similar physical appearance and acoustical
repertoire td_. borealis making it impossible to know for sure if this species may have

also been present.

However, mlike these other locatudies no MyotisspecieswererecordedPotential
local Myotisspecies could includgl. lucifugusandM. septentrionalisA maleM.
septentrionalispecimen was collected near the Baltimore City/County border in
February 1941 (SNMNH 2019), an area that is still has highpsaomver and little land
modification.Myotishave 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 syndrorwgotiscan alsdace 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 afédgh road density, it seems
unlikely thatMyotiswould 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 largegfatches
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 hatpyaover 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 coverHowever, it is important to consider the valaesi needs dbcal residents
around these sites befoneanaging these lots for wildlif@RegaBrodsky 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 fonerModifying 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 a#lRA study of residential
preference of lots in Baltimore found that residents prefer lots that show signs of
maintenance and use, and have more trees presentBRudsky et al 2018); as trees are
important for bats as well, it is certainly possiblertanage these spaces for both

residents and wildlife.
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Figurel. Site locations and vacant lots of Baltimore City, Maryland.

50



Figure2. Placement of an Anabat Express detector at a vacant lot in southeast Baltimore.
It was approximately-3 m above ground, with the microphone pointed towards open air.
A sign was attdeed 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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Tablel. Environmental Variables and abbreviated code used in models.

Variable Abbreviation
% canopy cover atsite 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 radiugha) CC500
% of area within 500 m radius that is grsp500
greenspace landcover

Mean road density within 500 m radius road

(/ha)

Mean vacant building density within 500 m VBD
radius (/ha)

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

Site E. L. L. L. N. P.
fuscus borealis cinereus noctivagans humeralis 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. L. L. L. N. P.
fuscus  borealis cinereus noctivagans humeralis 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. Detectioprobability of species at sites.
Site E. L. L. L. N. P.
fuscus borealis cinereus noctivagans humeralis 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. L. L. L. N. P.
fuscus borealis cinereus noctivagans humeralis 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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Table4. Characteristics of Vacant Lot Sites. Dark grey indicates the lot and light grey
indicates surrounding housing. lllustrations are included with permissionGré&taga
Brodsky

Site Vacant Inner Corner Missing Suburban Wayside

block block Lot tooth yard (W)
(vB) (1B) (CL) (MT) (SY)
I W 5 =

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
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