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EFFECTS OF FRUIT SIZE AND COLOR ON DIET

PREFERENCES OF FOUR FRUGIVOROUS BIRD SPECIES

IN LOW-ALTITUDES OF TAIWAN

Pei-Jung Lin" Ming-Hsung Chang® Fong-Chi Fu? Hsin-I Hsieh?
Wei-Jen Cheng® Tzung-Su Ding®*

(Received: May 4, 2018; Accepted: September 18, 2018 )

[Abstract] Frugivorous birds are important seed dispersers for plants. Most frugivorous birds
select fruits based on traits of fruits, among which fruit size and color are often considered the
most critical traits. In order to understand the diet preferences of frugivorous birds in Taiwan, we
examined food selection of Light-vented Bulbul (Pycnonotus sinensis formosae), Black Bulbul
(Hypsipetes leucocephalus nigerrimus), Taiwan Barbet (Psilopogon nuchalis), and Gray Treepie
(Dendrocitta formosae formosae), which are all common frugivors in low-altitudes of Taiwan.
Their diet preferences in size and color were tested by feeding 38 species of natural fruits, colored
doughs, and colored fruits of Bishopwood (Bischofia javanica). The results showed that birds
could only swallow fruits smaller than its gape width and peck fruits larger than its gape width.
Birds with greater gape width tended to select larger foods. The four frugivorous bird species
significantly preferred black doughs, red doughs, and brown fruits of Bishopwood. We concluded
that fruit size and color are important traits for diet preference of frugivorous birds and should
subsequently affect the composition of seed rain, and further influence the natural regeneration,

forest succession, and forest restoration in low-altitudes of Taiwan.

[Key words ] frugivorous animals, fruit preference, gape width, seed dispersal, diet selection.
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Fig. 1 Feeding methods of different sizes of natural fruits of Light-vented Bulbul (Pycnonotus

sinensis formosae), Black Bulbul (Hypsipetes leucocephalus nigerrimus), Taiwan Barbet

(Psilopogon nuchalis), and Gray Treepie (Dendrocitta formosae formosae). X means

swallowing and O indicates pecking. The horizontal lines denote the averaged gape width

of the species.
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Table 1 Priority index (mean = standard error) of Light-vented Bulbul (Pycnonotus sinensis formosae),
Black Bulbul (Hypsipetes leucocephalus nigerrimus), Taiwan Barbet (Psilopogon nuchalis),
and Gray Treepie (Dendrocitta formosae formosae) on three sizes of natural fruits, three sizes of
doughs, and five types of colored doughs. The superscript letters represent significant difference of
feeding weight between the different sizes of foods. Same letters indicate no significant difference
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Table 2 Feeding weight (g) (mean * standard error) of Light-vented Bulbul (Pycnonotus
sinensis formosae), Black Bulbul (Hypsipetes leucocephalus nigerrimus), Taiwan Barbet
(Psilopogon nuchalis), and Gray Treepie (Dendrocitta formosae formosae) on three sizes of
natural fruits, three sizes of doughs, and five types of colored doughs. The superscript letters
represent significant difference of feeding weight between the different sizes of foods. Same
letters indicate no significant difference

HEES LI B hes fBHEs
RIRFEHR T
KA (11-16 mm) 1.0040.14° 1.28+0.10° 1.79+0.13° 435+021°
&K (6-11 mm) 1.67+0.17° 2.76+0.10° 2.59+0.08° 2.92+0.11°
/N (1-6 mm) 1.93+0.13" 1.61+0.08" 1.90+0.12° 1.7540.13°
N T4 R~
KARE (12 mm) 0.00+0.00° 0.00+0.00° 0.12+0.11° 1.90+£0.11°
HIEHE (9 mm) 0.334+0.08° 0.524+0.08"° 0.70+0.10° 1.7340.06"
/N (S mm) 1.00£0.08° 1.16£0.09°¢ 1.64£0.09°¢ 0.42+0.08"
ATEEEERE
o 1.04+0.01° 1.20+0.05° 1.53+0.07° 1.4240.06°
RLE 1.18£0.05° 1.00£0.05" 1.16£0.06" 1.10£0.07°
i 0.68+0.05" 0.74+0.06° 1.014+0.09° 0.82+0.09°¢
i 0.60+0.06° 0.64+0.05¢ 0.55+0.08¢ 1.00%0.06"

boqe) 0.1340.03¢ 0.14£0.04¢ 0.23+0.06¢ 0.5440.04¢




HrIE R ELZS ] (Quarterly Journal of Chinese Forestry) 51(3):187—203 (2018)

BT 0 f SRS 2 R B 26 (n=30, Kruskal-
Wallis test, p < 0.05) ~ HER{IKF/Ety ~ 75 ~
ekt o KL HR S (n=40) 8L 11 (1 5 (n=30) 1 ¥t
! @W*Igﬁ%ﬁgﬁﬂa%ﬂ(ruskal Wallis test,
p <0.05) » HUKFPRAL ~ 18 ~ 7 ~ fkt o
Tfﬁ’fﬁTﬁ%E”mff@@*@gﬁ%ﬁﬁﬁﬂi%(nzwa
Kruskal-Wallis test, p < 0.05) » HKX{KFE
AL~ B~ 8~ ke
2. ffﬁ X REEA OB R (R

JESi (n=30) ~ AL R (n=40)8d 1
5 (n=30) & B & B L &R A R AR H
(Kruskal-Wallis test, p < 0.05) » HA S
RATE ik C i AR ET - (H e R 2R
BB R B 72 B (Kruskal-Wallis test, p
> 0.05) o BHERREE (B 0 &R B AR H
KB RAEE (n=50, Kruskal-Wallis test,

\Eﬁ

BrE AL

—195—

p < 0.05) » HREHk AR H (Kruskal-
Wallis test, p < 0.05) » 478 B SRk O R
AREWNE BB RARE?2) - A[FEH
SR B ) 13 S FR B R 72 FL(ANOVA,
d.f=1, F=581.35, p < 0.001) » SLE Rl #AEL &5
g B 2 5 (ANOVA, d.f=1, F=319.44, p
< 0.001) » EH iz B Bl 5L Rl 2B [ i
ZH9ALBIE A (ANOVA, d.f=1, F=126.28, p
<0.001) ([&?2) °

FIBE A (n=30) ~ FLIE 45 (n=40) B {5
i (n=50) %} 15 (Bl SR B et R AR &
HY N £ B i S R 55 (Kruskal-Wallis test, p
< 0.05) » {H = EH[EL A B 75 % (Kruskal-
Wallis test, p > 0.05) » HREkk Q2R E
(1E3) o Tt B8 th Rl AR B I R
MEW G WORARE G ORARE

[ R
m i 2 iE
mIdE

Bge RBWBE ABMwikéE RKPwéké

B2 BIES - AIERS - AERREERHRAENZEACRIENBTES -

Fig. 2  Priority index of Light-vented Bulbul (Pycnonotus sinensis formosae), Black Bulbul
(Hypsipetes leucocephalus nigerrimus), Taiwan Barbet (Psilopogon nuchalis), and Gray
Treepie (Dendrocitta formosae formosae) on four types of colored fruits of Bischofia

javanica.
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Fig. 3 Feeding weight of Light-vented Bulbul (Pycnonotus sinensis formosae), Black Bulbul
(Hypsipetes leucocephalus nigerrimus), Taiwan Barbet (Psilopogon nuchalis), and Gray

Treepie (Dendrocitta formosae formosae) on four types of colored fruits of Bischofia

Jjavanica.

BT HI2 G BE 2 72 52 (Kruskal-Wallis test, p >
0.05) (I&]3) - 4FH B i 5 Sk R PR &
FOHRE A B B I i (K (Kruskal-Wallis test,
p < 0.05) ([&3) - B 5 S EEHE IR Y
W EaE - £ RHEE A #E 2= (ANOVA,
d.f.=3, F=15.02, p < 0.001) » BA tt % F 4]
A §% 7% B (ANOVA, d.f.=1, F=675.17,
p < 0.001) » JRE Bl 2B G A B 72 52
(ANOVA, d.f=1, F=138.03, p <0.001) » BH(:
Jo P B B BT ol AL [ R 1 A AR
(ANOVA, d.f=1, F=66.21, p < 0.001)

IV~ A

(D) B R T B R F
HEHEMREERNNS - tRERE
BRI RT3 (Martin, 1985) o AHFFEHE
REUR - HIAS ~ AL RS 1 O R A AT
BN H BB E TR R E R - W RN
BT AR HE TR RE - g
PRI R 752K 38 B G RAT A g TR
(BRaR o (E R AR 7E B B/ NS FL I T RE Y
BOR AL > e AR T > & nEE
Bt AR TR A BRI (PR Exi B > 2009) © 5
HER MR ELE i - HoAh3fE A B F
R AES RS LI 5 MRS AR S A - A5G
RIS T BRI IE L v RE & SZ R - 1 A R
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HRESRIGETNRE - g UK
Fi R AEIEE IS AN 13 mmf R E - (LR
/R E e & D BRI R

YR EENE - REEM
77 A LR 75 2 5 R S A
Ao FTLL s BUINPIRE - ERL R LIRS B
EZL VTS SN U E SUS-ESPELE i)
flEam - (H2 > B RERAHER > RS
RATERIL TLRIFRS T - (& (AT Ry R
B SEAMRMIEEEE - Nk - RE
AU NREY) > BOTE AT RER B2 RAR SR LL
HRITAKBERE T B2 - HEEHE
= BT AR B T R OE R G TR
IR o BERBRANRRDH
R AT A7y R/ MR B - T & (R sk
ARG R R > ERE METH
GRIENET
(In) A ) R R (R

FERBRIRE » BT R/ H IS
(CISRANESIE - & R SR F s
B H @S HI R AF FP SR E > R AR
Wt 6 I A RIS RRCR . » R EE R
AR Pl o O SR B SRR AR o KRE
FiTRE PR ML RE & — ik L (Wheelwright,
1985) » IR R R BlE - [ERBATHA
WEt R - S EREERNRY - L
H R B (Martin, 1985) o §{E R 77 &
LA A > KL B B 0 SR A S TEI
PEgs R dr FP AR SR o BB e
LI 5 B 1 €0 S A o B RS A O SR BT
5 > & G il SR A RE S 7 A

B WITRARRE 8 - [HRE 8

RE WG 2 M FRE

M AEN TAGHE - a8 e iR B R
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HiE - HUES - AL BB R LGRS RS
mm )/ NEEKE o i R A 1 2 mm ) K A
Wl o N\ L RMRE e SR EE (0 - R B SRR B A
[F] > FEAS ~ LW RS Rk Lt B |/ Nl
M AN Sk L TR R - TRt TPk A 5
77 AN - {E R I B RO BRI T
R R BRI B AR Y = o
B BREPHEAS o BHESNBERRA
e fmAsr KA - Stanley et al. (2002)HIFAK
Na#bR B (Zosterops lateralis) (MkEEELS mm)
$14 mmEi2 mm 2fEEEA TREWNE
fRAr > B ZEHS ST A 1 A R S I 4o K
N TRE - S fs R AT - giA
FhgMs > LIS mm, 9 mm, 12 mm&E3fE A
(A IELASE Y S > AH I 7 52 1 RS Y Wk
T KRS pO B R R R
TR LS ©

B AR B AN E R ST B YIRY Z (R 2
B ERRRE BN AN E 25 E B -
i AL B E R AR RSTiR
/NI IR R A (3R 1 ~ 3R2) © Bl -
LI RS ST (S B NSRRI SR R 15
BN REEARRAEE AR EA
TR ) Ll e/ VRN 5 R R ER
Fr@EcfaBilaHE R HoRBEER
i R ASSR » {EL C00R EE s 2/
{885 5 F SRS BT ¥ AN RIS AR L R
& WEHEUES - RAREZIREHEE
PR > A —EBRR T - BT REEE K
s o (B2 MR - HE BT K
HEpot » @RS RE R B B 1E thdy
SERGEEE o A N TAREEA D ~ Eih -
FERAR TE—E BEE A LA
B hafs R XKL E 2B BN RE
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RETHIfRif 72 52 -

38 VYA S R S AN Rl B Y)Y o AR i A2
& o (R SEfREE R E R EARSIRIE
L BAERRRE G DA AR > HIHSES
P ISR IR R E B S e B = 2 g
(K1) > BHRE KRR R R ERN IR E
7o JEE S ERGER2) - BIIEER R
YR AR e a @b RS - 2
B SRSV EDE R R E S, - IR
BRI S R S - KRS
MR BV R S aRHEIN RN R ER -
ANIF7E1 56 Bl R e T 12 ) A LAk
T - SRR RGBT - TR C A F
N THRAER B M S s AR R —1% o (R AT
et R ER IR TR K o T
RARENESh > 15EEESRETISE
5 RREERAT I R EEEA S A1
ATREE RS @ LA B BCR B R T EH
— o ERES R R E R E R R
BEfyFE R -
() B eV IR RLF

Nem BB EREE » 4 EH R
BAEEEEO N T BRItz A
BE 5 AL (A LAl th A R IR 4T
TEEPOL » AR ERIBH (1% 5 B A EhL
(Willson, 1994) o Willson (1994)7F 2 & i/
Wrin(Alaska) R FE th 2 30 - SEPNATEE S
(Turdus migratorius){F85 B0 ~ §1 ~ kB
R B N TREGERE T » g EER
b HROABALE - (HRIE IR A=
FL o 352 K BT R T A e R AR B B
IV SR ARV R B

AR B B RS MR [RI B G\ TR -
AR HMEUI R R o 8= R EHE

VU S RN R RS R R KR B 2 (T

B - ROBEMRHREHEFRREAEOR
VIR fear - (BB GRAERIMH R R EEE
£ (Knight and Siegfried, 1983; Wheelwright
and Janson, 1985; Schaefer and Schaefer,
2007) » 1 HAEEF I B2 A 52 5 (Knight
and Siegfried, 1983; Galetti et al., 2003) » &
MR RORENNEENER - £4F
Barh - RS R (o BB o N A - 58 B
A2 BTSRRI ZE— B o

N E R E R ORE B - 5%
JelE e i R i > AR B R
R R E RS IWLT o Sanders and Owen-
Smith (1996)HIRFFEHT » JFHIE 73 £5 5 (8 1
[ B BAEE o SIS o A ol S0 5 1) SR B 2 DA
[FIEAE » F LAHIEWUERS (Turdus olivaceus)
WP S R - 5 SRS U S A M o o6 22
Fi¥ B L A o Sanders and Owen-Smith
(1996) FfF 5L e pliak 01 ~ iR 0 ~ HLEAER
AR RO S T o O 2 45 e A (R g 2
- o [ lt.Sanders and Owen-Smith (1996)
BB SRR R R LR RE
N - (HRRRBEHPREEH ORI R
by EZ GBI HBEMENZE - m
e e 52 15 PR A Y AR BB (L » FEAE B
4o PR AT Rl BB R B il 2 R i
ERFREEGNEE - #R WS -
B R EOR B R E - R AR R
HFEAWHEONRE - ALMRZRER
BEFRAIRTC T 20 » {H H AR o B 44 Mo
*K o BEEIFRE T o Willson (1994)
5 BFEE SF A B I L B (R A & F5 46
FIREEINAE o HAMF2 R 8 bR AR 72 E BRI
R o FERL T LURER S AT S REE ST LR
NIRRT -
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BAMRATEIN SRR % FRk iz
A AR E - AR e B R E
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b= =R ERRL o AR LR
EEEIRERE  SEUFAR R B D
ThErEl 7 s B i EIPIEAE - LIEGHE SR
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R RAS -

(V) JRE R T Bl {34k

Rl ) B SR KM AR R S M SRR 1 -
{H@ AR R R R (84 - (% I L
Py HA 75 2R (5% (Herrera, 1992;
Corlett, 1998) o 7F B[ (Oriental Region) »
ESGERE22 mmAY R E > FrREERE HAE 1Y
EREREAH 2R 5 EASHE30 mmiy R
B SRl R A R B R (Bucerotidae)
Je il o BN (Ducula) i) LU Rid B KA
RE > HRE Ry B R 2L AT I R
(Corlett, 1998) o S H AR ~ B
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- R NCOE-S: §o8 St C IR NV ST
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At 15-20 mm ) SR B A RS e 2 R
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o T HE W@ 25 F SR CORE 2 8 B o
(Macaca cyclopis) ~ FRIEVAK(Callosciurus
erythraeus) ~ H &, ,(Paguma larvata
taivana) ~ Z1HEF 54 (Sus scrofa taivanus) ~
NEE(Pteropus dasymallus formosus)=EIR 2L
Py o SR - B LR EEEE - bR T ARIE
PAR(th R B A iR &) » AR
K T AT S P [ 1 5 A e[
FORREHR - AT KR D BB AR R
7§ 2 2009) » 38 BT R R R B Y -
{84 - 2RIt R RR B - K
o~ BEAHE % > o AndaE Az (B
3% - 2018) - FREEES - RESRHERLSHE -
BREMEL D EBREHEE LY - M
{8 Y B R B R A R -
i U8 A T th T e 2 AU ) - R R B
#HAY% (Huang and Ding, 2017) » ¥} K IRFE#HT K
FRAREER 2L 52 B (Corlett, 2001) © {EIEHK
WIBULE » FEEZERE O - /Y K
TR [ (&4 H ALl i A KRR -
{HE KA 1) B AR EFE AT RE & 2R - 32
FIREPE(E R AR — DR B ERET
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Bith— MRATARC RARBEERRERBETIIEREREMR,
Appendix | List of natural fruit species used in this study and their fruit average diameters and
collecting locations

e 24 REEK PREE AN
IS Alocasia odora 5 mm ZALH I EYIE
5 s Rk Syzygium cumini 17 mm YN
MR %) Chionanthus retusus 10 mm YN
E M oz Phytolacca americana 8 mm FAHELL
BRI Rivina humilis 5 mm ZALHi EYIE
EaTY Melia azedarach 10 mm EIN
I Bischofia jabanica 8 mm N
BREREG llex pubescens 5 mm G 2
&AL llex asprella 7 mm SENPE
il 47 Lobelia nummularia 10 mm afiE 2
FE At Cinnamomum camphora 9 mm NG
o L P29 Cinnamomum kotoense 12 mm HEFIENE
EHiH Solanum pseudocapsicum 13 mm BRI
WEFS TR Solanum diphyllum 7 mm ERE ~ AL HYE
BESE Solanum nigrum 7 mm 2T ~ FRR K E
T RES Lycianthes biflora 11 mm 24t EE
KRR AR Eurya chinensis 4.5 mm FIEVUER K
2R E Viburnum luzonicum 5 mm FEESdEE:S )
ik Viburnum odoratissimum 6 mm PR EEEE
EE Sambucus chinensis 3 mm ms s 24K ~ 2 AE
FATAE Callicarpa formosana 3 mm ZAUTHEINL ~ Z2KRFIR
A Ampelopsis brevipedunculata 7 mm ZICHEML ~ AR
LAl Ampelopsis cantoniensis 5 mm ZACTEML ~ Z AR
JNEE R Carmona retusa 2.5 mm 2R IENE
WA 1 Cordia dichotoma 12 mm FAHAE 20
W B Ehretia dicksonii 16 mm SRS
[LAAE Eriobotrya deflexa 18 mm ZAhi EYIE
B KOfIR Pyracantha koidzumii 5 mm YN
11125 Jiif Trema orientalis 3 mm 2T EIE
N Celtis sinensis 5 mm 2RIE ~ (IS
HAPER Ficus erecta 13 mm e
1EFA Ficus microcarpa 5 mm 2T EIE
H A Ficus benjamina 8 mm B ~ ZAtmizEE
=8 Ficus virgata 8 mm e S A LI
EVE Ficus superba 15 mm L EE
TR Ficus septica 5 mm 2tz
BERE Ardisia squamulosa 8 mm 2T EYIRE
EIEe4 Ardisia cornudentata 6.5 mm FA RS 4T




