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Abstract; The effect of variation in the spatial arrangement of plant tissues on the functional response of mammalian
herbivores is one of the key parts of the foraging theory. In this study, 4 models for the intake rate of root voles ( Microtus
oeconomus) foraging in the pathes of fresh alfalfa ( Medicago satival) leaves were evaluated. Each trial included
observations of root voles in a single patch type, characterized by a different arrangement of leaf size and leaf density which
represented spatially heterogeneous leaf patches. The size of the leaf offered to root voles was varied to control their bite
mass, and plant spacing was varied to control leaf density within the patches.

The composite model depicting the combined effects of bite mass and plant density fitted the data more properly than

the other models. The maximal likelihood estimate of the parameters, R, h and V,  from the combined model represented

the independent and direct estimates more closely than the other models. Although significantly linear regressive
relationships existed between observed and predicted intake rates of root voles by the 4 models (P < 0.01), the composite
model fitted best to the observations, indicating that the composite model described the dynamics of intake rates regulated by
competing between foraging and walking of root voles. The composite model predicted a distance threshold (d~ )

distinguishing the mechanisms for functional responses: the vole’s intake rate was regulated by bite size when the leaf

spacing was lower than the threshold, but once the leaf spacing exceeded the threshold, the vole’s intake rate was then
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regulated by the leaf density. The validating tests of these models provided a strong support to the hypotheses about intake
rates to be regulated by dual mechanisms in small mammalian herbivores: the plant size regulated the intake rate of root

voles in plant-abundant patches, while the plant density regulated their intake rates in plant-sparse patches.

Key Words:; models of functional responses; root voles ( Microtus oeconomus) ; bite mass; intake rate; heterogeneous

patches
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Table 1 Parameters of alfalfa leaf patches foraged by root voles

1=

h +

BEHAAY Type of patches I I ! v v VI Vi
BEHLTE B Patch area/cm? 50 x31 100 x31 100 x31 210 x41 210 x62 210 x93 210 x210
- F[8] ¥ Distance among leaves/cm 1.0 5.0 10.0 20.0 30.0 40.0 50.0
- F- %% Numbers of leaves/n 1470 70 14 21 21 14 14
BB Leaf density/( f/m?) 9480 216 48 32 2 16 4
4.74 0.108 0.024 0.016 0.011 0.008 0.002
9.48 0.216 0.048 0.032 0.022 0.016 0.004
18.96 0.422 0.096 0. 064 0.044 0.032 0.008
H: Y8 3% BE Biomass density/ (g/m?) 28.44 0.638 0.144 0.096 0. 066 0.048 0.012
37.62 0.844 0.169 0.128 0.088 0. 064 0.016
47.40 1.060 0.240 0. 160 0.110 0.080 0.020
56.88 1.276 0.288 0.192 0.132 0.096 0.024
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BIFFEBR R 225 (R 2, K 3) . MERBARMIMEESH AR (d,, < 47, R = 0.893) R B (d,, >
d* R = 0.92) WEABEM A REBES T, 50 BX Y D BBE(R® = 0.764) , 1 2% BEXHHEY
WEAAL(R® = 0.687) Fit J ALYy @ FEXHHA) A Y BAERL (R = 0.499) & HREE (£ 3) , UL R A AR A
HHE BRI THE 3 FhERL,
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Table 2 Parameters of functional responses of foraging alfalfa leaves by root voles

% ¥ C; C, R h Vo |-
Parameter /(¥K/min) /(%/g) /(g/min) /min /(m/min) /(g/min)
yﬂ%ij;m% 448 +56 4562 +247 0.098 +0.0083 0.012 +0.0014 8.84 +£1.37 0.079 £0.016
Co MBI, C A MEIEBEN , R, A TCMGR B 1 EAL BRE WM E b SO 1 DTN 8], V0 A TEMCIR N IR THE B BE , L AIRKARA
: 3
*3 RERBEAZENEE I HMEROBSER
Table 3 Fitting of four models to the observed intake rates
pom HETRE 2% i PR 95% CI
Model (R) Parameter Estimate SE Lower Upper
KA Combined 0.893 R 0.0947 0.0148 0.0657 0.1136
h 0.0135 0.0011 0.0119 0.0151
0.912 Vo 8.13 1.36 6.64 10.35
A% Bite mass 0.764 Roex 0. 0964 0.0154 0.0653 0.1172
h 0.0186 0.0014 0.0157 0.0212
% BEAE Density 0.687 h 0. 0437 0.0041 0.0316 0.0527
Vinax 26.58 2.38 18.94 33.17
1 LA Biomass 0.247 . 0. 0631 0. 0064 0.0307 0.0518
c 0.04 0. 0002 0.0024 0.0051

R JITCHOARISS T AL PR I35 b SWSOER 1 0 S BRI ] , Vo R TCMCAR I FRIAT TE BB, L I IRKRERAE , C 2B A 5K

HSHEERE, A LR (K 458 1a, B 1b, B 1, B/ 1d) FE0 3t 0 :5 i (7) F1K(8) HE M E G
B, RPEENASHEER (R 4) R, R E BREA RN E S 4 FEZIBTNE K EE K% 8% (P < 0.01)
(£ 4) ,HEEEERBOUERRIEL S SR BAE (HRREC BAEAL R = 0.943; DEERLR® =0. 869;
Y BEASEL  R® = 0. 867 ; fEYE W RAREL R® = 0.499 ) o HHARNE FEABIMEAFHEL y =« #5}
RILE, B T HRA RN EE SV % BRI ERENIZ AR RN 0.48 < 0.9 4b, HE 3 R [ 946 ARt
R > 0.9, 808 T 1o R BARMEEB/N, Y% EERE S TR RIBAR, RZ, #
AFRIE(ERR T, ALY BEAE RS RMAG T T SRR AR ( 1e) o HE 3 FEEIXH AR BE S
MEEFE—BHRAR (B 1a,E 1 b, 1d)

®4 RARBAXNEES 4 MIhat R EEB RN ER L ERIESSH
Table 4 Linear regression analyses between the observed and the predicted intake rates by 4 models for functional responses in root voles

7 Model [ElJH 7572 Equation R? SS MS df F P

R A Combined y = 0.918x - 0.003 0.943 0. 0581 0. 0581 1 1062. 407 0.000
&7 Bite mass y = 0.975% - 0.001 0.869 0.049 0.049 1 402.712 0.000
% BEAE Density y = 0.475x - 0.112 0. 867 0.049 0.049 1 395.318 0.000
H: W AT Biomass y = 0.962x - 0.002 0.499 0.021 0.021 1 86.716 0.000
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PRIt 9855 2 B S AL A P 22 I BN VR
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0.08 0.08
0.06 - 0.06
e}
E oo 0.04
S 002 |, 0.02
Az - L
3 0 1 I L L ] 0 L
2 0 002 004 006 008 0.10
2 016
2 ( ¢ e 0.10
i #
s
% 012 | - 0.08
Ex #
% T 0.06
. e 0.04
0.02
1 | 0 l | | 1 |
0.08  0.10 0 002 004 006 008 0.10

N RFHME Predicted intake rate/(g/min)

1 RERBAZRMNNEMES 4 ol RZETNERNLEDRE ST
Fig. 1 Linear regression analyses between the observed intake rates of root voles and the predicted values by four models for
functional responses
a NRGHHALD Yy O BRI, d R AR YRR IR AR FOR SR SR E 5 BUMEAR S, SEER R SRR B
TR R IE R 3 B =MERRM R S VioppS/ Ry M B R BER, RO MIBRR M BEE >V, S/R M B
BEH

AR R AR RE (EL AN 4 PRI HUIE ] )5 AR 22 S A R LA 2816 d/S IR R (B 2) &
B, SR ARG 5 3h 4 D EAR R (18] 2b) A 44 BEAR AL (1 2¢) BB 1515 PR HESR 22 7 O {EAN V.,
wae = 90.20 B, U ISP SR H, T -5 AR AL ([ 2a) A AR P B AR AN (8] 2d) o £ 0 U iy 3 2 U O
B SHRARMEES 4 MR BMERIERZER  REER(RS) BA, Tk d < V,uS/R.. 8l d
> ViaS/ R, AR E (H5 R SR BNME B H R 2B TR E 2R (P > 0.05) , T5HE 3 fifdil
PO E R A5 EZ AR BE (P < 0.01) . R EETE M 8 EREH, R RUCR AL B B 1955 4+ T
HEFAR, MR A RESES, R E R HRAR, W, 5HE 3 MR L, 25570 SRR i i B
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B2 REBRBAZNEEMFNEREAGESES /S WXER
Fig. 2 The relationship between standard residuals of the regression between observed or predicted intake rates and d/S in root voles

* a NELARLLb B D REAL, o R BERRAY, d R AE RS d/S RS EIL B S MBS R XA 1 BEHLEN Vi
TR U R LT PRI L PO 28 F S AL 5 T ELRBER A Ve 1 R i PHEL T AR L 2 s SR

*5 HREARBAZENEESTANERAMREREZN KIEER
Table 5 The results of ¢ tests of standardized residuals of the regression between the observed and predicted intake rates by models in root voles

B o Lo sy R : P
KA Combined <VpuS/Ros 0.00 0.80 0.458
> Vin S/ R 0.00 1.21 0.165
T E A% Bite mass < VoueS/Roe 0.01 0.04 0.000
> VioaeS/ R 0.01 7.72 0.000
3 BERIR Density <VpuS/Rpe 0.03 3.03 0.003
> VoueS/Ro -0.05 6.99 0.000
H: AR Biomass <VpuS/Rpe 0.01 4.57 0.001
> VoueS/Ro - 0.01 5.19 0.000
3 itig

ASCHIBTFE G R UL, Ea A (f X 7 A 8 416 ) BB Akt T AR P RREEARL ) 25 8] 53 PR PR B SR R &
HITHEER L. BRE-GHRISN, HE 3 AR AR FH R A SR BUINE 5 I 5 (6 A9 [ U 3R 22, 7B V /R T E {H
P AR PE R B AR (B 2) o 2 d/S > Vioo/ Ry i SRR RAE M F (AT AE BB R] > Ab 3Ry i i
8], o3 A o fsi. i T O RN G AR RS e 1 (8 AT RE 8], S B RER A R B > T
RE(E, AR E (E-5 FOUME R B2 1R (A M 0 5385 (B 2b) o SR, AR50 BEAR AU A REAR B 3h i A
B (s ) AR (EZE M R AT T SR AR (18 2¢)  JERBER < 1 EZK (Bl 1e) . FZ, % d/S
S Vi R BF, BI85, MBLIE B3R 228525 d/S > Vio/ R, B, BIME R B A, JE R G 8% 22 . 4R , 76
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R B R AT HES TS (EAR N T o Vi O THE RS TCERET AT E R BEAHIE . B A SCRAEM
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FEAIABEFE A, E TS M A BESRA2s [ HESI 5] o AEdS e S BEBEER , IR B A , B I 49 B S5 4 1R B
J 1 X1 XA SR . FERTR BESR A M EIBEER >dT 8 <d” . SR, BARSKMET  BEPEY E I FEHL
i, BRAE T BB 2 B A A AT, AR ) BE -S4 0 2% B R M (e DA SR T E AR B I PR R o R UL, SEAE W (BT BEAE
PRI AM A FORE SR, ST FL S A 9 BE I SR B R, BARRARIT A R T sh i B & Th BB UM A A

TEFEY RS, B DB SR A TR B ZhAE R RIMS R (B 3 R & o TR 1k sk A T
HEER, S5zhicm 0B, SHREN, shPiik 1| OREYE/NT OB, kK 0500k FHm
MR FF) 1 5 BEAE A KN K, shidk 1 DR R RS 0 BEHE, Ik D85 "HIE D 5k %, 3% I, Pastor
G T By O R RY, R U ER B R B DA K S I O RO R 26 b, Ginnett Fil
Demment''*) % B, K5 g ( Giraffa camelopardalis) BT 18] b 1 B T8 , IR B 57 T e b fic gk vt ) 55 1 &
THEEI DK 2R MRS . IR GE A AR D), TR A3 A RIRIE A o SR, A RIAEELS S5 5 B R
Y2F R ORR] e WA R S BUE R A T , SEAT AL 8] i E A, 7 ml 3RAS A BRI M E R 45 R .

R BTE Fr AR %S SR E REARZEERIELEMEXXR , HAEYRER TN RS E S
BRI R ORI 22 (B 1d) o 7ER 53 BE/NH FBESR, A A B B At T T 4R F U R, T FEAR 25
R Fr BES A g RO R At A 3 T AR LRI A R (81 1d)

HHE 3 MR A, RE Y E Y BRI R E R R, TS Rz (B 1)  EEEARW A
&), B, ST RS AR ARl . sh O BARR AH Y% AR R B SR 2 B WA THRBR Tt
W FLBh T R R L AL , BRI Bh P i TR B A S A B 5 WA ) A P B AR TR ) g SE I AR A | I Jiz B Ty R = I
I . FERFE IR, B THY A ERERSH L, (K 9) 5 TE , KEFESFRERAEY A Y&
PRI R A R . HAh, SHE DhRER SRS HAR , 2R R KT B A 25 i A, R A ) AR RS 45
HRERER A RBESREE S M Ee AMEEE RS A EE R ES¥E L. Bergman
Sl AR A W AR i 7 A R ) A R T B SRR A AL - M AR TR S BRI,
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