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P B A LA I B 3% A A
R (M) HEE

GRS N

B2 B SR Bt 210037

FE: & (Cinnamomum camphora) J& Wi b X |7z 23 A 1 Sh i i Fl, RSt E 2 . K,
AR E B IR, 2018 4F 11 HE 2019 4E 2 H, 5B Safari 10 x 26 AN B, KA

HCRRRR . B, BUERT i), HCE e MR 7 USSR WHAUIRIA B0l SRk 48 d, Rkl
27 P 021 KB FRIRSE (FhF) 1TH, FE 2 FIECE R AR D) F1 3 Al =
CRRES, KERRARERH ). THAKRER, AESIERESL P WRERESFERE
ZE5t (1=3.096, df =26, P<0.01); ANFE TG GRS FRERRL (FT) KPR 2L P
W RE. PRI R A B ESFAEREEZR (P <0.00D). H%# (Pycnonotus sinensis).
%8 (Turdus mendarinus) F17K &&% (Cyanopica cyanus) #& 5 M IXEU L& BRI 3 Fig2k, BIF
FEHZEMHT (One-way ANOVA) K, FIRIX 3 FESRMNEHEAIENEEZER (F3 505 =25.219,
P<0.00D). #ZEEHAZEE, 11 AU SRMENEERE, | A0 SRMECERE. B E
% . SRMBERHE (EE. AKAMEK) SReiE R REEMK, Hh, AREREKRE
R 1 5 M) L DA P S T B W2, (R UG K S 1 2k SRS B U7 3. 7E 1 28 Bl RS B
AR T AL B & B 2 R BRI EEN SR T, HI A MR 5 ARS8 AR w] W vF
ZERYH, KW LIS EAGEIEALBIE .

REEE: ARSI e AT Eath Y
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Bird Feeding on the Fruits (Seeds) of Camphor Trees in Nanjing
Zhongshan Botanical Garden, China
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Abstract: The Camphor Tree (Cinnamomum camphora) is an evergreen broad-leaved tree species with
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abundant fruits and a long fruit period, which is widely distributed in subtropical areas. With Safari 10 x 26
zoom binoculars, the focus scanning method was adopted to observe the bird behavior of visiting Camphor
trees in Nanjing Zhongshan Botanical Garden, China, from November 2018 to February 2019. The
information of bird species, foraging substrates, foraging frequency, foraging time, foraging amount and
foraging methods were recorded. For the 48 effective days of observation, a total of 1 021 foraging behavior
of 27 species of birds were recorded with 2 foraging substrates (ground and tree) and 3 foraging methods
(swallow the fruits, pecking at pulp and seed predation) (Table 1). One-Sample T-test showed that there were
significant differences in foraging frequency among different bird species (t = 3.096, df = 26, P < 0.01). There
were significant differences in the average number of visits, average foraging frequency, average foraging
time and foraging amount between birds in different months (P < 0.001, Fig. 1). Light-vented Bulbul
(Pycnonotus sinensis), Chinese Blackbird (Turdus mendarinus) and Azure-winged Magpie (Cyanopica cyanus)
are the three types of birds with the most visit and foraging amount (Fig. 2). One-way ANOVA showed that
there were significant differences in foraging amount among the three species (F3 503 = 25.219, P < 0.001). In
terms of time, more species and quantity of birds visited in November in comparison with those in other
months, and the foraging frequency, time and amount on the fruits in January were the largest. The
morphological characteristics (body weight, body length and bill length) of birds were positively correlated
with the foraging amount of the fruits (Fig. 4). Effects of body weight and body length on the foraging amount
were more significant than that of the bill length, but bill length could affect the feeding methods significantly
(Fig. 3). Many seeds with clean surface and no pulp wrapped were found under the trees acting as roosting site
of birds. Many Camphor seedlings of can be seen in plantations and natural regeneration woodlands, which
indicates that birds may play a role in seed dispersal of Camphor trees.

Key words: Frugivorous birds; Camphor Tree, Cinnamomum camphora, Feeding behavior, Nanjing

Zhongshan Botanical Garden
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HIVRFAE AR 51 & RNV H ALk, X LURRAE
ML SRS AE (dispersal syndromes). 1&#%
CREMEREFE, RS/, Bith, #=HE, R
WRA, P 3 AT U R 2 () 55

(Chapman 1993, Tamboia et al. 1996, Link et al.

2004, Du etal. 2009). AEMFEFES, WL
K. WL SR, WIS R AL R 7
o WA RIS R BEAL TR R SL (Fh)
B A & N B A 5 7 S T3S SRR AE
(Tamboia et al. 1996, Link et al. 2004, Clobert
et al. 2009), KB T FHEY) 2 A1) HAE K &
(Herrera et al. 2002),

S ) T B e HLBEA AT
(AL 52 (Pijl 1970, Armesto et al. 1989,

Chapman 1993, Link et al. 2004, Silvia et al.
2008). FFEi L, 1517 F =% (Schleuning
et al. 2011), 2RI 2 HAR A i I h
Fe i SIS E S (Du et al. 2009,
Duan et al. 2013, 2014). /N SZHEAIBE 5 s
IR EEE R (5= v IV U S S A
T SR SR RAEAR/NR B B 5| A
kK, HEARBARKYEEY (Howe 19800, &
PN NI NS T B A NNV S S
(Hespenheide 1973).

E AR 5 H R ot SR A 4 1) b A8 7 #s 200
90%, RTTZIA 40% (Herrera et al. 2002). 1A}
(Lauraceae) YR LZ NI RIFTIER,
A5 R 5] B R RS R (Link et al. 2004,
%% 2017). &% (Cinnamomum camphora)
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SRR E, RRERET BN Z IR
Flo REKIL4 ~ 5ANH, RufiEs, 2R
WAL bR s, RN INERIE BT ERIE A
kR CCRREE 2006). AT LR 50 il
EYIE R EROAE AT S, BIE T (1D g
FRREL (P SMRA R, B
S LB EAS Rs (2) BREUEAT N S HIEASRE
AEfRIAE A

1 WMRETT%

WF A T/ B A e (310147 ~
32°37'N, 118°22' ~ 119°14'E). HE¥leliit g
RSN, L 186 hm®, HFIKE 9 30 ~
50 m, J& bR IR RS [X, AT 38
14.7°C, 1 AP 2.3 °C, 7 A FHEE
277 C, HFHREKE 1000.4 mm, FFKEE
EHE6~9 H, HEFERER 59.2%. LHE
#9237 d. HIERAI DL AR N 3, WNA
ANTBG S SR TR LR F K 5 2 Rt e,
FINHE AR BEA 100 hm? [ B ARG R4 (X 5 4%
G I ARMAB G 5 il — A, XL B 2R 5% 1
RS RN KR B BT TR0 T AT
FaE HZ R AT, RN & 242 fit
TEENEYRIEM RIS GRS
& 2018).

B R ARl (10 WA Pl o AR el B i A
WlaznsH, 8 AHMER, RN 11
A&EFF2H, REHEL. BER, HER
K VHHNGE, MG NERA. P
H DO SR S AR P RHE AT TR, SR
HEEN (0684 + 0.037) g« KEFN (11.08 +
0.45) mm. FE N (9.87+0.28) mm. JEF N
(9.62 + 0.59) mm, FFHIEREAN (0.253 +
0.012) g. KJEH (723 £0.18) mm. #/FEN
(7.76 £0.23) mm. JEEH (6.94+0.15) mm
(n=100) . Hd, KEANRKER, HEAN
H5KIEZHSE - KRER, EENSKE. %E
IEAZEAE (Lord 2010),

7E 2018 4F 11 H %2019 4 2 H WA x93k

BB AT AT MBIt 5% . B e g, FIT
ML) 4 FRERERE RN B . 8K B 6:30
~ 9:00 BRI 15:30 ~ 17:00 &) Safari

7] H AR S 2R IR AT AT IR, FEiE4d
SRR BB (M A D, B
U NSRRI BB FFCAN 1), Vil
I B OS5 2R SR B2 TR DD B & %L
B B0 fMEa il CERRSL. MERA
AECEMT), BEHEIFWER A L. W5
HUNM P IE R VR 2M T2 amiE, Irf
MUEHRIE RGBT H BT GBS 2017),

KH T A% (One-Sample T-test) X AN[A]
A A S AR () 1T
A PR RE TR I TR
HEIATRL: AR SR REGHT T
R8s K FH 5K 2R 7 22 43 BT (One-way ANOVA)
XF 3 PRI A HE AT SRR E
KA KR E SR
(285 T ARE 20000 A1 (HEERE) GRIE
B 2001), *F5285X 3 ifsbr5 B s ATAH
KANET Mo FTE BdE 0 A7 SPSS 22.0 E5E R,
ZE 5K EE A P<0.05,

2 R

2.1 BBHERREE (FF) KSHFRHER

WA 2018 4F 11 H #2019 42 H, &
THABONE 48 d, WxF3 H 13 BHY 27 Fi
WEFERRSE (P, Hrf, #IEH %K

25 %0, SIEASEEHASHE 1 Gk D.

C/ GO E= i TR N s v ) =
(Garrulax canorus) X 7EMLTH 5 £ LB
(SQreptopelia orientalis). LM #S (Urocissa
erythroryncha). K= (Cyanopicacyanus). K
%59 (Turdus hortulorum) 249 (T. mendarinus)
HRERS (G perspicillatus) F1EEATIERS (G
pectoralis) iX 7 FiiA B4 K 1) 2 8Bk o] WLAEM
EECE, AT WM Pl AR 19
Fhs) A FECE .
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MECE T EFH, Ak (Pycnonotus
sinensis). K 5 HY A0 0 R R A SR S SO IR
W, KiES (Dendrocitta formosae). #1114
(Periparus venustulus) 152 2 i 4 (Eophona
migratoria) EUEFIF, BELESEIRY (Zosterops
japonicus ) R ME K B 1 & ( Aegithalos
caudatus). Kili4E (Parus major) Al iRy
(Emberiza elegans) % ERK, H4LE 17 F Y
B R 7 R RS

#1

Fric sy 27 Fp 28, A% 4 Fi, 4351
R RS (Tarsiger cyanurus) « K159
BERY (T. eunomus) FATEMERY; iR 1 A5
KES (T cardis); HAx 22 Fig ¥ AM Y, Ha
AR M) 52K 81.5%.

MECE I (B4R A, 16 FSIAE 11 A
FBE 2 AWEIE, 4 FP9AE 12 HERE
2 AR, 6 FhS3AE 11 AHE, 1715
FANAE 12 Al (R D,

BAFERRE (FT) ISR MRER

Table 1 Bird species composition feeding on fruit (seed) of Camphor Tree

W iGEy Foraging _ fhE K F%m%& 2 By
Species HR ViE-N A W B (B Body Body length Bill length Resident
Substrate Method Month Frequency ~ Amount  “eight(g) (cm) (mm)
113 Sreptopelia orientalis T/G F 11~2 31 10.7 250.0 32.0 17.8 R
IRRLEGEA S Picus canus T F 11 1 2.0 133.5 27.0 35.0 R
k4% Pycnonotus sinensis T F/p 11~2 241 33 34.0 19.0 14.3 R
S5 45 1Y Hemnixos castanonotus T 12~2 29 3.0 39.0 21.0 17.8 R
ZLH S P. jocosus T 11~2 20 2.7 343 20.0 13.5 R
223645 % Surnia sericeus T 12 3 5.7 75.0 24.0 24.9 R
21585 Urocissa erythroryncha T/G F 11~2 32 4.1 176.8 68.0 34.5 R
JKE 4 Cyanopica cyanus T/G F/P  11~2 121 45 95.3 35.0 26.0 R
JRAES Dendrocitta formosae T S 11~2 46 2.8 97.5 38.0 30.8 R
5 Picapica T F 11~2 9 3.7 221.5 45.0 335 R
2T i 2% Tarsiger cyanurus T F 11~2 8 1.0 13.5 15.0 10.3 W
#5415 Copsychus saularis T F 11~2 6 22 40.5 20.0 17.8 R
K75 59 Turdus hortulorum T F 11~2 47 5.1 61.0 24.0 18.5 w
L JKFS T. cardis T F 12~2 11 3.7 69.8 21.0 19.8 P
155 T. mendarinus T/G F/P 11~2 240 2.7 96.5 29.0 235 R
BEAY T. eunomus T F 12~2 12 43 72.5 25.0 19.0 w
IS Garrulax perspicillatus T/G F 11~2 31 3.6 118.0 30.0 253 R
BT G. pectoralis T/G F 11~2 32 3.9 146.8 30.0 27.8 R
i J§ G. canorus G F 11 1 3.0 60.5 22.0 21.0 R
ZIBEA S Leiothrix lutea T F 12~2 6 1.7 22.5 15.5 12.8 R
I 545 IR 1% Zosterops japonicus T P 11~2 5 32 11.0 10.0 9.9 R
IR 111728 Aegithal os caudatus T P 11 4 1.5 8.0 16.0 9.9 R
WG 114 Periparus venustulus T S 11~2 31 1.6 113 10.0 9.8 R
K1l Parus major T P 11~2 44 2.0 14.3 14.0 9.8 R
JR4E Passer montanus T F 11 2 2.0 20.2 14.0 10.6 R
R i % Eophona migratoria T S 11 7 3.9 49.8 17.0 19.3 R
# I 3Y Emberiza elegans T P 11 1 1.0 16.7 15.0 9.9 w

BN T Wb Gostiin. BUedya: FOBRRSG

P KA RA; S WMEMT. EEE: R OBEY; W AHRY; PRY.

Foraging substrate: T. Tree; G. Ground. Foraging method: F. Swallow the fruit; P. Pecking at pulp; S. Seed predation. Resident: R. Resident

bird; W. Winter migratory birds; P. Migrant bird.
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2.2 S KEUR R R AR AL

ANTE] 3 A3 18] 5 A 007 ) P35 R, 13
E i B ) RSP 35 BB B B 3 AR AR R 3 2
(P<0.001) &R K1) 035 R B bE 5 %42
BRI S HCE A E B (AR
BRI A SRS, 1751 A3
KME, JEEEDES (B D.
2.3 AEFSEKEERE

il T BERWMEFRRL 1) 1TH
1021 K, AEFPE AR (B fIE
BURBGAELEEER (1=3.09, df=26, P<
0.01) (& 1. FKPY. SAFKE M IS
U= 539 7 B R R B 23.6% 23.5%
A 11.9% (B 2). ik 3 Fh SR EE )
MR EZER (Fis=25.219, P<0.001),
Ho, KEMrMERERK, N (45+£2.2)
Wk, HUONAKE (3.3 £ 1.6) Bk,
Rk, N (2.7+1.8) Pk, BER, 534
ZAERTR, Kbk Swirm R, s (28«

-
ne

NN
[FONN

EAHE (RAR)
Number of birds each time
o
[

2.1
2.0
11
28 c
- 26
X g ‘}
=& 24
Fogl
& <
& 22
20 | - | - P
11 12 1 2
43 Month

1.3) Rk, AR (2.7+1.8) Rk, HEX
PERSER AT, AR 1 82 HTERE
7, A5 ~6 HERMER, mEMNIE12~13
Hy Bsd, 2 (2.1 £ 1.1 HAak. fERE
Frekmta) b, KERRK, N (257 +12) s/
W, ARSIk, AN (244 £ 164) s/k,
R, A (19.3+£13.2) sk
24 WMEITRAESRHERERRR
ERERR R () (1) 27 Mg,
BE AT 3 A SRR . BE LR
W B 8 ) S D R AN —, (B R T AR 111
fE s N E RN 4 P REESRER Y, R
M R Ll | DKL 8 B RS (10 i DK 5 A A
TSI B AR s FooRk 20 Al SRR IE K3 KT
RERE SR SRR . MK 10 mm I, 528
PIHCE 77 R AR R . WK
FKHBER R, BIE KB K SRR F R E,
RERT AR T AR, Sk, R8I
=i (3D,

1201 b
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(=
o

i
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T
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Foragingfrequency
D
S

S
(=]
T

[N
(=)

11 12 1 2

g (BK)

Foraging amount
N W s
o b o o
[=N

N
n
T

11 12 1 2
H 43 Month

B1 ARAGERREHL

Fig. 1 Bird foraging patterns in different months

a. BRAFUCTFHTIF KL b SPEIEIREG o TR, PR R,

a. The average number of birds visited each time; b. The average foraging frequency; c. The average foraging time; d. The average foraging

amount.
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B %E Emberiza elegans
BiJ§ Garrulax canorus
IR AR Picus canus
WK4E Passer montanus

1 260, Sturnia sericeus
R 1148 degithalos caudatus
BEE GRS Zosterops japonicus
LIRS Leiothrix lutea
#8485 Copsychus saularis
M IEYELE Eohona migratoria
LI IE A Tarsiger cyanurus

1 B89 Pica pica

[ 1 %JK$Y Turduscardis
[ | B Turdus eunomus
[ | ZLE%% Pycnonotus jocosus

- HIE L4 Periparus venustulus
- B 5E %S Hemixos castanonotus

|| BESWRES Garrulax perspicillatus
[ | \UBENG Streptopelia orientalis

- PRLHNMERY Garrulax pectoralis
- LLYEWEHS Urocissa erythroryncha
- K4 Parus major

WIKES Dendrocitta formosae

KB Turdus hortulorum

#HM& Cinnamomum camphora
15, 25%h2 Bird species

KELS Cyanopica cyanus

558 Turdus merula

H k% Pycnonotus sinensis

IR Swallow the fruit WSS 15 £ 5P Pecking at pulp NN FUESFH T+ Seed predation

B2 RREREFEMRL FrF) REBREMNE
Fig.2 A foraging network between frugivorous birds and Camphor Tree seeds
F R HUE AL AN B U HES ], B, SR AL 23R P 2 (R0 R R AR 9 L
The ratio of the number of foraging frequency is arranged in order from small to large, wherein the thickness of the rectangle indicates the

intensity of the correspondence between the two.
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- 45 om BAF, U LM IS B8 (A1AK3% 68 em. 1
T . 8 O RBEYEUE K INTTER K (4D,
I P s
= 20 o 8
$ 15 o 3 TR YR E R R AR & —— X
g 10 o ° 1), FEAE—Fp RS 2 M SRR, RN —Ff
5 BRI ZRIRS EKRSE 2014). 53K
e h XIS R T2 K00 £ 0 5
Pecking at pulp Seed predation Swallow the fruit %ZI—U%?E’ ﬁﬂ%;jﬁ /J\féﬁé*ﬂ EE%%@,ﬁE%(Howe
B /73X Feeding methods

B3 HMEHTASE SRS

Fig. 3 The correlation between foraging pattern

and bill length of birds

A KBRS o0 B O Ak o HAhSE, BIBRER
LEIGL e RSy v E AN

A. Cyanopica cyanus; e. Turdus merula; 1. Pycnonotus sinensis;
O. Other birds, The darker the color of the black circle, the more

birds are represented by the same bill length.

PR H R, FREGENEE (r =
0.665, P<0.001). ¥ (r=0.629, P<0.001)
MR (r=0.561, P<0.05) SECEHEN
VREFEIEMHXKXR. HWELT 80 g i, B
EPERE R INECA R, RE ST 80 g AR
WA K . B2 A 5l S AR [0 18 K 1 3
K, WKBCNES . K7 SRR KETTE

1980, Sorensen 1981). ZI o F1 2 12 H 4R FL
B AR R B 52 1 2R Y SRS B8 (D et al.
2009, Duan etal. 2013, 2014), ZEF kit
Jo R E M, RIKX4ESANH, ECER
ZEVINAT NG R MR E G T, A
FERIE, BB, Rl TR E
ANFEFE . ER S REN T (EERE
20000, FEA R ML S EW TR, oA
LR N I R & 5 A B SRR M BER
IS TE] B, RS 11 H ek, LA
FHEHERRZ, AN FRMERHERN Y
KEMIE, Uik SRR ERS . [
N A 470 [l A K At PR BT SR A T AR
W4 # (llex chinensis). #j (I. cornuta) F1
WriLhi (Phoebe chekiangensis) &, 3&x%ffr
A2 Rk, NEENIRERD>. BE%
RIGFR, FoAdka Y R scdiskek b, g etk

12-a y=002x+1.829 12: b y=006x+1837 12 ¢ y=0203x—0.636
~% R2=0.46 ° ol R2=0.145 R =0.75 0
= 9l
K29 P<o0.001 gl P <0.001 P<0.05
Eégs 6 6
ze i I
£ 0f 8 o°
ﬂ%b:’)o og ] =% © o 4M 5l o O
1%@ ° o [J 25030 o° °
0 m. L L L L L L L 0 P S T TR T 1 1 ) 0 TR R S N N 1 1 )
0 30 60 90 120150 180210240 9 16 23 30 37 44 51 58 65 72 9 12 15 18 21 24 27 30 33 36

& K:Body length (cm) Bk Billlength (mm)
B4 REESYETERRERMHEIME

Fig. 4 Relationship between foraging quantity and morphological characteristics of birds

A% Body weight (g)

a. MESIAEMRR: b AKSEEKKR; o WEKEREEXR, REEERICPHREE,
a. Relation between bird weight and foraging amount; b. The relationship between body length and foraging amount of birds; c. The
relationship between the size of the bill length and foraging amount of birds. Among them, the foraging amount is the average single

foraging amount.
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EMBRZ, 52T ANHE 900 75 45 R BB i
PASRAS 08 I RE B 2 H H /oK. I BRIk R
IS5 T ) 5 R H R KBk /D, R AR I
MEBEZ K. 21 A, WYk )LF5A
bRy SRR G VY, R A A SR S
EAEORED, B REL IR AR Rk
T, 2 Hfr, ERRSLHFEILIL, BRI
TR, BEERLTERHEER.

FEMCEAMRIRSE (1) K5k, hiE
R SRR FEIE S, mEk. M
IRERS, WREREERE, =HHA%EREM
W SR P AR 7 50, A SR A A B,
GRS A ] Wb T . A B . AR
I REANE SR EHAK, Eahes
AHH R MA R, BREG. ZRYRIKE S
TE 2 1 5 A R b a5

BRI o] e 5 HE S RE (R E
R AIMEIE) A0, SRR 5 5 R R
TTRAEVIRR, REBERE| S0 Rk &
(Lord 2010, Simmons et al. 2018). &R &
TTREGREMFEEA R, BRI RS SR
PIB A TR KA, 250 R T,
9RO PEREEIE (Rey et al. 1997, Lord
201000 BEFARIL, 255 HE I /N T RS2
TR, SRARERE. WERNME
Ty = AR T 25 WK T SR S 6
BRUBEREM AR BRI, B
IR AT ) SR TR E L AR KSE E B R R PR
i) A RE DA SR A 77 AU, Wl Kb &
BKM RN R, W UM EsE R a Ty
O WS, RIS KEBH BT B S B
CHREFTE R EM 7. SRNESRES
HE & RAFEM KK R (Donoso et al.
2017, Lietal. 2018, Mohammed et al. 2018),
AR, DRRIESRESEE (RE., K
ORI ) 5 5 i B B ) &2 42 35 1EAH
RRFR, IBEFLESEBOR, SRR
2,

B RAERER RS, A ERCE R AR

e LA, A CEREWEENAE .
AT RGN ERCRBURE 5 5 R TE B
{5 BRI AT 7 T AR AT BA A B AR
. ERABENEFRRMT, FRNETTX
WSR3, Hrp i AR, PRt mT 4
My 128 22 DAt b~ i S S 48 14 75 2
i, XEZFESE (2001) 7EH LA b X
AR G5 SRIEA — 5. FEE A AR
H AR SR MR T L VE 2 A A, T A R T
N IR s, RUEREEY b+ 2
HE H AR T, K0 F i B AR 4R 1R -
HHALR IR AT, /& 5 A HAh shPns R sk Cif
T AT ARIE 1 7 B DA .
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