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Effects of Pinus armandii seed size on rodents caching
behavior and it’s spatio-temporal variations
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Mengla 666303, China; 2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Pinus armandii, a native pine species, has large (about 300 mg), wingless seeds, and distributes from
central to western China at an altitude of 1000 — 3300 m. To determine how the seed size affects rodents caching
behavior, tagged seed releasing and tracking experiments were conducted at 3 sites in Northwest Yunnan province in
2006 and 2007. Our data indicated that for all sites and both years, compared with the smaller seeds, the proportions of
cached large seeds were significantly higher, whereas the consumed ones were significantly lower. Meanwhile, the mean
and maximum values of caching distances were also significantly increased in large seeds. Seed fate was different
between the two years and within the three sites as there have different rodent community compositions.
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e 5 L Hb R BN RS B S R i s, S BN 40 H
BANTA 52 i sl i L2 (Vander Wall, 2003). [F]
I, FEASRIAE G MUV G5/ 46, BT I firis it
ERA R0 2 e, M2 e 5 A58 R B AR
AR R . Fh -7~ 1 e s (i LSV Y B
Tl (1) Bl 4 (1) Tl 2 F1 25 82 5 R 2% 0 B A - 4 R
T 45 A6 1) 22 A0 T A2 A6 A5 OC (Smallwood &  Peters,
1986; Chambers & MacMahon, 1994),

WA EEY IR N 3.5 2] 909 mg A%E
(Benkman, 1995). K2y 80 Fy™ A=A 1 (1) /il
+, WTCARI AT H O . S4b, 30 B EATE#Ek
I TC ) R KT 90 mg [ KF T, FE4E ARl
ZW)(Tomback & Linhart, 1990)E3# 7> Bt il £
It 30420 (Vander Wall, 2003 ) BAT o £F 3 L6 AH X B
Ao o X, WG sh A MM oA
(Tomback et al, 2005). £ 1l #a (Pinus armandii
Franch.)Fl G sl Jo i, ~F3) it fE 300 mg /&
i, FEHEMHESR B A (N AMEE) . AT
AN TR AF A7 R Ml R0 FE A 5] K /N (R A LA A ik 4T
FETBORMER B SE 6, B [R5 LA W@ (DFPF Kb
XTSI ), BRI 5B 5 B AT A A AT 5
()l R /N I A7 3l 40 D 3R 1~ 1) IR RN ~F- 24
AT (3)AS [F) A4 R 5 5 30 40 1) I ek A
WEAT WA 2SR

1 AR SFTGE

1.1 #HiRits

Y ARSI A 2 B A4 DB FE N EAT . AL
A 31 RN 2= B AT T VLA 4 D VL0 28 9 N 1 A
W LUK 93 A1, 53 A1 DX R IR BB AR 2 000~
3500 m, fEHAMA I B RRAR B A AR R 2 B
(P. yunnanensis) A ) 5 LKA (P, densata) TG GRAS K o
MR SRR 32 22 5L AR Bl B R TR W 23 A, Mg L
iy ASF W AR AR LK Lo LS
PVLL VR TLE TR TE B T S AA 70 A () F AR
Maealr . JAEHAEKIERN BV 27N (B

099°32', N 28°00", 2 830 m) 4 2 2518 Z WK A 1
B ILEZRG BREY X (E 098°47", N 28°28', 2540
m). 4EVHELIEYE & MO TAES(E 099°16, N
27°22', 3 060 m)%5 3 AN AR SER S . 3 AN
R EETRRA LA LA K &, TR DR 2
A, A 20~30 m, #EEN 50%~75%.
T JEREAR T EN B ¥R(Quercus pannosa) o
1.2 FFRERRR

i N TR JCSE 56 FI bR 4570 (Xiao & Zhang,
2006) AT FTAS [ b pii 75 H 17 35 3 1R 45 B0 % A
[F) /NI b~ R A AT oA R R ) o SIZE6 T FH 1)
Bl AR B A A E SRR R . o
KM R4S T 500 mg, “TH44(561.4 +
5.84) mg (Mean + SE, N = 1 200), /N5t 42
/T 250 mg, P (211.6 + 3.50) mg (N =
1200). {fH HBETFIE AN 0.5 mm (P55 SKER—
B BA— T AR 0N, H— RS
B2z g N O R AR, LR — kR4
1 emx2 cm R, SR T ARd A g S, B
THA M ENG T BN B 5T 2R W,
SRE P X W D5 30 8 Bl B SRR TG (B 3 T
(Xiao et al, 2006). fEJEPH. HH/KFILED %A 20
AN, BB IR ER 25 4E 100 m LA 1. K 10 %
KFHFH 10 RL/ANFh T 2RI TER AL |, Fh7
)P, AR ) Ah, R R AL AR A LA MR IR
J7 o AN M5 LR 200 FLAFPFHT 200 Fi N b1,
2T 2006 4EF1 2007 4E19 10 £ 12 H7E 3 4
s AT, BILRIBOTIBER T 2 400 RiAPT.
1.3 FhFRY IS TN EE 55

EBRUGHH 1. 30 5. 7. 94 11 Al 13 d K
TEANREIBR, SEvhd B 7 b I HoR R 3 s &y
Ah R, I bRSER O 30 m AR
L8 BT R AR o LSBT Rl 1 4w 5 1
I PPIRES . T HPRES 2 0 AR IR MRS 5 2
Fle RSN T X AT 530 4 Bl B30 IR
BRI (R T3 4t <R Hfr, By
(RE B H A h R 3 5 IR $8 2 (H BE 7t
T AR R RE T30 WA TR 3 Jm Rk
g, W AR LA 7P A BN S, )5
THT P £ P 4R SR IE B IR L Bh -7 [PPIR A . BRATTIC I
SERT IR & ArIE, BAESET 7~9 d MR 5
G, MR, WA R 9~13 d I
KK, FHPRSETRE AN, BTk, &



434 B WLAE: SR LRA R RN R G A Zh A AT A TR S e LI 5 Al 437

MIGETE T EERIANTAE 13 d BISER 45 5 IR 2 78
SR AR, WA T — IR S T,
B RO S D ned B 0 SR AR R TS S R R B o TR —
TR0 R B8 R ek, DN IR R A
PE R RO R S .
14 MEEZYMEFHENAE

FHAEAE AR, 8 SRR b w5 4 20 4
(RS AT IURE R A o 75 RN FE P RERR 10
m BCE R 2 AN s AR & 5 1)), 3550
A, BRI — K, ESM 15 d, Feit 750 N H
(— AU RCE — B AR AT ). Il SR AH IR
SRR RS, BIRIBAE 70% LRy
SR aG S AT AR S s . e EMERIEE, FAZ
PRAAEFEERAA . AL IR UK, A G f
3R, RIS G U5 2 1S K T A b b A BRI D 28 9F
RIURA

1.5 HHELE

{fFH Wilcoxon A5 LU 84N Hh s FIAE 4y 7] K
ANFfF iy IS 1) 2 s A A A DR 5 43 BT (one-way
ANOVA) LUHECK /N7 Ik e B 2 A0 22 5 T
Bn#57E SPSS for Windows 13.0 %At FiE4T 40 H7 o

2 &4 R

2.1 FHTHIBHRE

Wi VT S E AR S AT IR AR . a8
PAERLERT 7d. 7d A, BadiFE KR EEE 1),
TRV RIYE P, KFh7 I o) S g P /N7,
MAERHIK, KA T RN 1 2 A0 ZE 1R )
MATRESG 1 F, 2007 EFRF 408 3h 0 R T
2006 (P < 0.001, & 1).2006 4E 5 d NMGAEhYIK
AT 40%FPT, 2007 E L F] 80%.

B) 20064 C) 20064

i%

= 200 200
g = i
Sy 160 . A) 20064 160
& 5120- .*"'----. 120 -
£ 8 e

% 2 80— JOFh I Large seeds 80
® 8 40 - /T Small seeds a0t
2 @

‘;&?’ 0 L I 1 ! ) L A

= o 1 3 5 7 9 11 13

OIIIIIII
1 1 3 5 7 9 1113

=
< 200 200 200

gy =

g 21601 N 160 160

N E 120t ) 120 F ) 120 )
2 ol D) 20074 ol E) 20074 %0 F) 20074
3 D _

& 8 40 T 40 - 40 )
g 0 L 1 L 1 L 1 | 0 1 L 1 L [ 0 L 1 L 1 L | ]
= 01 3 5 7 91113 01 35 7 91113 01 3 5 7 9 1113

KA Day after seeds laying

BL o RA N5 ORI A% 3y e
Fig. 1 Seeds removal rate at 3 study sites in 2006 and 2007
AFID: JEit; BAIE: BI/K; C M F: 4iP (A and D are Nixi; B and E are Mingyong; C and F are Weixi) o

22 FhFMGIE

TEM T, 3 AN S50 SO/ N 1 i
EHRKAE, NEEARKE, KPR b 5 =
TR 7, THCE IR TN (8] 2). BARKE,
2006 AL JE Y, Mk iA S PIEL £ /NP 1R E A S 3 v
T RKFh1(Z = —2.101, P = 0.036), W3 (1 EA51 ) 4%
HRFEZMN. FEHIK, WEA S P /Nl 1) LA
WE T KR 7(Z = —2.433, P = 0.015), 1 EL
B IEANS 525 /K (Z = —1.725, P = 0.084). {4
VY, WA S EOR R () LAg S 3 v TN R (Z

=-2.844, P=0.004), HUELLHIBA 3% 2% . 2007
SRR GUNAE BT AR, B T AE4ETY, ek S
ANFPF RO S TR (2 = 2349, P o=
0.019), Pyt S HCE Eo o, DL A 1 i
(R0 L 451 1) TG 408 5 2
2.3 MEMFRIEE S

TE P A Rt £, KT 4 Wk 4 Bl i (1)
SPIEE BRI B R T/ (R 1) KP4
(IRE 25 A B8, I HLBE S (& 3).2006 4718
VU, KPP WG D s e R B 2 3 AT



438 )7/ B A T 32 %
10r , j(ﬁ‘ - Large seeds 10- .
B A) 20064F JNEHT- Small secds D) 20074
S8 o8} 08}
i 8
=58 06 06+
iR
EER 04r 041}
W &
= ~ 021 02r
0 — 0 . \ )
JE VY Nixi L917]< Mmgyong 4P We"“ JEVY Nixi BH7K Mingyong 474 Weixi
Eg o030 ) 030 r
2 g B) 20064 E) 20074
ME 025F 025 |
=i
3.2 02f 020 |
Z£35
w0 0151 0.15
L, © o
X 8 Zolof 0.10
2 &7 005t 0.05 L
RE
:EN%( 0 1 1 0
JEVY Nixi 7k Mingyong 4EPY Weixi JEVY Nixi HH7K Mingyong 4EVY Weixi
EZ o 1.0
93 : C) 20064F : F) 20074F
- O
= é 5 08F 08}t
-2 g
EQE 06F 06}
): G4 O = L
253 04 04
=87
= g 02r 02+
B E
’é ﬂ;: 0 1 1 0 1 L 1

Jew Nixi 7k Mingyong 4kt Weixi

Jet Nixi Bk Mingyong 47 Weixi

SEHGHb S, Study site

K2 #ekssl, BRI, $rs sl s iR AN 5 BT AR R 5  LE A (Mean + SE, N = 20)
Fig. 2 Proportion of seeds removed, removed and cached, removed and consumed at 3 study sites in 2006 and 2007 (Mean + SE, N = 20)

1 BREREE—

RFNEE 2 B R I U B4R BY T BE B8 (m, Mean + SE)FLIREL

Tab.1 Measurement of mean distance (m, Mean = SE) and frequency of seed caching by rodents for
the first and second time in seed-tracking experiment

Hi SRy

Site and year

B I S P T 2 R
Measurement for the first time

S5 DI PR R R CE

Measurement for the second time

PR

Large seeds

MY

Small seeds

PR

Large seeds

AT

Small seeds

JEVH 2006
Nixi 2006

H17k 2006
Mingyong 2006
4P 2006
Weixi 2006

JEVH 2007

Nixi 2007

7Kk 2007
Mingyong 2007
4EVE 2007
Weixi 2007

3.05+0.62 (19)

3.71 4 0.47 (44)

4.40 +0.52 (59)

3.44.40.36 (56)

1.87 +0.34 (22)

5.43+0.67 (45)

1.48 +0.27 (15)

1.92+0.50 (12)

3.23+0.43 (36)

2.65+0.35 (41)

1.37+£0.47 (16)

3.01+0.52 (16)

7.85+2.94 (5)

7.93 425 (4)

535+ 1.37 (6)

1.50 (1)

20.05 + 7.45 (2)

430+1.70 (2)

4,68+ 1.65 (3)

391+ 1.16 (3)

(F1, 3= 4.57, P = 0.040), 7B 4RI 2 74 (1) 22 55 A

24

W AE 2007 4, YEPY I ZE ik B B (F) so= 431,

P =0.042), 1 Je PRI K ) 25 AN B 5 o

M5 BT RY B TR LE A
PHAERAE 3 Al

IR 4 Rl shY (R

2), Hrb @i U (Adpodemus) I ANFIAE 3 ANkl
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Tab.2 Species and number of captured rodents at 3
study sites in 2006 and 2007

2006 4 2007 4
IHETES i
Rodent species Jevs Bk i e Bk 4
Nixi Mingyong Weixi Nixi Mingyong Weixi

PNER g}
Apodemus latronum
e L B
Apodemus chevrieri
P2 1
Eothenomys custos
Niviventer confucianus
it

Total

L, BeEERE . HA, BRI D E P R
(Eothenomys custos)F1#t§i(Niviventer confucianus).

YV A S ECR AR AR TP A R R ) . )BT
FILEVE T 2007 4 1R 4 1A 2 5 i KA T 2006 4,
MAEBZK T 2007 A (1WA S Y8R s A 3 s . S8
B R b B 3 MR R BAA B, LR L
12 3 G K WA B(Dremomys  pernyi), 7)€ P4 A1HA
TRERA 43 AT, AR JE VI I /D & B AR IR
(Callosciurus erythraeus), 157K — & BB
ek BU(Tamiops swinhoei), {E4ETGEAT KA BIES) o

3 it i
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(Clarkson et al, 1986). fRZiFHaH, WikishHh
TR S, LU G R i e RE R 3R A
(Stapanian & Smith, 1978; Clarkson et al, 1986),
G ) 0 80 e 2 AL o PR KM 7 R fig B M
/N (Vander Wall, 1995, 2003; Jansen et al,
2004; Zhang et al, 2008; Chang et al, 2009). A1)
WFFCA ], WA SIS R M1 1 4B i T /N A
¥, TR KA EL N TR (B 2)0 (1)
AN EAE 2007 SEHJEVY, WA SR T2 1)
AT, IR PR A KA B — O A T
R (R 1), HEE 2 M7 I I, T
PRI A AN, KA I B A5 S /s T
¥
3.2 FF R/ RE 55 B9 #20

TEPTAT A R R R TR 36 v, KR 1~
9 FR) S 2 SR T /N 13 1) 0 X130 Y i 13 ) 49 B 1
I K i e B R ORI AT B, AT B 0
T KB R Ih & . 2 ER T H—4
Tl fR) KA 5~ 4 ¥ By 1) 0 KT /N b B A% B 1) R
1% (Brewer, 2001; Theimer, 2003; Jansen et al, 2004).
Xiao et al (2005)BFFT I, Fh—-H4 05 (1) ~F- 5 2 25
MR KPR 3 2 Bl Ao PR 38 KT e 25 4 v, IRk
RS KRR 1, B 3).
3.3 [EH ARG S RE R AR R T Az B S

AN [F) 1t 068 W6 AT 50 49 1 D R £ AT O AT
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