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Research paper

Avian and Bat Predators Reduce Pest Abundances

in a Subtropical Plantation

Chao-Nien Koh,” Ching Chang,” Ling-Mu Juang,"”

1) 2.3)

Yung-Jen Lu,” Wenbe Hwang

[ Summary ]

Birds and bats are important insect predators. Herbivorous insects have negative effects on
tree growth, and thus the health of trees may benefit from foraging by vertebrate insectivores on
herbivorous insects. An exclosure experiment was used to examine the top-down effects of birds
and bats on invertebrates and leaf damage due to insect herbivory on tree plantations. The ex-
periment was conducted on two common plantation species of Bischofia javanica and Fraxinus
griffithii. In total, there were 18 orders and 1811 individual invertebrates collected from April to
July 2016. The dominant insect taxa on B. javanica in the order of the number of individuals were
of the Araneida, Hymenoptera, Diptera, Lepidoptera, Hemiptera, Collembola, and Psocoptera. On F.
griffithii, the dominant insect taxa in the order of the number of individuals were of the Araneida,
Hymenoptera, Collembola, Diptera, Lepidoptera, Hemiptera, and Coleoptera. The abundance of
invertebrates, specifically Lepidoptera larvae, was significantly elevated on B. javanica and F.
griffithii when vertebrate insectivores were experimentally excluded from foraging. Such results
demonstrated that vertebrate insectivores suppressed herbivorous insects. The abundance of spiders
was also higher on B. javanica and F. griffithii when vertebrate insectivores were excluded from
foraging. In addition to exclusion of vertebrate insectivores, the exclosure might have intercepted
the spider’s silk and provided extra net structure for the spiders to weave their nets. However, the
abundance of herbivorous insects still increased and did not seem to be influenced by the increased
number of spiders. From our results, we concluded that vertebrate insectivores limit the abundance
of Lepidoptera larvae on B. javanica and F. griffithii, and thus vertebrate insectivores are important
top predators of insect pests. Plantations with a simplified vegetative structure can easily suffer in-
sect pest outbreaks. To prevent severe damage due to insect pest outbreaks on plantations, it is rec-
ommended that plantations provide suitable habitats for birds and bats, thus facilitating the health
of trees and achieving successful plantations.
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ERMARSEE » BIATEE s R 5218 - 2R
Righe NEEBRIRE L HEE - AR
Hle 5 52 48 B 2R % e A ik B /F @ A2 (Daily
1997) o AR HE % Tl AR RER IR » HIANR I
RE - ALY » 28 EFGEERENowak
et al. 2006) - JoH B BE R B R E L 22 /A
MR FEEREZ— » FREBERFTREE Y
72 A% R B B SE R A FE 3 2 IEAHBA (Fan and
Lee 1997) » ZEMEEA » BRI Z 1IRLIRY)
(Huang 2009) - ZEHRE T EERR T %2 B RIATL
ZE R B IR 2 5 BB SR M R AT
eI (Zangerl et al. 2002) - fifE{K RS AL
i JJ(van Bael and Brawn 2005, Mooney et al.
2010) «

FE R B o 01 2 8 30 ) 4 et B ARORSE
RO - AR & B AR R o B A
S (Lymantria xylina Swinhoe) By R &
BT~ %~ s - AHER - 38 IR
FEAESR ~ Wi~ ZRFEAEY)(Wu et al. 2013) < &
AR B ] P 4 8 TS PR A 2 B el
ik H (Lepidoptera) ~ 3 H (Hemiptera)
WH (Coleoptera) s B &k & 5% 4 i 3% 3@ 1Y 55 &
FERE - FEACREERD - G iR EUE AR
fEYIE 75 (Jaung et al. 2014) - RERAIFFHEER)
Vit etk B fe i T (top-down) Y R 1F
2 — TR S MR A B R T RE - REHIHITE R ik
EEJERE » AT AORIE BTS2 48 (Méntyld et al.
2011) » FEIMORHERF HARRR RS - FFHEER
BREHAHEHRWHKBYHERES  THZ
HIFRHE R aRR L REEY &SRS - I R
PRI BEZ 0 - W T RARMREL LB (van Bael
et al. 2003, Whelan et al. 2008, Johnson et al.
2010, Morrison and Lindell 2012) - {EfEEFHEE)
Vit e i B s W e R T - SR IR AR 93 i A
w B (Nyffeler and Benz 1987, Nyffeler
2000) «

S i S AR IECR E AR IS 28 S AR A AR
H% oAb AR RER IR ThRE - e lingbsed - 12
P HEREDCIR S (Fraxinus griffithii) B S
TR 128 68 B2E - X (Bischofia javanica)l
@I ERNRN TR SE - Hh Az HLIE
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Fo IR $ G2 2H (Koh, unpublished data) » 7£
JEEEA B R B R F mk b g b o IS DU
H4h& R £ (Jaung et al. 2014) » PGS E
HEEHEDY S SRIFER T Ranv i
HAHER ST IR B E s R 2 EE
AIERE— SN EREIZE -

HH BRI IF F2 16 K SR MK B B MR & R Hh o
f7(Maas et al. 2015) » &bk LD HIRES - H
HI{ ENAE B KB S (R B E k& - B i
FERE S B W g o A HE kR B B
HE&AEYEER - I R B2 5
H(Morrison and Lindell 2012) o ARfFFEAFE
R A AR K R K S St R e P O W At B
i Ry B AR - DB MFHE T R F IR
R ERVIEEHEENY) - SRR R -~ I
BEHEENY » DMK Z R - R AES
M &b R 2 S I A MBI 2 R 1 B e
B DURMORB SER 40 2 T KT IR

M ¥ 75

— ~ WFSEhBL B 7

DAFESE K 2 K & S AR R W A Ry il B
I » 3EAK1000 ha » FRARAE | STEATE - - BT
B (Fraxinus griffithii) ~ 51 (Zelkova
serrata) ~ HiZ (Bischofia javanica) ~ [E&F&
(Cinnamomum burmannii) ~ §& (Liquidambar
formosana) ~ BE BB (Koelreuteria
henryi) ~ M3 (Elaeocarpus sylvestris) ~ 1&
¥t (Cinnamomum camphora) ~ #:#5(Alnus
formosana) f KEERG(Machilus japonica var.
kusanoi)Z fffi(Taiwan Forestry Bureau 2010) -
TERTEN BB - OB SR & LR AR 128
lofE B4 » KB RIBFHEIRE1% (Lanius
schach) ~ BT #E(Bambusicola sonorivox)
KEBE(Dicrurus macrocercus) > f11 B IR
(Hypsipetes leucocephalus) ~ KEa(Oriolus
traillii) ~ RUEEERE (Prinia flaviventris) ~ &5
A% (Pycnonotus taivanus) ~ THa(Centropus
bengalensis) ~ ¥R (Zosterops japonicus) ~ 1t
F PR (Cuculus optatus) ~ AR (Prinia
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inornata) ~ & (Dendrocitta formosae) ~ 51
EJE (Garrulax taewanus) ~ BRSEHE(Phasianus
colchicus) ~ BARLBESE (Hypothymis azurea)td
125 (Anthus hodgsoni) » Hi X EILFHAE]13
BH7HE S - KRS = IE G AR - F5E A
5 REBE - 8IS - 7THE - REE - RRFRIR
FLEESE ~ /N R (Dendrocopos canicapillus)
IKBEER RS ~ BRSHPENE (Streptopelia chinensis) ~
IR~ SUES ~ FEE > HREWB(Phoenicurus
auroreus) > §kMB(Treron sieboldii)EAETEEE & »
HAZHL B iR S -

DA% B e st Ry il B Al 3B R
AT TR 2 e R B 2N B 2 B B
W T A R R 1 ORR2 A A R s Bt
P2 A B B 2 M ELIR BB K/ NARGE - B B
FHFTERE o B s i - PV CEE B S 28w B %
- MLA2X2 emZfH ZJEREEBME S
FEfi 5 #E itk R 2 S HEBN I HE A » (BT 3/
TR HERDY) - ARG AT A SN AT HE 2 1 3 B
@k 0 DU B R A Ik H Y (van Bael
and Brawn 2005, Williams-Guillén et al. 2008,
Maas et al. 2013) -

BRI 20 164F4 HBilfs - 10283 BRI
ITIRE—X U3 EMER4 H E2THEE10~15K
B —RILFESR - FiA ST HiR B E ik
BERRCEE b BB BRI E R
ZARRHB S [ 120 min » SEEEAS Sy 15 min -
i FHOlympus TG-AAHHE 5 22 1 DAL R P
BUGAHEE < B HEBY) - FEEMRTEIT—X
A EMERETAXRE - Bl B
FRITEEIANRE B EE - WAoEEE
LS B 0 53 Fo B ~ Sk BRLAR - ek P
53 Fo b e ik L IR AL R0k - e AERFRRE T -
5 FH AR AR P A s 2 o L B W v % S
HORE o DUgin EE S R e R -

PRiceRpE s LB 2 A BE  RR
TR LRI E E R R TR AR A
Fro B3 2 B 088 R vy 2 41 A B B L A LB
FRSOMEZER - FRFIAELL0.5X 0.5 cmZ EHARY
KA RIE R ZABME - 5 R ZE M RET X
PE MM 158 K RIS o M

W E BRI EE FroB ok - RIS — I ZE A
BRZ - B 2 R mE AR IR S 1 0
FIE R IR EOR AR KGR K - 35 Ry AR A
RIRZAIAL 22 F A cRe 5% -

= #Eo

DAEngelmann (1978)AH 3} 55 & i 8] & 8
HOO B A R S A » DUl 2 BB IR BT 2% H 2 i
HEE  BHEERRME RS E GRS E 5
s

E{##(eudominant): 32.0~100%

{&#4(dominant): 10.0~31.9%

i &2 (subdominant): 3.2~9.9%

&8 (recedent): 1.0~3.1%

nH%5 % (subrecedent): 0.32~0.99%

FiA (sporadic): 0.32%LLF

fii F§Wilcoxon signed rank sum testfh8
RERA R - PR B 23 [ 2 B R A e
HEENY) B & Ry ZE S - 0 Pl & BB R PRI
BB S EE R - D B R
R o B I WSRT Lhife #2 il #H B 28 3 [ M o
Sl - fEmSER 2RI LA ERE - DI E
ML 2R R - i AT IR Ry SPSS
20 » Dlp < 0.0500 Byifiit - A@HEEE: -

&R

KRIFFRPAEEARRKE VAR EE - 17
ARATATERER T » S1 %550 2 BOB MRS R EE |- I
HMHEEN Y HEITOR H i aR A - HLaEBI18H 1881
EMAFHEY) - BEREH Y (Mollusca)
B B YIFT (Arthropoda) o H i g &)
EWIRETH - 452.18% 5 Hi 5 #h% M ks ik
H(Araneida) » B H (Acariformes) ~ & H
(Trombidiformes) + % /& H (Isopoda) » FE
H(Collembola) - §Fiff H (Ephemeroptera) »
¥ H (Dermaptera) ~ H# H (Orthoptera) »
I H (Mantodea) ~ Z5 H (Blattodea) ~ 1
@k H (Psocoptera) » *FH ~ §@H ~ IRHH
(Neuroptera) ~ 1 H (Hymenoptera) ~ f§f##
H - #3H (Diptera)17H » {597.82% -
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TERX LR 14 H 10S8EMEFHEFY) » M
FIE M B 15H 8234 » fKEngelmann (1978)
BB R - A5 00 XA B H K o>
A2k H28.92% ~ [#HE19.28% ~ #H
13.80% ~ @ H 10.49% - ER{EE% H BIH R H
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H7.75% - SR HS5.67% ~ Wik H4.44% » 5%
HEL RS B9 18 B4 H IR 7 43 1) R ATk 5 26.12% ~ iR
WE20.17% ~ BEE14.58% « ##H11.91% »
AERREEIHES.63% ~ FHG6.08% ~ #HH
4.13% (Table 1) -

Table 1. Abundances and relative abundances of invertebrates on Bischofia javanica and
Fraxinus griffithii in Danongdafu Forest Park, Hualien from April to July 2016

Abundance Relative abundance (%)

B. javanica E griffithii B. javanica E. griffithii
Stylommatophora 26 15 2.46 1.82
Araneida 306 215 28.92 26.12
Acariformes 0 9 0.00 1.09
Trombidiformes 1 0.09 0.00
Isopoda 15 1.42 0.00
Collembola 60 120 5.67 14.58
Ephemeroptera 0 1 0.00 0.12
Dermaptera 27 0 2.55 0.00
Orthoptera 7 1 0.66 0.12
Mantodea 4 0.09 0.49
Blattodea 0 1 0.00 0.12
Psocoptera 47 23 4.44 2.79
Hemiptera 82 50 7.75 6.08
Coleoptera 25 34 2.36 4.13
Neuroptera 0 15 0.00 1.82
Hymenoptera 204 166 19.28 20.17
Lepidoptera 111 71 10.49 8.63
Diptera 146 98 13.80 11.91
Total 1058 823

TEO R B A rp » e Fe E 28 e i 2 1f
HH B B S HE B Y RS AR (I X -
FIRE 18268 ~ EEEHL 18448 © SRMgif - HEfilT3
£ HEBAHS0E) - HAZLHEE - Wit TE T Ea A
B S KA IR (Wilcoxon signed rank
sum test: p < 0.05, n = 8) (Fig. 1) ©

R EENBEREET  EWEmEE
B 0 5 AE B R B R M H BRI R H
1 [ 0, 78 1 7l 26 B SRR B B H S
BRI R A A R ik Y S R A T L L
B PE R o At 52 5 A JE R U2 TR S
bk~ HEH - H38H > EROEERELL =8

B bEE PN EEEE SR REERE
o BhAh - B A B R R AR R X
Bt Rlm H B o [ 60 L 9 R
1) 5 5§ 4K (Table 2) -

fite 32 I ) e A [T 0 FE A b+ 4 B
B RN (Fig. 2a)BORIE M (Fig. 2b)8 @2
= (Wilcoxon signed rank sum test: p < 0.05,
n = 8) > [EIHET B %) B I A 1 = B A ]
FHIL » ERMEZL T50% - L% 734% > i
T ] L A L A T L o L e e
Bl St AE o (5 R 70 1T o B B Y L B AR
& R8I LS 8RR A R (Wilcoxon
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300
—=a—B. javanica Control
250 - ,'\\ — 4 — B. javanica Experiment
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L,/ \ —e— [ griffithii Control
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, \ - T .
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SII 61 611 6111 71

Fig. 1. Fluctuations of abundances of invertebrates on Bischofia javanica (A) and
Fraxinus griffithii (®) in control treatment (=) and experiment treatment (---) in
Danongdafu Forest Park, Hualien from April to July 2016. PRE indicates sampling
before the experiment. I, II, and III represent the time sequence of sampling from April

to July.

signed rank sum test: fiZp = 0.336, iRy =
0.157, n =8) (Fig. 2) -

TEVIIR BT E 53 » A AEA X (Fig. 3a)8i2
JEEER (Fig. 3b) B BRAH A HE Ik B S B =
PEHI#H(Wilcoxon signed rank sum test: p < 0.05,
n = 8) o FEHIMIERATHE S & - A0 RO E
B o3 I LA IR 2 7198 % 52231 % = T JEAS
ek ZEAnph kRl - EERAEAE IR AR
I & (Wilcoxon signed rank sum test: p = 0.05,
n=38) FEMXENEEAMATHRSSE - H
B 22 00 R 33 BE 3% 72 L (Wilcoxon signed rank
sum test: p = 0.237, n = 8) - FEFHH - JEHE
AT 7 730 2 e OV g e 1 B o L 20 31 B P i L
% 1733%K55% °

T RO & SHH B E AV R E i
FHELPERIA R & A2 2 (B %« EERAA25.5 em®
vs. PEHIRH23.1 cm®, Wilcoxon signed rank sum
test: p = 0.578 , n = 7 ; JIEE © HERHHA.7 cm’
vs. PEf4H4.4 cm®, Wilcoxon signed rank sum
test: p=0.688, n=7) °

&Y

AT S o 38 5 1 2 B OIG ER A 3 A S A AE B
SR MXEAERESNEYEE - HEHR
Y& L OB - @R E B - ELL
AR~ RO H A EE A E R EAESX
QIR 2 1 5 H Sk - TGS DU R H Y
SRR o R ER I HE BV 0 A0 5 R B IR B E
A R A 3 H A H (4 &) Y B (van
Bael and Brawn 2005, Barber and Wouk 2012,
Morrison and Lindell 2012) - AKfF5e# 5 H %
Fopl a8 fe - LGB H4. 13RS -
TEAMIZHE2.36 009 B4 H A - A ] RETE AT
Fof B PR Y ol e B AR S P 9 S - (KT TS
EREERAHAEES R - WL TR R E K
R NHYEE -

G BB AR R B E Y&
A A ME B P I R g 4% L B 2 B
EEMAN  FEEENER  TREEHE
BUBOLBE AT - EEE T REHTFHEEY
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Table 2. The influence of an exclosure on the abundances of the invertebrates on
Bischofia javanica and Fraxinus griffithii in Danongdafu Forest Park, Hualien from April
to July 2016. A plus (+) indicates a significantly higher abundance of the invertebrates

on the trees with exclosures. A minus (-) indicates a significantly lower abundance of the

invertebrates on the trees with exclosures

B. javanica E griffithii

Stylommatophora

Araneida Web-building spiders

Non-web-building spiders

Acariformes
Trombidiformes
Isopoda
Collembola
Ephemeroptera
Dermaptera
Orthoptera
Mantodea
Blattodea
Psocoptera
Hemiptera
Coleoptera
Neuroptera
Hymenoptera
Lepidoptera Larva & pupa
Adult

Diptera

HATIH 6 E S =AY EH - Maas et al.
(2013)F R E A S B REWS BV (EY) e = - Bl
KHEBAHEFBMNIER - A REERHE
RSB AR - EI37TERM R
RAELITEEHE  Hh ek AR ERH
8 UIRKEE ~ /NEE(Dicrurus aeneus) ~ K
B RLWEIRYE - BALEESS - HMUHEERE MR
A i o BfERAEE B RC BB RATIR Y -
BEEEHH R REEHEEY T  WIREERE
W572% » Hor USRS H Rl S 4k By e K Ay
56% » KRB H511% (Koh, unpublished
data) - W DA RE P S AR S Y SR AT RESHH R
T B ek NS H 4h &k FHEIHEIER -

A B 5 [ A st i 1 B BIE F R L RS 1 R
BRI - W LARG IR AT B R E AT
HE Bl 47 01 i W A0 (1 R AR S S D 6 T B

Yy o+ IR b A A A b i P A RO 4R R TR
HHETHEEHY  EEROERITEEY -
KEKE P EENRE - A8 K
KRUE (Eptesicus horikawai kishida) ~ 8 11IH
(Nyctalus plancyi velutinus) ~ Wi 4 A0
(Miniopterus fuliginosus) ~ B 5q i Bt B2 W5
(Tadarida insignis) ~ g & (Pipistrellus sp.)¥w
i B B W R (Myortis sp.) i i <5 67 (Wu and
Fang 2012) » KZHLEELE - RIERE
52 AR SRR P i B 0 SR [ A,
A/ DU BB A FRMRIE P9 5B fE S
HHEERY B R (Neuweiler et al. 1983) » {H [t
W B N B - BERTRE B A M E MR OR &
HITER » AR FERE FIR IR 2 R 1 & IR
AR LA RS s 2 -
TEARTHE TR TS - kR E 22 B R
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R B PR < — (Klein et al. 2002, Maas Sl RER R H IR R o R iE B2 = - JRAS
et al. 2013) - fEARFFEH - WIkk H IV E IR ek pry S5 R AE G MR LB N - A pE R
Beim o AEREEMEZ T - NEREUERR - TR LR S o HALRT TS H ik E =
0255 0 0 A 6 o i JE T TR - SR B 40 S E S SR IE A (E I M (van Bael et al.
Al T Y [ B R 2 R RS R ek Y 2008, Mooney et al. 2010) Wl #7 £ DA

a 25 ~

20

15 -

10

Abundance

I I

Control Experiment Control ‘ Experiment [

Larva & Pupa Adult

Abundance

0 - l

Control Experiment Control ‘ Experiment

Larva & Pupa Adult

Fig. 2. Abundances of Lepidoptera of different stages in control and experimental
treatments on (a) Bischofia javanica and (b) Fraxinus griffithii in Danongdafu Forest Park,
Hualien from April to July 2016.
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DEBEMA ISR - EmRERIKEY T2
fJ#8E (van Bael and Brawn 2005, Sanders and
van Veen 2011) - S uimiE B B RAEH R B &
T AR AR S (L L TR Ry (R R 61 T 7
B QAT ke 1T 1 9 e A S R A ik O 9K 2 A

a 60

50

40

30

Abundance

20

10

51

(Maas et al. 2016) » TR B sk 52 Rl B 4 UK
DI B B i (Martin et al. 2013) -
RYHEFEHREEHER VN EE
73 TRURy v Jig 1 7 B 3 A0 A e 17 R ARG ) 250
(mesopredator release) (Prugh et al. 2009) » #&

0
Control \

Web-building spiders

I

30

Abundance

10

Experiment

Control \ Experiment

Non-web-building spiders

0
Control \

Web-building spiders

Experiment

Control \ Experiment

Non-web-building spiders

Fig. 3. Abundances of web-building spiders and non-web-building spiders in control and
experimental treatments on (a) Bischofia javanica and (b) Fraxinus griffithii in Danongdafu

Forest Park, Hualien from April to July 2016.
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kRS S BRIRE E R BT E
M BEJR A2 —(Williams-Guillén et al. 2008,
Maas et al. 2013) » {H ;5 BE & 72 AN f 9% M3
ETSIEE o KBk 3E B AT 92 [ 0 T e v B 22 31
FELHSE - HH 2R T ARV A 72 FRAY ARG SR T RE AR -
Ef NWETRLEARS - —HEHY
TR v 225 B S - [R5 2 48 5 e B R HE 5 1T
TRIRE o LB S E LR A8 o BRI
FR T RE R LR AR A » BREER AR SR BE RIME R C F &
ANURFF R FEERER  MEREEX
YR [R] 09 BEZE A ZX {4 B (van Bael and Brawn
2005) « Fi45 » AHEIR A Bmhis 2HERAE » AR
BERAUREARR » PTHE R IR B AN 5 95 0 Bl
FAERE] B B2 HE R B R B E R FE R
Ly - Rt B s g A i E R TR
JRER R BE Re BE Fr » R R R iR A T RE Y
I WA B I R B A -
FrElE R E BT LR
R AR E e » ISR H S
(Thaia subrufa) Fyfl » FEMPAZE R LRI K
EIRTANBAAG B - A s X E
EE R o K Ry f2 T - 1 AT R X R E AL
Z(Wen 2010) - FREFEISAY 0 H B a1 i 2 Bl
SEUEAETE Ry AR B RE - [BIMEAY 2L ER I R BB
I S Al o FEEE B AR W R A s o
EHEAFENWEEFHENEL  E¥EE
EHEIRIGIN - B8 RAYF A N H ARSI Ry 15
£ FNHEREHHEREENGEE L EE
SUZBRE o 124~ SHOLEER ERYHEH AR S
B R BBt B T I B A
b T rAETEEE FREER  SZEH
e BRI R R E I — R R F
B BEAAEEIGICER » M HIRTE -
B PR AE LU 25 5 e 3% I B i 55 (Nair
2001) » SEHOEMAYEITEA R - S F &Y
IR NE Z R MR SR R - & & E
B AHE B 1 Bk % AR R s B AL S ER T
RE Ry il MAT SRl R HH K » BR T AM AR E 2R
AN o S MR 22 SROTH L IR B e TR
WS R AIEZE M - KA TSR s B

FrETEA A RE RIS - FERF BITHDS 22 F
RS - AR RBEURFHEREFHR
5 ] U] 5 V8 SV it 3 S A e A0 2 B
R RS E dha o BN TEPEM
B H e FRORBA - TR R E EREIR it
—ERE RO - DRI A S 2 L
MR S AN TS — 3 > 5]k
[ i B AN R AR - Al
He sk R BT HE B ) < BN R 4% - 0 [E0 A
Ptk Z ARG RIRFB AR MM K - H ¥
A TS IR &S -

AT e be S B RIE C BB RFR L
N R A - B A B 2 B M AC A
BERNHRZERNZE - FIA EEREEHER
RBEMFEL R R - #f R0 ROt SR
EME% - TN EEEEE SR
MRS F 1 2 8 H ) s S B B Y
AR BUREitaeE MR R AIGER R
ERMIPER o BRIR 8 7R K [ i B s - D
DKIBR T 7 ek 2 5 A PRG-I 2R R
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