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Effects of predation risk on the patterns of functional responses in reed vole
foraging

MA Jing,TAO Shuanglun® ,YANG Xifu, YAO Xiaoyan, WANG Lu, LI Junnian
College of Biology and Environmental Sciences, Jishou University, Jishou, Hunan 416000, China

Abstract: Selection and consumption of food patches in mammalian herbivores depend not only on the availability of
patches, but also on the latent risks around. Whether predation risk affect the patterns of functional responses of herbivores
by influencing their vigilance in foraging is still unknown. To evaluate the effects of predation risks on patterns of functional
responses of voles ( Microtus fortis) , we measured behavioral parameters of the voles’ foraging in food concentrated patches
consisting of fresh leaves of clover ( Tritolium repens), and tested a newly constructed mechanistic model of functional
responses.

Modeling of foraging processes indicated that predation risk significantly prolonged foraging decision time of voles. The
intake rate in different patches was similar, the patterns of functional responses remained unchanged, and were still type II
functional responses. Except for cropping time in controls remaining stable with the increasing leaf size of clover, cropping

time in treatments, processing time and interrupting time in both controls and treatments increased linearly with increasing
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bite size. The interruption time of the treatments was obviously longer than that of the controls; bite rates in both controls
and treatments decreased nonlinearly, but the bite rates in treatments were slightly lowered when compared with those in
controls.

These results demonstrate that, although the variation of these behavioral parameters of voles under the pressure of
predation risk are likely to depress intake rates, voles are able to modify the frequency of vigilance actions such as lessening
the smelling and listening action and mounting the staring action, so as to effectively buffer the pressure of predation risk,
thus can maintain their intake rates. A significantly linear regressive relationship was detected between the intake rate
observed and that predicted by the model, indicating the predictability of the model is satisfactory. Validation of the models
provided a strong support to the following hypotheses: vigilance in herbivores’ foraging is capable to buffer the pressure of
prediction risks; the intake rate of herbivores is controlled by plant sizes through regulating their bite sizes, and is also
constrained by competition between cropping and chewing and foraging interruption at vigilance; the responses of intake

rates to plant sizes and bite sizes are still a type Il functional response as voles foraging in food-concentrated patches.
Key Words: Microtus fortis; predation risk; vigilance; functional response; intake rate
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Fig.3 Asymptotic function relationship between intake rate and clover leaf size and bite size in Microtus fortis foraging
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Fig.4 Responses of behavioral parameters of Microtus fortis foraging to cover leaf size and bite size
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Fig.5 Responses of bite rate of Microtus fortis foraging to cover leaf size and bite size
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S SR HCAR R BRIP4 HE AR A0 WL R AN B Observen b iy
JHEBIIT.
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Fig. 6 Linearly regressive relationship between observed and

il B AU AN SR ) 2R 5 RO, £ e s ] i L 2
M LR P AT R, W IR A B WBEE ) | K
PR ZE/DTEE 0. 5—1min 85 K B E] (KK 10min)
A, QI AR SR 300 DA A T S MR A A s A 2 o I — S i A TR, i B A A S
T B TR DX s AR R B DXGE R AL AR WA R Sh ) , 22 2 IR R AR I, AT HE A BB HAE T Y
[ B A AR i 1 00 BT 400 JRG Iz 05 2l 4, AR /D A e T R A ) Sl 4 B B3 B IR AR T L T B B A X
Beauchamp 57" & B, FEA & & S WARBIN 4 & & S Y & sh i ok b . 5 9 e e e e s (U
AF 0 T 1 25 R R Sh e o5 ) it 25 o Uk P ] 8 B 4 s P A5 M 2 B W AR I

predicted intake rates of Micrtus fortis

F1 FAHRERTASHSHRAXNMREOSHERASTER"
Table 1 Results of regressive analyses between behavioral parameters and leaf size and bite size for Microtus fortis foraging

TASH St h£eAdiit

Foraging Expeﬁ@ental %iif C.urve F df P R? Lﬁﬁls
parameteres design estimates
BEAZK Intake rate oyl RN XS 0.109 1, 176 0.000 0.109 y=12.392In(x) +34.941
(EEs X PR 0.155 1, 176 0. 000 0.155 y=15.211In(x) +31.773
pBL] RN XGRS 29.523 1, 385 0.000 0.142 y=11.620In(x) +34.941
5 XHEL R 77.014 1,385 0.000 0.167 y=16.426In(x)+31.773
AT TH] PO W5y bRt 15,737 1,176 0.000 0.082 y=0.001x+0.010
Cropping time b RN kRl 42.994 1,385 0. 000 0.121 y=0.001x+0.009
[mEy Lrkmg 50.111 1,385 0.000 0.139 y=0.002x+0.010
pOELiny ] Xif iR MR RN ZitkrRE 132.388 1, 176 0. 000 0.429 y=0.010x+0.012
Treatment time [mE3 bkt 121.153 1, 176 0. 000 0.408  y=0.012x+0.013
pOBL RN ks 50.111 1,385 0. 000 0.139 y=0.014x+0.009
I kRS 138.683 1,385 0.000 0.265 y=0.013x+0. 009
TR BT (] i e RN RPERE 6.648 1,93 0.013 0.111 y=0.005x+0. 043
Time of foraging [WE s LRk R 12.791 1,93 0.001 0.194 y=0.008x+0. 036
interruption b3 [ N A 4 7.944 1, 102 0.008 0.300  y=0.047x+0.227
I 2k R 5.152 1, 102 0.030 0.284 y=0.054x+0.260
KRR pogi MR/ SREREL 106.523 1, 176 0.000 0.377  y=23.499¢70 1%
Biting rate i BHREL 78.957 1, 176 0. 000 0.310  y=21.779¢7% 162
Ib3 RN HRBOREL 80.678 1, 385 0.000 0.173  y=19.341e7%0%x
B fREREL 96.173 1,385 0.000 0.200  y=17.988¢ %!l

TETLE I, B 1R B ZH AN A (0 SR B I 18] (18] 4y, ) ok BEZH 0 4k BRAH SR 1 56 &[] 5 ) 18] (5T 4d,, , 18
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4d,,) LS (38R JC A 2 AR S AL AL AR, X BRZH S Ab BRAH AR R B[R] (18] 4a,, , E 4a,, , K] 4a,, ) FIALBEES
[ (& 4b,, Kl 4b,, & 4b,, Kl 4b,, ) BIBE LS Je S B RN W 2 3t m e ds . R/, SHigHE B2 67HEY
Too, i ] M Yy BEH RE 3G K AR Ty R & AL B ], SRR K S/ N B 5 TR A i ok
Ry FLA R IME FE A 56 ; AR T A BB ) B AR BB 1R i A B % (H [R] B 388 K T3l & s, EL &3 R
L PR s i), A8 K T A B i) 5 2%

JSAE XS RRZH KA BRZE A A ) 6 B P T E] (1] 4y, Bl dey, , Bl dey, Bl 4y, ) YIBE LS Ko S BYBG RS 25
ol b I S A (R 1) (EAL PR AR A TR £ r T (R A 0] FR A AN AR () 184 3 BH SRR T R R (IR S)
SR, F B XU 5 | 350 049 A B8 £ o T s ) 344 R BCR B S B AR I AR 3G KL T8 & AU, B A SRR SR PR R e (A
3) o AThNE KB, B A X RRLE AN AR BT & AR I WL T R T S A, AR AL PR M ARAR A R AR AL BRZE A AORS
S SNG 7 Fh AR B PR 6 v T M LK i DX 3l 4 , L B T XU D, D3 W R R
KT, il T T AP s L sh Ve, L, & # AR SRR SCEARSE S8 R4 7 A,
HFB 2 EREXNZE T B H, ZEHEE T, MRS REIEME R, R TifEREEWmn
RO ST — &5 H AMERE R BT RE(ES) o AR, BB IR sh 85 | e AR E AR & LA I & v
VBT S (] 718 354 I BE RAAICER AR (L IXURG: Y5 B A s, AR 1 B 6w OB i A 0 O 7 2 Ja sk /) 2 e ] R0 e T sl A AR
D DRI 2 RS YR BH MR R 7 1) Rk ) R A AR S 1 B £ [l A s ) RUBE B, AR T LB 4 45 4%
AN

PRI JRURSE i 7 AS ) a4 8 2 ol R b AN 7 37, Al 2 PR 3L 3 W 16 803 o) v 2808 gl U S i & R A AR
S9N A el R ) XK, 5 DN T A HA Sk W PR B AR B ) X ( Oryetolagus cuniculus )
PR ST AR B AR Y Lima 2550000, S 45 S0 AT 0 ShVEAE i B AN AP 22 5 1T B)
W e RN BT, 8 BT SR S TR A G I T W, DA AR S0 SISt 5 38 A S 007 e o R
— R RN G PR S IR O — S RN AT R R I S A oA BT
X BB 5T oK fiE AL 3 PR e S 7 5 R 1) B A A BV T8 & b T A A A 2 A AU i 7 R /INFT
L e MRV AR, X LA A AT B MR R 2L 2 W T 0 B P e AT R 38 N M AR AR TRATE S
o SRR B B KU 5 R A AR 7 B R BR & AC 0, FRATIN E T & & AR B AR 7 H TR B0 B0 G A5 A
AT RS EAN AL AT AR | NS R F T 2 A 5 RS 1) 310 6w BT 1] 5 4 40 225 — D) B e I B 760 B 7 o B 1
B B A QAT DRI REAR b ) W AR 7 T BB B 47 A I SRS

JSUAE VA R I B4 XU X6 AR BB A3 S Ly 6 S i s Sy BV FH ALk IS T R A 1 XU %o HL 1
FR D ARSI AR — YRR B BB L R A TR [ A s R] P I AE 2R D T LA AR e T
RESIE, SR T W AE S b AR TR TG s AR AR 0, A BBFss R0 AR i W fe i K sl
VIR Y B, JUHE B RSP R Microtinae ) FLE P/ NRINHZL S04 | X5F B4 o 4) B SR s R PR A £ P i
LA BB IR R A L 25 XSS R B A A Sl R i R a0 DRSS YR 174 [) s R SR B )
WiH , e, 76 5 B BB T 3B XU &5 i sh ) i W vE 55, BB 2 W RE 2 548 AR IR AT
BERFAIC IR A B &, UL, 7E &Y S A, sl B XGRS XA P e 2L sl 0 10 30 B 45 by ol e e 4%
A EY AR S g S A VRIS, R 1R A L
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