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BB, XIRAD T B IR FERP
(1. FRACHRA A7 BF A SRR B I 1500402, PRS00 22 L LR P AR RV BCRPHR) | EL S 750300,
3. GEBE IS AR IR I 750021)

FE 2008 4F 11 12 HF12009 4F 4 5 A 21 ERAE A4 A T ABR T WIT T 4007, 006 f MR 2 I 4R & T 2
FE 500 g, B ZEFEHE 498 o, I S SR T A 20 22 LB A RO R AR S A ORI LU 481, 25 SR 3R 0 & R4 4R TR 11 #) 20
FhOm ) FEY), EERERAFRL(59.10% ) FEFE(26. 05% ) H 4, Kb #H 5 (35.86% ) (1878 (23.96% ) (WK H(8.28% ) (I
(7.60% ) JRRBH (6.81% ) 775 (6.58% )M T4 FEY B R 89.09% , AL FEEEY, EFIEMY 1L F 20 F (8)
Y, FEILERAPL (52, 76% ) FIFFFL (18.80% ) fH Y, F 435 (22.72% ) (755 (18.80% ) WK HE(13.23% ) Ml R #
(9.93% ) JEWNEL(6.46% ) 2 (6.31% ) S EFEY BN 77.45% , AEFTEEY , W XEFYRE—FERNBHER
MORHEY, &BFFE RN ZILFIEF N IR 'Y ., 4FaWASM5EEINTEFZE, M Shannon-Wiener $84(H Pielou
SRR RS TR,
KR R M FEE AT A 2

Winter and spring diet composition of feral yak in Helan Mountains, China

YAO Zhicheng', LIU Zhensheng" * , WANG Zhaoding® , HU Tianhua’, LI Zhigang’
| College of Wildlife Resources, Northeast Forestry University, Harbin 150040, China

2 Helan Mountains National Nature Reserve of Inner Mongolia, Bayanhaote 750300, China

3 Helan Mountains National Nature Reserve of Ningxia, Yinchuan 750021, China

Abstract; Feral yak were introduced into the Helan Mountains on the border between Ningxia Hui and Inner Mongolia
Autonomous Regions, China, by the Buddhist monks of Tibet about two hundred years ago. The feral yak population was
estimated to be around 200 individuals at present. The plant species composition of the diet of feral yak was studied in order
to better understand seasonal variation from November to December 2008 and from April to May 2009. We collected 5 — 10
g fecal pellets of feral yak from each dung piles in Halawu drainages, and then mixed them to form a single, species-specific
composite sample. Using this method, we obtained 500 g dung in winter and 498 g in spring during the whole study area.
The composition in the diet was determined by fecal microhistological analyses. The results showed that feral yak consumed
20 plant species ( genera) belonging to 11 families in winter. The main families in the winter diet were Graminea
(59.10% ) and Compositae (26.05% ). The major plant species of winter diet included Stipa spp. (35.86% ), Artemisia
Jrigida (23.96% ) , Agropyron cristatum (8.28% ), Cyperus fuscus (7.60% ), Chloris virgata (6.81% ) and Phragmites
australis (6.58% ) , accounting for 89.09% of the whole diet. The graminoid category accounted for a large proportion of
the feral yak's diet in winter. Shrubs made up the second largest proportion. In spring, the main families in the diet were
Graminea (52.76% ) and Cyperaceae (18.80% ), among which 21 plant species ( genera) belong to 11 families. Stipa
spp. (22.72% ), Cyperus fuscus (18.80% ), Agropyron cristatum (13.23% ), Setaria viridis (9.93% ) and Thalictrum
aquilegifolium (6.46% ), Artemisia frigida (6.31% ) were main components in spring diet, contributing 77.45% of the

whole diet. The graminoid category predominated in the diet during spring, accounting for 52.76% of the total diet. Forbs
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made up 36.98% of the diet. Haplophyllum iragacanthoides and Asterothamnus centrali-asiaticus primarily occurred in feces
sampled in winter, while Artemisia sacrorum, Potentilla spp. and Ammopiptanthus mongolicus appeared in feces collected in
spring. The feral yak also consumed small amounts of Ranunculaceae and Leguminosae, both in winter or spring. The
contribution of several plant species eaten by feral yak was different between in winter and in spring. Chloris virgata and
Artemisia frigida decreased to 2.28% and 6.31% from 6.81% and 23.96% respectively in spring, while Setaria viridis
and Oxytropis spp. increased from 1.57% and 0.94% t09.93% and 4.43% . Stipa spp. was the prevalent species of all
plant species recorded as eaten by feral yak in winter (35.86% ) and spring (22.72% ). Although food niche width in
winter (4.785) was lower than in spring (7.770) , the Shannon-Wiener diversity index ( —2.848) and Pielou’s evenness
index ( —0.951) were higher in winter than in spring ( — 3. 403, — 1. 180, respectively ). Although feral yak also
consumed large amounts of Stipa spp. , other plant species consumed by feral yak differed from those of yak on the Tibet
Plateau, which may reflect adaptations for geographical range, vegetation, and other factors. The main components in feral
yak diet were not similar to sympatric ungulates ( blue sheep and red deer) in winter, when shared food resources become

limited, and thus feral yak are unlikely to compete with these other ungulates during that season.

Key Words: feral yak; diet composition ; fecal samples; Helan Mountains

EY R A YA =B R 1 R R AR A R A A S A S R B S JE R
He S REET B R B A S REAS A AR B oK, il S IRAN B AR SC R AR S A A TR R O AT
R 11 814 o) B 0 o o I 8 L T W o e SOR P RE TR 7 e o 11 A P 1 0 . S g
YA TR U

YE4 (Bos grunnieus ) 44 874 R T RE SAATEF A s, 518 CITES RS- T v, HEA I 7 e I e
AR, B A TV T V1 HOR SRR, B8 22 AR A IR IC BT 200 Z2 AT T HERE AT ], V5 Al ik A 75
HR B LR R BKE 225 5 T BT A 221 JE R A LR SR B AT B EAE ORI | Rl AL
HHAA 200 215 HTIZIEFFREER I E4BHE T 200 247, R E 2838 1 7 5022 g A i i o
Hi SRS B R X B PR 9T B T B S IR SE A 5 R A KPR AR I B R 22 5 DT A R
XFHTEREE B IE AL, M, T 2008 4F 11—12 A F12009 4F 4—5 H REV 2 INEF R4 A F B I HE
PEHEAT TSR
1 iR

210 (38°21'—39°22'N,105°44'—106°42'E) Mkl T K [0k A6 X 5 NS AR X F b, #2102
eV 521 e I i [ (9 4 S 2k B R Y KB PR A, 4R T 520, AF 4 R K i 200—400 mm Z 1] 4F
P75 & 8 2000 mm, A TCREHT 170 d, R 55 ) R A S Y b | B R VAR 3 556 m, AHXT R 2535 2 000
m, X PR EAS R IA B, ILRE R F2 06 4 AR g Al B DL b 55T | 20 AR 4K 1400—1600 m, L
FEACEL 5 (Stipa breviflora) FIHEARN. 4 (Ajania fruticulosa ) Ry EEREFN A BE AL W 7 55 B 10% 247 ; Q1L
B AR R A7 TR 1600—2000 m 2 8], KT ( Ulmus pumila) Fibi AR5 R 5200 05 X RAE YIRS &
H K E KIS Bk ( Prunus monglica) TEN ; QI HHARAHT 4045 T 1900—3100m 4 H L AT 25 1L
AHME 3 Ry W ASAE RO | BHIAS ( Pinus tabulaeformis ) BRIEHF (1900—2350m ) FIT5 1 25 A% ( Pinus crassifolia )
MOFAF (2350—3100m ) , 1A= 142 ( Populus davidiana) SRAVKAR KA ( Juniperus rigida ) Gtk , LK /N 45 8
1§ ( Dasiphora parvifolia ) # M\ F1 42 V4 41 ¥ #§ ( Dasiphora mandshurica ) #E M\ ; ORIA=FIIF WN IR
3100—3556 m ) F2 i J&] FB sty | i Al Ay B BEARARAIN ( Salin cupularis) RV FTHS IL( Caragana jubata) %
2 WIRAE
2.1 EFESHWFEANLE

F 2008 4 11—12 H 2009 4F 4—5 H 43I 7E 5 2% LG 7 5 Y8 R AL B ALAE 4= &R 2608, NG BEA LI 1)
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TR KA A S A PR L 1 3 1 5 B AR & R AR AR BP AP S TR A XA R B2 2 2= g BeN$a 45 5
H PN 3 e P A P 2R 2 A (R AR TR, BRI XML I KB D, 5 BF T aliBR AR ) o R 5310 B P D & 30 170 g
FEAZEPI5—10 g IRGF] e, Al — D E-EHA, TEFT ARy X, & ISl 500 o, HRIUESE
{498 o, FLHIN 5 DEAFEA R ORORAEAT FH A

AR FERERY [F) I SR AR IR 17 LV N AR 1 A AR AR 68 i SR AE I MR ) i it 25 AL R R R AR
B I RIS A Ve N (o A I S e R (S TA T SO
2.2 WA

R AR 52 MEREATE 60 CHAR AL 72 h ZIEE, LN 1 mm BB BRPLI SR )5 7E 40—100
H o e gt , O EAERE AR E . iR BTERORZY 1 g A BREFRILY B AR GE RN 1/3 B RILE &
FHA VBT B0 R R i o8 R AE 25 W N, WG AR, (IR 3—5 h( R SRR M A $HL AR ) 4 6 0 3 P TRLEE A5 O
2 PR E B, SO T 2 T 25 5 R AR L ) AR I ) 2he R RS AT A R A T A, DRI VR I i e I 4
YIRS R R IACR . RREH MO A0 W 5 05 FR LN 25 0B A 200 B G Y% 2 min, #5 AR 9 35 77 L
W 1—2 TR LLAGLL Y50, YL R2Y 30 min, Yo 25 005 FRR Uk 2 min YRG0, A PR &
BT A 28K B R b AR e o et IR AR ALK 43, T 1 Hh, B A ed RR R R 43 A 28
SPPREWEMMES, & gy, MRS R IR EARSREEE, BREY IR & 2 A Y
il 3 sk B PR R R
2.3 IR A

gk PO AR 100 A5 9 2 000BE T KAy 10 SRR Gl e B AT ) | WS4 P ET Hh Hh B n] B AR ) R
B AR TR R AR AN [R] 1 A R 2528 S RN R 1 2 BRRE ) Wb (ke 26 A2 A 0 (R R O 10 S e A0 B b o L)

et RAS AR Y f TR R A BUBR P SRRk IR A,

F=100(1-¢")

A Ry B LT b g R ) T BEA SR KA B 1P D, D SCRT B AR B EE RD

RD = (AP RE Y A BN 3R K A e e 095 3 ) / (&R ] BN A e 36 B 22 F ) x 100%

RD By & AR ) 00 T B S Ee ], wI VRN B Wb 25 R P S B L 0 ) A T HE, 98 18] Hh A A= 2 3
R NLIEEY .
2.4 ZFEAESHT

FH Shannon-Wiener $8 50 H' 5] BEAREL ) BN WA EL B /WA= & E =B YA L, 0 it sE b IX
FEA4 B BEIRBLIR o

Shannon-Wiener ¥4 .

S
H' =- ) PlogP
i=1
Pielou 5] 54K
J'=H/H,
BB TR AL
B=1/YP

Sl PR FAE A O P SRR T EALR I, H,,, = 1nS S 6L ErHIAL o AR R,
3 4R
3.1 WL A B LR

Bk R RIS | GBI 25 1 % B2 L B 4 4 F R A A4 11 R 20 B (R ) i
(% 1), JEHE (Stipa spp. ) W (Artemisia frigida) UKW (Agropyron cristatum) W2 # ( Cyperus fuscus) &
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¥ ( Chloris virgata) 1% 25 ( Phragmites australis ) ¥ iAE A2 Z2 2 W4 LY 89. 09% , ML 2 I BFALdE AR & Z &
Y, K 35.86% & #0 23.96% (VKE Y 8.28% MRH N T.60% JEEH N 6.81% ()T H N
6.58% B RA AN IR EY) . B L FRERERAR A HUGEHEN  FRUCE IEARA B 5
AR FEARTEEY R AR (K1) .

HEY BRI 11 B 21 B (Jf) ) (3R 1) PR AR KRS i 55 ( Setaria
viridis ) JEFARE ( Thalictrum aquilegifolium) % 5% =2 INEFALAEAR BH R Y ST 77. 45% , W& LES
FEZEEY, HPHE R 22.72% KHH 18.80% IKHH 13.23% SR K 9.93% JEIAFH 6.46% 1%
R 6.31% I REFEF NI R EY ., BREWAN D, RABIFA T & W5 , RO IER AR /L
A FUCEEN TN 1.34% (E 1) .

F1 BEUWHFNEFEEZTAUWAHAMLLG

Table 1 the winter and spring diet composition of feral yak

THYIFhZE £-Z% Winter #:Z% Spring

Plant species RD/ % KB Sequence RD/ % pScyig Sequence
RAF} Gramineae 59.10 52.76

15 Stipa spp. 35.86 1 22.72 1
VKW Agropyron cristatum 8.28 3 13.23 3
[§ 2B Chloris virgata 6.81 5 2.28 10
JaEs Phragmites australis 6.58 6 4.60 7
TR Setaria viridis 1.57 8 9.93 4
3} Compositae 26.05 8.82

W Artemisia frigida 23.96 2 6.31 6
Tt A8 Heteropappus hispidus 0.63 13 1.31 13
WA 44 Ajania fruticulosa 0.63 15 0.27 18
/NET 3 Dendranthemum chanetii 0.31 18 0.13 20
Fl 2855 K Asterothamnus centrali-asiaticus 0.52 16

HRHTE Artemisia sacrorum 0. 80 16
PHHR} Cyperaceae 7.60 18. 80

&L Cyperus fuscus 7.60 4 18. 80 2
FE R} Ranunculaceae 2.74 6. 46

JEFA R Thalictrum aquilegifolium 2.74 7 6.46 5
B} Leguminosae 1.57 5.85

jr =) Oxytropis spp. 0.94 9 4.43 8
HE Astragalus spp. 0.63 14 1.16 14
AT Ammopiptanthus mongolicus - 0.26 19
=Pl Rutaceae 0.84 —

¥ RZEF Haplophyllum tragacanthoides 0.84 10 —

HEAER} Convolvulaceae 0.73 1.60

J&E LS Convolvulus gortschakovii 0.73 11 1.60 11
HiRL Chenopodiaceae 0.63 2.56

W3 Salsola collina 0.63 12 2.56 9
HAF Liliaceae 0.42 0.93

ZAE Allium porrum 0.42 17 0.93 15
PRl Rubiaceae 0.21 0.75

WZ2EF T 75 Leptodermis ordosica 0.21 19 0.75 17
FAR} Pinaceae 0.11 1.34

H A2 Picea crassifolia 0.11 20 1.34 12
R Rosaceae — 0.13

FEWBESE Potentilla spp. - 0.13 21

FRAARHUE  RD 5 BV T T IE
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3.2 XERFEWHNES

FHE R AR R, BB A B L1 B 20 F(8) EREY s 11 B 21 () . &
ZEYFRGETMILL T 2 FHEY) 5825 (Haplophyllum tragacanthoides ) F1H V.28 5 K ( Asterothamnus
centrali-asiaticus ) 3 A 3 FIALYIE A Z= 3R REBE K TP I A 1 B . B AT (Artemisia sacrorum) | 25152 3¢ ( Potentilla
spp. ) FITP 2T (Ammopiptanthus mongolicus) , Bk 2 i £ FHE P76 &9 i LB AT AR (£ 1) . %4
BEFHR BT ARAFE > 558 > IWBRRL > BEFL > TR > TebR > 2R > HAb, F & RER T h AR
AR > IBRRL > 4R > BER > TR > R > BEERE > HAL (K 2) o A, Rl B =T T
LEBIASAR ], 20 pE e B e A4 2211 6. 8 1% BRI B 2211 2. 28% , 12 H FRAZE1 23.96% P& 2 /2211 6.31% ,
TR R AZER 1.57% T 2 HEZER 9.93% Bl 5.( Oxytropis spp. ) HIZZEM) 0.94% T BHEZEN 4.43% , AW
FHAEYITEA R 2275 W) L A 22 5 RAEE B REA R a WA Uh i el T8 %, WHR B
BRL ORI RR T HE R (K 2) .

(=)
(=]

SV 4%

°\°60— — ; \§
%40— §40
S0l §30
= 2 %
§20— Ezo
ﬁw_ '4“10 §7
3‘?7|'V_| A Zliﬂﬁlli FERABEEA 0 &\ g @j@

B1 FLESMREEMESR BRI LR

Fig.1 Relative percentage of forage categories in the diets of feral

B2 HUESFEZEZTIERMIELAE

Fig.2 Main food categories of feral yak in winter and spring
yak

T T4 F A1) Shannon-Wiener $5 41 Pielou 41 5) BEA UM B W) A B TE BEFR AL (£ 2) , AT A4 2=
BRSNS L TEHEZ, M Shannon-Wiener 38401 Pielou WIS RS TEHZE,

R2 HUESEZSRVNSHEER BOEEBNEMESUER

Table 2 Food diversity evenness indices and niche width of feral yak in winter and spring

Y FhIZ Shannon-Wiener %% H' Pielou 2] JEFE %L J' EYHENTEE B

Species Shannon-Wiener diversity index H’ Pielou’s evenness index J' Food niche width B
4-2Z& Winter 20 -2.848 -0.951 4.785
#Z Spring 21 -3.403 —1.180 7.770

4 itig

B2 BT A A& R BRI AR JEHIE R AR RS 764 F IR 1T B W 4R i) e 348 4t
1/2(3R 1) A RARRCAM 0 5 Ll K, 4 Z 0 35.86% , /2K 22.72% i T 2 D215 R & NiT
ENL, ZBIEMEARKLL H24.90% , & THEN 8.92% ., MFRALE 2 A ZT5 M WAL 1) He il )
AN 1) o 7oA — 25 R R R B S R AR M DG Ah, nT B S5 0F 98 ik A 6, it X8 22 1 BT fb e 4R
EHERFSE HR A 7 R AR TR0 R SRR I Ak, S ks A A AR 25 5 TR, S v
KA 1% TLTACLTIMPA Y (8 FH PR R A SR R A T, P T S o ik 2 LA 3h ) 254 O B X 3 )
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BYEINABRSE , LA A B0 45 R 2 A T AL R R0 & e AT AL R el R AkdE
BEYTh R R Y S R RS B AR B A BRI AL S DL U L A 2 AT
FEEBEA  HBL R

FEA AR 2 LA oD | 200 Z2 4RI H 778 5 S5 AR AT R BE 22 1L B AR W b B B 58 45 SR
T e S 53 A1 ) A R AR B PR A AT, DA P A B T B AR A B =2 AR B PR S O R AIE 7 e
MR AR LR LRARHEY) 0 FEa Y, LA P8 G X 20 5 gy = 30% ,JF HEZE R
AEHEY D MBS IR AR R K I SRR, & F R 35.86% , 4752 22. 72% U & T8
{H429.29% . 7L s R BB A BRSO ABLH) TN 22 B2 58 R 5L L 880 € (Astragalus spp. ) AR AGTE L 22 111 HF £k
FEAMIE EYAEA IR 1), B 2 L B ARAE A B M R B T 5 DR B 2R A IO AR A5, AR T
FFAE— 8 B2 5, T 0 e i 43 A1 I B AR 2R B 9 A 0K (Poa sp. ) (222 (Elymus sibiricus) |1 % ( Pennisetum
faccidum) F5 9 & 5 ( Carex moorcroftii) . KFNE ( Leontopodium sp. ) HARBELLFE ( Ceratoides compacta) “5 2 Fh
HLI A TEA IR S B0 R AR A BF AL A AR 28R v B, X R T B b AR o 25 S s ) X 7
158 BB EE IR IR TR R IR B i B PRI R I EAT] E IR /NS L ( Kobrasia pygmaea) J& i
BL(K. humilis ) SE95FERPRIBEIRE ( Elymus spp. ) P PR FERAFHEY) ; 76 LA B A& 37 2R E Lt
WEEL (K. capillifolia) JE W /NS RESEIR ORI AR SRR Y AT 45 A M
b ABAFHE—E R 2257 .

A B PI RAE X FEALFE X R SR B IR RIR £ b A e 1) o xS A I K B
b TR IR ZE R0 AN S b AR RS AL N TR EEIT AE BR OR R AR M S I R A
12545 B R I A ) — IR A T S S e, TR A RS R TR R TR R
T [ kA B 2 Bl 10 R b 5 TR R 1 b o5 TS IF0) AS [+ 17 8 HE AR 7 4 9, A I R BILAE A [+ s ]
I A5 R B WA D P E B A b o 1 EL B RN AR A R T8 22 L B AR A AN 3 A AR B 22 LG T 2 7
A TR E BRI DX TG 3, 12 X O 1L SR ST A ) 22 UORASRL NS 2650 . A SR IR [l & A )
S L LE NIRRT ) 22 LIRABI RIS R 320 RE ML B S B a2z 03 (e
P IX ) Z B YE A P B FOBIS E , angE2E AR (R 1) . BREHUEA TR R S X,
YA L) % A T AR AR AL BESE FE AR R0 T 24 13% | VA8 1Y HU B T 2P AR 1 17, 65% 5 1 55 H 451 )
HAZEM 7.60% FFH5] 18.80% (R 1) . BHUAEF L ARG AT E AT MER R, MEEARE T
SHE RS | 302 R Tk SUAE W) FE IR bR oA A AT AR D BT e 30, [R]s BEP AR 2R 1R B SR Al
PRR A (B A AR AR T AR b 3 — AT LA 22 1N AR B B R E BRI A ZEE &Y
A S TE R A A2 4,785 ETFRIBFEZEN 7.770 (K 2) , R AT SRS IS IR 1Y & R Y
FEEWAR T & el A TR O 5] L SR A b BT 5 L e B (R ) R RN BRI
AR 2 T4 BRI A4 R I SR IS AN TR A = M LA RB R S PR C RO | B R R U SRS
WALE TR E TR e A BT B S SR RO

TR 2% 115 B AR A [ 00 A A B2 5 BE ( Cervus elaphus) F15 F ( Pseudois nayaur) | T4 22 %5 45 1
RENYIRIAE TG — B E BRI > et 3 Fah P& a WA T T I, Bslrs el
JRZY 23 i (J& ) M, ARASBEHEAR T, 4 5% 4 (D. spp. ) H33% JL ( Caragana spp. ) . 3 H B (Rosa
xanthina) 5% i MRS R0 AR NS A0 U 2R A B W ALRY 74.83% 2 ThREA ZE R BLEUE (A
WA AR 1A% S Rk 4 R ER Y LA A 0 S AR RN L) b i R AR R AR, b R A R K
SR AR A AL AR BT 5 H I RN AT DU L I B A S R e ek ) b
FEER NI Y Se S, LH R GG EYAES B2 I 5 HAM 2 M ERABRIAFERH BN EY
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