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EXNE

AT T FHUCBT DMER OB REZEME L. TSSO Ty R0k A
B ORRBEHZTEL, ZOBKIZOWTERTIEILDOTHS,

U X T IR LRI FHERSR T AR OWAETHE. b
IO THEEHOIEH & SN TR, ZOBTHXHE LT L, Bk Oz
£ D ETERBY A BUT IR & S5 (Graur et al, 1996), F 3 75 %013 1
BHET 14-196i 2424, 73 S8 I3 ENIC A BIIC S MIZ B B S — 7%
JEid % (Corbet & Hill, 1986; Chapman & Flux, 1990), —J5. »H X811 1E T
42-53f . FITAIELOENZ L > TKREL Lepusld (HFE4T= 5 hare &
jackrabbit) & Z DA D10/& ([Flrabbit) 12421 S35 (Chapman & Flux, 1990), ™74
FHUE D 5 B8IRIZURIFE T, #ikiE At DIZLepusi® (19 - 29%F) . Sylvilagusii,
(12-13%) . Pronolagusi@® (3%k) DIRITHE/2V, KR L TE 5 X80T, 45
ZHT SR WR D . % 79 FROchotonidac 2 < wH¥H. T74bb w4 X5
LeporidaciZ|& 3 28 a2fed 2 & &35,

VY XRUTERALE, BT A ) D, W7 U7 OBEREBE RN T, RELAM R
LT D (KL, =2a—V—F Y FRF—ZAMF U TIIALNEAIZL D) . fi
VIRDOBYNTIZY T Vie RSN D KB OF B SR 2 I Itk S B /MO
B ETHD0, VYRRIIZ OB & 5 BB+ 2, £< OEERIcBNT
U XRIE T BN ORI BEIO =y F % b, KB O SRR WA P o]
ELTHERFETHD L END,

P R DM FLENI WAL O LW E OWAL 208 2E Wiz X B3B8 > T b, fil
2 KUOHRHTIIH ORI 2RES T TRERRRM L L. vHXEDORL
BCIIELZEES TR ORE LRI LTWS, 20k, BiidiisJeres)
VI, B#E I EHIEREE Y & IIEN D (Cheeke, 1987), BILRREEIMIZ B CIdla &
WO IR OITBIOREERMBND, ZOTENE. B O#EIMD S EENICZTT
BETLIL0THY. h TS, TR OIREIZNSE - bz o, 7 2813
IO (M) ZIIRORL - (K#) 2L, ZhatRTEad 3,
A TH XN OEENLIL SEBEINCZT TEET 3178 Geairsh) 1X. &
SPBEZEDARIZE > THE SN (BziE. Drane 1895) . M7 & & 19k AL
X, %< OXHRITFLIR T X 7 (Olsen & Madsen, 1944), LA L. = OFHEHRRLE




EANE

A TIL BHSNIZDIE. Madsen (1939) & Taylor (1939)1 & % Morot (1882)34 520
MR EERIZED. TNEDOMERH ST LicDiX, A 7X@ ol (G
) L3RRS E (KD 2HL. Zhze TR TIMD S BT STEE Fie o
TNHZLETHD. £DR, MIMIEHNAMICHR L TE # I VHRZ L 2 BT
EEeZ LN H AR %D —J7 (Eden, 1940b; Kulwich et al., 1953; Huang et al.. 1954:
Thacker & Brandt, 1955). D% < DEFAD 7 34D B AN T D iR HEASH D &
417z (Southern, 1940; Hamilton, 1955: Watson & Taylor, 1955; Spencer, 1955; Geis, 1957;
Lechleitner, 1957; Layne, 1958; Hewson, 1962), Z D Z &5, Rk#ERIT I 8¢ —
BATERD END EHRITHTHY . RARBRMGERD—>TH B & OBEMRIE. L
1os

— 0. WEE. KRBT D MR OME I X > TEREI NS, ZHITEERL D
M D A E N T BT ORI 2 7k 5> & T B 0D 5 ~ BRI TR Bk 2 453

(Z OWEDE I LT RHTIREDSTER S D) o« Z OMRIC X > TR S h 5 flidit
EITHLR 2 HHERR S UK A3 TN, 54 BERRS 1 2 R8 AL 12 A5 P 73 e

BRI RSO DT, FERUC M AHL % BT 40l U130 < HEH 3 5 4
fLHfE SN, BIIIEREINARVb DL ZNETE X BN TE 7 (Bjsrnhag, 1981
Cheeke, 1987). L2 L. AR T FH TR D HHEMICEAESh TS 2 2%
HEMT LIeD T, EUFAGRSUZ BN TEDMIC DN T+ 3,

A SIIIFP S5, FITTIX. =K/ W9 X Lepus brachyurus I B3 [ %
HISMESER DTN MG L. 2% 7YX L. timidus T [FEEORE#R AR S W =
EEMEAT, MEERTVYXHODOL L T RNBITHCTH B RS2 H35, 552
BT, ZORRERIT T, MHRIZ X 2B OBNEE & IR OEE %1 5
T U, FORDIA 7Y% A ek A B OME S 2R U5, $35E Tt
ROELREL LT, RO O R ERADETY SRz BT 2 HADL
WEZMETIE LT, MEROERKEZY ST B &z, AL A TelNALEIR S
FRUTH L TR OEMAEE % 5.

BB, KX THOWEHILEOMAIZ ONTIZA R (1988) 2B E iz Lz, 77 L.
L. brachyurus® 241 DWTIE, JILE - (L (1996) DIEZEIZHEN, =Ky ) wHX L
L7z, HREIZDOWTiZSilva & Downing (1995)% 5#12 LTz,
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H T
ARSI ACHRE R 7 A TR R AL R A SR R K B D ZHR S D b & CTIEIK L

i E & D DIT YTz ) HERIE 2 TH O,

Aui L 2EDOMIENT. TR P AEY S HAE LM SO L QYK & D[ Tl -
oo TOM. BRAKE S WFIEIT AR AP0 S R AT BERF 20 58 U HEUIE R 1. HRBPR — I,
ARG, RERERBIFZESBANM S CUl) | sk—hS, RIS FSTA Y =
H— w7 & UCTHZEMERE ORI CYRE) | [RIBFZET i S s ke s
NIRRT, Fikiftizid, AR 2 8021082 v ERMLEL TN, KK
MSER SBR[ R B B2 - ZRAKHA O T2 7 B 0 S 7 K BR AR 22 52 L1 FE S
HEFRE CURE) 12— O EE2 E L DB IS > THREL S 2 THN -, MLk
AP ) R AR R B I S B BT T F AR A S DR & R R LT =
ZIHW e, RPERFREFIE B & HO R SR BT BB I i E 7 b L A WA
LTIHWz, PRI Y Y X ORI 2 3248 U T e, B A SR e i e
EEPF I EITIZE < OFSCEMA LTIz, HABRES &3 K2R S RL4AE L
REFEEARS CHIRE) I3 B EEBRAA ORI 2 T Te . 7 5 A O B L
THBFEWIHW,

LEDT A<z, BBNE#HOBERERT D,




BIE MERREOKHE

B1E RO

EANZEBNTRARLESIT, TRNETYFTHOERB LS 58E. SHARY
ICHXT D (REDHDIVIZTERR) 2HERTILDOLEI LR TV, LrL, =
R/ Y XOFRMPLEE DS EFRDMEE T, MREAHENICERShTNHS -
EMHLPERSTE e, RETIE., HBIFITB O THEANEIICRH S Wiy
FO=HY 7 Y X0 HEEICONTHE L, 20 TR O a2 Bk o =
R T YXOMBAIMEZ N U THRE L. S3E0 T3 Y9 2ic B80T h
BHRREBITONTNS Z L2 Wi 5 (Hirakawa, 1994; 1995; FIRIH) . 54810 5548
T, LLEORER EMEDTHRICIESNT, THXFH DL S TREDOEHERITHIT
WHZ L ximitT 5,

FHLE FEFO=KRY ) THXORAER L O #EATEH)

(TR B 15

VYRS RICERRE LRSS 42 & Sh. ZORBEHIZONWTIZZ < O
WA 5 (Lord, 1961; 1964; Mech et al., 1966; Lemnell & Lindl&f, 1981: Holley &
Greenwood, 1984; Wallage-Drees, 1989), L2 L. ZDIF & A EIZE/ CREA D F 551
EREE N CTOMEDOB)E 5 & —BMIRIGEIREE R Lz bDTH Y. FRANEH 0t
il 2 AR R U Te pilid 72z,

U XRIETOBHE O () LI3RR2% (K#) »HL. ZhzEeT3
GERT D) TLMBHMOLNTE R, LirL, #EBFTHOFPIZONTIE. BRIz
TR AR DAL E N DD BHER S N TV BIREE, [THifih & T 7
EZNETHESN TR, ZOETIE, MEFO=KY ) Y9 XE0H - #AED
JBNZ DWW THiAE LT R 2 R4 5,

I=1: 2 #MBEHE

BREJHHNCOWTIE, /MUY ¥ a— &gk Le B RE2 T, ERIHES
R ER OB BRI RSk T 5 Z LIz L > THAE Lz, = 03EEIL. KB fIcFr
REZT=F— L., B L THLICRET DN, ZOR% & AR5




w1E HERAEOKHA

HHDT. HROMEERRIZD > Tl LTHURTX 2, 812 18mx3.6m &
MEICBOTEHEHOOROA R (FHE FHIE) 25 E U, Mies [, 1988455 1
PHFFEOIAETIRE2 HBEITTo 72,

PREEER L OHEIESEE)IZ 80 cm x 80 cm x 80 cm D7 — U CEIBE I DSEED A 2 (ki
DEINTIIE) ITONTBIE Uiz, EEFRRBRIZ/INEa Y ¥ a0 — & ks LI2a 0E
TRIZHNT, RIS HHREROBD L7y —Uh %L Tl 2 3 E ORI
ZRlikd D T LIT X Y R L PO h A B,

HHRBR OIEENZ. 27 mx 14 m QMWD TREIT DR DA 2 (231 ]H iz
PIERINT L) 12 OWTBIZ Lic, Z DIZEBE D27 Afilic Z oz i .,
BB & TIZ—E DR BT I DK B 245z form L IEE) THEHKEST 2
KoLz olc, TORBEHERHTIPLHERETE T4 A5 Clgitk Lz, =
5 L CHHIKRBRFO2ITE A RS ST S ule, FddkiZ19924E D8 H 12H 7> 59H 5
HZ%T. FH10HBfT -7z,

BRIEB OBEIT. L < NITHENZ6GED A R (KIRLBESH BRI flNE) 24>
36mx3.6m DIMBDOHTIT o7z, ZOEWBIF2NEA LIS 5 AT, HIXERDN
R MIZH D0, TR RO TR Ue. ZEBRIIHIZBIZ 0 2BE R RTIZ HR O
HIT AN, WMBZh, BIRFIHRBOMICEY . EEREROLRAT - k3 - #/ 0
TANTOTH Zlsk Lic, FHARED S RO i £ COBE A 2047 -7, 1]
(2 H OB DIEE %, BN & & OIET) 2308k LTz,

HRRRHIZ B S, BRIN D HOBEEHI DB 70, E &7 Uk E o4
R TR O TH P OB 21T o fc. EBRIAKIC 75 25 v 7 8o o b
7— (A= MROBEE) & FHI6RD S /PR E TO T, JIFIZ OS2 &
2T LTee THLT, SN DRI & 2 DML 2k L, NDEEEEL P
7 A adgk 2B LTz,

BEIZ NS R T ORI IZE BRI 238 U CERETR 2 5 % 72, OO T
B DIRAIE AR DRI DRI TE 7203, EERETD & OBR D= Hii LI D THE
BTH Tz,

1—1. 3 #H&E
BRANEENIWIMER AT % R L, BEAIEENZ A EhAh ST H £ 1EER L &




B1E MEAORRE

5 Ity e (Fig. 1)o FRIH. 11K £ TORITIZERAEINIE 1 3 3b S h -
k%\?%Kﬁé&ﬁ%%ﬂﬁ%ﬁﬁbhé:&%%oto:@;5&&%%&&@
X E DRNZ % > - 7z (Fig. 2),

ROPHIZIRENEB OB LIZ 5 LTHE Y. SMEAEHIOK THE S 7 < 45 )
L7z (Fig. 3a). HIETEB) O iz E¥0572 < 7g > THRENEB S 1L £ 2 L. # 0 b
WD BN e o7 (Fig. 3b), S 5HiT. By, ZOEFEWAE G20 E. EiD#
OHFHIZDFHITEE LGRS SIS, Z20R S kD TR -7 (Fig. 3¢), B,
B2 525 LFRBIMMITT SRIEZ DT, HOBHIZZDEBITIEE Y . AT
BRF I >TEIET D &, LIES < LTHEOHE 4211 LTz (Fig. 3d).

H R S o 1% )

KRR <. AT ERITKEBIZA Y, 4558 HEREL 2 2 a i
DETOHMDRKII KBS THBZ Uiz (Table 1), i, EEREAIZIE L A LHh
HICHDEWIC IR S Te BB TIMZ LTe S, L ELERIER VI TTHEY . #ADEH VS
12T, BEWDEITK T (Fig. 4: #R LBRHEVBFHTHR L TP 5O b
HHNT) . ZORE. HRRBGTHENS#IZTRTEASNTZ,

NLF2> 5382 2200 2 —HOBEIZRD X 5 Th -7 (Fig. 5). NP SR 112
U DIIEITITE > T B 23 TIARIE TR RIER 1L 5., 20, WRid 25
95 LTHE M 5. FRHZALMASEIF 22X SN T, OAITPIc s 2, Kk
[RIE DREDOE LSRN GEEZINITZTTWBIRELEZE2 5ND) . Zhhbiis
EiF 5.,

BETHITZ ZODX A 7B SNz, JIF5 S A T2 3 —doBfEL L
LOBRUTHTeh, —DIXT OBENKD > Tei2Ic ) X I I ARED L FE (1
BRNCF3.8I) 2310070 H70BERD b, HBE £ x Shi, fhfid, Lxrx
WOOLNDESHSTHLOIRODHEEZRNC LT, £5 LY RIWARED R
HARRDLENBRVE X TH -7z,

ML 20 5 R BRITEH MR VRSN, ZDODRE LKL THEVRE i
WEOHDITENICHE 2 % TIZ1000 L EORRIR» 2B Z L Bd ot (Zhae TEEsT
RIEMRFER ) LIPS) o i, HRELEDRVWERSEIMIIZLA L OB, HRNIT
fioh., ZORDROTEZESD £ TIZISL B b ok (Zha THERM




H1E RO

THHMDRNIER | LITER) |

R 7R IHMRIERIT. W, KRB A > TH S IOz, 1ZLAE0BA
Ll i 2[R S Nic, 20%. BN TIHRORWEENIBED ., BaXE
IZZ BN THER T e, £ OMIZHEHIZ2IEMERSED b, KEEE £
F TR D IR E N7z (Fig. 6, Table 2),

PR ER B rh D HE R 15 8

WIS D56, FRMKITIREE 21T > TSR P Uiz, — i S hukic
W DICREFR 210 > TRAD DN, FRIBIRTIC KB S iz, FRI44050 21K
JURIBRIZA o Te B3, Z0t%, ZFRTTRG £ CORIC #2281 8], BRI Gl
BOIRNER N3P Sz,

KIEEMHB IR NG G, EHIBHG% IR CREEDHE A £ 57285, ZF41115054)
LT ~NTOIFMNERE SN, THEATC S AIFD 5 3% M2 2R % ons1
Bl KT DT 210 > TRAD OXBIAER Sz, RIS LUE D fric
3. WIRZELED 56 LEDRWEE LR8BS Tehs, lFHOHBI R Z — s ST
DONRP>Te. $TTIZ, KITH D TWIRESEDEIT = OREIIZ b s b iz,

H AR EIRHZ i S 5 S o fd

BRI IEM T Z — % FBRIAIT RS U T2 2RRT6IRA B P AR E £ T 5 b, Ri7
IREST3 7> B 12153450 & Tk FEA12[0], 1aliz 1A S8k S vtz (Fig. 7). fli3EI3 120135
SHCRID TN S, D% T =0 SN B £ T6ll. 1ENZEEE > 21458 O fi
FOHEH STz (Fig. 8).

KRR IR IE» 2 DT, BB SN B2z, MEPOICARE S &
L7eh, WX D SIRFEDHITIED TN KR B R Uiz, RIZHE b Izikiizc O T
EHEAANT TN TH T — D% SERDE > T UE o 7228, Iz DN TiZ— R ~d
BNz, kic. RIZ#E btz < > TZoMEon iz LT L EbIc e
NER, HHEEZELHLTHHIZ Lok,

RIII RS 23-42mm. 15 10- 12mm. RER T, BEICHEEEIZR <. BHT
ML BV bvTe, ERIUEY 20 O EIZERBKZ M o7 (n=3:0.90 - 2.10
8o —Ji. BRIV T T KRR T, B 7-9mm. MEY7z Y O EOFEY X




H1E HEROKER

0.1g(n=45Tdh o,

1—1. 4 =%

717 — % M0 TTHER S N T sk B O HE I & DBIFRA & SHUFHI0 72 ML IR £ 1A
ROFRIZ, RN THMORWERIZRIEOERICHIELTNDB L E2 b, 1
ONTHEZ D LITHEET D &, HHEIZ L TI6-22 gDik#EL6-9¢ (60 - 90ks) Ofi
EPIHIZHREND EE X ONTc. THF3EE R CTYHH M2 5930 gDRfidE % HE
THDT, IHIZHHET 2D S b, FIANEREIRTWAEEEL bk, =0kt
AL R LTT - DR 1R DOBRBETERTNWBZ L &R Lz, —F. &
HHRHZ P SN D BT TR THE T, @I LRV, BUNGZ b &
INZBRTIZEOHLNER ST,

U EDOHRP G, BE FO=FRY ) O3 RHEF T L 5z, BRAL
UKIERETS D Z & IWINZIEIR 0 72 < PRI S h D 2 L. BRI
ICHFH SN DT TR THEAT L2 L. BRKE P IcHl S B R %2213 2 #1013,
I TR MHED DB T & WHRAN P IZHHH S h 2 # I3+ R Tk T o i
HlETONDZ &, AXONBWHEIT HICHHHT 2 230D 5 oK1/ H 1
5 Z EMH B2 L7 ~ 7z (Fig. 9),

BEFER DOBWIEIZ T E TIZ B B > 7z (Eden, 1940b; Southern, 1942: )11, 1983)28. 1
ONBBANRBETH Y, HHRIILEZESLNTORENEZL bhTE T
(Cheeke, 1987). Madsen (1939)4% Morot (1882)#i3C % FiFs . - 8 LT HAED T
Lok, 79 FHOBEITIIRE RBILREE DNHIZEN TR TE I8, flisfans
DESITHHENTH D LT ABRIIANERNDTTHS, L, Z DG RIIFE
N CRETRER 2 5 X TR ONTH LN D TH Y. —INICEED =Ky /™
VX TOLIDXS REHANTORTWD DR, BRAES, ZhiconTi. ki
TR 2. SHIT, O T FHIZ OV THERNTON TN DMBICHONTIL.
ZOEDEIM T TH I ONTREI L. & SIcBBOM R4 T—Rikich
o

SRIOBETRILINTES 5 —oOm#AIE. KNG LRV E X ICHiE R
NOT L WHIFFEERL LTORM#ERTHD., HENEHERAELIEEEL LTOM
RE. ZOZOOMBERBEOEIKICONTIIPIEORAEZRTLERT S,




18 ERAORR 9.

ARFECTHER S NKIZ, RifiITEREDORD SNRNWAE ROk UL F7 E
W77 ABLIES) ThHoTeo LU, A OHXICBIF B0 5. ik#EITERIET
LRGHIRIZAENTEBY CLRI P AR EIEER) | WEFICHLAENS 5.
HOPTHER, TOEEDEERDZ LALLM SN T (Taylor, 1940a;
Watson, 1954; Griffiths & Davies, 1963), CHkZ#iArd 5 &. Oryctolagusi@: Sylvilagus
BT 72N BRI TH Y (Watson, 1954; Meyers, 1955; Hamilton, 1955: Geis,
1957; Dexter, 1959; Heisinger, 1962). Lepus@ TIZ7 E/L 7 7 ZABRMEETH B
(Watson & Taylor, 1955; Lechleitner, 1957; Hewson, 1962; Flux, 1970: Pehrson, 1983),
LA L. ZoOmEDXENZHMEZR S DTIZA <. Oryctolagus)d & Sylvilagus)& T % 7
TVT 7 ARIOERFENS (Taylor, 1940a; Watson, 1954; Heisinger, 1962). — 4 Lepus/& T
b T RNDRIENRBE SN D T L23B B (Lechleitner, 1957; Bookhout, 1959
Hewson, 1962; #j#%, 1978). Oryctolagusg&. Sylvilagusig CHIMNZ T BN 7 7 ZFI D
RIS D DI, KIERDOHIHITS < (Watson, 1954; Heisinger, 1962). —
Lepusls TIX BT RIER DK VL1275 L LWEDBRERBNDOT VW E S h
(Lechleitner, 1957), #RIEIEILDPIDIZT TN 7 7 AWM, %I/ D L RN HIOT
WE R I Sl L TR S5,

HA VI XOREORBIIE VY P TOFERLHSILDTE B X 5k kil
T CF#,1961) |« ZORHEIZ X > TH O TIRERIGH Rk OR R A Sh B,
NA Y FOBMDIRNE O (pH 1.9)Th. #kIITREIE TR S NIz N DR 2 7
DT OWEIZ X > THABOFERE R KT, KA %008 L. FLEE 2 2E5E U itk J5 Bl
D% NF 5 & % LT % (Griffiths & Davies, 1963),

CDESEHTvNDOKRENEETICHFIAEN., BOTTEOEEHEL L
CONWTIE RS MR ERSBD b, FUk#ELIZTVN->Th, TEAL T 7
ARIRIERERD Lepus)® TIL. B 71 ARIR DS F 4K D Oryctolagus/@ <0 Sylvilagus/i
Cid, MEEROFKBAEILWESIFIZ KERENRSH B Z ER TSNS, UL,
TENT 7 ARRERE OB TEDOL > 2 HEZFEDL, POL 5 RIBAHEVERTOD
PZONTOMRIZZ N E THERED SR,

A TYFOHEOHDOpHIEIZL.ITHOB W DE D HHpH 4.3 - 6.0TH 5 DIz H~
THREAANTREMEDS TV (Cheeke, 1987). 2 ik 78 VIR D H O T3
BLBBRRENEEX BND, TEALT 7 AMikEE O Y 2HOE OpHIEL & 5




H1E WMEROKA -10-

BOTVDDIES S, TENT 7 ZATRIEDE O TORE) & A1 T Bk e i1
HTHD,

AT NI NETHA THX L ZDOEERDIET 3 Oryctolagusii, (181
) . Sylvilagus|@ BFEDM. Pentalagusl& (1E1FE) THISN D, &4 R 4T
(EZ, EEnle oMk - Bkt 12hs LT Lepusid & 2R AN D108 12 A
&< B 5 (Chapman & Flux, 1990)743, #k3# D DN Z DIKAME Kk 2 D

PESPHEREN, Zhb4H. WS TREJEL B S,
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Fig.1. Feeding activities of a hare for five consecutive days (13 -
18 May). The vertical axis stands for the food stock in the
feeder. Hares feed at a constant rate during the night. In
summer, sporadic feeding is often observed in the afternoon.
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Fig. 2. An example of seasonal variation of daily foraging activities
of a Japanese hare in captivity. (The data based on observations
for five consecutive days from May 1988 to April 1989 with
around two months' interval.) Feeding at a constant rate was
observed from evening to early morning (solid lines). Its onset
time matched with sunset, hence varied seasonally. Its ending
time varied little through seasons. Hence, it was almost matched
sunrise from spring to summer, but it was earlier, at most by one
and a half hours, than sunrise from autumn to winter. A sporadic
feeding (dotted lines) was observed in the afternoon from April to
August.
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Fig. 3. Dailey feeding and defecating activities of a hare for four consecutive
days. The solid lines represent the food stock in the feeder; the dotted lines
represent the faeces accumulation under the cage. Sufficient food was
available on the first day (a); on the second day (b), food became depleted in
the midst of feeding during the night; on the third day (c), no food was
available; on the fourth day (d), the starving hare started feeding immediately
after food was provided in the morning.
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Fig. 4. A series of faeces ingesting behaviour. Squatting hares (1) sit straight up,
remain still for several seconds (2), then bend the head down to the anus (3). At the
same time, the anus is brought forward and contacted with the mouth (4). Faeces
are taken into the mouth for several seconds with the head being nodded (5). Then,
the head is lifted (5). In a soft faeces reingestion bout, hares resume the squatting
position (6) soon after (5). In a hard-faeces reingestion bout, hares masticate faeces
for several tens seconds (5), and then return to the stage (2). Hares repeat the
combined faeces-taking and -masticating actions for several times before resuming
the squatting position. Sometimes, grooming is conducted before or after the
reingesting behaviour.
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1. Single faeces-taking 2. Repeated faeces-taking
action without mastication actions each followed by
(for soft faeces) mastication (for hard faeces)
squatting squatting
Ve V4
grooming grooming
,\' .\'
sitting still on the haunches sitting still on the haunches
for several seconds for several seconds
faeces-taking faeces-taking --———
mastication
4 Vd
grooming grooming
\y 4y
squatting squatting

Fig. 5. Diagrams illustrating two types of reingestion behaviours.
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Fig. 6. Reingestion activities during the daytime stay in the form. Each circle
represents a single faeces-tatking action; @=faeces-taking action followed by
mastication; O=faeces-taking action with no mastication. The solid horizontal
bars indicate the hare was in the form; absence of bars indicates the hare was
out of the form. The form was monitored from 600 h to 1800 h.
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Fig. 7. The types of the faeces and the times of their excretion observed
by attatching collar to a hare. The thick line indicates the period when the
hare was collared; the thin line indicates the period of observation; O
indicates the time of excretion of soft faeces; @ indicates the time of
exceretion of hard faeces. Hard feaces were excretedin 5 to 10 pellets at
a time.
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Fig. 8. A Japanese hare with a collar to prevent reingestion (A) and the
soft faeces observed (B). The soft faeces was amorphous without surface
membrane. They smelled badly.
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Fig. 9. Phase relationhips relating photoperiod, feeding and resting, reingesting
and defecating, and the excretion of hard and soft faeces.
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Table 1. Time at which reingestion of hard and soft faeces took place during
the daytime stay in the form.

Incident Mean (Range) n
(Sunrise) 05:03 h (04:55-05:13 h)
Enter form 06:34 h (06:23-06:50 h) 9
End hard faeces reingestion 07:38 h (07:22-08:20 h) 8
Start soft faeces reingestion 07:49 h (07:31-08:39 h) 8
End soft faeces reingestion 13:37:-h (11:45-15:09 h) 7
Start hard faeces reingestion 14:13 h (12:19-15:49 h) 7
Leave form 723 h (17:05-17:38 h) ($)
_(Sunset) 18:17 h (18:00-18:41 h)

Data are based on observations for 10 days from 12 August to
5 September 1992.
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Table 2. Type of reingestion and their characteristics.

Average Average
Average Average number of number of
duration of  duration of faeces-taking reingestion
faeces-taking mastication actions bouts
Type of reingestion action (s) (s) per bout per day
With mastication (morning) 2.9 32.9 4.2 123
Non-mastication 9.0 - b 18.3

Mastication (afternoon) 5.6 36.1 2.9 2.9
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Fig. 10. Digestive tracts and their contents. A: Stomach content:;
pyloric part to the left. B: Overall view from the caecum to the rectum:
a: ceacum, b: three-haustrated proximal colon, c: single-haustrated
proximal colon, d: fusus coli, e: distal colon, f: rectum. C: Soft faeces in
the distal colon. D: Hard faeces in the distal colon. Note that in B, three
hard faeces in the process of formation can be seen at the end of the
proximal colon; the distal colon is filled mostly with hard faeces, but soft
faeces resided in and near the rectum.
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Fig.12. Female reingestion activities during the daytime stay in the form. Each
circle represents a single faeces-tatking action; @=rfaeces-taking action followed
by mastication; O=faeces-taking action with no mastication; +=a vague type of
faeces-taking action. The solid horizontal bars indicate the hare was in the form;
absence of bars indicates the hare was out of the form. The form was monitored
from 600 h to 1800 h.
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Fig.13. Male reingestion activities during the daytime stay in the form. Each

circle represents a single faeces-tatking action; @=faeces-taking action followed
by mastication; O=faeces-taking action with no mastication; +=a vague type of
faeces-taking action. The solid horizontal bars indicate the hare was in the form:
absence of bars indicates the hare was out of the form. The form was monitored

from 600 h to 1800 h.
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timidus]: Hewson, 1962; Flux, 1970; [L. brachyurus): 7, 1978), L7z ->T. ZhbD
RFERFIWNT, SH=FR2 ) 0Pl x I X THLNEEME T3, Zhb
DWE TIXEOMM £, HEEBDHEIZOVWTIIRENTHARY, LEAL. ZHhbD
METHHMBERELZNSOFIZBNWTHFU X 5 iIirbh TW ARt &%
REANTRIR LTS, b, =Ry U9 X0RE LFEEC. Zhbowgx
HOKREIGSRERIZB O T O HH SN2 DA D S D &5 ki3 < .
KRR, BREEHEH AT RIS Sh TR SR TV A WREMSE W B TH B,
Bl 21X, Lockley (196MIF44EMICH 7B N TR OB T, hT7 F - Ehse s i
KA TR EIZ—ELRP o EE LTINS,

1—4. 3 MWHEEPAELINTELREN

bL. UHXHEOL THHRNZBHERERD S LFIuE. ZhE THE L DEAH
ABTTONRAS, HEANAKESNTE LI Lich D, ZOAEMITHZ 0% 5
I, LR TRE L2V,

JHE R D I 8 M
MERNREE SN TERLAREED—2I1Z. EHEVEEELH LD LWL I ELH T
RETHBRRESNN LRI L THD. LHIMorot (1882) 58k FE %1 & A iz LTz B

il
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iZb. BAROBRTII R, IA VLSRN TIToAARBEICL > T3,
72, Madsen (1939) DL % # 4 L 7z Taylor (1940b)13EREZE 4 & L CH BT A
TH XL TR S, TRYICS SRR TR H R A LRV (too
fantastic for serious consideration)] &. M%), FX HIERITH OLEAER AE LTz &b
RT3,

INETEL OBAY S FHCHEBTHOMENHRSNTE LR, fTBHZEOL D
DRI X B b DiTKirkpatrick (1956)i2 & 2 —HIT B X, T T THILRE N O
RFEZREH L LTIebDTHolz, =2 ) IHETHLNTR T L 51z GBS
1) . BEZEASIHIR S NAUXE O TR TIZAFELR WV, Lah., A>Tz
BEBFEOFIZH > TH, WEOEMIIBEMIZD LD EAEN TV TH LD
ORI EXTES, ZNENPERN, LIER-T, EZHERND > THH
ILE D DOBIELD S REHER DR FLIZHE L,

BHERTE DT LW X 5 i

—i WRUTHEHE LTS, BINMLSEBEICBE SN D), s i
ST LI L DM RDOMERIIAFIRETH D, ). FERITHES HMRBNEDA DS, 15
BRENDHITMIELREONND D Z LB MBUE—DITHNRTRI Y THD L EL
bID. AW TIT o 7c & 5 ZeWUgGiskic X 2178 & ST, Z oFnh
0% RHMMNICHHET S Z LiIdE LW EE X Bhd, —F. Lockley (19643 ik A rho 3 —
By NT FUHFICONWTIHREMNES BEREITH 2L BRLENS, H<ETIH
ERPEREFAR U, ZNIIRAT D LRER LTI MRS oied % bh
Do THOLTHIDHEANREE L SN TELZRERERO—DOTH » IS ENR,
ERFAMORAICIL. RE ILDOTDDH S — %00 THRIEHHZBE LY. Hi
BRI DO &> 2R OWAL BTN ORI BT B HENRHV LN TE 2, 20k
RIZ & 05 5N D RIEOFHE THERIE . 1TEIHEIZH S48 S0 2 MaHEHIBALS & D
Tid, MHERIZE DN ThRD D, ZOTNOEEDHEEEZMBERILY T
2V 5 %, Heisinger (1962137277 — AZ OFHICEH LS, BEERRNE NS T
Wim . = ORFEIR 2 S 2R IS & e Lz,

l—4. 4 YO BRI & kRO A =X A
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B X5z, HHEDORE L LITIIREHITER LRV &0 S TR KVIZER L
eBEZAOND, ZOLSRBRTWIIEDL S ITLTHEENTZDES 55,

JE SRR R A

COHMZZEZDITITETS, HERWEOMERZIRY LD LERH B,

ARED X 51T, A THFOEEIZOWTIZIOMA LRI B < D NICBIR S .
RIS N TW e, L, TOEENEL SN ENS X 512/ 5T Did.
Madsen (1939) & Taylor (1939)iZ & % Morot (1882)im X D FFFE WL L BRIz X B, = O
RIBRKERHOLZENCDIE, AU XOFITRHIZ KRIZR-SH2 0. EVRIHkA
ik & SNTE ARV OHORSRH S, ZRBRAD Tk Thokz ik,
HRDRBITHOREATIIZ 5 LERERBLMIEI R o EZXBNS, Zhn
Madsen (1939) & Taylor (1939) LRI b BRITE) N2 A L Dl SN0 s, WhiFs
NONTEHATLDH D LEX BND, FAIZZDOIE LA Sk & L TR
ENTDOTH B,

BEHRFETE AR D A T = X A

b 9D, MHEENPBMES NP >THANE 2 bhb, MHRELRD A =X A
OFEIZ X > T, BRIERITITRBEIANNT K RERNRRNE Sk —f7, ks
ITIXE 5 LIEERBZ2NER D . L LABBIZERM CTH D Lo BintEhi
S EPhD,

BE3E L #RIERAE VD SH 1T DAHMAITONTIZ, FEFERBLI0ELL LS A TH - oA,
197241 tH 72 — D D3¢ (Bjsrnhag, 1972; Pickard & Stevens, 197212 X » CTlEME L IZ
U 2 7y WERERE DAFAED R D TRB S AL, FEW THOBEBRIZ 22 5 L5 & o B
W72 B & 30 & AT STz (Ruckebusch & Harnicke, 1977; Ehrlein et al., 1983:
Hornicke et al., 1984), Z3 6 OWFSEIXZ N ENFEIE . HIEB TORESENRAT L
biZox Y L, il - RO ST TCoBX 2 kDL 5z
ELEDHBIENTED,

Bl52 b ECRA LI BT A BEE I X > CTERBOPZ2AEH L (FofiEik
BRI AR I 10 iz 1,20], SREETE R IS 23203 3) © L BEADbEh 3,
K&, K& 7 A BEB A Z > CEMRSG TS IC BBO—HIN% VAEN D, MWk




1R BEERADORER

JERHFIZIE. RERZEE GEAFE I E OIGEIC /B SN D O IR OME, ARSI TR

@ﬁm?ﬁmumwbéoﬁgm)@@%ﬁﬁ%?‘ﬁ%wﬁawmnv<wmw%
DEELTEIRBICRT X 512<, 20— T, ENFBRTBEOEAME Tz < Oh
PECREBZDE L TRAIE~N%ED, 25 LTRIHPIZIZREITHA (> 1004)23
RS, AR GRS & @R Is DM 2 8 SIEWRE D4, 1S Semfil,
Fig. 14) fhETHRFER BRSNS, — . KIEBIHITIE. SENHEIBRIIZIB T 5

Tl < CN OB EBNILITE N L. AEMICKE 2 LI L5 RS omEic k-

TRIIRE <E~ELN. KEGHIRHAE Tik3eh: & 725, WRIERIZZ DK 2 B
DIWICHIFNCES 5. 7B, MEERRHTIX. 515 TR E Nz ARSI o
PaRE A 53 S A, FEBIZEIZ X 2 8 o2 B i) w3 (Bjsrnhag, 1981;
Cheeke, 1987), 7z, B LHEIGE~OEROFIIZ—HZB U TEDL LRV L2535
S TEY (Bouyssou et al., 1986), FEHEIERKING DI 72 & FHRITERLIHZ b H A S Bl
~NORBRAIZFTNTWD LHElIEn 5,

DX, Ml BRI EM R OV A ITKIE LB 7ot 2 TH Y . i
FUIR B DM ARSI B TR B S hWE b e b D TH %, FEERIC
AES LA 2 B S5y MR 95 Z & ASKEIG A B RS D IR R R B TH B, T D
i ARAE SIS BEFITIIHEDIT, RIED K 5 22 R A BT B B R R I3 L e
TR, MIRFEA =X AT E > THEL T Z DX 5 RBIZ#E > bDT
3720, RO AR 2 HE R >Tet#E2 bhb,

1—4. 5 #a

LLED X 51T, Lepus& D& 53, Sylvilagus)&=° Oryctolagus)@ 73 & DM v7 3
MTH HENRMEHERZ AT IBENH Y. — 5T HHEARES K DA
bHDOF RSN TELAREEDWET 2ICEZIEE RNV DTH S, Ll ED
RUERENICEZ T, VHXHDL L THHRNRHHEEN TDONTNS & OfsHic
2Lk,




1A SRR OSE,

Ve =i~
<« proximal colon__3|
<— i > < HIE—>
pEshEaR | single haustrated|triple haustrated
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Fig. 14. Schematic view of digestive tracts of hares and rabbits. Refer to the text
under the heading "the mechanism of soft and hard faeces formation."
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W2 B L RWHLT OB & AR

2. 1 RFUL®HIZ

BIEP D, HHARERFOBEHERIZ TV XTHOL S THEDITEI TH D L E 2 b
%o il BERSRE DML, 79 XHORMh O (HRO%, ML LT -
1) ZIEALE R DR L e k. WEIcR > THRTHOND L EZ N TE K
(Cheeke, 1987), LrL. ZDEZITHIZROLFEENT. Wb o oamEizidv
SOPDHZEREZ BND, HlziE, MEERZIERLZE. BToORE3b0LH
W, BEESNILDLH D, HEE - FIHRIC X > THHI L A2 iTh
X BOMRICHTHEESN R Eicbhbl > THILE 2GRt 2500 LA, =
5 L7c WA a3 H FTEEIZ T 5 HESCHBRDOZ 4 IV It K& KFT
BEBR B

IR ICHASRAD 5D Z LIZH A T FRZ DM 7 Bz >V THI B
T&Jz (Jilge, 1974; Heisinger, 1964; Pearson, 1983). L»L. ZHETiZirbhiz&Y
HIERFENC B D28 T, BV OMEEL PR OMBENBRLIZ L > Tl L 5z
BALT D0, FEL K FAREWEIZDR . WO ETH 2L, M#ENEYH T OHH
CHEZDBFZBIZLONWTRE L EZERBENT I o7, ZOBETEH., =K/ 0¥
FIZBNWTRERVHANEDL S I bR EB L. HERSH. BRKNIZETONS
D>, FERIREZ] & OB THiA Uk R &2 #1535 (Hirakawa & Okada, 1995),

2. 2 MHEIEHE
il & SR D FEA

LS ANZinTe=82 7 o903k @6 N THAE) 23V,

KEuZ. HHIFERESEE T, RIERE R AT T L723.6 mx 3.6 mODIRERE Tl -
Teo REMARIZIZBROBANNC Z OFRICE L. @0 HEES (Tobb, Kl
HHPRR) 2ITo TS LR LTI LEREIT- . RANEBOHEIT,
HAHEREZE TR /MO E 2 — 4 — 2R ADE TR IC & 0 RN Iz 308k
DT LITXVIToTe, FEBMEMITIZ SRR b & 3@ W RE & 7] U S ATR 4 5 2 72,




B2E RYHLF OB & 5

EERDIEATfie &

CDORZRLENERT LD (EE : 02mm. [ffE: 1mmx1mm»3WE 1 mm
x2mm) ZEMPOMA OEE 2R TcdD~—H—L LTHWE. ~—h—%. Kk
TN ERE R SRS T TR SE, Ry MLz, <—H—AVXRL v b &
WIH DB DRI .l OERER O VI Iz B X, vHIz @ iicEa
S/,

X—=H—AVXVL > b 2 et & Zhuche < 2Wix. EBREKZE T4 H 2 5ic
E-oTE=Z—L. #HZHFHOTLNZEI Lz, 4HH. SHHEHOOKICHIH Sz
ENTNHEH—HICELHTRIPR L7z, MR LZ#IZATHEZIESL, ~—D—F%
—DOFOR-T, ZORER Ao ~—D—HIZRBEMOEEDOL D LS L
LORDH Y, WHHIZ K > TIEDOR DELL OV A RiTie > T2 b DIZEE A BT 5 72
DAt BUP GERMN LT, SElfThNcZBRD 5 b, EER3, 4. STIREFICEE ST
BoTeXLy b= —h—h il L., RBICERShc~—h—FoBEEHL
et

HAAFEH DIt 5~ — B — DRI ER

KERIZ, =—I— ARV vy Mebx 2 ol 2 2 2 T5hlff -z, EBR1TIL,
HAD<=—T1— AV XL v NEFHONEH S8 £ T2z e » TH 2. B2 Tid
BOX—H =AYV v MEZNENAINTIEHOME, THE, 8. IR & 1HE
POl > THEZHHIZEES S, ERIL4TIE, SEO—D—AVNL v M,
5 I BARYIT 7 E TR AR L2 RR E il ofikl LB &z T, 1a s
BITE%, +HEHOFRHCR L., Kfa~—h—DOBEILERE Lz, ERSITHE
BR3, 4LARETH DA, EERPI ST S ETIMBEIZ~—I—AVRL v MZ
EEHZ T, EBR1E2121E 1 mmx2mm, FZ5R3. 4. 51213 1 mmx 1 mmOHFA XD
R=A—2 AN,

Hh D3IZH 5~ — B — DRl ER

HRBRHIZCHFH SN HERZZ T M ORZHEET D DITRD X 5 2%
fiofce =—H—AVRL v MEE2FEHFECEIZSEs, i hEThE .,
K2, KEIZA ST A TREZT D55 — %20 T, 0%, Hihsh




F2E BYHR OENEIE & FEEER

HDREZE - REZEIPR L, PIZEENDE—H—DEEEZ .

WAt Tk & FH R T vk

~ =B = BRI O W T3 OR 2T o 7e.  TIRELERBRR 1Z~—b —
AV ARV v N DA DOBERREZIN &< — B — BN 3z 7z K20 & T OR%m I
ELlce T98%HEHIRE I 1X BRI DOBRRKLIN 5 2RI~ — B — DI%MHEH S h 7z
& TORGBRIM & Lie,  TEAMRERER (MRT)J 1X MRT = Ypiti& L TR L
fco piE—EICH S ic<=—H—D&RIN~—h —izk4 B &K, tHizFo—Eo
<~ —=H—BHEH K TIZE LRI T B (Blaxter et al., 1956).

< — 0 — DR D LB IT 1Z GRUE % v Tz (Sokal & Rohlf, 1973),
[f [ D SE BRG] EE 2 12 1 Mann-Whitney Duik 2 % v iz,

H &35 B OREE

BRI, BRI AT UCTR#%SIELSY (n = 15; 16:15 - 17:53) I 8B 205 B) % [
WU, FRI4IF265) (n=14; 3:18 - SIQ)CHERTEH 248 T L. #OHEHNII /P #5134
7y (n=15;16:29 - 1830)IhEE V. FHii4l4345r (n = 15; 3:58 - 5:28)I2#& T L7z, Hif
DIERIEH T IEERH O— R E = &2 — U2 @A Tl Sl ok - s oEa <
& — &R Uik (Fig. 15).

<~ —f — AL

V=N —HREOHLIRERS. 4. 5T—h—[HIEKR EE<~—I—Bick3
DI ~—T =B D) ZHAD L. HEERSOMPCRIZERS, 40K LY &4
TR > Te(Gtest, p< 0.0, BFEBRN TIZHERITH A~ —F — DRIILE o
D=—h— XV bERITEL o7 (Gtest, p< 0.01) Z L2 RHE. BEALAEITED S
Nighrofc, AHDORIRERTIE, —EDOEWAHBHEIZEAD b, EBRiOP®
< —H — ORI OFRIZ AP TH - 7z,

~— b — OB
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BRI H £ TIlcEl - RIS hiee~—Dh— (5764/7) D55, 99.6%H2
e H &b ) ETIZHH S, 04%H330 HizHil Sz, 4 HIZ1H(0.02%) p3 a1
ST, SMBIZIZE o Te < I E e hr o Tz, ~—F — OB RZNZ 1 H o laliy
HRITKE SR UTR, LB AR IR IS B2 5 > Tz (Fig. 16, Table 3),
Y RENEEIHGR,. RN RDICEBR SN~ — T —I12IE LA L 20D 5 Hiz
iz, BRIFZINEL 2512 8 BMic il S 3 B8 Lk,

KER3, 4. STOREHEERINZIEFFICAE < . /N2 RI02> Tk T3E224
Hole(n=13;2:36 £ 0:25h), Z7E L. ~—F—2830300 Llkic B S, 2 H.
13-145 TR I 40 8 THEH S N7 Wi 22 2611 B4k U e (Fig. 17), #ehd~ — B — 55 )i
DE =7 IZHER LMD 5 Hig HBAK3-SKEKIC, BRIz biiEh 34541313 -
16T IT B L7 (Fig. 18). 98%HEHHINFINE. Hditic v —#1 (10M#RI44y) %
T, V230 314> £ (SD) 64 4> (n = 14; 20:19 - 25:03 h) Td - =,

—J7. RER2TIZERLEBRE NI Y 4R 1255 £ (SD) 64 4> (n = 4; 3:59 - 5:01 h)©
HY. K3, 4, 5TORMEBIER CE¥E2E136%) & 0 AT Ed -7 (Mann-
Whitney test; p < 0.01)23. 98%#HEHHIRF I ¥ 220 130> THERZAITAD s -
7z (Mann-Whitney test; p > 0.05).

W E RN R DIFE R R B RA16HER294 T, fhod4
IRFFIS1r & 0 D 3ELL E D3 Uiz (Fig. 17).

~— B — O

I mmx 1 mmOYy A XD<—T— (EER3. 4. 5) TIXIBHEE 02.8%. 2 H 0l
WH DTS BHEEE TR Y . FE TS 2% DIEREE N H - = (Table 3). 1 mmx 2 mm
DY A XAD~—J1— (RER1, 2) TIEIMEEBIUT 018.5%. 2% H MU D42.6% 55
Fesiu, FEBRRIZ23.7% TH o7, 1H & 28 H ORI IR D213 A 2D
O 2D~ — I — L b HMTH o7z (Gtest; p< 0.01)e —F. 1mmx2mmdOHA
AD<—H—DIHROT 1 mmx 1 mmDYA ZD<—F — KV R BEEIC S
2oz (Gtest; p < 0.01),

HbZizgEhbd~—h—
BT =z K BHFAMEFERTIX, ZREMITER Z 0 BIKEIZA Y. KEBIBH
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DFRIBRF 2000 T1 T — " Tes FBRIEEIZZ O, JEEIZE W R b L RRAEE &
L. BIREZENTHREIC R oTc, #HHHOR 7 Y 2 — 3BT, #k3EnHkHIZ
PERITIRE3ANTIRE D . FEHE OHEHBRIRIZ R TRESTIMT I8 o T FEBRIFA A 12 &
ML AZZTD0EBIT DD, EHEEHBIBEB TSI T —2A L TEREPIE LT,
Z DEAIFSEERIT e L DWIRNTIZ A -4 1205294 (n = 8)ICl R 25D TEY., =
NPEHEDATr Y 2a— Nz bLic, TDkD, EEROIWEY H rh ik fili 3
ICHHEND BT OTRTOY—H—%2ENTEZ LIZTE ok, —2OFIFH
TASHRIT, HRLE T TRIKEDOTIZ b ~—h—DHHBR N L TH B,
BCH1 472V, REPITIX 34 H B Dl L., dkdEHE AT O hiziZ 71, dkk
HEHHBEOMZEHITIZ0R Y . MEICAEN D ~— I — BT HEDOWwE Y 72 » TIIhlik
HO~—H—DEEL 0 b Derot,

2. 4 EEB

< —H—FIFEREEMEHOKDb Y ETIIRET R TR E N, v~ — D —HiHD
TR 2> &I 5 &0 [ DI100%12 72 S WEHIZEEH OB Tl . < —
B —F OWHERERENTH D L2 b, Z0HMIE LT, iz, LOYA X
DIR2ARGG D~ —H — R IFRIRENTHHEOMR E LinhoTcZ &, Bz, —o
=N —IINE RSN e DIOTIZH > THRIRE R > T Al e S 5 =
& BT ZDS L ORI RS, A & L TMILSNTES Lick
D, RGBS R THHEINBERD D Z L. BETFONB, bR, 3
HEBRIZ IR SN Te~— I — R TIRDIREKIEDY A RIZ s lele izt fis e o7
Blidigip ol ~—H— VRO H 2 521 Hiz 227 TomE, a5 M
MORIZEDbDEEZBND, ZDZ Lid. FERIZE > THBAIbIUE, ~—
H—DEIPERNTNREZ EERLTWS, Lo T, EEFERS L EMic ZEHT
DE. = —RIFMEBIZ L VNS S ESNBRVIRY . BREEM TIHET R TH
thahd, 3MeHLUMICHRH SN D b DIE, /NS RS TS & L T8 L
bOHh, NEFTETCT—I—FELTRBENRP>TLDTH B,

UANLRG T BT 2 BRI R OV A Rtz L e B 7t A CTh 5,
T ORMEIZ0.1 - 0.3 mmOFEPHIZH 5 & & x HITWB (Bjsrnhag, 1972), ARFZE T
Rlle<x—h—h oA XEZEVHK & LTI ONBERZ22 T 5D 0+4 k&




W2 E R OGNS L FAEER o

SMMdD. —J. Pickerd & Stevens (1972)1%. £R22mmx EX2mm (82 mmx E X5
mm) DY A ZXDT 5 AF v 7 HF 2 —7 D17% (60%)H3 B R O iz 24058 -
HEDT LZ®E L, ZhZ. 7V XOEBKE LAMILAZZRNICH D TR
Mafi2Z LR LTINS, TIWBRBZ L A 79 X0E O i ikeh d3 5w
FoTWHHH & b5 (Griffiths & Davies, 1963), Z3 & Clz it S - EIE < —
71— DOIEFEIT RO INER] (Bailey, 1968; Clemens & Stevens, 1980)1x = O&h iz k 3
ETABBRENEEZOLND, ZHUTH LT, FEBR3, 4, 5TRENIEFHITE VI
BRI, Hnle~—HZ—BHIZBIT 5 Z 5 LB HRNEE OER 288 < 217 T
WZ EZRLTWD, LAl EER2 (x—F—P A X1 mmx2mm) Ok
MER3, 4. 5 (= I =P A X1 mmx1mm) LV bHZIZEVEBXZ OFEMIZ
DHHEMRD D, =Ry ) T XOMBIZEEIN A ORAKDOEEIZ]-2mmT.
HwWwie<—01—R O% A iz,

INIRS I R D 07 0 2 AT, BBROMEFT I I 6 U THREIGIZE 3 5 1~
DB E AR EIRIVT AP OMA %2 BB S 08 L CHEIBICET X 5 IcfEi$ %
(Ehrlein etal,, 1983), T DX 9727 vt AT, A& 22 A MBI SRz
RENDREMEIEE 212 <. LR o T, Bk 1k L. SN ADSTALES
W ®E THIRITIE IR S D & SITIX EBNEMIT & EN DM IEH I vZ T
HD. TN HOHDL LT ~—H—FREHNAYICHKRT 2RI HLLRVEENT
WZEF—RARICEZ D, LEL., ZOZEIBROZENPLIMTE S, /i
BRSER LTS & &, BILNZREIIGS S EBOh~HRA L. ENFERICXVIAEN
LSHNCEHBNEM & — B X <IEEAD S5 (Bjornhag, 1972; Pickard & Stevens, 1972;
Ehrlein et al., 1983), L7c3> T, il BN LIXS <EHA L THHAIZEIEN
K HRLTRLIRBIRN. EHIT, KB HREA L L. SNSRI
SIEH SN TRENIER S NLDODOH D & & b HIL L HH~ORBOWIIT K SR
Ve §72H b, Gidenne (198NIZHRFEDSTEAL X TW B 4RI B WA s ig 4
SR %77 L. Bouyssou et al. (198613 5% 1z sl 5 Uz~ — B — DA~ D
Hid, BGRANICE > TRES B LN 2R LT,

ARFRORIR, BYHLA O BRI REENZ EBH SN LR o1z, ThRbb.
TR OMEPHEHBRIZE VA R IUE, B 2R, 98% kIR % 10
NP & KRR V. LArL, b LIZNIZHKEHE AEDOHIE VAT L 2 & DR




B2E RV OENEA & R

(FI0RFRRILA E D R 725, ZOZ EARTDIZ. HLA OIEAN 72 141k 45 8 08wk i 13k
FATEOD, HALERRERERIZ AP ORR - FRBRIC X 2HHOBIE TR RBZ LT
DD, TORR. BRYIMF ORI BRI LN EL 225138 EL< 25 (Fig.

17)e LIE3>T, U XH TR EMOHARMBERLIC L > TREEBILL, F
By i  MRT) DX 7272 — DIz idikd b, bbb, NIRRT Lk
W1 i B IR D JE 1T I BRI 22 0,

e X5z, BERFLIIRBYOHEERR, OWTIZM bRz KE BT R L £
AbNd, UL, #HEITHMEHLU EDECAMbNTE Iz b 53, g
P X2 HWIEREBEHENRIERIZBN T, #ABY XAQEERAEZRSL TR
PIRNELICZ oD, Flxi, BRI L THE Y XARHE L TO Lo
V. HLIELTHWTHY = —HASEYEEOKLNIRENT, HASEARY XA
EDBARBEZERIN TWRNWRETHD,

HA Y XF—EDONH A B, 120500, 128085 FiziEsi. "Bl
HMOBE"NFFIND &, FICREZT. REEZHBIOREIZIT S Jilge, 1974;
1976; Hornicke & Batch, 1977) D& V. A UV XL AEMIc =Ry /) THEHF
DY L [ERRDOIEB 2 F>, LA L. Eden (1940b)A3k3#% Inight facces] & I
ATRZ EITHROND X512, IA TP FOEREIINT OV TIZHEATE L L0070 & 3
HERHES, BB TWS., Z OEELIZTilge (1974; 1976). Hornicke & Batch
(1977) DIFFELLE B 5 2ITHEE L TR, Bl xiE, Cheeke (198X B A W HE D%
7% LHALIZBE 4 2 8RO T, #k#I2 OV T Tnight facces] DOIERR %l OWEFR &
SNTHIMN LTS, ZORELIZ I A T X ORI A Iz T 5 L Bbh b, #lz
X, IHCTRAYLROEEHICE 25, VXML EZ 5N TTS. T42bL
HZ 22175 L 51220, RN TIET S, Zo8E, HoRyn 3Kz
IRoT, WRIEOBEHMBIHEES LE X HID (B 21F. Thacker & Brandt, 1955),

—REDNH AW (12RFH. 12050K) N CREZ WS E IS TRETIUE. b
AV XFRIEBEHREZITDN, HHREEZITH Z L2 %EHfHFEL TR, L, ke
AZDESRGETS, EBRICHLTHERY XADOHHBIIARAIRTH D Z L 2w L
TRV, 286, —MNIZE>T. AERMOHOFHITERWEERHERY
ANTETDARMERDH LN O TH D, FlxiE, KB A2 O iz iZE AR
DIEBRGFMZHiIZ D e DI RE —EICHIBR L THXTWD DR BN, =Ky




B2E R A ORENEE & PR

VY XETIIERART D EHEEERRD T EXNRENTEY (B1E) . hA o
FTOHRLZ EBAET DS E. £, I T X0 —Hiid, Bmurhiz
0 OBWBR IR OMEERND Z LA SN TS Jilge 1982), Z D X 5 i id,
B/ X LOHELR LTI OMOIEEGSE R 2 WY HMT 5 Z LI A hETH B,

HA Y X AT W@ @RI B 2 98B LT 5 —ofsi L TR & &
Ve ZHUE, BUH OV A XX > TMERRLR D Z & GER BB O/E IR Y
ROV A RIZ X527 R THBHZ &) B HOHBICEBRINL TV Eixn
WRTENWZ ETHD, TNETEIZHOWLNTERRRERSSVFT LAY M=%z L -
TRWMETAANTDEHETIE, A RCL > THRRDZBVOB X %M 4122 TV
WHBETERS KR E W, IR~ — 7 — L [k~ —h — il 2 el L7z iFge o 303, §5
oy BERERE DB & 1B U TAREINZ: 2 LI3WeR s A Tidi <. B oA X
THD. Wk~ =T —DOV A X HHEMOBIIE L VNS oy, BiEE A TIE
S5DOENRDH TV T, EREROMBUIIZ DO THRMIZRS., ZNETICHA Y
VXN Tirbh e % < OB FERITHHN 2 FERF OB ERH D L 52 595,

AR BNT, =82/ UHXORWBOMAIZ L 2 HRBICE Y HHRENT
LHRBMEE OKD Y £ TIXIREZRICHH SN D Z RSN, ZUIRY
MR AL EN 2 R ICENHE TEBRT 52 itk 5. KRV bicBshk
RYMLA 52 DD 5 BIZIZE TN THHEND Z & iR SNz 2%k
DHIZFERITHHEN D Z LiZ. EH 60 BMHA ORWERIZEZ DD THS, &
PIHLA IR, Zhicke< BicHiti S e oz, HEA - IR S CHEENAL
DBERZGZOND, TOZ LiF, MHERIT X > THLCHREOHE L RHLF 3T
EHHILEZMER L, ML ERE PP 5 Z L3z LR LT3,

MRz T, HALDOHELNEWH R AHILREN S STk, eIy
SEREN ) D EPTANY T Do Taylor (19400)I2 & » TIRER D DICTHRE SN, ZDHK
oD Z LD > T ifish THM #pseudo-rumination] |3 L AMH#E 25T+ Dl
ik L& bbb,
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Fig. 15. A typical daily activity pattern observed during the experiments.

The increasing and decreasing lines represent defecation and feeding activities,
respectively. Solid and open circles indicate the time of reingestion of hard and
soft faeces , respectively. The schemata above illustrate the digesta flows at
different phases of foraging during the night and the reingestion of soft and
hard faeces during the daytime.
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Fig. 16. The excretion rate of markers at the end of the first and

second nights related to the time at marker intake. The results of all
the trials are presented.
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Fig. 17. Minimum passage time (@Q), 98% excretion time (HM[]), and the
mean retention time (+ x ) of markers related to the time at marker intake.
Symbols O[]+ are for trial 2 and @M x for trials 3, 4 and 5.
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Fig. 18. The excretion process of markers ingested at different times (trial 4). The
uppermost graph shows the defecation process. In the lower graphs, the arrows
indicate the time at marker intake; the solid lines represent the cumulative
excretion rate of markers as percent of the total recovered; the solid squares
represent the marker dose per gram wet faeces.
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Table 3. Time at marker intake* and the recovery of markers in the faeces.

marker time at minites no. no. pieces recovered at night recov. _no. fragmented pieces

trials  color intake _intake intake 1st 2nd 3rd 4-5th  total rate% 1st 2nd _ 3rd-

trial 1**  yellow 18:01 - - 741 191 14 0 946 - - - -

trial 2** white 18:09 70 - 696 62 1 0 759 - 112 21 1

orange 19:53 48 - 398 B 1 0 436 - 97 24 1

green 21:22 60 - 703 219 2 0 924 - 110 80 2

black 2237 L7 - 329 241 3 0 573 - 75 116 2

subtotal 2126 559 7 0 2692 394 238 6

trial 3*** white 18:14 5 196 191 0 0 0 191 97.4 3 0 0

orange  20:26 6 210 186 7 0 0 193 ~91.9 5 0] 0

yellow 22:30) 5 167 138 ¥ 0 0 155 .. 52.8 7 1 0

green 00:14 1 33 23 7 0 0] 30 90.9 1 0] 0

black 02:08 2 101 23 70 1 0 94 93.1 1 10 1

subtotal 707 561 101 1 0 663 93.8 17 11 1

trial 4*** white 17:38 3 178 133 17 0 0 150 84.3 1 2 0

orange 20:27 2 71 85 15 0 0 70 98.6 4 1 0

yellow 22734 = 179 105 68 0 0 173  96.6 4 6 0

green 01:06 8 162 11 146 0 0 157  96.9 0 14 0

black 03:41 5 200 0 190 0 0 180 95.0 0 22 0

subtotal 790 304 436 0 0 740 93.7 9 45 0

trial 5*** white 00:15 6 171 114 95 0 0 169 98.8 2 2 0

orange  01:08 3 65 30 32 0 1 63 909 0 0 0

yellow 0221 3 138 23 111 1 0 135 97.8 1 € 0

green 03:28 Z 236 8 220 Y 0 230 97.5 0 11 0

black 04:04 3 128 0 126 0 0 126 98.4 0 5 0

subtotal 738 175 544 3 1 723 98.0 3 25 0

subtotal for trials 3, 4 and 5 2235 1040 1081 4 1 2126 95.1 29 81 1
TOTAL 3907 1831 25 1 5764

* Time at marker intake indicates the starting time of feeding marker pellets.
**In trials 1 and 2, 1 x 2 mm markers were used and marker pellets of each color were placed for 2 and 1.5 h, respectively.
***In trials 3, 4 and 5, 1 x 1 mm markers were used and marker pellets of each collor were placed at every

2.0, 2.5, and 1.0 hiinterval, respectively, which were replaced back with normal pellets after one feeding bout.
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FHIE RAER

BLE U XEOEREOLMEM & EHR DK

ZOHITIE., MAZERORIEE LT, MKOME & AN KL TERADETY
PXHOEBOLKBEFMEH L, MERDOEEREE 2 THIZ,

Madsen (1939) & Taylor (193912 & % 3R OFFE LK, IHFICiThe 7 380
FRMIED . 19804ELIKEITR D & A T I X%l o Jo e ae L BRI A BFZE LISk, 13 &
AERBDOENRL 2D, BIZIE. 1979442 1 F & Guelph T+ 72z World Lagomorph
ConferencelZ BWT I TIZ, 9Bb DLERARWEFERNRD V22 S, FAITH Uleif
IE—2% 72> (Meyers & Maclnnes, 1981), Z O TT Tz, EWEN) - ARESAM 70
BERMESNDOELMIRDNTWEE S TH D, L L, KFETRAIShEHERIT.
CNETERE LFOLNTE Y XTHHOERBERELIBETEZLOTHS, 2 E
TOMREZF LNELEPLHRIELTEHEL, YHXHHOEREOL KRG EHIEZH LE
A%

3—1. 1 vUUXHORY - HEHPLEEMOFH

VY XHOHMEENX, 3 OOAMIOMAADLEE LTHMTE 5, — 172 iEH)
KRB HJINTIRIEFEF L. KEIZES L. A3k R+ 5, #EHz— R dhirb
DM, W L KIEDOHE MR NIIE B R & MFHE, kIeHEHITRBURTI, 201
h SR Tirbh, W#EEHITIEMZ AL ER LNz Tbh b, &
& (RS X ER) AUNIEB A2 FE L. KEzIZ AR, Kiliciz
FREENTTOND, ZORER, KA OBEHIIZIRIES F TR R BRSNS
Ji. WHIZHH s 2 I3 THRh B,

O LIEEHRZEDISITRESINTHBDREA 50, A THETIE. 1285
[T - 12HFRIIRE DR F T2 BB S E2 &, SRANSEIIRIC. KEIZHH
Wz, FERITHPORTRICfTbiu 5 (ilge, 1974; 1976; Hérnicke & Batch, 1977), =
DX T, AU XOAREBIEARMTIZ NG > THRlEh TS, Li
L. b LIRERDHZREDRIHIZ 5 % . ZO R, RANEEIIH AL by
DACROLREERHE () 269N Tirbhd &, ik ORI G EE) L THh.,




BIE R

op

PRANGIFE TR UIES < L TIRERDBE S Jilge, 1976), ZD X St A v XET
i, RIER AR B ALT 2 ORI TH V. KA O LEIXEENTH B,
=R/ UHRRaAF RO EO T Y FHTHRBDO A I =X AT E>TND
EEZ DD, FREEJAYIPSRIER A% LHT 2 DX, FRAIE B ASEEIS MR O 1
MR L TR, RENEEHNKTTE L. LIESL D (BF5 < EHBNAM A I
LT EEZHVALET) B bimib+a2oTho 1 b5,

—Ji. 5 LGB AN AE S BYMofiiuiko L 5icE & H» b b (Fig. 19). §52
TR LI L S ITHILE ORYNEREE IZRZE N, Z Dk, FHANEERIEED L.
P2 &M BHITHILEANZ T L. —BRORATEB D% FIciX. SBNERYO—
T2 PR TIHALE NS N TRZ ORI BER SRt R B Tl ShTn g &
EZHND. BRENEH PIIFEG R MER T B 72, BWh O 1 E A EES
i UCRigE & L THiEe<Hith S, i3 s hic &R s h T < (Fig 19a),

Z Dl MRS OV, KBRS & MIRTH L CHE Ik U (Heisinger 1962). &5
PRI 53 BIEVE ) % 32 0 SIS 5 2 0588 U T ik & 72 o TRk i 2 M b o
% (Fig. 19b), IREGAMBRIRERNE L ORI, @BATRERICE > TO 2N HEH S .
BREZTD. TO%. RFOHFHIHBEDY, LIZS O, #kifnsi< (Fig
190)e BT B ITHE SN2 B E AL RIIE. ITEPIZ S E 2 SN
Zil L CTEBBA~RA LT3 (Bouyssou et al., 1986), #k#ERE DR, BHNAMITIH £V
AL L2 (Watson, 1954; Gidenne, 1987; Flux, 1970) DT, B2 5 D% 4 L ik
IZEDENDWMANTHI VG- TVDEEZ NS, HHENAMITHREROR. B%
LLBPLTNDbDEEZ NS,

BERNT2 D &, FFONERG S BERSRESEF LR oD, SENTRE G %08 U TRl 21 0 15
S (Fig. 19d). T 5 LTTX IeM#IZIRERA CAIMNICE LT, FREOREASIEE S
(Fig. 19¢). FRIEHID 5 H OREHED ZMIZRTOBEIIT 5 ITB R SN Fit e W
Thd LN, TROWEENITONTHBR, BRAEDIHHRLTEBY
(Watson, 1954; Gidenne, 1987; Flux, 1970). ff#RIZ LD H DAL LV L HH2 5%
HENB0n%NnEEz b5,

H 2 DIEH SN BT — A/ ME THALRIN S e DL EIRICHEAT S, #Ei5E
MR K DB R DTc . BEIGNAMORIZHOEMT 3 222 55, ik
BN ORBOREIZIHALRID 7 F AT 20T, HHNEYORINTE AR RO




R0 > HIFALIRIUT & B WD 225 LW BicH 43 2133 Th 5,
HPERSNDEORRIZ=F /) T FOFTIREGHRERICLT2-31g (51
H) . —. BNAYOGEERIZS4-227g (F2iE) LEZBLNBZ 200, Y.
VY XNEB 2T SEHOFNAMIIFER SN EHENZLA L 2 HDTNS L&
ZbND. ZORET, BECRHIBNICRTOBIZER SNBN 28D TR hofy
MERBESTND DO, T TICHHER SNIZENWLE LM% 5D THS DRITHON
TEATH S (Fig. 19). L. HETH S LTI, HhOBATH ORI LS

Z2ETEERT D RS — 8 2 nREVED B 5,

R SNIZHROMEICONTIIRD X 5 ITHENTE B, hFEORERY GREY ik
ZALMMA) 2oV TR, H/MEE G T B RICS < 3L - ISR D & E %
55, b L. WRSNTEBTOET S L ORHIUE. FOREG B F >
BT ED, kgL LTHH SN, LER-T, —H., $E50 MR O vE i %
VT DA AIT 2T, AN IZRAIICRI SN D E TSN EE 5 2 L
8%, ZODRIZHMA TH > THMILTERWEM B HIUE. T SIS 515
RTDT Litied. PlziX. EBRTYH X IR0 meh+ R THH S 3 £ TS
LRI LT LW S RS B (Eden, 1940a), — . DO EH Tdh B H A I HOWTIL.
HLRITHE S RN & - THANZ 23U, M & LCEBICBIF 2 REHRRIC A S &
AR OND. WMITZRGRTIUE. 2% HOMLS BB 0%, Ml ->TIFEAL
B THhhTLEY,

3—1. 2 HHEEOERSE

ISR DB LIIMZ A 50, ML U THHER S 2SR & N & 72
. ERO X S ITEHICBU 2 BBERRIC A - TR S, BRI AL X
NDHLEZBND, ZOkD, MIEITIZEMOWAL - FIUHEEED D50 EA LG T
0. KEHTHIX, HHEh AWML TESTY, BHEPHIANVWES (2
HALENORBOB E 2 LD TLE S &0, MLEREORNALIES) 2 Pkis U7 A & fi
#2H - VYA 2N LI ERERITH B,

— Ui EBRHZIZ R TE 20T, MEEOHHIZ & » THEUEMLRE OABIT.
REMOFNH LOEME RS THi -7 2, M OB THAM#AARS LD A
FMTHD. LEMR->T, EHRFICIIMERIIETOhRVWEEZ DS, Sz




WL, HOWWESFI A RER & X132, BOBEWEOHNZZ 2 2 BB A0, &
s 3 BERSAE DS FEREIC A 72 LI 2130 < Sri b LTy TR S 7= AL 0%
REDHRL S BPELHREHOZ LB EZIUE. TSRO ZL LS5,

=R/ TY X OEE N TORIEE 2 ERITh e o THAE L. 2FRi7g
POTFHIIEE TR E o e < RENEBIARE NP o8, FRiIchE L (g
WNTIZ) HOERZR BEEE2S380 S e CE)IL1989) , D% v, Witk
115 PRI L TR LW AS, 2O ORRIZIZAh T O3 2 & 23b
Do TOT LiF, RFEERIZHETH D DITx LTHDOREHRRIZEIE D — iz X
RO EZEN®T D, HPCTHIBRHTE 3L hiuT. SR tlaEa L. ik
BToNDDOTH 5D,

TZT. AWE (B1E) TRINKZD 5 —2>OM#ERICHOVWTRITLTRE 5,
ZAUIERIGEH . AR SN NWGAIZIThbNABRAETH Y. WhITIEEA L L
TOMBRTH D, ZOXIRIFFIITIT, WEABTTMLAERRNWEY ., ks
HORD YV ICEANT T BHSPICAMTH S, = OIFEREOMIELITE LA 5

NS RVUTTRWRHT TN D A TIE. AERNTKE T O B B2 L 25b 573,

LirL. ZO8G. SBELNROIEMZFH L CEMOBER L2 =511
by VHFHDEIEICE o Th - L EEARBEME AR HD, ZHIZALZ S Lo SHrd 2 0
KT ETHD, THRFIIMABERICZE T, ERBEDHEE OIS, O L
WRAETT, ERLTLELL LOFEDTHD, BEOTH ALY . fil
B N CHOMBERAEZ D L S XI3BARM,. B2 Eok< Mz LAV L a5
(ENZTHXFDONH—RANSAFLREZ EBHDB) «» ZOBLITEERL LT
DREFERL DIFAED D > THID TRE R S BYRTE B, Z DLk 5 Il fs DAL ™+
FOEIITBNE G2, ZOEFICREREIE LOBHEZDELLTNS L 225
NS, WIRITITRIER D X 5 RO R EBI2M S FITAD IRV, EfE
NTIEEF D STe WK E Bl H - TN B & £ x bh 3,
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Fig. 19. The circle diagram illustrates the phase relationships between
photoperiod, feeding and resting, reingesting and defecating, and the excretion of
hard and soft faeces. The schemata (a-f) around the diagram show the types of
digesta and their flow and the formation and recyling of hard and soft faeces. x=
fresh food; O=caecal contents and their resultant soft faeces; @=hard faeces
produced at the proximal colon.
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ZOHiITIE. MEEROKEL LT, YR LUNOEMOHKEITEIC S HEIET
T KVIENRO P CTHBERZ AT Y THOBRA DS & FDEMIz OV TE X
TR,

JRFDFER (coprophagNiZid,. T<=R7 %, 5 v OB RBOM S ERT 54
AR CHRDZITWE LA rES A DA END (Soave & Brand, 1991), LA L. ZD X
HIBFERIZ. IRTNRT = BBV EDORD) & R, S DH~ETZ RN RS
NTRY., "OBRELWS JATRFEC TS, AFETH > TEX o EH O LIzH
DOFRER LITERNPARENC R DD TH D, MlkD#E RS T L %allo-
coprophagy, VY FHD X 5ICHP DA R B Z & Zauto-coprophagy & FEE
(Soave & Brand, 1991), EL R TH#A LW 5 DIE. 4 Tauto-coprophagy 253,

61T, REHDOM T I RXIBTS, bH YRR I@SorexDI—a v R hH ) %
A XS araneus. > b7 MU R XIS shintoRRY 3% R & Crocidura® a3 X3 C.
cassiteridum CH#R BV BIZE STV B (Crowcroft, 1952; Spencer-Booth, 1956:
Imaizumi, 1964). L2>L. b U RXIFIEHWR THEE 2 Bz, 10-15mmig L
WP DL W IMTIEEDRE 2D D72 E . ZFOEED L FIC AT R AL O
REBFARE DD, UFTE. HMYRWMIASEOKAICIRE L TEREEDD - LT
15

3—-2. 1 UHFHEUNOHDERIFOKLEIKAE

TRIE, VHXHLNTIREROT XTI I LR D S, e GO
PARAIFDE K DRTBREND, RRBWTIIIA 7 HXDMicELE Y k
(Sharkey, 197D, 7 > b - < ATHEHETHNHMON. £ < DRBELI A2 HFZEH
HERHD. LrL, BEMOKETEIZET 2MEIIMD TRONTWS, ALK
B 2 FRBR DR 2 MRS D ITIIA R 20> TV B Lidnnnsiz <. iz
NETOLZAM—MREMS SN TR, AETIIZHE LT, ZhETlois
D& > TEHDOELEITH 2N ERI U THRAN L, T RHOH#R L i ERT 57
DD L Lz,

Nl




TF U X

U FEOME, XU FROERIZOVWTIZ. =V FF P EOchotona
hyperborea yesoensis T#i5 238 %, Haga (1960)Ic k5 &, =V F X 91013 %64
THRIBEOWHE (783 -4 mm) LRFRRETHIRWER#E G mm *20-30mm) 2BdHY. #
HIZEZF RO EN TS, B#IZHPH SN B2S, SRITHORM. BED
WWANZHE L TP L TR E, Mllckd L ThefhR5%, —F. JIE (199)iz kh
. RIINMP SEERNT2Y, —EOMEFTICHH LTl LA O MEY & L
Y L. MFEORMTIIBERITEBD SNARNE LTWD, 20X 5, liHOHmE
ITI3 L D BEAMEDTR N, DT 7 B DL 1T DOV TIZHE A2 0,

fi4iH

77 REEHRINA A 1Y 7T A )V Pseudocheirus peregrinus 12— h 1) DE %
ERETDR/NOR LERMEASE (KFH0S5-07ke) T, HIETIZIATESTER
SNTME—DRETH S (Chilcott, 1984), b 5 —Fli. RMEATH BN, FLY v 254
WVET=a—F=TIZHERT2/a7 > ) 25 )\VP. cupreus (46HE1.7-18kg) T
bIREOAREMEIRIN TS (1. D. Hume f415)

NAARD L TTANDRREBIZV I XFHICE DD TIILTNS, IR,
HH SRR 21T, RO HINRIAM T, RIIBATH D, LFE L. TR L iE-
THRIIBRICE L TEIHBEN D, HIIMH I VA - BHEABNE L. HH
HEASDT2 N, B LA & 0 A EBR AN < . BRI AW 238 B (Chilcott
& Hume, 1985)23, ENIKGHZIC 7 % FHD & 5 563 L& id e vz, BT
BEVER M TN 5 L% 2 T3 (Hume et al., 1984).

[l CR R EEER YD 7 & vt AY-Y-E Petauroides volans (fA&E1.1kg) 1XFAL L5
RENEORMIEZRHRA S, BRI IZ < A D A 522 (Hume et al.,
1984), —Ji. 27 Z Phascolarctos cinereus IZ 77 348 & JLL Ui B 1 & AT 5515 ok
G2, BROEREYRD > T2HEEOEREZEDIZ LD LT, #HRTLAENE X
1T % (Chilcott & Hume, 1985; Cork & Sanson, 1990).
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BHIE REER

AR IFTIIHENE < OMTHETH B LN TS, LirL, FoHiEicik
FRITRESRERNSH D, #HlziE. Kenagy & Hoyt (1980) it H 5 FHOR135E (R
7 b= ARHeteromydae: Perognathus@2f&, Dipodomys|@&2k&. 1) %X Ikl
Geomyidae: Thomomysl&. # X X £}Muridae: Peromyscus)@&2ff. Neotomals.
Microtusl&. ¥ <Y —/N—FElAplodontidae: Aplodontialg&. ' AFISciuridae:

Spermorphilusl&. Ammospermorphilusl@. Eutamiasl®&) 12OV TCHERITE) %2 Jid Ui,

TORE, U ARBHEZR $ATOM THEATH MR SN, BERMEDRA
R T N—RRXID. microps E BV 7 FN=TF "ZZRXI M. californicus %\ TC.
BETHOBEITRE S ol RAKE TV HN—3 X I L6 U Dipodomys& T b 2
MEDA VT B HNA—F X ID. merriami CIIEBTENTENTH Y. BEFTHO
FIEIZRME D DR EBRT D L EX Bk,

R/RIIEIZ L OFIZONWTORMBELIL TR Y., 82 FF MO 258, 3#
ZMETRY. HHTHR L T2 b ERA T, R LICHFHATHIZE ST
Vo JEREBRIRAEIREDRIZIFE (P~E—"—) ZBREADLNTHRVN, EBRES
DR L 2R NH L OMITITRBHRIC AR D D L WEShTWS, Sbic, —
IO TIXNZZ T T2 B RDE LTHR L, SELEVE TR Y T 5780
RESNTBY., BROIZEEDZTODNTWE LEZ BN TWS, #EEIITFS L1k
IR EMESEL, S HICHOEIZE > CHEDHENED S 473 5
(Cranford & Johnson, 1989),

RIT, TNETHREVPHEFE L < RE SNBITOWTE DR AEFIZE Lz,

N7y MR ARDRAZE TN —F R (FE:50-60g) T, RIS
HEMRS ., BEOKFIZHRTOIB 2, X Zh & ERRIz—Hhiibil3.
HhDOIFITIIK L EHRBARICE L. KT HRITP 720 (Kenagy & Hoyt, 1980),

= NIXAIMRDOH Y 7H N =T NERXRI (BKE:35-96¢) TIE#ES5 L
HAMIZ /RS G, —HITFEPERH EIFEBHIBRVESND, AL LIEER
B DWIEZ DHDORBITHNTIZMRITEN A 5N 5., #HAEDPSIERE~DOBITHICIZN
RIS DBEARBICH 2. BEWCIEEIZO 2R 25, Hiz#E~DBIT
WNTIZFEDOMIRE B L, 2T ANOHENSREITH L, KT8 3 mmg4
% &£ 91272 % (Kenagy & Hoyt, 1980).

FICAZRZXIMBRIOT A Y I NZ R X I M. pennsylvanicus (#KH: 22 -54¢) TiZ
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VHIZATEE SR I A 4% 0 3R 3753, #RIIKEINZ DA fThi, $RAEES) iz i3
£ L7\ (Oullette & Heisinger, 1980), #2153 2 1B A5 de R ] & JE 3 DR A 7
WNZHL Z % (Cranford & Johnson, 1989), 7 A U =YX X I M. pinetorum T [dl L
& O RFERERPHE SN TWS (Cranford & Johnson, 1989),

NEAFXAXIMBIDL R v F Lemmus lemmus (B 45-502) 1Z#R % E OB T
T, 1ENZH#E (- 4f) 29~ TRRS, 9 LTLHIRHT#D30%038 fr &
1% (Bjornhag & Sjsblom, 1977). R TE) DA LR JANZ DV TIZEIE 2721,
WRTEIR DAL THLUA & MM O BT & &b (Bjsrnhag, 1981),

F > F ZRLDF > F Z Chinchilla lanigera (KTE: 480 g) 137 - FHU I TR Iz ER
B, Adic@ R L. 1HIZHTHROMS0%NER SN D, HhOMZEM O L v %
A BB ARITE VS (Bjérnhag & Sjsblom, 1977)28, JERENZIZIX BT X 22y
(Bjornhag, 1981),

Y E ==Y <t —,"—Aplodontia rufa (f&5E: 740-1,250¢) 1Z1HIZ 6-7
[FRE LIEB ORI ZRR VR L, KE SIEEI A~ D BICIT 5 —d oo h T, 1-
MR 21T 5 o RIBPNTIZREIE 10D 5208041 33 & iz A Dk A 00 B, ke
BRDUED DRI SHH V. HIZE DM TASKAL U (Ingles, 1961), <t — —
B E TITERBIN R RO BB R EN TR R IHME—DFETH 5.,

BRUYRXIBD b7 7R R R I Geomys bursarius ({KF: 100-340g) & 5FFH 2
R Y AR X IG. personatusid 1 [BNZ2 - 4l & 5 #e %+ R THIZSZ I TV L7214
1-2fiZBRETD8, T_THELRZVWI LD D, BRERANRTEREDAITRINT
W, BREBGANCBGRR L Thh. REOR P THiThbhb, ¥=FK) RX3
Thomomys monticola T [FIAR7R R TH) 238 5 (Wilks, 1962).

X—= kU THRIDOX— KU T Myocastor coypus (HKH 5-10kg) 1379 FHUc LI TH
RN EREE, H i RBIRHIZ R 21T, BERIEDX S B (Gosling, 1979). FERIZF
R B EAZ AT TiibN b, TFRIZIIERTHORLNRWERHERS Y. 44,
SRATE B PR IS RN E L - TEHHENSE, Z0kD. BEHL X—
MITIIHEREZ L2VWEEZ BNS,

FAXIFATIEZDIFHA, F3—1 v R —— Castor fiber oNE HFNRZL
Heterocephalus glaber, 3 —1 > 3 \& 1) Z Citellus citellus T b 24 DL B

(Hornicke & Bjornhag, 1980),
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BLED X 5, FEITENT Y 3 FHLSMT DA O h/NUH AL O CIE < 815%
SND. oL RHDOERDHBHUCED SND—F, [ UHEHEOH CHATE)
OBJEIZRAER D D Z &b, BRITHOREITITHEAL RN FHIT D £ v k<
BN W5, FUABHOB T, HEANRWETIISRICBIRSh, Wiz
BN RFER DR & DR < 72 BMI0153% 5 (Kenagy & Hoyt, 1980), = D= &3
AR E DN TS RHIERITHT DMERDO—DTH D Z L RBT 3,

WRIPRIZIFFIZEHRTH D, HEMTHZHEMSTPEHEIIZE. 1) &4, 2) #k
) XA D RBITHOFEL 24 25, 3) HOBGKTEIOAE, 4) WS
N DI BERSERE DATIE - JIT(E - MEi. S) HEDRFRM - HREMIME. 6) MR fE,
7) REEEE) & OBIRENE X b D, BEECIIEEASMANTH I ehd,. =
5 LT Z k7 BER B RE DS R R IHEIC BRI TREE L, #— M B 32 D1 i
LW AL, TNHDOEHEDRIZW LS o202 H#HElITX 3,

Pl BIRITEI S ST RBIMENR DD Z L2 ME L TEL. Thiticy
" MMEBR DIV MEBREDIFIE 2 E L TOWE S 5, IBFTBI O EIE. HEH S
NDFPBRTRELONE S PHWNT O PRITE RN T & AR L. 5 ik
ML OIEENEBEFME DY XA THEBH L TWDZ LR+ 5, 1alicHih s
NDIED 5 IR DOHRZEGER L THEAET S X 5 2ERTEHIZ. DHEEED Y X AN
FHITHWIHTY D b o TWnWAZ LERT, —h, #EREREIWAMEELE Sh
RO 3K > S, Z ORIHIAT FHTEEIRER VB ST, BATIIC MR TE) A3
HLGE. MBS IBEORS O EZRL, ZhEHEOY XATEYEL
TNDHZ LITed, TOHEIT. HEMMEIZRERIThIRWE 5 Thiu., ik
WO ) XAPERENEH OV A2 LML TWBEZ L bE2 55, #HAHLMNIA
18], —ERHIHICER Z 2B O TS HRTEAEE SN TVAREY. ZDHEA.
DR D Y X 3o LA K H A OEE I LR SN TBY . BIEGFENIAT L
bHEELELRNEEZ BRD,

—J7. BORERNME (THXEOBE TS 5 L Lik#EDIML) 121X, 5
MOREDREELLE LT D LEZ DND, 7 FHLUN THEOILREM LA HE &
NTHDDRHEDH,. T FFUPXeyr~E—"— X—hI7, AUV




TTANETTHD, Y<~E—N—2RNE. ZhbIZ1IHIZIE, ®ENFHEHLS
RS EE L TR Y. Z ORHHC RS EIZ R ShR2v, Y<=E—~—Z1Eo
FEHZEDH P 5= OFR DAL EBR T D28, #IZKEBEAEIICR IR E & B
THHEN TR Y, REVEE) L #EREII0HEE L TirTbh T3,

FDIEEMCITIZEDY A BB L TWD AR B B, HOBRE LA L
NTHWDHMDOS by XU HXERE. T THEREN0S5 kebl Ed > THEO
WABICIET D, =Y F XTI X LEEN0.1 kell FdH T, IMEOHTIZAZHD
M TH D (Silva & Downing, 1995), 722 L. Fo FSIFEENBR L 205 ked B0
FITIPRRIMEIZ72 < (Bjornhag, 1981), KHEA30.1-03kedh D HE YRR II2HONT D #
(IEEIIIER S D & OBMEIT A (Wilks, 1962), — 7. #EM0.1 kgll FOB#ic
DNTIEIZINETOE ZAHEDERERIMLITHRE ST TR,

BETHEIHE VIS AOHIMNIZ W, Eikshiz< <. #BIzOWTH
BPTONIRIZZL <2, LIeh o> T, BRZE VL TIT 512 b b S Fian
AR THHMIDP R RN EEZBNRD, LA L, #AESMLS LRI S IE AT
DR H/NU I TIEZ DETEORBICED 2 HERIBE TH Y . ZOMUNT LY
T - ERRFER OSEIC /2B L EZ BB, 5B EV L OFEERLETHS 5,

3= 2.1 3 Uil B LTI RELR s Db

JERITB 2 5 WALERIOREITIIBBENTRD & 5 R3BMEEHETX B,

D) b PN ERIPRRIZ, BRI ORBES, B A D72 ORI B bk
HIARFEET, BUCRMAR 2 BN Uiz v bR % LiF B ieoic. #AFIHT 5B
fETHDLEEDND, ZOBRBTIIAMIIEAREEATIIRL., M. BHAadR
KEZMD, FRIZAFEN TR, LDEXDIUTTRDRS,

2) ROBFETIE, FERMNDIMED . FBRAATINE > T, /iR TELTL
Do LML, ROMMUIZEZHMETR L, REMNRAIZD > THIRRBIRX NI AW,
Z OEFETIIREREFEDOBERITIMALOLERE L L TOMBESITSME D, HARRHM
T ER TE D56, ZORMHICRENESNTONIBE LITbhARVEARH
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ENIEIET S, E5ETHRL. UM ZorFI ) —it)RT 3.

—HUC AR DL ITMMEE THREMMBMEL . MO LB LT — 2RI L 1T —
A% a8, FXANETHBRANZL ST, HEROBHWIIZ ONLEEMIC X D
FHRIZRKE IREFELTIT>TND, VIRV REDKEFRI N, B H—rp
IRIEZERE T DR FD RTEBRY) . V<2 BOEEM (F<vX¥
WVRED BRIGICHERRE 2R (REIBRREEIY) . R X IR0 X LIS TR
1o T3 (EFEEEIY) (Van Soest, 1994), Z D5 &, #HEFTENTSILIRELTY
DATHDH B, EEFEBEILDI 7 e 2 THD, L L. EIEFEEARE 2 H o
EROBYINRT N THERZITIDY TIIARW, HEN35-64kgDH NS
Hydrochaerus hydrochaerisi3 5L 382 TEHIGRBARHI 2 o0, #EBIZL2WVWE SR 3
(Hoérnicke & Bjornhag, 1980),

BETH 2B LW ALRRI QBN REERE2E X DI >TZ 2 THH LIV DI,
HEERHD OWALETNIZER DY A ZIZ LD EBNBBDONDZ L ThHD, Hrif
9 BRI ALRENT NS S BIOBYNC IR S, — 5. RS REE - BEIRSEERIC &
DIFALHHNI R SR OB B S5, ZRIEFAZr— )V FORRIc k3 %
Ay (R

—HRIT BN Y 7o ) T3 OL X — R BRBRIIAE (kg)D0.75FICIHIT 5, Zh
iZ6f UL R AL OWAL 8B SRR L IIE A 72 BfRIZ 3 5 (Demment
& Van Soest, 1985), T OfEHR, H/NUEIY TIZRAIE Y L © ML EAREH Y TX
DIRDZ RNV X —IRRBER SN D, JiEBREETTIZERE LT RTORY A R
PRI — BT8R U, filefe - FERES T L It OMLE E ISR > T oML 3. —4.
FRZA O BIHFERRGTIZFRUCAE LA %2 T2 < HEH USGH 1 238310 iz fi
HLUTHMESED, ZOkD), BETIERONZMLBERETL W ROE T
ZITO T ENTED, THAVNUEY) CRIE BEEARIA R ER T, BRI BIH%R
RERHI2FEE LI B TH D L& % 51D (Foley & Cork, 1992), — . Cld AR
B CTEREZMA S GHRBEBATIR R SN2V DRI O TR S#RBH S,
LorL, HEZE <. ZoFRE. #EEZMNS §BRBEFIZ A r—) > 7 Eo
KA D D (KB TARINCRDMAH D) ZLrkRELTNS,

HiIE FERE - R TEREES & Fr 0B O th TEEBAIE AN E < iz 72 B DIF~ A
VHARKERMDERE R ETH S (Van Soest, 1994), T i, HIEEDH T P L3640
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31 S THAED 5 LWEAL 2 BRI R L TW3, Z Db AR E X OB 40 4
EIRE SN MM H D, —F. BREMN D GIBERAKH % Fo@) W o th TRz %
12 7Y TR EL S WREORERHATE 5. Z DAz b i
BRI L., < DEBRIZBVTHE L b2 3T —RNEHE LR ->TVS,
U FRIIEREZMN S GIBREBENILARIOZRr—) V27 LORKZERTE 2 izt -
T, PREERBYO=y FITE HEHTIZ LR TELEEX B3,

TYRIIPRRIEEE L LT, 2L OAEBREBOTHAEOREE R L - T
WS, UVHFRIHRICH L TRV EBT DR v ) ZhE LT, %< ORI
THCIREZ RO, BOERINT 2 KE R H L3360 ORBF 2RO ., i 72 Rar
TORIBRBEARE. AIEH N (absentee parental care) & MEF I 2 5Bk 72 &5 8 J 1
(Eisenberg, 1981), HMEM TR LN S ILDEHETH S,

LU, UBX2Ro0 25 2 5 0BEIZZE D2 D hRLIzfE - T kIIC A
RO DTH D, BOMFENCEIED T XL AREY LF iz, 27—
LD 2R U THRIBEERBIM D= v F~DHEH % ATf8Ic Uiz R 2 0E 5 S5
REHALAERI DR BE DFEE — R —TH D LWZRWE S 5 by, Z OEFRAL DN &
LTiE, B LN MEZ e S h 3,

Y HIZ AR EONRKADEREE LTEOBELERVIZSBb L, /INHD*
A I HRRBOMEGH & D L1350z F A 720 (Chapman & Flux, 1990), =
L. HEBYO =y FA~OHEHBHALATI O E DFEIZ L > T CTER Sz
eI, TN LEDOHALER DM £ XDORFULIZIME L <. Zhhskx k)
fEZ A THWD Lilbh b, /. hAITH EETIETH B iz, 2RI IRE
Sh, RE= > FOZERMINZR S EIRASE LN Z &b RN 2 2R OO Tl
MEZ T TND L2 bh b,

3—2. 4 MWEELYHIH

EBDE 5z, FRITEHIZ MM RIEE THBRIMEDBIE» LT TIed o1z
EZEZADBND. LB ->T, #ARENIC (HDVIZEENIZ) HMEL TS, HEER
HITERBEOMDOTANT LI HAELBND, L oT, Kk (GF
") OFHABLT UL XPHRITHFA DD D L3RR,

L2r U, JrBfERh 2 @I S, MICHREZ D 2T 2R 6, — 5T, B
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HIRERRIZ L > TRMAIRSIEZRED, JEHEEOMMERIC X > THB o ik %
RO B, BIEEDRNHRIO—RINEE L LT FHOBRITKE S HE L
e LIZENRWIE S 5o FEE UTcor BEHERE & WIRE e ili3e - ik a b, iRkl
T Z D HHEMNIZHHT 2 79 XTHOERIZ. LRRERIFREO T TH MO
REREDO—2%RTEICBbNd. T 5 Ly ¥XH DA TERR ORI 72 Bk
EEADEE, RMEFESTBNZ LR S, BEEOX— M) 7688 0N( A
RY YT TANCTIXHEEDLOTEL PEREEN R 5D DIZHEEN, X —

MU T TRHENRERRZIZIITONTORNWE S THIN, "M A )Y FF AT
IXE S THA S M,

RO X Sz, UHXFEOPTIEE SICHMTIREICFROEVNR R LN, 7t
WHRIRE R RO L T BN 7 7 ABRERFF O END D, B S EARIREITT L
77 ABNCHANTEVRRIELIEBETH D EE X N5, LA L. ZDk#EDIHE
DN RF DA REI R ORI S OETH 5.,
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i) T XRUTB T DI &2 OB R

fiH FDO=K> /) 7YX Lepus brachyurusiz oW T H A EIF O HEESD AT
DALzZ#ELILEZ A, 2BEOREBITHNED BN, —DiF, JLFH» SH#EE
C2T T, BAEREEMATTh, 20X 5 R3#52 0 BIE & iEMRE)VE Sl 5 ] ] 3
BRVIBSNDEDTHY., &5 —2iF. IMP LA T 2%, HRDEDEL
LRVWHRBNRERTH S, i iMB IR I, 7 2K Bz A - TR
UAIZIHEZ S, £ D% HSEN TIHIRORWHRENEEE £ THlftbh, %
OB OERRIHRER DB E > T, Y7 IR RES 2 #N 5 £ THE b
o DHFRIDXSIZLT, HRARBRHZHIH Sh B # 2T THEAE L, KA
ADTe Y FICHEEN IO Z— (72— NMROBEE) 2o NIz A a7 n &
HIITLTBELILLZ A, M3 ERFEOHMASR Sd, BRI 22 0HiS BIR D & i)
IRIHMRIE R RIC, BN CTIHROR WA NIRRT YD 2 LR LN L -
o BREEHICHHE SN B FIIMETINEBIRTETON TV, ZOER, 1
HICHFH SN D3 D 5 B4 H P RBRHZHHHE BRI TV B b D L #EESh
oo TNETYYFIIMEEBEFEFR LRV EEZ SN TV, HERTRENL
BEFERN T PR THO THER SNz, 7YX £ RS P Ic 535 Sy &
ICHMHFEHERE L,

HH RO BRI RERENS, BED=KY ) DX THITbN TS = L a2k
Y DICDIT, IR DO & AR FFRUER 2 5 L. WALAE N DRk 3 D JE B R
RN DI I AT % TR Teo DT RITENASS A TIREHR T LT\, hlid
ZFANR RIS b, ZO%., BAHSIEOh 2 ik#EICH O TGRA L. T
P ETIIINMNTET Db DL E X b, ZORLIZ, FEFD=FRL /) 7
FOMIBERD LMFIER~DOYIFRFL L X< —H L. BN CHRBSLICH#ENE &
EOoTROOLND LEIMEI RN &S, HHEIZZ OB SN, BASh3 D
DLEZ BRI,

ALHEE D25 7Y X L. timidusTH KRR DR FTE 2 658, B KRR Iz
HEHT 2T R TOMBMBOBRIBE S, FEND 2 WVTERR#EE R Z— 2
=R U FIERD LN NE — 2 ERBEW R ENBAD bR 5Tz,
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H#ERZeSER NP2 < &b Lepuslg D2 IBDBR TH o122 &b, B ED
Xk L. HENZREEESMMO 7T - RVRBHRETHE1 L 5 h ok
pf LTCe ZORER, DR b HA XL 2O ERTH DT F 7 ¥ ¥ Oryctolagus
cuniculusiZ OW T RR 2T LR TX 2178 Oidik sl bihvik, Eitho
Lepus&=°Sylvilagus@& D% < OFHIZ DWW T HikFEDOHH RS =Ky 2 w0k
UYFE-BLEZ &6, RITHETHR L THHH S5 BRI o3 E A X
NTHWDARERRENSDEEX b, ), BRICX DHEAADOT R YR
SOOTMEINDZ &, ZOFRPVIZEASNTS PWHIT & - TR &3 - Tt
ML BONDZFHIRBD BNz, ZDOZ s, HENRHE#RANRD 12 L b
GG ETHRBISNTE gtk d +aomun il S hiz, Z oW oERIZIE. #
RWFFENIRIEDTE FLITHR A TE LT L 5 PR & . RRIR A1 0 40 1) B AL A
Gl o BERSEAR)  DIRIRIZ K > TREF OYERE (BRI 2 B S P iEo< gkt s h
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) &, HALERIENEE Lctk, L LTRTOhDEE£xbNTEE, Ly
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BHD. TOLIEWHF OMEIHAEIHICBIZBEDE A IV Vi k& kFT
DEEZONT, BYHMA OEE 2HRDIcdD~—T1— (B A0 2EEE
[ R 2 R D 8 2 RERIAR 2 0. il OFEIRIETRI ORD D Iz N TRy ) 78X
CHHIZHERSE, Z20ROFIZLE~—h—DOHHRNZ T, BEKZICHD
653, =AU —IR2MEOKD Y T TITIHIFIER LI HHE SN, BRIz E
REINNKF LA LD — I —RZOBOMICHH &S, BREZIMEL 2B Izoh
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MEIE L. BB YIASEAIAEG 238 Uik & 72 - OEMEER 2 ERED 5, K
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NOMEIZTXTETOHNS,
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RS D, RSN FTICEHITE LD DI ORI MR O 2521, &1
i LR EIREE L LTHRB S NS 72, IIZMbE 3 L 22 bh b,
—Ji. BREINEHEO LD ) 13, RS THHENT &g, bk
DIEREERET A D BTN E NS, HRENTOELEHIFOEERE L. 4
DEEEROER 22 T E LTS hiETHn 5,

BESE R DIEARRLBEREIZ. FERHICAE 2L 2 B THMR UMAT T & T3 2 itk -
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HRENVDT, MEEN L CRERTESY, H#rHEIRWE S ILBYMOHNE
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CEIRVAENTH D, — 4. KiEEHhTHIUL, L v bEBRMOEmNE L
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WEZICHIEHR L LTHERNTONS, ZHIZIZBMONLE AT D DL Lok
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H: -2 R D INZ S5 B OMETH B,

-69-




Summary -70-

Summary

Hard Faeces Reingestion in Leporids and its Ecological Significance

The daily rhythms of excretion and reingestion of hard and soft faeces were studied in
the Japanese hare Lepus brachyurus under captivity. Although the leporids have long
been known to reingest soft faeces, the Japanese hare also reingests a substantial amount
of hard faeces. The faeces excreted during the daytime stay in the form, comprising first
hard faeces, then soft faeces, and again hard faeces, were all reingested. A reingestion
bout for hard faeces consisted of repeated faeces-taking actions each followed by
mastication, whereas that for soft faeces included only one faeces-taking action without
mastication. Hard faeces were excreted and discarded during the foraging hours at night.
As a result, around a fourth of the daily output of hard faeces were reingested. If deprived
of food during the night, the Japanese hare also reingested most of the hard faeces that
were normally discarded.

To confirm that the regular reingestion of hard faeces during the daytime is a normal
practice in the Japanese hare, the digestive tracts of free-ranging Japanese hares shot at
known times of the day were examined. The results showed that the formation of both
hard and soft faeces were almost completed at the end of the proximal colon, and that
hard faeces were formed after 11:00 h, then proceeded through the distal colon, and
reached the anus by around 14:30 h. This well matched with the switching time from soft
to hard faeces reingestion in the Japanese hare in captivity. Hard faeces should thereafter
be excreted and reingested in the free-ranging Japanese hares because of no reports of
piling hard faeces in and around forms.

Observations of daytime resting behaviours of the mountain hare Lepus timidus
revealed that the faeces excreted during the daytime, including both hard and soft faeces,
were all reingested. The behavioural and temporal patterns of the reingestion in the
mountain hare were essentially the same as those of the Japanese hare.

The regular reingestion of hard faeces is a normal practice at least in two Lepus

species. To know whether this behaviour is common in leporids, an extensive literature
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was reviewed. There are found some descriptions of the behaviours that indicate the
reingestion of hard faeces in both the domestic and wild rabbits Oryctolagus cuniculus.
Many other Lepus and Sylvilagus species are found to have the same rhythm of soft faeces
excretion as the Japanese and the mountain hares. Hence, it is highly likely that daytime
hard faeces are excreted and reingested in these species, too. The possibility that hard
faeces reingestion has been totally overlooked in the past is also likely, because the clues
to recognize it are highly limited and in some cases, the clues, though observed, were
misinterpreted probably due to a preconception that hard faeces were not reingested.
This preconception might be formed by two causes: that the coprophagy study in leporids
was 1nitiated by the discovery of soft faeces and that hard faeces were revealed to be
bands of large food particles quickly evacuated as unsuitable to fermentative digestion.
Based on the above consideration, I concluded that hard faeces reingestion was a
common practice among leporid species.

Upon finding the regular reingestion of hard faeces, I studied the passage and recycling
of large food particles in the diet of the Japanese hare in relation to the timing of
ingestion. Small, thin pieces of synthetic rubber, simulating large food particles, were
mixed as markers with commercial food pellets and subjected to voluntary intake during a
short period of time at night, and their subsequent excretion in the faeces was observed.
Irrespective of the time at intake, the markers were almost completely excreted by the end
of the second night: when ingested early in the evening, most were excreted within that
night, and as ingested later on, they were increasingly excreted in the second night. All
hard and soft faeces excreted during the daytime resting period were reingested, and the
markers, contained in both types of the daytime faeces, were thereby recycled. The results
show that large particles in the diet are given another chance for digestion, through
reingestion and remastication, when they are excreted during the daytime following
ingestion; if remained large after remastication, they are all excreted and discarded in the
following night. Hard-faeces reingestion does not result in multiple recycling of poorly
digestible large particles and leading to inefficiency in digestion.

The present study revealed the following picture of reingestion and the other

associated activities in many of the leporid species. They rest in the daytime and forage
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during the night. Soft faeces are excreted from the morning to the early afternoon. and
hard faeces are excreted during the rest of the day. They reingest all soft and hard faeces
excreted during the daytime stay in the form and discard hard faeces while foraging at
night. The rhythms of these activities are basically determined by the photoperiod: the
photoperiod determines the foraging rhythm, which in turn determines the excretion
rhythm of hard and soft faeces.

The digesta flows associated with the activities are as follows.

During foraging at night, the colonic separation mechanism is activated to form and
excrete hard faeces and to retain fine food particles in the caecum. Because the food
passage rate is quite rapid (the minimum passage time 2 - 3 hours; 98% passage time
around 10 hours), the digestive tracts should be filled with fresh foods at the end of
foraging activity early in the morning. At the start of daytime resting, the separation
mechanism ceases and soft faeces start to be formed. For around an hour, hard faeces
that remain in the distal colon are excreted and reingested. Then, soft faeces start to be
excreted and reingested. At around the noon, the separation mechanism is again activated
to form hard faeces, which are excreted and reingested during the afternoon. Animals
leave forms (or warrens) in the evening to start foraging and thereafter hard faeces are
discarded.

The most of the constituents of reingested soft faeces (fermented fine food particles
and microorganisms) would probably be digested and absorbed in the stomach or the
small intestine. If some reach the caecum, they would again be retained there for some
time by the separation mechanism and thereafter excreted as soft faeces to be reingested.
Thus, they would be digested and absorbed in the end. The large food particles that
constitute hard faeces would have two separate courses; if they become fine by
remastication, they would be subjected to the fate of fine particles and finally digested and
absorbed as described above; in contrast, if they remain large after remastication, they
would be quickly excreted and discarded after the second passage.

The basic function of the reingestion and remastication of hard faeces is to break up

difficult-to-ferment large particles and thereby direct them into the fermentation process

in the caecum to increase their digestibility. During the daytime resting, it would be more
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advantageous for animals to excrete and reingest hard faeces, and thereby to make the
digestive processes fully running, than to excrete and discard hard faeces, or to halt the
total digesta flow to stop excreting them. During the night when animals are active, it
would be better to take fresh food than to reingest hard faeces because fresh food would
be much more nutritious than hard faeces. However, when animals cannot obtain food
during the night, they reingest hard faeces as an emergency food. The significance of this
type of hard faeces reingestion is not merely increasing food digestibility. It would give
animals plasticity in their activities, thereby greatly contribute to their survival in adverse
conditions such as a bad weather or the presence of predators. Although the reingestion
of hard faeces may not have such a special nutritional significance as that of soft faeces, its
ecological significance should never be undervalued.

Reingestion habits are widely observed in small to medium-sized herbivorous
mammals and regarded as an adaptation to the digestion of highly fibrous diets. The
study of the digestion system including reingestion should be fundamental to understand
the ecology of these mammals, but it is left undone in many species. The reingestion
habits are so diverse that the available data are insufficient to establish their complete
picture. However, the reingestion and digestion system in leporids is certainly in a highly
developed stage.

Fermentative digestion for herbivory have three major types: the pregastric or colonic
fermentation in large-sized mammals and the caecal fermentation in small-sized
mammals. A scaling (or allometric) effect is thus recognized with these digestion systems.
Reingestion habits are recognized only in the caecal fermentors. The leporids seem to
have succeeded in entering the niche of medium-sized herbivores by highly developing
caecal fermentation including reingestion. The leporids have many predatory enemies as
medium-sized primary consumers. For this reason, they have acquired many unique
features necessary for their hide-and-run strategies. It may, however, be their highly
specialized digestive system including reingestion that have fundamentally made them as
they are.

In spite of the highly developed separation mechanism and the highly differentiated

faeces, the leporids still daily exploit hard as well as soft faeces. This is notable among the
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quite diversified reingestion habits in small-to-medium sized herbivorous mammals.
Among leporid species soft faeces are further differentiated into two types: amorphous

and capsule ones. It is remained for further studies to clarify the physiological and

ecological significance of the two types of soft faeces.




317 ik 475-

5 SCRR

Bailey, J. A. 1968. Rate of food passage by caged cottontails. J. Mamm. 49: 340-342.

Bjornhag, G. 1972. Separation and delay of contents in the rabbit colon. Swed. J. agric.
Res. 2: 125-136.

Bjérnhag, G. 1981. Separation and retrograde transport in the large intestine of
herbivores. Livest. Prod. Sci. 8: 351-360.

Bjornhag, G. & L. Sjsblom. 1977. Demonstration of coprophagy in some rodents. Swed. J.
agric. Res. 7: 105-113.

Blaxter, K. L., N. C. McGraham & F. W. Wainman. 1956. Some observations on the
digestibility of the food by sheep and on related problems. Br. J. Nutr. 10: 69-91.

Bookhout, T. A. 1959. Reingestion by the snowshoe hare. J. Mamm. 40: 250-250.

Bothma, J. D. P., A. G. W. Steyn & J. G. Teer. 1982. Reingestion in South Texas
cottontails. Mammalia. 46: 235-239.

Bouyssou, T., M. Candau & Y. Ruckebushe. 1986. Value of indigestible particles to
measure the gastrointestinal transit time in the rabbit. Ann. Zootech. 35: 401-410.

Chapman, J. A. & J. E. C. Flux, Eds. 1990. Rabbits, Hares and Pikas -Status survey and
conservation action plan. Oxford, [UCN.

Cheeke, P. R. 1987. Rabbit feeding and nutrition. Academic Press, Orland, 376 pp.

Chilcott, M. J. 1984. Coprophagy in the common ringtail possum (Pseudocheirus
peregrinus). Aust. Mammal. 7: 107-110.

Chilcott, M. J. & I. D. Hume. 1985. Coprophagy and selective retention of fluid digesta:
their role in the nutrition of the common ringtail possum, Pseudocheirus
peregrinus. Aust. J. Zool. 33: 1-15.

Clemens, E. T. & Stevens, C. E. 1980. A comparison of gastrointestinal transit time in ten
species of mammal. J. agric. Sci., Camb. 94: 735-737

Corbet, G. B. & J. E. Hill. 1986. A world list of mammalian species. British Museum

(Natural History), London.

Cork, S. J. & G. D. Sanson. 1990. Digestion and nutrition in the Koala: a review. In




51 FHSCER

Biology of the Koala (A. K. Lee, K. A. Hanasyde & G. D. Sansoon, Eds.) pp. 129-
144. Surrey Beatty & Sons, Sydney.

Cranford, J. A. & E. O. Johnson. 1989. Effects of coprophagy and diet quality on two
microtine rodents (Microtus pensylvanicus and Microtus pinetorum). J. Mamm. 70:
494-502.

Crowcroft, P. 1952. Refection in the common shrew. Nature 170 (4328): 627-627.

Demment, M. W. & P. J. Van Soest. 1985. A nutritional explanation for body-size patterns
of runimant and nonruminant herbivores. Amer. Natur. 125: 641-672.

Dexter, R. W. 1959. Another record of coprophagy by the cottontail. J. Mamm. 40: 250-
251

Drane, R. 1895. The hare in captivity. Cardiff Naturalists' Society: reports and
transactions. 27: 101-1009.

Ebino, K. Y., Y. Shutoh & W. Takahashi. 1993. Coprophagy in rabbits: autoingestion of
hard feces. Exp. Anim. 42: 611-613.

Eden, A. 1940a. Coprophagy in the rabbit. Nature 145: 36-37.

Eden, A. 1940b. Coprophagy in the rabbit: Origin of "night" faeces. Nature. 145: 628-629.

Ehrlein, H.-J., H. Reich & M. Schwinger. 1983. Colonic motility and transit of digesta
during hard and soft faeces formation in rabbits. J. Physiol. 338: 75-86.

Eisenberg, J. F. 1981. The mammalian radiations. Chicago Univ. Press, Chicago.

Flux, J. E. C. 1970. Life history of the Mountain hare (Lepus timidus scoticus) in north-
east Scotland. J. Zool., Lond. 161: 75-123.

Foley, W.J. & S. J. Cork. 1992. Use of fibrous diets by small herbivores: how can the rules
be 'bent'? Tree 7: 159-162.

Grauer, D., L. Duret & M. Gouy. 1996. Phylogenic position of the order Lagomorpha
(rabbits, hares and allies). Nature 379(25): 333-335.

Geis, A. 1957. Coprophagy in the cottontail rabbit. J. Mamm. 38: 136-136.

Gidenne, T. 1987. Influence de la teneur en lignines des aliments sur la composition de
digesta et la production de caecotrophes chez le lapereau. Ann. Zootech. 36: 85-90.

Gosling, L. M. 1979. The twenty-four hour activity cycle of captive coypus ( Myocastor

coypus). J. Zool, Lond. 187: 341-367.

-76-




51 SRk

Griffiths, M. & D. Davies. 1963. The role of the soft pellets in the production of lactic
acid in the rabbit stomach. J. Nutr. 80: 171-180.

Haga, R. 1960. Observation on the ecology of the Japanese pika. J. Mamm. 41: 200-212.

Hamilton, W. J. 1955. Coprophagy in the swamp rabbit. J. Mamm. 36: 303-303.

Heisinger, J. F. 1962. Periodicity of reingestion in the cottontail. Am. Midl. Nat. 67: 441-
448.

Heisinger, J. F. 1965. Analysis of the reingestion rhythm in confined cottontails. Ecology.
46: 197-201.

Hewson, R. 1962. Food and feeding habits of the mountain hare Lepus timidus scoticus
Hilzheimer. Proc. Zool. Soc., Lond. 139: 515-526.

Ak L1961, KR OMEFEHI ST BT D IFSE. MK A A4 RIS (RN 7054308
am L) 91-125.

Hirakawa, H. 1994. Coprophagy in the Japanese hare (Lepus brachyurus): reingestion of
all the hard and soft feces during the daytime stay in the form. J. Zool., Lond. 232:
447-456.

Hirakawa, H. 1995. The formaion and passage of soft and hard faeces in the hindgut of the
Japanese hare Lepus brachyurus. J. Mammal. Soc. Jap. 20: 89-94.

Hirakawa, H. FIjill#. Hard faeces reingestion in the mountain hare Lepus timidus.
Zeitschrift fiir die Sdugetierkunde.

Hirakawa, H. & A. Okada. 1995. Hard feces reingestion and the passage and recycling of
large particles in the diet of the Japanese hare Lepus brachyurus. Mammalia. 59:
237-247.

PIHESC. 1983, 3 - KB — MR OBZ 5. BFRIFZELEE. 10: 31-34

FIRESC. 1989, B R D/ U9 X OBAIEE). BFRifEEAE. 16: 71-77.

PG SC. 1995, #6300« 7 VRO, AR, 34: 109-122.

Holley, A.J. F. & P. J. Greenwood. 1984. The myth of the mad march hare. Nature. 309
(7): 549-550.

Hérnicke, H. & F. Batsch. 1977. Coecotrophy in rabbits - a circadian function. J. Mamm.

58: 240-242.

Hérnicke, H. & G. Bjérnhag. 1980. Coprophagy and related strategies for digesta

.




51 FHSCHR -78-

utilization. In Digestive Physiology and Metabolism in Ruminants (Y. Ruckebusch
& P. Thivent, Eds.) pp. 707-730. MTP Press, Lancaster.

Hérnicke, H., G. Ruoff, B. Vogt, W. Clauss & H.-J. Ehrlein. 1984. Phase relationship of
the circadian rhythms of feed intake, caecal motility and production of soft and
hard faeces in domestic rabbits. Lab. Anim. 18: 169-172.

Huang, T. C., H. E. Ulrich & C. M. McCay. 1954. Antibiotics, growth, food utilization and
the use of chromic oxide in studies with rabbits. J. Nutr. 54: 621-630.

Hume, I. D., W.J. Foley & M. J. Chilcott. 1984. Physiological mechanisms of foliage
digestion in the greater glider and ringtail possum (Marsupialia: Pseudocheiridae).
In POSSUMS and GLIDERS (A. P. Smith & 1. D. Hume, Eds.) pp. 247-51.
Australian Mammal Society, Sydney.

A5t I 1988, A ELBTN A BRI, S ALAL, HE5T, 980 pp.

Imaizumi, Y-H. 1964. Another record of refection by the shrew. Wi FLE) 2242k 2: 79-81.

Ingles, L. G. 1961. Reingestion in the mountain beaver. J. Mamm. 42: 411-412.

Jilge, B. 1974. Soft faeces excretion and passage time in the laboratory rabbit. Lab. Anim.
8: 337-346.

Jilge, B. 1976. The entrainment of circadian soft faeces excretion in the rabbit. J.
interdiscipl. Cycle Res. 7: 229-235.

Jilge, B. 1982. Monophasic and diphasic patterns of the circadian caecotrophy rhythm of
rabbits. Lab. Anim. 16: 1-6.

JIBER S, 1994, 7% X90FRTE 7ol i/ HEENE, #5L, 270 pp.

JIGERES - ILIHISCHE. 1996. HAGE & 95 H O BU#IMRG. WFLERI. 35: 193-202.

Kenagy, G.J. & D. F. Hoyt. 1980. Reingestion of feces in rodents and its daily rhythmicity.
Oecologia. 44: 403-409.

Kirkpatrick, C. M. 1956. Coprophagy in the cottontail. J. Mamm. 37: 300-300.

Kulwich, R., L. Struglia & P. B. Pearson. 1953. The effect of coprophagy on the excretion
of B vitamins by the rabbit. J. Nutr. 49: 639-645.

Layne, J. N. 1958. Notes on mammals of southern Illinois. Am. Midl. Nat. 60: 219-254.

Lechleitner, R. R. 1957. Reingestion in the black-tailed jack rabbit. J. Mamm. 38: 481-

485.




51 SCHR -79-

Lemnell, P. A. & B. Lindlsf. 1981. Diurnal and seasonal activity pattern in the mountain
hare. In: Meyer, K & C. D. Maclnnes eds. Proc. World Lagomorph Conference.,
Guelph, Canada. 349-356.

Lockley, R. M. 1964. The private life of the rabbit. Andre Deutsch, London, pp. iR : & v
JVA,RM. QIINE— R, 1973)  TFHo¥Xo4is. B, 256 pp.

Lord. R. D. 1961. Seasonal changes in roadside activity of cottontails. J. Wildl. Manage.
25: 206-209.

Lord, R. D. 1964. Seasonal changes in the ativity of penned cottontail rabbits. Anim.
Behav. 12: 38-41.

Madsen, H. 1939. Does the rabbit chew the cud? Nature. 143: 981-982.

Mech, L. D., K. L. Heezen, & D. B. Siniff. 1966. Onset and cessation of activity in
cottontail rabbits and snowshoe hares in relation to sunset and sunrise. Anim.
Behav. 14: 410-413.

Meyers, K. 1955. Coprophagy in the European rabbit (Oryctolagus cuniculus) in Australia.
Austral. J. Zool. 3: 336-345.

Meyers, K. & C. D. Maclnnes eds. 1981. Proceedings of the World Lagomorph
Conference, Guelph.

Morot, C. 1882. Des pelotes stoacales des leporides. Mem. Soc. Centr. Med. Vet. 12: 139-
239.

Olsen, H. M. & H. Madsen. 1944. Investigations on pseudo-rumination in rabbits.
Vidensk. Medd. dansk. naturh. Fohren. Kbh. 107; 37-58.

Oullette, D. E. & J. F. Heisinger. 1980. Reingestion of feces by Microtus pennsylvanicus.
J. Mammal. 61: 364-366.

Pehrson, A. 1983. Caecotrophy in caged mountain hares ( Lepus timidus). J. Zool., Lond.
199: 563-574.

Pickard, D. W. & C. E. Stevens. 1972. Digesta flow through the rabbit large intestine. Am.
J. Physiol. 222: 1161-1166.

Pshennikov, A. E., Z. Z. Borisov & I. S. Vasiliev. 1988. Coprophagy and its rhythms in
mountain hare (Lepus timidus) of Central Yakutia. Zool. J. 67: 1357-1362.

Ruckebusch, Y. & H. Hornicke. 1977. Motility of the rabbit's colon and caecotrophy.




51 FH SCRR -80-

Physiol. Behav. 18: 871-878.

ARERRER. 1978. b TR 7 ) T HXFOEEIZOWT. HRIFFELDM. 5: 9-12.

Sakaguchi, E. 1992. Fiber digestion and digesta retention from different physical forms of
the feed in the rabbit. Comp. Biocham. Physiol. 102A: 559-563.

Sharkey, M. J. 1971. Some aspects of coprophagy in rabbits and guinea pigs fed fresh
lucerne. Mammalia. 35: 162-168.

Silva, M. & J. A. Downing. 1995. Handbook of mammalian body masses. CRC Press. Boca
Raton, Florida, pp. 359.

Soave, O. & C. D. Brand. 1991. Coprophagy in animals: a review. Cornell Vet. 81: 357-
364.

Sokal, R. R. & F.J. Rohlf. 1973. Introduction to Biostatistics. W. H. Freeman and
Company, San Francisco and London.

Southern, H. N. 1940. Coprophagy in the wild rabbit. Nature. 145: 262-262.

Southern, H. N. 1942. Periodicity of refection in the wild rabbit. Nature. 149: 553-554.

Spencer, J. L. 1955. Reingestion in three American species of Lagomorph. Lloydia. 18:
197-199.

Spencer-Booth, Y. 1956. Shrews (Crocidura cassiteridum) on the Scilly Isles. Proc. Zool.
Soc., Lond. 126: 167-170.

Taylor, E. L. 1939. Does the rabbit chew the cud? [Appendix to Madsen's note]. Nature.
143: 982-983.

Taylor, E. L. 1940a. The demonstration of a peculiar kind of coprophagy normally
practiced by the rabbit. Vet. Rec. 14: 259-262.

Taylor, E. L. 1940b. Pseudo-rumination in the rabbit. Proc. zool. Soc., Lond. 110: 159-163.

Thacker, E. J. & C. S. Brandt. 1955. Coprophagy in the rabbit. J. Nutr. 55: 375-387.

Toll, J. E., T. S. Baskett & C. H. Conaway. 1960. Home range, reproduction, and foods of
the swamp rabbit in Missouri. Am. Midl. Nat. 63: 398-412.

Van Soest, P. J. 1994. Nutritional Ecology of the ruminant. Cornel Universiy Press.

Wallage-Drees, J. M. 1989. A field study on seasonal changes in the circadian activity of
rabbits. Zeitschrift fiir Saugetierkunde. 54: 22-30.

Watson, J. S. 1954. Reingestion in the wild rabbit, Oryctolagus cuniculus (L.). Proc. Zool.




51 Sk -81-

Soc., Lond. 124: 615-624.

Watson, J. S. & R. H. Taylor. 1955. Reingestion in the hare Lepus europaeus Pal.

Science. 121: 314-314,

Wilks, B. J. 1962. Reingestion of Geomyid rodents. J. Mamm. 43: 267-267.










