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A study on the effects of artificial light intensity on the foraging behavior

in Japanese pipistrelle bats (Pipistrellus abramus)
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Abstract: Artificial light has altered the nocturnal environments of most ecosystems, posing a threat to biodiversity and
associated ecosystem services. Foraging behavior is essential for animals to obtain the nutrition and energy from the ex-
ternal environment. To date, it remains uncertain whether the intensity of artificial light affects the foraging behavior in
nocturnal animals. Here, we used Japanese pipistrelle bats (Pipistrellus abramus) as a model for insectivorous bats to in-
vestigate the effects of artificial light intensity on their foraging behavior. We established three study sites situated 5 m
below three different bridges. At each site, we monitored the intensity of artificial light and recorded the number of pass-
es and feeding buzzes in P. abramus. The Kruskal-Wallis test showed no significant difference in the number of P. abra-
mus passes between the relatively dark site and the site with low light intensity. However, a remarkable reduction in the
number of P. abramus passes was observed at the site with high light intensity when compared to the relatively dark
site. There was an increasing tendency in the number of feeding buzzes emitted by P. abramus at the site with low light
intensity relative to the relatively dark site. The number of feeding buzzes in P. abramus was significantly diminished at

the site with high light intensity relative to the site with low light intensity. Generalized linear mixed models indicated
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that the intensity of artificial light negatively influenced the number of passes and feeding buzzes in P. abramus. These

results demonstrate that high levels of artificial illumination can disturb the foraging behavior of P. abramus. Our find-

ings provide a scientific basis for the regulation of light pollution in habitats utilized by synanthropic bats.

Key words: Artificial light; Bat; Echolocation call; Foraging behavior; Light pollution
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BN TE B AT R 1E RS S E . ) An KT O AR LA
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HFE. Azam 4§ (2018) il i BF AN AT, A& B0 5L H-IE
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Fig. 1 Study sites in the field. A: Site 1 is located 5 m below a bridge in the absence of street lamp; B: Site 2 is located 5 m below a bridge, which

is equipped with four street lamps; C: Site 3 is located 5 m below a bridge, which is equipped with eight street lamps
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Fig. 2 The experimental apparatus (A) and spectrogram (B) of echolocation calls emitted by Japanese pipistrelle bats. Echolocation calls inside the

box indicate the feeding buzz of Japanese pipistrelle bats
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Fig. 3 The differences in artificial light intensity and foraging activity of Japanese pipistrelle bats at three study sites. A: The number of passes in
Japanese pipistrelle bats; B: The number of feeding buzzes in Japanese pipistrelle bats. NS: no significant difference, *P < 0. 05, **P < 0. 01,
***pP<0.000 1
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Table I The foraging activity of Japanese pipistrelle bats and environmental variables at three study sites

WFFERE A Study site e 1 Site 1 FER 2 Site 2 Ff 453 Site 3
Zéé%fﬁ . 30. 8088° N, 106. 0741° E 30. 8174° N, 106. 0761° E 30. 8114° N, 106.0739° E
Longitude and latitude
S H 2021-04-02, 2021-04-10, 2021-04-01, 2021-04-03 2021-04-11, 2021-04-14,
Experimental date 2021-04-13, 2021-04-24, 2024-04-16, 2021-04-21, 2021-04-18, 2021-04-20,
2021-04-28, 2021-05-14, 2021-05-04, 2021-05-10, 2021-05-06, 2021-05-12,
2021-05-15, 2021-05-27, 2021-05-21, 2021-05-24 2021-05-23, 2021-05-26,
2021-05-28 2021-05-29 2021-05-31

AR ARFE 1P 18 5 R
Mean number of passes in Japa- 37.78 +£4.66 (n=36) 26.47 £4.86 (n=136) 17.64+3.00 (n=36)
nese pipistrelle bats

IRMEARFL (- K4l £ ety Kot

Mean number of feeding buzzes 1.19+0.47 (n=36) 3.56+1.00 (n=36) 0.64+0.36 (n=36)

in Japanese pipistrelle bats

ST R _ _ -

Mean intensity of artificial light/lux 0.57+0.16 (n=36) 2.83+0.33 (n=36) 7.77+0.99 (n=36)

- A s

PERBERITRIE . 56.06+1.05 (n=36) 60.26£0.71 (n=36) 62.86+0.70 (n=36)

Mean intensity of ambient noise/dB

Z A N yH [

$ﬂjﬁfﬁ{fﬂ1&_ o 25.49+0.56 (n=36) 22.47+0.86 (n=36) 27.12+0.41 (n=136)

Mean ambient temperature/°C

SZ AT KR oY

$'VMHXTY¥E . 80.36% £ 1.36% (n=36) 87.08% +0.59% (n=36) 78.06% + 0. 85% (n=36)

Mean relative humidity

PR 0. 064 + 0. 044 (n=136) 0.43+0.210 (n=36) 0.28 +0.091 (n=36)

Mean wind speed/(m/s)

M7 A Nk

PEIR AL 10. 44+ 1.58 (n=36) 35.53+£5.67 (n=36) 7.83+1.15 (n=36)

Mean insect abundance

S I0IE] 69 H AR FeH L HA L B, A, gL R B B&E A HH LB, B H , WEA

Moon phase during the experiment #3, B, WG, W0, WA s g A, g A . A, A SAEAL WA WA, 5k
Waning crescent moon, New moon, Waning crescent moon, Waning New moon, New moon, Waxing
New moon, Full moon, Full moon, cregcent moon, Waxing crescent crescent moon, Waxing crescent
New moon, Waxing crescent moon, moon, Waxing crescent moon, moon, Waning crescent moon,
Full moon, Full moon Waning crescent moon, New moon, New moon, Full moon, Full

Waxing crescent moon, Full moon, ~Moon, Waning crescent moon
Full moon

HUE M + brifkiR . n FORFEATN

The data in table 1 are shown as means + standard error (SE). n denotes the sample size
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Fig. 4 Relationship between artificial light intensity and foraging activity in Japanese pipistrelle bats. A: Relationship between artificial light inten-

sity and the number of passes in in Japanese pipistrelle bats. B: Relationship between artificial light intensity and the number of feeding buzzes in

Japanese pipistrelle bats

3 itk
ABRSTR AT M IR, AEES
AT IS £ S R AR T R 3T 2170 1 0

ZERRM, S R Hﬁm%,ﬁﬂﬁ LI
A 3 B A DB AT A T, (HAE SR DA A5
(10 308 a2 D o AR BRI A AR, R
P AR BT 5 A 1 P A e e 5 B B i 3
E2EFARBRN G F REF K. S8R AT,
AR AR 3 AE 5 YEAE A0 1 8 0 250 ] g B /D
BEARTT S, AR AR 3R A 38 2o U R R A £ e i
Bl AT OGS BE A3 ORI R R PRI, ASBITSERI,
RV 55 06 5 B M AR 3 A £ e I e S B S
e, RS E AT SR X 1% B B4 B8 AT D 3 N B I

=71

ARG LI, 2R AR B A U\?ﬁ(*ﬂﬁ@@%
W 50 ik i TG R B A KT UR AL, 31 U e R
FEXT G RE S B 55 AR AR B T BI5 3h . SAMER
GERAL, Azam 5 (2018) 7 HEIERE AT = FRANLT
Ot RS A o A0 e R 0 BTy, R R 3 R B A 55O
(1 ~5lux) &M NS RERZ, SIS
5 lux J5 38 1 OB D o KT i X B - A H
U ) 18] 3% 2l B O s e, X i AR (Pip-
istrellus pygmaeus). J¢ [CAR 3 (Pipistrellus kuhlii)
F4E 1L B8 (Nyctalus noctula) WP IEE ) HAT 1E TR
W, XF 2N AR 38 (Pipistrellus nathusii) B9 0] 5 20
JC i 3% 52 W (Lacoeuilhe et al., 2014; Azam et al. ,
2018; Barré et al. , 2022), Seewagen 55 (2023)7F ¥
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HMIT TG S92 5, KR {4 LED AT 75 m
Qb B 55 AT IR T A2 BRUBAE (Myotis lucifugus) BITR
[BIVE 3, (HIEASTE M KAERNS (Eptesicus fuscus) W
(B35 2o X SERF SR, A H i I 0T KT O 5 Y
Miif 52 14 5 PR b e S o

HET, A KT X R AR 0 17 A
PRI ATERE . XA BN, ATO6RE
i B PR PR, DTG R IAEE UK, Tl
W WE 7Y B X 15 3 (Davies et al. , 2013; Luo et al. ,
2021), FREE XUBS B UL, AT O — ] HE A4 4
B ER, e TE T AR WARFE L B AT L BR AR 1Y
WEE, B T B o OB R e g 4 e D
(Stone et al., 2009; Polak et al., 2011; Barré et al. ,
2021). ASBIFFE S -5 B85 KBS (B3 B FT0 45 SR A
P, DM SCHRF RS S R . AR, T LB ik
YEINA, KTOGREME WS |4 18] B He e G SR 4
R A R R O, PRI A A TR 0
U8 T8 &5 Bl (Rydell, 1992; Stone et al. , 2015). T
AL BTN, AR S AR B 1 3 ok Y HRORD A £ e
e K B Bt T OB B G ORI 220 AR, AHIESY
GRTFA S T BB B

L 0 A T 5 B A R ) SO A B 5 T A
W HHEZAE R, B ZEAT X BATT 18] 3 B Y £
A B TR AR RGE R E (Kunz ef al.
2011; Jagerbrand and Spoelstra, 2023), T Ik 58 J&
KT IRSE Y DX X A7 R, I HL B A R B 184 oz
WAL IS (Gaston et al. , 2012), R, FRAGE H b5
T E 1 S 00 0 B T R R R 8 AT A S KT ' A e T
LA BT KT O R A R) A Bl 4 6T AR
(Azam et al. ,2018), AW K, M LED AT
JER SRR 8 lux 7, ARWARFE B LB 2
TR, StonedF (2012) K, /NG Sk g AN Bl H- 7
3.6 lux A9 [ 8 LED %1% 2% 44 T i /0 3 B 1% 3 .
Azam 5§ (2018) UFSE, B8 X6 i3 R 40 KT ' 1 il ek
FREGN 25 m, XJ & R AT 6 A9 BURGR BE 1 lux.
BTk Se o A A, FRATT A DO TR 1] A e B
KT, AALEE TS S8 AR B TR BRBH 5 5K, 1 B
AR AR 2 H e 0 A AT OGN A2 Y, AR AT
9iRE LA AE SR BT 22 Tt 2 1 R W B T 2 75 R PR g
55

i BTk, FRATHITE SR I, SRS AT G 5R
JER AR WARFE Y T A7 A 2 . BARAR

AR A 55 6 2% 1F T 4 B 08 10 e o I 4
{EL i 5 32 A 1 (8 LED KT 64T 98 X0 HC B 2035 24 1l
B AL 3 R RIT eSS SRS,
W T ARMAR I R EIE S ST R R . JRsk
R FOR £ T 2R i, FERF AN A TR A AT
JCIREE , b — 2D RS IR AR FE X KT OG5 Y TR 32
PER(E . BT ATAESRE P EIDEEE,
AT S TSI T 1 0 7 0 10 o st A A ol i e B
EARSERYITOCAE B, 4 LA A KT A0 i
R ZR o ARBETE R T O6T5 Je Xt fE A B B
WA TSN 2, AR TS e 5T B e
PHRHEELID AR

BOft: BRI R A R . B BT
SRR =2 SRR

S Lk

Azam C, Viol I L, Bas Y, Zissis G, Vernet A, Julien J F, Kerbiriou
C. 2018. Evidence for distance and illuminance thresholds in the
effects of artificial lighting on bat activity. Landscape & Urban
Planning, 175: 123-135.

Barré K, Kerbiriou C, Ing R K, Bas Y, Azam C, Le Viol I, Spoelstra K,
2021. Bats seek refuge in cluttered environment when exposed to
white and red lights at night. Movement Ecology, 9: 3.

Barré K, Vernet A, Azam C, Le Viol I, Dumont A, Deana T, Vincent S,
Challéat S, Kerbiriou C. 2022. Landscape composition drives the
impacts of artificial light at night on insectivorous bats. Environ-
mental Pollution, 292. DOI: 10. 1016/j. envpol. 2021. 118394.

Davies T W, Bennie J, Inger R, de Ibarra N H, Gaston K J. 2013. Arti-
ficial light pollution: are shifting spectral signatures changing the
balance of species interactions? Global Change Biology, 19:
1417-1423.

Davies T W, Duffy J P, Bennie J, Gaston K J. 2014. The nature, ex-
tent, and ecological implications of marine light pollution. Fron-
tiers in Ecology and the Environment, 12: 347-355.

Davies T W, Smyth T. 2018. Why artificial light at night should be a
focus for global change research in the 21st century. Global
Change Biology, 24: 872-882.

Falchi F, Cinzano P, Duriscoe D, Kyba C, Elvidge C, Baugh K, Port-
nov B, Rybnikova N, Furgoni R. 2016. The new world atlas of
artificial night sky brightness. Science Advances, 2. DOI:
10. 1126/sciadv. 1600377.

Funakoshi K, Katahira R, Ikeda H. 2009. Night-roost usage and noc-
turnal behavior in the Japanese house-dwelling bat, Pipistrellus
abramus. Mammal Study, 34: 131-139.

Gaston K J, Davies T W, Bennie J, Hopkins J. 2012. Reducing the

ecological consequences of night-time light pollution: options and



192 SIS

o 45 %

developments. Journal of Applied Ecology, 49: 1256-1266.

Greene J S, Brown M, Dobosiewicz M, Ishida I G, Macosko E Z,
Zhang X, Butcher R A, Cline D J, McGrath P T, Bargmann C .
2016. Balancing selection shapes density-dependent foraging be-
haviour. Nature, 539: 254-258.

Holker F, Wolter C, Perkin E K, Tockner K. 2010. Light pollution as a
biodiversity threat. Trends in Ecology & Evolution, 25: 681-682.

Hiryu S, Hagino T, Fujioka E, Riquimaroux H, Watanabe Y. 2008.
Adaptive echolocation sounds of insectivorous bats, Pipistrellus
abramus, during foraging flights in the field. Journal of the
Acoustical Society of America, 124: 51-56.

Jagerbrand A K, Spoelstra K. 2023. Effects of anthropogenic light on
species and ecosystems. Science, 380: 1125-1130.

Knop E, Zoller L, Ryser R, Gerpe C, Horler M, Fontaine C. 2017. Arti-
ficial light at night as a new threat to pollination. Nature, 548:
206-209.

Kunz T H, Braun de Torrez E, Bauer D, Lobova T, Fleming T H.
2011. Ecosystem services provided by bats. Annals of the New
York Academy of Sciences, 1223: 1-38.

Kyba C C, Kuester T, Sanchez de Miguel A, Baugh K, Jechow A,
Holker F, Bennie J, Elvidge C D, Gaston K J, Guanter L. 2017.
Artificially lit surface of earth at night increasing in radiance and
extent. Science Advances, 3. DOI: 10. 1126/sciadv. 1701528.

Lacoeuilhe A, Machon N, Julien J F, Le Bocq A, Kerbiriou C. 2014.
The influence of low intensities of light pollution on bat communi-
ties in a semi-natural context. PLoS ONE, 9. DOI: 10. 1371/jour-
nal. pone. 0103042.

Lazaridis E. 2014. lunar: lunar phase & distance, seasons and ther en-
vironmental factors (version 0. 1-04). Available from http://statis-
ticslazaridiseu.

Lemon W C. 1991. Fitness consequences of foraging behaviour in the
zebra finch. Nature, 352: 153-155.

Longcore T, Rich C. 2004. Ecological light pollution. Frontiers in
Ecology and the Environment, 2: 191-198.

Luo B, XuR,LiY C, Zhou WY, Wang W W, Gao H M, Wang Z, Deng
Y C, Liu Y, Feng J. 2021. Artificial light reduces foraging oppor-
tunities in wild least horseshoe bats. Environmental Pollution,
288. DOI: 10. 1016/j. envpol. 2021. 117765.

Polak T, Korine C, Yair S, Holderied M W. 2011. Differential effects
of artificial lighting on flight and foraging behaviour of two sym-
patric bat species in a desert. Journal of Zoology, 285: 21-27.

Rydell J. 1992. Exploitation of insects around streetlamps by bats in
Sweden. Functional Ecology, 6: 744-750.

Sanders D, Frago E, Kehoe R, Patterson C, Gaston K J. 2021. A meta—
analysis of biological impacts of artificial light at night. Nature
Ecology & Evolution, 5: 74-81.

Secondi J, Mondy N, Gippet J M W, Touzot M, Gardette V, Guillard L,
Lengagne T. 2021. Artificial light at night alters activity, body

mass, and corticosterone level in a tropical anuran. Behavioral
Ecology, 32: 932-940.

Seewagen C L, Nadeau-Gneckow J, Adams A M. 2023. Far-reaching
displacement effects of artificial light at night in a North Ameri-
can bat community. Global Ecology and Conservation, 48. DOI:
10. 1016/j. gecco. 2023. €02729.

Simdes B F, Foley N M, Hughes G M, Zhao H, Zhang S, Rossiter S J,
Teeling E C. 2018. As blind as a bat? Opsin phylogenetics illumi-
nates the evolution of color vision in bats. Molecular Biology and
Evolution, 36: 54-68.

Spoelstra K, van Grunsven R H A, Ramakers J J C, Ferguson K B,
Raap T, Donners M, Veenendaal E M, Visser M E. 2017. Re-
sponse of bats to light with different spectra: light-shy and agile
bat presence is affected by white and green, but not red light. Pro-
ceedings of the Royal Society B, 284. DOI: 10. 1098/rspb.
2017.0075.

Stone E L, Harris S, Jones G. 2015. Impacts of artificial lighting on
bats: a review of challenges and solutions. Mammalian Biology,
80:213-219.

Stone E L, Jones G, Harris S. 2009. Street lighting disturbs commut-
ing bats. Current Biology, 19: 1123-1127.

Stone E L, Jones G, Harris S. 2012. Conserving energy at a cost to
biodiversity? Impacts of LED lighting on bats. Global Change Bi-
ology, 18: 2458-2465.

Voigt C C, Dekker J, Fritze M, Gazaryan S, Holker F, Jones G, Lewan-
zik D, Limpens H J G A, Mathews F, Rydell J, Spoelstra K, Zag-
majster M. 2021. The impact of light pollution on bats varies ac-
cording to foraging guild and habitat context. Bioscience, 71:
1103-1109.

Wang W W, Gao HM, Li CR, Deng Y C, Zhou D Y, Li Y Q, Zhou W
Y, Luo B, Liang HY, Liu W Q, Wu P, Jing W, Feng J. 2022. Air-
port noise disturbs foraging behavior of Japanese pipistrelle bats.
Ecology and Evolution, 12 (6). DOIL: 10. 1002/ece3. 8976.

Winter Y, Lopez J, von Helversen O. 2003. Ultraviolet vision in a
bat. Nature, 425: 612-614.

Zhang F S, Wang Y, Wu K, Xu WY, Wu J, Liu J Y, Wang X Y, Shuai L
Y. 2020. Effects of artificial light at night on foraging behavior
and vigilance in a nocturnal rodent. Science of the Total Environ-
ment, 724. DOL: 10. 1016/j. scitotenv. 2020. 138271.

ZhouD Y, Deng Y C, Wei X Y, Li TH, Li ZY, Wang S R, Jiang Y K,
Liu W Q, Luo B, Feng J. 2024. Behavioral responses of cave—
roosting bats to artificial light of different spectra and intensities:
Implications for lighting management strategy. Science of The To-
tal Environment, 916. DOI: 10. 1016/j. scitotenv. 2024. 170339.

Zou WY, Wu P, Wei XY, Zhou DY, Deng Y C, Jiang Y K, Luo B, Liu
W Q, Huo J H, Peng S C, Feng J. 2024. Artificial light affects
foraging behavior of a synanthropic bat. Integrative Zoology, 19:
710-720.



