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Abstract

Aims Precipitation and its spatiotemporal changes are crucial for determining the effects of climate on plant
community assembly and functioning of ecosystem (CAFE) in arid and semi-arid regions. Plant functional groups
(PFGs) — an effective representation of CAFE—have been widely reported for their identity-dependent response
to the changing climate. Here, we examine the responses of different PFGs to the temporal changes in precipi-
tation by using aboveground biomass (AGB) as the dependent variable.

Methods We conducted a long-term ecological research of AGB since 1982 in a typical steppe grassland of Nei
Mongol, China. We used the monthly-observation dataset from 1982 through 2015 to quantify the empirical rela-
tionships between AGB of different PDFs and precipitation.

Important findings We found that: 1) the decline in precipitation-concentration degree (PCD) was coupled with
an increase in small rainfall events (<5 mm) during the 35-year study period; 2) temporal changes in precipitation
resulted in AGB decreases of annuals and biennials (AB), perennial forbs (PF) and perennial rhizome grass (PR),
whereas AGB increased for perennial bunchgrasses (PB); 3) AGB, PF and semi-shrubs (SS) were positively
correlated with growing season rainfall with AGB positively correlated with PCD while AGB of the shrubs (S)
was negatively correlated with PCD; 4) AGB showed no significant correlation with precipitation frequency, but a
significant negative correlation for type I to II precipitation 0.1-10 mm; 5) AGB had negative correlations with
frequency and amount of type I (0.1-5.0 mm) and type VI (20-25 mm) precipitation. We concluded that the
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increase in small precipitation events will significantly reduce the AGB. These small precipitation events should

be further explored for their ecological significances in the arid and semi-arid regions.
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KA 5T B XA AR KR B I ZE PR
¥ (Sala et al., 1988; Easterling et al., 2000;
Schwinning & Sala, 2004), J H 88952k A 2
B G000 HoAth S A B Bl PR3- A2 40 B Wi 2 (Niu et all,
2007; Dijkstra et al., 2010), 1% 7K 21X £ b [X 1) 5
LK PAFIRAT . [R5 5 1 X B 7K A )
LRI BRI KPR, AR KER R, %
IKZ=T5 oA B AR AL, BL K B KT8] B 1) 22 46 (Noy-
Meir, 1973; Schwinning & Sala, 2004; Schwinning et
al., 2004). V2 KA AT AR 4 BREF K
B Jm 2 R AR KR (IPCC, 2013), [AJ iE £1 il %
£ N 1] 2 NORAN 7/ G B R S € N R e
N &% (Groisman et al., 1999; Easterling et al.,
2000). FEAKS J5 AR A A AL Bl b A 3 R G52 %
IKH ARG R, K MNASR R IR, BFEAAR . B
B RGKN, Wi AR RS0 A R0 (Knapp er
al., 2001, 2002, 2008). 5 HAhGHI LR RGAHEL,
B A S RGN PR K AR A B O BRURR, e B Y T R
P ) 5 ]38 2 B2 BE K (Knapp & Smith, 2001; Co-
nant e al., 2004), 7ERD ARSI, JoH 2
IKABACIE, A2 R AR S R 451 5 DR i) =
BEAE S S AR A FR i

pigke s e P e e DR P T AT 5 NN
AB RGBS T HITRE 7 RENHER, &
T A A [ 7K A& SR AR R b BRI A 77 DT
FLAF(Knapp et al., 2017). il 2 X b 257 [X
R RS R, FEAGEH K RKIE, RAE
EFET . R RGN R B A R0
(Mowll ez al., 2015), TEAERFREVR F0E 7 1k 21 3 22
YE Rl (Hallett ef al., 2014), 4022 ¥ 55 & B8 JF A 26
ARG B HIR A J) 5 K AR AN IEAH R K
Z(Knapp et al., 2001; Bai et al., 2008)%% . 73 41, AL
Bk &, BRsKA RSt mT BT AE B 2E 7 ) BB R
i (Fay et al., 2003; Schwinning & Sala, 2004; Knapp
et al., 2008). ZAIM [F]—HE& A DI RE R R E K
WK B AR IR R T & B B REKM A Seng, (615
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EATR R AR R AR AH [F] (Robertson er al.,
2009, 2010). ThAEeZd. JeE@E AL HRRIEA
AT S R AN RS A AN [ P Aot B 7K i J) A2 A, R Wi 7
AN[Fl(Swemmer et al., 2007; Nippert et al., 2009). N
I G PR AR RO PR KA R A R L, BRAT TR % L
BRI FAS 7] Dy i AR 2 ) of ek 7K A JR) AR A e S
25 o

LT A S B R A R i XA o [ e
B AR R GUE AL U SRR 19794 FlE DA
K—EARBAHL, AT ARSI i) s 2 t
ARG I R CRIEPR A ), 2013). i FEHLE
LSRN 1355, HABCKE 8] 551 (% 1 2
HH AR B, BE % S i B2 7K 38 A R %
LI o AR SR FH 1982201 SAEFFA 2R AW i
R 2 B AT [ I B A A L it o B 1 304
R AARA S B G A 45 R ik AR ) 5

1 #RFITTE

1.1 SKIGHHIgE

58 XA T N 5 AR SR B B 5 AR R X,
SEE A R 2 B N 5 R R AR A R G AL AT
(IMGERS, 43.63° N, 116.7° E, ###k1 187 m). %X
WP REFEAS RGN, B KR
IR S (Kawamura et al., 2005), SE-F-3403E % 80,7
C, FEMEKEL N350 mm, FEEPIECH . Mk
AKTNAA FETFG, B9 TSR, AR
1) R X6 A0 4 (<150 %) o LT A g S Y DL 2 B
(Leymus chinensis)# & M KEF S (Stipa grandis) 7%
N E(Tong et al., 2004), TIERMJE T4+, -2
JEJE N20-100 em & P &, £ 4k & M FUE
(Wiesmeier et al., 2009).

ZAEERE R T 19794, [HA¥600 m x 300 m,
AT T TR R 198220154 R FF HUWL I £ 4%, LL10
TN T A (AO1-A10) Wi B 7% )t B AR i (),
BES-9H, LA H ARG g A, Lo
W IR (1-9)(F1), BRI I204N 73 ik T, il
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Al0 ZAEE R RHEL(PF). HEAR(S). ARSI — 4
A09 9 A FYI(AB) 6 ThAERE(Bai et al., 2004)(F 1), Fiih
A% i RS B2,

A07 7 . -

206 6 12 BKBRRSTE

o 5 I AT R, IS AR RS
~0a ‘; Sy hRAE (R 4R %, 2015) L) % SalafllLauenroth (1982)
A03 2 B FLEE SR, A SO T X B 7K 3 9 BL R 844541
A2 1 (#3). Ko, 0.1 < R < 5 mmiE SCA/NEKELE,
Al HGTH B E R E KR TN TTRR R o BRI AR %

B P s A e R, AP EROR SRR B T, K TR

AOL-ALO, BEAML PAEVPREF IR, 10, SRR AR B b R R AT LA
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ig. ayout of the biomass sampling plots in a typical

steppe grassland of Xilingol, Nei Mongol. A01-A10, a belt of WA e MR E IR e A BKIEE -4

bi itoring over a 10- iod; 1-9, f .

e e e L8 S G, 2 o IR
R E LA RES), SRR AR L

TFPE, MRS PR o Fhs B AR AR AL, K T3 mm B T A

oyRR AR . RIS RGORRIR T Th EREBE s R B R A SR R - e R A I B

SENIRTFC(Li et al., 2015) MRAAEVI LTS BERIETE s, Wik T25 mmbResK AT A 5] 2 Mo ity

DNZEERZRET(PR) ZHEHENERT(PB). Y. PR, A ST S XA A R R AR R

R NS S RS TR R R R R A 2R TR 2> OBV D RE T
Table 1 Types of plant functional groups (PFGs) and associated life forms in the typical steppe grassland of Xilin Gol, Nei Mongol

TheH b

Plant functional group Species

ZEERERKE WRZEVKE, WBEE, £ Agropyron michnoi, Carex korshinskii, Leymus chinensis

Perennial rhizome grass

ZEENERE REBR T B, REFE. WIREHR, FIRTIERE, L3, FF Cleistogenes squarrosa, Stipa grandis, Poa attenuata, Koeleria
Perennial bunchgrasses macrantha, Festuca ovina, Achnatherum sibiricum

DA R Bl /R ZEMtdkAe AR it kAT, MEERE, WETE. REE. BRI, JL=F. D, R RERER. 6%
Perennial forbs ML ByRG HE, M, e, KRB, At bk, MiFf, M ZRSE. k. A% BT, B

FHHEF R, FLEAERCE . AR, KiES. k. REBWLAER, ©EE. sk, aibdE, SR, 5. Ak
KOS A B R BT EIRWMR. Bk B3RS ZRMH5F . (iR, 438, WX EZ Heteropappus
altaicus, Allium anisopodium, Pulsatilla turczaninovii, Thalictrum petaloideum, Medicago ruthenica, Artemisia pubescens,
Phlomis mongolica, Haplophyllum dauricum, Oxytropis myriophylla, Potentilla bifurca, Limonium bicolor, Saposhnikovia di-
varicata, Glycyrrhiza uralensis, Tephroseris kirilowii, Allium condensatum, Leontopodium leontopodioides, Potentilla tanaceti-
folia, Linaria vulgaris subsp. sinensis, Potentilla verticillaris, Klasea centauroides, Pedicularis striata, Galium verum, Ther-
mopsis lanceolata, Astragalus galactites, Euphorbia esula, Adenophora stenanthina, Allium senescens, Sibbaldia adpressa,
Allium bidentatum, phedimus aizoon, Allium tenuissimum, Iris tenuifolia, Bupleurum scorzonerifolium, Gueldenstaedtia verna,
Cymbaria daurica, Potentilla acaulis, Linum perenne, Allium ramosum, Astragalus adsurgens, Nepeta multifida, Silene jenis-
seensis, Silene aprica, Saussurea japonica var. pteroclada

#EA Shrubs /NS )L Caragana microphylla

AR Semi-shrubs Wi Kk, BEJFESF Artemisia frigida, Kochia prostrata, Ptilotricum canescens

— AR FIZE. JOFF . FORA . BSE. JEBE . 2. ANEARIHERT . B8 RAR . ShFE . S8 EBSK Dysphania aristata, Artemisia sieversiana,
Annuals and biennials Orostachys fimbriatus, Lappula myosotis, Artemisia scoparia, Chenopodium album, Dontostemon micranthus, Gentiana squar-

rosa, Axyris amaranthoides, Salsola collina

R2 NSO P R TR R S R AR R

Table 2 General information of Leymus chinensis site in the typical steppe grassland of Xilin Gol, Nei Mongol

Ho EAY R %7K Precipitation (mm) X ZE Relative Abundance (%)
Aboveground o X e o — . o
biomns (zm?) K SEARERAS ZEENERE  BEARKE  —HEEEm Ak BBk
Year Growing season Perennial rhizome Perennial Perennial forbs Annuals and Shrubs  Semi-shrubs
grass bunchgrasses biennials
195.8 330.8 287.9 63.4 19.3 9.9 4.8 1.9 0.7
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R3 NGO AR S SR B R e K S5 R ) B
Table 3 Precipitation level for type I-VIII at our study sites in the typical
steppe grassland of Xilin Gol, Nei Mongol

ETRE) H Bk & Rif 7K 25 4%
1D Daily precipitation Precipitation grade
(mm)

1 0.1-5 NN -

Light rain/Light snow-Moderate snow
1I 5-10 N/ E-RE

Light rain/Moderate snow-Heavy snow
il 10-15 1 [Y/% % Moderate rain/Torrential snow
v 15-20 1 [i/% % Moderate rain/Torrential snow
A 20-25 PRS- KRS

Moderate rain/Torrential snow-Snowstorm
VI 25-30 KN/ K% Heavy rain/Snowstorm
VIl 30-35 KM/ K%T Heavy rain/Snowstorm
v 35 KW-RWART AR

Heavy rain-Torrential rain/Snowstorm-
Historical extreme snow

A T BRE AN 1 AR e B 5 B K TR 9%
ARAKEE, 2010; HHEEE, 2012).
1.3 BEKERETEFRE

JWIEFEAE A [ K A3 R AN 2 SO VRS AE,  BRAE A %
IR AT B, A SR FH 5K S ZEFI R K F (2004) 18 X
(R AE B B /K BT R) 2 FCARFAE (R S 4, R R K4
HEE(PCD), H AR FEMEAKH, 2004; 4£&
%%, 2016) 7] KRN

N 2w ’
PCD, = (ZRijxsinﬁj} +[ZR,jxcos9jJ /R, (1)
j=1 Jj=l1

X, PCDARTR BB KEE T L, NFAr; AR
¥ RONERIAE N B FE7K & (mm); Ry S i 5 F) I
KE(mm); 0,=360°x(j—1)/36, FHFFI B K%

R4 1982201 54F A 52 vt B M ) S 0 2 J o R 3 - S5 0 B /K AR AL RFAIE

R NS L) R B B o PCDGBRFRIT T-1, W 2e7R 4F B
IKERFAER AW, BEZITT0, WERRFEREK
B AT

2 R

2.1 198220155155 X P&7K I {454

198220154 Bff 7T X 4F [ /K & S AR AR A F AN
BE, HRGES(844 mm-10 a', p = 0.51), {HEE
B 18]35 Bh LK (21.84%) 1T 7K £ i FE A SR AR 6 25
PG 34(—0.04-10 a™', p < 0.001), SFAKZ=HP%
KA PR (1427 mm-10 a”', p = 0.22), FF/K
EN MR EL R A T BN,

T D W BE KA 5 B P 43 A REAE, R
B SR B K (AT AN BT IR 2R 4 BEEAT T Geih o b
(F4a), SRR BREEIKIT RN (79.15%)
FITT AR 26 (28.80%) 35 M e e, B B K S5 4 I - v,
Fae 7K AT 26 R DT R % 1 T PR A, AR S REUZ T INOK,
R K s M B B (VIR R A1) o VI-VITIZE K LT
431, FAHVIEEREAK S T 1648 90FAR IR 2,
VI BE K BL10 K o 4F B /K I3 3 3 22 i
>25 mmfIBE/K (VI-VIIEZE) 2846 51 AR )

AR Fa R TE, 1982-20154F 12K [k ) & A=
AFM TR BE G IEH @ < 0.001), 1128
FETK B R AR AR 5 0 25 PR 3, (HRE /K DTk e 3%
AHEBLES . NEKE4ZHEZ, M5-10
mm P& 7K R AR AT 2R Tk D R A (R 4) . AT L, /NP
IKFAE R IR B, WHE FR K S R ST R
HFE.

Table 4 Characteristics of precipitation changes for different levels in study area in the typical steppe grassland of Xilin Gol, Nei Mongol during 1982-2015

i 's H B 7K & (mm) [% 7K 4512 (%) Precipitation frequency F% 7K TT#k % (%) Contribution to the total rainfall
ID Daily precipitation — — —— — — ———
FEE AR5 R S P FEIE 5 R IS P
Average cv Change rate Average crv Change rate
I 0.1-5 79.15 6.30 028" 0.00 28.80 21.43 0.26" 0.02
I 5-10 10.62 40.81 -0.15" 0.04 21.71 44.11 -0.07 0.66
I 10-15 5.27 49.04 —0.06 0.21 18.12 45.72 0.00 0.99
v 15-20 243 61.63 —0.04 0.17 12.10 61.22 —-0.08 0.53
v 20-25 1.16 97.60 —-0.01 0.54 7.04 92.22 -0.01 0.91
VI 25-30 0.52 121.14 —-0.01 0.24 3.67 118.56 -0.07 0.40
VI 30-35 0.35 193.38 —-0.02 0.13 2.96 187.87 -0.13 0.18
VIII >35 0.49 171.51 0.01 0.63 5.60 163.85 0.11 0.50

* p<0.05; ** p<0.01; CV, coefficient of variation.
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ke

1982-20154F, B 58 X HE & ALV & (B Tinax)(HH I
FE7-8 7 ) S R4 (-1.79 gm a ', R =0.13,
p=0.04), Hr, ISR ZFERZRKE,
ERMENERRE NEESQP < 0.04), Bl
IPINEFE-0.74 gm 2. -1.15 gm . —0.61 g'm >
ZHEA WA RE S — YN EY R AR S
NEE@ = 0.51), RE50.29F01-0.02; A
(AR R R FTHES044 gm >a ', p<0.001).
2.3 KT EE R ISR

ARSCH A 1982201 54E R & & D e A4 b A4
BHEKERKE. BKES BT T REST.
OMTEERRDL, B AR 5ERKBFEKE
(R) PE/KEEFEREBEMIEMIICKR, MEHEEKS
Boe 7K B PR 9 R B 7 B o BE TR RARAIG, 3 b 2R A s
A ERA. 2B). FHEH TR AN BT =
0.27R + 112.06 (R* = 0.17, p = 0.02); BT =
177.33PCD + 76.25 (R* = 0.12, p = 0.05).

TESDIREREH, ZAEAE Rt B &
A KRR K 3 IEAH G (BTer = 0.15R — 14.86,

& 300

2 A
&
o}
X 200
<
I . .
ﬁlm ceett L
“ * oo, “ - . ® .
g 0 & :;mi; ﬁf..';m.'&( B2 . & .8
1 .l 1 1
100 150 200 250 300 350 400 450 500

B AR [ KA Y B IR R O EAE RO 561

R*=027, p < 0.01), R A& SHEKE
rh R AU 5 (BTss = —33.79PCD + 30.65, R* =
0.16, p = 0.02) BT L X /K & 1)k Fr A vp &
IR, 244 22 i b AR W B AT ek /b a3
M REAA B R hnass . BRIbAAh, Hfh & hhg
R AR &5 AR KR PR E A K S T BE A
RANEIIAN L, X B /K AR A Py B 55

N T ARV [F) S G B /K A B 05 (1 5 P2
ARSCIEFH T 1982-20154F A [F] 55 4% B 7K (1) K 2B A
RATTRRER > A SR . SRR E A R i
17T HRIHH(FRS, £6)e MFESTHHI, Blna'5 &
SRR PR AR E . F ek, £
FEA J R 5K K (0.1-5 mm) R AESIR R B3
AR R, S5VIZERF/K(20-25 mm) Kk AEHRE
BEMIEAR KR ZFEEMRERBERMVIIEERE
K (>35 mm) R AEAI R 3 IE A OG .

MNE6F A1, R T-T12K 5K 5Tk 2 5 BEvR
BT 2R E AR K R(p < 0.048), HAhZELF
KETMR R S HELEWEMCHEBIAEE (P >
0.160). 7E&ThAREREH, 2R 5 /KT
R R R FE WAL KRR, GVEEBKTTIRE R R

[ B

® ode U °

it ukiy
0.6 0.7

H: K ZE[% K & Precipitation (mm)

03 04 05 08 09
FEIK & Precipitation concentration degree

o — 4FHAHY) Annuals and biennials ~ ® 444 WA JREL Perennial bunchgrasses © 5442435 EL Perennial forbs

LA MR ZERZEE Perennial rhizome grass 2EHEK Semi-Shrubs o #EK Shrubs

Y& Community

B2 A5 bk T M R S B TR AR - T BB AR 10 b A ) X P A AR A PR W

Fig. 2 Response of aboveground biomass (AGB) by community and functional group to precipitation in the typical grassland of

Xilin Gol, Nei Mongol.

RS NS R ) M2 B S R A B VA A W R S R R A A 2 TR 2 4 A

Table 5 Correlation between peak biomass and the frequency of precipitation in different levels in the typical grassland of Xilin Gol, Nei Mongol

T H B 7K (mm) A DHERRE  DHEANERE ZHEEMNERE — LY AR WA
1D Daily precipitation Biomass Perennial forbs ~ Perennial rhizome Perennial Annuals and Semi-shrubs Shrubs
grass bunchgrasses biennials
I 0.1-5 -0.23 -0.50" —0.02 —0.04 -0.01 0.40" -0.27
I 5-10 -0.06 0.19 -0.13 -0.14 0.15 -0.28 0.18
111 10-15 0.15 0.25 -0.01 0.12 -0.13 -0.16 0.23
v 15-20 0.24 0.24 0.04 0.18 -0.05 -0.03 0.17
A% 20-25 0.12 0.10 0.07 0.17 -0.09 -0.08 -0.13
VI 25-30 0.33 0.55™ 0.19 0.04 -0.04 -0.17 -0.08
il 30-35 0.19 0.34 0.11 -0.02 -0.07 -0.19 0.11
VIII >35 0.22 -0.00 0.39 -0.00 -0.00 -0.00 -0.17

* p<0.05; ** p<0.01,

DOI: 10.17521/cjpe.2018.0230
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F6 S BRI SR R R MR VA AR B K SR K TR 2 2 18] B AR K 43 BT
Table 6 Correlation analysis between peak biomass and contribution rate of precipitation in different grades in the typical grassland of Xilin Gol, Nei Mongol
W5 I F 7K ek (mm) AW ZARERKE  PEERZERE ZHEEMNERE  —FEEY FHEAR HEAR
1D Daily precipitation Biomass Perennial forbs  Perennial rhizome Perennial Annuals and Semi-shrubs Shrubs
grass bunchgrasses biennials
I 0.1-5 -0.53" -0.58" -0.28 ~0.22 ~0.02 0.23 -0.07
I 5-10 -0.30 -0.08 -0.30 -0.21 0.21 -0.08 0.10
I 10-15 0.00 0.04 -0.06 0.03 -0.15 0.01 0.16
v 15-20 0.17 0.10 -0.00 0.18 -0.02 0.12 0.13
v 20-25 0.06 -0.02 0.07 0.14 -0.09 -0.03 -0.19
VI 25-30 0.26 0.50" 0.10 0.06 -0.02 -0.15 —0.11
VI 30-35 0.20 0.32 0.12 0.01 -0.06 -0.15 0.08
VIII >35 0.24 -0.05 0.38* 0.06 0.06 0.01 -0.18

*,p<0.05; **, p <001,

FHIIEARRK R . ZHEERZZARFRF G VIIEEREK
TUHRAR 253 I IEAH G R R

Wit

31 HREXEKTAE R EEYEIFMN

TR TEX, BKEgE T LK) %
AR A, BEAKKAR ] Frakita), mEE S A
R IAE 5% (Sala & Lauenroth, 1982; X2 554
2014). ASCKRIL: 19822015 HF 7T X <5 mmAll
<10 mmPEK 75 bR BEKIK 11180%A190%, 5
BERIGID I G v 45 RS RAESE, 2015)— 8, 5
Sala 1 Lauenroth (1982)7£ -t 3¢ 5 i ) Gt i1 45 H %
e UTEEAER, W TT X /INBE K FAR ) e AR A A
IKTTHRZ A B IG INp %, HEIFECT FKE
o R PG

IAERF T RN, FEKRBKEN AT L33 B3 K 5
TR SR IR R KBRS, HET R MRS
AW EF A S R G #2 (Noy-Meir, 1973). Noy-
Meir (1973) KILFEKIKB AT RER TR 5T R4S
RGUEE WIAZ 0 IKBh 1 FIAS R AR Y0 Th RE R R SLAF 1)
ey v I ES I P e 2= Rt N7 ) /o S R 1 I
S HAT A RGN ETT I, SefaiRE 1 kal-
7 #18 (Pulse-Reserve)(Noy-Meir, 1973). 7K 4141
% P 1 (Two-Layer Soil Water-Partitioning)(Walter,
1971)AEHS AR, Horr, ik a)- A g TR 5
FRXAESRGH TP ZNHK IR, %3
WA A IR KB RS il R R ) A K K 3N 5 ik A0 e &
EAF 2 B G 2R, X FRAF I BE 7776 R Ik 1% 7K TR) B A
WAL TARBRIRAS, B ARS8 R g A7 1A TG
£:(Noy-Meir, 1973; Schwinning et al., 2004; X

3
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A8, 2011)s Ludwig®E(1996) U AZIEE BRI T
FERESLXTFREEKEAMNESEE L. HE
Reynolds%#(2004) I\ N, fEAEB RS, KRS/
A=A RGBT H IS K (Snyder et al.,
2004), T /1N B K SR 20 T e T S0 2 1 AR 2 R
Ri, BEKE AR RGZ AR RHA A K-
7 # i2(Reynolds et al., 2000).

LT, <5 mmi KGN & TR %
K, BRIHALREIEE R 2 L3, ANRERIEM YR R
(Dougherty et al., 1996). OwensZ( 2006)HF 5% & N,
<2.5 mmff K LT A5 A A e 2 AR o A
N, B e A R I 4 R K BAZE R SR RS,
AN BEMAR R FH (Owens et al., 2006). A3
FEAYES <S5 mmfRF/KE 583 B U
R, GEKFHRKELZEEFMXKR. AEKE
B 7K B v b b 2R A R AR AR, /NFRK S
PEX RV B AR R B R R HIE L, T RE A
HN/ANF10 mmffIREKTE L3 B R B R, KE K
VSRR, K IRARNE D, REBE YR
FAIEE D ZERI%5(2000) 76 & 2 RV Hh B R
B, /NT5 mmP)FEKAE R & D NS IR E R AS
em/Zi AT, WL A R K 28 R b, %of [ s b
HEARKR 2 )2 LK o AN SR EE AR A R . AW
FE—B KB L L1302 0], BT X NEIK
HA(0.1-5 mm) ) & A= AR AP 7K DT R Ze 40 5208 4
WhnEasy, T REKETE TR, EMB maIEH
TR @ =0.051). Zi0KE, DNEKEMEEE
SR AU N B T U ST /5= AL IS s s v
M0 A2 R G0 1 Th B8 & A2 R, 1X 5 Reynolds 5
(2004)7E AL SE [ 9T 45 18 2 A — 3K - Lauenroth #1Sala
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(1992)7ERHP hir 2 1 40 B 5L 5 98 K, 15-30 mm
[ F% IK AR ANPPSZ 52 A 8K o AT ORI,
=25 mmf K5 ZHEAMRBRLE, ZELJRE
R E AR RS IEA DG, BRI IR R
VR, AP
3.2 FEAETEEEYIXT PR AT K B e K

A FERIN, /K FAF ) BI3E 2 FRAK T BEVE
W AEA R R AR, KK R (VI-
VI 13 8l 2 6 2 A2 AR AR ZE R 2 4E A2 R 2%
TR AR R AR A R, T P K AR A ) A
JUAMEY) D REBL IS TC B2 RE R, X P Re 5 AN A HEA)
Ti e 24 3R A5 7K B2 YR (1) S A A A X . Reynolds %%
(2004) A AAE P I i B2 3k FE 5 VR AL AR AT
TR RAAE KN BBV R R ZHFEN

RS — AW E 2 A AR RE LK),

EATHIR R, KR R & e g d ) b
HB(Sims et al., 1978), AefEXT T3 K 7 A3 i
R [N . A, 2RISR AR
ZRFHEHWIIR RAR R, FIANEELRE
137K /3 (Soriano & Sala, 1984). Walterff]7K 7343 %)
FIRIAA, NEKEREA Mt 45 R 2 K,
T K B 7K SR M BEAN G TR 2 3K 5y . B B FTIX
INFEIR ARG 22, XPIR J2 3K 43 (R R 25 R Rk
b NN 2 4 A2 R SR RN 22 A AR AR ZE R R B SR IR
TR A B, KR R T B 3K
o7 SEYER N G ER RIEEFRK, XoTREE S8
AR R R R B RARH — L. b, RAR
CHEYIEL 2 4 AR A R CREM 6 G K 0 R %
B 15 (Knapp & Medina, 1999), BE8 A A 5 KA
{LIIRE R (Fay et al., 2003; 2--BH4E, 2004), XAl fHE
FE 2 A WA RS AR W s A R B — ML

FRERE SRR X B EE @R, ]
EEATIZI A, AEMPIROEE A BRI SR,
{EEATTR R K AR AR I SR AN R S S - AT
FH ORI LLE R AR Z R ZERKHE S =35
mm ) PE7K R AR AR 5 Tk 2 25 B 8 3 1) IEAH G O6
&, T CARER S AR 22 45 A2 AR R B0 7K 40 6
FEE (R R AN B2, X AT e S R Rl A R AR S Y
AR BUHERSEQ019)8F TR I, AHECRE S A,
R RN 7K 43k B2 P o S 56 g 2 3, SRR
B T AR 2K R i S R R R SR R R 7K 4
Tofs FEE TR I N7, 17T K5 PRI 58565 7K 23 s FEE F i) 87 3

B WA KA A Y S SRR O EAE RIS 563

UK, FIREIETE 2 RE I BT AE AR YR |,
X5 ELHFQN MBI A — 5, HiILA
KB X5 T R T LA 08 I B AR R =K
I3 FI RSB, T A I B = K A S A e
BAR K 3 78 I SR SR B o DRI, AEDNS TR 35, AR
M5z K AR A B G AT BEBE 58, 1E R PR g RLX
IKASAL SRS 1R 22 S, A B AR 3 JFUAE TS R RFFAR
SE o
33 4t

1) 1982-20154F, W90 X FE K B EH T
AR, TR R R R RES . EEE
PR FEH, <5 mmPEKEEAF R AT R 4
B K B DTHR R A W g, SECT KSR
(125 PR, =25 mmPE/KFARRESTC K H i1
ARG T B K R AR B (] B o

2) 1982-20154F, WHFLIX I FAEERAE
B AR, SRS R TS . ARKFERKD
P BN AERETE b AR ) BRI R 3 . TR,
PR FAR A R A R, R AR AR
T RERIF

S35 3k
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