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The relative contributions of rare and common species to the patterns of
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Abstract: Understanding how overall patterns of spatial variation in species richness are affected by species
distributional is one of the key questions in species diversity research. In the present study, we investigated
the relative contributions of common and rare species to overall plant species richness in the Liaodong oak
(Quercus wutaishanica) forest, which is located in the Ziwu Mountains of Loess Plateau, northwestern
China. Based on species frequency distribution, we developed rank sequences of the most common to the
most rare and the most rare to the most common species. We then correlated the rank sequences with cumu-
lative species distributions. Our results showed that common species had a higher correlation with the cumu-
lative species distribution in comparison with rare species. Moreover, common species had stronger effects
on species o diversity and species B diversity as compared with rare species. Although the number of rare
species was greater than that of common species, the overall species richness pattern was better predicted by
common species than rare species. Therefore, common species were confirmed to be good indicators of spe-
cies richness pattern and need to be protected priority.
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Vb 22 FEVERE R S T UL — B2 A AR
BFEF IRIEMEE A (Lennon et al, 2004; Freestone &
Inouye, 2006; Kraft et al, 2011).{R Z W 55K B, #HiE
VI 2 FEIEAE R T BN O T A 25 2, b
PS5 07 ey A PR R o 4 B v A e R AR DA R
BEL 1] Sy it (4] i ATL 2 A ¥ #4 2 3 % (Hubbell, 2001;
Freestone & Inouye, 2006; 450 5%, 2009), &K
THEE YRR R, anAS 5] 1R T R A 2H R ER A [F]
ARG KRG W B A R DA B AN (5] A A PR
DA RS K R TR A (Lennon et al, 2004; Sizling
et al, 2009; Pool et al, 2014). A1, H XA R
DL P 22 B VA SR A X DT iR i T %, (EAR
J L 41X (Gaston, 2008). X LEHFF 7T 3 R FAH 1
Gy Hrid, BRIV I v e 2 B A M (ECE DA T Ak
— N, RE IR EEE S
FEVE YD Tl =55 8] AH 5C 58 25010 A2 A0 R B2 Ok ) 46 i
A Bl MO VR SR Bl TS R B AE X
DY

BT HRARBER Z W5 R, WnE 2% b
W DO A G R B S AR, TS DB B
TRt AH DG R B 2 AR XS, R B WL HoE F
& A% 5 (Lennon et al, 2004; Pearman & Weber,
2007; Heegaard et al, 2013), XTS5 AATHIHK BN
BART JE . — RO A, PR s s s R 2 K&
I A VE B A B MO R (22 B BRI M A Ak,
T AN A2 2D H0o3 A Ya B T HLA b FE (22 ) K i)
ILFh P %€ (Berg & Tjernberg, 1996). Kk, & WLk
S8 F & ERE SR )& AT R i — e, AR, X
R E B (y 2 ) B R SR T N a2 B
PEFAAE J7 (8] B 22 A5 9 ot 8 70 3 [ 4H i (Gering et
al, 2003). {HsZ, RZIMAIHTTEABEE T AL FEIE
K i 2 T B AR AP . FHEE b, B2
FEPE W IR 2 A8 RGP 2 4 P 4E R 10 3 2%
5r(Beck et al, 2012), ¢ A& FEAE S M 2 FEEAS )R
IR 5| RS AT RS B A . B A PR WA o 22
TE R B 22 15 43X 1 P 5 20 ER) AEDRE BT iR 1) R/ IMT
— AR ARG 7] 7

T e TR A R R X 3k, 1% X A%
%, WK Z . HTKEREULNAFEN T,
HASRGEIEA TIERIGEPIRE, Bk, hnEix
X BUAESRENIKE SHEER YF (TR
TCHIHEB B2, 2004), TR 2 AR IR E 5 IR 2

ZXAERRAWE SEEMNE A, B, £
v SR AT YR 2 AR A SR B T A R
RIS R o AT T LIAZIX R THAR A V& 3 2R Pk
(Quercus wutaishanica) MR NV, HR4E 20 4
JEE 438 A 38— S 0 (B8 25 ) B A M B DL Aol 1) 7
3, RO I g B IR S AR Bh 2 R SR
(02 FEVERBZ FEIE) A AL E, DLRE &4 A Fh A
LA AR AR R AR TUER, B ARSI
DL ) A 22 RE PR A% SR R E AR 0 AE B e TR
W, LB FhATH WA o 22 AR B2 AR
T PP RS RE G TR 1) 22 12

1 WRBE

1.1 BIEkIR

TEXS 77 U AR 4 2 AL 3R AT 4 Th 2% 2 1 2 it I,
16 B B A AR B3 AR AR AR B 5T A B AT B AL
AR AT o AR A RN oy BEKE A P R R 2y
TR Z (R B> 3 m) HEARZ (R 1-3 m)FIREA 2
(B E< 1 m) =2 3T i, ek BS A, 18
FEANFEHL I B 5N20 m x 20 mRE T B TR AZ 1
M, BANFARERFE 0 3R ES N4 m x 4 mFISA
1 m > 1 mi/IMETTIHEEAR BN AR ZEY) . HLiH
B TIRRERITT25A, BEAREMELARERTT #5125
Mo TIRZETEHIARYIFAERL, HEARJE BHEEARF
D BT ARG RS, AR E 32 2 AR
M, EEFEETARMBEAR R . KB
TIHMRR S R, . =L TRRIAR AN
IR SECRETRAR, RO SR Bk
WRE Bl AL AR TR AR P B S R R AL
1.2 SEE

A B R WL AR IR 58 SCHOR Tt 7 ROEE AN
FLH ), — BRI YR 2 A E R X, 2
FNAREE (Curnutt et al, 1994; ZEE4E, 2010). {HZ,
WSRO A AT B AR, RS R EUA
[P R AN I, X AR TP b 2 51 )
PILCEL . A TGO A R IR A B
FHXTTTHR, AHIE TR FH A K5 XM R A M AN
UL, A HEOURE PG 380 v B v B I A1k
PR X HE (Lennon et al, 2004; Heegaard et al,
2013), RJEHRIETFFE—omECEBR) P, @it
ECA M (B2 BR) R S P 51 R ) 2 FE AR AR
FEE KA S AP ) Fh = FEAS R (AR X DTk o
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121 HAMMERMNEESAYHESTEDN
FE X Sk

167792 DAAR O R BN FEFR AR, B8R N Bk
FBRARA Bl (BUE WAL S— AN B TE, RJEE
BB RER YA E S ERER YA E FEAE G
FRAI AR AR SR R) 2 5 5 A A P sl DL A ox 7
SRR E BTk . o, BV AR T ALK,
BFNFETT AR B B B TR Rl = & B, n >
FEJ5 AT DARE RN BETE I n I B, TN I B2 B4 Fil
FEAS SR 77 A Bt R SR AN DT R R
BRI T R DA B 8 P AN B 9 18] (1) A 58 R B/ FFad it
FH G 22 00 A8 A0 T 42 P55 5 B A o R 5 Lol ) AR T
DTRR, X IE T T A 48 B 77V (Lennon et al,
2004).
1.2.2 HBEMFE L MES E /K5 89 Ext

T AN N B 2 Bk Ak B R JS B S 1R P
F & R (a2 AR 2 BRI ) ) B AR R i
T ORI DRG0 22 RE VAR SR IR AR DTk . G
a2 AR REN SRR TR E R
. TP ATaERAR, ST HaZ Pk
HIARAE AR, oo B 14 ] B4 P B A P R AL
Tt} o2 BEPEAS S5 (AT DT AR o

[FIRERD, A PR DA A R 2 A6 o2 5
VR R B . B, PR (e )
T Ji BETE S o M AR b AR 2 P AR AT LR
VIR =E & FEAE S A DT A AR AR . B FE T
WE AT U R R I S 1k, IR BRI S
JE () B B R 2 (Beck et al, 2012). e TP AL
s IR Z, (HE2, aRZHpL RN
KN MO T o 2 FF 1% 1) 22 4K (Anderson et al,
2011). fl4n, PRANETT R] I 3EA o & B o 2 A6 1
) HE4 0T B4, BB 22 A T B o 22 R A %) T 9k
/N, JRZJRSR(Chase et al, 2011). Kk, i FHK
B FEPEFREUA e A AL R A R A E WA — & 1
BRI o

HR 45 Vellend55(2007) 1 77 7%, AW 7L 5] A—Fh
FTMEKIBZ MG EBre, IR BB FEHL T
HeBR T AFERE T A a2 FEMEZE 5, W LA BBZ A
PER B S L  Hrh RO R a0 R BRIV Hn MR
Tr R, o, FETca i NRr, BTy E AR
e E AT I SERR I A AL, ARG IR

DX 2 r LA GRS R 43 0 TR T e Ry
ANFEDT, THEMAETT A Y g EAE
19,9994k, LLIX9,999 % H & Hh i B8 I W) Fh £k
= SRS YR E R L A7) B Bre (LA N RE 7 xR T
VIR E SR REVERE & n MRETT T 3 8] I B ) Bre
2 FEIEHE B 1P B B iz BV I B 2 AE 4 (Vellend
etal, 2007). Fer, B BURE BT AP B ST 1%
AN, i R v A A S 4 AL R AR T
WIRIARRE KN o H T Bref B BN T a2 FEIE K
/NRaup & Crick, 1979; Chase et al, 2011), KIta]
A 200 B4 A7 A LA B 25 R 1A% R A RE R

Al
2 #R

Tr H#E. EZJEFTA R LR 291,
Hrp, TRREZWF291, FERZDFTIA, HAZ
YIRI104 . T HER WA R 2, Ir. #E, B
JEHSTE R T B A s (R ) P BE 4y AT A% R (1) o
AR 200l 5 3% E R R EUI30% L
B JZ B DR 2 (Carex duriuscula) 18
st (Aster tataricus), FEARJZ I WA N+ S5 45
(Spiraea pubescens) #% 5% W(Acer ginnala)4IH . 7K
M1 -¥ (Cotoneaster multiflorus) F1 1L ZRER I, TR
2 0 WO IS AR AR BN L (Crataegus  kan-
suensis) AT M5 .

21 BHAMIELMIEE DA EZEE
XJ STk

T A2 WA —H WA 7 5138 A 5 W A 7
A, AR TE B B 3 5 I S AR B
F 5 B HA I B G 0 o AR, WA T
P SR SRR E B AR R A -5
DLAh R F B AH Gy, HAS R 5] S B A OC R 4L
I3 INFE B B AR (E2). AT AR H, oA —
W DL R B3 i 5 WM B F 51, 5B i iE S5 R
T RH M 1) 2RI AR A 0 38 LAE DL R a8 B N 1
BB, X — B T B SR RO T LR ) S
BH ILARBR 22, AHOC Z 8502138 hn %) DX S8 Bk ok
[FIRE, B 0 RS AE A -5 WA F 51 BRI
B, AR HAEZT A1) R AH G 28 500G i 25 B 5
DA R I I STy B g2 1%, HAH R R 5/ T0.5,
TEG T EVONRACEEAE R, X — Bt B
S TR A R, RIMAMEZ, KRS
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Species—frequency diagram for different layers of Quercus wutaishanica forests in the Ziwu Mountains of Loess Plateau
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Fig. 2 Contribution of rare and common species to overall pattern in species richness. Subsets of species were assembled by rank-
ing species by number of sampling plots occupied, starting with either the most common species or the rarest species. Successively
rarer (or more common) species were added one by one to form nested subsets, until all species within a taxon were included in the
last subset. Contribution of rare and common species to overall pattern in species richness measure as the sequential correlation be-

tween partial and full assemblage species richness patterns.

L5 T I ) DX K
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BN Hor, a B FEVER R SR R &
25 RN, A5 W—F A B P 1) B AR N 2
W2 PR R A 3, I AE R AT 5 DL 2 47 A Bl
Ykt N 2 B PR 08 Ko % (K3) .
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i, B BRI Se R e A R R AR (&14). FTLVEH, T
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Fig. 3 Contribution of rare and common species to o diversity pattern in species richness. Subsets of species were assembled by
ranking species by number of sampling plots occupied, starting with either the most common species or the rarest species. Succes-
sively rarer (or more common) species were added one by one to form nested subsets, until all species within a taxon were included
in the last subset. Contributions of rare and common species to  diversity as measured by the change of variation in community
composition between full and partial assemblage which was induced by the addition or removal of species.
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Fig. 4 Contribution of rare and common species to § diversity pattern in species richness. Subsets of species were assembled by
ranking species by number of sampling plots occupied, starting with either the most common species or the rarest species. Succes-
sively rarer (or more common) species were added one by one to form nested subsets, until all species within a taxon were included
in the last subset. Contributions of rare and common species to f diversity as measured by the change of variation in community
composition between full and partial assemblage which was induced by the addition or removal of species.

XTOTHR . SRR, LR MA-F WMTEFE A, S WA RS MR R R ERE R
R W-FAE P 5, B RBEE S R R R R 2 H EDIHR# (Lennon et al, 2004; Pearman & Weber,
A I ) 2RI AR A 8 22 I AE 5 LM 2R I N 1) 2007; Landi & Chiarucci, 2014). ANSCREFEE I
B B, 3X— B A4 RE AR B RO T LR ) B =, B A Ry 32 KB4 An G [ R B 2 FE (O
R WA 22, AH G 2R 2SR 3G 0 By DX IOt AR FE)VEAR M A Fh kg, AN & 2D #5000 A 6 B T
[, Toib R A -5 WA T 52 5 W—FE F 15 WA R € (Berg & Tjernberg, 1996; Gaston &
A, BT PRk I 516 ()< B v 5 A 7 1) Blackburn, 1996)4518. R, H DR
VIFP 2 A (a2 FEVERIB 2 FE 1) AR 1kt 35 5% FEEKRBTE R, WBROZE R Y Fh
DUEH WAMOZEET A RIBr B . X RSO AR (Landi & Chiarucci, 2014).
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TR I, B MO R E AR
[ = 5 AN AR T A PR i DL 7 R Vv
FHXTEEA] . ARBHTE, REMAFNEEHEZ T
W FP(E, (ERBEVE SRR E B S R
I Z FEVERE R AR B WA 35 . X RER A,
JAE S DL B P A R R A D, (B A AT
J7, BT E R 2 AP O AR . — AN DL
FR) 8 T = 2 gl /D AT DA 5| AR REAS B 2 AR DT N )
MR A4, X AEaK P B B . T A R A
W, T AR R BIREETT, © RN s>
SRR EAN R E BB N RETE.
WL E=EE WA RN ER I AL AR A
#, B, HTHAESZHHGIAR, BHLHA
SAHTR] . — e, & WM SRR 2, N
2, X FEAS R R TR R R (1R13).

& A+ 8 AR T a2 FEE, T HL
W TR AL IRZ AR, BRI EIRE
FEIE AP =5 B 1) H 20Tk (Beck et al, 2012) A<
WG R, WA PArE WM T 51 BB 2 HE
A 5 a2 FEMEARAL DT R SE A AH o [RIIE, A6 Fh
BN BT 51 1 B 2 BEVE AR AL I/, EL Bl o S DL
N, BZFEVE SR N FE(E4). XU, HaZFt
PE—HE, WM 2 B2 KA R 1 B TR
X5 AT FIAIA—E . BEE IR A PR
% H 5% 2 M3 3 IEAH X (Berg & Tjernberg,
1996; Gaston & Blackburn, 1996), ¥ & # H
S 0L Bt ECARE T AR S T B n B R X A A R
(Wright et al, 1998). —#&ilhy, BAFEIA D FE
BRI ZE S BOZO& B2 FEVE IR 22 57 o i, X b3
AT F VR DR = B 2 ROBE F 4 SRR B,
KR FE F BB 2 A M 5 250 i 5 6 P (W) Fh 2 FE <
0.05%) I+ E R, MAMEREET T BENFIENF
& FE K% R (Gering et al, 2003). X FA Fh T S8 #E
M EE AR B — AT RE R & BT A b
K 1 EL 51 (36%—47%) TSN »

et AL, AT TR, B E=E M
Gy AT R AR R A R o 4K B 1) A e 2 A, (E
RS IREATE R 8, TR (DM
FuH e SOW A AR WA 7 XANE], R AT
B B0 M 22 FE HRH S0, (H R Ry el v Ak
AP S5 RRIE E R WF AR, QAF 20
¥ 53 A2 RS AKH ) (Gering et al, 2003; Heegaard et

al, 2013), BFFCREA MR WA 2 86 A% R 1A
XF DT R 1% 78 43 7 e (R R IR 20, X N —
W NAZ R TR B E B AR, 3)B N AT A
BEZFEMEEE EIBECAIN, WRTATA, fHKH T o
ZREMAR B Z FEE TR e L SL R EB 2 A1
Ko

HAT, T 5 WA A M M+ & B R
TR ZE R BT AS AR TE 28, — AT RE I fAdRE 2
WL BE R DR B B S T (signals) TTRR
1M 5 A Bl 2 V) Fh 3 E L B (noise) U1 R &
(Vazquez & Gaston, 2004) . JL& Brc % FEMESRECE &
T aZ FEER AR B2 R I s, (H 2 148 5
H—% KR (Chase et al, 2011). B 4E, ZfRECK
BT A, A IRt 2% SR & A AN [F) 4
ZREEMZE R, ENTHEESTF RIS ML,
B, ZITVERA I RE KR B AR R
(Raup & Crick, 1979; Vellend et al, 2007). — R ik,
Gy A T B Pl IR v, AH A Bre 24
PEFRE BN AR A H SR E . S 4b, i
J2E DR /N AR, B S5 5 B 22 5 V48 250 R /N (Gotelli
& Colwell, 2001).

WV 22 FEVERE JR) IR T8 AN A AR 8 T 7 1R A
LR, (RO T H V& B A Fol 2E R (n A A el
HH DTl o A AT MR8 WA P A 22 REPE RS S5 (D AH
XFOTHR B AR, AR AMN 3 SRR SR
FhEE B R, R aZ FEVERIB 2 AL R 1)
HEDTERE . RE T WA BEE M 2 FEEA R A
AESM, FREXARET EM AP BV 2 PR
JREITTER, IRZ BRI, Mo M2 BV DI Re )
HEPAM . XMW RIRAT, U E B A TP R
XTRETR 2 FEVERS R AR DTRR I E T e A IR, 22
A B N ARIE N A5G HALE B2R & 0. &
., FRAT TR H WL ARG ) o BRI 4 — M T
PRANTHL, NP 22 FEVERS SR I DT R N 12 S (]
(). FEVIMN 2 FEIE OR3P S2 b, NOZAR 5 PR )
AN TF A RAC HUAS [] B DR B i it

S5 3CHk
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