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Abstract

Studi es iawvteisftii giaali AbA)hhatv eati nrcir glats e . oHoewe vrea g e |
reseexracnitnhien g nfALuAebheutoffer n African simad kkinmg mma l
evemfor mathieom dmssiccafmhadod gyt hiss, khowhedgeigaped
of ALAN on different facets of ani mal bdhmaeviour
i mpact of the naAWABMM hél ocoaamuoytlyerompdsition al
in two populations of small/l mammal s . I chose tw
AL AN) and one facingr awayt url e acsocnedpiyrat iregdc ¢nerrrke n ¢ e
abundance of.ThmealLli grhammalte hadp doitthi @an hamgd ea Isipe
abundance when compared to the c dcnmepdsuintaironnc yaan de &
ef fiemotni ghts with a full mann matumel asnget iody beodthp e
decl i ned, whil e on new magonwirihghatns ,i ntchree acsEp oisni
composition and abundancdhen atbnleegnalét it gvbef echnh dtchbDea r k
Lightasi petenti al layv abiel aabsi otriiobyeadoifttaattsh &€ or s mal |

il l uminati on, | eavi ngNetxhalsns sseseerd nghe UuLoad metco e d
specicesmmoinl| y roocdceurrthsit neghyp@a e cr e p @i sncepltleairpd dec,gr as s
Lemni scomymner osmd d iae sl ywa rtiha brl eep @ar ¢ teidv | sy@Dted myrsat

angon) eamdndes nodtunakbrf muliteiMaasmmantye) Thhelyc hvee r e

capturdad fetremmt t hec-mbt apt tsidaressemth@ld i n captivity
(exposed to natur al I ,i glha b ¢asneda otdegmpde rlaat byor rela 2 dohr ayn g
light:12h dark andndorAdtAdn tt Leteran ppeonmuaidyesx &) bi t e d

crepuscul ar activity und®t oanlyls tampesa ineoxs él Isyi mmeonctt a
with some diurnalacatcitviivtiyt yp.r olffhiel etse nopfortane t wo sp
during the Uunaghtbeyb AddaNs.wemyesdicspucalyeed strictly no
duri mattureal and | aboratory treatments, but durir
of some animals shifted so t hatL etnhneiys cwemgesdarcotsiav
Oangonwem®ire active under t Me oeaeaaocsh aro rter eaacttnevnet
|l aboratorWhdmeaxmeandtd ANopResdeanted remotely, t her
|l evel ofO.acangvoLitiyernssiiaswied a reduction of about 2
M. couecdhuac ed its actiWingl lby, morst udiaend 50w AL AN
behaviour of the threedepengeshenday, faurnitgl@tn
ALANJoraging behaviour differed in themhhseemypge
ros alasaskewisen feedimndg uduwmmail n@ ndlhiegohctt Juathakiadg im@ont s
Ot omy s anghhnwedh si sregul ar responses in their f
treat Mastemyssitowedano differemaders amyenoff eetdenc

t r eathmetntiswvpascutnidveer t he di ur nal treattrmaeant .t h@v erf & lel
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ALAN is not simil adrasnpeci @ad | asdmadbpmp damembd i depand
t empor atl htanltiec hceisf f er ent speci easni oseetesnpyt. 0o She i aftfl gc
most, whereas ani mal s t leadlte sasreer a cetsipvoen sdeusr.i nGJ vtehe
in urbanisation and anthropogenic disturbances,
t hat prefer darker, mor e secl udedhihgahbeirt artiss ka popfe
extinctionsdgi as uasbuacehs sabst AOLfAN and .WMabistt autd gthrhdsrgshfl o
that aAfANts both nocturnal and diurnal rodents t
i nclabdanagcetdi ve times,, fonowvwgineagt efidtepemBiyandy t o
Findlhley di sruption of rodent behaviamnd mywisstoadiye c

emphasises the importance of safeguarding our ni
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https://lightpollutionmap.info/

Chapter 1: Gener al l ntroductio

1.1 Circadian biology

Mo s t l i vi ng eovroglavneids messn choagrveenous r hyt hms that coir
cyc(Bsijs et al., 2003Al Dbaougbnendedog eshuosytsad i wigh, 1
they are2dothoexsctlomg and must be synchronised
dai(lByui j s etThel .daidy0i3s)olt &are cenpslte predictable en

—

herefitories ttheg primary environmental (BaestaalWwhi e

al . | 2 0Mslor iToa pad t®tenkery i 20 ®ésuah factemperat ur e,
and in some cases | ocomotor actofviarnwi malns allswm tal
of l'ight, these factors are to some extent abl e
overrides these effects -anfiothe bt gtBedeasrtaradik h eegr
2001; |l keno. Bgt syglinhchr @0ildd)ng behaviour al and pt
environment al factor s, ani mals gain extrinsic a
environment(aShacromad,i AZ20nNE) s can al so obtain intri
their interndbhatprbbessasi sacbrgani sm (Sharnmahar n
2003)

Light influences the internal bi ol ognhncatecl o
bi ol ogi c@Buirjhg téhtmsal ., 2 0.0 3l;n Doammelns, etthelmas t2el
is called the suprachiasmatic nucleus (SCN) and
of theBbirjas net #®Dlsori d20@3; Efapb@&N 1r3dcei ves photic
subsetsefisltghe retinal ganglion cells (RGCs) |Ic

enables animals to entrain to the environment al
etit an appro¢BenataeaafltespO@eatio MD&LNIiTmaAIDsA3Have
specific temporpaplr oxiianad el yulb %t lmdt ext ant mammal
whil e about 44% o f( Breannsntaa asl iareet naolc.t,u r2n0a0l 1 ; Jones

2014)The remaining proportion of mammal s are ei-t

dawn and dusk, ,spreca ®&tsharmeartald,i sipleay irregul ar ac
ni gMBtenstaal. et al ., 2001; JoneshDiatr nall i ty20®m9 ;m:
thought to have evY®loVvédetarnadn .dnou@th@dn aalniitnyal s hav
of the nocturnal mor pholtolgatc alwodéne a@Rleiecsh!| ,s uxhOE
However, the majority o@frogiondhaimhepetuesahasgveet

(Peichl ,Ca2mess)are i mportant for kwutodesgrneitkicte on
l'i gPei chl , R2DOL5have | ower acuityehhbtvwiaseieonv eirny |soe



Il i ght c(oPediicthilloms2 @5 )presence of | ight, diurnal s
termed posi(tl kemomas kMdagagt i2Wel 4mpasking i s the pre.

decrease in acti ¢l kgnbne.holahtuusy,n 2t0hled pperceiseesnce of |
ani mals and promotes( ¥dreeet .ianl .n,0ocz2u2m)a l ani mal s

Tempor al ni che partitioning in the timing of
specialised morphol ogi cal adaptati oaBemrhi ¢ het ey

2014; Lear dtowalver ,2mdI)phol ogi cal adaptations al

since,sfuaccht oass predati on pressur e, competition, f
di sturbances all pl ay a r @laeg tism edfa@Bieisnniineg etth ealt.e,
Lear et. al., 2021)

1.2 Lunar cycle and ani mal behaviour

Rodents are i mportant prey species and often ha\

potenti al gLé dnat iamrd rDii d K s 1990 ;MoMandreo diekn test aale.
(Hawkins and a@od lceadng ey, s €2 0t1lh8e) moonl|l i ght to naviga

cycle creates different intensiti es( Wefavrea.t,ur2all 1l
A full l unar cycle is 29.5 days andLutxhe wlhiegletasi 1
full moeacnit @amdi tupux Weaver, V281 b)Y | ity to predator
behavi our al scpheacsigeesh nzsdepgéey ance durimMRudaudrit mormod
Nel son, R®OMiBng moonl it ni ght s, prey animals ten
increased illuminatiofgMandat ek .giTdhatreer ap @0 Getviear
exampl es. During full MA@ ®rd e miu ¢ h)ts sw ewrfaed Wterruaspmpoeodd  oncT

wi mew moon( Preirghat set T®hieghk2@mMlnati on from a full
incréasadi ng ef feiacrieednAcsyivbosff sahndotetu st hei r pr ey spe
(Peromyscus) madiecukases the(C€Cl| arcke vNaG &8 Gjnrda If eceadm

spiny Amioeng s ( ¢ ahtihraitnufsor aged in an open habitat,
moonlight, with mice wvisiting fewer artificial
(Mandel i k .flt]l eanfby 6Ge ApeBg)biahsde¢ s ower al memdyvi gil an
brightest full moon phase foll owed by the wanin

they ceased foraging sooner during the waxing mw
(Kotler etDafting20he)brighter part of the Il unar
al so increased vigilance and reduced foraging,

progressed and starvation i ncirnegascaspitthee egxeprobsi ur



(Kotl er eTthealr.esp2o0nis@) oft o varying levels of 1lig

can faciliobedapt eai ¢cdeurreinnsgoms t i fi ci al | ight at
1.3 Artificial | ight at night and ani mal beh
Artificial I i ght close to urbanised areas <can &L

throughout the night and over consecutive days.

potenti al to affect theaimat sr arlorreo ctew (el a&ll oyb @ heatni
al ., 2016 ; Rus s.@alre raanpdi dNed rsoowt, h 2rOaht8€ nocfr e ahsed sh utnhae
fomore structures and devel opment s, and it encro
roads in urbanised areas are | it by streetlights
of streetlights Luoangt o g0oPweed ol évnadh dCalhle s h 280 9 X (
the natur al l' ight intensities reflected by the n

Light pollution is a broad term, defined as 1

a result of the inc(®Rasedear @AMHa4 cti2wdl 5Maigmt c att e

pollution are point source and skygl ow. Point s
specific area and can be furthetl|l smparatitend, i @an
(RajkhowalLizg®mi2trespass is the presence of unwar
can resul t i n( Garsg wfnf iecti eanlt. ,s |2e0€lp2a;r eR a jakshamnedir, e s2ull 1
vehicle lights, is a common saf eptryo didsssulei, ghsilniceg
intensity (ter mad #epbhfoetcasst rceasns )p earnsd stth ef( dGra st p nt o
et al ., 2012, @wal¢lkhmiwagt i2dnl 2i)s t he excessive use
positioning of lights that( Garsdwindetl iadht, .RoOyid®nd
The inappropriate arrangement of |lights is ter me
along(Gasadsen et al ., .2®k%; gRawkhowaco2a®@I2ast, is
l'ight that is reflected into the sky and then r
brightnescGGadt dmeetskayl ., .2 0Sk2y;,g !l Pay kihso wme a s2ulrle2d) i
sqguarsee corned (na@/har cwsaenc r ange 2foomt B&. Gamhkgé ar as:
than 17. 5 magher bséhaghtpest / br gbhspdppBarbdex maT hei nf

artificial bri ghdfnreasdi ALANasormdstnl aboratory ¢
The different ways to measure (H%gmdl detp elaldu soend® Qdh

handheld | ight mevtherc,h meaduwr iarcg oirrdalnicx wi t h past
Artificial ' ight at night can have several n
patterns, mel atonin suppress(roeyi edweepdr eisrsi.@kR0 s&itm

Several studies have shown né&@aytniove eitmmact s 2dfl 8A
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N

1; Sanders et al .., Wnod2elr; AWIAN,e nosi uertn aal .a n d2 Oc2r

end their active hours, whereas nocturnal Sp e

—

c

ssart and ANeil malhs WwWOIL8H experience ALAN can a

-

ms of their active period, home(Hahdemashnzel a
9)Species that show some di uApaldeamos) agnhdri sg
k WMgbdes (9l adealresased their activity through

O T O 53 VW S5 ® ®» T ® O ® Iy X O

ffmann .etl nala.d,di20 1o09), these species showed no

> O oS B

-

ge sizes undert hdeLdaNy nEtar gomthame tdamnyqalesi zes
tural (ctbonfdfimanomnset Thils , wlB®dR st BBIWtnyc hr oni sat i

o

er ALAN, since individual i nteractions decr ea
a result could | ead( Hoof frmasnsne de thaails. n, ¢ a200plEOd) IS O U

©Q < S

o

i rect ef fect on predation ri sk, since ani mal ¢

—

ive throughout the entire day, ani mals can n

o

a
( ffmann .etCoamhmo,n 2sBpli9ncya hmirceedu(s ed t heir gener al
f

-

aging behaviour (i .e., the number of Visits
nificantl Rptdasi rg BRLIAN g0adrdge in risk perce
bet ween patches -paantd lji Rwocsreecass eest wiailtchhi n2 B émh) decr eas
ri sk by birds of prey, s(uvahn daesl idkwlest, atlh at. 2h0uOn3t; 1
During continuous ALAN, ani mal s wi |l alter their
by avoiding more eikPBPioseéddet o®lagy PRC@eNyetésvet euei
trapped | ess frequently under ALAN, pdq3Milbleynsbec

S i

«

et al.. ,ARAN1Igan al so be beneficial to some speci
(Dominoni ,etaldlowi ng0Ife)r better( Hetghbtaond Go6l pe e,
Six wader bird species increased their nocturnal

ALANSantos et Ealen, tZ®@u@h the increased noctur nse

ALAN is widely menti ahiemintaeé esdd awtdfi lelsy ,wi tt the reempa rra

to test its effects. Thus, there is a need for

ALAN and their responses to |ight at night.
Living in urban environments c-aubdnpr mordenht

arga&opucki etUrabban @2mi2mhmal s have greater and mor
Due to the I imited suitable habitat and increase
expect increased aggressi (d&opotékfi aet iHuanse yteetOwdd
opposite was observed.i rmgiraewhudr é piendif vied dalmo uw e
of each other when food was present, apparently
wasting time and energy ofGopmpkii etidml abt RORAYD

explanation can be that individuals cannot def en



of cong pGompiufcikds ;etThaoma s 2e0t2Ylatd . , t Ri04 8t ol erance w

common spAnycmhcéehniiwas more natur al setting with
intensities, there were greater | evels of intra
forage in the shaded ar eas(,Rosmhiiccsh eotfd eemmpeedt iZSalfdent
greater because the mice | owered their overall a

l' i mited period aft e(rRathiec snoectt ualn.a,l 20Ud1uymi nati on

1.4 Remskitive foraging behaviour

Al | ani mals make foraging decisions daily, whil
These decisions include what to eat, where to ea
with the | owest estimat eedbrraigslhhgpdheioblye.( OFTg @
attempt to understand (ytiepreéediathe t ABFFddDeh@Es o
consumer wil|l al ways forage optimally, with rege
of when to | eave a patch and (tBhae tnomeeunse natn dd eCcait sai
Pyke et .allfThe Ma@aT7g) nal Value Theorem and the OFT
constantly maximise its fitness by gaining the
resource dmBairtammenst and Catal,anbut20ma8ny Céareotw
chall enged t Igeu eCsFtTi.omOmnei ofwhet her there is opti me
would have to know and |l earn everything from th
would require |l ong periods of time,alwhiadh ,i 20rld®
Pi e
are not take@r afmt o 2a2@r®unPier et an®FDl hatsped e
foraging theoriesSenfsoniexamplradBagenBRidoky @RSFET)

rce and .OITlhhesen,ar9&71)so various risks that e

Foraging choi ces awnedeerx prliasi knyé Bsaibtguaa tiecenRsS & IT,. 198¢
mai ntainisgnth t-aviesikrsadsikvi dual will opt for the fc
whereapranei skhdividual will show bias (tBoawairadsd t h
et al ., 1985 ;Ba@rkafwyd, lag200l6h)e we e n gii tsikve f oragi ng
mi crohabitat use, since individuals foraged unde
safe, and each individual had i(thbsa monihra hmarege adf. ,
Australian rodents showed a similar response, W
dense and unbur ntwivbehg entta tainodn ,e xcpognipeadr et ¢y r ®ht a il t. g

The RSFT is important for understanding the inf
mammal s and their perception of risk and-their

toed A¢l ecda a@a deichhieraiseal its food searching eff



vigilance and spent | ess time i n (&Zhamgf certagailng

Santa RosaPkbeamhismusepoé¢l i shotiumitedcobephalact i v
patches and also consumed f(eBwerd seete daBlwa i 025080t 4r)it |0
hamstCeisetul us baradecsfidsgster in a food patch wur

times and thus body mass in patches wbhbhaboéeh &k
2023)0v ;A asyma,l | mammal s perceive ALAN as high ris

accordingly.

1.5 Gener al bi ol ogy of my study species
As the | it ebroatthurteh es ulgygreasrt scycl e and ALAN influen
with differenfthusempodakdnachhiaesi ety of species, b

chapters @amdt hhs et Rbesgssessii h@aibrundancheiand empor al n
representt eamproarad e. paTehfeesteb awcesrdem g Ip@e d dlr eamsrsi sntoounsyes
rosralitde And®tnad myws ea ) goanhide ntshies sout her(Ma snud my sna mr
cour ha

The ssitnrgilpeed gr ass moFuisgeu r(eF alni |iksa st Mbrereedsatéreisaclr
as diurnal with crepuscul ar a(ckiinvgdoyn, 020 1c3r;e pSuksi
Chi mi mba, TED®65%pecies occurs within tall and den
or in smal/l groups, andSkisnndémusanadl €hmHaomitenvied ,, c 20006
| aboratory studi es suggest( Kaggdesns iTonD § B ¢st preeceine ¢
granivorous and breedéMdoumadpgmtae summe2O0ObBnt Bk
2005)

Fi guTRe 1ssitnrgilpeed grass mouse. Photo credit: MK O



The Angoni vlei rat (Family: Muridae, Figure
crepuscul af KpngdontukfAaB,; Skinnét asdf Gbnoi mhagrt
woodl ands, of ten (Klinga othqg WOtISr, Skuimnda&hi andp€hi
has been observed singly, in pairs or in smal./| [
peaks in the(Skimmeer mamd h&€hlitmiimbas t rZi®ktI)nyn elr e rabni o
Chi mi mba, 2005)

Figure 2. The Angoni vlei rat. Photo credit: MK

The southern multi mammaFeguwoasd) (Famitleyr e dur
noct §gKnalgdon, 2013; Skinndhiandp€li msmltan 2y

habitats, idehsei (ndgn enlgaddmain 2013; Skinnerl tanids C
omni vor ous, but relies mostly on grdsSkiseeds aad
Chi mi mba, | 20 e®&xmaolcrecd i mes, i (tS kciannn ebre acnadn nd hbi ainbi i nsbt

breeds aap@dmsdbaral flgyour abl e conditions, wiitth ctame e X
potential to produce a( Momaaxd jmeunm eotf a2l4. ,p up0sl S;erSkK
2005)Since individual home ranges show a high dec¢
conspecifics-burn ipgshoaak scoola npiccsstr ppeedpubdbaynahter
which specbatoméompezti e6fespeonies al ., 2001; Ski
2005)



Figure 3. The southern multimammate mouse. Phota

1.6 Qtredy

I conducted my resear ch2mHit9 21lhde) ,Cr @adl 86 B\ga,t uS ceu tRhe ¢
appr oxi mateecltyar®0 0 operty within the Magaliesber
consists of a gr dadvlhamct plhavboaaa. adthesabare al sc
fragments stil(Mypaiemsae nand nRu tihdeirafr osradt, e 2i0s0 6part o

site, namely the Cradle of Humankind Worl d Her it
the area and the bioditverrssi/t/ynatglaat e e iTdbisvd ssphit
includes cultural heritage along with many archa
This reserve is uniquely suited for my research
Johannesburg, the | argest metropolitan area i n s

as a result has Ad AWNi.ghW heo rCa eardtl reatNiadmure®f Reser ve |
of between 20.4 and?19wh4e rneaagn iutrubdaen/i asrecd saer cecansd o f
approximately 18. %5 Fnmaggunrtiet wdd, e/ /alricg lstecd mpEathbd eex ma p .
1) . The area surrounding Johannesburg meédgdshuer es t |
rest of southeWnt Af ni ag,d @ Ecihghywsreee 4s)ep ar @nteei tse udy
facdemhannesburg with a high concdnmntrat iaumdgdeft AL Al
sitedhac opposite wéldeescst i(AdLnAda n di Dra eakae rispi athee)s & m g h o

Si.taest |l ly chase separate from the first two with a

toatch the | aboratory anieabptwi ehsuudympacting
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1.7 Motivation for this study

As the human spepul at men weowncroach-i ooreheseingtuan
It is thus important for us to understand how t
potentially do to mitigate the negatcireeascogs ey
approxi matel(YWRos5®rpenr wpwoaral2t0rligt ure devel opment
i ncreRetescs etAsailde R0dt) i mpsourctha nats choanbsi eagaute nfcreasg
water pollution, a |l arge ¢Gagyeron ef hAuLman2e@gpanRk

A study investigating skyglow across the worl d i
l and surface wa(sF alxmpis ealt AmbtAILANOEBYUdyYy exami ni n
years found a 2.2% increase in (Kebaeaeth@&d . ar @
Furt hesrombeoeati ons, including Africa, showed sigr

' i mited gtKydby mpd.r idlblde,s e20slt7uydi es are some of the
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countries, but they were conducted more than fi

possibly underestimating the severity of ALAN in

Laboratory studies, which are the standard p
gener atteh ate sdiildtfseear ifrmeonrmt s under natur al conditio
understand how ani mal responses to |ight compar

studies are being done on the effectsidndei malsi
been done on wil d hami{mRalag iert. tafle ¢ rnlQirowhités)e dodfi e s

that are available are biased towar ®awubkd mpppul
showed increased parental care when a (Tigthul aewmr
et al .and2Gk2nal €y dniuet ¢ teaandr gleeddusxearl i er in the

experienced &6thfichal eduirgihntg ntghOel 4f)i rextp ostutniky vy e
gr eaR. tnatjaoird pi edi dé Jurlad)cthhegioll eulcdide dogg .ear hi e
One study on rodents showedA.t hcaah itdhéen tnsoacsteudr ntahle i C
activity and foraging under ALAN in fAi.elrd)scar diist
di d(Rotics et al., 2011)

Very few studies have been conducted on the i

taxonomi c cogmputphsee brmdj or ity of mammal s i n most <
Presendgtlwdi es on urbanisation and its impact on
species that can easily disperse once they expe
(Mazza et ®loden2B82@re excellent models to study
ani mal behaviour since they are easy to track,
di spersal abilities that (fMarzze teltemuttd hredmdijre ,i I
are key biological constituents of ecosystems, s

serve as prey for multipleeViprjedanoasd .0oBrhahsaticizoe 1

changes in rodent ehavifeert swilnl tih&avevildroclkcosy -
urbani sation and ALAN alter rodent behaviour, we
how functional troghic | evels can be modifie

1.8 Aim and Objectives

The main aim of my study was to investigate the

smal | ma mmal s, specifically rodents.



Study objectives,: hypotheses, predictions

f To assess whet her and how the Il unar cycl e an
assemblages by investigating the abuwmrdbaanrc e an
field sitteh e olnaer gfeascti nnget r o po I(J d maan rha seldlhu Pgne s oL
facing paway.ctled that the Il unar cycle and AL
abundance and composition, specifically tha
abundance and composition of species.

T To evaluate how the activities of a diurnal [/ «

and a nocturnal species differed bletewepeenc tneadt |
al | three rodent species selected for study
treatment, which comprised of animals being c

where they experiencedflnadtuuratli ding.htl aardt it ccim
|l ower in a st andeernd I|(dkRdr: at2dr yatt rae constant 2

activity to occur under the ALAN treatment i

Lux light during the D phase).
f To investigate how the foraging behaviour 0
profiles, was influenced by different enviror

the diurnal/ crepuscul ar rodentaswdilgdhd exp&r iag
ALAN treatments as hwomakemeaideakhgkspexpect avod utl o
a fAhigh risk environmento under ALAN treatm
behawin@umr educe moweé méret ctomehgptoment s .

1.9 Layout of thesis

My thesis consists of seven chapters: a gener al

(Chapieysad concluding with the general di scus.

written as individual smamudoor idp tf§ eirretnga n caecda dfeari c¢s
been published in the Journal of Chronobiol ogy
presented throughout the thesis, but the overall
The pages have been numbered sequentially acr os:c

successively within each chapter and each chapte
caut hored by both my |Iduperpwictosr sofwhdd eo wd rf f aew ean t
the principal investigator who coll ected the dat

each chapter, and compiled the thesis.
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Chapteri Bpadtheof artificial l i ght at nig

mammal trapping near a | arge metropol

Abstract

Nocturnal l i ght l evel s ,abfdeat sahiomalr adtivi agt if
nights because of increased visibility and pred
comparison to the illumination provided by artif
whiich rapidly increasing with the growing human
composition of a small ma mma | community changes
howits differs between a site (Light site) faci
sout hern Africa, and a control site (Dark site)
Light si twd tcheempbDaarrekd si t e, contrary to expectatio
composition during the full moon on both sites a
decreased. Shannon and Si mpson dieveirnditcyatienddia e
communibtoy hosi tes, which differed across seasons
di versity during winter and the Dardhasiede sdudi e
that investigate the influencdantetherd|l dnaersiytc
ma mma | communities. My study shows trends opposi
ALAN and tbiesacgsebdpbhéehtively |l ow |Iight | evels ¢

amel itohreateef f ects of ALAN

Keywoakbsesndance, ALAN, anthropogenic disturbance,

21l ntroducti on

As the human popul ation continues to grow expon
increases at a rapid pace. This causes the trans
animals to seek (©O%dleretsuaHaweée®mapti hat semai ni ng
i mpacted by another growing cha(lAienncghe ,e.ti Faal.c h azrot
et al. (2016) estimated that 23% of the earthos
has definitely increased since their study was
informMBenseshaal ianat tale. ,i nx0Cla)sed | evels of ALAN



anticipated or canfbésbecmamshgdd izt d piand eosfe nishye

affected ailndckirwidd udanltse,r speci fic imsateractions and
We can investigate the responses of prey ani
behaviour during dark and full moon. A full mo o n

which is apprd@einmatreélayi 2lei utahle. ,f e Id3a)y s ar ound f
decrease their activbeyvausgaevhidéhekedhdbdolt éetigakbct

Kron8ehdr et al ., 2013, Powugéx amllyes,a lod almghiis2 & Lidh)i
travelled | onger di stances and used simpler mo
strategy during new moon and became | ess active

detection durinfd®ehtkelri aovionmeyhagi MaOI1s3)t hus mod
mi ni mi se the rdekeotfi expbyupredaatdor s during nigh

Ani mal activity patterns are regulated by ci.
l'i §Benstaali A&rtafFiciadDO0Oand unnatur al ' ight pat:
of ac,imeaniersg that amrcitmavlig iceouldd emitredtsiamhep et edt 1
mating encount eirsdidwiednupao r alli( fGhaaestt eoent nest NMdr.e o v2ed] 2
desynchronisation could alter the behaviour of ¢
and i mpact spétHiod s mannbeprpd @tailanusl 20h&8) el y coexi s
Myodes Yy, awbolkchsal tered their activity and feed,i
overlap in activi tAyp otdiemauss )vgiytlihvnaotroezalssibregc aaiggep eotfi |
interspecifHeaf femazmmmuneé eCGoanp.et i2t0ilo8n) i s not the onl
that changes wunder ALAN. Since rodents are a pr
(Gut man et AUAN c20nl ldause a permanent state of h
foraging and(Kohkeer aet iBRalrt i, @2a0mpd )e, -ttoheed M oenrgbool ai

(Al'l actaga spiemitrileass time in artificially il 1 umi
intake despite being more ¢éfZhanpgert a\Mn.ifmakRkd®i2@dp
theref oemee expeéwoeds under ALAN, if they have to

they use under high i b6Zkaagtetl aght ROB20he |l unar

Within a smal.l ma mma | community, t here are a mul
dynamics of individual speands. nBeospeciffaicd oc s
predator s, and abi oti c nfdadtheer sl,unsauc hc yaad ec | iamat iic

spatial and tempora(Pratvas oBanenit alghde ecto nabn innaa 2i 0oln7
factors creates a complex system and teasing ap
understand the | arger pr oc e(sRsaedsc haunkd .edtepae n. ckex rRadi 1d6<
t he amount of available food is dependent on r ai

l ow food availability, res@ahitli emrge yion eiMo meele.v,etr2 @2

My



amount of rainfall i nfluences the thickness of v

move on the ground. Foraging success is also aff
full mod&mothieghOted0 )ad we ver , depending on | evels o
being exposed if they need to forage to meet tF
energetical (Bedoegmpeometseal ., 2013)

My study aimed to investigate how the abunda
field sites differed over the |l unar cycl e, seas
i mportant because I|little is keswonabbot chamwgdsr
il lumination and to artificial l'ight at night. I
a purrbhan field site, outside Johannesburg, Sout t
(Light sithey, facedt hewagt from the city (Dark sit
Light site received a greater | evel of ALAN, I
abundoafnceeni mals on this site, a sb etchaeutsiee eoda t i eas e
visibility. I did not necessarily expect that t
being preyed upon, but that the animals would be

in areas wiltihtyowerewpesdthed to trap more ani mal s

were fewer days with high illumination. 2) Popt
number of availabl e resources. Thuoss,i tli o@s tod b |sin
mammal s varied seasonall y. I predicted the high

during the breeding season for most smail ht eanramma
becaoutstee declining numhbhee oher mponr pdase3d) sSass
predation ri sk, | al so studied how the abundanc
predicted that greater moon il lumination (days
succdhes eaw reduced moon illumination (days arouil

success. | expected this trend to be present on

22 Materials and Met hods
22.1 Trapping sites

I conducted my research @8. 39224 Cr20c@3 @At wi € hif
Magal i esberg Biosphere in South Africa. This are
some woody vegetati dmMuan ch ah earmmlda Raud therdgroasdse 2006
Two trapping sites were inemantéecddesThdl sshes Wi
of similar slAppe fedg krebetaadandn2). The first site
which is the | ar gouttAferincapwel i hahi ghebevsiltse of A

M cp



(Dark site) faced away from Johannesburg (Figure
and fveArLyABlOuTr c epsr ewseernet o n twiet Iprtolpermygj ontistey fof t
|l ocated at quite a distance. and buffered with de

Dark Site

4

Light Site

?

Figure 1. The | ocations Cofadt e Nait ght ﬁﬁdeb&ekpsk
site faced Johannesburg and the Dark site faced

22. 2 Animal trapping and measurements
I trapped small mammals in four seasons within o
site (7.5 x 7.5 x 30cm). A per manent grid was

approxi mately the same piosintdi drhed urriampg {dvamashe tcroas
vegetation tandi di imnci alsodokeAeilodtr ampal per site we|

and placed in five rows of 15 traps each. The t
sunf liolwerr ol l ed oats, granola and salt. Traps we
checked the following morning at sunrise (betwee

were closed during the day noicnae nlalwa o diemttesr € 0t e
of light at night on this gqguild.



Table 1. The seasonal sampling period dates for

Seasons Start dat End dat e
Aut umm 10/ 05/ 202 10/ 06/ 202
Wi nter 03/ 08/ 202 03/ 09/ 202
Spring 11/ 11/ 202 12/12/ 202
Summer 30/ 01/ 202 02/ 03/ 202

Trapping tloatsatle do ff 03r2 aconti nuous days per seas
il lumination | evels throughout a ful/l l unar <cycl
provide some warmth for the occuphant s hdeurtirmg ool
smal | ma mma | , I emptied the cont enftfsr eefzetr he atgr &
i dewytthief ani mal to species | evel where possible. T
i deablwki e | at et hri cdagNIAf beeydtqu enci ng using tissu
i ndi v,i doubatlasi ned by cutting a snalweipgiheecde tohfe tahne r
a hanging §caSwei t(zRerslcaopltla, ségegpr eachi ami mal usin
di stance (l onger in males than females). Thereaf

mal esclwes ®sf eetl her -ssccrroottaal aonrd nfoenmal es were c¢l as:

abdomen walsacstvadlilneggn ,when mil k coul d be expresse:l
observed | conepdedaMht itkee m nmo.mGelawcsho ,and mlad) was f
pair of unique ear tags (National Bandcé&pfTage@om

individuals. The ani mal waAs ttrhaeprmp irneg papeesoavde th tWw atshte
Gauteng Department of Agri cuiot2iBrlet mendlU Riuvy el s iDey
Wit watersrand Ani mal Research Ethic®0Q2dmmi8t/t09e8) g

To assiensfsl utehnece of the |l unar cycle on the tra
dat a from t he Ti me amtdt p D:a/t /lewww.etbismetaen d d a t(e .
africaljohannesburgacceske28&Apai £22D23). The mo
(moon phase per day) used in the analyses were I
noon and took refraction into account. lsn addit

accessed through thlet tVps:wu/al \Cww.s\sii nga lwerbcsda-#en g(. ¢ o

serv, cecscdtessed April 2023). The downl oaded weat h

wi mpeed, cloud cover, humi dity and precipitatior


https://www.timeanddate.com/moon/south-africa/johannesburg?month=3&year=2023
https://www.timeanddate.com/moon/south-africa/johannesburg?month=3&year=2023
https://www.visualcrossing.com/weather/weather-data-services
https://www.visualcrossing.com/weather/weather-data-services

22. 3 Data analyses

I n winter, the Dark site was bur nite deovanea confmwb gt e
fire, t huswilntcaird drad ta .4 9%p etchiee sDarrikc hsnietses was cal
seasonshceogunt of species(Tprdd) esiAl ¢ &dmdctl yesre sd aviesen
using theRRv4o02itWwarBog)t.onl, clUanlictuelda tSetdattense di ver si
by site and season using t hean3h &r red o uarsid ne Stiemgn = & 11
Afvegano (PDkcslkhage et Tal apakP88e) whether the indice
seasons, |l Waadhi a Kesskdélor the Simpson index, S
(ShapWirl k Pt e<s t0:. &¢5e)stasnd otr  t he Shannon and Pielou
di strsthapedk (Pt es0: 05) . I n order to assess the hi
and seasonbet ddfiusgpeadri ohme t o dE€@uretrimés ndi ¢ fiemiBlraryi t vy

means per 9iOke ameern sedasadn , 2022)

I used linear models to analyse which factor :
pul ati ons. Both response v-arnicdhbulde sn g( anbeuwmn daanndc er
i mal s, and-tthhee ncuombpea s iotf i wigihftf epreern td asyp e oviease dae s
ing thW& | &hatpeisrto -padamwetrrei cnohP < 0. 05) . The at
mposition of species were considered daily to

alysed thaedatta zesingngar model s (GLMs), wi t h

-+~ 09 O C 9 T
> O »w S5 O

c

ncti on. Predictor variables included the site,

To obtain the most parsi moniousrofpdredt ipeemr trce
movsiganficant variables in a stepwise manner.
e AMuUMI it Bapaohagrd2t3he model with the highest
r all reported rAppbekfidiPper-Poespompaer vaonabwer €

~+
O O T o

r al |l significant categori c(alenvtahr ieth| Bfs. msa@ My

 umi nati on significantly influenced the respo
rrelations. These correlations were run using

riabl es, namel y alwnrdd amang ocfi tda minmalfs -sq@alkghdts .

o < O
>S5 © O

d model significance set at 0. 05.

Weat her variables including minimum temperat
precipitation, were included in the preliminary
component analysis (PCA). ThenPR&Auwas nc catipdae t. e d 2
ifact e Kassambara apadcMageds ,i 2OR2)Five di fferent
wer e e xAtprpeciedé8e(and the PC explaining more than 5
in the GLMs dr dipwewvteirontéecl uded PC1 from all GL M

excluded from all further analysis.



23 Resul t s

The models for the statistical analyses consider
model s used depended on whether sAmee ValirBeabl es
For ease of explaining the statistical anal yse
separately bel ow.

23.1 Trapping success

During the 12840t0r atprpai pn gn idgahytss )(,38 total of 396 s
72. 2% were recaptured individuals (Figure 2). Th
on the Liduiuntspgitreg aamammdd summer on the Dark site

recaptured animals was during winter on the Ligh

I caught significantly more indi wiiduhael Dsamakl |
sit’¢ 93.37, df = 1, P < 0.001, Figure 2). Seaso
(c>= 11.72, df = 3, P -Fod.dOd@parFiganse Lhowddhet pats t

caught during whawmeh wasumnghed summer (P O 0.

comparisons were significant (P O 0.225).

1001 B Dark 1001
.Recap
80 80
8 8
2 2
& 60 g 60
(8] o
6 k3
8 e
E 401 E 401
= =
201 20
Autumn Winter Spring Summer 0 Autumn Winter Spring Summer
Figure 2. The number of small mammals captured b
Nature Reserve, Gauteng, Sout h Africa. There ar e

it eéodiown during the trapping period.

A variety of species wersseutthemgmt moint ibMaarhmastye emi,
couxhabushveded bgédbiclus Aregcmig@tst @y9 rah go Muerksi s
shrewsoc(i dur andppaaik cgida dangsh amaqyerfJiadl e 2). The
climbin®@emdus ey § ,mypsytgancydu siscghée n)( taoni ekl tefso pred gr as s
(Rhabdomys dil evetr es calhuglhde only on the Light site

H O



t he Dar k
couwkae

site

conf i

r med

genetic

testi

( TGatbol ney s2 )a.n gTohnei e ndseinst,i t&/hNMabisdtoomyyss d i |
.wi t h

ng

I caught significantly morwe thpe dDiag’k GR A3teB &, Ldfht
P < 0.001). Season was not rAppéedadBxa n t he
Tabl e 2. The abunsiaanndc es poefc isensa Irli cnihannensasl by
sites at the CMadceubhaur &@nRasd.omemakdaent i fied
genetically. The NA6s inserted under Dark i
because the site burned down.
Aut umn Wi nt e Sprin Summer
Dar Lig|Dar Lig|Dar Lig|Dar Lig
Chestnut 0 0 NA 1 0 0 0 0
mous e
(Dendr omy
mystagcal
Bushveld 2 3 NA 1 4 2 5 1
(Ger bi I I
| euco)gas
Sout her 0 11 N A 11 4 7 0 11
mul t i mamn
mous e
(Mast omy s
Namaqua r o 2 0 N A 1 0 0 2 0
(Mi cael an
namaqguen
Pygmy mo 0 0 N A 4 0 8 0 0
(Musi nut)oi
Angoni v 1 7 N A 1 0 2 1 3
(Ot omy s anq
Fowrtriped O 0 N A 0 0 0 0 3
mous e
(Rhabdomys
chakae
Musk shr 1 1 N A 2 0 0 0 0
(Crocidur
Total new 6 22 NA 21 8 19 8 18
ani mal s
Total rec| 11 46 NA 97 5 72 3 51
ani mal s
Tot al cafj 17 6 8 N A 118 13 91 11 69
ani mal s

season




Sex rat]|] 0.8 1.0 NA 7.1 3.3 0.6/ 0.8 1.9
(Mal es/ Fe

Species ri 4 4 N A 7 2 4 3 4

23. 2 Diversity indices

The Simpson diversity index was highest on the
the Simpson diversity index was similar on both
was on the Dark site dudiwmgrsptiynwaéTablse 3 upaod
index (Table 3). The Shannon index revealed the
3). The Pieloubds evenness index indicated that t

| owest during winter on the Light site (Table 3)

The Buayis dissimilarity composite score sh
composition of FBFpktowbngnt bkl lié el & lmldb ssiistipdieyc agecso r e
composistpiromg andaualdeisusetns e speci es uamoaepod sa.tti wmn d
Due to the fire, I did ,sohceohswdsr unhbse val ve
days. Twe tBrsaydi ssimilarity mean was 0.59 for th
3) .

Tabl e -QGur Biraydi ssimilarity and diversity indices
done on Cradle Nature Reserve, Gauteng, Sout h Af
_ Aut umn Wi nter Spring Summer

BraCurti

Dar| Li gl Dar | Li g Dar | Li gl Dar|Lig

Wi nter|] NA NA - - - - - -

Spring 0.6 0.2 1.0 0.2 - - - -

Summer 0.1 0.2 0.5 0.4 0.6 0.2 - -

Si mpson 0.7 0.6 N A 0.6] 0.5 0.6] 0.5 0.5
Shannon 1.3} 1.1 N A 1.4 0.6 1.2 0.9 1.0
Pieloud6y 0.9 0. 8 N A 0.7] 1.0 0.8} 0.8 0.7
23. 3 Lunar <cycle
Moon il l umination, regardl ess of season and site

a significant predictor ofc?st h2e6 .nu7mb edrf o=0 .12MmaP I< 0

Hp



Figure 3). During brighter moonlight (iwidah, full

darker moon (i .e., new moon) . On dcdwy sl w.i &7, adfd a=
P < 0.00124R Eigure 3). Both the abundance and
influenced by the moon illuminati on. The Light

ani mals caught when tghe momantihlel omipoatiitenpaas ehin
il lumination decreased (Figure 3). During new mc

wi nt eksammer and spring (Figure 3).
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Figure 3. The total rslembseorn oofn o ahpet Wraer sk peorr achagye p
l'ine) sites with the associated moon il luminatioc

23. 4 Weather variabl es

Al t hough my model selection excluded weather wvar
the weather vahadbllag ttengiodemredi nfl uence on t
composTihteiroen.coul d have beent hheoyr el yncad nsp | veaxs inmate r sae
enougltfegorr more variabl esanlaldisdusnhotasi nnee aund ed ainl yt
I captured more ani mal s «rmo mpatrhadsgwtitdassh wint hn irgahitns
With respect to the minimum nocturnal temper atur
minimum tempet aOmenBlACwaSTabl e 4). Tahee nopeepoab-ruerse si nc
10AC aa@h@becr aas ¢ @ mpeert aMe®ekreAC ( Tabl e 4). There |



but temper

atsuereem atndd hienaptaamgfta il e nambecoul d dedavgr ¢

uni son with other weather variabl es
Table 4. The number of captures based on whether
night on both sitReseowethe Cradle Nature

Precipitation
Did it rain

night ? Number of captures

Light sit Dark site
Yes 74 7
N o 286 36

Mi ni mum night temperature

Temper atur e Number of captures

Light sit Dark site
0-5 6 0
5.-10 134 17
107115 86 5
15:210 127 21
24Di scussi on
I investigated the influence of ALAN (site |l ocat
mammal abundance, species composition and divers
in southern Africa. (If apcriendg cJtoehda ntnheastb utrhge) Lwoguhltd s
and diversity tdhfahemdlalr kmammal  facing awey ef rom
int Aha® and associated increased visibility on
ri sk for the small mammal s. My prediction was no
abundance of small ma mmal ¢ h anDlatrbka soivteer.a |l T h rheieg hser
caught on the Light ¢ihtesetblhmde reelode s tomutt heel iDnabrikn gs i
striped grass mouse, and the pygmy mouse. This d
on thietéssp since the Datrhkh hsei tLei gshete nseidt et.0o Abded i it & roe
faced away from the citthyahaen dLivgihstu asliltye ,i tb ulto cAk eAdN
with a handheld Lux meter .thRhusmealsuced!| diphawe
i ndi vi dualosn atnhde dipegchivassd ioawleer | evel of ALAN than
denser vegetation providing microrefugia. The Li
tredahe Daek @&nd this could have been more attr
adding to the richer diversity on the Light site
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The | owest diversity on the Li gbhetc asusteeboafeargr e

e rainy season with an associated increase in
re | owest on t hef dDalrkwesd tkey dsuwrmmer .s pSptriigntg was
| ltolwe dburning event on the Dark site. This cou
eciesM(soQbahatol erate theidarcekx gpefd urrees.o uC acretsr
rninngome sections of the property occurs year |l
ught t he sG@mel evwadMeasecaifurc hapri ng o.nGetrtbé | Daclks
ucofgastadrso a pioneer species but they are mo
mp avii €d nt r of|Ki aargedaosn 2013Di Koersi, t M9Ba&9 higher f
r both sites, indicating the sites were not d
tumn and winter, the naturally occurring resolt
d a result | caught a higher number of species
re aff bsemtaeld bnyumber of captures, amBdasshhd klihd ntoes
al.. , TRO0O0OYenness scores remained similar in a

ggesting that the wenmalols ematnmomaelv ecnommuni ti es

The smal.l ma mma | communities were not domi na
rew species occurred at both sites (although
indicators to idehanKagk dhshki t#et @Intvhi @ b@@dkinrtrse n

0

uoma bot h sites is i n(dAecrartiinvee toA asba d il2s&i0ulrpbaetdt ea
st amypgs ures and | ower shnewheapy uUtrem wlacs & etc® r n
amahl o eandala, faoneg) resgrMiec hbhas edket iSweuuTarea2adnl
Il ti mammate mice were caught on the Dark site i
eci esbuirm poawt{ RoRenwaet s 1995; SkinneranandasChihmisi
rticular spring was preceded by fire in winter

Bushveld gerbils had the highest number of n
ult gerbils are tolerant of otroearndadulitt hg gretaikls

rtain t(iKiensg doofn,y e2alrl 3 ; Mo nveud jt é rmaantmad le. ,mi Z @1 5ve |
mber of newly captured small mammal s on the Li
mbers of multimammate mice in ¢$§Miebaekpesedlt
mahl o et Howeven22)hese studies did not i nves
sturbances. Mul ti mammate mice are aseasonal br
der favourable environment al condi Rhooné$fspnced

itter; me(aMo n=a dij 1e np u pls9)9 8 ; Skinné&hi ando Chd me mplaa

te of newly captured individuaM.s coonuncthhav s desatl e,
ere were more newly captured individuals in ¢
eed seasonally (explained bel ow)é opedihfeiyedrleelt

HY



whi ch potentihalghhewcayppluaiensumbeat hEpeebhees.dburc du.
angon.i ensienly a | imited number of individuals f
site and they were territorial, I woul d mohstchl ik
i s a chfaltilremmgeapkure tftReipéemgamet@®addner, 2014)

Angoni VO.eianrgpotnsvethe scaught on both study si
throughout the year but br egdSikngh nppe a kasn dd uCrhii mg md
Ot omys angegorniesrcgisvedaklsaddtaickrerri, bdmi8®P me | i ter a

it to occur (Ki pgdoa, oRO0OYhBopupPki nneprosasnd | @h idnuirnml
breeding season. It is apparently diurnal wi t h
which could explain its(lSawnoapt ane . Hooneenvbeari,n 26
the | abbomaitafty, niocturnal (Chapwt. ernadma)q ukenrsa Ga b s o
caught on both ©Otudwngesini essi SismiMdl asreatmaquad n Lireed
wet summe(rSkmonnntehrs and .ChThme mlbiat, e r2a0t0Obr)e i ndi cat es
coloni es, although aggressive interactions betw
(Hei ke Lutermann, pers. communi #at namptgaaPmisti sagy t
overl aps with t ho(skel eonfi nrgu latnidp | NiTdicel nsaogng,s e3G0 4)e n e
species could be the reason | caught so few indi
overlap of conspecific homei fireamegre si nvbiud idd ubael sr ebd
across theAtrappaenighvagbriytda.tt hf rom t he two study si
for this species, whinghbs pridhd wae dnotrhee rloickkeyl iahroeoads
(Skinner and .BEhsmhgba, c B8 6 6 jDumy sctl i cnablaisisgc o gilste @ r
Light site. Climbing mice are seasonal breeder s.
(Skinner and ,Chpiomiembtai,al2005d)ecreasing the probahb
(M. mi nutwerdesonly caught on the Light (sSiktiennemrd ¢
and ChimimbahegO0@%) aggressive towdarSks noems paencd
Chi mi mband2a@h®) r aggressiveness could be the re:

trappiaAng slitteersnati ve tehxagl anapsoweceuhdtbseensitiv

smal | usppoenc ieenst r yFii malol yshtert ihpreadpdphralsdomy s dj) |l ect us
weroenl y captured onwnmdteleen Idiegletr i bietde asff dMoma djpé maed
al . ,. 2DHi59 species (Sksermaepbpnahtykbemrimbarad@DOGée
their territoriality could be the cause for | ow

The abundance of smalll meérmanma lusmnwa ss pgn engt earn di
which was unexpected since most savanna small m
i . e. sprifdebedetswmeter al ., 2015 Shiemmerar &@&ndc e
possi ble explanations for this outcome. 1) Captu
over the surrounding vegetation. These small mar

H ¢



spring a@8ksomewer and .Chhumiimmbga ,t h2e0sOe5 )mont hs, vege
becaubBeglhdr precipitation. The increased veget a
abund(@asiciel er eyaq emhialh. ,coud2a3)result in the captu
they could have preferred theAd| eratanmrdalL dmnbar to,v e
et al. ,22008)spring and summer, the small ma mma |
search of potenti al mates and possibly also exp

interactions, resu({Ramghli o ¢owal. caPpdBRRrei R@te@me ¢

the dry seasons (autumn), [ still withepodrhkorse t
Contrary to my findings, Ramahlo et al. (2022) f
di sturbances, similar to my Dark site, resul ted
seasons. Ther e scoiurfdl Wween coitnmeaurt fisscstdoiri € edenmsiet y a
predawbireh was outside .ofl tchaaigdhdode wafi nrgynadptru dma)
on both sites, but it i s important to note that
mo st |l i kely resulted in the | ower di versity ob:
resources and expsesdad tghreead md|Glpmnmgimmalo.et Trhaek k ,
exception would be t hebumunl tpii noanhenesrit resspneodul seed, 0 yag P D S
the weatheblas|l weedhef aoml ysi s, it could stildl h
and tempred attect ¢y mwerhmdredvadl abéeco mpestoiutriceers. aGldo u
could still i mpaedathenvisshkil byyeantder conceald.
from t(hkey bcai teyt, ailnc,r e2a0slilnng t he concentration of /
investigated further.

As predicted, I caught significantly more i nt¢
capture rate declined across the cycl e, with th
indicated that rodents decereaasd (Pehaitkerbebyalkt a

Pra$Samsti ago ,etasalr.ep o2rOtledd) fsoyr) ywaokobdp ensiicael I(y i n ar e
vegetati(®ereavet Ad .my 20dapping sites were geog
overhead moon illumination was similar on the t\
undberri grMotoenr i I Il umi nati on was apparent on both si'

kely that the | evels of ALAN that reached the

initially. t49&te, iintt biasa cwiotnalt otf o t hese factors act
mul ti plientfearodigotciltn g esul ted i n the patterns | obse
with artificial noi se, available resources, the

role on each organism and t hwhirchinfdaecail lyii thagt ense utrt
and beH{d&wilacums et Ratlent 2062p)ures appeared to be h
and winter and slightly | ower in spring and su

resources, yet this was not t estiendf Ifukraosagreccti yfcilceas



and ALAN on ani nfarlesk @ st tshtei liln vgersotwiignagt.i ons ar e f oc
surrounding t he influence of Il i ght on ani mal s,

understand all the factors and i nter actpieocnsesi.nvo

25 Concl usi ons

My study is one of the first to investigate the
mammal s. Al though the Light site faced Jtohhaannnesb
the Dark site, | caught more animals and more sp

as the abundance and composition decreased under

to increased illumimiatofonAL ANMutitseatigédeéeoch ethe wad u
compavi @ach f ul | moon make wlseromiarbaltats that provid
the presence of ALAN. There @eegposecepeyatatmreyr |
were undetected in my study. These findings shol

food sources to a range of predators and change:
becauasnet horfopogenic chamges$fwicltls baveckhsysk ems.
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Chapter 3: Wild mice in an urbanized wo
natural and | aboratosyr¢eprdi tgir@ass immo ut

(Lemni scomglsi a

Ceaut hwirtdlmvi | | e MarlilaayKk aOwodst hui zen
Avail abie omhéiheurnal of Chronobiology I

(DOI1:0. 1080/ 074205)28. 2024. 2317284

Abstract

Urbanization, and the accompanying artificial 1
Such disruptions at the base of a food wabecan r
performed in the | aboratory. Thus, we |l ack basic
under natwural environmental conditions to fully

and actieciaughof bwiaksdri inpgd e d.rearsnd smoosfmle{ideer a nat ur

treatment and in a standard | aboratory treat ment
they could experience. The species exhinbkeinttead pr e
treat ment s. It showed the highest l evel of act
significantly suppressed its activity. Mal es we
treatments. The mar ked cdfanmgerst iiulaarnt i vonogerumdsir
combination with wurbanization can | ead to a cha
decrease the number of suitable microhabitats an
suggedthet mattmglped mice could become vulnerable
i mpacts on its ecosystem broadly.

Keywar dassctairviifyghtl at ni ght, | aboratory, rodent

ur bani zati on

31l ntroducti on

Urbanization is increasing rapidly worldwide, an
chall enges( Sfamrd ewisl deltil frael a d d i2t0i2d) t o habitat | oss

op


https://doi.org/10.1080/07420528.2024.2317284

such as artificial l'ight at night (ALAN) poses .

(l'keno et al ., 2.0 114n,  tMaezizra reat uwarlal, h2a0bli9t)at s, ani
and behaviour to cyclic -@eavkropwmkeaet bki ngeshewmbd
reli allAscbaoéef, 1960; BehlsAMatanceal tadr. ,t 2d0fAé&rce

causing animals to shift or modi f(yDutphkeei re tt eamp.o,r
Gaynor et al., 2018)

Temporal activity patterns of mammals evol vec
have been nocturnal, with diurnal(iRgyl lemettgahg, a
Gl obally, about 70% of( Balnlni mammadadd aman0yldgp e c ine
anat omi cal adaptations of their Vi(sRiailc hdy st 20n&s
Nocturnal animals wusually have a | arger proporti
very sensitive to light, whereas diurnal ani mal
vision, with a hight(§ceuicthy ,b w2t0 0 ;I RMen €3ss¢ eRil @it s ,
nocturnal and diurnal species are affected by Al
masking, a direct and i mmedi ate effect that does
second is tthlee deismaugpdiiadam rnesponses by altering t
(Hof f mann et al ., .20In8;t hMrios onvastkwr,all 9Ma®BYi t at , d
experience |ight at different times of the tempo
have different responses to |ight atnnoghhe Di g
thereby disrupt i(mg cthhodifr, <€l196é6p Faootntkeemnset .al ., 2
I n contrast, t he activity of( Amahtodrfnall 9&6mMi; maMis
Oost hui zen, 2023; Zhang et al ., 2020)

Experiments to test the effect of ALAN are of
where environment al conditions such @Aclaenbmamn t
et al ., 23B2ZMm,or Kreanfaelllhde RABk8)atory environment
environment al variabl es, and results are more p
al ways c¢cl ear whether | aboratory outcomes are re

(Calisi and Bsenvtelreayl, s2t0W0®i)es highlight differenc
in the | abor dBobanwcaodgt ke Biel, d1999; Levy et al

al ., 2011b; .Yan et al ., 2020)

To investigate how animals would react i n a
shoul d b(eAcakdeorpniaendn et &lkchpor2@20 Al Wil eaf@dadEt ween a
and a natur al treat ment on the same individual s

opportunity to assess the response capacity of a

environmenhntatiasgft emperature and | ighting condit
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response to a simulated dawn and dusk period
ivity into tHeécikrecmaane ek sluiadhhtt hlAdRM@shese resu

resentative of arinmalr omeneavi odm iamoa heat it ald
acti-gsttypeRhabodizeemy($3 p amial inamat ur al encl osur e
cies in the |l aboratory under a square wave |
awn and dusk period). The results revealed si

ets and offséSshamaaatevi ay.di 2Débed

The effect of ant hropogenic disturbances on
nown. The <circadian biology of sever al roder
estigated(Ankehmahabetababry 2020; Hool e et al
Perrin, 2005; Schumann et al .,, S20mM¢& ; moraen deetr
n others. Only a single, very recent study c
thern Af(nVidgmenoadaent OoFhhgi 2dd,us2028rs a si
|l i shed |Iiterature on the effect of Iight at n

We studied a small -&fripad gbdadmmit sTooaunyes §Erionsga

i ginati ngr bfarng rBakraenap er i and .ChTihmismbsap e c2i0e0ss )i s t e

bi vorous and is found within grasslands witt
nadjem and Perrin, 199.7;VeSkyi nlnietrt laen di sC hki nmo wmb
i ped grass mouse, although it has been report
i(WSiktiywnwner and .ChSkminmbear, and 5Ghi mi mba (2005) al
d burroweveHawewveher sources indicate that th
the base(€hidumagoc!| G Mpg g ; Ki ngdon, 2013; Mo n ¢

sonal .obThirsvasgdemi)es i s solitary and have bee

in the | aboratory, yet males and féeKiahgdonan286ha3

OQur study is the first to dmemnriiscaolmyye trestal:
assessed the | oceamatgdrt-s tsd thpydndescye oufn dveirl dcont r ol | e
temperatures in the | aboratory and wunder natur a
out side encl osur e, ani mals were exposed to si mil
natur al emererdmment weT expected their activity t
We compereaedtitvhi-styr ppesscegluaeader the natur al envir
t hat under a standard | aboratory treat ment , an
conditions, whereas in the | aboratory, we expect
actiyviwhen ani mals were subjected to artificial |
this to activity under the standard | aboratory
expected aAlAMI|Itso uinmlerease their activity compar



nights in the | aboratory, thus showing more acti
predicted that mal es would be more active than

explorative sex and more risk prone compared to

3.2 Materials and Met hods
32.1 Ani mal capture

Trapping took place during the aus25.a92kd,rinhg. F
Gauteng, South Africa. -Thébastadgasictesiestbodahard

metropolitan area kpoAdftdita,aahidghscoheeasrfoatien
using PVC small mammal | ive traps, baited with a
salt and peanut butter. Traps were placemnwawns ar e
and beneath busstersgp afoseseawasnghetured, it was
|l aboratory for further processing. At the | abor
pregnancy. Pregnant animals were excluded from t

adwslitngtirei ped grass mice (10 males (57.44g9g N 3. 45

3.2.2 Ani mal mai nt enance

Study animals were housed individually in trans,
Mi ce were in their cages at | east a month before
had wire mesh | ids and coafges andoo(rksi dueirees | palyseyr esda
cc, RSA) to cover the entire surface. Each cage
material, a rock andada I|sinbaicteunf oAniemali < hweme , f ad

ti mess,hearmrd di et consisted of fresh food (appl es,
seeds. To monitor body <condition, the mice wer e
experiment al procedures wererapamav &dibal t Res¥dna
Commi ttee ()220n2dl1/vwWeB/ OVOY 8i ned a coll ection permit
Agriculture and Ru0x2a31)Devel opment (CPF®6

3.2.3 Experiment al design

The activity of the mice was detected using infr
Communica, RSA). The sensors were mounted on top

' ight and positioned toocov€armboamdndi ef dehe wl

oy



cages to prevent neighbouring mice from influen

their surroundings for three days before experin

Mi ce were subjected to three experimental tr
(LAB), (2) ar t(iAfLiAeNDd!| ( B) gmat atahi gmbi ent condi ti
treat ment |l asted 10 days during which | ocomotor

Vital View software (VitalViewTM, Minimitter Co. ,

under standard | aboratory conditions with 12h dat
RSA; N 50uhdx| eavelgy oand constant temperature se
environment al conditions remained the same as di
(Light: Light Wor x, 9W 3000K LED, Light Womex: LED &
500W rotary di mmer, Shuttle, Cape Town) was adde
l evel of the cages. The dim I ight remained on pe
treat ment ; it was diddienioogal thiaght tduiidngegot hea ded
( NAT) , mi ce were moved to an out sAppee gidgdBroesur e a
The enclosure had an opaque roof, and the sides

Il i ght and temperatur eéyedtumennoti nrcaiund.edT hteh e NAiTa t
anthropogenic disturbances such as noi se, inter
trapped within close proximity of the | aborator

Cagescweaeed after every treatment.

3.2.4 Data analyses

Activity data were vigplalthedaaseosgedmausigrgpedat
(Act i™i &wni mitter Co., Sunriver, OR, United Stat
per minute and, were converted to per hour <coun
Boston, United States). The ddeartBaasnelti nwga sn onroma I niotryn
0.05), thus we analysed the data using a generég
di stributidmnanhdohpgubki n(gBatthees lente raHga ¢ ladglabr)s e v
was activity count s, the fixed variables sex (n
NAT) and the time of day (light/dark), and we ¢
variati on, we liDchsdéetdet handaommahbhri abl echo®e wuse
comparisons. Two males that displayed stereotypi
movements ¢omeemptardt @ed the cage), weréeneancfudad
sample of 17 mice. A Spearman correlation (P < O
the activity counts and temperature during the

the | aboratory condiempenstsesreceasheoambaprnt dur i

o®



visually examined the actograms for each ani mal
and offsets of activity, however, the start and
bet ween mice. Thi s iusr atlisoon tohfe a cetaiswint yt)h ec cad Ipch an c

3.3 Resul ts

The experimental treatment had ac’si go4fs8eantdeff
< 0.001, Figure 1). Mi ce were | east acaivealdur
environmental conditions (NAT) (NAT < LAB < ALAN
counts were weakly hlegat é mp &Oy.alttOo, r ePe (>a t0e d Owli,t HFi g

30

N
o
1

Activity counts

101

ALAN NAT

FiguTle 1t ot al actLiewinti s coonyméameh|d8mB) during the
environment al itakarn anteaort ys t( H2éAd&tunxe nti,g hAtiLsA@Nmi ni ght |
natural environmental treatmenmhp. sdblmeilfaclanaf | e
di fferences.



FiguTlke 2actLiewmint g cofmywe Ir olistadri 2d e ft br ee experi men
treat menikou®BGy iCyitty counts (mean N SE) of all/l i

ambient temperatures (blue Iine)>Aduogmagms hef tar &
representative individual <corresgorndi.nd hteo LtABe (t
B) and ALAN (C and D) experimental treatments we
temperature, whereas NAT (E and F) mice were exp
05:-070: 00 ahd: AC0) O&ndumat wgalleypfelrac¢ctur es. Shaded
dar kness, and the faded periods between 05h00 an
dusk.

Overall, sex did not ct=nf3 .uxxh4c,e dfhe=aktti Rity(

showed more activity durichrg 3t6tbhe 569ghtdfc emdar #d <t

The interaction between sex and experci=mgmwt 817 2t, r e
df = 2, P < 0.001, Figure 3A). Femal es showed si
ALAN and LAB (P < 0.001 for bot h, Figure 3A). M

compared to LAB and NABAORP <Ach.oG®G1l afldr thatelre, skitg
active than the females (P O 0.014, Figure 3A).
treat menmowe significant (P O 0.249, Figure 3A).


































































































































































































































































