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Effects of recreational activities on bird-mediated seed dispersal in tourism areas
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Abstract; Birds play a key role in seedidispersal of plants. To investigate influences of tourism activities on bird-mediated
seed dispersal, we conducted a comparison study by selecting Phellodendron amurense Rupr. individuals for observation at a
recreation site and non-recreation site at the Khanka Lake Nature Reserve. The results showed that bird-feeding behaviors
were significantly altered at the recreation site during rush hours with intensive visitation. Bird species richness, feeding
frequency, feeding time, and predation numbers all markedly decreased. It was found that recreational disturbances were
the fundamental factors leading to the changes in bird feeding behaviors. Changes in feeding behaviors of birds reduced
opportunities,for seed dispersal, further resulting in the reduction of recruits and shorter distances of dispersal. In addition,
seedlings were mostly established inside the landscape at the recreation site, which was linked to changes in the paths birds
flew caused by 'recreational disturbances. The results suggested that recreational activities could cause ripple effects on

plants through disturbing animal-plant relationships.
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S EUE B AERE T BN T I A R R, R BB A A R B Sl L2
EXHPRIRE A G8E ZREE FRE L L AR Y 2R R S Y TR RO A R SR
JT AN VEAE A 23 ISR, Xob AR ARNAHE T 2 R4 1 R i RO 7 2 T

VRN — b B B A AL R AT, 15 A — SEAR W) b 1 (9 1 I B A0 | 4 i ik skl o < v 473 0 A L B4 £
@7 B, S RO X AR A R FE e BT RN R, 5 e ORI RS R Y B B R A R
BB SRR T 23 AT R R B D PR O F e A MRl 1 W7 A R A B s

SR BRI 22 IS K B, NI S AN A Bt AR R iR T 45 L VP 2 WL 20 T PP
PRAL AR T SUL A0 A 25300 L, BELAS 1 S5 2R A R RUBE 25 18] Lz 3l , IR 1 BT T S LE A 1~ B B 9™
T TS A SR S0 B () A B A T O A T A I G R T Tk U, B AR
BR T S BB RE A X 47 ™ A O B B 8O0 2 A, NI Bl 7 2 aod U0 B B9 AT DA T X 284 Pl A i
SN ARX AR AR IR 2 Jead i T L A 57 XA I S 75 23— 2D R AR ) A R 2 1]
OISR ASHITFE RIS T i B, Ve S (0 B o oiR B8 N 2355 gl (90 i T DX %oF 1 )™ HIORh 1 52 i 1647 4
ST, AR T i NS Sl Rl 4 B0 il A 25 R A 52 W), 30 T 55 WAR 228 4 H PR ) iR i A\ 3
KAEHMAAEEE L,

1 SEWHE

L1 AR5 XA

SISV PEAE XL F IR IX (45901 —45°34°N, 131°58-133°07E ) )47, 2481 [ SR A9 X T
PRI TTAR XS P T AR B (BEXGPE T 120 km BF LTI 63 km) sl A 2854 km? , Herpk i1 1235 km? | 2 P
Ry L) E AR O DXl T b Al B 2w JU AT R A | BEAE R B ZR T 0T U S I T I A
H TR B, S VL IR ORI K S B A M, B B Y SRR 2R
1.2 AfRaAF

D4 Hb DX T T B 2 XU o ARG KT P80 T AR PR | R R A RN SR A
SR ZAL R WK D B D RIBR RGeS . PR 3°C 1 A Ed® , H¥-18°C  efifik-39°C ;7 A
frieih, A4 21°C  fe ik 36°C

UL X AR K i 654 mm, HBOKE DL 8 A %, F3 119.7 mm, 1 A/ S HA 5.4
mm, PR AT VIR, B2 P, AP X 4.0 m/s SRR IR EL 38 d, ToRei 147
d, WK EARD 160 d,
1.3 PP sha Lol

MPTERR AR AR T A AL, JEECRT ST, PR XN R AR 691 B oA 65 %
LA ( Pinus takahasii Nakai) Bk ( Juglans mandshurica Maxim.) 7K {80 ( Fraxinus mandschurica Rupr.) |
T 5E ( Phellodendron amurense Rupr. ) VER (Tilia amurensis Rupr. ) R ( Glycine soja Sieb. Et Zucc.) ZEEK
R SCREY) 10 Fr, XNEHESIY 363 M, b ERZ AR 3hW) 5 B, B2 2 Fh, 826 69 Flr, PIRGE
7 FROICTTE 8 B, £425 40 F UG IRIK( Vulpes vulpes) 45 ( Lepus timidus) =5 ( Cervus elaphus) 55, 242
AL 237 Ff & KA S R EEIE , HAP A PFES (Grus japonensis) (A5 FEY ( Ciconia boyciana ) 55
E R R 526 9 i B E R/ 526 41 Fh,
1.4 SEEIX s

R )RR S AN T 5 AR B 2 2R B R R B A A R R L I BRA
B8 22 5 T RE S AR AR RE N, A S0 A [ — S Y 50U b R 0 L DCORT A i il X EA TR IR 2, PSS B X R g 2
2.2 km, o SRR IXAFAE R TG 3, H IR 2 1000—2000 NZe47; AR R X o AR 3 T4

SN M p5 16 B AARGR B0 i | 7 ) — 20, B < 15°, BT A EEA 115 (Populus davidiana Dode) |
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FEFH (Pinus sylvestris var. mongolica) F54 ( Ulmus davidiana var. japonica) SEME( Betula dahurica Pall.) Z55&
W ( Acer ginnala Maxim.) 55 ; JEAR F A 4 NI 2% ( Rhamnus diamantiaca Nakai) /N ER 2% ( Rhamnus parvifolia
Bunge) Jil Tl ( Acanthopanax senticosus ( Rupr. Et Maxim.) Harms) J8A8 F. M ( Acanthopanax sessiliflorus) . 3%
( Euonymus alatus (‘Thunb.)Sieb.) J# %% ( Rosa acicularis Lindl.) %% 5T 5 ( Syringa reticulata var. amurensis)
&5 AW B B ( Xanthium sibiricum) fHIEHISE (Serratula coronata) FIWiAL ( Calystegia hederacea) Mg )L
B (Erodium stephanianum Willd.) | & ¥ 5 ( Geranium wilfordii ) . & F7 ( Polygonatum odoratum ) ., 3§ ¥ ( Rubia
cordifolia) AALTE 2~ U ( Taraxacum ohwianum ) MK ( Euphorbia lucorum ) 55, ¥ BE7E 1% X 38 & AR 3
A
1.5 WIFEA 4R

PEPETEBE ( Phellodendron amurense Rupr.) RS XF 52 ¥ BE W 24 vk & L7 63 5—6 A 1E/)h, B
PE MERE S AR SRR BRI W5 R, R FIRAZ R R TH A VR 5 Bl 52 DR Bl 2—5 kL, R I 9—10
Ao T 200 S R S Y1, REASAR 4 Hh S W 15 X0 b - (0 9 R i

H T 24BIL F AR DR IX R R B R S B0 B4R Y 9 A T iR s 1, 10 H W1 ih B i KAl , Bzt
B IFAR R Z e s i 301, PRI LT 2014 4E 9 10 HE 10 A 10 H AR R 20128 7% S (RS S00IAr ) 7e iz
DR R X A3 ) B4 3 ke BE BERE A T A A2 S0 . BRI Y 800—1200 m AN 55 4 MR RRARS Ji] il 0 H &
BERER . 6 BREFR A KOIRBE R AF i BEXITE 15—20 m, 25521 S R 22 =
1.6 SFHMULIN

BEFFOLET I I Bt nd , SR Celestron G2 BRI 5 (20 x50 A7) 2d A= RAEMEE 1 UK, BRI 6:00 5
18:00, BUEAEAE LA 2 h g — WL iz

M3 A rho) 5 SRR AT O B 5 X (R4 S A RD 2R R A B SRR RS | IR I ) BRI
) TIC SR R 5 TR SRR (Mg M G S S AT SR U] T R S A N A SR Y B A
( Turdus eunomus) \TFHAYEE T ( Sitta europaea). R+ AR 4E ( Carpodacus erythrinus ) 5538 & Ry 22 H [F) i
R ARMERT AT A AEA TS B 005, PR Lt SO — A Y B A T o A T BRI ) SR R R SR IEA AR B

9T R P S DX BE R SRR AN R AR 2SS, TN AT I e 4 H AR AR A BEATL R A Ao 0] 1 e
SRPEESE, TR 6 BREERIGAIBEHLR 4 20 SRS (R 120 ), 7 RKF RSB 3) 0.01) R diehn
OR35S AR B S AR TN SRS TR M

22 Y X 0 B S AR F i 0.63 g(N=60) , F 2 9.61 mm(N=60) ; Fl F-F34 & & 0.069 ¢/#
(N=60) ; 788 X 8 B SRS AR 0.65 g(N=60) , B4 9.63 mm(N=60) ,F 7 FHHEH 0.070 g/
(N=60) , MAEA 22 3K I (Two sample t-test) 25 F 7, AN SZ 50 M A9 SR S AR AME AR AE [T EBl i 25 5%
(i P>0.2; HiE P>03),
1.7 Sy TR K s Ta) o3 A A Jr o

L HRY BORRGE T RS 2 4F (2015 4F 5 1) #kA7 . J7vE S AR UL £ 2 B REAR iy v | G ] L S 4
200 mx200 m 1 DX, SR 5 X0 AR A AR SR B T IO S AR R TR B L R O A
1.8 FEAb ¥ 5465

K H] t-test FIGETTHET7 1 (Two sample i-test I paired i-test) K656 P> S 56 X & SRR AT M Y 22 Sk, (3%
PEAKEBEE R a=0.05; F1CEIEE I Origin 8.5 B4 R5E /Y,

2 HERAW

PIASSZEG X M0 S 5] 18 Al S B B BEFp A2, Hoh i X 15 A AU EIX 18 A (R 1) . HIEHS ( Turdus
pallidus) IR ( Turdus ruficollis) LI B 0% ( Tarsiger cyanurus ) TEWFFEIX AR DLIC 5% o 18 12 6 AN S2 56 XL
PP h 5w BE ARG 0 2 B, A ) S P 5 5 22 ] T J 3 22 5% (P>0.05) .
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F1 FRRMEEFBEXSRMEEEMENTAHLLE
Table 1 Compare of birds’ behaviors in feeding on fruits of Phellodendron amurense Rupr. between the recreation site and the non-

recreation site

WA/ (R wd™) R TE] /(s M) B/ (e R
- Feeding frequency Feeding time Feeding numbers
Species R e X I BRI R B[

Recreation Non-Recreation Recreation Non-Recreation Recreation Non-Recreation

site site site site site site
KA 8} Picidae
B A L P, canus 0.8 1.5 23.3+10.1 32.6£15.9 2.5+0.4 3.5£0.6
KIEK AL D. major 0.9 2.8 19.4+7.4 39.3+16.6 1.2+0.2 2.0+0.8
INBEK AR D. minor 0.6 2.2 20.6+9.8 36.4+15.1 0.9+0.2 1.1+0.5
K- 5B Bombycillidae
INKF-5 B. japonica 2.2 5.3 15.5+11.4 33.1+23.1 1.0£0.2 2.2+0.3
KV B. garrulus 2.6 4.9 16.3+15.6 35.2+21.8 1.1x0.3 2.5+0.2
#9%} Muscicapidae
BEAY T. naumanni 14.2 51.5 29.2+35.2 64.5£42.2 24%2.0 7.5%5.5
FHIEHS T. pallidus — 55 — 60.2+36.8 - 7.04.2
IREHG T. ruficollis — 0.4 — 58.6+38.9 — 5.243.4
KIS T. hortulorum 0.2 4.5 24.2+33.8 59.8+40.4 3.4+2.6 8.0+4.5
LR T, cyanurus — 0.08 — 33.5+22.6 — 6.6+3.8
3Bl Corvidae
KEHG C. cyana 1.0 2.2 32.6+22.8 55.2435.8 2.0+1.2 3.2+1.5
il P. pica 1.1 1.95 35.1424.6 49.6+38.6 1.9+1.0 2.2+1.1
&F} Sittidae
WA S. ewropaea 4.4 6.2 — — — —
R} Fringillidae
HEARAE C. erythrinus 5.0 5:2 — — — —
JbR%E C. roseus 6.8 5.5 — — — —
FHY E. schoeniclus 6.2 5.8 — — — —
¥ E. rustica 8.8 5.9 — — — —
HAE C. spinus 71 53 — — — —

WL B, 70 A I B BER S i 5 26 b AR R M 09 BeE . b BOKR SR RAL SRR 5
( Picus canus) /NEERA 55 Dendrocopos minor) . KIEEK A & ( Dendrocopos major) FIFAIEHY ( Pica pica) KB
% ( Cyanopica cyana) VLGSR BERS ( Turdus naumanni) | FARE S ( Turdus pallidus ) 75 £ 2 HCE R N ol 38 2R
S XFPERE T EOO R IO R AT B AT LU A S0 AR I BE S 0 T VR TR A B T 5
He e i s NS 8, L EA DR S BER TG 3 & . X S HAF & R B M —58, e
JUFP RIS ARSI ( Sitta europaea) EFFHIILAEE ( Carpodacus roseus ) 55 W& K S KT, HLEZK B R+,
S5 e G I Ll 1% 7 R S N A o (Wb R R E RS R SR | Y
21 EREETT NN

ERPEFT N BB, A DX 5 B BCR AT 0 (98 AW B 22 e (B 1) o I XRS5 Y
BB SR K A 2.7 J/k AR XY 6.9 H/uk, UiF 58 X H AR Ui 38 X AR 60.8% , BiA™ X 3l A7 75 .
EHEF(1=-2.91164,df=8,P<0.02) ; WERH X H 2 P-4 HUEL BF (] 24 (24.0+18.9) s k! AR TiF AR X o7 8
(45.729)s H7WRT B X L AR B X /D 47.5% (1= -9.02513 ,df=8,P<0.001) . WA a) s/ S 3 T
B B (0 R R 8 X 1S B U O P2 A (1.8+0.7) B H MR ARG LI P2 (4.25+2.2) K !
W I FHZE 57.6% , 25 S PERCR i 2 (1=-8.5868 ,df=8,P<0.001) ,
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Fig.1 Differences of birds’ feeding behaviors in total between the recreation site and the non-recreation site one day

SRy BeE AR i R A B G EOE ) RECE U H 2 5.7 HRARTFREIX 4.8 H/AK TiF
FH DXL 10 A I AR R IX 30 17% (1= 1.21801,df=5,P>0.2) ,

22 BRALSPEBE) Kb AR BAERETT Rt

NI 25 S R Ui b B RS AT A — R ORI B B A TR sl (181 2) . SARTFEE X AR
E,6:00—8:00 Hh B I D0 rp B P 4 B IRCES B () R OB it 1 T b 3 25 5 (MR M .1 = 3. 10835, df =
2,P>0.05; BUEHF[H) 1 ==2.02061,df=2,P>0.05; FUE$ i .1 = -2.89676,,df=2,P>0.05) , {HiZH} B liE i X
BUE S (Rl = WS TR X (H C B E 25 (1=0.86776,df=4,P>0.4) ,

8:00 J& , B 5 Vi N\ RN AC 38 S 3 fin (ks I 2 0 die g T35 1000 ) IR & R S R s R IRE
HRRE | B B T) AR R 50 T R B, G A v A it RS 3 e W I B, PR 22 R i 3K (P<0.001) . TE
8:00—16:00 WhEE, Jiff AL IX 5 AR FELIX P A 4 A L0 A8 S 4 7 2 25 7 (F & .1 = -4.18402,df =3, P<
0.03; BUE A .1 =-4.0138,df=3,P<0.03; BUE 1] .1 = -6.46519 ,df =3, P<0.01 ; BUE ¥ im 1 =-5.67537 ,df=3,
P<0.02) . A 16.00 LA J5 Bl 25 e A (000, e DX b S5 g b = B BBUCEE AR | BB e [) £ Bt 1 0 i
[T}, IR AR R XK (B 10=-0.77149 ,df=2,P>0.1; BUEJE :1=-0.91586,df =2, P>0.1 ; BUET I ] ;
1=-0.18545 ,df=2,P>0.09 ; BUE K :1=0.93455 ,df=2,P>0.1) ,

2.3 YR

X4 TR R A R TR B e T RS AR R R IX 3 AT AR o AR S A B T a1
26.7 ¥k, ARUFREIX 35.7 Bk, IR X FARTFRAIX /D 329 (1] 3,0=-3.42338 ,df=4,P<0.03) , im0 X 4 i i s B
BB EE - 24 O B4 40.8 m(N=380) (Il 3) , i by 6.1 m, 3icie Ry 91.76 m; IETFRA X - 2459 e
BN 423 m(N=111) (FE 3) , HAIEE R E AT 6.82 m, BiZ 97.29 m, Wi MFEHP BIEEAHZE 1.5 m
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Fig.2 Dynamics of frugivorous’ behaviors at the recreation site and the non-recreation site across one day
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Fig.4 Spatial distribution frequency of recruits of Phellodendron amurense Rupr. at the recreation site and the non-recreation site

TR SO S Y R L R X 5 AR —EL

WG R NG 30 T B0 W HR AT R & AR el AR ) 2 B R FE D L X i N 22 B R AFE AR % sl )
TREATI R B, X 4 SRR AT R T R, WA RS BT AT W B s e LS ARE IS s Al
KA S AR B b R v 0 v B A 5 1 (i A O Bk 2l TR AR )RR T IR TR U A
FHEGRERR 10 m YA, THIC MBI, . A7 S0 2 e i e AR v 22 0 5 O Y B A P s 1 e e )
A B Aptm BE S T4 A58 3 5 7 1 A e BRI AR BBl I AT A I BB A B D T IR
HREE A T HCER I a] b T R R R R, i HLARL T SO R0 A R R S R 5 A R B
PLPE T RERRAR 6T B 2 B T 1Y) B 2 0 PRI, BE B 0T () 1 B J T R PR % R M 29 BB 1 B BEPEAE
FHMIZET , T T F 79 B HIL 2 o bt A v 20 Eicdat 19 55 oy T A5 3l T 4078 1 R TRk RERRH (3 2022
PRAE KBS T IR DK X Rl T R B AL

TR X — KA [R) I B S R T O (181 2) 28 AR B R 0% 2l otk J2 -5 S5 O CE A5 o AT R AR G
PE. 8:00 FiFl 1600 /5 FRE DXAETCIE NS/ Bl NG S IUIE LT , S A7 o 5 AR X O J0 I 22 5
{B7E 8:00—16:00 ¥ A ey 043 e i DX rp 5 B BCRE AT g D e A 0 28k, X 4RI s T 4R it 1 B
AOUESE  H—> 2 A5 0 e IXAE W R ICIE TG 2 IS 00T, BUR 5 () 3= 5 B m i T AR i X
(B12) o PoA G0 S R AT A R SRy 7 DX PR e I A S B0 WA 2 () B L s M A e i =2 ik
IRBE (CAnG IR A ) B RAR AT R 5 A J0 R T 3 R 1) AR g BT A, A TR
BRI 5, e DX JBCRS B5 B SR P 3 BEAE A WL A0 0 R A Wl 2578 Ak 3 RT g 5 i TP B A ¢
BRIV E SR EE 1T B RIS B W A = 6 B R A 0 AL R B, (HLIHE VR v B = SCIRIEE | T A AR ) T AR
Hh G2 BRI LA IE

IS b & R AT N 52 B 7RIS SR AE LS K I, FE AR [R] 0 TH 25 A T AN [ 19 55 264
PRS0 S 07 B AN TR) A R0 A X6 452 /8 B9 25 A9 LAY BE 48 ( Turdus naumanni)) VL X K-SR K5
( Bombycilla garrulus ) %X N T HRBABUR, ©ATRMEER B B 00T o237 A B A I AT Ry, ThidA
RUECR B R S UNEAHY (Pica pica) KIEWA L ( Dendrocopos major ) %5 X5 NI 311 40 S AHXS #2555 , 7 157
N RN A h e LA SZ 50 A TR A Sl m e, T ATA 27 AR f i AT 4 B
R ] D SR AR, AEARS TN T4, X SR BRI 5 2 A X B 3l 4 M i B Ol R, JE AR 2 3 2 3R
KEFBE, BRI R B, e Ab, Ui B8 DX A — S /N Y B Qi Bl ) 3 38 T ( Sitta europaea ) | #E BFBY 18 R 48
( Carpodacus erythrinus) 1 FHE%( Emberiza rustica ) %5 )REERAXN L B EATEF T &5 R | i
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