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Abstract; In order to evaluate validation and application of energy gain functions in mammalian herbivores, the fresh clover
( Trifolium repens) leaf was used as the food preferred by voles ( Microtus fortis) , and clover leaf patches were devised by
maintaining leaf biomass constant and varying the leaf size for monitoring the vole’s foraging behavior.

Sigmoid gain function was not detected in any patches. However, linear function models accurately predicted the vole’s
residence time in the small and medium food patches. Although piecewise linear and asymptotic models fitted to observed
food intakes by the voles foraging in the large food patches, the former precisely predicted residence time of the voles
foraging in these patches. The linear and piecewise linear models were all speculated to be developed on the basis of the
bite model, a functional response model representing a mechanism for regulating intake rates, which was considered to be a
mechanistic model. Therefore, the primary purpose of the linear and piecewise linear models was to interpret the
relationship between energy gain and residence time. In contrast, the asymptotic and sigmoid models were primarily
empirical,, representing no mechanisms at all. They predicted energy gain and residence time in the patch scales, and did
not interpret the dynamics of intake rates, so they failed to predict accurately. On the other hand, these 4 models all
included non-foraging activity time such as vigilance and escape time, which broadly limited their applications. Therefore,

novel models for predicting energy gain and residence time are urgently needed in foraging ecology of mammalian
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Fig.1 Linearly regressive relationship between leaf intake and residence time of Microtus fortis foraging in small and medium clover

leaf patches
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Table 1 Regressive analyses of leaf intake and residence time of Microtus fortis foraging in large clover leaf patches

A/ mg WA AEREE/m " , o B
Leaf size Curve estimation Residence time Modle
16 S Bk T <0.50 354.00 1,122 0.00 0.74 G = 58.42T
7 > 0.50 65.44 1, 84 0.00 0.44 G = 19.78T + 20.69
N __5056.32T
Wik 928.42 1, 208 0.00 0.82 G =127.577+48
24 S BR 7 <0.50 139.59 1, 105 0.00 0.57 G = 52.85T
7 > 0.50 22.04 1, 66 0.00 0.25 G = 15.99T + 20.10
. _6123.36T
Witk 412.45 1,173 0.00 0.71 =127.57 +48
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Fig. 3 Linearly regressive relationship between observed and predicted residence time of Microtus fortis foraging in small and medium

clover leaf patches

a i 2mg MR ZUREIBEYL b 2 dmg M- Fr R BIBER , ¢ 2 8mg M- F 2 R BESR

R, LBAMETLE 16mg K 24mg M i &P BEH S
B B[] 00 5 2 ) -5 B 1 R BB B W i R B (3R 2)
RTINSt 151 05 ( 1Bl 4a,16mg : 553 B2t iR 4K,
y = 1.26x-0.07,R> = 0.71; [& 4b, 16mg: 5 &
¥,y = 0.04x + 0.39,R* = 0.41; K 4c,24mg: 540
BMERB,y = 1.19x -0.04,R* = 0.62; & 4d,24mg:
5k R%,y = 0.02x + 0.40,R* = 0.16) Y35
BERIKF-(P < 0.01) (& 4),{H15 8 oA E E S5
A BRLR b PR BURE R TS A 35 P BE R® (16mg: R® =
0.71;24mg: R* = 0.62) B > S#idksks(£ 1)
MMER R* (16mg: R* = 0.41;24mg: R* = 0.16) (A&
4).

AR5 B g3 B 4k e R 5015 2 5 i g R 5 B
(3R 1) 588 B[] 0 5 00 5 I P L3 R B, 7E 16mg
i 24mg M BEWBEH, R A 7 BRAR M R RY (3R 1)
O f) 45 B e [ {E 4R R 20 A T 0 — 0. 8min Z [B] , 7EH
Ky = WIRRE , U B 40 B 2 M bR SRR B T 0 ) 4% B Bt
E) 5 I e AE AL (B 4a, ¢) 5 LT E BRI AL (3R
1) T 5% B8 Bt ] B4R 404 T 0 — 10min 22 [&],
37 ¥ L A 45 B e [ 0 2 F Ok 10 4% (BT 4b,d) ,
H, ANBIMEAE 40min [iEE, D9 E B3 40 £, B,

=
g 15 1.5

2

= 1.0 1.0

3

5 0.5 0.5

2

2 9 0

o

(5]

Z

Q

g 20F ¢ 2.0

wm 1.5 - 1.5

1

=10 1.0

=

= 0.5 - 0.5

ﬂ 0 8 - . ! 0 I T T B
~ 0 02 04 06 038 0 10 20 30 40 50

{5258 I} R] B Predicted residence time/min

4 REHAFBEREAFHREERENEES 5 REERER
ik R MR R T E R R B VT S5 4

Fig. 4 Linearly regressive relationship between observed and
predicted residence time by piecewise and asymptotic models for
Microtus fortis foraging in large clover leaf patches
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