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Abstract 

Insectivorous bats benefit human well-being and save the American farmer billions of 

dollars (U.S.) in annual pesticide costs through control of insect populations. Bats constitute 

essential wildlife providing significant ecological services in states with agriculture-based 

economies, such as Kansas. Recently, many bat species have experienced significant population 

declines due to factors such as climate change, disease, and wind turbine strikes. Among these 

bats, four species distributed across the Great Plains were recently identified as species of 

conservation concern. My thesis research focuses on these species, including the Northern Long-

eared Myotis (Myotis septentrionalis), Tri-colored bat (Perimyotis subflavus), Little Brown 

Myotis (Myotis lucifugus) and Hoary bat (Lasiurus cinereus). These species all occur within 

Kansas; however, little is known about their spatial and temporal distribution and activity across 

Kansas. My thesis contributes greater understanding of their biology towards future conservation 

and management.  

Using an economic brand of passive acoustic recorders, I surveyed six sites across the 

course of a summer (May-Aug 2025) focusing on spatial distribution by randomly placing 10 

recorders at each site. To assess landscape-level distribution of focal bat species, I used 

occupancy models based on detection histories collected from 14 nights of surveys from each 

detector. I found a negative relationship between number of recordings of M. lucifugus and 

proportion of grassland (βgrassland = -2.38, SE = 0.81, n = 143) within 1km; a positive relationship 

between number of P. subflavus recordings and proportion of woodland (βwoodland = 4.78, SE = 

1.73, n = 77) within 1 km; and a positive relationship between number of recordings of L. 

cinereus and the Shannon diversity index (βSHDI = 2.80, SE = 0.63, n = 380) within 1 km. No 

recordings were positively identified as M. septentrionalis. These results indicate the need for 



  

managed native woodlands and landscape heterogeneity across Kansas. Native woodlands are 

used as roosting and foraging habitat for each imperiled bat species while landscape 

heterogeneity provides foraging pathways for larger, less maneuverable species, such as L. 

cinereus. 

To assess temporal activity, I used a more sensitive passive acoustic recorder across three 

sites for 10 months (Mar-Dec 2025). I used negative binomial generalized linear models to 

assess bat activity related to different temporal variables. Day of year with a quadratic term was 

the best supported model for all species tested except P. subflavus. For this latter species, the 

top-ranked model was an additive effect between minimum daily temperature and average wind 

speed (βTmin = 0.084, SE = 0.022; βwind = -0.359, SE = 0.094, n = 55). When day of year was 

removed from the model sets, I found temperature was the best supported model for L. cinereus 

(βTmin = 0.085, SE = 0.013, n = 401), M. lucifugus (βTmax = 0.099, SE = 0.013, n = 595), and 

overall bat activity (βTmax = 0.191, SE = 0.008, n = 99,577). I again found no recordings that were 

positively identified as M. septentrionalis. These results can be used to identify when bats 

arrived and when they were active on the landscape. Refraining from cutting down potential 

maternity roosts and stopping wind turbine blades during times of high activity can help ensure 

the continued fitness of threatened bat species within Kansas.  
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Chapter 1 - Introduction and species accounts 

 Introduction 

 Chiroptera is among the most diverse orders of mammals globally with 1,501 species, 

second only to Rodentia (Burgin et al. 2025). In the United States there are currently 46 nominal 

species (Simmons & Cirranello 2024). Bats are not only an extremely diverse taxa but are critical 

for ecosystem function and stability, providing many ecosystem services benefitting humans. In 

areas supporting nectivorous or frugivorous bat species, they can act as pollinators and seed 

dispersers (Hodgkinson et al. 2003; Fleming et al. 2009). Globally, insectivorous bats not only 

eat prey that can spread diseases to livestock and humans (e.g.,mosquitos), but they help to 

control species known to be crop pests (Hughes et al. 2021). Collectively, this benefits human 

well-being (Ramírez-Fráncel et al. 2022; Puig-Montserrat et al. 2020), saving the American 

farmer billions of dollars (U.S.) in annual pesticide costs (Boyles et al. 2011). In states with 

agriculture-based economies, such as Kansas, USA, bats constitute essential wildlife for 

ecosystem function.  

The important ecological services that bats provide for both nature and society are well-

established, yet in recent decades, bat populations in North America have experienced dramatic 

declines, and consequently, benefits that bats collectively provide are at risk (Frick et al. 2010a; 

Hughes et al. 2021). However, for most species and many regions, knowledge of their basic 

biology, including spatial and temporal ecology, remains poorly understood. The primary focus 

of my thesis is to establish baseline information for the ecological associations of multiple bat 

species experiencing decline across the central Great Plains. This information will fill critical 

knowledge gaps for more effective mitigation of demographic decline.  
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Currently, leading threats to bat populations in North America include changes to climate, 

disease, and human industrial development (Adam 2010; Frick et al. 2010a; Arnett & Baerwald 

2013). Studies have shown that increasing spring and summer body condition and reproductive 

output and fall fat stores can increase chances of surviving disease, for instance, reducing 

mortality from a current stressor (white-nose syndrome) by as much as 64% (Cheng et al. 2019; 

Cheng et al. 2024; Wilcox & Willis 2015) However, bats need quality habitat to help increase 

fitness (Cheng et al. 2019). My goal is to provide insight into bat spatial and temporal ecology 

that can be used by managers towards maximizing summer fitness in bats to help them overcome 

ongoing environmental stressors 

Bat populations are being affected by climate change in a variety of ways. For instance, 

hotter, drier years can result in lower bat reproductive output (Adams 2010). The leading theory 

is that exposed wing membranes cause bats to lose water through evaporation at a greater rate 

than other small mammals of similar size (Herreid & Schmidt-Nielsen 1966), leading to a 

decrease in milk production for young (Adams 2010). Warming winters associated with global 

climate trends also affect bats. Bat species in temperate regions go into torpor during cold winter 

months when food availability drops (Humphries et al. 2003). They often go through multi-day 

bouts of torpor with periodic arousals spread intermittently where they will temporarily increase 

metabolic activity to rebalance physiology (Trayhurn et al. 1993; Thomas & Geiser 1997). 

During these arousals, bats tend to be active inside and outside the hibernaculum (Boyles et al. 

2006). These arousal periods can account for 75% of total energy expenditure during winter 

(Thomas et al. 1990). Therefore, longer bouts of torpor with fewer arousals during colder winters 

can increase bat survival, as there is a negative relationship between the length of torpor bout and 
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temperature (Dunbar & Tomasi 2006). Higher temperatures during winter can also increase risks 

of disease transmission, such as White Nose Syndrome (WNS; Flory et al. 2012). 

White Nose Syndrome is a disease caused by the fungus Pseudogymnoascus destructans 

which was introduced to North America from Eurasia, likely by human transport (Blehert et al. 

2009; Frick et al. 2010a). This fungus grows on the exposed tissue of hibernating bats and causes 

arousals that consume energy reserves, eventually causing death in the effected individual 

(Blehert et al. 2009; Frick et al. 2010a). It was first detected in the United States in a cave in 

New York state in 2006 and has since spread rapidly across North America (Hoyt et al. 2021; 

Cheng et al. 2020). White Nose Syndrome causes mass die-offs in the affected hibernacula, with 

estimates ranging from 30-99% mortality of bats (Frick et al. 2010a). The disease spreads during 

winter, persisting in the substrate of the hibernacula during summer (Lorch et al. 2013; Hoyt et 

al. 2015). This allows the pathogen to survive summers when there is no available host (Hoyt et 

al. 2021). Bats can either be infected by the fungus from the substrate in the hibernacula or 

contact with an already infected individual (Hoyt et al. 2020; Lorch et al. 2011). Because this 

disease is found in caves, cave hibernating species of bats are especially susceptible (Cheng et al. 

2020). In species that tend to hibernate in clumps of individuals (e.g. Myotis lucifugus, M. 

septentrionalis) it was found that one infected bat can spread the disease to 25% of the resident 

individuals; while in more spatially segregated species (e.g., Perimyotis subflavus), the infection 

spread to only 2% of bats within the hibernacula (Hoyt et al. 2018).  

Another relatively modern threat to bats is wind energy development, which is growing in 

the United States and as of 2023 represents 12% of the total United States electric-power 

capacity (Arnett & Baerwald 2013; Wiser et al. 2024). A study using eight different landscape 

variables (including average wind speed, areas of water or cultivation, and elevation) found that 
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the Great Plains region had the largest potential for wind energy development in the United 

States (Dai & Scown 2025). Another study that incorporated wildlife variables (e.g., bird 

migration corridors, sensitive bird habitat, and known bat roosts) found that Kansas, in the 

central Great Plains, had the third highest amount of land available for wind development in the 

region (Hise et al. 2022). However, this study did not account for three species of bats that make 

up 78% of mortality from wind turbines: Hoary bats (Lasiurus cinereus), Eastern Red bats 

(Lasiurus borealis), and Silver-haired bats (Lasionycteris noctivagans; Arnett & Baerwald 2013; 

Good et al. 2020). These species are all considered tree roosting migratory bats (Arnett & 

Baerwald 2013; Good et al. 2020). The largest number of wind-energy related fatalities usually 

occurs during fall migration in the late summer/early fall (Cryan 2003; Arnett et al. 2008; Arnett 

& Baerwald 2013). Deterrent and other mitigation techniques, such as proper placement of 

turbines can decrease bat mortality (Kiesecker et al. 2011; Good et al. 2020; Allison et al. 2019). 

However, data on spatial and temporal dynamics of sensitive species are still deficient to ensure 

those techniques are effective in reducing bat mortality.  

All these factors combined have culminated in population declines across most bat species in 

North America. Among these, four species distributed across the Great Plains were recently 

identified as species of conservation concern, given continuing declines. These species, being the 

focus of my thesis research, include: Northern Long-eared Myotis (Myotis septentrionalis), Tri-

colored bat (Perimyotis subflavus), Little Brown Myotis (Myotis lucifugus) and Hoary bat 

(Lasiurus cinereus). These species are still understudied in most areas. A Web of Science search 

of published literature with the search phrase “Bats in Kansas” (accessed January 2026), returned 

only 54 papers that have assessed any aspect of bat biology within the state of Kansas. When the 

search was refined to the past 10 years, there were 17 published papers. One pertained mitigation 



5 

of environmental impacts of wind turbines on Kansas wildlife (Obermeyer et al. 2011). The only 

specific bat habitat they included in their model were caves of the Red Hills region. Narrowed 

further, there were two papers that mention any of my four focal species. One focused on 

reproductive timing of M. septentrionalis (Geluso et al. 2019) and one studied the dynamics of 

hibernating bats, including P. subflavus, in the Red Hills region (Prendergast et al. 2010). This 

highlights that modern threats that have emerged in recent decades and are now causing bat 

populations to decrease have not been adequately addressed. A greater focus on the bat species 

occurring in Kansas remains a critical need. 

 

 Focal Species Accounts 

Northern Long-Eared Bat (Myotis septentrionalis) – This species is distributed through North 

America as far south as Alabama and as far north as the Yukon Territory, Canada (IUCN 2008b), 

and from the Atlantic coast through the eastern Great Plains (IUCN 2008b). Within Kansas, this 

species could once be found across the eastern half of the state (Cacres and Barclay 2000) but is 

now considered to be limited to the northeast corner of the state (IUCN 2008b). It is a relatively 

small bat with a wingspan of 228-258 mm and mass of 5-8 g (Cacres & Barclay 2000). Short and 

wide wing dimensions give it a low aspect ratio (length of the wingspan squared divided by the 

surface area of the wing; Lacki et al. 2007), which reflect high flight maneuverability and the 

ability to glean prey from foliage (Cacres & Barclay 2000). The diet of M. septentrionalis 

includes insects from Orders Lepidoptera, Coleoptera, Neuroptera, Diptera, Hemiptera, 

Homoptera, and Hymenoptera (Cacres & Barclay 2000). It primarily forages during the two 

hours after sunset and then again before sunrise (Cacres & Barclay 2000).  
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During summer, M. septentrionalis will roost in crevices, cavities, and underneath loose bark 

of both live trees and snags (dead standing trees) of primarily hardwood species but also on 

occasion use pine trees (genus Pinus; Foster & Kurta 1999; Lacki & Schwierjohann 2001; 

Menzel et al. 2002; Carter & Feldhamer 2005). They alternate among roost trees every 2-3 days 

(Foster & Kurta 1999; Menzel et al. 2002; Carter & Feldhamer 2005) and can travel up to 2 km 

between roost trees (Foster & Kurta 1999) but with an average of 100 m (Carter & Feldhamer 

2005). Male M. septentrionalis roost alone (Cacres & Barclay 2000). Female bats will primarily 

form roosting colonies, although reproductive females and juveniles may also roost alone (Foster 

& Kurta 1999). Roosting colonies range in size from 11-65 bats (Lacki & Schwierjohann 2001; 

Menzel et al. 2002).  

Copulation usually occurs in the fall and females will store sperm over winter until 

fertilization occurs in the spring (Cacres & Barclay 2000). Females generally give birth between 

mid-May in the southern portions of their range to mid to late June in northern areas (Caceres & 

Barclay 2000). Timing of reproduction shifts to correspond to growing season degree days, with 

warmer areas having earlier dates (Geluso et al. 2019). In Nebraska, USA, pregnancy ranged 

from 19 to 31 May, then lactation from 31 May to 1 August (Geluso et al. 2019). In these same 

populations, young became volant between 3 July and 5 September (Geluso et al. 2019). In 

Kansas reproductive phenology is likely similar to Nebraska, and possibly earlier being further 

south.  

In preparation for winter hibernation, M. septentrionalis increased their mass by 41-45% 

between August and October (Cacres & Barclay 2000). Hibernation begins between October and 

early November and ends in March, April or May depending on latitude and environmental 

conditions (Cacres & Barclay 2000). While in hibernacula, this species normally roosts in 
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clusters in tight rock crevices, often within caves (Cacres & Barclay 2000; White et al. 2020). 

During hibernation, individuals will go through arousal periods where they are active inside and 

outside of the hibernacula depending on temperature (Boyles et al. 2006). When weather warms, 

but sunset temperatures outside remain less than -5°C, chances of detecting an individual leaving 

the hibernacula have been estimated at 6%, whereas when sunset temperature was > 5°C, chance 

of detection outside rises to 89% (Lemen et al. 2016). The biggest current threat to M. 

septentrionalis is developing WNS through fungal infection during hibernation. This species was 

categorized as having a “very high” impact from the disease (Cheng et al. 2020). White nose 

sundrome has caused an estimated 75-100% reduction of populations within hibernacula across 

its range in the United States (Cheng et al. 2020; White et al. 2022). It is hypothesized that M. 

septentrionalis is more affected by WNS than other bat species due to a smaller body size and 

habit of hibernating in groups of several individuals, reflecting less energy reserve and greater 

risk of disease spread, respectively (Cheng et al. 2018; Hoyt et al. 2018; Haase et al. 2021). The 

evidence of dramatic population declines in M. septentrionalis based on recent monitoring and 

research have resulted in official listing as Endangered under the Endangered Species Act (ESA) 

in 2022 (USFWS. 2022a).  

Little Brown Myotis (Myotis lucifugus) - This species is distributed across most of Canada and 

the United States. It ranges as far northwest as Alaska, USA, and northeast Newfoundland, 

Canada, with its southern extent reaching into southern Georgia and northern Arizona, USA 

(IUCN 2021). There is a distinct gap in its range in the southern Great Plains (IUCN 2021). It 

occurs in the eastern half of Kansas (IUCN 2021). There are five distinct subspecies that may 

warrant recognition as distinct species (Morales & Carstens 2018). The subspecies that occurs in 

Kansas, and therefore the focus of my research, is Myotis lucifugus lucifugus (Morales & 
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Carstens 2018). This is a relatively small bat with a wingspan of 250-270mm and a mass of 7-9 g 

(Fenton & Barclay 1980; Kalcounis & Brigham 1995). The small, wide wings of M. lucifugus 

gives it a low aspect ratio (Lacki et al. 2007). This allows it to have high levels of 

maneuverability, enabling it to forage in areas of increased clutter that correspond to larger levels 

of prey density using an ariel hawking feeding strategy (Fenton & Barclay 1980; Kalcounis & 

Brigham 1995; Lacki et al. 2007). They forage along and above waterways and within forests, 

although some adults and juveniles will forage in more open areas when local bat population 

densities are high (Anthony & Kunz 1977; Fenton & Barclay 1980; Kalcounis & Brigham 1995). 

They will capture any insect prey that is between 3-10 mm on the wing (Anthony & Kunz 1977).   

Mating takes place during fall, when bats go through swarming in preparation for 

hibernation (Wimsatt 1945; Fenton & Barclay 1980; Kunz & Reichard 2010). Females will store 

sperm over the winter before fertilization takes place in the first two weeks of May (Wimsatt 

1945; O’Farrell & Studier 1973). Gestation is from 50-60 days (Wimsatt 1945; O’Farrell & 

Studier 1973; Fenton & Barclay 1980) with females giving birth in June through August 

(O’Farrell & Studier 1973). Young become volant 16-20 days after birth (Wimsatt 1945; 

O’Farrell & Studier 1973). 

 During the summer months, M. lucifugus will go through two or more feeding bouts per 

night and will seasonally occupy night roosts between bouts that often differ from their day 

roosts (Fenton & Barclay 1980; Kunz & Reichard 2010). Day roost locations can vary greatly for 

this species. They will take advantage of anthropogenic structures (e.g., attics, bat boxes, 

unoccupied buildings), trees, and occasionally caves (Fenton & Barclay 1980; Crampton & 

Barclay 1998; Kunz & Reichard 2010; Bergeson et al. 2015). When roosting in trees, they 

primarily use crevices or cavities of hardwood tree species (Bergeson et al. 2015). Roost 
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switching can occur every 3-4 days with bats traveling anywhere from 60-1,000 m between roost 

sites (Crampton & Barclay 1998; Broders et al. 2006). Maternity colony sizes range from 10-400 

bats, with averages ranging from 15 to 86 bats (Fenton & Barclay 1980; Bergeson et al. 2015). 

Females can exhibit high roost fidelity and will often return to their natal roosts (Frick et al. 

2010b). Males, juveniles, and non-reproductive females often roost alone or in smaller groups 

(Fenton & Barclay 1980; Kunz & Reichard 2010).  

Night roosts often differ from day roosts and used primarily by non-lactating female bats 

(Fenton & Barclay 1980; Barclay 1982). These are thought to be used by pregnant females for 

warmth (Barclay 1982) and used when prey densities decrease enough to outweigh the energetic 

cost of foraging (Anthony & Kunz 1981). Night roosts are usually only used on colder nights 

when the temperature is < 12°C (Barclay 1982; Anthony & Kunz 1981). Use of night roosts 

increase from April to early May, decrease to almost no use after parturition in June through 

July, then pick up again in August before bats start to leave for hibernacula (Fenton & Barclay 

1980; Anthony & Kunz 1981; Barclay 1982). 

In the southern portion of their range, M. lucifugus will enter caves and mines for 

hibernation in November and remain in hibernacula until the middle of May depending on 

environmental factors (Fenton & Barclay 1980; Kunz & Reichard 2010). Healthy bats will go 

through arousal every 12-15 days and be active both within and outside of the hibernacula 

(Whitaker & Rissler 1992; Kunz & Reichard 2010). Activity outside of the hibernacula only 

occurs at a low frequency when the ambient temperature reaches -6°C, with activity increasing 

as temperatures increase (Whitaker & Rissler 1992). M. lucifugus can hibernate solitarily but will 

often roost in small clumps (Kurta & Smith 2020). The biggest threat during hibernation is 

contracting WNS. This species was characterized as having a “high” impact from the disease 
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(Cheng et al. 2020). Estimates ranged from a reduction in hibernacula counts by 75-99% since 

the introduction of WNS (Frick et al. 2010a; Cheng et al. 2020; Kurta & Smith 2020).  This 

species is especially susceptible to WNS due to its small body size and tendency to hibernate in 

clumps, reflecting less energy reserves and a greater level of disease transfer respectively (Cheng 

et al. 2018; Haase et al. 2021; Hoyt et al. 2018).  This reduction in population has caused the 

International Union for Conservation of Nature (IUCN) to list M. lucifugus as “Endangered” in 

2018 (Solari 2021), and the USFWS to start a review of the species for potential listing under the 

ESA (As of February 2026).  

Tricolored Bat (Perimyotis subflavus) - This species can be found as far north as Maine, USA, 

and south into Central America. In early accounts, it was thought to occur from the Atlantic coast 

to the eastern Great Plains region (Fujita & Kunz 1984). There has been evidence of westward 

expansion of their range in recent decades; currently they can be found throughout Kansas 

(Geluso et al. 2005). P. subflavus was originally classified within the genus Pipistrellus, but 

considering results from genetic analysis, it was reclassified into the genus Perimyotis (Hoofer & 

Van Den Bussche 2003; Hoofer et al. 2006). The common name also changed from “Eastern 

Pipistrelle” to “Tricolored bat” (Hoofer & Van Den Bussche 2003; Hoofer et al. 2006; 

Solari 2018). This species is a relatively small bat with a mass of 4.6-7.9 g depending on time of 

year and a wingspan of 220-250 mm (Fujita & Kunz 1984). Even though this is a small bat, it 

exhibits a moderate aspect ratio, unlike the two Myotis species that both have a low aspect ratio 

(Lacki et al. 2007). This trait means it can maneuver forests but will select more open areas and 

is found most often foraging along riparian corridors (Lacki et al. 2007). P. subflavus prey is 

primarily 4-10mm in size and in the orders of Coleoptera, Homoptera, Diptera, Hymenoptera, 

and Lepidoptera (Fujita & Kunz 1984).  
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Mating occurs in the fall and again in the spring after emergence (Wimsatt 1945; Fujita & 

Kunz 1984). Females will store sperm over winter, and fertilization will occur in the spring 

(Fujita & Kunz 1984). Pregnancy lasts about 44 days and will usually result in two offspring 

(Wimsatt 1945; Fujita & Kunz 1984). Parturition lasts from early June to early July before the 

young become volant at 3-4 weeks (Fujita & Kunz 1984) 

During the active months, there has been some evidence of roosting in manmade structures 

(Fujita & Kunz 1984; Veilleux et al. 2003), underneath bark (Hammesfahr et al. 2022), and in 

dead needles of pine species (Perry & Thill 2007b). However, it was found that P. subflavus can 

be primarily found roosting in dead leaf clusters of both dead and live Quercus tree species 

(Veilleux et al. 2003; Veilleux & Veilleux 2004; Perry & Thill 2007b; Hammesfahr et al. 2022). 

Colonies of reproductive females are usually small with only 2-13 bats with an average of 7 

individuals (Perry & Thill. 2007b; Veilleux et al. 2003). Females will typically switch roosts 

every 3-6 days (Perry & Thill. 2007b; Veilleux et al. 2003) but have been recording staying in a 

roost up to 17 days (Veilleux et al. 2003). Males tend to stay in a roost for longer with some 

staying up to 33 days (Perry & Thill 2007b). Distance between roosts was anywhere from 13-

4,000 m with an average of 60 m (Veilleux et al. 2003; Veilleux & Veilleux 2004; Hammesfahr 

et al. 2022).  

During winter, P. subflavus will hibernate in caves, mines, or in man-made structures (e.g., 

attics, culverts, bridges; Fujita & Kunz 1984; Brack & Twente 1985; Whitaker & Rissler 1992; 

Stevens 2024). They are often seen sharing hibernacula with Myotis species and Eptesicus fuscus 

(Fujita & Kunz 1984; Hoyt et al. 2018). There is a large variation in activity levels during 

hibernation. In a lab study by Twente et al. (1985), hibernation duration lasted from less than a 

day to 27 days at 5°C and up to 36 days at 2°C. In areas within their range with milder winters, 
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P. subflavus are active during much of the winter with activity recorded on 95% of nights 

(Stevens 2024). In areas with colder winters, they have longer hibernation bouts. Studies in 

Missouri and Indiana, USA, show low winter activity with only 13 individuals being detected 

throughout winter (Whitaker & Rissler 1992) and bouts lasting 15-25 days (Brack & Twente 

1985). They roost solitarily during hibernation (Fujita & Kunz 1984; Hoyt et al. 2018). This 

leads to less transmission of WNS within the hibernacula, with the disease only being spread to 

25% of individuals (Hoyt et al. 2018). However, they are still listed as having a high severity 

level of WNS (Cheng et al. 2020). There have been recordings of 80-94% declines in 

populations within hibernacula (Cheng et al. 2020; Kurta & Smith 2020). This is primarily due to 

their small body size not having as much fat storing capacity needed to survive WNS infection 

and 56% of their range contains the potential for WNS through growth of P. destructans (Cheng 

et al. 2020; Haase et al. 2021). These declines have prompted the IUCN to list them as 

“Vulnerable” in 2018 (Solari 2018) and the USFWS to open a proposal to list them as 

“Endangered” under the ESA in 2022 (USFWS 2022b). 

Hoary Bat (Lasiurus cinereus) – This species can be found across North America. Its range 

stretches as far north as the tree line in northern Canada, as far south as southern Mexico into 

Guatemala and from coast to coast. It is notably absent from the western coast of Mexico and is 

only found in southern Florida, USA, during winter months (Shump & Shump 1982; IUCN 

2008a). They are one of the largest bats in Kansas with a mass of 20-35 g (Shump & Shump 

1982) and a wingspan of 354-358 mm (De La Cueva Salcedo et al. 1995). Their large mass and 

wingspan gives them a high aspect ratio, which means they fly with less maneuverability but 

faster than most other North American bat species (Shump & Shump 1982; Barclay 1985; De La 

Cueva Salcedo et al. 1995). Less maneuverability leads to L. cinereus primarily foraging in open 
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areas such as forest corridors or edges and riparian zones (Shump & Shump 1982; Barlcay 

1985). Insects from the Orders Lepidoptera, Coleoptera, and Odonata, make up a large portion of 

their diet with most prey having 14-29 mm body length (Shump & Shump 1982; Barclay 1985). 

They tend to be one of the last bat species to emerge and forage at night and will forage for most 

of the night (Shump & Shump 1982; Barclay 1985).  

Mating occurs in the fall with delayed implantation not occurring until the spring when 

fertilization takes place (Shump & Shump 1982; Caire et al. 1986). Parturition occurs from late 

May through late June with females usually giving birth to two offspring (Shump & Shump 

1982; Caire et al. 1986; Koehler & Barclay 2000). Young become volant at 26-33 days old 

during late July (Shump & Shump 1982; Caire et al. 1986; Koehler & Barclay 2000).  During the 

summer months, it was suggested that females tend to be found in the eastern United States and 

males in the western United States (Cryan 2003; Shump & Shump 1982). However, within the 

Great Plains region, including Kansas, both sexes have been recorded during summer (Shump & 

Shump 1982; Caire et al 1986). 

 L. cinereus roosts solitarily during the summer, unless it is a female with pups (Shump & 

Shump 1982; Perry & Thill 2007a; Anderson & Geluso 2022). They will primarily roost within 

foliage of live trees (Shump & Shump 1982; Klug et al. 2012; Anderson & Geluso 2022). There 

is no preference for tree species, as bats will use trees in relation to tree species abundance (Perry 

& Thill 2007a; Vielleux et al. 2009; Anderson & Geluso 2022). Roost trees are usually located 

on the forest edge or in open forests, reflecting the species lack of maneuverability (Shump & 

Shump 1982; Klug et al. 2012). Branches used for roosting are often located on the east or south 

sides of the trees to maximize solar radiation for warmth (Perry & Thill 2007a; Klug et al. 2012). 

Females with pups will stay in the same roost over a longer period (up to 26 days) while males 
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and unreproductive females will switch roosts every 1-2 days (Perry & Thill 2007a; Vielleux et 

al. 2009; Anderson & Geluso 2022). Distance between roosts can be up to 5km but the average 

distance was between 42-1,000 m (Perry & Thill 2007a; Vielleux et al. 2009; Anderson & 

Geluso 2022).  

In the fall, with departure timing varying by location, L. cinereus will begin migrating to 

wintering grounds (Shump & Shump 1982; Cryan 2003; Cryan et al. 2014; Baerwald & Barclay 

2016). The wintering grounds seem to be at least partially segregated by sex, as more males were 

found at a wintering site in Mexico than females, while a site in California had more of an even 

split between the sexes (Cryan 2003). Their winter range occurs across the southern United 

States into Mexico. (Shump & Shump 1982; Cryan 2003; Kunberger & Long 2022). When in 

their winter range, their habitat and roosting structure remains similar to summer ranges 

(Kunberger & Long 2022). Although there is still much to learn about the migration patterns of 

this species, there is evidence that not only do individuals exhibit latitudinal migration, but they 

also migrate longitudinally (Cryan et al. 2014). Movement from the central regions of the 

continent to the coastal regions is likely to escape freezing temperatures in favor of more stable 

and temperate weather nearer to coastlines (Cryan et al. 2014). Unlike most mammals, their 

migratory routes are likely not learned from their mothers or from following individuals from the 

same area but instead is based on genetics or other cues (Baerwald & Barclay 2016).  

During migration, they are at a greater risk of having fatal encounters with wind turbines 

(Arnett & Baerwald 2013). Across all species killed by turbines in the US from 2000-2011, 38% 

were L. cinereus, which is substantially more than any other species (i.e., Eptescus fuscus was 

4% of fatalities, Myotis lucifugus was 6%; Arnett & Baerwald 2013). There are several 

hypotheses as to why L. cinereus, and other tree dwelling migratory species, make up most of the 
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fatalities at wind turbine sites. These hypotheses range from turbines being mistaken for trees 

that are used as roosting or even lekking sites or an increase of insect activity (Arnett & 

Baerwald 2013). At current fatality rates, populations of this species are estimated to decline by 

90% over the next 50 years (Frick et al. 2017). Such a drastic decline warrants greater protection 

for this species across its range (Frick et al. 2017). Curtailment (the stopping of turbine blades 

due to low wind speed) of blades being raised from the standard 3.5m/s to 5 m/s have shown a 

44-93% decrease in mortality of L. cinereus (Arnett & Baerwald 2013; Good et al. 2020). This is 

most likely due to bats being more active at lower wind speeds (Good et al. 2020). Obermeyer et 

al. (2011), which was localized to Kansas, used different wildlife habitat metrics to find areas 

where wind turbine development would minimize effects on wildlife. However, this study only 

used the caves within the Red Hills region of Kansas as their sensitive bat habitat for the state, 

which is not representative of the other habitats in which this species occurs, especially areas 

with wind energy production. This highlights the need for studies within the state that document 

the temporal and spatial distribution of imperiled species. With this knowledge, we can inform 

when and where to implement changes in wind turbine facilities to reduce fatalities.  

 

 Study Area 

I surveyed 13 sites across Kansas (Appendix Table A.1) during this project but for my thesis 

research, I compiled a subset of six regional sites distributed across the eastern two-thirds of 

Kansas (Fig. 1.1). Each site was chosen to represent a major ecosystem within Kansas and 

contained multiple land cover types. I chose two sites within each of the three major ecotypes 

within Kansas: the Eastern Woodlands, Central Tallgrass prairie, and Western Mixed-grass 

prairie.  



16 

 

Figure 1.1.: Map of Kansas showing EPA ecoregions (EPA 2012) and the focal study 

sites: 1. La Cygnes Wildlife Area, 2. Quivira Scout Ranch, 3. Konza Biological Station, 

4. Burns Ranch, 5. Kirwin National Wildlife Refuge, and 6. Z-Bar Ranch 
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Site 1. La Cygnes Wildlife Area – Linn and Miami Counties; Central coordinates: Latitude: 

38.40212; Longitude: -94.65315 

This site is located within the “Ozark Highlands” Ecoregion (EPA 2012) and represent an 

eastern woodland site. This site is owned by Kansas City Power & Light but leased and managed 

by Kansas Department of Wildlife and Parks as a recreation and wildlife area. It has an area of 

~800 hectares and sits on the north end of a 1052 ha cooling reservoir for a nearby power plant. 

It is characterized mainly by wooded hills with some meadows and small row crop areas mixed 

in. The forests are primarily mature deciduous hardwood species such as Oak (Quercus spp.) and 

Elm (Ulmus spp.) with relatively closed canopy. The cropland at this site consists of wildlife 

food plots containing corn or clover. The areas that are not crops or woodland are dominated by 

tallgrass prairie species (e.g., big bluestem [Andropogon gerardii], indiangrass [Sorghastrum 

nutans]).  It receives an average of 99 cm of rain each year with an average temperature of 25.5°

C in summer and -1° C in winter (TimeandDate.com). It has an average elevation of 255 m 

(USGS 2026). 

Site 2. Quivira Scout Ranch – Chautauqua County; Central Coordinates: Latitude: 

37.245237; Longitude: -96.20021 

The Quivira Scout Ranch site is located within the “Texas-Oklahoma Central Plains” 

Ecoregion (EPA 2012), also known as the “Cross Timbers” area. It represents the second eastern 

woodland site. This property is owned by the Boy Scouts of America and managed as both a 

recreation area for summer camps and working cattle ranch. This site is characterized by a 162 

ha lake surrounded by ~1,214 ha of oak dominated forests. The forests are relatively open and 

reflect middle-aged forest structure. There are areas of tallgrass prairie further away from the 
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lake and surrounding forests, and areas of shallow wetland in proximity to the lake.  It receives 

about 84 cm of rain each year with an average temperature of 27°C in summer and 1.7°C in 

winter (TimeandDate.com). Its average elevation is 266 m (USGS 2026).  

Site 3. Konza Prairie Biological Station – Riley County; Central Coordinates: Latitude: 

39.10082; Longitude: -96.608763  

This site is located within the “Flint Hills” Ecoregion (EPA 2012) and represents a central 

tallgrass prairie site. This property is cooperatively owned and operated by The Nature 

Conservancy and Kansas State University. It is managed as a research station with each 

watershed having a different prescribed burn return interval and grazing regime. Burn intervals 

are 1 year, 2 years, 4 years, and 20 years. Grazing regimes are bison (Bison bison) grazed, cattle 

grazed, or not grazed. It is a ~3480 ha area with rolling chert hills mostly dominated by tallgrass 

prairie. The 20-year and 4-year burn interval watersheds have been invaded by woody species 

such as eastern red cedar (Juniperus virginiana), dogwood species (Cornus spp.), and smooth 

sumac (Rhus glabra). Kings Creek and Shane Creek run through the site and are intermittent 

streams. Surrounding the creeks are gallery forests dominated by burr oak (Quercus 

macrocarpa) and chinkapin oak (Q. muehlenbergii) species. It receives about 81 cm of rain each 

year with an average temperature of 26.5°C in summer and -1°C in winter (TimeandDate.com). 

Its average elevation is 330 m (USGS 2026)  

Site 4. Burns Ranch – Chase and Butler Counties; Central Coordinates: Latitude: 38.085; 

Longitude: -96.818 

This site is located within the “Flint Hills” Ecoregion (EPA 2012) and represents a second 

central tallgrass prairie site. This property is privately owned and operated as a cattle ranch. It 

experiences a prescribed burn every 1-2 years, which limits woody species and the area is 
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dominated by tallgrass prairie across rolling chert hills. It has a small, intermittent creek running 

through the western half of the property. Surrounding this creek is relatively open woodland 

containing elm, cottonwood (Populus deltoides) and oak species. It receives about 84 cm of rain 

each year with an average temperature of 27°C in summer and 1.5°C in winter 

(TimeandDate.com) Its average elevation is 456 m (USGS 2026).  

Site 5. Kirwin National Wildlife Refuge – Phillips County; Central Coordinates: Latitude: 

39.66615; Longitude: -99.161681 

This site is located within the “Central Great Plains” Ecoregion (EPA 2012) and represents a 

western mixed-grass prairie site.  This property is federal land and operated as a recreation area 

and wildlife refuge by the U.S. Fish and Wildlife Service with some leased seasonal cattle 

grazing. The north fork of the Solomon River feeds the ~2,000 ha reservoir in the center of the 

refuge. This site is 4362 ha in area dominated by both tallgrass and short-grass prairie species 

(i.e., blue grama [Bouteloua gracilis], buffalograss [B. dactyloides]). Small stands of open 

wooded areas can be found surrounding the reservoir and contain mostly cottonwood species. It 

receives about 64 cm of rain each year with an average temperature of 26.5°C in summer and -

0.5°C in winter (TimeandDate.com). Its average elevation is 517 m (USGS 2026).  

Site 6. Z-Bar Ranch – Barber County; Central Coordinates: Latitude: 37.09353; Longitude:   

-98.964766 

 This site is located within the “Southwestern Table Lands” Ecoregion (EPA 2012), also 

known as the Gypsum or Red Hills region. It represents my second western mixed-grass prairie 

site. Z-Bar is privately owned by Turner Enterprises and operated as a bison and cattle ranch. It 

is a ~17,199 ha property characterized by rolling gypsum hills. The dominant vegetation is 

shortgrass species with some tallgrass species mixed throughout. Woody vegetation is limited to 
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small stands of mostly cottonwood trees, and some sumac and dogwood stands. It receives about 

58 cm of rain each year with an average temperature of 26.5°C in summer and 0.5°C in winter 

(TimeandDate.com). Its average elevation is 497 m (USGS 2026). This property also contains 

caves that are known bat hibernacula and summer roosts used primarily by Cave Myotis (Myotis 

velifer) and Brazilian Free-Tailed bats (Tadarida brasiliensis; McCaffery & Phillips 2016).  

 

 Objectives 

Given the threats of WNS, wind energy development, and climate change continue to 

increase through time, with only limited remediation possible, there is a critical need to find 

other potential solutions to issues of declining bat populations. For my thesis, I seek to increase 

understanding of the biology of Kansas bat species of conservation concern. Knowledge of when 

each of these species are present across study sites along with where they spend their time when 

they are here provides a base on which further research and conservation can build. Given this 

knowledge is currently lacking, my thesis aims to fill these knowledge gaps. My objectives as 

follows will be outlined in subsequent chapters:  

• Objective 1: Assess spatial occupancy of each of four focal bat species as related to 

different landscape metrics including percentages of different cover types, edge effects, 

and landscape diversity. 

• Objective 2: Assess temporal differences in bat activity based on weather variables across 

a single year of echolocation data collection. This includes spring emergence across 

Kansas landscapes, summer activity, and fall departure.  
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Chapter 2 - Spatial activity patterns of threatened Kansas bats 

 Introduction 

Over the life span of a bat, it needs to access a variety of habitats to survive. For North 

American bat species, these habitats include a summer roost, winter hibernacula or roost, spring 

and fall transitional areas or migration corridors, and foraging areas (Ball 2002; Wilkinson & 

South 2002). Summer habitats are important for reproduction as they include maternity roosts. 

High quality foraging areas, particularly through summer and fall, can lead to better body 

condition that aids in surviving through winter hibernation (Cheng et al. 2019; Haase et al. 

2021). These summer roosts and foraging areas are usually cryptic and difficult to locate, 

especially given that bats are nocturnal. (O’Shea & Bogan. 2003).  

This chapter focuses on developing greater understanding of summer bat activity for four 

species of conservation concern occurring across Kansas, USA. A comprehensive account of the 

background of my study species was provided in Chapter 1. However, briefly, my focal species 

include: Myotis septentrionalis, Myotis lucifugus, Perimyotis subflavus, and Lasiurus cinereus.  

Myotis septentrionalis is a moderately small bat that can be found in far northeast and 

north-central Kansas (Cacres and Barclay 2000; IUCN). They roost in rock crevices or within 

dead hardwood trees during summer (Foster & Kurta 1999; Lacki & Schwierjohann 2001; 

Menzel et al. 2002; Carter & Feldhamer 2005) and will hibernate in caves over winter (Cacres & 

Barclay 2000; White et al. 2020). It is within these hibernacula that bats are most susceptible to a 

deadly fungal disease called White Nose Syndrome (WNS; Frick et al. 2010a; Cheng et al. 

2020). This disease currently persists across 79% of their range and has caused 100% die offs 

within some hibernacula (Frick et al. 2010a; Cheng et al. 2020). Due to these declines, the U.S. 
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Fish and Wildlife Service (USFWS) classified M. septentrionalis as “Endangered” in 2022 

(USFWS. 2022a).  

The second focal species, Myotis lucifugus, can be found in the eastern half of Kansas 

(Fenton & Barclay 1980; IUCN 2021). It is a relatively small bat that will roost in anthropogenic 

structures and within hardwood tree stands during summer (Fenton & Barclay 1980; Crampton 

& Barclay 1998; Kunz & Reichard 2010; Bergeson et al. 2015). This species will also hibernate 

within caves during winter; during these times individuals are also susceptible to WNS (Frick et 

al. 2010a; Cheng et al. 2020). White nose syndrome has been detected across 36% of their range 

and has caused up to 100% die offs in some hibernacula, prompting the International Union for 

Conservation of Nature (IUCN) to list M. lucifugus as “Endangered” in 2018 (Solari 2021), and 

the USFWS to start a review of the species for potential listing under the Endangered Species 

Act (ESA) as of February 2026.  

The third focal species, Perimyotis subflavus, can be found across Kansas (Geluso et al. 

2005). It is also a relatively small bat that will roost in dead leaf clusters of both dead and living 

oak (Quercus spp.) tree species (Veilleux et al. 2003; Veilleux & Veilleux 2004; Perry & Thill 

2007b; Hammesfahr et al. 2022). P. subflavus also hibernates in caves over winter and WNS has 

caused 90-100% die offs within the affected hibernacula (Frick et al. 2010a; Cheng et al. 2020). 

These declines have prompted the IUCN to list P. subflavus as “Vulnerable” in 2018 (Solari 

2018) and the USFWS to consider a petition to list the species as “Endangered” under the ESA 

in 2022 (USFWS 2022b).  

The last focal species, Lasiurus cinereus, is a relatively large bat found across Kansas 

(Shump & Shump 1982; IUCN 2008a). During summer, they primarily roost within foliage of 

living trees (Shump & Shump 1982; Klug et al. 2012; Anderson & Geluso 2022). They exhibit 
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both latitudinal and longitudinal migration and spend the winter in the southern United States 

and Mexico (Shump & Shump 1982; Cryan 2003; Cryan et al. 2014; Kunberger & Long 2022). 

During migration, they are more likely to be struck by wind turbines than any other species and 

if current fatality rates continue, populations of this species are estimated to decline by 90% over 

the next 50 years, prompting the need for further conservation throughout their range (Arnett & 

Baerwald 2013; Frick et al. 2017).  

Bat species with a low aspect ratio such as Myotis septentrionalis and M. lucifugus, are 

usually more comfortable in areas with more obstructions, such as woodlands, due to being more 

maneuverable (Lacki et al. 2007). Bats with a high aspect ratio such as Lasiurus cinereus tend to 

forage in more open areas because they are faster and have relatively less maneuverability (Lacki 

et al. 2007). Bats with moderate aspect ratio, such as Perimyotis subflavus are found in 

moderately open landscapes such as forests with an old growth forests with patchy openings 

(Lacki et al. 2007). As such, life history differences among species leads to expectations of 

different use of available habitats for shared critical functions such as reproduction and foraging.  

  Broad-scale covariates, such as landscape-level characteristics, are more economic to 

locate and quantify than fine scale covariates, such as individual roost trees, and can aid in the 

conservation of otherwise cryptic species that are difficult to manage at the scale of individuals. 

Analytical resolution at the landscape level can capture data for populations active in both roost 

and foraging areas. Informative landscape cover types or configuration patterns can be assessed 

with remote sensing techniques as opposed to ground-based data collection with personnel. 

Landscape characteristics that are associated with increased levels of bat activity can be 

indicative of good quality habitat (Foxley et al. 2025).  
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These landscape associations are well documented in the eastern United States where 

forests dominate landscapes. Bat habitat as related to activity have been performed broadly in 

states including Kentucky (Lacki & Schwierjohann 2001), West Virginia (Menzel et al. 2002), 

Illinois (Carter & Feldhamer 2005), Missouri (Hammesfahr et al. 2022), and Arkansas (Perry & 

Thill 2007a; b), USA. However, across the Great Plains, where forested habitats traditionally 

associated with most bats of eastern North America are more scarce and patchily distributed, 

landscape associations of bat species have had little research focus.  

Given that the focal bat species are of conservation concern due to multiple stressors, and 

there is a persistent lack of knowledge of their life histories within the Great Plains region, the 

purpose of this study was to assess distribution of each of the four focal bat species as related to 

different landscape metrics including percentages of different cover types, edge effects, and 

landscape diversity Kansas. I hypothesize that the smaller bats (Myotis spp. & P. subflavus) will 

show a positive relationship to woodlands due to their roosting requirements and high 

maneuverability, while L. cinereus will show a positive relationship to other metrics such as 

habitat edge or heterogeneity due to its lower maneuverability coupled with tree roosting habits. 

I also hypothesize that distance to water or the amount of open water will be positively correlated 

with bat activity for all species, given that water sources are necessary for both drinking and 

foraging. 

 

 Methods 

All field sites have been described in detail in Chapter 1. I set up 10 stationary acoustic 

recorders at each of the six regional sites (Appendix Table A.2). I used Open Acoustic Devices 

AudioMoth recording unit (Version 1.2.0) with SanDisk 64GB microSD cards. Each AudioMoth 



25 

was set to be active from 30 minutes before sunset to 30 minutes after sunrise, and recordings 

would be triggered when a noise was detected.  To reduce non-target audio being recorded, I 

configured each unit to only record sounds above an amplitude of 42 dB and frequency of 

10kHz. Duration of each recording was set to a window of minimum length of 2 milliseconds 

and maximum length of 10 seconds. While the resolution and clarity of this recorder is less than 

other available audio recording devices, they are inexpensive at US$94/unit. This allowed me to 

use more recorders to sample a much larger area of study.  

I sampled each regional site for seven consecutive nights across two trials during 2025 in the 

first half of the summer (Mid-May through June) and again in the second half of the summer 

(July through Mid-August) for a total of 14 nights at each AudioMoth point. To deploy audio 

recorders, I generated random points in ArcGIS Pro (ESRI 2025) to assign each of the 10 

AudioMoth points within a site. The random sampling approach allowed me to get a 

representative sample of land cover characteristics at each site. I labeled each point with a two-

letter site code and a number 1-10 to ensure an individual identity. Each point was then 

transferred to a handheld GPS unit.  

 I navigated to each GPS point, and evaluated the area. If the randomly generated point 

was a cluttered woodland, I located a clearing as close as possible to the random point that had at 

least a 10 m radius to help decrease sound interference that comes with recording in cluttered 

environments. Then I chose a direction to point the recording units to help maximize recording 

clarity and abundance, such as pointing it away from trees and toward any water sources. 

 To deploy each AudioMoth unit, I used a 1.8 m T-post pounded into the ground. Then 

attached an 2.4 m wooden 2.5 cm x 5 cm post two feet off the ground on the T-post using cable 

ties. The Audiomoth unit was fixed to the top of the post 3 m above ground using cable ties. To 
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ensure weather proofing for the Audiomoth units, I enclosed each unit in an Open Acoustic 

Devices IPX7 Waterproof Case. I added a strip of foam to the interior of the case to stabilize the 

unit ensuring good alignment of the microphone with the aperture in the case. I recorded the 

latitude and longitude of each AudioMoth along with directional aspect and individual point 

identity. Every AudioMoth at each site was deployed on the same day to reduce any weather-

related variation that could affect bat activity. I repeated this set up for every site across both 

trials.  

 Mist netting also occurred at permitted sites for two consecutive nights as weather 

allowed. This was conducted using two triple high net set ups. One set of nets was 9m wide and 

the other 6 m wide with both being ~15 m high when fully extended. Nets were set up in flyways 

or along edges of trees to increase likelihood of capture success. I conducted captures within the 

guidelines of the approved Kansas State University Institutional Animal Care and Use 

Committee (IACUC) protocol (IACUC-5299). When bats were captured, demographic 

measurements were taken (forearm length, sex, age class, reproductive status), along with tissue 

samples (wing punches, buccal swabs, fur samples). Tissue samples were deposited into the 

Kansas State Biorepository for future research use. Netting was conducted to confirm bat species 

that were detected using passive acoustic recorders, were present at a site. Unfortunately, I was 

unsuccessful during most netting nights so this data could not be used in a meaningful way to 

confirm species’ presence.  

Recordings from each AudioMoth were downloaded from data cards after each recording 

period. Recorded data were organized in folders by individual AudioMoth site ID then cleaned 

and processed through Wildlife Acoustics Kaleidoscope Pro Analysis Software (Version 5.7.0). I 

used the “Auto-ID” feature that classifies calls based on a known reference library with the 
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classifier set as “Bats of U.S. and Canada 5.7.0” and the region as “Kansas”. Any recordings 

identified as “Noise” were assumed to be non-bat and a subset of those recordings were checked 

to ensure no bat calls were being mis-classified as noise. None were found; thus subsequent 

cleaning omitted this step and all noise classified recordings were discarded. Anything identified 

as a specific species or as a bat but not identified to species by Kaleidoscope Pro, were manually 

vetted. Any recording that had less than 5 pulses or was “messy” (e.g., had a significant amount 

of background noise, was faint) were put into frequency bins as I was not able to identify them to 

species with accuracy. Bins were based on the minimum frequency of each pulse and categorized 

as: “Low”(<30kHz), “Mid” (30-40kHz), and “High”(>40kHz). These bins were chosen to 

accommodate most bat species in Kansas being classified into one bin with the least amount of 

overlap possible. If a recording had > 5 pulses and was not “messy”, I made sure there was a 

singular bat pass within the recording. If there was more than one bat pass within the recording, I 

attempted to identify each to species but if that was not possible due to overlap of pulses, I 

identified it as “Multiple”. If the recording did not fall into one of these categories, it was 

identified to species or species group based on criterion laid out by Bat Conservation 

International (Fraser et al. 2020). Species groups included an Eptesicus fuscus/Lasionycteris 

noctivagans/Antrozous pallidus (only present at Z-Bar site) group and a Myotis spp. group as 

these groups of species are difficult to distinguish based on echolocation pulses. Once all the 

recordings were identified, I split them into detection/nondetection histories (1 if detected, 0 if 

not detected) for each of the focal species across each weeklong survey.  

I used remote sensing data to collect landscape metrics. First, I established a 1 km buffer 

around each AudioMoth point using the “Pairwise buffer” tool within ArcGIS Pro (Version 

3.4.0; ESRI 2025). The 1 km buffer was chosen because it reflected the average distance each 
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species will disperse within a night (Veilleux et al. 2003; Broders et al. 2006; Perry & Thill 

2007a). The main base layer was the publicly available “Kansas Ecological Systems Map”, 

which was developed by the University of Kansas (Diamond et al. 2021). The map is 10 m 

resolution and classifies 49 different cover types across Kansas. Using the “reclassify” tool in 

ArcGIS Pro, I categorized each one into one of eight broader cover types: Grassland, Woodland, 

Wetland, Cropland, Open Water, Urban, Barren, or Bluffs (barren or lightly vegetated rocky 

outcroppings). This new cover type raster was used as a base for many subsequent metrics 

measured. I split the measured metrics into three types: Patch-based, Landscape Composition, 

and Landscape Configuration. 

The first patch-based metric, “cover type” reflected the cover type in which each AudioMoth 

was deployed (e.g., grassland, woodland, cropland, etc.). If the set point of a unit was within 10m 

of a different cover type, it was characterized as “edge”. Additional patch-based metrics included 

“distance to woodland”, and “distance to open water”. To find distance from each AudioMoth 

point to woodland, I first isolated the woodland cover type using the raster calculator within 

ArcGIS Pro. Then I used the “Distance Accumulation” tool to create a layer with distances from 

any woodland pixels outward. Then I used the “Extract Values to Points” tool in ArcGIS Pro to 

extract the distance values from the created layer to each AudioMoth point. To find distance to 

water I completed the same steps as for woodland distance, but with the Open Water cover type.  

Landscape composition metrics included percentages of each cover type within the 1km 

buffer. To estimate percentages, I used the “Tabulate area” tool within ArcGIS Pro to calculate 

the area of each cover type within the buffer and derived percentage of each cover type within 

each buffer zone. River length was also measured as a composition metric. This included length 

of any stream category at orders 3-9 according to Strahler stream orders (Strahler 1957). Data 
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were retrieved from the “Kansas Stream Order 3-9” layer developed by the Kansas Biological 

Survey (2022). Then, I used the “Intersect” tool with ArcGIS Pro to trim the stream layer to each 

buffer zone and created a new layer including only streams within the buffer zones. I added a 

new field to the created layer and named it “River Length”, then used the “Calculate Geometry” 

option within the new River Length field to sum the river segments within each buffer in meters.  

The landscape configuration metrics measured included the Aggregation Index (AI), 

Shannon Diversity Index (SHDI), Total edge (TE), Woodland Edge (EdgeWood), and Water 

Edge(EdgeWet). First, I clipped the cover type raster to each of the buffer zones using the “Clip 

Raster” tool in ArcGIS Pro. Then I extracted resulting TIF files into R Studio (version 2026.01.0, 

R version 4.5.0; R Core Team 2026) and used the package “landscapemetrics” (Hesselbarth et al. 

2019) to calculate each of the indices at the landscape scale. I used the queen’s case for the 

aggregation index and false for count boundary in the total edge so the buffer boundary was not 

included in the edge count. To calculate “woodland edge” and “water edge”, I used the same TIF 

files and “landscapemetrics” package (Hesselbarth et al. 2019) but instead of total edge of the 

landscape I used the class level to extract the edge of each individual cover type. Because there 

tended to be a buffer of wetland around the open water, I combined open water and wetland 

cover types by merging using the R package “terra” (Hijmans et al. 2023).  
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Table 2.1: Explanation, source layer, and metric set of each landscape parameter used to 

model bat occupancy in Kansas, USA.  

Parameter Explanation Metric Set Source layer 

Cover Type Landcover type the recorder 

was set in. If within 10 m of 

another cover type it was 

characterized as “edge”. 

Landcover types include 

grassland, woodland, wetland, 

cropland, open water, urban, 

and barren 

Patch-based Kansas Ecological 

Systems Map  

Distance to 

Woodland 

Distance from the recorder 

unit to the nearest pixel (10 x 

10 m) characterized as 

“woodland” 

Patch-based Kansas Ecological 

Systems Map 

Distance to Water Distance from the recorder 

unit to the nearest pixel 

characterized as “Open 

Water” 

Patch-based Kansas Ecological 

Systems Map 

Landcover percent Proportion of the 1 km buffer 

zone filled by each landcover 

type 

Landscape 

Composition 

Kansas Ecological 

Systems Map 

River Length Total length of all streams 

within the 1 km buffer zone 

characterized as 3-9 Strahler 

stream order 

Landscape 

Composition 

Kansas Stream Order 

3-9 

Aggregation Index 

(AI) 

“Clumpiness” metric 

measured proximity of each 

pixel of the same cover type 

are to each other; 0 = no 

Landscape 

Configuration 

Kansas Ecological 

Systems Map 
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pixels of the same cover type 

touching, 100 =all the pixels 

of the same cover type are 

touching. 

Shannon’s Diversity 

Index 

(SHDI) 

Landscape diversity metric 

including how many cover 

types are within the landscape 

and how much of each cover 

type 

Landscape 

Configuration 

Kansas Ecological 

Systems Map 

Total Edge  

(TE) 

Measures total length of edge 

between each cover type in 

meters 

Landscape 

Configuration 

Kansas Ecological 

Systems Map 

Woodland Edge 

(EdgeWood) 

Measures length of edge 

between Woodland and all 

other cover types in meters 

Landscape 

Configuration 

Kansas Ecological 

Systems Map 

Wetland Edge 

(EdgeWet) 

Measures length of edge 

between Wetland and Open 

Water and all other cover 

types in meters 

Landscape 

Configuration 

Kansas Ecological 

Systems Map 

Trial First (1) or the second (2) 

recording period 

N/A N/A 
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In R Studio, I plotted raw species counts for each species against each metric using 

scatterplots to explore potential relationships. Then I used the “unmarked” package within R 

(Kellner et al. 2023) to model occupancy based on detection histories. I split each trial at an 

AudioMoth site into two different surveys (e.g. week 1 at AudioMoth site LCAM1 was a 

separate row with a separate detection history than week 2 at LCAM1). I assumed that each 

week at each site was an independent sampling period. I used a paired Wilcoxon test (Rosner et 

al. 2006) to compare differences in detections between trials for individual sites while taking a 

zero-inflated distribution into account. I tested the cover type “woodland” against the null model 

for detection while keeping occupancy constant and assessed the performance of the models 

based on parsimony using Akaike’s information criterion, adjusted for sample size (AICc). I 

examined potential differences in detection probabilities when recording in woodlands because 

audio recordings can vary in amount and strength within woodlands due to high levels of clutter.  

 I then modeled occupancy based on the most supported detection model by developing 

three model sets based on a priori models of interest that included covariates measuring 

composition, configuration, and patch-based (Table 2.1). Occupancy models were constructed 

using the R package “unmarked” (Kellner et al. 2023). I evaluated the fit of each model using 

AICc. The best supported model was the model with the lowest AICc score and not within 2 

AICc scores of the next best ranked model. After I evaluated which model was most 

parsimonious based on AICc, I evaluated whether the beta coefficient overlapped with zero at 

the 95% CI to ensure statistical significance.  

I used a hierarchical modeling approach to then combine covariates from the three model sets 

to evaluate the most supported overall model. My combined model set included the best 
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supported model based on AICc from each of the three previous model sets and models that 

included additive effects from the composition, configuration, and patch-based model suites. The 

overall best supported model was used to plot predicted occupancy of each of the focal species. 

 

 Results 

Based on six sites sampled for two weeks with 10 recorders each, I accumulated 33,856 

recordings that contained at least one bat echolocation pulse over the course of 665 total 

recording nights (Appendix Table A.3). Over all recordings, the most common bat detected was 

the Eastern Red Bat (Lasiurus borealis) with 35% of recordings (n = 11,945). Only 600 

recordings contained a positive identification of one of my target species. I had a total of 380 

Lasiurus cinerus recordings, 143 Myotis lucifugus recordings, and 77 Perimyotis subflavus 

recordings. I found no recordings containing Myotis septentrionalis. (Table 2.2). All species 

showed a significant difference in detections between trial 1 and trial 2. Two species, M. 

lucifugus and P. subflavus, had more detections in the second trial than in the first while L. 

cinereus had more detections in the first trial (Fig. 2.1). 
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Table 2.2: Total number of recordings per bat species per site across all 10 AudioMoth 

points in Kansas, USA, during 2025. NA signifies a species range does not include that site. 

Species abbreviations are PERSUB = Perimyotis subflavus, MYOLUC = Myotis lucifugus, 

LASCIN = Lasiurus cinereus, MYOSEP = Myotis septentrionalis.  

Site LASCIN MYOLUC PERSUB MYOSEP Total 

La Cygnes 97 57 27 0 181 

Quivira 61 79 19 NA 159 

Konza 72 0 20 NA 92 

Burns 6 7 0 NA 13 

Kirwin 141 NA 6 0 147 

Z-Bar 3 NA 5 NA 8 

Total 380 143 77 0 600 
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Figure 2.1: Differences in total counts between trial 1 (May-June 2025) and 2 (July-Aug 

2025) in three bat species across acoustic surveys in Kansas, USA. Species abbreviations 

are PERSUB=Perimyotis subflavus, MYOLUC= Myotis lucifugus, and LASCIN = Lasiurus 

cinereus 
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 Myotis lucifugus 

There was a total of 70 survey weeks that consisted of 10 AudioMoths across two weeks 

at four of the sites, with 10 weeks missing due to technical failure. Of those 70 surveys, 28 had at 

least one detection for M. lucifugus. There was a mean number of six survey nights across each 

trial. Our occupancy estimate over one night, not accounting for detection, was 0.417 (SE = 

0.061) with a nightly detection probability of 0.418 (SE = 0.043). Woodland was the best 

supported detection covariate (βwoodland = 1.366, SE = 0.399) and it was used for all M. lucifugus 

occupancy models. The best supported occupancy model was percent grassland within 1 km 

(βgrassland = -2.382, SE = 0.811) which carried 42% of the model weight (Table 2.3). The model 

using distance to water was competitive and carried 39% of the model weight (βdistwater = -

0.00135, SE = 0.000485). Distance to water and percentage of grassland were strongly correlated 

(correlation coefficient = 0.78). There was a negative relationship between percentage of 

grassland within 1 km and occupancy probability of M. lucifugus (Fig. 2.2). There was also a 

negative relationship between distance to water and occupancy probability of M. lucifugus (Fig. 

2.3) with occupancy probability being little to none after ~1500m from water.  
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Table 2.3: Candidate occupancy models for M. lucifugus from data collected at six sites 

across Kansas, USA, during summer (May-Aug) 2025. All occupancy models considered 

the woodland detection model.1 

Model K AICc ΔAICc w LL 

grass.per 4 289.43 0.00 0.42 -140.41 

distwater 4 289.61 0.18 0.39 -140.50 

SHDI 4 291.80 2.37 0.13 -141.59 

riverlength 4 293.18 3.75 0.06 -142.28 

Null 2 307.15 17.72 0.00 -151.49 

 

  

 

1 K= number of parameters, ΔAIC= difference between AICc and the smallest value. AICc Weight= predictive 

weight that the model carries. LL= log likelihood. 
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Figure 2.2: Relationship between the percentage of grassland within 1 km and occupancy 

probability of M. lucifugus across Kansas, USA, based on 70 surveys across the summer of 

2025 (May-Aug). Occupancy probability (solid line) and 95% confidence interval (shaded 

region) were estimated using percentage grassland as the best supported occupancy model. 
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Figure 2.3: Relationship between the distance to water and occupancy probability of M. 

lucifugus across Kansas, USA, based on 70 surveys across the summer of 2025 (May-Aug). 

Occupancy probability (solid line) and 95% confidence interval (shaded region) were 

estimated using percentage grassland as the best supported occupancy model. 
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 Perimyotis subflavus 

There was a total of 110 survey bouts that consisted of 10 AudioMoths across two weeks at 

six of the sites, with 10 weeks missing due to technical failure. Of those 110 surveys, 26 had at 

least one detection of P. subflavus. There was a mean number of 6.04 survey nights across each 

survey bout. The nightly occupancy probability for P. subflavus was 0.335 (SE = 0.0695) with 

nightly detection probability of 0.186 (SE = 0.04). The null detection model was the best 

supported model (βnull = -1.48, SE = 0.265) so I used the null detection model for all P. subflavus 

occupancy models. The best supported occupancy model was percentage woodland (βwoodland = 

4.78, SE = 1.73), which carried 73% of the model weight (Table 2.4). There was a positive 

relationship between percent of woodland within 1 km and occupancy probability of P. subflavus 

(Fig. 2.4). As woodland cover increased from 20% to 60% the probability of a site being 

occupied doubled (~30% to 60% probability).  

  



41 

 

Table 2.4: Candidate occupancy models for P. subflavus from data collected at six sites 

across Kansas, USA, during summer (May-Aug) 2025. All models used the null detection 

model.2 

Model K AICc ΔAICc w LL 

woodland.per 3 272.27 0.00 0.73 -133.02 

riverlength 3 274.39 2.13 0.25 -134.08 

SHDI 3 280.33 8.06 0.01 -137.05 

AI 3 281.44 9.17 0.01 -137.61 

Null 2 287.24 14.97 0.00 -141.56 

 

  

 

2 K= number of parameters, ΔAIC= difference between AICc (Akaike’s Information Criterion adjusted for sample 

size) and the smallest value. AICc Weight= predictive weight that the model carries. LL= Log likelihood. 
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Figure 2.4: Relationship between the proportion of woodland within 1 km and occupancy 

probability of P. subflavus across Kansas, USA, from 110 surveys across the summer of 

2025 (May-Aug). Occupancy probability (solid line) and 95% confidence interval (shaded 

region) were estimated using the best supported occupancy model.  
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 Lasiurus cinereus 

There was a total of 110 survey weeks that consisted of 10 AudioMoths across two weeks 

at six of the sites, with 10 weeks missing due to technical failure. Of those 110 surveys, 47 had at 

least one detection for L. cinereus. There was a mean number of 6.04 survey nights across each 

survey bout. The nightly occupancy probability for L. cinereus was 0.457 (SE = 0.051) and 

nightly detection probability was 0.407 (SE = 0.030). Woodland was the best supported 

detection model (βwoodland = 0.725, SE = 0.306) and was used for all occupancy modeling moving 

forward. The best supported model was the Shannon diversity index (SHDI; βSHDI = 2.80, SE = 

0.63) which carried 89% of the weight (Table 2.5). There was a positive relationship between 

occupancy probability and SHDI (Fig. 2.5). A global model was not tested because there was a 

high level of correlation (coefficient > 0.3) between all covariates except distance to water and 

distance to woodland.  
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Table 2.5: Candidate occupancy models for L. cinereus from data collected at six sites 

across Kansas, USA, during summer (May-Aug) 2025. All models used the woodland 

detection model.3 

Model K AICc ΔAICc w LL 

SHDI 4 533.60 0.00 0.89 -262.61 

grass.per 4 537.75 4.16 0.11 -264.69 

distwater+distwoodland 5 546.10 12.51 0.00 -267.76 

distwater 4 549.83 16.23 0.00 -270.72 

distwoodland 4 551.64 18.05 0.00 -271.63 

Null 2 560.51 26.91 0.00 -278.20 

 

  

 

3 K= number of parameters, ΔAIC= difference between AICc (Akaike’s Information Criterion adjusted for sample 

size) and the smallest value. AICc Weight= predictive weight that the model carries. LL= log likelihood 
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Figure 2.5: Relationship between the Shannon Diversity Index and occupancy probability 

of L. cinereus across Kansas, USA, based on 110 surveys across the summer of 2025 (May-

Aug). Occupancy probability (solid line) and the 95% confidence interval (shaded region) 

were estimated using the best supported occupancy model  
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 Discussion 

 I found a statistically significant difference between the number of recordings in trial 1 

and trial 2 for all species. The increase in detections of M. lucifugus and P. subflavus in trial 2 

likely reflected young bats becoming volant in July and August increasing bat densities on the 

landscape (Wimsatt 1945; O’Farrell & Studier 1973; Fujita & Kunz 1984). The decrease in 

detections of L. cinereus in trial 2 was unexpected but could be a result of bats migrating early 

from summer reproduction areas towards fall and winter areas.  

I found no recordings that detected M. septentrionalis across my study sites. This could 

be due to their range contracting within Kansas. While the USFWS range map includes the 

eastern half of Kansas (USFWS 2024), other range maps (IUCN 2008b) show their range within 

Kansas is limited to the far northeast corner of the state where none of our study sites were 

located. M. septentrionalis echolocation can also be hard to detect due to the minimum frequency 

being high (>40kHz) and the relative low decibel level. If the echolocation does get recorded, it 

can be hard to parse the identity of this species from other Myotis species. 

My results showed that there is a negative relationship between levels of M. lucifugus 

activity and percent grassland within 1 km. I also found a positive relationship between P. 

subflavus activity and percent woodland within 1 km. These results align with previous studies 

from other states that show lower bat activity over grassland and greater bat activity in woodland 

(Grindal et al. 1999; Braun de Torrez et al. 2018; Nelson & Gilliam 2020). While I did not track 

insect densities at my sites, generally insect activity is lower over grasslands as compared to 

woodland and wetlands (Grindal et al. 1999; Seidman & Zabel 2001; Müller et al. 2012; Nelson 

& Gilliam 2020). Given these bat species are relatively slow and maneuverable fliers, their 

selection for woodlands likely increases their foraging success.  
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 Conversely, for L. cinereus, there was a positive relationship between SHDI and activity. 

While L. cinereus is primarily a tree roosting species (Shump & Shump 1982; Anderson & 

Geluso 2022), its fast-flying morphology likely limits activity to more open or edge 

environments (Shump & Shump 1982; Barclay 1985). This translates to L. cinereus navigating a 

variety of different landscapes within a single night, which would reflect a larger landscape 

SHDI.  

 Each of the three detected focal species showed a selection for different landscape 

features. P. subflavus was shown to select for woodlands, conversely, M. lucifugus selected 

against grassland, this could mean it would select for woodlands or wetlands, and L. cinereus 

selected instead for heterogeneity on the landscape. While these differences seem to provide a 

challenge for proper management, there are ways to manage for all three species across the state 

simultaneously.  Woodlands within Kansas are primarily found east of the Flint Hills region 

(Moser et al. 2010). Native woodlands west of and within the Flint Hills region have primarily 

been restricted to riparian zones due to less rainfall and increased occurrence of fire within the 

region (Moser et al. 2010). Native woodlands are primarily made up of oak (Quercus), hickory 

(Carya), elm (Ulmus), ash (Fraxinus) and cottonwood (Popular) species (Moser et al. 2010). 

These hardwood trees have been shown to provide quality roosts for many bat species, including 

my focal species (Bergeson et al. 2015; Perry & Thill 2007b; Swystun et al. 2007; Hammesfahr 

et al. 2022; Schwab et al. 2024). Not only do these native woodlands provide roosting habitat, 

woodlands have also been shown to host a greater density of insects for quality forage (Grindal 

et al. 1999; Seidman & Zabel 2001; Müller et al. 2012; Nelson & Gilliam 2020). When 

woodlands include riparian zones, insect densities are even greater (Grindal et al. 1999; Seidman 

& Zabel 2001; Müller et al. 2012; Nelson & Gilliam 2020) while also providing flyways above 
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waterways for fast fliers, like L. cinereus (Shump & Shump 1982; Barclay 1985). M. lucifugus 

and P. subflavus have also been documented using riparian flyways for foraging (Anthony & 

Kunz 1977; Fenton & Barclay 1980; Kalcounis & Brigham 1995; Lacki et al. 2007). While we 

did not measure the characteristics of the woodlands, previous studies have shown bats select 

forests with open mid-canopies (Lacki et al. 2007; Titchenell et al. 2011; Blakey et al. 2017).  

Managing native forests in Kansas to have more open mid-canopies surrounding riparian 

zones can ensure Kansas threatened bats have hardwood trees to roost in and have flyways and 

increased insect activity for quality foraging. Quality forage and roosting areas close to a water 

source can ensure bats are more successful in raising young (Adams 2010) and building fat 

stores for winter migration and hibernation (Cheng et al. 2019; Haase et al. 2021). For Kansas 

bats, hardwood forests containing riparian zones and flyways can aid in increasing fitness and 

increasing survival chances of each species.  
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Chapter 3 - Temporal activity of threatened Kansas bats 

 Introduction 

Bats are small, endothermic animals. This means bats are only able to survive certain 

climatic conditions. In temperate climates, they must find strategies to survive when 

environmental conditions are not favorable, such as cold temperatures and fewer food resources 

during winter months. To do this, bat species have employed two different survival strategies, 

hibernation and migration (Humphries et al. 2003; Giavi et al. 2014; Fleming 2019). Hibernation 

is when an individual enters a state of lowered metabolic activity, often called torpor (Humphries 

et al. 2003). During hibernation, some species will experience bouts of arousal. This is when 

they will temporarily raise metabolic activity to rebalance their physiology (Trayhurn et al. 1993; 

Thomas & Geiser 1997). Bouts of arousal are also associated with a need for seasonal increases 

in fat stores that are metabolized for energy (Thomas et al. 1990). For bats that use hibernation as 

a survival strategy, high levels of fat and fewer periods of arousal are indicative of increased 

chance of surviving the winter (Dunbar & Tomasi 2006). A relatively recent emerging disease 

“White Nose Syndrome” (WNS) has caused increased bouts of arousal, and subsequent death, of 

many hibernating bat species (Frick et al. 2010a). This has led to the mass die-off of many 

hibernating bat species (Frick et al. 2010a). This disease is currently incurable and the best 

survival rates for hibernating bats come from individuals and populations that have greater levels 

of summer fitness (Wilcox & Willis 2015; Cheng et al. 2019; Cheng et al. 2024). In particular, 

three species distributed across the Great Plains region have experienced drastic population 

declines prompting conservation focused research (Solari 2021; USFWS. 2022a; b). These 

represent three of the four focal species of my thesis research. They are the Northern Long-eared 

Myotis (Myotis septentrionalis), Little brown Myotis (Myotis lucifugus), and Tri-colored Bat 
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(Perimyotis subflavus). Although no known hibernacula for these species occur within Kansas, 

USA, they migrate to Kansas during summer for feeding and reproduction (Cacres and Barclay 

2000; Geluso et al. 2005; IUCN 2021). To assess summer fitness, and for continued monitoring 

efforts throughout the state, managers must know when each species is present on the landscape.  

Bat species that employ migration as a winter survival strategy and do not use caves for 

roosts where WNS persists are much less susceptible to the deadly symptoms of this disease 

(Frick et al. 2010a; Bernard et al. 2015). However, the life history of these bats exposes them to 

other risks. During migration, they are more susceptible to wind turbine related mortality than 

hibernating species (Cryan 2003; Arnett et al. 2008; Arnett & Baerwald 2013). The three most 

common species killed by turbines are Eastern red bat (Lasiurus borealis), Silver-haired bat 

(Lasionycteris noctivagans), and Hoary bats (Lasiurus cinereus; Arnett & Baerwald 2013; Good 

et al. 2020). Hoary bats in particular, the fourth of my focal species, are killed at greater 

proportions than other bats (Arnett & Baerwald 2013). It is estimated that if current fatality rates 

continue, this species is estimated to experience 90% declines in the next 10 years, which has 

prompted the need for further conservation efforts (Frick et al. 2017). There have been many 

studies across North America showing that mitigation techniques, such as different deterrents 

and curtailment of blade operations from the standard windspeed of 3.5m/s to 5m/s, can reduce 

fatality by 44-93% as it offsets bat activity during calm winds from energy production during 

higher winds (Arnett & Baerwald 2013; Good et al. 2020). While these strategies can come at 

economic costs for wind farms, the cost was estimated to be less than 1% of total annual output 

(Arnett et al. 2011). To reach these minimized costs, mitigation techniques are most effective 

during times of migration (Cryan 2003; Arnett et al. 2008; Arnett & Baerwald 2013). Therefore, 
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knowledge of migration and activity timing can minimize economic costs and maximize benefits 

to affected bat species.  

  Within Kansas, temporal activity of my four focal species are not well documented. This 

knowledge is needed to aid in further research and conservation efforts within the state. This 

chapter of my thesis aims to determine when bats first emerge on the Kansas landscape during 

spring, when they leave the landscape during fall, and when they are active during the summer 

months. I hypothesized that increasing temperature will have a positive effect on bat activity as 

this reduces energy demand and will increases insect prey activity. I also hypothesized that 

precipitation and high winds will have a negative effect on overall bat activity as these inclement 

types of weather also increase energy demand and make it more difficult to forage while flying.  

 Methods 

At each of the thirteen original sites, I set up two stationary acoustic recorders. This 

analysis only uses data from three sites due to time restraints on call processing: Kirwin National 

Wildlife Refuge (KR), Konza Prairie Biological Station (KN), and Quivira Scout Ranch (QS) 

(Table 3.1). 
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Table 3.1: Latitude and longitude of each bat acoustic recorder. Recorder ID is three-letter 

code with the first two letters indicating site (KR = Kirwin NWR, KN = Konza Prairie, QS 

= Quivira Scout Ranch) and the third letter indicating cardinal direction in relation to site.  

Recorder ID Latitude Longitude 

KRN 39.66435 -99.19569 

KRS 39.62252 -99.16542 

KNW 39.10349 -96.59597 

KNE 39.11651 -96.56165 

QSW 37.23603 -96.21301 

QSE 37.25664 -96.19006 
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I used Titley Scientific’s Ranger with the ultrasonic microphone (Firmware version: Sonic 

v3.0.9.24137). I used the embedded features of the Ranger units to set time, GPS point, and 

recording schedule. The recording schedule was “night mode”, which began passive recording 

30 minutes before sunset until 30 minutes after sunrise. The trigger frequency was 10kHz, 

duration trigger was 2 ms, and intensity trigger was 16 dBFS (decibels relative to full scale) with 

a max recording length of 10 seconds and a minimum length of 2 seconds. Each of the recorders 

at a site was set at least 5 km apart to comply with the North American Bat Monitoring Program 

(NABat) acoustic protocol (Loeb et al. 2015). Locations were close to a water source with 

nearby potential roost habitat or flyway to help maximize the number of recordings and detection 

probability. I scouted potential localities using satellite imagery and property manager/landowner 

input. To deploy the Rangers, I used a 1.8 m T-post pounded into the ground. Then attached an 

2.4 m wooden 2.5 cm x 5 cm post two feet off the ground on the T-post using cable ties. The unit 

was fixed to the top of the post 3 m above ground using cable ties.  They were deployed between 

3 and 21 March 2025. I visited once a month to change the batteries and SD cards and make sure 

microphones and units were still functioning properly. Units were collected between 11 and 22 

December 2025. However, the southern recorder at Kirwin (KRS) was apparently stolen between 

October and November visits and was not recovered. As such, the recording period for this 

recorder ended on 3 October.  

Recordings from each Ranger were downloaded monthly. Recordings were organized in 

folders by individual Ranger site ID then analyzed using Wildlife Acoustics Kaleidoscope Pro 

Analysis Software (Version 5.7.0). I used the “Auto-ID” feature that classifies calls based on a 

known reference library with the classifier set as “Bats of U.S. and Canada 5.7.0” and the region 
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as “Kansas”. Any recordings identified as “Noise” were assumed non-bat and a small subset of 

those recordings were checked to ensure no bat calls were being mis-classified as Noise. None 

were found, and subsequent cleaning omitted this step, and all noise classified recordings were 

discarded. Anything identified as a specific species or as a bat but not identified to species by 

Kaleidoscope Pro, were manually vetted. Any recording that had less than 5 pulses or was 

“messy” (e.g., had a significant amount of background noise or was faint) were put into 

frequency bins as I was not able to identify them to species with accuracy. The bins were based 

on the minimum frequency of each pulse and categorized as: “Low”(<30kHz), “Mid” (30-

40kHz), and “High”(>40kHz). These bins were chosen as most bat species in Kansas could be 

categorized into one bin with the least amount of overlap possible. If a recording had > 5 pulses 

and wasn’t “messy”, I made sure there was a single bat pass within the recording. If there was 

more than one bat pass within the recording, I attempted to identify each to species but if that 

was not possible due to overlap of pulses, I simply identified it as “Multiple”. If the recording 

could not be placed into one of these categories, it was identified to species or species group 

based on criteria laid out by Bat Conservation International (Fraser et al. 2020). Species groups 

included an Eptesicus fuscus/Lasionycteris noctivagans group and a Myotis spp. group as these 

groups of species respectively are difficult to distinguish based on echolocation pulses. Once all 

the recordings were vetted, I organized them by site and date. 

I collected weather data from Kansas State University’s Mesonet network (Kansas Mesonet. 

2026). The closest weather station to my sites were used. The station at Sedan (37.165, -96.228) 

was used for our QS site; the distance from the weather station to my closest recorder was 8 km. 

I used the Ashland Bottoms weather station (39.126, -96.637) for my KN site; the distance from 

the weather station to my closest recorder was 4.5 km. I used the Phillipsburg weather station 
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(39.742, -99.353) for my KR site with a distance between the weather station and my closest 

recorder was 16 km. Data collected from the weather stations were Temperature (°F) maximum 

and minimum, average wind speed, and precipitation (in.) (Table 3.2). Temperature was 

converted to Celsius and precipitation was converted to millimeters. Moon illumination percent 

was recorded for each night using NASA “Moon Phase” website (NASA. 2026; Table 3.2).  
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Table 3.2: Explanation and source of each weather parameter used to model bat temporal 

activity in Kansas, USA, during 2025.  

Parameter Explanation Source 

Temperature maximum and 

minimum 

(Tmax; Tmin) 

Maximum or minimum air 

temperature recorded during a 

24 hr period from 6.5 ft off 

the ground, converted to C 

KSU Mesonet 

Precipitation 

(precip) 

Total amount of precipitation 

within a 24 hr period, 

converted to mm 

KSU Mesonet 

Avg. Wind Speed  

(wind) 

Average wind speed from a 

24 hr period, recorded from 

6.5 ft off the ground 

KSU Mesonet 

Moon Illumination 

(MoonPhase) 

The proportion of the visible 

surface of the moon that is 

illuminated during the night. 

i.e. a full moon is 100% or 

1.00, a half moon is 50% or 

0.50 

NASA “Moon Phase” 

website 

Day of Year 

(DOY) 

The day of year for each date. 

Ex. January 1st = 1, 

December 31st = 365 

NA 
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Using R studio (version 2026.01.0, R version 4.5.0; R Core Team 2026), I started to 

visualize any patterns by using scatterplots between the parameters and number of species 

recordings. I tested for correlation between my variables and found that day of year, minimum 

daily temperature, and maximum daily temperature were correlated (p < 0.05). Due to this, the 

global model only included average wind speed, moon illumination, precipitation, and either 

minimum or maximum daily temperature. To evaluate whether to use minimum or maximum 

daily temperature for a given species model set, I used preliminary models to test which variable 

was better supported. Then using R package “AICcmodavg” (Mazerolle 2025), I used 

generalized linear models with a Poisson distribution to model potential relationships between 

number of recordings per day and temporal/weather parameters based on a priori hypotheses. I 

tested for overdispersion using the R package “AER” (Kleiber & Zeileis 2026) and considered a 

model over-dispersed when p < 0.05. If overdispersion was found, I used a negative binomial 

generalized linear model using the R package “MASS” (Ripley et al. 2025). I assessed fit of each 

model using Akaike information criterion, adjusted for sample size (AICc). The best supported 

model was the model with the lowest AICc score not within 2 AICc scores of the next ranked 

model. After I evaluated which model was most parsimonious based on AICc, I evaluated 

whether the beta coefficient overlapped with zero at the 95% confidence interval to ensure 

statistical significance.  

 Results 

 I had a total of 99,577 recordings from the six recording units analyzed with confirmed 

bat presence among all sites (Table 3.3). The most common species recorded was the Big Brown 

bat (Eptescus fuscus) with 18,299 recordings. Lasiurus cinereus had 401 total recordings, 
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Perimyotis subflavus had 55 total recordings, Myotis lucifugus had 595 total recordings, and I 

had no confirmed recordings containing Myotis septentrionalis (Table 3.3).   
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Table 3.3: Total recordings containing any pulses from the four focal bat species and all 

bat activity at that recording in Kansas, USA, during 2025. Recorder ID is three-letter code 

with the first two letters indicating site (KR = Kirwin NWR, KN = Konza Prairie, QS = 

Quivira Scout Ranch) and the third letter indicating cardinal direction in relation to site. 

Species abbreviations are PERSUB = Perimyotis subflavus, MYOLUC = Myotis lucifugus, 

and LASCIN = Lasiurus cinereus. “All” is all recordings containing a bat at that recorder 

Recorder ID LASCIN PERSUB MYOLUC MYOSEP ALL 

KRN 77 6 NA 0 10214 

KRS 118 3 NA 0 11383 

QSE 79 14 42 NA 5050 

QSW 55 15 190 NA 11273 

KNE 30 15 67 NA 27505 

KNW 42 2 47 NA 34152 

Total 401 55 595 0 99,577 
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The first bat detected at Kirwin was Eptescus fuscus on 17 March, first detection at Konza 

was Lasiurus borealis on 3 March, and first detection at Quivira was Tadarida brasiliensis and 

Lasiurus borealis on 19 March (Table 3.4). The last bat detected at Kirwin was an unidentified 

mid-range bat on 23 November, last bat detected at Konza was Lasiurus borealis on 24 

November, and last detection at Quivira was Tadarida brasiliensis on 25 November. Overall 

activity reflected a bimodal distribution with peaks on day ~120 and day ~180 (Fig. 3.1). 

  



61 

 

Table 3.4: First and last bat recording days at each site (dates formatted as mm/dd/yyyy) in 

Kansas, USA, during 2025, with total recording days and the first and last day a recording 

with a bat was recorded. Sites are three-letter code with first two letters indicating large 

site (KR = Kirwin NWR, QS = Quivira Scout Ranch, KN = Konza Prairie) and last two 

indicating cardinal direction in relation to site and other recorder. KRS stolen after 

10/03/2025 data collected* 

Site First Recording 

Day 

Last Recording 

Day 

Total Recording 

Days 

First Day with 

Bat Recording 

Last Day with 

Bat Recording 

KRN 03/17/2025 12/17/2025 134 03/24/2025 11/23/2025 

KRS 03/17/2025 10/03/2025* 79 03/17/2025 10/03/2025* 

QSE 03/19/2025 12/14/2025 131 03/21/2025 10/15/2025 

QSW 03/19/2025 12/16/2025 140 03/19/2025 11/25/2025 

KNE 03/03/2025 12/09/2025 133 03/10/2025 11/24/2025 

KNW 03/03/2025 12/04/2025 120 03/03/2025 11/24/2025 
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Figure 3.1: Total bat recordings amoung six acoustic recorders from 3 March 2025 (Day of 

Year = 62) to 17 December 2025 (Day of Year = 351) deployed across Kansas, USA. With a 

quadratic trend line and bimodal peaks on day ~120 (30 April) and day ~180 (29 June).  
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There was high levels of overdispersion (p < 0.001=2.097) when using generalized linear 

models for all bat activity. To best account for overdispersion, I used a negative binomial 

generalized linear model. The quadratic day of year model was the best supported model (βDOY = 

0.1003, SE = 0.004, β2
(DOY) = -2.772 x 10-4, SE = 9.688 x 10-6) for all bat activity. To better 

identify weather variables related to bat activity, I removed day of year variables from the model 

sets. After doing this, maximum daily temperature (°C) was the most supported model (βTmax = 

0.191, SE = 0.008; Table 3.5). There was a strong positive relationship between max. 

temperature and all bat activity, with little to no activity occurring below 25°C then increasing 

exponentially above 25°C (Fig. 3.2). 
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Table 3.5: Ranking of negative binomial generalized linear models using all bat detections 

in Kansas, USA, during 2025. 4 

Model K AICc ΔAICc w LL 

Tmax 3 7206.57 0.00 1.00 -3600.27 

Global 6 7219.46 12.89 0.00 -3603.67 

Tmin 3 7225.57 19.00 0.00 -3609.77 

Null 2 7456.34 258.77 0.00 -3730.66 

Precip 3 7467.09 260.52 0.00 -3730.53 

Wind 3 7467.12 260.55 0.00 -3730.54 

MoonPhase 3 7467.32 260.76 0.00 -3730.64 

 

  

 

4 K= number of parameters, ΔAIC= difference between AICc and the smallest value. AICc Weight= predictive 

weight that the model carries. LL= log likelihood. 



65 

 

  

  

 

Figure 3.2: Relationships between number of all bat recordings within a night from six 

acoustic recorders deployed Mar – Dec 2025 in Kansas, USA, and daily maximum 

temperature (°C) in the top left quadrant, daily wind average (mph) in the top right, daily 

precipitation (mm) in the bottom left, and moon illumination percent in the bottom right 

quadrant. Plots based on negative binomial generalized linear models fit using R studio 

and package “MASS” (Ripley et al. 2025).  
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 Myotis lucifugus 

The first and last day I detected M. lucifugus at Konza was 3 March and 24 November 

respectively; first and last detection at Quivira was 19 March and 24 September (Fig. 3.3). The 

range for M. lucifugus does not extend west to Kirwin.  
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Figure 3.3: Number of M. lucifugus recordings per day across all detectors between days 62 

(3Mar) and 351 (17 Dec) in Kansas, USA, during 2025. 
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I first fit detection using a Poisson regression but observed data was more variable than 

predicted by the model and the model was overdispersed (p < 0.001). To correct for the 

overdispersion, I used a negative binomial generalized linear model for M. lucifugus. The most 

supported model was day of year with a quadratic transformation (βDOY = 0.040, SE = 0.007, 

β2
(DOY) = -1.172 x 10-4, SE = 1.752 x 10-5). To better relate activity to weather, I removed day of 

year variables from the model sets. After doing this, maximum daily temperature was the best 

supported model (βTmax = 0.099, SE = 0.013; Table 3.6). There was a strong positive relationship 

between maximum daily temperature and nightly M. lucifugus recordings with little to no 

activity occurring below 25°C then increasing exponentially above 25°C (Fig. 3.4). The next two 

highest ranked models were the global model and the additive model with maximum daily 

temperature and wind. Within these models, the only statistically significant coefficient was 

maximum daily temperature, so these models were not considered competitive with the top 

model. 
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Table 3.6: Rankings of negative binomial generalized linear models using M. lucifugus (n = 

595) detections in Kansas, USA, during 2025. 5 

Model K AICc ΔAICc w LL 

Tmax 3 1063.43 0.00 0.57 -528.69 

Global 6 1065.40 1.96 0.21 -534.10 

Tmax + Wind 4 1065.46 2.02 0.21 -528.69 

Tmin 3 1074.24 10.81 0.00 -534.10 

MoonPhase 3 1113.48 50.05 0.00 -553.72 

Null 2 1115.86 52.42 0.00 -555.92 

Precip 3 1115.90 52.47 0.00 -554.93 

Wind 3 1117.63 54.19 0.00 -555.79 

 

  

 

5 K= number of parameters, ΔAIC= difference between AICc and the smallest value. AICc Weight= predictive 

weight that the model carries. LL= log likelihood. 

 



70 

 

  

  

  

Figure 3.4: Relationships between number of M. lucifugus recordings within a night during 

2025 in Kansas, USA, and daily maximum temperature (°C) in the top left quadrant, daily 

wind average (mph) in the top right, daily precipitation (mm) in the bottom left, and moon 

illumination percent in the bottom right quadrant. Plots based on negative binomial 

generalized linear models made using R studio and package “MASS” (Ripley et al. 2025). 
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 Perimyotis subflavus 

The first and last day I detected P. subflavus at Kirwin was 26 March and 30 September, 

first and last at Konza was 3 March and 24 November, and first and last at Quivira was 24 March 

and 24 September respectively.  
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Figure 3.5: Number of P. subflavus recordings per day across all detectors between days 62 

(3 Mar) and 351 (17 Dec) in Kansas, USA during 2025. 
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I initially fit a Poisson regression into model detection but the model were overdispersed 

(p = 0.035). To correct for the overdispersion, I used a negative binomial generalized linear 

model for P. subflavus. The best supported model was the additive effect between minimum 

daily temperature and average wind speed (βTmin = 0.084, SE = 0.022; βwind = -0.359, SE = 0.094; 

Table 3.7). Based on the plot containing only average wind speed (Fig 3.7), there was an 

exponential decrease in activity at 5 mph, so I used that as a split and turned avg. wind into a 

categorical variable with “low” being below 5 mph and “high” being above 5 mph. As 

temperatures increased, P. subflavus recordings increased in both wind categories, but the effect 

was much lessened at high wind speeds (Fig. 3.6).  
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Table 3.7: Ranking of negative binomial generalized linear models using P. subflavus 

detections (n = 55) in Kansas, USA, during 2025.6 

Model K AICc ΔAICc w LL 

Tmin+Wind 4 352.69 0.00 0.73 -172.32 

Global 6 354.67 1.98 0.27 -171.28 

Wind 3 365.53 12.84 0.00 -179.75 

Tmin 3 369.92 17.23 0.00 -181.94 

DOY2 4 370.03 17.34 0.00 -180.99 

Tmax 3 371.15 18.47 0.00 -182.56 

Null 2 384.87 32.18 0.00 -190.43 

Precip 3 385.93 33.24 0.00 -189.95 

DOY 3 386.84 34.16 0.00 -190.41 

MoonPhase 3 386.88 34.20 0.00 -190.43 

 

  

 

6 K= number of parameters, ΔAIC= difference between AICc and the smallest value. AICc Weight= predictive weight that the model carries. 

LL= log likelihood. 
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Figure 3.6: Relationships between both minimum temperature and wind speed and 

number of nightly P. subflavus recordings in Kansas, USA, during 2025. Wind categorized 

using 5mph threshold based on number of P. subflavus recordings and average wind speed 

plot. 
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Figure 3.7: Relationships between number of P. subflavus recordings within a night during 

2025 in Kansas, USA, and daily minimum temperature (°C) in the top left quadrant, daily 

wind average (mph) in the top right, daily precipitation (mm) in the bottom left, and moon 

illumination percent in the bottom right quadrant. Plots based on negative binomial 

generalized linear models made using R studio and package “MASS”. 
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 Lasiurus cinereus 

The first and last day Lasiurus cinereus was detected at Kirwin was 17 March and 27 

September, first and last at Konza was 18 March and 6 September, and first and last day detected 

at Quivira was 14 April and 19 June, respectively.  
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Figure 3.8: Number of L. cinereus recordings per day across all detectors between days 62 

(3 Mar) and 351 (17 Dec) in Kansas, USA, during 2025. 
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Using a generalized linear model with a Poisson distribution, I found the data were 

overdispersed (p = 0.001). To correct for overdispersion, I used a negative binomial generalized 

linear model for L. cinereus. Day of year with a quadratic transformation was the best supported 

model (βDOY = 0.126, SE = 0.016, β2
(DOY) = -3.969 x 10-4, SE = 5.324 x 10-5). To relate number of 

L. cinereus recordings to a weather factor, I removed day of year variables from the model set. 

The best supported model was the additive model between minimum daily temperature and 

average wind speed (βTmin = 0.085, SE = 0.013; βwind = 0.057, SE = 0.037; Table 3.8). However, 

the wind coefficient was not statistically significant, so it was considered a pretending variable. 

The most parsimonious model was minimum daily temperature (βTmin = 0.085, SE = 0.013). 

There was a strong positive relationship between minimum daily temperature (°C) and nightly 

recordings of L. cinereus (Fig. 3.8).  
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Table 3.8: Ranking of negative binomial generalized linear models using L. cinereus 

detections (n = 401) in Kansas, USA, during 2025. 7 

Model K AICc ΔAICc w LL 

Tmin + Wind 4 1243.99 0.00 0.45 -617.97 

Tmin 3 1244.18 0.19 0.41 -619.07 

Global 6 1246.52 2.54 0.13 -617.20 

Tmax 3 1251.62 7.64 0.01 -622.80 

Null 2 1264.75 20.76 0.00 -630.37 

Wind 3 1264.86 20.88 0.00 -629.42 

MoonPhase 3 1266.68 22.69 0.00 -630.32 

Precip 3 1266.75 22.76 0.00 -630.36 

 

  

 

7 K= number of parameters, ΔAIC= difference between AICc and the smallest value. AICc Weight= predictive 

weight that the model carries. LL= log likelihood. 
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Figure 3.9: Relationships between number of L. cinereus recordings within a night during 

2025 in Kansas, USA, and daily minimum temperature (°C) in the top left quadrant, daily 

wind average (mph) in the top right, daily precipitation (mm) in the bottom left, and moon 

illumination percent in the bottom right quadrant. Plots based on negative binomial 

generalized linear models made using R studio and package “MASS”. 
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 Discussion 

 I found a bimodal distribution for all bat activity with peaks at day ~120 (30 April) and 

day ~180 (29 June). The increasing activity from the first recording day to the peak on day ~120 

likely represents migration of species into the state or bats coming out of any hibernacula within 

the state. The decrease in activity from day ~120 to day ~175 is likely when bats are settling into 

their home ranges for the summer and moving around in smaller areas. The increase in activity 

on day ~180 likely represents young bats becoming volant and species starting to move out of 

the state as I observed little activity after this peak. Fall swarming usually occurs around 

hibernacula, which is also when mating occurs, is accompanied by an increase in activity (Fraser 

& McGuire 2023). The fact that I did not find another peak in activity further into the fall 

suggests that there are no hibernacula at these sites.  

 I also found that Day of Year was the best predictor of bat activity for all species, 

including my focal species except P. subflavus. This suggests that these species are obligate 

migrators, that move based on photoperiod instead of facultative migration. The next best 

predictor for all bat activity was temperature. These two factors are highly correlated, so it is 

difficult to disentangle the two with only one year of data.  

For all bat activity and M. lucifugus activity, there was a significant exponential increase 

in activity after the daily maximum temperature was above 20-25 °C. For L. cinereus activity, 

there was an exponential increase after minimum temperature was above 0-10°C. These findings 

are similar for other studies within temperate zones (Erikson & West 2002; Pettit & O’Keefe 

2017; Gorman et al. 2021).  
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For P. subflavus the best supported model was minimum temperature and average wind 

speed. I still found an exponential increase in activity after minimum temperatures were above 0-

10°C. This effect was greatly lessened when there were average wind speeds greater than 5 mph. 

This likely reflects this species’ small size not being able to navigate high winds with efficiency. 

Although I did not detect many recordings of this species, the first detection from any site was on 

3 March and the last on 24 November. This suggests that this species is present, at low levels, for 

much of the year within Kansas.  

The first night I detected M. lucifugus at any site was the first recording night. This 

suggests that this species has an early arrival to Kansas. The last night I detected M. lucifugus at 

any site was 24 November. An early arrival and late departure suggest that it hibernates close to 

these sites, although not within. These very early and late detections could potentially be a case 

of mistaken identity however, as Myotis species can be difficult to distinguish in higher cluttered 

environments. My Konza site, which had the earliest and latest detections, was considered 

moderately cluttered, so broadband pulses from other species were possible, although unlikely.  

The first night I detected L. cinereus at any site was 17 March and the last night detected 

at any site was 27 September. These time frames are likely correlated with the migratory period 

for this species within the state, although multi-year analysis would be helpful to confirm. The 

weeks surrounding these dates are also the best time to implement wind turbine curtailment to 

minimize fatality for this species while migrating.   

I found no recordings that showed M. septentrionalis across my study sites. This could be 

due to their range within Kansas shrinking. While the USFWS range map includes the eastern 

half of Kansas (USFWS 2024), other range maps (IUCN 2008b) show their range within Kansas 

is limited to the far northeast corner of the state and none of my study sites were in that region. 
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M. septentrionalis echolocation can also be hard to detect due to the minimum frequency being 

high (>40kHz) and the decibel level relatively low. If the echolocation does get recorded, it can 

be hard to parse the identity of this species from other Myotis species. 

While further survey years are needed to confirm bat activity levels stay consistent from 

year to year, these results serve as a starting point for further research and conservation efforts 

across the state. Overall, bats start to become active on the landscape as early as March when 

temperatures reach above 20°C. Each of my detected focal species also followed those 

temperature restrictions. Surveys for these species should occur above these temperature 

thresholds. Hibernacula surveys done after early March could result in lower estimates than the 

true number of hibernating bats. Conservation surrounding wind turbines within the state should 

consider the first and last recorded presence of L. cinereus to ensure curtailment is taking place 

during migration. 
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Appendix A 

Appendix Table 0.1: Central latitude and longitude of thirteen surveyed sites. 

Site Name Latitude Longitude 

Konza Prairie Biological Station** 39.10082 -96.60876 

Benedictine Bottoms Wildlife Area 39.59361 -95.08085 

Courtland Ranch 39.85300 -97.92900 

Kirwin National Wildlife Refuge** 39.66615 -99.161681 

Smoky Valley Ranch 39.88990 -101.0179 

Perry Lake State Park 39.14268 -95.48904 

La Cygnes Wildlife Area* 38.40212 -94.65315 

Shoal Creek 37.04096 -94.63885 

Quivira Scout Ranch** 37.23690 -96.20700 

Burns Ranch* 38.08531 -96.81753 

Castleton Ranch 37.85888 -96.81753 

Cheyenne Bottoms Wildlife Area 38.47098 -98.65522 

Z-Bar Ranch* 37.09353 -98.96476 

* Indicates site was used in Ch 2 analysis 

** indicates site was used in Ch 2 and 3 analyses 
  

 

  



98 

 

Appendix Table 0.2: Latitude and longitude of all AudioMoth points. First two letters of ID 

indicate site, AM indicates an AudioMoth detector, and number indicates individual 

identity. LC = La Cygnes, QS = Quiviera Scout Ranch, KN = Konza Prairie Biological 

Station, BR = Burns Ranch, KR = Kirwin, ZB = Z-bar Ranch 

ID Latitude Longitude  ID Latitude Longitude 

LCAM1 38.39970 -94.6607  BRAM1 38.07147 -96.8062 

LCAM2 38.37069 -94.6383  BRAM2 38.11124 -96.7965 

LCAM3 38.40188 -94.6511  BRAM3 38.09618 -96.8060 

LCAM4 38.40582 -94.6581  BRAM4 38.07961 -96.7126 

LCAM5 38.39191 -94.6568  BRAM5 38.07445 -96.8178 

LCAM6 38.39301 -94.6631  BRAM6 38.08713 -96.7126 

LCAM7 38.38937 -94.6531  BRAM7 38.09744 -96.7990 

LCAM8 38.42386 -94.6616  BRAM8 38.08114 -96.8086 

LCAM9 38.41633 -94.6532  BRAM9 38.10647 -96.8201 

LCAM10 38.37072 -94.6383  BRAM10 38.10413 -96.8032 

QSAM1 37.23680 -96.2084  KRAM1 39.67056 -99.1548 

QSAM2 37.23998 -96.1983  KRAM2 39.66965 -99.2167 

QSAM3 37.24670 -96.1963  KRAM3 39.62252 -99.1654 

QSAM4 37.24450 -96.2054  KRAM4 39.64771 -99.1388 

QSAM5 37.25181 -96.1916  KRAM5 39.66288 -99.2159 

QSAM6 37.23563 -96.2154  KRAM6 39.67054 -99.1344 

QSAM7 37.22987 -96.2010  KRAM7 39.65554 -99.2343 

QSAM8 37.25729 -96.1875  KRAM8 39.64383 -99.1818 

QSAM9 37.25282 -96.2008  KRAM9 39.60120 -99.1952 

QSAM10 37.23141 -96.1837  KRAM10 39.66801 -99.1787 

KNAM1 39.07355 -96.5632  ZBAM1 37.07753 -98.8646 

KNAM2 39.10420 -96.5960  ZBAM2 37.05764 -98.9129 

KNAM3 39.10782 -96.5655  ZBAM3 37.10730 -98.8592 

KNAM4 39.10051 -96.5866  ZBAM4 37.08026 -98.9070 

KNAM5 39.08645 -96.5734  ZBAM5 37.14039 -98.9604 

KNAM6 39.10184 -96.6038  ZBAM6 37.07590 -98.9643 

KNAM7 39.09721 -96.5566  ZBAM7 37.11439 -98.9451 

KNAM8 39.09118 -96.5871  ZBAM8 37.09832 -98.8821 

KNAM9 39.07725 -96.6044  ZBAM9 37.12980 -98.9169 

KNAM10 39.06699 -96.5840  ZBAM10 37.14388 -98.9307 
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Appendix Table 0.3: Total number of recordings at each AudioMoth point. First two letters of ID indicate site, AM indicates 

an AudioMoth detector, and number indicates individual identity. LC= La Cygnes, QS= Quiviera Scout Ranch, KN= Konza 

Prairie Biological Station, BR= Burns Ranch, KR= Kirwin, ZB= Z-bar Ranch. EPFU Group includes EPFU, LANO and 

ANPA (Where range extends). High is any unidentifiable call over 40kHz, Mid is 30-40 kHz and Low is below 30kHz. Multiple 

is any recording with more than one bat on it that are indistinguishable from each other. NA indicates that site is outside of the 

species known range.  

ID 

EPFU 

Group LABO LACI MYLU MYSE MYVE NYHU PESU TABR MYSP HIGH MID LOW 

MULT

-IPLE 

LCAM

1 16 484 1 2 0 NA 11 0 2 1 46 118 9 100 

LCAM

2 3 128 19 1 0 NA 4 0 1 0 0 19 2 12 

LCAM

3 68 500 27 4 0 NA 29 5 19 0 19 98 19 21 

LCAM

4 26 326 9 3 0 NA 28 5 14 0 17 117 12 10 

LCAM

5 2 97 3 20 0 NA 3 7 0 0 48 36 10 8 

LCAM

6 36 1000 6 8 0 NA 17 2 27 0 147 143 42 103 

LCAM

7 1 46 13 0 0 NA 3 2 4 0 1 20 5 3 

LCAM

8 6 155 6 0 0 NA 28 2 5 0 9 33 6 13 

LCAM

9 25 459 13 8 0 NA 27 4 17 0 51 146 20 316 

LCAM

10 0 109 0 11 0 NA 18 0 0 0 31 90 24 176 

QSAM

1 9 368 6 9 NA NA 37 4 16 0 54 47 13 30 

QSAM

2 1 635 9 16 NA NA 57 0 6 0 72 82 9 48 

QSAM

3 3 638 23 11 NA NA 11 0 5 0 44 55 13 25 



100 

QSAM

4 0 234 4 5 NA NA 15 2 2 0 40 73 24 11 

QSAM

5 6 254 3 6 NA NA 27 0 3 0 22 63 7 17 

QSAM

6 2 458 4 9 NA NA 41 3 4 0 44 59 7 108 

QSAM

7 1 329 1 17 NA NA 6 0 0 0 134 134 5 9 

QSAM

8 4 218 6 1 NA NA 18 2 10 0 7 48 11 12 

QSAM

9 0 39 3 0 NA NA 2 0 1 0 3 12 12 1 

QSAM

10 13 523 2 5 NA NA 32 8 29 0 44 136 28 27 

KNA

M1 2 10 13 0 NA NA 1 0 22 0 3 3 11 4 

KNA

M2 45 0 0 0 NA NA 0 0 0 0 1 0 5 1 

KNA

M3 0 0 0 0 NA NA 0 0 0 0 0 0 0 0 

KNA

M4 157 58 45 0 NA NA 4 15 59 0 20 28 274 36 

KNA

M5 2 4 0 0 NA NA 0 0 12 0 1 2 1 1 

KNA

M6 30 38 4 0 NA NA 3 0 125 0 1 3 51 15 

KNA

M7 7 13 5 0 NA NA 0 0 27 0 4 5 18 0 

KNA

M8 190 95 5 0 NA NA 1 5 64 0 40 17 106 28 

KNA

M9 0 1 0 0 NA NA 0 0 0 0 2 2 0 0 

KNA

M10 0 4 0 0 NA NA 0 0 0 0 0 1 0 0 

BRAM

1 1 4 0 2 NA NA 0 0 0 0 1 0 1 0 
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BRAM

2 0 38 0 0 NA NA 6 0 0 0 2 11 0 0 

BRAM

3 0 9 2 1 NA NA 2 0 0 0 3 5 0 0 

BRAM

4 0 12 1 1 NA NA 0 0 0 0 5 6 0 0 

BRAM

5 0 7 0 0 NA NA 0 0 0 0 1 1 1 0 

BRAM

6 0 12 0 1 NA NA 0 0 0 0 2 1 0 0 

BRAM

7 0 30 3 1 NA NA 0 0 0 0 1 6 1 2 

BRAM

8 0 3 0 1 NA NA 0 0 0 0 1 5 1 0 

BRAM

9 0 27 0 0 NA NA 4 0 0 0 0 9 3 0 

BRAM

10 1 104 0 0 NA NA 25 0 0 0 3 53 1 9 

KRAM

1 1 29 3 NA 0 NA 2 0 7 0 1 9 0 1 

KRAM

2 13 124 0 NA 0 NA 23 0 19 1 13 35 19 14 

KRAM

3 84 974 52 NA 0 NA 248 0 26 1 74 254 76 211 

KRAM

4 27 158 6 NA 0 NA 21 0 25 0 6 83 38 32 

KRAM

5 23 232 11 NA 0 NA 25 2 30 0 14 87 42 81 

KRAM

6 20 101 9 NA 0 NA 20 0 21 0 10 82 52 10 

KRAM

7 4 61 7 NA 0 NA 4 0 12 0 0 11 7 6 

KRAM

8 16 304 17 NA 0 NA 14 1 48 0 10 51 28 108 

KRAM

9 49 245 7 NA 0 NA 48 3 49 0 50 136 92 40 



102 

KRAM

10 56 1115 29 NA 0 NA 135 0 23 2 71 202 39 178 

ZBAM

1 5 12 0 NA NA 105 6 0 598 44 0 24 48 217 

ZBAM

2 25 205 0 NA NA 241 42 0 606 33 1 52 41 600 

ZBAM

3 6 27 2 NA NA 97 20 0 433 14 0 41 31 10 

ZBAM

4 6 75 0 NA NA 194 53 0 374 36 0 119 33 42 

ZBAM

5 6 91 0 NA NA 307 115 1 148 44 2 133 24 35 

ZBAM

6 18 101 0 NA NA 219 157 0 364 25 2 72 43 77 

ZBAM

7 13 88 1 NA NA 257 135 2 505 34 0 76 41 95 

ZBAM

8 5 14 0 NA NA 157 63 0 451 51 0 36 34 97 

ZBAM

9 66 437 0 NA NA 1048 615 2 738 39 0 326 242 351 

ZBAM

10 5 83 0 NA NA 192 25 0 14 20 1 72 8 40 
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