YL 2018, 42 (2): 185-194 DOI: 10.17521/cjpe.2017.0118
Chinese Journal of Plant Ecology http://www.plant-ecology.com

b X 15 ERHEM M T R FH UL EER Y
M) oz

IR ERE HRZE B
BT RS PRH B, BT 832003

& F AR IbEE X G RHE R 4R A TE R R R, SRR T AR X R AR F R WL SR RME R B
FllE R, . ERRE, FR AR RRIRIE S R, RIS, PSR PR E 6. 12, 24,
36+ 48FN72 hiftAT, WP FE 40 EHAE /S MR . Fh 7R 40 FVE A0 18 PY 13 i B i I] LA B v A0 1 F R S F 7
B RAT AN, FERTA T Bl 7K/ S AR F Bt S Yo B B TR RN Rl 7 [ G2 o &5 R R - 1 SFE R i &= 7E 1.50-37.68
mg 2 [, FEARFEHAE0.001-0.12:2 8], #94 rh 25 s K KA (I ER (BN TR T Fh 74040 26 K& 5 W HER Eh A 75 & v i 2
Y= 0.02 + 0.74¢ 03X 20600417 bl il e 1 4 b 7R SR AT R 612436 hINF TRV BE P b T Il 3 K )2 P HEE(Glyeyrrhiza
glabra)(39.25%), /MR E AR (Melilotus officinalis)(4.28%); T34 B I 1A K IR AR (37.19 h), BRI ZHEHE
(Oxytropis sinkiangensis)(22.33 h); Ff 7 [FIC 5 R K /NI ARTE B2 17 43 B B AA 75 & TR U0Y = 6.45 + 2.05X — 0.04XF1Y =
2.59 + 36.97¢ M7 R B ok RABL; PRI 1) S5 RN AR TR B 1 BB R A TR ANY = 12.48 + 37.44e PORTY =
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Effect of sheep digestive tract on the recovery and germination of seeds of fifteen leguminous
plantsin the northern Xinjiang region, China

WANG Shu-Lin, LU Wei-Hua“, CHEN Yi-Shi, and JING Peng-Cheng
College of Animal Science and Technology, Shihezi University, Shihez, Xinjiang 832003, China

Abstract

Aims The objective of this study was to learn the effect of sheep digestive tract on the recovery and germination
of seeds of fifteen leguminous plants in the northern Xinjiang region.

Methods The seeds were collected from fifteen leguminous species which were widely distributed in the natural
mowing pasture of the northern Xinjiang region. After determining their morphological characteristics (seed
length, width, thickness, single seed mass, and seed shape index), seeds were fed to sheep. Faeces collection was
carried out at 6, 12, 24, 36, 48 and 72 h after seeds were eaten by sheep. Seed recovery percentage (SRP), mean
retention time (MRT) and seed germinability before and after ingested were determined, and the relationships be-
tween seed size, seed shape index and SRP, MRT after ingested were also studied.

Important findings Seed mass ranged from 1.50 to 37.68 mg, and seed shape index between 0.001 and 0.12,
which indicated the seeds are all medium or large type sphericity (round) seeds. Seed excretion dynamic followed
a Gaussian model: Y = 0.02 + 0.74¢ (X~ 2960840 (@2 — 0 62 p < 0.01), and excretion peak appeared 24-36 h
after digestion. Seed recovery rate was ranged from 39.25% (Glycyrrhiza glabra) to 4.28% (Mélilotus officinalis).
The MRT ranged from 37.19 h (Mélilotus officinalis) to 22.33 h (Oxytropis sinkiangensis). The relationship
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between SRP and seed size is expressed as the equation Y = 6.45 + 2.05X — 0.04X* (R = 0.41, p < 0.05). The rela-
tionship between seed SRP and seed shape index is expressed as the equation Y = 2.59 + 36.97¢ 247X (R2 =0.37,p
< 0.05). The relationship between MRT and seed size is expressed as the equation Y = 12.48 + 37.44¢ " (R? =
0.37, p < 0.05). The relationship between MRT and seed shape index is expressed as the equation Y = 3.93 +
2055.33X — 21757.99X* (R® = 0.42, p < 0.05). The results suggested that leguminous seeds in larger, or smaller, or
irregular shape were more easily digested and excreted by sheep. After digested by sheep gut, germination per-
centages of recovered seeds of Caragana pleiophylla (35.17%) was significantly decreased (p < 0.05) compared
with that of seeds before ingested (96.22%). Similarly, seed germination percentages of Trifolium lupinaster and
Astragalus alopecurus seeds were decreased than those of no ingested seeds (not significantly, p > 0.05), but the
germination percentages of other twelve kinds seeds were significantly increased (p < 0.05).

Key words seed endozoochore dispersal; northern Xinjiang region; leguminous plant; seed mass; shape index;
retention time; seed recovery percentage

Wang SL, Lu WH, Chen YS, Jing PC (2018). Effect of sheep digestive tract on the recovery and germination of seeds of fifteen le-
guminous plants in the northern Xinjiang region, China. Chinese Journal of Plant Ecology, 42, 185-194. DOIL: 10.17521/cjpe.2017.0118
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DX 8 B 2 B R (T 4255, 2014) . SRHE
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APRHEERETT X EZ R ER, Bk A TR HE
Ykt AV R, JCHAE M TR AAIE . 154k
77 2 RAT J958 77 T — B P AR R e ) 4
R

7 yH L IE £ (seed endozoochore dispersal)f&
TR T EECR) R ', i ESEH]
PUG, R S 2 B AR AR A AT S B 38 A B
% (Oudtshoorn & Rooyen, 1998), Z¥)% ¥ F-F
FRO Y A T A i b SIE T G2 P A e 1) B 7 5
FF i Ta R 2B I AR I e AR
) LR REERLRS, — J7 O AT $h 5 S
B AR B T RIS, 5
— 7 TR KR IG 7 A ROE b S5O0 2 R
(Heidrun & Oliver, 2008). H #io<T H & sh5t 1)
T AL EAE SRR BT TT, P R sh PR R A 5
(Willms et al., 1995). %= (Ramos et al., 2006). 1113
(Mancilla-Leyton et al., 2012). (Miloti¢ & Hoff-
mann, 2016)F1'(Couvreur €t al., 2005)55 A K & -
A SRR FE R (Jaroszewicz, 2013). HLJi
(Myers et al., 2004) 173 (Brochet et al., 2010)%%
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WAEE R GR35 7 DL AETE A TE P
B I 8] 2 6] ) 5% 2 (Blackshaw & Rode, 1991), HEi
JE R85 R BT T A 40 1 AR AR B A T Ab
A o AR B B B () 520 (Plumptre, 2003), FFH.
BT Bt A A PR EY SR
# 2 8] & A5 A7 75 Py [F) 3 4k (D’Hondt & Hoffmann,
2011).

Janzen (1984)iHid X} B & ZN W) RHEFh -1 1 VH
W TEAE AT B TR T 2 44 < XUF Rt (foliage
is the fruit hypothesis)” . iZ R Ui A NP FZE
HEEFRBEERNEEINMEYIRIE, —FHED
Y BHRX R ES AR RAREREE R
IR B )R 6 51 5 R S R Y, X PSR Es YN
TAEF T BN R B S B TR AT I A 22 ) B
%t (Janzen, 1984). RIRFHIH ERMEY) 2 yEA
(A2, 2008), HAM7SEMBM . AT &
AR AN B FBER R, XN T RHEY M1
F KB I I W AE ARG TR . AL,
GRHEYI AT 8 A7 E ORI I G (R s 0 - A L4,
2016), 1M 340 75 K B HE 0B IS A1 Bl PE gg A 44
A PS5 72 . PR R TE SR P 1
B REA% HT A 58 6 LA PR AR AR PR I B IR AR IR, $2 1
HH R % (Gokbulak, 2006). Xt NP5 G R
TV FP - D AT W A E AL R SE (it T RTRe. H AT
W R T BB BV YA (R T A TE AL 3R B 5T
Firitl S ) m E E Bb, AEFE R AR (it a4,
2015) i+ AL R rh FE LG 5 43 WA RE R M1 (CE AR AR
&, 20175/ BN E IR . RN R R IR
TN AT 5 — R AL (e S (TR e 40 - o
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122 MFEREIEFEEL
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13 HUBAIE
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SRR BTG, S5 RR1SF G RHEY
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FTDZ(10 mg < M < 100 mg) A 5Fh, 73725
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AR 710K e AR SR TR i otk 47
THE, 5 R R ISP G RHE YA T TR TR 20 F 1
{EM0.07, FhFTERIE B KA EE (0.12), 5
INEEPEH RN BB, ¥°80.001, RS
LRI E A RS 3R A, AR 2R
R e E8<0.1, SRR EI80% (K 1).

2.2 15MEREMMFIRARSERNEEREIS

Xof 15 Ff 52 B M A0 b 1 20 45 2SR B b1 [l 0
K BRI (] AR REAT AR LR LA, A AT
BT BR A AR R DL B AS [F) b 8] [ W B 11
ERZER, HARTTIER A R B AR B
R CARTA R [ R B R A, ERTA FT
[ Wiz 0 35 72 0— 1Y L P9 (RN o 0 - Ak AR,
2016). 45 FR X 1S5F G R T I HER S AR & &
A Y = 0.02 + 0.74¢ 53X~ 2960042 (2 —
0.62)([&11), P& REUE TR 2K F(p<0.05). 4
SER P BIHETS BN AS g B i 2%, i A ] g A Fof
Tl RIS S PR . MR
JEHIHT6 WAL TREFIFHEH, 212 hOfA D&

Tablel Single seed mass and seed shape index of seeds of fifteen leguminous species (mean + SE)

4 LT TEARFE 2L 4 R A TEARIEEL
Species Single seed mass (mg) Shape index Species Single seed mass (mg) Shape index
PH#® Glycyrrhiza glabra 6.69 £ 0.03 0.001 +0.000 || 3%5e#] Alhagi sparsifolia 447+0.03 0.070 + 0.007
FARRE Médilotus officinalis 2.17 £0.02 0.050+0.010 | b3 Galega officinalis 6.22 +0.03 0.070 £ 0.006
T 4 &7 Sphaerophysa salsula 7.28 £0.02 0.070 £ 0.010 || %*%%#] Halimodendron halodendron 15.73 £0.05 0.070 + 0.005
% & Astragalus mongholicus 10.59 £ 0.02 0.100 +0.003 || #7E% Medicago falcata 1.98 £0.01 0.070 +0.010
A3E Astragalus arbuscula 3.72+0.03 0.120+0.004 || 4Hr+#F%i% Vicia tenuifolia 14.84 £ 0.06 0.001 +0.001
BRI Oxytropis sinkiangensis 2.63+0.03 0.070 +0.001 || JNE3E Astragalus alopecurus 34.42+0.12 0.070 £ 0.001
Z 439 )L Caragana pleiophylla 37.68 +0.07 0.070£0.010 | Z 3] /5 Trigonella arcuata 1.50 +0.03 0.100 £ 0.008
W kEK Trifolium lupinaster 1.67 £0.01 0.070 +0.010
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Fig. 1 Temporal changes in seed recovery after ingestion by
sheep.
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T R IR, ANEFE R SRPZ B ) 2 =
I EE /K (p < 0.05)(%2).
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1T, 45 R RPMRT K 12 F AR (37.19 h),

189
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H BER T TRAE U s b, RIF TR
FRASKII, B 452 R & 5 I SRPIIK, HSRPS 7
KANFTEARFEE 2 18] 53 | A TR WY = 6.45 + 2.05X —
0.04X* (R = 0.41)FIY = 2.59 + 36.97¢ 2™ (R =
0.37)MIRRER R, SR BB R B EKF(p <
0.05), RIAFLA 45 Rl 15 (E2).

Tt ¥~ 75 45 2 A P O MRTRE Al 7K /N R 386 im 2 30
St e Ja BRI B Bl AR TR T B 3 g v
PRS2 B RN FI I PR et 5 45 2 A I IMRTIER K
HMRTSFF R/ NIERIGECZ 717 B A TRy =
26.14 + 0.70X — 0.01X* (R = 0.37)F1Y = 34.71 —
179.78X + 736.10X* (R® = 0.42)[{1 sk % 2B, #H
K AL B B K T(p < 0.05), FHIHLELE R
15 (E2).
25 “HEHENEERIIEMTFRBELE

W Fh 7 R R AT o 4, ELFE i AL (A R >
80%), 8] Y (55%-80%), XK #A B (20%—55%),
TREA T (B R R <20%) . 4R FiHibiEfE AT, J& T
AL AP LR, A2 RS )L(96.22%); T8 TIX
KB Fh 3R, TR ARTETE(45.00%) HraRpk
.(33.33%) F1 7 K 3R (28.33%); i 4 11 Ad 7~ )
REN<20%, J& TICH AR 1(K3).

FiF&aEHNE, HRERERZEE DY

W2 ISTH LR T 240 R A R 18IS By 20 2 1 A K1 350387 B I [) (P P b 18 22)

Table2 Seed recovery percentages and mean retention time of 15 leguminous species after sheep ingestion (mean + SE)

4 TR SEYEE R | P TR TS50 B B ()
Species SRP (%) MRT (h) Species SRP (%) MRT (h)

PEHE Glycyrrhiza glabra 39.25+£20.40°  31.62+0.73"¢ | 3x3¢dl Alhagi sparsifolia 25.06+9.25"  2827+0.27"
HAR Mdilotus officinalis 428 +1.76° 37.19+2.12" | 135 Galega officinalis 38.02 £ 9.60° 27.55+1.75%¢

T 0,5 Sphaerophysa salsula 38.60 + 19.77°

3% Astragalus mongholicus 4.88+1.02°
A¥E Asragalusarbuscula
BrIEMEE. Oxytropis sinkiangensis
ZH-#3%8)L Caragana pleiophylla
B kEK Trifolium lupinaster

5.02:+125°
16.04 £ 4.11%
8.93 + 4.24%
14.01 £7.18%

32.48 +0.39%¢
36.62 + 0.54%
32.51 +3.93%
22.33+£0.77¢
33.76 + 1.19%
30.04 + 1.49°

#2%3# Halimodendron halodendron  34.56 + 15.89°
P17 Medicago falcata
4B %G Vicia tenuifolia
IMEFEH Adtragalus alopecurus

25 LA A Trigonella arcuata

9.41+1.26™
34.90 £2.27°
25.61 + 11.75%

6.65 + 1.44°

36.51 +5.93%
24.58 + 0.84%
32.78 +2.94"¢
34.60 + 0.84°
24.95 + 1.34%

[ FIAF NG T BER R 22 57 i 3 (p < 0.05).

SRP, seed recovery percentage; MRT, mean retention time. Different lowercase letters within the same column indicate significant difference (p < 0.05).

DOI: 10.17521/cjpe.2017.0118

©0 00000 Chinese Journal of Plant Ecology



190 YA Z M Chinese Journal of Plant Ecology 2018, 42 (2): 185-194

01 y=6.45+2.05x—-0.04x>
_10] R2=041,p<0.05

0 10 20 30 40 50
FrFHE Seed mass (mg)

&
&

MRT (h)

4
. Y=26.14+0.70X—0.01X?
20t  R=037,p<0.05

0 10 20 30 40 50
¥ & Seed mass (mg)
B2 7 st S AR RS Pl [l W R AT~ K s B B ] F) 9% 2% o

=34°F
321
= 50
28|
26 |
24|

40

38+

36

* Y=2.59+36.97e 2%
R2=037,p<0.05

0 002 004 006 008 010

FhFILARIESL Seed shape index

Y=34.71 - 179.78X + 736.10X2
©* R2=0.42,p<0.05

2 ' L ' L '
0 002 0.04 006 0.08 0.10

FFIARFEEL Seed shape index

Fig. 2 The relationship between seed mass, seed shape index and seed recovery percentage and mean retention time.
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Table3 Germination percentages of seeds of 15 leguminous species before and after sheep ingestion (mean + SE)

T4 Species B /K % Germination rates (%) &S
% Control Ak JE After sheep ingested Appreciation oi‘iirmination rates
PH#® Glycyrrhiza glabra 1536 +£5.55" 68.41 + 13.86" 53.05
HAKE Mélilotus officinalis 6.67 = 1.16° 23.68 + 1.67* 17.01
# 1, & Sphaerophysa salsula 15.00 + 7.00° 71.01 +3.62° 56.01
Z & Astragalus mongholicus 1433 +3.22° 25.00 £3.61° 10.67
A¥E Asragalus arbuscula 45.00 +2.00° 53.70 + 1.57° 8.70
HEEBT. Oxytropis sinkiangensis 3333+ 1.54* 35.39+3.08" 2.06
Z 4339 ). Caragana pleiophylla 96.22 + 6.33" 35.17+£3.32° -61.05
B k¥ Trifolium lupinaster 28.33 +£3.06" 21.43+3.11° -6.90
YLl Alhagi sparsifolia 8.33+351° 4225 +2.63" 33.92
1I3£ 5 Galega officinalis 1333 +1.53° 1445+ 1.27° 1.12
4% Halimodendron halodendron 1.67 +0.58° 11.96 +2.00° 10.29
4% Medicago falcata 7.82+1.05° 62.36 +3.01° 54.54
4 # 55 Vicia tenuifolia 8.33 £0.58° 28.52+6.73" 20.19
IETHE Adtragalus alopecurus 6.30 +2.14° 5.83 £2.56° -0.47
YL ST Trigonella arcuata 520+ 131° 20.32+5.51° 15.12

FHRZORH R R RTINS FREROR 2257 .3 (p < 0.05).

Negative value indicates that the germination rates decreased. Different lowercase letters within the same row indicate significant difference (p < 0.05).

(71.01%), SR RZINETEE (5.83%). L4FHIL
BAEH G, 283 ) LR 85 & 2t E A R

3 i

96.22% %% FEKA35.17% (p < 0.05), BFKERAIL 31 MFRSFFHEX SRPAIMRTHI R

REER7 8 &R 5 M ACHTAH L2 7 A B3

My M YT AV B AR L — A AR

(p>0.05); BRI S IA 128, SWAEHKN 8, R ETTUEMR A . MR
80% Thee L EARDAE =TT BT WA AN Bh bR
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DY WSV NEPIR 78 S @2 IIE -3
Hr, 1999 Bl K ANFITER 2 Fh T35 22 R AIE e
B, B TR R AN R AR T 8 75 b7
AR B s AL AR AR 7 2K AT B 3L
AHIF i 3 % AL 58 Hh X 15 Ah SRR KNSR
FRECHAT I E, 45 RR ISP S RHEY Fh (1) 5
kiR ¥>1 mg, H>10 mgi M 74 5F, %1
Janzen (1977)F1Jurado®5(200 1) 1Kl /3 An i, AHEFE
R LSRR 35 g A B R SR AL R TR TR
e 25 R R, R s REENS RN
FE3FR AL, A 2R R F IR FE K <0.1,
2 18 Thompson %5 (1993) Kl 7 bR, IX 155 G RHE
Y 80% I A F A1y B RL P 18 (BR) TR Fob -0 AN
TEAS SR T TR A, AW 50 0 1SFp 5 R Rl 71
N A UK R B (7
HEYFFAECIYR B G HISRP L AL
1N IMRT S Bl 7 T A5 4 AE 2 UIAH SR (B 4R 4E,
2013). AHFFTIE K 150 GRHE YR 1R 4R
X AN [ A 5] B M43 = 354 o [ B 0 b = 1)
A T EMER B N SRPHIFF1E41F
W FIMRTHHTSi0t, 45 REM, FFHEE &R
é%ﬁﬁ%‘;ﬂ Y =002+ 0.746_0'5(()(_29'61)/9'41)2 (RZ _
0.62, p < 0.000 1), HEJ = WL R 7ER & 5 15
24-48 h [a], A 80% AT 7L HIEHEH, 15
T et 7 1) SRP4E 1 7 4%-39%; Fh 1 7E 45 FAK A 1)
MRTH:H17£22.33-37.19 hi[AIBE N . WangZ5(2017)
B 1I3FOR AR 4R GRHE D P RMELR 5, KR
Pl HEBONER 5 & s A, 4 SRR P& 4R
)5 SRPFE 12.6%—17.6% 2 18], H Rt 776 45 F Ak )
FIMRT{E27.3-42.2 hist[A]5E B P GRR v By - AR
% (2016) J8 1k X 4 Fp R P 1 5 F (Sophora
alopecuroides). 4H M BY 5 &7 . i H R 5 A
(Medicago falcatay) 1) 45 =F H 4 38 1E FH 1 s
BHATHEIT, D4R 2 X 1K AR Rl 1 B HE O AR 2 755
G TR, b R HE S W A T 18-36 hiz [,
SRP1E 4%—15% 2 [8], Tt 1€ 45 = /& N [ MRT 7
29-36 hif B, Yu%s(2012)i 14 75 5 v R g 1
B Aa) 20 P R 0 B LA R SE, R IR [ R T
0-28.1% [d], TFh7E5 1A N FIMRTE12-84 h
2 []; Manzano%5(2005)HF 5T A B0, A i b [X 4
APFRERFERET, FFHEBORE N — S g h
2, HZHM 7R B 5102440 h [k,

SRPTE16%-23% 2 (1], A5 pril 8¢ 2 45 ] 51X
LR gT 45 R — B, KIS R AE ©ORHE P Cytisus
scopariusF- (1 47 = 71 A 38 4% 376 A 72 e A R0
(Manzano et al., 2005).

AR M GRHEIM FABFERE)E,
SRP i Fh - K /N R 38 In 52 B0 0 3 v s BRI i 3
B KA Bl /N 1 SRPEB LL AR IX 2 R 7E
THE R NYR AR IR, ANFE KRR
T2 B s L A R KR 22
Mg Ik AR R, /N 32 2 A O R 1 R
(Cosyns et al., 2005). KFhTEZNHIIIR B FEHa]
AE B W, M T PR (K SRP (Miloti¢ & Hoffmann,
2016). TEAREAAMRSLIGH, REE B NAREE R
T 4% WES % FY Retama. sphaerocarpa (S5 77 mg)
HIF-F(Manzano et al., 2005). /NFhT B AR BE M IHIE
T FE R R <k i%R > (Mouissie et al., 2005a; Merelb et
al., 2008), {H&/MF AR AR R, X
— R SR R R JERE, S A B AT AR
FH 5 A58 2 (Manzano et al., 2005), Rt K el /s
[ FhT- I SRPHF LUK . 0 F 50 3R B 5 RHRh - #%
HEXEE, ¥ RKPDE5RPE R (Russi et al.,
1992), AHFAMERMI G E 2 IA—, K&
ELRIF AT R A R P E(Wang et al., 2017). At
FR P ERNIF TR B G R R L
B /NEREE K H R 741 55 (Manzano et al., 2005), AH
FINGERG 2 —8. FRMSNA, BEIEM @t
ShWDIE A8 1 B E 4 (Mouissie et al., 2005a; /78
4355, 2013), PRIEE I E A T TR mSRP. BN
TE B 1V AL 8 P A4S B R TR 2 45 Fh 118 G ER
A i15 2E (Mouissie et al., 2005b; & AL 2013),
PR Re A AR A R, AT AR T AT
[ o AT 5 Hh B B M1 FE 45 E AR N IIMRT
5 K(37.19 h), 1M HSRPHAK(4.28%) . AW 5T H 115
MERHEY T, A80%M M1 KRR 18 E 5 <0.1,
A MY B [ 2 A F(Thompson et al., 1993), H A
283 45 3 K 1 5 1) SRPRE IR 5 H i 38 m (R #h 5
AERANFIIU ) IZ T ek, X — S RO A E

A FT R ISP & RHE V) Fh - 1E 4 SE AR I
MRTRE Fh - /N B B4 hn 52 305 38 1 )5 PR ka3,
X /NP7 1 REAE PH Mgt 75 P e Dy ke A1,
AR 25 Gy i B S R B T v -
AhHLEE, 2016), PRI Gk 2 7 0 B B R R
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(Soons et al., 2008). {H A 513 B Fh - 7E TH {1k 3E
PR HE 3 2R AR P O/ B AE — ANl FE,
T3 — Il FUE A 720 5K & T A3 13 5 ] R
IR, H i 2 A E 58 4 B A P15 = 0 4 /N
BRI, T AR AR AR E KR, A ER
HR T 1 — I FHE 1N AR 2 @i M 1
Z, WRFF RN G T IX— G FE, WEE TR
A58 (D’Hondt & Hoffmann, 2011). {HAHT 774 % I
KFIFAEG AR N IMRT 4, BAR R R A 153t
— W E .

TH A TE A% 15 2 A A b 7 S BE B 5 A% 46 1 — Ff
# 7 J5 X (Janzen, 1984; Myers et al., 2004). TEHYIFh
T 45 L R ) b I B ) 04 T A 3 S I B A%
T D550 S N S — R AR B RS i
Fh-F R D BE BN S HE AR Ah, R YRR
NP TEE N B R K B B N TR, DA AR
& R sl P A KR AL # (Thomson et al., 2011).
KR F A ST G RHEY P T 2 45 F K 1 J5 I SRP
HId30%, H M 7545 F R N I MRT 32 ZAE i 78
22.33-37.19 hZ [a], Gnthig K mvr B i (] o 71
b 7 1k 7% 2l S BILZE B B A TR AL T 78 A2 AR B TR AR
WE. AR, fEILERE, [ (White-tailed
deer) T R i B0 A B BT, A8 L& (Trillium)
TAEHAKAMRT 924 h, 1 1% 3% IE 5 e e i
3 km (Myers et al., 2004). 244X, FhFALREE S 5
Mg 8 B A O, EPHHE R R, ik
o R R IR B I 25 25-30 km (Klein, 1981),
MAEALSR AL SBULR G, R E AR | H
WiEE, AR TR B AL SRR R R R RS B E A
7-10 km (FEAEEEE, 2016), X NG RHEY M T8
TR 2 A 8 S K BE B AR AR SR T — IR
B,
32 TEWEIER M FIEL RS

Fh-F 23N AGEAE F G Re% B K & ST 1k
EAERIATHE . AR, BA R M1
LRYEWENER S, FLARMRAERE S54SR R B 1
FT#%(Grande & Martinvicente, 2013). — /7 &K N
Z1 47 1) G 1R 0 EL MG ek e T 5 0P T R R B e B AR
5] F2 Rl E K () M Il (Baskin & Baskin, 1999),
F—J7H, FFEEYE A TE R E TR R
VI e, 2015)F1A 2 2K (Yu et al., 2012) L5 4&
TEFR, Pk sk, ES0EKMER G, MR T
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Tl IRHR . AHF T8 X 157 SRHEY R 1 2245
T VH AL TE AR F AT S R R AT LI, 25 SRR,
T 72 HAEER G, A 80% M Fh 1 i kK %
BONTHRA B E PR E(p < 0.05), ULHAZREIHAL/ERBE
BEHW SRR TR, X —RYE LR
FEER—F BT I 2 HHR G ) LS I ZH b
T K N96.22%, 2 B H AN T AR IR H A,
ZLMPIHWIEIEN G, WRREZEFFIRE35.13% (p <
0.05), X 15t B S IV AL A I IR AS & — IR 3 v b
THIRE, X T — SRR BRI R 7, WAIEH
B2 B ATk 75 (Gokbulak, 2002).

FA YIS RH B R O — R,
INH AN, 2 Ja AT NTEAGIE VTR R Rt iR
FIERIEAL . SR E R 2 2Kan (s ), i E &t
A5 ZIRMAME AT, FRE AR, A%
T3 [F) S5 — B R R AR Sb o T R AR b 1) SR
T2 NEAREY(GRALE, 2008), H AP # T
W EABSRRREEZ, My, e, b1
B YR R 2 R A A R A R
(A “430)), 4330 HxT ST 1) 4% FE B 3
N 44 (Wang & Smith, 2002). YR T4 5h)
KB EEHE N 1 fria H O A B 5 — 2,
FAE R SCE R R BLAE M 7B 21 20 S5 ) i
RIS AR . 1 H., FERh RS
EHER RIS LG, Mk Bk SR A B
ERe R, B3R S0 A UTAR AT BE 230 i A MR R
A CE ] (Plumptre, 2003), {H [F WA 7] 68
TESURIRE R (IR B AE, 2013). R, FhF o s frs)
VT 2 75 RS SE L IR B R AE R N 2 B
MFR TN B R ST A R A 72, [FIRE, 0 A
T RETS BRI AL A ) S R 21t p B AE B IR A
o FEIXSEIRIER b, BT RO A AR B T
WAL D 5 A g VEVE R, R Ah 5 HE ot
(1) A= 855 2% A i 52 Ve LA R 1 Y A A% 9 1) e
(Jordano et al., 2001; Spiegel & Nathan, 2007; Calvifio-
Cancela & Martin-Herrero, 2009). AT 5 HH 155 & R}
TP T B R AE b SR P34, BEAS B M e 7
#IN), BRESS M, 7 KRG, Rl
M DX ORATFE O 58 07 B TECHOIX 5, HLAE G S A% S804
FEHTT AT, SR E ETEATHIORE, Bk
FERM S E BATERE, NNTHELD, i1k
£ 3/ E P UNERE SR A1 Y12 5/ NI | U £ S C C i U
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o B A E(E 2R A, 2009), H48F W LiE1E
AE S AR R R T R, X AL EE X 5
BHEY ATl e g 2 AT T A B AR IR R T —

KA

Bift BT RFHMAF A E B F F AT
Mt SRR A BRI AT ¥ 45 B A 1,
o BLECHT |
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