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Morphology and Food Particles Distribution of the Digestive Tract of Roe
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Abstract: 14 roe deer { Capreolus capreolus) were shot in Xiaodong Forest Region of Tonghe County, Heilongjiang Province dur-
ing winter season of 1999. Morphological and structural features of digestive tracts were measured by anatomical methods, and food
patﬁclés distribution in the digestive tracts were analyzed by a wet-sieving procedure. The rumen tissue weight accounted for 71.3
+2.6% of total stomach, followed by abomasum (11.5%2.2%), omasum (9.7 £2,3%) and reticulum (7.6 £0.9%)}. The
most numerous, best developed and largest papillae were found in the cranioventral floor of the atrium of the numen, and the papil-
lary surface enlargement factor was significantly higher than other sampling sites ( I < 0.05), the cranioventral floor of the atrium
of the rumen is the one of most important digestive and absorptive sites. The reticulo-omasal orifice had an important role in con-
trolling the food particles passing on to the lower digestive tract. The large-sized particles were reduced in size by rumination and

bial fe ion in the reticulo-rumen, the smaller particles produced eventually passed through the reticulo-omusal orifice.
The proportion of large-sized particles { > 1,00 mm) was highest in reticulo-rumen (35.06 + 10.76% } , which declined quickly in

the lower digestive tract. The small-sized particles { < 1.00 mm) increased significantly in omasum, abomasum and other lower
digestive tract. 1.00 mm is the critical particle size for roe deer during winler. Roe deer is adapted to poor quality food nutrients
during the winter season and the morphology of its digestive tract is geared to an adaptive strategy that increases capacity of food

icles in reticul and d reticul 1 orifice to increase the retention time of fibrous digesta particles in the retic-

ulorumen with a greater time for fermentation and comminution to better satisfy the seasonal energy requirement.
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R4z ey —MEROBHE, w4
fratfer, HH BT SESAIIRES B E T
RREERN, EW#ERE S EFREMR R (Hof-
mann, 1973), Hofmann #R#EEI 29 FF K & 31
BHMEAEAEESH, BR3P EE
# (concentrate selector) , M 1A #& (roughage feeder)
R E (mixed feeder) 3 FHEFRIE M X HAH,
BB RESREAEESR, RERATYHN
WA E L T AR EE WA IEPLAE (Hof-
mann, 1973, 1988, 1989), X FRAFYE FHE
RS RRISr SIS, BT EEEF TR AsIE
BI/h, HXTHERTR., BRNEEHEYHEED
MEMENENRREZRE L (Hofmann, 1989; 1
lius and Gordon, 1991, 1992), i {LiE P& 4 BikL
MRNAREMEANYRYREBZNEERE
(Smith et al., 1983; Pearce, 1967), M imXHiHLiE
P B SE AL DB SRS B 38 E  (Pop-
pi et al., 1980; Nygren and Hofmann, 1990; Clauss et
al., 2001, 2002), £FHEPERYER M E WH3hE
RETRMEMNLE R HERLR/IRER, /MR
kL B My aE iR I B RO ) AR PR — e, i AR
¥, HFETER M PO aT R AR — 2, KR
B UL 5 1 Sy B VR LR 44 BRI B R
Wi A B T2 T 08 R PT Ao O R I Y £ R
(Pearce, 1967). W AT LI, RHHBR A TH
— R ERMEE MR O TEARE, TER™
HETIHRFFEHIS (critical particle size) (Poppi et
al ., 1980; Clauss and Lechner-Doll, 2001; Sutherland,
1988)

Ha ( Capreolus capreolus) F/EBEFHER, 2
JeAEREPANRRAEY, BABRNEFRE
SME. ERELE, REESHTHRAATRN
MERELM A, LZREM KB EIERH],
HTEYERFEHE TR, SWTHAEERK,
SMNEE HBRIRE RHR AR E TS B AR
RRE, TER R/ ETERI ST (BRILMS R AT
B, 1991, DEES, 196 EHES, 2003), &
SGRIITIET 1999 A FH A I HLETE S L E
HEYERLE AR, KE SRR A
RIEFHERM AR, N Tit— LI R EEERES
FHRMER TR

1 FRHE 8 REA

INRARG LT BB IR VLA T T B Rl Rl
RARHE, AREEHVE, REFETHLEEAER
NEEMAG RN, BEMEEEREE, AAEX
W, FRpg, HIRAERR 128°20°23" ~ 128°44'41"
E . 46°10°03" ~ 46°19'46"N. EE A KR,
BHEREER 1127 m, VK 438.8 m, SER
TRE®EERNSE, FEYHKE 0.8C, Bl
2200 C, MAKE 720 mm, TFHEHH 110 o HE
R RN RIS— IR X, /TR —
WITAWTER , (RREESRARETHREH,, It
AoHEHRRZE A, BRI, bk 3 MR
2,

2 MBHF®

1999 4F 1 A, ¥ B0 T 48 W B /N AR AR A
A AE A SR 14 B, LA aidk)E o7 Bs B Ak
e AT A R RO B AT AL A B IR B T
1B, LABFIEEFSMAS RS R BT A T . K
B AN — T T BRI A E R A
W, KRG RE (0~ 11 D). BARE (12
~23 A R (24 DA E) 3 ANMERE
(Hewison et al., 1996). AR5 AYE R T LML
(45 REE (10 R, d T R4 EELER
2 BEA AR SEYERY, &EEIWARESS
MTER AR B A S ik — 8, Mo e —4
#44r ¥ (Hofmann, 1987),

2.1 THLETESF LN

R AfRESE  RE aARR, BE HEE S
WEMHLTAAMBRE, WIET (candia)
HATT (pylorus) 2b2BHMES, 788 - WA (rumi-
no-reticular orifice). F - M O ( reticulo-omasal ori-
fice) . ¥ - 90 (omaso-abomasal orifice) #3550 %
BE5E (Holand, 1992), MEHRE - MA . K -
WO, W-HBEUMNER, BHRO0.1 om; EBE
ENFYRB R NGHAS, WERFERESR,
B 0.1 g WENHFUNg KER, HHLAT
BRBREBRE, HETISTHER, BHI
0.1 em.

2.2 EFERTEY KB (surface enlargement
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factor, SEF) BRUEE Rl &

SRTERAEE (rumen) B BHEX (eran-
ioventral floor of atrium, ACF). /8 B & 2 (dorsal
wall, DW), 88 (ventral wall, VW), HEHEEH
FEIX (floor of dorsocaudal blindsac, DBF) 4 34
BU6 emx 8 em MREA, HHEEE 10%MB/RY
PR, BN LR, TEEREN, WEEN
B BE 1 om x 2 em K/PREA, TENEBHE T
BIEMHE, AR RUEILRGKEMGE
KITERE, M55 0.01 om, REY WA (SEF) it
BT ( FEXFEH Hofmann, 1991):

s < 2X FLERER (papillary surface)
A F M (base surface)
i (base surface)
HETE . (base surface)

FLREWEH (papillary surface) = FLRKE (length
of papi]lae) x Pz (A % (mid-level width of
papillae)
2.3 {HALIE R RS A I E

SH MR E  (reticulo-rumen) , B (oma-
sum), 95T (abomasum). /IMF (small intestine)
KB EB (caecum) WERNEYE R, H A
EHRAHREAZM. KRB (wet-siev-
ing procedure) HEAT 5347 I 4k 7 8] AR A7 ¥ & 4 59
15+ 7 (Poppi et al., 1980; Nygren and Hofmann,
1990; Clauss and Lechner-Doll, 2001; 2= {& 4 %5,

2001), SHTETEBRIALAE 2 5 A FEHK: 2.0 mm,
1.0 mm, 0.5 mm, 0.25 mm. 0.106 mm &) H 274
B, KBTI/ NGE, BT LY
TEFLK A ik 20 ~ 30 min, FHASHFRTSHS
S, LERARBRPMHESENTRS, £
OCHMT M ERBBBERE L, AMEHEHR
0.001 g WL FRIFHTHRE, HFITESERGH
H &
2.4 PimabaE

17 F3E S8 Mann-Whitney U R 35 X4 B0 17 £
SRENRE, BEKFREN «=0.05, i
15 4L R EFE Excel 2000 1 SPSS10.0 _H##4T .

3 R

3.1 BIHAEESHESH

14 ARMEEHAATREY 569.2+£152.3 ¢, 1
HMEAEEEEASERN 71.3+2.6%, BAHEH
75.3% . BAKIH 66.9%; KK FHEF, 11.5 +
2.2%, BF1E 16.5% . RIGE 9.2%; WEKKF
BhHHEMK, 9.7£2.3%, HEHME14.5%. &
EfE4.7%; MELHHED, H7.6:0.9%, &
EfH9.3% . HAR{H 6.0%,

WAz EEER MRS, M
O>#ma s> MO, 453%527+1.12 cm,
5.04£0.82 em, 2.56+0.54 om,,

£1 BATHE 4 MREWE LTS

Table 1 G o four reg ive site of the rumen wall of ron deer (n = 14)

AR RTTHRH FLEFE (1/2en?) FHLRKEE (em) AREBRTEE (cm)

Site Value of SEF Density of pupillue Length of papillac Midlevel widih of papillac
HaE . . a a
Torul wall (DW) 6.281.26 155 45 0.352+0.052 0.098 +0.013
s 7.33£1.28% 160 50° 0.368+0.073° 0.109+0.011%
Ventral wall (VW) Bl - : 109+,
EHEEREX b " " b
T mwaudal blindsoe. (DBF) 8.38.+2.68 18353 0.390+0.089 0.10820.018
B X 13.18 £2.69° 245 65 0.482+0.098" 0.111£0.024

Cranioventral flour of atrium (ACK)

il —7 LR R A RS ERAREE (P>0.05)
the same supcrscript in 4 row means no significent difference (P >0.05)

TEE BRI 4 DI (R 1), ACF
XARRENTEE, 234465 /2em” (n =14), H
ERIHZEFEHEELRFARE (P>0.05), DBF
XFERE K 183 £ 53 P /2em®, VW Hl DW X/ 5%
160+ 50 ~/2em®, 155 + 45 ~/2em’; I ERE
t, ACFKIRK, 0.482+£0.008 em (n=14), HE

KA RKEZRAFEZE (P >0.05), DBF, VW
1 DW XFLEK AR, 4514 0.390 £ 0.089 cm,
0.368 +0.073 cm M 0.352 + 0.052 cm; FEFMET
H E, ACF. DBF fl VW R{EMX & —#, =&
HWESRALE (P>0.05), '5 DW X 3.2 4
REEFEE: BYMBERE KRR (SEF)
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E, BE ACF KK, 13.1822.69 (n=14), &
FfEH 19.25, RALEN 8.51, SHERHEMER
HTREHEREE (P <0.05), F VW Z[H%
RABE, A% DWRAHREMHIREREY KA
¥, DBF. VW 7l DW MR BT K 2B A5 N
8.38£2.68, 7.33+1.28, 6.28+1.26, BIFFEHE
MEREY R RECH 8.63+3.40,

BABEKER 104221260 m, KBHKERN
6.78+0.87 m (n=14),
3.2 FHEN YIRS

2.00 mm LA R BOKUR ALY, ERME PR
FH17:19£9.22% (n=14), HEB TFTHILER
TR, MEME (0.23+0.25%) MSH (2.30

£4.79%) ZAERARE (P>0.05), MHMK
W PR LKA 2.00 mm BRSSO AT . KR
AWIE 1.00~2.00 mm AP, HNERA R
i, }17.87+4.83% (n=14), HEHMLZHE
ERAEE (P>0.05). 0.50~1.00 mm BHER
PR AHAEERMEAIHTERAEE (P>
0.05), TMREME (31.37+6.15%). WHE. %H.
INB K B R DA R SR L B B TR BORL
BYHEE (F2), MR EWIE 0.25~0.50 mm
AKF L, ERE Y A AR T TR
(P<0.05), HEHMZEERREE (P>
0.05); HHKAE 0.106 ~0.25 mm 7K F k-, BHE
9 L BRI T LB E L.

22 RALERRSEARREAE
Table 2 Distribution of food particles with different size in the digestive tract of roe deer (n= 14)

AL Site

FRISEEYBBLS (%) The weight contributions of food particles in different standards

0.106 - 0.25 am 0.25 -0.50 mm 0.50-1.00 mm 1,00 -2.00 mm >2.00 mm
’E"?g 12.2£3.37 21.35:4.67* 31.37+6.15° 17.87+4.83° 17.19£9.22°
eticulo-rumen
bl 28.90+5.62" 37.30£4.88° 29.30+8.10° 4.27£2.97° 0.23x0.25
Omasum
%E 25.83:6.92° 37.51+7.05" 28.29 + 7.46" 6.08+5.41° 2.30%4.79"
bomasum
] b b a b o
Small intestine 43.32£15.63 28.75+16.23 25.94 +0.03 2.00£0.57 o
-
CE% 30.67 +3.58° 36.32+5.60" 29.76 +4.91° 3.25+2.67 0
aecam

R3] LR TR RS ERARE (P>0.05)

the same superscript in a row means no significent difference (P >0.05)

RMG R PERYER (0.50~1.00 mm) &8
ERTHUEERRGYHR (P<0.05), MEHE
#70.106 ~ 0.25 mm H B/ (P <0.05), Z451HA
31.37+6.15% 12.22 +3.37%, HEKEZEE
RAREE, KERAEWHHIN 35.06£10.76%; M
B RSO IR, PR YR AR
SRS (K 95.50+2.93%); 4B FHRER
BEWHEIR, AN R 0.25 ~0.50 mm B &
(P<0.05), }37.51+£7.05%; /MafIKEPRE
R SEMK R AZRE R BE (P
<0.05), MHP&ES/MIRDKFRIZRSBE.

4 itk

REsER YIRS, BHEX TR
I E S (dietary niches) FIERETHR
H, WA RGEEW L= 1 HE B 1L,

PA RIEAMTHRE . BIRRAUSX B R TR (Hol-
mann, 1973, 1988, 1989),

WEFT & BN F A X 1999 & 20 1Y 4140
BRHIMEFREE > %8 >BY>MNE (n=
14), RMEHREBHANERN 71.322.6%, 5
RARZ Y (Procapra gutiwrosa) (75.74%) (S
B 2001). BE ( Cervus elaphus) (77%) (Prins
and Gellenl, 1971) # A &M IEE ( Cervus nippon)
(75%) (Hofmann, 1989) M ik, HEHK/INHE
B $BAAE SRS HANEN 11.522.2%,
SRR 15.3% M LTI — 2, HE e BEH
9.7£2.3%, SFRINM 5.0% M LR = — 28, a9
FMELEFHEN 78.8+2.2%, S EAHE
FRIE, JrEE R SR E 80% LG ML
#] (Nagy and Regelin, 1975), 5 W25 ol LA R W)
BHAIE G N IR R eI, BN B R A R
Y REEARRER S ERNFTR, FLRER
FLABTE AR (R s 18] P 4 SR A I/ MR, T
ARXE /AR B XS T AR 158 S FT DA BIR LB TR
BT HEABMN KB E P (Nagy and
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Regelin, 1975).

REIEEEENERENE LY, RROD
YR E T EWREE, RN ADAREES
ShPM R ST . (AR BT IR BT A B AR A
HALRTMEX, WEAEHYEE LAREERES
BIAEYE (Hofmann, 1987; Z=3CZXH Hofmann, 1991),
1999542 (1 Ay MEKZIERN 14 B,
FEIE R REY R A N 8.63£3.40, BEH
TR ZEWIEE 4.76 ML FE 6.77 (Fraser, 1996),
Ho S M 22 35 9 15 R R B RN R 0 R
FEY KA, EMEESHEESHRATDN
HHYEEY (Hofmann, 1987), MAFIHBEREER
T 5k ZEEALTERE N 3.5 ~9.5 (Hofmann e al.,
1988), HTFEXZRMTEBETE, EWERR
HE PR B A AR M, B
MR EY KRNI B MK AL FR L 36%
(Hofmann, 1985; Koenig et al., 1976), TMr=AiXff
AR E B R PR A A & L BIARRS
Hhn, MEREENIBMLEHE, THRAURRKRL
PIREAL, SIEREEEELEL T ZRMM (Hot-
mann, 1987).

RAshP£4 82 MEELEN I MNEEFT
AR R B AT R/ EE AR, SRS
BREMOHFRZ— (GERRE, 2001), M
AR A 70% ~ 80% BYRT 4L T4 B A 50% 1)
A A R E AN, BT AR R B R
OHPISE A, FHEdRd, MBOLEERERE
A E A (Hofmann, 1973, 1988, 1989), & &
BHEYERKE TR, EhEYhargEikR
EBNS, MMRPTRENTE, REM -Ho8
wAMERYER T AR KESR (DBRRE,
1996), MAEFFZ RSP BEEREO >EMO
> MO, ER4HHA 527 £ 112 em,
5.04+0.82 em, 2.56 + 0.54 cm, BIKAIIE M 0 XT
B REEAE—ERE R IR iEs, M8
TEREIRE M O fHE a5 B A R ok IR %
L, RARHMREA W/ MY, RO
B AR RCRELSE, T EOS 40 R ok 5 AR
BYorE, HEBE LA R SHEARE T
|, HEYTH—EER K. B IEDIERT
HenEfas) SR ddl, KEnaws
VRTEAEEME N, 7EMF K8 G M R B
FAF % #5175 B 0T 38 o O 1T /N R (Nagy
and Regelin, 1975).

33 ) o Y O Y R/ R T B R B A
HaEYHBEEE, BEERAYNKEREY
MR 4 MERAIE M (Pearce, 1967; Smith et al.,
1983), ME—-REEHBRMNERNEHLEAREG,
BY BRI X PRATRAETE, (Poppi o o,
1980), BTG 5 & PR Ay K/ 3 R B B
HHEREEEWIER (Poppi et al., 1980; Suther-
land, 1988; Clauss and Lechner-Doll, 2001). 7E%t
1999 4 | AM/MRMGME 14 Rl LiE A
BEYERATPROER, 2 mm M EHEYF0E
RRE G 17.19%, mHE 861 0.23%;
1.00 ~ 2.00 mm BB Y FH, BN EPLHH N
17.87%, WHHN4.27%; 0.50 ~ 1.00 mm HIR B
K, ERE L 31.37%, BE & 29.30%, XL
BT R RN B R R RS E
EMER (%2). TREYBE/NTF 1.00 mm fE
IR 3 L R T, AR 18 AR L MY L R
W, HTIERHEE 1.00 mm RS HESETH
I 190 kA T A IS R R BORER N, Uly-
att (1976) WA LB LI 1.00 mm BE T E
Jo 5 i B fr R

BEAFEYPARETREBAE, BWER
JRE . ATSRA PR IR RIS LR, WA A
MR R AT LT R AR ISR (BRI
MEEiAE, 191, SEES, 196 EHESE,
2003, 2004). HH G FRE R B BT AT
AT ARG FRE RN B AN, BT R
B BULAE IH E P B R, T o A &
WP REFRBSY, AW PHAERNARE
ERMEAGURSBEBREN IR ERGERER
(Chen et al., 1998), Holand 757 BX I Ha it 2 AH &
WERFEEF TN FEREAERS DL
CERPEMTL, ERYBFEERMENLE, B
HRBHEENMEREYIREN, BRESTHE
HEERMINT 60% (Holand, 1992), fEJokME, &
Zehg g B AR, MMt EsthSe
PR ), FeESRANEQRBAR TR
(Kennedy and Doyle, 1993), iX SH7EMEYAE KH
HERERE S~ 2 KRBT HEEMNL~6 M5
(ZECZEFN Hofmann, 1991). #1% 2 biE b KR
MEYRERTD., DEYFR, XIREMEOAR
SN, XTRERE R B AU G HE R BRI A
PRAIVER, B 78 AR ERHARENEY
B A, T Bk, H
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YR AREMNED, AR B EE
HER W 2> (Hofmann, 1987; Nygren and Hofmann,
1990) .
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