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Lay Abstract

The goals of this study were to sebid brownbats changéhe way that they
echolocate while they are pregnant and/or nursing pupsylaaidchanges occur. \id
this by recording the vocal sounds bats made while they were pregnant and after they had
given birth, and looking to see if there were any changes iduttagionof echolocation
calls, the time between individual sounds, the range of sound frequenegh callthe
centralsound frequency ineachcall and each cal | owrthistimend pr es
and compared to ngoregnant/nursing female big brown batge found that
echolocation caltlurationincreases over pregnancy and nursing pups, while frequency

range and theentrefrequency decreases.



Abstract

While they are pregnant and rearing pups, bats continue to leave their roosts to
forage for food. Many bats use echolocation vocalizations as part of this process. Other
mammalian speciggcluding primates experience changes in vabalracteristics during
pregnancy and lactation. As echolocation is a vital tool for spatial navigation and prey
detection ifTmostbats, investigating echolocation characterisfiiesng pregnancy
through lactation may provide new insight into how reproduction, pregnancy and pup
rearing influence vocalizationg/e measured changes in mass and recorded echolocation
callsof pregnani{n = 21)and norpregnanin = 2)female wildcaught big brown bats
(Eptesicus facug released by hand into roost emergelike flight. Recording began
~15 days prepartum and ended when the last bat reached 34 days postpartum, when pups
were expected to be weandédalyses were completed using MATLAB and R, primarily
with repeated measures ANOVAs focused on echolocation calls present 56thens
before and 562 msafter takeoff. Based on vocal changes experienced by humans
during pregnancy and peBirth, correlationgoundbetween bat echolocation call
characteristicand the efcts of differences in mass on bat echolocati@aypredicted
thatfemalebatsin late-stage pregnanayould emit calls of shorter duratipltongerpulse
interval, narrower bandwidtlgndlower centroid frequencgompared to calls emitted by
the same batostparturitionand compared to ngoregnant batswhile source level
remained unchangewe found that pulse interval and source level did not change while
pregnant/lactating or contrbhts were in flight, anthatincreases in call duration and
decreases in centroid frequency and bandwidth in flight began in pregnancy and

continued through the lactation periatiile remaining unchanged for the control bats
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Introduction

Bat Echolocation

Bats are unique in that they are the only mammals capable of figbther
distinctive feature of miny bat species echolocationthough they share thgkill with
othermammalssuch agoothed whalesMadsen & Surlykke, 20)3Echolocatingoats
emit sounds from their mouths or nostrils arsdtheresultingechoes to determirtbe
physicalcharacteristics of the surrounding environméetping them to navigate, locate
food and avoid predato(dakobsen, Brinklgv, & Surlykke, 2013; Madsen & Surlykke,
2013). The sounds used in bat echolocation are frequendylated (FM) and/or
constardfrequency (CF) depending on the species (Jones, 1999). For exbigiswn
bats Eptesicuguscu$ echolocate using downward FM sweeps, where each call starts at
a high frequency~48 kHz)and ends at eelativelylower frequency~27 kHz)while
hitting all of the frequencies in between (Kurta & Baker, 1990). Other species that
incorporate CF components intwetr echolocation, such gseat Himalayan leafiosed
bat Hipposideros armiger have echolocation calls that remain the same frequency for
their entire duration (Fenton et al., 201The source of echolocation cadllsovaries
between bat species. Most hateludingE. fuscusare laryngeal echolocators, which
means that they produce sounds for echolocation in their larynxes (Veselka et al., 2010;
Mayberry & Faure, 2015). Other echolocating bats, sudggptian fruit batsRousettus

aegyptiacuy use tongue clicks to produeeholocatiorsounds (Veselka et al., 2010).

Along with the aforementionedhnge of frequencies coverby each call (i.e.,
signalbandwidth) importanttemporal (timerelated)and spectral (frequenaglated)

characteristics of bat echolocation includedheationof each call, themountof time
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separatingeach call (referred to as interpulse intefVgl] when measured from the end

of one call to the start of the next, and pulse interval when measured from the start of one
call to the start of the néxfundamental frequency {Fwhen calls contain multiple
harmonicsandme asur es of central tendendhge for a c¢
spectral centroid/centroidequency(Petrites et al., 2009akobsen, Brinklgv, &

Surlykke, 2013J.uo & Wiegrebe, 2016Madsen & Surlykke, 2013Yhese

characteristicef echolocation callsan be modified by bats. The temporal parameters

(call durationandIPl/pulse intervgl can be lengthened or shortened by a bat as needed

for navigaton and prey capture (Moss & Surlykke, 2081rlykke & Moss, 2000). For
instance, insectivorous bats drastically shortefpii®e intervaby increasing their call
repetition rate to up to 200 calls per secagtt before prey captur@ioss & Surlykke,

2001; Surlykke & Moss, 2000)Bats also modify IPl/pulse interval to create strobe

groups, whichare groups of at least two echolocation calls separateuhtikar IPIs/pulse
intervals that are shorter than the IPIs/pulse intervals surrounding the Gritepa that

can be used to identify strobe growpsre named the island and stability criteria by

Kothari et al.(2014). The island criterion refersttee IPIs/pulse intervals directly before

and after the strobe group being at least 1.2 times the duration of the IPIs/pulse intervals
within the strobe grougKthari et al, 2014). The stability criterion applies to strobe

groups containing more than two echolocation Gaildrequires the IPIs/pulse intervals

within a strobe groupo all be withint5 % of t he strobe groupdbés me

Theintensityor source | evel (the sound pressur
mouth/nostrilson a horizontal axis assuming no atmospheric attenuatfagch

echolocation calmeasured in decibels (dB3nd theshape and direction of an
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echolocation bearare also characteristics that impact the information a bat can gather
about their environment (Jakobsen, Brinklgv, & Surlykke, 268blitz et al., 201D
Spectral parameters (bandwidH and spectral centroid/centroid frequencgh be
modulated byhanging the sound produced in the larynx (or by tongue clicks) or using
parts of the vocal tract (e.g., vocal folds) to filter the,@aid in combination with
changing amplitude (loudness) can be used to modify sound intensity (Mayberry &
Faure, 2015; Luo & Wiegrebe, 2018atsemittingecholocation calls from their mouths
can modulate echolocation beam dimensemd directionalityby adjusting their mouth
gape(Jakobsen, Brinklgv, & Surlykke, 2013.bat wideningts mouth gape by opening
the mouthwider makesanecholocation bearat isnarrower and more directional,
allowing for focused observation of a part of the environni&edm dimensions can also
be modified through control of sound frequenay use of higher frequencies résin a
narrower, more focused sound be@akobsen, Brinklav, & Surlykke, 2013; Jakobsen,

Ratcliffe, & Surlykke, 2013).

Thephysicalcharacteristics of the specific environmbetng navigated can
affect batsd ec Mossa& Sudykke 2001Sorlgkéteusd Mmgs,i2@00).
For example, the presence or absence of obstacles (i.e., clutter) such as tree branches and
leaves has been show to affect echolocaBigmbrown batsise shorter IPIs while flying
in areas clutteredith obstaclegompared tan open spaces (Petrites et al., 2009;
Surlykke & Moss, 2000). They also use shorter IPIs irsktbngs such as anechoic flight
rooms(~88 mg than inopen fields (434270 m3 andwooded areag-122 m3,
indicating lab settingaremore clutteredhan naturaénvironmentsQurlykke & Moss,

2000).Consistent with the use of shorter IPIs/pulse intervals in more cluttered
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environments, the number of sonar strobe groups big brown bats produce increases with
clutter (Kothari et al, 2014;Surlykke & Moss, 2000 Tracking prey in a cluttered
environment further increases the number of strobe groups prodatsdhat use FM
echolocation callalso tend tehift the frequencies of their calls in cluttered

environments to avoid overlapping rapidly emitted new calls with edfdes same
frequenciedeading to uncertainty about which calls the echoes belong to (Hiryu et al.,
2010). In situations where bats usmnber IPls echolocation callgend to have longer
duration(~14-20 ms),which is also correlated witlower frequency and narrower

bandwidth (Surlykke & Moss, 2000).

Flight energetics can alsofiuenceecholocationEnergy use isequired to
produce echolocation calls and niagoffsetduring flightby syncing emission dbwer
intensity (below 130 dB SPldalls withexhalation(Currie et al., 2020Koblitz et al.,
2010; Speakman et al., 1989; Speakman & Racey, 1991; Voigt & Lewanzik, 2012). The
force generated by the abdominal and flight muscles creates the pressure in the lower
(subglottic)part of the larynxi(e., subglotticpressurgthat is needed to emit calied
results in echolocation calls being emitted on exhalation \&Hsat is flapping its wings
upwardg(Koblitz et al., 2010Lancaster et al., 1995uthers et al., 1972Multiple calls
can be emitteduring the time of this wing upstrokeuch as when a bat is landioig
approaching pregKoblitz et al., 2010Moss & Surlykke, 200; Surlykke & Moss, 2000
Whenapproaching a landing sitg, fuscusnodulate the source levels of their grouped
echolocation calls depending on when in the upstroke of their wings each call occurs.
Koblitz et al. (2010) note a difference4fdlB on averagerfaximuml12 dB) between the

calls of lowest and highest intensity in a call group. These changes in source level are
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thought to occur due to subglottic pressure changing as the wings move (Koblitz et al.,

2010).

Bat Behaviour During’regnancy and Lactation

In spring, female big brown bats gather into maternity colonies {525
individuals) that roost eithen natural structures (e.g., hollow treesjn manmade
structures (e.g., attic®r the duration of pregnancy, nursing, and weaning pups (Fenton
& Barclay, 1980; Kurta & Baker, 1990; Kunz et al., 1995). Early on, maternity colonies
may include adult males, but they most often remain separate from females throughout
the summer (Fento& Barclay, 1980; Kurta & Baker, 1990). Thus, males do not help

raise pps, nor do they provide for females they have mated with.

Femalebg brown batsd energetic costs (incl
producing milk and metabolic processes) increase from the later half of gestation (~48.9
kJ/day) to lactation (~105.1 kJ/day) and lead to a corresponding increase in feeding
requirements fronapproximately 8.0 g/datp approximatelyl7.2g/dayof insectgKurta
et al., 1990). Indeed, feeding rates in the insectivorous Mexicateited bat Tadarida
brasiliensig increase untilate into gestatioand again during lactation (Kunz et al.,

1995) In little brown batsNlyotislucifugug, lactating femaleteave their pups in the
roost and stay close whiteraging returring frequently over the course of the night to
care for tem(Henry et al., 2002). In ecarast pregnanM. lucifugusforage tirtherfrom
their roost and usually do not return there during the nsgigigesting thatl. lucifugus
change foraging behaviobetweerpre- and pos{parturition to account for changes in

energy requirement#enry et al., 2002)Similar patterns of foragmbehaviour are
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found in big brown bats, such that lactating females go on shorter foraging trips more

frequency throughout the night than pregnant fem&egdqul & Brigham, 2014).

Effects of Pregnancy and Lactation on the Body and Voice

Pregnancynd lactatiorlead to many changes afemaleb a tbddsthatcould
also impact echolocation in various wags f e ma | e incraase®lgringma s s
pregnancynfluenced in part by theumber offetusessheis carrying(i.e., litter size)
which varies across species (Barclay et al., 2004). For instance, many bat species of the
Americas give birth to single pupBlyotis leibii, M lucifugus Myotis septentrionalis, E
fuscus, Lasionycteris noctivagars twins €. fuscus L. noctivagansPerimyotis
subflavu$, but other species can have litters of up to foasiurus cinereusor five
(Lasiurus borealispups (Best & Jennings, 1997; Caceres & Barclay, 2000; Fenton &
Barclay, 1980; Fujita & Kunz, 1984; Kunz, 1982; Kurta & Baker, 1990; Shump Jr. &
Shump, 1982a; Shump Jr. & Shump, 1982b). [Ehgth of thegestation periodlso
variesacross these specjeanging from ~44 days iR. subflavugo ~90 days irn..
borealis(Fujita & Kunz, 1984; Shump Jr. & Shump, 198ZE)e gestation periofbr E.
fuscuds ~60 daysduring which time twin fetuses grow+@0 percenb f t hei r mot h e
postpartum body mass, which~$6.5 g in the wild (Kurta & Baker, 1990)\fter birth,
E. fuscugpupsfeed on milk that their mothers produce until theynsition fully to solid
food upon reaching ~7@ercenwof their adult body mass (Hood et al., 2006). This
lactationperiodlasts until approximatelgostnatal day (PND) 39uring lactation, the
bodies of mother bats adjust how they store fat to be able to meet the energy needs of
themselves and their pups, but mot herds bo

this period (Hood et al., 2006).
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Body massncreasealuring pregnancgnd decrease after parturitishouldlead
to acorrespondingncreaseand decreas@ wing loading theratio of body mass to wing
area), which could impact aspects @i such adlight speed or wing beditequency
(Hughes & Rayner, 1993; Norberg & Rayner, 1987/he squar e root of
loading is related to flight speed such that a bat with higher wing loading would fly faster
(Norberg & Rayner, 1987Based on this alone we might expect that pregnant btits w
higher wing loading would fly faster. Howevdéhjs trend isfound between differeriiat
speciesnot betweemronspecific individualswithin the same speciesgéavier €.9.,
pregnant) bathave been found to have a reduction in flight speedpared tdighter
(e.g, nonpregnantbats Hughes & Rayner, 1993 aub et al, 20235lower flight speed
leads tancreased wing flapping to keep bats in thesorning loading increase during
pregnancyand decrease after parturitioauldbe correlated witltsorresponding increases
anddecreases in the frequency of wingbeat cycles (Hughes & Rayner, 1993; Koblitz et
al., 201Q Norberg & Rayner, 19§7Increassin wingbeat frequency during pregnancy
could lead to increasén the number of calls emitted, causing pulse intervdketrease
During lactatiorwingbeat frequency could decrease, leading to a correspoteingase

in the number of calls emitted

Wing aspect ratigs a unitless ratio of wingspan squared to wing areagdacts
aerodynamic efficiency and energy loss during flighth thabetween specidsats with
higher wing aspect ratios would be more aerodynamically efficient and use less energy in
flight (Norberg & Rayner, 1987Aspect ratio Bouldnotchangeover pregnancy and

lactation as it isnot dependentoa b at 6 s mass.
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Pregnancy affects vocal characteristp@marily demonstrated in humans
(Cassuraga et al., 2012; Ghaemi et al., 260ndaret al., 2009; Hancock & Gross,
2015 Salturk et al., 2006When pregnant people are closest to giving l§ir80 to 41
weeks of pregnangyheyhave significantly shorter maximum phonation time®T;
length of time they could continuously produce a single sound) thapregnanpeople
(Cassuraga et al., 2012amdaret al., 2009)Their MPTs shortenduring pregnancy and
increaseaafterparturition(Ghaemi et al., 202@amdanet al., 2009; Salturk et al., 2016).
If bats experience a simil@ghenomena duringregnancythenecholocation call duration
could decrease during the gestation peand increase after bats gave b{@assuraga
et al., 2012Ghaemi et al., 2020; Hamdan et al., 2009; Saltirk et al.,)2Bi€gnant
p e o pvoieedhave similar fundamental frequency)ko nonpregnant controls, but
higherFo compared to controls following parturitig@assuraga et al., 2012amdanret
al., 2@9). If bats experience a similar increase in thefRheir echolocation calls after
parturition (which could also be measured as an increase in centroid freqtiesct)e
frequency range of echolocation calls could change during lactR@&atedly, increase
in body massluring pregnancy has been found in some bats to be correlated with lower
frequency echolocation calls, peeghant bats could also use lowentroid frequeries

compared to nopregnant batéTaub et al., 2023).

In rats, thickeningaind thusanincrease in massf the vocal cords during
pregnancy has been obsenastticould explaincomplaints of vocal fatiguer{creased
effort to produce sounds) pregnant humangdamdare t al . |, 2009 ;If kanal
bats experienceocal cordthickening during pregnancy as rats tleenthey may adjust

their echol ocation behaviour due invalve voc al
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an increase in IPl/pulse interuadedsuch that pregnant bats produce fewer calls over
time compared to nopregnant controls. Longer pulse interwaduld likely be correlated
with longer call duration, narrower bandwiddnd lower frequency in genefdMoss &

Surlykke, 2001; Surlykke & Moss, 2000).

During humanpregnancythe force produced iyhe abdominaland respiratory
muscleghat bats use to power echolocatremains the same as in npregnant humans
(Lancaster et al., 1998pMauro et al., 2019)f this force production is similarly
preserved in bats, then pregnant bats may show similar patterns of source level
modulation to nospregnant control bats, such that source level does not change
significantly over pregnancy and lactationdiffer significantly from control§Lancaster

et al., 1995; LoMauro et al., 201Roblitz et al., 201D

The Current Study

Theaforementionedindings lead us to predict that there are changes in
echolocation behaviours &f fuscusluring pregnancy and lactatiohaub et al. (2023)
recorded longer call durations and IPIs/pulse intervaisegnanK u h| 6 s pi pi str el
(Pipistrellus kuhli) thanin postlactating, norpregnan®. kuhlii. However, they were
unable to follow bats through the lactation periocthis study, we look at thaulse
interval, call duration bandwidth centroid frequencgndsource levebf E. fuscus
echolocation call®ver the course of pregnancy and lactatite recoreédthe calls of
pregnant femaleand a control group afonpregnant females over the course of the
pregnant femal es 6 ¢ e .Batsavere ecordemimlebeihgact at i on
released by handto a vertical drop to mimic emergence from a rodgt.comparecall

characteristicsvithin individual bats(before and after parturitipmnd between the
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pregnant/lactating and control bats to determine if there are changes in echolocation

behaviour.

Our hypothesis is that echolocation will change with change in mass across these
reproductive stage$Ve predict thapregnanbats will increase thpulse intervalshorten
theduration narrow the bandwidtlanddecreasé¢he centroidfrequencyof their
echolocation callghrough pregnancy and when compared to contro| batsnot change
t hei r c devdl(sabcastepetal.,cl@Moss & Surlykke, 2001Surlykke &

Moss, 2000 We also predict that theseatures willbegin torebound to pre

pregnancy/control values after bats give bfHlamdan et al., 2009The predicted

spectral changes are based on correlations found in previous studies of bats. Weight gain
during pregnancy has be correlated with lower frequency echolocation calls, and lower

call frequency has been correlated with narrower bandwidth aasvielhger IPI/pulse

intervals (Moss & Suylkke, 2001; Surlykke & Moss, 2000; Taub et al., 2028

predicted temporal changes atsobased on the assumption that preghactating bats

will be similar to other pregnant/lactating mammals;h that shortened MPTs and vocal
fatigue seen in pregnant humans would translate to shortened call durations and increased
effort to producescholocation calls in pregnant baasd the latter lead to a reduction in

the number of calls produceaid thus reduced IPI/pulse inter¢@assuraga et al., 2012;
Ghaemi et al., 2020; Hamdan et al., 2009; Saltirk et al.,;2086n al etf. al ., 201
Similarly, preservation of abdominal and respiratory muscle activity in pregnant humans
leads us to predict that if this muscle activity is also preserved in pregnant bats then the
force needed for generating subglottic pressure to produce echolocation calls will not be

affected by pregnancy, so call source level will be unchargattéster et al., 1995;

10
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LoMauro et al., 201Koblitz et al., 201D How bats change their echolocation calls and
signaling behaviour during pregnancy and lactation will provide new insight into how

reproduction, pregnancy and rearing pups influsaceustic signaling and perception.

Methods

Animal Collection

Wild big brown batsEptesicus fuscysapturedMay 20 and 3, 2022from two
detached houses in Puslinch, Ontdrederred to as the Valefslay 20 and Abby[May
23] roosts)were housed iwire meshcages in the McMaster UniversiBsychology
Animal Facility over the course of recording. The cages wenerally28 x 22 x 18 cm
(lengthx width x height there was some variation in cage lengthd after all pregnant
bats(n = 20)had given birth there were at mast bats(two mothers and four puppgr
cage Bats were givemad libitumaccess to food (mealwornikenebrio molitoy and
water, and wereemoved from their cages duringcording After recording was
completed bats were moved to tlygiaratine side ofalarge husbandry facility(250 x
150x 225 cm), whichwas a separate cage fraotime pre-existingmembers of theaptive
E. fuscusolony. Therethey hadthe same access to food and wasmwell asthe ability

to fly freely within theirlarge cage

Subjects

Our subjects wer24 female big brown bat of which22 werepregnantt the
time of captureandtwo were not Two pregnant (one prbirth andoneduringbirth) bats
four lactating (possuccessfubirth) batsand one noipregnant bat died durirthe

recording periodsowe could not collect full data sets for thefl. pregnant bat&part

11
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from thetwo deceas@dsuccessfully gave birtbetween June 9, 2022 and June 17, 2022
(inclusive) mostly to twins 19/20births,95% twing). The pups ofwo bats (three pups
total) died before recording was completé&gch of the adult female batasidentified

by a coloured and numberéelg., Grey 53) plastic splitng band placed on their left
forearm.Grey 88 and Grey 92 wetke nonpregnantontrolbats of whichGrey 88
passed awagn July 2, 2022Datafrom subset®f this group of females were used for

wing loading wing aspect ratiand echolocation catinalysesdescribedn Table 1

12
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Tablel: Bats that had data analysed, which roost they were from, what type of data they

had analysed, andshen applicablgrecording days removed frothe dataset

Bat Roost Reproductive Wing Recording Days re
status loading/aspect data parturition
ratio data analysed? removed
analysed? from data

set

Grey 53 Valens Pregnant/lactatin¢ Yes Yes -6

Grey 54 Valens Pregnant/lactatin¢ No Yes None

Grey 56 Valens Pregnant/lactatin¢ Yes Yes 22

Grey 58 Valens Pregnant/lactatin¢ Yes No n/a

Grey 82 Valens Pregnant/lactatin¢ Yes Yes None

Grey 83 Valens Pregnant/lactatin¢ No Yes 9

Grey 85 Valens Pregnant/lactatin¢ Yes Yes 28

Grey 86 Valens Pregnant/lactatin¢ No Yes None

Grey 87 Valens Pregnant/lactatin¢ Yes Yes None

Grey 88 Valens Non-reproductive No Yes None

Grey 92 Valens Non-reproductive No Yes None

Grey 93 Valens Pregnant/lactatin¢ Yes No n/a

Grey 94 Valens Pregnant/lactatin¢ Yes Yes None

Grey 95 Abby Pregnant/lactatin¢ Yes No n/a

Grey 96 Abby Pregnant/lactatin¢ Yes No n/a

Grey 97 Abby Pregnant/lactatin¢ Yes Yes 16

Grey 98 Abby Pregnant/lactatin¢ Yes No n/a

13



MScThesisi A. Clarke; McMaster University Psychology, Neuroscience & Behaviour

RecordingSetup

Recording wereconductedn the 3.48x 3.25 x 2.76m section of aranechoic
roomin which thewalls werelined with approximately3.7 cmthick SonexClassic
acoustic foamThe microphone array used for recording was positioned aloeg.48 x
2.76 mwall and consisted of twperpendiculaaluminum TFslot tracks (3.5 cm wide)
attached t@nd offset 10.5 cm frorthe wallto which éevenGRAS 46BE 1/4 CCP free
field microphonesvereattached with wooden dowdl8ppendix Figure 1)There were
sevenmicrophone®n the horizontal axis arfive on the vertical axitwo above the
horizonta) two below and onen the centre of the array included in the pervious seven
microphone} for eleven microphones and eleven recording channelsToele was
approximately 40 cm betweerighbouringnicrophonesind the ends of the
microphones were approximatédg cm from the wall The aluminum ¥slot tracks were
wrapped in cottobatting to minimize echoe$he wall to the left side of the arrayas
1.27 m long and ended at a 18%.96 m area continuous with the rest of the room where
the other recording equipent(e.g.,computemwith Avisoft RECORDER softwanewvas
set up(Appendix Figure?). A twelfth recording channel was set tgprecord ambient
noise in the roomising an AvisofiBioacoustics CM16/CMPA condenser ultrasound
microphone, which was placegproximately2.95 m across the room from tAkiminum
structure of the array and elevated about 50 cm above the floor using a retorA $tdind.

list of recording equipment can be founddppendix Table 1

RecordingProcedure

Echolocating batarererecorded individually with no other bats in the room. One

handler and one noteker were present during recordiffigoups were attached to their

14
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mot her 6s teat at the time she wdustprbbe be r e
inserted intdhep u p 6 s . Pums vemdined in a separate raduming recordingsind

were reattachetb their motherafter shenad been recorde@he mass of eacdultbat in

grams was taken before they were recor@eads were releaseabout 141 m fromthe

centre ofthe microphone arragtabout 180 m above the flodsy allowing them to hang

from the handlerds hand wunt i lofffrfeedgd t ook f |
Eachrecording wasnanually triggered when a bat left thea n d haed R@wordings

were taken with AvisofRECORDER software using35kHz sampling rate and-&it
formatandsaved as .wav file€ach recording lasted feevenseconds total, with a pre

trigger time oftwo seconds and a hold time of five seconds, regardless of how long the

bat was in flight. Each bat wasleased antecorded at least three times per recording
sessionwith additional recordings takamtil the bat had flowin the directiorof the

arrayfor three recordingsThe exceptioto this wa when recording sessions were

terminated early due to concerns forthedbat heal t h observed.before
Before each day of recordings, the microphone array was calibrated by placing a GRAS

42AB soundcalibratorover the grid of a microphone and recording five seconds of audio

from the sound calibrator, repeating for each of the eleven microphones. The calibration
audio was recorded starting at the microphone on the far left (rhimnepl) of the array

and ending at the microphone on the bottom of the array (microphone 11), going from

left to right and then top to bottom (Appendix Fig@yeMicrophone grids were removed

during recording.

The recording period was from June 1, 2022 to July 20, d62Risive. Before

pregnant bats gave birthregnant and nepregnanbats were assigned to one of three

15
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groups that were recorded on alternating weekdays (excluding June 2iU20&2n
equipment malfunction The earliest that pregnant batsded up beingecorded was
fifteen days before they gave birifter parturition, lactating bats were recorded every
three days starting on PND4 and Hantating bats were recordestery two to three days
(excluding June 19, 20281e to scheduling conflictbatswho would have been recorded
that daywere instead recorded the day before aiter). Lactating bats were recorded
until PND34and norpregnant controls were recorded up until the last lactating bat
reached theral of her recording perigdbarring attrition After June 29, 2022, the control
bats had their recording schedule changed to couple them with the same lactating bats for
the remainder of their recording peridgrey 88 was recordezh the same days &ey
82,Grey 85, Grey 8andGrey 94(Green Group)who allhad the same parturition day
Similarly, Grey 92 was recordezh the same days as Grey 53, Grey 54 and Grey 86
(Blue Group) Grey 88 was onlable to beecodeduntil PND19for Green Groupefore

passing awaywhile Grey 9Zinished recordings @&ND34for Blue Group

Recording Analysis

The pregnant/lactating bats with at least tltags of prepartumecordingsvere
initially selected to be includddr analygs Of these bats, six had witgading data
(Table 1) Also included in analysis were the two control l{@sey 88 and Grey 92nd
onepregnant/lactatingat (Grey 94) whose mass was considered to be slightly more
similar to that of wildbig brownbats(i.e., ~1123 g in early pregnancy and late post
parturition)than captive bat@Kurta & Baker, 199Q)In total, recordings frontwelve bats
(tenpregnant/lactating and two control) weteosen to banalysedThe selected

recordingswererun through a custom MATLAB prograivioonshine created by Dr.

16
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Lasse Jakobsetniversity of Southern Denmgrko generateecholocation call duration,
pulse intervalcentroid frequency, minimum frequency, maximum frequearysource
levelvalues for each recordings well as to map a ¢ h flighapgats.A custom script

in MATLAB version9.13.0 (R2022b)vas used on each recording to mark what was
judged by eye to be the call number of the taKecall in each flight pattiThe
MathWorks Inc., 2022)This was done so that we would know which calls occurred in

flight.

Another custom MATLAB script was used to extract the previously listed call
characteristics and the také call numbers into Microsoft Excel spreadsheets.
Minimum and maximum frequencies were used to calcalateextracbandwidth
(maximum frequency minus minimum frequehc$ome bats had multiple usable
recordingq(i.e., detectable echolocation callzer day. In those cases, the recording taken
earliest in the day was used for analyses. Call characteristics were organized by bat,
recording date and rerding day in relation to parturition day (for pregnant/lactating
bats), with a separate spreadsheet for each characteristic. The call number for each data
point was labeled and the ta&# call number included in a separate column in each
spreadsheet. Ahis stage, Grey 83 (a pregnant/lactating bat) was removed from the data
set due to only having one usable day of recordings. The tables in these spreadsheets
were then transformed into long format tables in R version 4.2.3 (R Core Team, 2023).
They wereémported into R using theead_excel() function in theadxlpackage
transformed using thgivot_longe() function in thetidyr package, and finally exported
into a new Excel filavith a separate spreadsheet for ezalhcharacteristiaising the

write_xlIsX) function in thewritexl packaggOoms, 2023Wickham & Bryan, 2023

17



MScThesisi A. Clarke; McMaster University Psychology, Neuroscience & Behaviour

Wickham,Vaughan& Girlich, 2023. Hereafter, only data from these long format tables

were used.

Line plots were created in MATLAB versi¢h14.0 (R2023a) of each call
characteristic over time within each recording (The MathWorks Inc., 2023). To do this,
first time points had to be added to the data tables in Excel. The first call in each
recording was set to have occurred at the time pbir¢r@ milliseconds, then the first
pulse interval was added to get the time point of the secondhmalecond pulse interval
added to get the time point of the third call, and so on for all remaining calls in t
recording. The total time did not up to seven secémdsvery recordinglue to calls not
always being present at the very start and end of recordings. The data tables were then
imported into MATLAB.To create line plots for each call characteristic, two separate
custom MATLAB functions were writtefor the pregnant/lactating bats and the control
bats. This was so that pregnant/lactatingpbatis could be labeled witbat ID and
recordingdayin terms of parturition day (with parturition day set to@ewhile control
bat plots were labeled with b and the date they were recorded. The corresponding
functions were run for each bat and the resulting line plots saved as PNG files (Appendix
Figures4-8). The line plots for each call characteristiere arrangedn Excel
spreadsheets in rows by bat ID and in columns by recordingadthey could be referred
to easily To compare pregnant/lactating bats to control bats, control bats were matched
with pregnant/lactating bats recorded on the same datdlstotontrol bat data were in
a temporal order that spanned-prgh and posbirth for the pregnant/lactating bats.

When matching a control bat with a pregnant/lactating bat was not possible (i.e., it placed
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multiple dates of recordings on the same day), control bat data was assigned recording

days based on the amount of time between recording dates.

To standardize the length of time from which echolocation calls to analyse were
sel ect ed, U 662 mshand standarl deviatioh  135.37ms) of the

length of time where echolocation calls were present afteratifer all bats on all days

were calculated in R version 4.2.3 (R Core Team, 2023). The mean was used as the
length of time before and after také to include in analyses. Whetige length of time

of the mean stretched to before the time point of zero milliseconds or after theime p

of the last call in the recording, standard deviations were subtracted from the start and the
end of the total time frame (Table 2) so that there was an equal length of time before and
after takeoff that fell within the time where echolocation callere present. Grey 53 on

day-6, Grey 56 on day 22, Grey 85 on day 28 and Grey 97 on day 16 did not have
enough echolocation calls within the calculated time frames to identify strobe groups
before and after takeff (i.e., less than three calls), and so had these days removed from

the data set (Table 1).
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Table2: Bats for which a time frame of less than ~1124 ms was analyzed givéine
days relative to parturition. All bats were pregnant/lactating bats. The number of standard

deviations § U 135.37ms) subtracted from the start and end of the ~1124 ms time frame

to get the time frame used is represented msiltiplied by the number of standard

deviations.
Bat Day Number of Standard Time Frame
Deviations Analyzed
Grey 53 -9 30 311.75ms
Grey 56 16 20 582.50 ms
Grey 82 28 30 311.75 ms
Grey 85 25 30 311.75 ms
Grey 87 20 582.50 ms
30 311.75 ms
10 30 311.75 ms
28 20 582.50 ms
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Strobe groups were identified wikotharietalb s (2014) i sl and and
criteria using a custom R script, manual calculations and manual observation of the pulse
interval line plots created previously (Appendix Figure 2). Eadbe interval was
labeled as belonging to a doublet (two calls) or higitder (more than two calls) strobe
group, or as not belonging to a strobe group if it did not meet the crikailaati et al,

2014). Stacked bar plotBifure § were created of the number of each type of pulse
interval i n each bat @gplot2package iR (Wigkhkamp er day
2016). The percentage of strobe groups in relation to the total number of pulse intervals,
and the number of strobe groups before and afterdtikeere calculated per day for

each bat.

Statistical analyses were performed usingltier Testandperformanceackages
in R (Kuznetsova et al., 2017; Ludecke et al., 20REcording data were imported into
R using theeadxlpackage (Wickham & Bryan, 2023). Linear mixed models were
created for pre and post ta&# rather than the entire recording period by using the
filter() function from thedplyr package to split the data sets by call number at theofike
call number we determined for each recording (Wickham, Francois et al., PB2R).
ImerTestday was modeled as a fixed fagtoat IDas a random factor allowed to vary
by day and echolocation call characteristic (call duration, pulse interval, centroid
frequency or bandwidth) as the response variable (Kuznetsova et al., 2017). The linear
mixed models were used to generate Type Il analysis of variance tables with
Satterthwaité s met h o d -l&ketdbleAfdd @nddreffects (using single term
deletions) folbefore and after bats took flighthe same method was used to compare

strobegroup number and strobe group percentage between bats, with nsidglday as
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the fixed factor, bat ID as the random factor, and strobe group number/percentage as the

response variable.

Source level was analyzed differently from the other call characteristics due to the
requirements for detecting source level (i.e., #iat must be directly facing the
microphone arrayo measure source leyeesulting in there being many fewer data
pointscompared tahe other characteristi¢dppendix Figure 5)Linear mixed models
were created for the entire recording period as well as for before and aftefftaldeese
models had day and call duration as fixed factors, bat ID as the randomdadtegurce
level as the response variable. Another linear mixed model was used to compare mean
source levels across days for each bat, with day as a fixed factor, bat ID as a random
factor, and mean source level as the response varabéa source levels were not

divided into before and after taksf.

Adjusted and unadjusted intraclass correlation coefficients (ICC) were calculated
for each ANOVA using the icc() function in tiperformancepackage to see how similar
each call characteristic was witrandbetweerthe groups of pregnant/lactating and
controlbats [udeckeet al., 2021)Each characteristiwithin the samdat wasmore
similar between days/hen ICCs were closer to one, whereas ICCs closer to zero
indicated that characteristics wéess similar withinthe samdat, and thus more similar
betweerbatsCohenés f was calcul ated for each ANC(
using the cohens_f() functions in teHectsizgpackaggBen-Shachar et al., 2020Jhe
magni tude of Cohendés f corresponded with t
echolocation call characteristic meaAs. Cohendés f of around 0. 1

of around 0.25 medm/moderate and of around 0.4 large (Maxwell et al., 2018, p. 126).
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Wing Loadingestimation

On July 19, 2022July 20, 2022nd August 23, 2022he outlines of the right
wing and the righbalf of the tail membrane were traced onto 0.5 cm grid paper for
twelve pregnant/lactatingpats(Table 1) that were not still being recordethe wings and
tail membrane for each bakere traced separatety the same piece of grid pagkere to
bat movementnaking tracing them together difficuko thepageswere digitized and
Microsoft Paint or Paint 30if the tail membrane tracing needed to be rotateste used
to move the outline of the tail membranetisatit connected with the wing@.he outline
of the right half of the body was approximated using a rectangle drawn inFRaih3D
from the tip of the tail membrane to the right shoulder, with the top left corner of the
rectanglepositionedat approximately the base of the neck. The part of the ettt
fell outside the wing and tail membrane outlines was excludedtfresstimatedcarea
(Appendix Figure 3)Thearea where thkeadwould havebeenwas also excluded.he
number of0.5 x 0.5 cmgrid squares inside the outlineascounted and used &stimate
thearea of the right wing and the right halves of the tail membrane andgody
multiplying the number of squares by 0.25°cfrhis area wathen doubled to get the
total surface areand converted into metres squafed) for use in calculatins This
procedure was based/ (1989 papeoGrdy 88, aycordral loht, Rd y ner o
its right wing and tail membrane traced on August 28, 2023, having been frozen since it
passed away. The estimation of area described previously was done on paper rather than
digitally for this bat, but followed the same procezlapart from the tail membrane
tracing not being moved to line up with the wing tracing. Instead, the wing and the tail

membrane were traced together, and when the tail membrane from that tracing was too
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stretched out to use in the area estimate the retraced tail membrane had where it attached

to the wing marked so thaverlappingareasvere not counted.

To calculatewing loading(WL) we used the equationfrodmor ber g and Ray
(1987) papesuch thathe masgM) of a batcollectedfrom the dayit wascaughtuntil
between PND34 to PND3hclusive)wasconvertedrom gramsnto kilograms(kg),
multiplied by acceleration due to gravity =9.81 m/$) and divided by the total surface

area(SA) in metres squared

Calculations of wing loading were done using a custom darigtversion £2.3(R Core
Team, 203). The packagesadxlwas used to impotiat masslatafrom an Excel

spreadsheet (Wickham & Bryan, &)2

Wing Loading Analysis

Oneway withinsubjects malysis of varianc€ANOVA) was used to comparkd
wing loadingsover pregnancy and lactation, over pregnancy only (ending at parturition),
and over lactation only (beginning at parturitiéor) all twelve batsThe R package
ImerTestwas usedo create linear mixed models witlatID modeled as the random
factor,day(from -23 to 37 in terms of parturition day set to 2armdeledasthe within-
subjects factoand wing loading as the response variglleznetsova et al., 2017)hese
were used to generaigpe lll analysis of variance tables with Satterthw@itaethod
andANOVA-like tables for randoreffects (using single term deletioriey each period

of time.
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Aspect Ratio Estimation

The same wing tracingss for estimating wing loading were usecsbimate
wing aspect ratio. Aspect ratio (A) is the square of the wingsgui{&led by the wing

surface area (SA):

"YO

The same wing surface areas as for estimating wing loading werevhead
calculating aspect ratido get the wing spank|S Paint was used to plaaestraight line
fromthetipofthewing o t he far edge of the fAbodyo r ec
while estimating the surface ar@dae number of 0.5 0.5cm grid squares that would lie
along that line was estimatégt measuring the length of the line and the length of one
side of a grid square usingkearruler while the image waset toa levelof
magnificationfor which the whole page of grid paper was visible (53280%) and then
dividing the length of the line by the length of the grid square to get the number of
squares. The number of squares was multiplied by 0.5 cm to get the actual length of the
line and then doubled to get the wingspaor Grey 88, a line was physically drawn
acrosghewing tracingin the same way as for the digitized wing tracings, measured with
a ruler and that | engt h QGhloulated geedtratosargget Gr e

presented in Tablg.

Aspect Ratio Angkis

The mean and standard deviatafrthe twelvepregnant/lactatingving aspect

ratios were calculated usitige baseR functions mean() and sd()
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Results

Wing Loadingncreases During Pregnancy

The wing loading othe 12 pregnant/lactating bats increasggnificantlyduring
pregnancy(F =128.7 p =2.071 x 10) and decreased significantlyring lactation(F =
4.8662 p =0.0497). The increasé wing loadingduring pregnancyaslarger than the
decrease after the bats gave bf{Rlgurel). Grey 88 (control bathad a continuous
increase in wing loading over a comparable time that was not as steep as the

pregnant/ |l actating batsdé increase or decre
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Figurel: Wing loading over pregnancy and lactation as a function of days relative to
parturition (dashedwerticalline) for thirteenindividual bats (Grey 98, Grey 96, Grey 95,
Grey 93, Grey 56, Grey 82, Grey 85, Grey 94, Grey 87, Grey 58, Gr&ré&g 97and

Grey 88 [control).
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Aspect Ratio Remains Unchanged During Pregnancy and Lactation

The aspect ratios presented in Tablgere assumed to remain the same

throughout the pregnancy and lactation periods due to aspect ratio being unaffected by

changes in mas$he aspect ratios for the pregnant/lactating pats

= 7. 48&nd

for the control bat areigher than the aspect ratio of 6.40 reported by Norburg and

Rayner (1987) foE. fuscus

Table3: Wing aspect ratios fdr2 pregnant/lactating bats € 7.48 (i

control bat (Grey 88)

Bat AspectRatio
Grey 53 6.66
Grey 56 7.55
Grey 58 9.75
Grey 82 8.22
Grey 85 6.73
Grey 87 7.11
Grey 93 6.77
Grey 94 6.68
Grey 95 7.19
Grey 96 9.02
Grey 97 7.33
Grey 98 6.75
Grey 88 6.54

= )and oné
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Call Durationin Flight IncreaseDuring Pregnancy andLactation

There was a significant difference in echolocation call durabees the
recordingdaysbetween batboth before§ < 0.05 and after | <0.00L) takeoff (Table
4). ThelCCs were closer to one after tai# (adjusted ICC = 0.545, unadjusted ICC =
0.522) than before takeff (adjusted ICC = 0.316, unadjusted ICC=0.3®h hends f
was 0.23 before takeff and 0.31 after takeff, both indicatinghata moderate amount
of the variance in call duratiosuld be explained bihe day The call durations used by
pregnant/lactating batscreased significantlgcross pregnancy and lactatign<(0.00)}
andduring the lactation pericalone p < 0.03, bothonly after bats hataken flight
(Figures 2to 5). There was no significant change during lactation before flight or during
pregnancyalone The control bats haasignificant increase call duration before flight
(p < 0.02 but not during flightPregnant/lactating bats also used longer call durations
averagdhan control bats while bats were in flight (Figure&jnsistent with the ICCs
close to zero, pregnant/lactating and control bats beforeoféksel calls of similar

durationson average (Figure 3)
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Table4: F- and pvalues for call duration repeated measures ANOVAs used to test

change in call duration overtime.Aypal ue O 0.05 is considered

Before Takeoff After Take-off

Group Fixed Random Effects Fixed Random Effects
Effects Effects
Day Day:Bat Bat Day Day:Bat Bat

All bats F= p<2x p= F= p<2x p=
6.6647 101 0.01135 11.667 1016 0.0006649
p= p=
0.01101 0.0008585

Pregnant F= p<2x p= F=11.69 p<2x =

and 3.8852 107¢ 0.08532 p= 1016 0.0183

lactating p= 0.0008987
0.05144

Pregnant F= = = F= p=3.057 p=
0.0287 4.782x  0.2754 0.7313 x 108 0.003942
p= 10° p=
0.8671 0.4051

Lactating F= p<22x p= F= p<2x p=
1.7545 1076 0.003361 8.4428 1016 0.01151
p= p=
0.1893 0.004788

Control F= p= = F= p= p=
14.774  0.04707 4.283 x 0.1148 0.0002018 0.0028331
p= 10° p=
0.001159 0.7382
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Figure 2: Call duratiobeforetakeoff over pregnancy and lactation as a function of days
relative to parturition (dashackrticalline) for nine pregnant/lactating and two control

(Grey 88 and Grey 92) bats with linear trend lines.
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Figure 3: Mean all durationbeforetakeoff over pregnancy and lactation as a function of
days relative to parturition (dasheerticalline) for A) nine pregnant/lactating ari)
two control bats with linear trend linédotted lines) and shaded 95% confidence

intervals. A significant increase occurred over time forcihretrol bats.
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Pulse Intervaln Flight Undergoes No Significant Change

There were significant changes in pulse interval based on random effects but not
on fixed effects for both before and afédirbats took flight so therecording day did not
affect pulse interval when pregnant/lactating and control bat data were tested together
(Tableb5). ThelCCswere close to zero both befored{usted ICC = 0.176, unadjusted
ICC =0.179 and after &djusted ICG= 0.113 unadjusted ICC = 0.1)3akeoff, so pulse
interval was similar between pregnant/lactating and control bats, whidbecseen in
Figure 6 and Figure 8 with how aif the linear trend lines are in the same range of pulse
intervalsCohends f wa soffeand4d.B x hOéafteo takeoff, thathk e
indicating that very little of the variance in pulse intervals could be explaindlday
Pulse intervahad a significant decreabefore takeoff over pregnancy and lactatiop €
0.06), a significant increase before ta&ff during lactation aloné < 0.05, anda
significant increase before takdf for control < 0.05 bat (Figure6, Figure7). There
were no other significant changasring pregnancy and lactation after tak& during
lactation after tak®ff, during pregancy, or in control bats after také (Figures,

Figure9). The longest duration pulse intervals used are lower after bats take flight than

before (Figure 6, Figure 8).
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Table5: F- and pvalues fompulse intervatepeated measures ANOVAS used to test

change irpulse intervabver time. Apv al ue O 0. 05 is considered

Before Takeoff After Take-off

Group Fixed Random Effects Fixed Random Effects
Effects Effects
Day Day:Bat Bat Day Day:Bat Bat

All bats F= p=35x p= F= p=2.084 p=3.314
2.0171 10% 0.002966 0.0018 x 107 x 107
p= p=
0.1592 0.9666

Pregnantand F = p=6.891 p= F= p=1.211 p=7.902

lactating 53677 x10% 0.01499 0.0039 x 10° x 10°
p= p=
0.02358 0.9505

Pregnant F= p=1238 p= F= p= p=
2.2056  x10° 0.5778 0.1875 0.30047 0.05922
p= p=
0.166 0.6729

Lactating F= p=2.049 p= F= p=3944 p=
6.6002 x10° 0.2725 1.3372 x 108 0.0003405
p= p=
0.0125 0.2519

Control F= p= p= F= = p=
7.4761 0.3483 0.5457 0.0624 0.9996  0.5042
p= p=
0.01278 0.8047
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Figure6: Pulse intervabeforetakeoff over pregnancy and lactation as a function of days
relative to parturition (dashackrticalline) for nine pregnant/lactating and two control

(Grey 88 and Grey 92) bats with linear trend lines.
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Number of Strobe Groupscreaseduring Pregnancy and Lactation

We classified pulse intervals by the type of call grouping they belonged to
(doublet, highewordersonarstrobe group, or notsonarstrobe group) as seen in Figure
10. There were significant changes in the numbgyuée intervals belonging sonar
strobe groups before and after tal€due to random effects but not fixed effeatsen
pregnant/lactating and control bat data were tested together, so some bats produced more
strobe groups than others unaffected by recordind Tityle6). The ICCs were dse to
zero both before (adjusted ICC = 0.113, unadjusted ICC = 0.111) and aftefftake
(adjusted ICC = 0.281, unadjusted ICC = 0.Z6®nll batsCo hends f was 0. 13
takeoff and 0.10 after takeff, both indicating that little of the variancetime number of
sonar strobe grougmuld be explained bhe day.The number of strobe groups
increasedsignificantly during pregnancy and lactatibeforebats had taken flighp(<
0.06) but not at any point when considering pregnancy and lactationdodily (Figure
11, Figure R). There was also no significant change during pregnancy and lactation after
takeoff (Figure B3, Figure #). Control bats had a significadécreasén number of

strobe groups before takdf (p < 0.0 but not after takeff (Figures 1 to 14).
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Figurel10: Stacked bar plots of the number of pulse intervals within each strobe group
type (doublet, higheorder strobe group, or not a strobe group) per day with respect to
parturition day (set to 0) for pregnant/lactating dxad for control bateGrey 88 and Grey

92) using the days assigned to control bats for comparison with pregnant/lactating bats
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Table6: F- and pvalues forstrobe group numbeepeated measures ANOVAS used to

test change ithe number of strobe groups useer time. Apv al ue O 0. 05
significant.
Before Take-off After Take-off
Group Fixed Effects Random Fixed Effects Random
Effects Effects
Day Bat Day Bat
All bats F=2.1864 p =0.02334 F=1.3331 p =3.389x%
p =0.1417 p =0.2504 107
Pregnantand F =5.2413 p =0.04332 F=1.0717 p=5172 x
lactating p =0.02403 p =0.303 107
Pregnant F =0.358 p =0.9288 F=1x10* p =0.1821
p =0.5567 p =0.9909
Lactating F =1.6629 p=0.06935 F=6x10% p =5.241 x
p =0.201 p =0.9802 107
Control F=9.9782 p =0.07533 F=0.4226 p=1
p =0.004826 p =0.5227
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Figure1ll: Number of strobe grougz=efore takeoff over pregnancy and lactation as a
function of days relative to parturition (dasheztticalline) for nine pregnant/lactating

and two control (Grey 88 and Grey 92) bats with linear trend lines.
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Figurel2 Mean strobe group numbleeforetake off over pregnancy and lactation as a
function of days relative to parturition (dashestticalline) for A) nine
pregnant/lactating and B) two control bats with linear trend ljdeted linesand
shaded 95% confidence interval$iere was a significant increase for pregnant/lactating

bats and a significant decrease for control bats.
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and two control (Grey 88 and Grey 92) bats with linear trend lines.
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Percentage of Strobe Groupgcreases During’regnancy

The percentage @lulse intervals belonging sonarstrobe groups chande
significantly due to random effects but not fixed effects only afteradikehen
pregnant/lactating and control bat data were tested togétalie 7). The ICCs were

closer to zero before taladf (adjusted ICC = 0.080, unadjusted ICC = 0.079) than after

takeoff (adjusted ICC = 0.204, unadjusted ICC =0.2Ch hends f was 0.

off and 0.14 after takeff, both indicating that little of the variancetime percentagef
pulse intervals that were part of sonar strobe groopkl be explained bthe day
Strobe group percentagecreasesignificantly during pregnancy after takéf (p <

0.06) but not before takeff (Table 7;Figure B; Figure B). There are also no significant

09

changes seen during pregnancy and lactation, during lactation alone, or in the control bats

(Table 7;Figure B). The decrease during pregnancy would have resulted in a steep linear

trend line on Figure 16 in the pregnancy section of the plot, but produces a shallower

downward slope when combined with the lactation section.
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Table7: F- and pvalues for strobe groypercentageepeated measures ANOVASs used

to test change in theercentagef strobe groups used over time. Apa |l ue O 0. 05
considered significant.
Before Take-off After Take-off
Group Fixed Effects Random Effects Fixed Random
Effects Effects
Day Bat Day Bat
All bats F=1.1424 p =0.0939 F=25512 p=0.0001097
p =0.2871 p=0.1127
Pregnantand F =2.5675 p =0.07559 F=1.8978 p=8.906x 10
lactating p=0.112 p=0.1713
Pregnant F =0.0838 p =0.9836 F=4.7105 p=0.2576
p=0.7753 p =0.0439
Lactating F =0.1349 p =0.08442 F=0.0235 p =0.0008657
p=0.7144 p =0.8787
Control F=1.5327 p=0.1914 F=0.9026 p=1
p =0.2295 p =0.3529
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Figurel5: Percentagef strobe groups after taladf over pregnancy and lactation as a

function of days relative to parturition (dasheztticalline) for nine pregnant/lactating

and two control (Grey 88 and Grey 92) bats with linear trend lines.
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Figure2: Meanpercentage of strobe groualier takeoff over pregnancy and lactation as
a function of days relative to parturition (dashedticalline) for A) nine
pregnant/lactating and B) two control bats with linear trend ljdeted linesand

shaded 95% confidence interval$fiere is a significant decrease during pregnancy only.
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Bandwidthin Flight NarrowsDuring Pregnancy and Lactation

There was a significant difference in echolocation call bandwidth between days
after ( < 0.02 but not before takeff when pregnant/lactating and control bat data were
considered togethémable8; Figure I7). The ICCs werslightly close to onethan to
zeroboth before (adjusted ICCG615 unadjusted ICC 8.613 and after (adjusted ICC
=0.569 unadjusted ICC 9.559 bats took fightCohendés f wa s-off@and0 9
0.25 after takeff, indicating that before takeff little of the variancen the bandwidths
could be explained bgay, while after takeoff a moderate amount of the variance could
be explained byay. Bandwidthdecreasedignificantly during pregnancy and lactation
after (p < 0.0) but not befordakeoff (Figure BA). It alsodecreasedignificantly
during lactation alonenly aftertakeoff (p < 0.0). There were no significant changes in
bandwidth during pregnancy alone or in the control liatsaverage, pregnant/lactating
bats in flight used echolocation calls of narrower bandwidths than control bats in flight

(Figure 18).
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Table8: F- and pvalues fohandwidthrepeated measures ANOVASs used to test change

in thebandwidthused over time. AalueU 0.05 is considered significant.

Before Take-off

After Take-off

Group

All bats

Pregnantand

lactating

Pregnant

Lactating

Control

Fixed Random Effects

Fixed Random Effects

Effects Effects
Day Day:Bat Bat Day Day:Bat Bat
= p<22x p-= F= p<22x p=1.667
1.0185 101 4.676x 7.7094  10%° x 10°
= 1038 p=
0.3148 0.006339
= p<22x p-= F=7548 p<22x p=
2.4091 107 5.404x p= 1016 0.0003215
= 107 0.007085
0.1236
= p<2x p=1 = p<2x p=1
0.0061 101 0.0192 1016
= p =0.891
0.9382
= p<22x p=236 F= p<22x p=
1.715 1016 x 10° 8.5404 101 0.0001568
= p=
0.1941 0.004552
= p<2x p= F= p<2x p=
1.2451 101 0.05668 0.0619 1016 0.2716
p= p =0.806
0.2773
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and two control (Grey 88 and Grey 92) bats with linear trend lines.
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Figure4: Meanecholocation call bandwidthfter takeoff over pregnancy and lactation
as a function of days relative to parturition (dashedicalline) for A) nine
pregnant/lactating and B) two control bats with linear trend ljdeted linesand
shaded 95% confidence intervalfiere was a significant decrease in bandwidth for

pregnant/lactating bats but not for control bats.
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Centroid Frequencpecreases During Pregnancy and Lactation

There was a significant change in centroid frequency betweerbdtdybefore [§
< 0.09 and after§ < 0.0) takeoff when considering pregnant/lactating and control bat
datatogether(Table9). The ICCs were close to one both before (adjusted ICC = 0.737,
unadjusted ICC = 0.724) and after (adjusted ICC = 0.697, unadjusted ICC = 0.677) take
off. Co h e n 6 s 18before takeoff@nd 0.25 after takeff, bothindicating thata
moderate amourdf the variance in theentroid frequenciesould be explained bgay.
The centroid frequenagecreasedignificantly during pregancy and lactation before (
< 0.09 and after < 0.0) bats took flight{Figure B; Figure 2). It alsodecreased
significantly during lactation alone befone € 0.05 and after < 0.0 takeoff (Figure
20A; Figure 2A). There were no significant changes in centroid frequency during
pregnancy alone or in the control b&segnant/lactating bats in flight used slightly

lower centroid frequencies on average than control bats in flight (Figure 22).
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Table9: F- and pvalues forcentroid frequencyepeated measures ANOVAs used to test

change in theentroid frequencysed overtime. Aw al ue O 0. 05 is consi
significant.

Before Takeoff After Take-off

Group Fixed Random Effects Fixed Random Effects
Effects Effects
Day Day:Bat Bat Day Day:Bat Bat

All bats F= p<22x = F= p<22x =
4.1428 101 1.222x  7.9042 1016 8.776x%
p= 107 p= 10°
0.04388 0.005725

Pregnantand F= p<22x p=129 F=6.935 p<22x =

lactating 59316 101 x10" p= 1016 1.317 x
p= 0.009747 107
0.01655

Pregnant F= p<2x p=1 F= p<2x p=1
0.0112 1076 0.0186 1016
p= p=
0.9165 0.8927

Lactating F= p<22x = F= p<22x =
6.0585 1076 1.516 x 9.1143 1016 6.265 x
p= 107 p= 108
0.01601 0.003436

Control F= p<2x p=1 F=0.67 p<2x p=
0.8447 101 p= 1016 0.3764
p= 0.4222
0.3682
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Figure5: Echolocation call centroid frequenbgforetakeoff over pregnancy and
lactation as a function of days relative to parturition (daskeeticalline) for nine
pregnant/lactating and two control (Grey 88 and Grey 92) bats with linear trend lines

The significant decrease in centroid frequency for pregnant/lactating bats is visible on

this graph.

59



MScThesisi A. Clarke; McMaster University Psychology, Neuroscience & Behaviour

>

58
56+
54+
521
901
481
46+
44+
421
40

Mean Centroid Frequency (kHz)

17 13 9 5 1 3 7 11 15 19 23 27 31 35
Time (Days re Parturition)

uu)

58
56
54+
521
50
48
461
441
421
40

Mean Centroid Frequency (kHz)

47 13 9 5 -1 3 7 11 15 19 23 27 31 35

Time (Days re Parturition)
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MeanSource LeveRemains Unchanged During Pregnancy and Lactation

Source level changesignificantly between dayép < 0.0) but not with call
durationonly when including data from both before and after -@aitdor
pregnant/lactating and control b&table 10 Figure Bto 25). The ICCs for this model
were close to zero (adjusted ICC = 0.207, unadjusted ICC = Qig@R)ating similarity
in source levebetweenbats and t he Cohenés f was small (
and very smallg.27 x 1¢) for variance due to call duratipmdicating that neither was
greatly responsible for the variance in source lailen data was divided into befde
< 0.01)and after(p < 0.01)takeoff, source level changed significantly with call duration
but not between days (Figur8)2The ICCs for these models were also close to zero,
again indicating more similarity in source levels used between bats that imtdhridual
batsThe Cohendés f was 0.06 for wvariance due
duration before takeff, indicating that dargeamount of the variance in source level
was due to the call duration while little was due to the day. Afterdakef , Cohenés f
0.11 for variance due to day and 0.55 for variance due to call durasorindicating
thatalargeamount of the variance in source level was due to the call duratierewas
no significant change in mean source |yl batoetween dayand the ICCs were close
to zero (adjusted ICC = 0.121, unadjusted ICC = 0.1dr%his model indicating that the
mean source levels the bats used were similar betpregnant/lactating and contriohts

(Figure ).
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Tablel10: F- and pvalues forsource levetepeated measures ANOVASs used to test

change in theource levelsed overtime. Ay al ue O 0. 05 is consi del
Fixed Effects Random Effects Intraclass
Group Day Call Bat Correlation
Duration Coefficients

All bats before F=8.1189 F=0.0113 p=1.02x 10*  Adjusted = 0.207
and after take-off p= p= Unadjusted =
0.004602 0.915434 0.203

All bats before F=0.294 F=27.113 p=5.037x10° Adjusted = 0.259

take-off p=0.5891 p=1.276 Unadjusted =
x 10° 0.203
All bats after F=3.5362 F= p =1.438x 10'? Adjusted = 0.226
take-off p= 94.5660 Unadjusted =
0.06098 p<2x10 0.170

16
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Figure8: Source level across echolocation call duratiomioe pregnant/lactating and

two control (Grey 88 and Grey 92) batde data points are coloured with respeciags

relative to parturitiorsuch that lighter points are earlier in the gestation pénakimum

15 days before parturitiomnd darker points are later in the lactation pefdximum

34 days after parturition)
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Discussion

With our captive colony of big brown batge were able to follow the same
individualsthrough pregnancy and lactati@ndthusobserve changes in echolocation
over this timeDuring recording®atswere released in a manner that we believe mimics
their emergence from a roost.this way, theesults of our study cover the effects of
pregnancy and lactation on echolocation in the first few seconds &fmiaiebat has

left theroost.

In their study on echolocationwild Ku h| 6 s p(Pipstredlus kuéli), | e s
Taub et al. (2023) found that the echolocation calls of predgrastompleting a
foraging task had longer call durations and iniése intervals thafemalebatsafter the
lactation periodlf we focusonthetima f t er &6 r o owhén owr baésweresim ¢ e 0
flight, we find that over the course of pregnancy and lactdéioraleE. fuscusiseal
increasinglylonger call durationsbut the pulse intervals they usdid not change
significantly. Longer call durations would result in longer duration echebggh would
carry more information than shorter echoHse number of strobe groupsitted during
this timeweresimilar for pregnant/lactating and control bats (ICCs close to.zero)
Thereforethe pregnant/lactating batgerenot significantly changing hownany strobe
groups were usetd navigatehe recording roorbut werechangingthe duration otheir
echolocation cadl Kothari et al. (2014) notkthat big brown bats produeceoresonar
stroke groups when they need to accurately track movement and separate objects from a
background, such as when they mawigating offoragingin a cluttered environment
This suggests that the use of strobe groups helps bats to gather more information about

complexenvironmend. Becauseghe room that we recordéfl fuscusn did notbecome
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more or less cluttered over timtbenit makes sense that we did mditservea significant

change irthe number of strobe groufizat bats emitted

Taub et al. (2023) also found no significant differences in echolocation frequency
and intensity between their groups of pregnant andlpotdting batsbut noted that bats
with higher body mass index@<e., pregnant batsjsed lower frequency call$his is
consistent with the general decrease in centroid frequency thauwaduringthe
gestation anthctation period, the lack of change in mean source level over the same
time, and the change in source level between daysvsgimilar between
pregnant/lactating and contrél fuscugICCs close to zero)Ve also dund that the
female bats emitted calls withnarrover signalbandwidthwhile in flight throughout
pregnancy and lactatioihese results do not entirely tola our predictions, as pulse
interval did not change during fligithen comparing pregnant/lactating and control bats,
and thechangesn call duration centroid frequency and bandwidth contidue the same

directionsthrough the lactation period rather than reversing.

The decrease in echolocation a@htroidfrequencythat we foundver
pregnancy and lactatisuggestshat pregnant/lactating bats woudcbduceecholocation
beams that grew gradually wider and less directional over thigdmkebsen, Brinklgv,
& Surlykke, 2013 Jakobsen, Ratcliffe, & Surlykke, 201 ®ue to pregnant/lactating bats
alsonot significantly changingher echolocation call source levelsiringthis period the
functional operatinglistanceof their echolocation beams would remain practically the
sameln conjunction with the increase in call duratimrer the gestation and lactation
periods pregnant/lactating bats woute gatheringmore information from a wider area

but not closer to or further away from thédakobsen, Brinklgv, & Surlykke, 2013;
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Jakobsen, Ratcliffe, & Surlykke, 201Surlykke & Moss, 2000 This means that
pregnant/lactating bats would bwre aware of what was happening in their direct
vicinity, which could allow them to navigatieeir environmentith a reducedikelihood
of having to make quickhanges to their flight paths thabuld necessarilpe more
difficult while carryingthe extramassof fetusesduring pregnancgr pups that may be
attached to them during lactati@idood et al., 200&1ughes & Rayner, 1993 aub et al,

2023).

Increasingcall duration, loveringcall frequency and narramg call bandwidth
have been correlated imguious studies ofthe echolocation behaviour big brown bats
that(Moss & Surlykke, 2001 Surlykke & Moss, 2000 We can assume that tBefuscus
recorded in these studies were not pregnant or lactating owingrepibreectime of
year(late Augustiand/orlack of mention of anypups Moss & Surlykke, 2001Surlykke
& Moss, 2000. However, theaforementioned echolocation ceHange$avealsobeen
correlated with increasing IP1, which we did not findem the other threghanges
occurredMoss & Surlykke, 2001Surlykke & Moss, 2000 This may suggest that
IPI/pulse intervals less strongly correlated with call duration, frequency and bandwidth
during pregnancy and lactatidhmay also be due tour bats beindglown in a confined
space, ak. fuscusave been found temit signals wittshorter IPIs/pulse intervals the
laboratorycompared tahe wild Surlykke & Moss, 2000 Sincethe gestation period of
big brown bats is arour@D days,our echolocation datanly coverthe last quarterlb
days) of pregnancyKrta & Baker, 1990 Future studies should considmlleting cata
from earlier in pregnancp see if this wuld change the trends we found in echolocation

call characteristicd=or instance, if thé&I/pulse intervatloes increasduring pregnancy
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and lactatiorour data semnight notreveal this because we did not record for enough days

for such arendto become visible.

As predicted, \wg loading increaskwith increagng mass during pregnancy and
begandecreamg immediately after bats give birtiihe increase in wing loading during
pregnancywas larger than the decrease aftarturitionand did not return to starting (i.e.,
early pregnancy) value$here are at least two reasons for this. First, because captive
pregnant bats did not have to fly to eat anddhtibitumaccess to food, they likely
gained more mass compared to bats in the wild. Second, because léas&tpensive
energetically femalbats neeedto continue consuming extra foddring lactation to
maintain milk productiorior their pupgHood et al., 2006Pulse interval, which we
suspected could change with wing loadidid not differ significantly between
pregnant/lactating and control bats or over pregnancy and lactation whiledoais
flight. Given that wingbeat frequency has been found to increase with increased mass, it
would be interesting to use video recordingdetermindf the distribution ofsonar
strobe groupsmittedthroughout the wingbeat cycle chadgparticularlyover the
course opregnancybut also durindactation(Hughes & Rayner, 199¥oblitz et al.,

2010; Moss et al., 2006).

Although therevere somesignificantchangesn echolocation call characteristics
over timebefore bats took fligld increased call duratienin control bats, decreasm
pulse interval irpregnant/lactating batsutincreassin control batsincreased number of
strobe groupin pregnant/lactating batsitdecrease in control batsanddecreased
centroid frequency in pregnant/lactating Bateese may not perfectly translatethe

behaviour of bats the process of emerging from@og becausdats werenitially
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handledbefore taking flightFuture studies seeking toeake this comparisashould
considercreatng a more roostike environment (e.g., bat bpgovered platformnwhere

bats could initiate flight on their own with less human hand@wedifficulty with this
approactwould be gettingthebatso | eave the O6roostoé and fly
array, especiallyduringlate pregnancyDuring our study, we found it difficult to get
pregnant bats to fly, particularly as their pregnancies progressed and they neared
parturition.Althoughwild batscontinue tdly and forageduring pregnancyand likely
become less agile and maneuverable in flight the closer they are to giving birth, we do
not know if and when latstage pregnant female batspstoraging(Henry et al., 2002
Rintoul & Brigham, 2013 We decided thatdndlingall the bat§ pregnant and

controb was necessary ensure that all animals were treated the same, and to
encourage some batslate-stage pregnanoyho were reluctant to fly to become
airborne, even if only for a short timRequiringthe batdo exit a doosbon their own

would likely haveresulted inobtaining fewein-flight recordingsduringlate pregnancy.
This complicationcould possibly be avoided lmgsing a foodeward to train all bats the

|l eave the O6roostodé over the course of pregn

Although te results of this study mawpt fully map onto the naturalistic
echolocation behaviour of big brown baecause we kno®. fucususesecholocation
differently inthe confines to thiaboratory than they do in the witthe interesting
possibility is that the signaling changes avel Taub et a(2023)observecdtould
possiblybe used as a badattempt to identify pregnant and lactating bats in the wild
with bioacoustic monitoringSurlykke & Moss, 2000 Even if the trends we observed do

notexactly match the way pregnant/lactating bats echolocate in thetivddelative
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differences between pregnant/lactating and-regmoductive femalesay still hold
Repeating these studies with other bat species could alstolha¢mtify a bioacoustic
signature opregnancy and/or lactation bats as different bat species have unique
echolocation call structures that could change in precise ways during pregnancy and
lactation that differ between species (Fenton & Bell, 198dfure research could also
test if bats experienaeloss ohearingsensitivityduring pregnancyas is reprted for
humansand if soatwhat frequencieéSennarogl& Belgin, 2001). Pregnant mans
have been observed to experieatass oflow frequency auditorgensitivityduringthe
gestation periodSennarogl& Belgin, 2001). Testing the hearing of pregnant/lactating
bats could provide insight into why the echolocation frequencies they use during

pregnancy and lactation charigehe way they do.

Conclusion

Our data demonstrate that there are significant changes in both temporal and
spectral characteristics of echolocation calls produced by big browmbkdgét over the
course of pregnancy and lactati@pecifically,our studydesign mimicked changes in
echolocatiorcharacteristicsluring thetime whenpregnant and lactatirtgatswould have
emergedrom their roostwhich has not been covered by previous researchis type
of flight, echolocation call duration increaséandwidth narroedand centrad
frequencydroppedcontinuously for big brown bats during their gestation and lactation

periods.
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Appendix

RecordingSetup

Appendix Table 1Equipment used for audio recordings with the number of units of each

item used.

Recording Equipment

GRAS 42AB Sound Calibrator x 1
GRAS 12AX 4Channel CCP Power Module with Gain x 3
GRAS AA0070 3 m Microdot BNC Cable x 11
5+ mXLR cable x 12
XLR to BNC connectors x 11
USBZ A/A 6 ft cable x 4
GRAS 46BE 1/4" CCP Frekeld Standard Microphone x 11
GRAS 26CB 1/4" CCP Standard Preamplifier with Microdot Connector x 11
Condenser ultrasound microphone AvisBibacoustics CM16/CMPA x 1
Avisoft UltraSoundGate 1216H x 1
Lenovo ThinkPad T430 (Windows 10) with Avise®ECORDER software x 1
Power surge protector x 1

RAVPower 27000mAh Portable Power QOutlet x 2
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Appendix Figure 1: The dimensio(isot to scalepf the elevermicrophone array used
for audio recording€ach circle represents a micropholécrophone numbers (1 to 11)
are noted above each circlhe distance between neighbouring microphones was ~40

cm for all microphones.
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347.98 cm

Array is here

127.508 cm
Mic 12 was 295
e from arrey Bats released 214 cm 375.12 em
135.382 cm ; S from array
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(microphones)

195.58 cm

483.87 cm

Appendix Figure 2: The dimensions of the anechoic rtdwmhaudio recordings took

place in The solid vertical black line labeled 214 cm indicates the distance bats started
from the array. The black circled labeled 12 indicates the location éfvikeft-
Bioacoustics CM16/CMPAlltrasound microphone used to pick up ambient noise. All

other solid black lines represent the walls of the recording room.
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Appendix Figure 3The surface area (SA) and wingspan (S) used to calculate wing
loading and aspect ratibhe grey shaded area represents half of the total surface area

(SA/2). The green line represents half of the wingspan (S/2).
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Grey 53 Echolocation Call Characteristics Graphs
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Appendix Figure 4: Grey 53 call duratipiotted as a function aecording time per day.
Each panel shows call duratiodnsfore and after taking flight, with different panels
showing data recorded on differenyydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figure 5: Grey 53 pulse interydbtted as a function of recording time per
day.Each panel shows call durations before and after taking flight, with different panels
showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figure 6: Grey 53 call bandwidilotted as a function of recording time per
day.Each panel shows call durations before and after taking flight, with different panels
showing data recorded on differeniydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figure 7: Grey 53 centroid frequemdygtted as a function of recording time
per day Each panel shows call durations before and after taking flight, with different
panels showing data recorded on differerysaalative to parturition (number above

panel; parturition day defined as Day Dhe takeoff call is marked by a vertical line.
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Appendix Figure 8: Grey 53 source lepdbtted as a function of recording time per day.

Each panel shows call durations before and after taking flight, with different panels

showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figured: Grey 54 call duratioplotted as a function of recording time per day.

Each panel shows call durations before and after taking flight, with different panels

showing data recorded on differenyydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.

99



MScThesisi A. Clarke; McMaster University Psychology, Neuroscience & Behaviour

grey54 grey54
Pulse Interval on Day Pulse Interval on Day
=13 -8
! Teka-cif Cal 110 Takeall il
180 F A -
A 100 L,
160 | o 50| . 1
E“‘" | E 80 A
5 2| . j T w }
c c |
L 100 W B eot | 1
£ N , = i
&0 N L \ ]
8 " . g
2 6of T 4of i MK
[
an + a0t AT '.l'.l':'-"ll" 1
b a0l SOPERTL
a 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ms) Time (ms)
grey54 grey54
Pulse Interval on Day Pulse Interval on Day
-3 4
40 Teke-ofl Cal Tabmall Sl
[ 200F =
80 Iy
f .
— 70 | Il [ —
g L . ERET I
— | T —
&0 | 1 1 | - e
o Iy II ey 1 ‘; g / 1'.
S 50 AR TR B O T " e fo
= A [ |E U
g 40 I||l| | .1 '“'.n |l 51,11 ! 3
= | Dol et =
& a0 ! ST .I'I_..':i'.l._'.l &
I. 0 |I1I I IIII.EII:I
20 YL
1
10 . . . . . . . . I
(] 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ms) Time {ms)
grey54 grey54
Pulse Interval on Day Pulse Interval on Day
7 10
! ! Teke-ofl Cal | 120 ! ' Teke-arll Caal !
400 | L
ot | 100 1 ' _,-".'I
— [ — ! \ 1o
] \ 2] | [
gao- [ £ | [
= - = BD[ 1 4 |
m 250 | I @ |
5 ' [ 5 "
£ 200 | i = .
| ) 4
LE o |I Voo LE a0 I rl '
i \ -".! | *ls . T ,
& qop- P | Vool o gl |I 1 !It '[lF',". |I.|=1| ::,
\ 'I | ': I||"|| g
50 - ¥ Vi 0+ 1||L|-;1."1‘“‘1'-
| ’ '
o . . .
(i 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ms) Time (ms)

100



MScThesisi A. Clarke; McMaster University Psychology, Neuroscience & Behaviour

grey54 grey54
Pulse Interval on Day Pulse Interval on Day
13 16
! ! Tatte-ff Cal ! ! ' Taboll Cal
120 A 200 + ]
= 100 VA T
E ! E 150
T 80 v T
E Vo = :
= 6ol ¢ | E 100 - —— 1
o Voo @ VN
] ! »n L
= = .'. .'.
& 40- a5 !
20+
. . ol : : . I
500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ms) Time (ms)
grey54 grey54
Pulse Interval on Day Pulse Interval on Day
19 22
300 ! ! Taki-oll Call ! ! ! ! Taus-oll Cal |
1apft |
250 J
o O T
E om E L A |
= = 100 | L . .
E 150 i | % A
= N € ® =4
B 100 & a0 !
3 ) = *
& e ol
50
20 q
500 1000 1500 2000 2500 ] 500 1000 1500 2000
Time (ms) Time (ms)
grey54 grey54
Pulse Interval on Day Pulse Interval on Day
25 28
! ! ! [ TekealiCal 140 ' ' " Takarofl Gall !
aon ™ .
| \ 120
- |
w 280 | 1o
E { E oo °
g zo0 | ? Py
|1] [ m BD F |II I.' - I_"_- 'I -
T 180 [ . A 1€ [ Do
© } Voo @ eor Fo ]
o Vo T ol |l
50 e A
* 20 LR ERSFRLY
500 1000 0 500 1000 1500 2000 2500
Time (ms) Time (ms)

101



MScThesisi A. Clarke; McMaster University Psychology, Neuroscience & Behaviour

grey54 grey54
Pulse Interval on Day Pulse Interval on Day
31 34
! ! ! Take-on al 10— ! Take-ofl Cal
’ 100 I\
100 1
a0 '
E wot : £ 80 -~ TR Y
| Tt ] | i |
W [ w for (. o
e 4 | s o | -
2 sop ' , & 60 oo i
£ [ A | c \ frnl y il I
@ I.-" LT RYIE| @ 50 ] | | 'l /| .
w TR w . I | .
T 40 . HIN 1 . & aor Iy Terr, 1 !
,‘fT1.-T|'t.H"|I1-TI.I ok I ."-',:I'.-.I.:Tll.‘. ||‘|,t_l:|'
RN O R A
000N [l f vyl Y
20 SUgbitieig 20+ l'.Ll-‘:l*-“"“
. . . . o . . .
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ms) Time (ms)

Appendix Figurel0: Grey 54pulse intervaplotted as a function of recording time per
day.Each panel shows call durations before and after taking flight, with different panels
showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figurell: Grey 54 calbandwidthplotted as a function of recording time per

day.Each panel shows call durations before and after taking flight, with different panels

showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figurel2: Grey 54centroid frequencylotted as a function of recording time

per day Each panel shows call durations before and after taking flight diffdrent

panels showing data recorded on differerysaalative to parturition (number above

panel; parturition day defined as Day Dhe takeoff call is marked by a vertical line.
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Appendix Figurel3: Grey 54source leveplotted as a function of recording time per day.
Each panel shows call durations before and after taking flight, with different panels
showing data recorded on differentdaelative to parturition (number above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figurel4: Grey 56 call duratioplotted as a function of recording time per

day.Each panel shows call durations before and &dteng flight, with different panels

showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figurel5: Grey 56 pulse intervalotted as a function of recording time per
day.Each panel shows call durations before and after taking flight, with different panels
showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figurel6: Grey 56 call bandwidtplotted as a function of recording time per

day.Each panel shows call durations before aftelr taking flight, with different panels

showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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Appendix Figurel7: Grey 56 centroid frequengjotted as a function of recording time
per day Each panel shows call durations before and after taking flight, with different
panels showing data recorded on differerytsaalative to parturition (number above

panel; parturition day defined as Day Dhe takeoff call is marked by a vertical line.
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Appendix Figurel8: Grey 56 source levelotted as a function of recording time per day.
Each panel shows call durations before and after taking flight, with different panels
showing data recorded on differenydaelative to parturition (humber above panel;

parturition day defined as Day O)he takeoff call is marked by a vertical line.
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