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Abstract; The gain function, which describes the amount of food consumed by mammalian herbivores in a plant patch as a
function of their residence time in the patch, is the central part of the foraging theory. In this study, the foraging behavior
of voles ( Microtus fortis) was observed in the patches of fresh clover ( Trifolium repens) leaves, the models for their energy
gain functions were developed, and the mechanism for decelerating energy gains in mammalian herbivores was validated.
The results showed an asymptotic gain function for the voles foraging in the large leaf patches, whereas a linear gain function
for the voles foraging in the small and medium leaf patches. No piecewise linear or sigmoid gain functions were detected in
the voles foraging in the patches. Behavioral parameters regulating instantaneous intake rates changed dynamically with the
vole’s residence time in the patches: in the medium and large leaf patches, bite sizes linearly or exponentially decreased,
but processing time linearly or exponentially increased with increasing residence time, although the cropping time, interval
time and chewing frequency remained constant. Instantaneous intake rates also declined with increasing residence time of
the voles in the patches. In small leaf patches, the behavioral parameters including bite sizes, instantaneous intake rates,
cropping time, interval time, processing time and chewing frequency remained constant regardless of the voles’ residence
time in the patches. Validation of these models provided a strong support to the hypothesis that deceleration in the energy
gain in mammalian herbivores resulted from a decrease in instantaneous intake rates due to reduced availability of large

plants, decreased bite sizes and increased processing time as the patches were depleted.

B TR [ AR VO F (3870345, 30570085) ; E5CRS6 L Ml HRY2% 4oy AR EVE I F (ZH2009001) s TR 46 ) AABHSIE Ve
BUH (03JJY6013 ) 53 48 HE a2 BHE B BE B I H (1882009202 ) 5 8 3 4 # H /T BLH9T H (04C501)

7% H #7:2009-07-01 ; f&1T H#:2009-10-12

* JIANEH Comesponding author. E-mail ; taoshl_xj@ 126. com

http ://www. ecologica. cn



4840 g & ¥ ik 30 &

Key Words: Microtus fortis; energy gain function; residence time; bite sizes; instantaneous intake rates; patches; feeding

stations ; functional response

HARR R EHILSY B2 REPR T, ShPrxd BEPCR 4310 B & 4 1 SO RS2 48 3 30 B AR AR 4 e
RoBE IR — o BESRBIR 1 PRI (marginal value theorem ,MVT) “' Fill , Sh#7E 4 A WUBELR () BB 45
ARG TP EBA RS GBI R, B AT — BB, EREFRE MVT U @S T 4 Fh 2 i &
Wit 25 PR URE TR0 B R pRRAR TR ) 3 B R AR TR ) R AR A A S R R R SR s e
Y Zit e R s S BT R R, ©F WP EEERT T K BUAE & M 0 2L 3h i i BE AR
TS (B S 2R Y BESRAEE B A B[R] 60 R 5 B SR R O (B AR D — B, B AR o, B X K S S
EUHLH] AR5 o

A FLSh Y BRI A R R RIS 3hA " o ARYE MVT mBi " | sy 76 i) BE s 78 2 1 %
BT R AR RSN e, H R iR BE R ER 545 B B ] 2SS KM e R, ©F WBFREN, R
PypEE S R R BER B T A A RN R B AR ORI I S 1 B e Sh A R B
BRFBEAREZ 7O EAE R P EL 3h Y B B I AR eR B R BB SRR AR, A Bh
W7 AT A FAAL Y 5 SR B TR A O Th BB SIS 1 1S A o TR 5 I BT A (B B 4 1F O, T A
Yy 2B YR B SV E SR HAR AR, BRENMER DB H 2% L5010 1 —HE Y
HBBES E &, BEE KRB MR TEFE, O 2307 2 D28V, 312 & BB 1 AR B4Rk
KB I (] AR R SRR /N BRI A REIE AR T PEL MBS A T 52 el 4. 3 ( MELRR AR ) £ 40 Y B ]
R 2R, g FEARBERT B AR, 5| B 3h ¥ 8 Bl 35 1 I8 7

M AR R, A SR BT i 1 = ( Trifolium repens) M i 4E 0 %< 75 B B ( Microtus fortis) I 4, 7E
R E =M YR BEABRRMAET B i KNS 8E, @ 4R 7 B BRI &2 BES, 1 5
WEIT . BMAETE AR HREEEWN S KBRS H R /1T S HOT e R FVEF BALH . R
HIARFE RN , B PR 2L Sh A TETE PAE i AR v, KB W] A1 VAR e 2D, 32 AR K/ INR AR I 3l 4 B & O
N, AEER TEISE AN, 5 R R 0 AR FRAR , S B AE R WA 15 K I A R U
1 #R5HEE
1.1 SEEFHY

A SCUAH S T R A TR FE M X B R 7 RAE e e sh . SEmsh i RE i il 46 HBUAR AR B, W 7
G524 Fe 22 HFHIKE(45.7 £9.6) g, FERMERMT, AT R RS, LIABURRR Y 2=y, i
n—EBERHE b, AT RIYOK, YIS TERAFEFE, LR FRZESRE0 £1)C,5REAHN
14L:10D, SEHHA , R AT B =i AR R SE I s B0
1.2 gYBEduE

Senft 251454 P I L3 0 B0 S ) RUBE A VR R R RBEH R 3 NMERRE, O
RUBE R R & it B AT FF 28 8] K /0N , ot sUBESR S i/ NRE—— R BE s SR Bl 8 o —/ DX IR, i B
1€, ER B X BARY . BEWRENSVEBRENFRERYNE DB OBNES  BREWMESH
BEHPI R YBES . R REGEReIE", Sh R A RE S WA B 67— 8 R e BT
B REMEDRARZNZ, B, 4 SCTES &b RBEIE AR 77 B & 28 81T W S8 IR HAEM Y BER 19
REE £ B2 S B BRI R BOR R o SEX AR H R BT A AW RHE , B HAER WSS E R A,
Hif & % 5 OV R BT RE A B i X I SRR B o AT RGR, T X BER 58 & uliF 3,
1.3 Wi E

A AR R SE I Zh ) , (5 TR I S SE T MA R BB B AT O Sk B, =M R BB B R BT
WRIAE o WL A H 75 B B IRAR B, R AR T AR5 BEER K/ N—B, R BE D 60em . WRIU A H 457k DX A 38 & X A 3 4

http ://www. ecologica. cn



18 34 PRUE S5 AR R R EL 3 RE Bl 2R K I AL A AR B 4841

¥ B, W 1] LAJRS R L B R AR AR B, S FLAE D SE 3 MR TE B IX (6] B B 1% 3 i J@ B . $3IX ETR 40em x
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Table 1 The design of clover ( Trifolium repens) leaf patches for foraging by Microtus fortis

BEYRRE BEHLIEAY Patch types
Patch characteristics 1 I m v \Y
BR
No. of feeding stations 7 7 7 7 7
FHE UM H$EE No. of leaves 2x7 3x7 6x7 12 x7 24 x7
- F KN Leaf sizes/mg 24 16 8 4 2
TR YR/ mg
Leaf biomass in each feeding station 48 48 48 48 48

i
BES I AR /me 7 x48 7 x48 7 x48 7 x48 7 x48
Leaf biomass in patches
IEVKEL No. of trials 10 10 9 10 10
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AEFREIR] (¢) 4y WL WG AN R B B R R ) 4B 2R AN R] (min/g)
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Fig. 1 The function relationship between dry matter gain and residence time of Microtus fortis foraging clover ( Trifolium repens) leaves
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Fig. 2 Dynamic relationships between each parameter of foraging behavior and the residence time of Microtus fortis in feeding stations
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MIREGREY FER A =M R RERENT M > R B —& O &5, HEEE U R8O IEL
PRV R U 1 K R ([ 1a,b) s R =~ 5L < ZRJ7 H BUR— O 25, FAE R s pRBCH LM S S K pR %L
(& Le,d,e) ; RAMBIAR J5 H LA RE RIS ShAS4F & 0 BER HE R BOR S BUBR BN i . K45 RS Searle 251
%ot B8 B2 B ( Odocoieleus heminonus) J /N2 ( Cephalophus monticola) [ 5E B 5E 45 A — 5, Searle 2" %
B, TE B — AL TE (Medicago satival) ZEFFBEHL, R JE 5 /N8 3 19 RE B W 4% bR 48 22 D Wi 2 bR B80FN 70 B R
P PR T SR B R Y B 7 25T A, U) HE IR ek B S U pR B, X AT BE SRS R BT N ERA X,

R2 FHHRERRITASHSEERENERS T

Table 2  The regression analyses between behavioral parameteres of Microtus fortis foraging and their residence time

1T H5% M g F daf P R 78 Model
Parameters No. of leaves
B 2 40.928 1,113 0. 000 0.274 S=-1.63T + 10.38
Bite size 44,946 1, 113 0. 000 0.292 S =11.981e %%
3 23.237 1, 113 0. 000 0.167 S=-1.44T + 11.01
17.758 1, 113 0. 000 0. 141 S =13.26¢ %27
6 2. 060 1, 128 0. 041 0. 032 S=-0.63T + 8.93
4.054 1,128 0. 046 0.031 §=9.02e %7
BAZR 3 29.311 1, 113 0. 000 0.206 I=-7.69T + 69.52
Intake rate 20.676 1, 113 0. 000 0.155 1=76.88¢ % 2T
i&jfjif]ﬁme 3 4.070 1, 113 0.046 0.035 h =0.0593¢ ~0- %787
b PR i 2 5.008 1,113 0.027 0.042 +=0.0033 T + 0.017
Processing time 4.500 1,113 0.036 0.038 t=0.0181¢% %327
3 21.984 1,113 0. 000 0.163 +=0.0107T + 0.0023
33.638 1,113 0. 000 0.229 t=0. 01327
6 5.889 1, 128 0.017 0. 044 t=0.0019T + 0.0237
4.793 1,128 0. 030 0. 036 t =0.0227¢% %77
ML 2 5.865 1, 113 0.017 0.049 Cr= —13.906T +471. 67

Chewing rate

WA B, 75 75 H REE I Jr BESR TR B, S5k FOR D B R B R, B B I [R] R 0S OK, B i v o), 3L
PAK D BSRERM B AL/, O BB #is N (& 2b) , AbFR (8] B B3 K (18 2e) , 51 ZCH BN SR RIER
BIEE 4 3056 5 BrEc S B T RS (18 2a) o {H R B[] | 5] % B[] Bz PELIGS 28 32 76 & BEER B R 50 8
(K 2c,d,f), B, XM FBES, ORMENET Y BN AR EEZE 7, HahB2 e sh Y Bk 5%
AR, BRI H FURE R SR BE 15 B B[] A3 O T ¥ 2 s a4 5

TN RS, il < BRI AR H R — M D&, BE O — DI 2 . BES R IR oK, R B
YRRV, BARTT H RATRE LARR ) DBk |, H O BRI E (8 2a) , M R K/ K 0 &R 45 1 Bk
BARIMAFRFRRE , 21EE (& 2b) , [FA, SRar i8] | [7] FF i ] Bz iEL I R IR TE & i i BES (R e e (18 2c,
d,f) o FRMFBESHE LB, REARTT H BRAE/H 7 BESR A b ZR i (8] B B3 K (18] 2e) , (B AL B (8] IR AR F AR
G, BEE (K 2e), B, 72/ 7 BESE, 7R 77 H 5 BE 2 Wi £ BE 45 B8 I () Ay 3 R 2 e M Sy sl 5 (A e,
d,e),

AR SORFIE DR , A4 S BARA B & B =M RV R AR T H R B Y, RS MR BT A SN2 R
T[] | [B] g A ] Ab B e ] B PEL 3, T BB 5 oR B H B A I S R 2R

O EERFEA ARSI R RS s A R 2 — 7 O BRA YUK ERE, F0
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http ://www. ecologica. cn



4846 g & ¥ ik 30 &

B, 51E R AR A B s R A, B A R B A SR £ i ) A AL R 68 PR SR A 5 A
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/NBUIFLEh M AR 75 BRI TR 24T S 5 KRB S i R B R R, R SR I, R B DL TR AT 0 ARE : ORT VG
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