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Biodiversity pursuits need a scientific and operative species concept

De-Yuan Hong*

State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing
100093

Abstract: The future of human being may rely on biodiversity, and thus depends on how to investigate, con-
serve, and rationally use biodiversity. Species is the basic unit of biodiversity, and therefore rational delimi-
tation of species is one of the crucial issues for biodiversity pursuits. However, no species concept published
until now is both scientific and operative. A tentative species concept is proposed here just for discussion.
Key words: biodiversity; species delimitation; species concept; biological species concept; genetic species
concept; evolutionary species concept; phylogenetic species concept; ecological species concept; taxonomic
species concept
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NMESH S T I SCORET #ie, 2% ISR LE N
AR ASHS W T oAt & o) L, VP 22 A SRR SCANIE UHERR,
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1.1 YIfhiE e A LRy

Wl 10 R 252 B AR ) A ORI 2 R O )
1.0y (Mishler & Brandon, 1987). 2 4 #i¥) 2% % Davis
HiHeywood (1963){E:Athfi1(#) 4 % Principles of Angi-
osperm Taxonomy it “HFh AN AR 75 T & # A&
Pa e IE 7 N v

PR KIS A 40 27 2 A S LA ) B (speciies)
VEFRE, Fi B AMKZS (1753) ) (HEAP&) (Species
Plantarum) gy 45 SR A 24 e A o 9 [ IA R
L (1859) 1 (MIFIECYE) (The Origin of Species) ¥ j&
A NEIFEN T AR fb ] W, P Fd ) i —
A I — AN O

Simpson (1951) B fffi 4 HH 4l e HEAk 1R A H

£i7 (a basic unit in evolution).

1.2 %5 EEDZ TR P AL

YRR AW 2 FEE SRR R, R E bR
(Conservation International) fifi 5& ¢ it ¢ L3444
2 FEVE R b DOt 2 DL A H R AT ) Rl K H
HRHE ;A Sk b X A 22 R 1) BN
FUBLIN 2 AR B H i 1. I SR — AR
(1. TERAE RIS, DR R oy AT 0, B4
W Z RV . M Z (R LR F R X ) A
SEMEAT 2 AR AR

W2 FETE R 2 NI R 58 X F
R E AR IR AW TR E TR0 %, B RIR
PTG, T EIRATEA P A, Ul ] R AR
SERIRTT, YRR A REak B TUH R .

w4 P} (Paeonia delavayi Franch. var. lutea
(Franch.) Finet et Gagnep.)/& (*F EAEMILL 2 45) (18
7 [ R4 M B, 1992) SR I 3544 R LT H 1) —
Ao PR EH R A, AT o, 0
JEEBFIPGEE S, DY) P AR AR E DL P e
KEERIR . 2. TATLIEREE (K1), H2
J Ao AR PR S LSO A P R A
(Paeonia delavayi Franch. complex) fl 8 e 271,
X —HEMRROWRIL 2, NREA, 46, F
B, T, RS AR, Haaf, HEE
FE A — JE B # T LLR BRI (AR 5, AR
AR R L) — R e DRk, DATE RIS
YR FIAS TR 2 AR (Hong et al, 1998). sk
b, VR B A AL P CA IR R AR B A )
o R (BP0 4 B o e AR AR
P, (B RRREAR, A4 (E2), LRH—,
PR, 17 A b DX )« B AR R, 2K
HE(BI2), O 22-5, B/he TR, S 2R
Rh, BRAE# 4 FF(Paeonia ludlowii) FIVE 4 F}
(P. delavayi)(V¥: . F 3L 615) . AP T HA R
R Hb 225 BRI ST DL AR )2 A, I
AEWSED I, TRAETAE P NE S, R defh 1
ZH, Bl T ERE A, A ERE, A RIE
(R G A, A A 20 B 5 A O AN 1) s
FEe BT ELRIEIZ (U EIB) M WAk Z WL (72K
BR), LA BRI Jo A 1 52 23T T S K BRI

@ population —ial i SCRIIERR N D ANEA 4 Bl BEA( T Ttk
ST SY) . R (EEH T 9RO FE(E 2 T4
AE)VRBERE (B EH).
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Bl FriBm“EHA#ESHGIBEIEME LR,
1992). RBE=AFRILER, AEREBAKIET

El2 FEFAEEAMERA(KEEHLM) (o b)FIHE At
Xy “EHACERA) (¢, d). BRAEH T IS NI MENE
REF(HETER).

PR O 11936 4 0 B SR AR 5K 5 | 2 0 |, 7E s
(A6 0B AR TV R T TP AR T AR A K (1514)
UIFFASRIECA U R i, ARG v i Fy5E S (BN
aphurus davidianus) 7 5 | AR H AU i Fr)— %

UL I ZONARERZ: AR BG5S A
YR YRR A PR E DRSO, 57N JCT; SR
PE R AP R, BN AT, B4 &
BLIRIRI 5y, CRUE LR S TT R IR A i 45
!

E3 MmEHEEISAEHA[HILEXEEHFIPaconia
ludlowii (Stern & G. Taylor) D. Y. Hong] 89 #: @Gt ETIEE
a5 K HE)

- e

B4 RBEABEYUEXTAEMNEEZPHXEER
Paeonia ludlowii (Stern & G. Taylor) D. Y. Hong (E3&##H+
&)

2 MIMABIRITRMELZ RS

2.1 DEYMBLRRR

Mayden (1997)411%% T 22N &, 545 fil
B4 k244~ (Mayden, 2002); Wilkins (2006, 2009)%1)
28T 260N (FR1); Pl 2 K R A O (2011) 41
7684
22 DBYMESRAE

Wilkins (2006)4T 5T A7 PR E & A A 7250 (1)
PEETEYFNES, QAEVFIFE; Q) EREY
FMES; QBRI ES; (B)AL 2 MR, (6)
TEAFIFME R, (7) 73 2K MR

R BRI L F 620 A0, Bl (1) i
ERR B IR, ISRV RS R
YRR S SUNYIRNES . AR SE RS, L
YeW PR SE; ()M IFE N 22 TR, S
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%1 Wilkins (2006, 2009) 51|25 f26 M4 Fh 5t &

YR %4 Species concept

1 EMZEEYIR Agamospecies

2 ARTHEYF Autapomorphic species

3 EWEYAh Biospecies

4 PR Cladospecies

5 PZEYFR Cohesion species

6  BZFYHH Compilospecies

7 E&WYF Composite species

8  EEZFYH Ecospecies

9  HHk¥F Evolutionary species

10 HEHbE o0 Evolutionary significant unit
11 MZALEYF Genealogical concordance species
12 YRR Genic species

13 LT Genetic species

14 FERFAK Genotypic cluster

15 ZEYH Hennigian species

16 WAUAF Internodal species

17 e Ny T

Least inclusive taxonomic unit (LITUS)
18 TEAWHH Morphospecies
19 T4EWFt Non-dimensional species
20 Bk Nothospecies
21 RGEKRLESIEEMF Phylogenetic taxon species
22 RAEYFH Phenospecies
23 YR Recognition species
24 AFEE4MIFh Reproductive competition species
25 PR Successional (successive) species
26 Zp2eEYRh Taxonomic species

B F RN L DR A e N 2 3 DR 2 A 4 e g
WA Q)R AL I MRS, AR AL ) R
o MM REE T, RS E, (4)mIARS
RABCSFRER MRS, O RERKED
FIMES . RS SOFPPIRES . 7 KR F
MES S 1 R RS . FATIEY R L IR R Y
il f /N R TGAE; (B) R A A NS, FHAR
RS AYIRMER; (6) 38 ML 1)L
o, QIR IRNES R RS TBA-
MO HE 2 PR S . SRAED PR 256
2.3 XM BRRITHIFELS EYARITE
231 SRIALTEMRE RS

XY PR & B HARTR A 1K) 22 A=) 2 ) T AR
> (biological species concept). ‘& HiDobzhansky T
19354E 3, &2 BN, 19774FAEMh B P 4E 5
b A0 At 14 [R] 2 3 [ & 3% T 8% S WA (Dobzhansky
et al, 1977): “YEfPEAEGHM A, Pkl e N

o B R A B PR JE R I SR A AR, AT T2 ) R 2
DRI A e DRI A7 74 5 R 2 L o i %2 B 32 B (In- sexc-
ually reproducing organisms species can be defined as
Mendelian populations, or arrays of Mendelian popu-
lations, between which the gene exchange is limited or
prevented by reproductive isolating mechanisms.).

AW PRI DA Mayr (1942) 1) AR A B8 4 ¥
AT “WAh e —RESE by LEOE R RS B H I AR
JE A, L HAR X R 1) s B A7 7 A 5 B = (Species
are groups of actually or potentially interbreeding nat-
ural populations, which are reproductively isolated
from other such groups.). W /MlF i AEMAEREW)
FUIRME S A e, AR R, HE
HIZe iR A L E eI, BRIk S AngP 2 (A 47 AE
AETE R R, MUEANTE M A T RS K
(Liriodendron chinense (Hemsl.) Sarg.)%> 41 4 [ 4
TR AR, JEIEREEMK(L. tulipifera L.)734 T
K E KB ES, PO ANOLEE KV W oA, i BB
ALWAHYEXG, —EHN NN DF, HAR
SRR, EATEARAMIAE R, M H AR
i P Z AR AR R B o F IR A2 ) b ik
&, eI

Bock (1986, 2004)4& it T fe bt I AW 24 W Fi Ak
o R T SE bR BB AR R AL B E WA, el
11 HAR A &AM IXFE (AT A A% B 25 (A spe-
cies is a group of actually or potentially interbreeding
populations which are genetically isolated in nature
from other such groups.). *TiX—#FhitS, A
RS ) EICED A YRR S AL 2 )ik
SRATE R, FUEHEMayr (1942)1%)“reproductively”
eyl T “genetically” . FFERIX o, “imALRE &
EE AT R 1250 SCRE e, A A R (2)BRR
SR LE HARIL”, T ] S0 fo 2 T HAT 7
TERIAACEHRE S, e A TH R 1 ?

IR A & (recognition species concept) (4L
e NWEPaterson (1985, 1992), fibikhy: “IAit, &
A LAAE RN 2 0 T 1 38— MR R S
IXCEANA ) J5 3" (We can, therefore, regard as a
species that the most inclusive population of individu-
al biparent organisms which share a common fertiliza-
tion system.) .

B2, X SR R A )2 PR 3 A
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DU AN BEDR AT EAT B R AT e, (XA A
JEES AE AN AR U AT 1Y, 5 0] AP R A A
M RKAEMIE L BV Z R A SR D R
XPIFIRE S e e BRI AN AT T R
W) 2 FEEIE LI L2 — KRt D, Bt 245
]2 AR A I 2 32 B B 2 PP AR . A
KR A G(2011) 4128 T 238205 PR L. i
Mayr A A A DA TR 3 I A 400 27 ) PR 22 1R M e 22
56/~ (Mayr, 1992). van Valen (1992) 5 & H#k 1 4
Huiit, Mayrf eSS 304 E Ry e e,
SENAZRRZ N “ETE P R LS (reproductive species
concept) .

X IX PR FAX T IS i (1) & T4
PEARTEI AR . QTFAEHME T H0AE. Blan, X T-HEY)
FHHIRA RSN ) S B (B 2RAE, SIGH RESFE R
FIHF R E AR ERE. RAREFE 2 XTI
i S B A s A8 S B 2 ()3t A B R o 1 D R
A%, AR Z TR H AN JE R g g 1 A7 A ARl
BT o (A) A THRE B A R Ih) R, B AN Rl
“mTL 0751007 4 fH H.(Ge & Hong, 1994).
Mishler fliDonoghue (1982)th 45 H T 1X— 1] . (5)
A B 8 B AN A A BT A8, A e H A 7 TR Y
AL B A AN R ST A R, AR AR AR
N TR 2R BAFAE XA B o
232 SRIAEREZEFHIEES

CFEBAEFYPNE S . JEI MG . SRR 22
ST L B SRR, 1K AT

(L)ist A% 22 FP 8t & (genetic species concept).
JeHiSimpson (1943)4& i “Bik 2= h e Xk — ¥
AR, EATHE B AR T LA BT AR DL R E
EATFATAT AR AL MR AT RE(E A —
7€ ) A 3dfs 45 FLABAT A — AR 5 4K (A - genetic
species is a group of organisms so constituted and so
situated in nature that a hereditary character of any
one of these organisms may be (possibly, but not nec-
essarily) transmitted to a descendant of any other.). A
B g R AR S D R L2 AR )
P& (B, fuiBakerf1Bradley (2006): “ififf 2%
VIR —REEL FARRL, AEH N ARERE, ©
A4S FLAXRE AR A% BB 27 (A genetic species
is a group of genetically compatible interbreeding
natural populations that is genetically isolated from

other such groups.) .

(2) 5= [N W) R H% 2 (genic species concept). i
[ 2 3 S A SO AR (W, 2001): “HFh 3 v L
T ISR, RIAT Bl A B id i B BT e mk
28 T 7 T B 2 o i R 4 1) T B T IR )
Ao XL AR BE DR 20 0l 1 407 BT e © a0k,
A BEIE KA 74k (Species are groups that are dif-
ferentially adapted and, upon contact, are not able to
share genes controlling these adaptive characters, by
direct exchange or through intermediate hybrid popu-
lations. These groups may or may not be differentiated
elsewhere in the genome.).

AL F YRR S A BT B AR AR ik
A2 DX, T S A SR BRI A R 5 i )i ok B A
BEPRIRE . MM IER BRI A T2
FRMESs, AEAT [RIRE AR e R 5 .1 3 A 80 o] Ao e 52
P NCIL7/EL R R RV SUE - s A4 PSS VAR N
[ X" (genes controlling these adaptive characters)?
H AT 28458 HRELE I A A T R SEI. S
B, SRS AN L AR 2 I M S A )
BAE
2.3.3 SRS

B3NP FMES T NIX— S B YR A S
(evolutionary species concept) . 1% % ¥ B HE &
(successive species concept) A1 1 [8] %) B M &
(chronospecies or chronological species concept). iX
BAHFEA

(1) EAL W Foh M & o 3 A & B X iH Simpson
(1951) A B fff Hh 2 HH, 7 T 19614F (Simpson, 1961)
IEAGE ARl — A% R (a3
A1), 5 HAbTE R 524k, T HAE R AR
Fja# (An evolutionary species is a lineage (an an-
cestral-descendent sequence of populations) evolving
separately from others and with its own unitary evolu-
tionary role and tendencies.). Wiley (1992)4F T 1&1E:
“WIPpE AH-B Y R B AN R, B
Pl IZFE ) R ORREAST, T B & AR
s iTiz” (A species is a single lineage of ancestral de-
scendent populations of organisms which maintains its
identity from other such lineages and which has its
own evolutionary tendencies and historical fate.).

Grant (1971)tH I At A& — AN i R4, Ha
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AMRER @) MER, RS RELE I A% L pH- 5 0
ey (b) 5 HoAt 1% 2 23 kAL () AT iy dEA A
B & A B CAESAL (d)A B 5
117 SR b o R AE A A E AR 4K

(2) 432 %% W Tl 8% & (successive/successional spe-
cies). X2 HSimpson (1961) & JeHE iy, Bl—AMi
FPIN TR A ) Bee AR A W) Rl 2 (paleo-
species concept)t /& i Simpson Al = HE H: “ i AW
WA RS 1 2R v R R B 1) W) R (palaeospecies:
temporally successive species in a single lineage).
Wilkins (2006)%5 Hi T4t 1 I hRAS: “ N g &l 7 1)
TEARM W AT BB By, SR ARl ok
HH ”(Arbitrary anagenetic stages in morphological
forms, mainly in the paleontological record.). T i,
P W) b M 2 AN AR e A S S i B R
#E/‘Jo

X LY RS SRR RS g R, fERE L L
FOMSE M, XA LA BT A R .
R AR A6 5 B AR 00 ZH R S, ARATT A AR U
B, fafer Sl G Rt AT 45 03 85 AR R T 5l
M.
234 SRARFRENZFHEBICHYFEED

KRS IRE S, 258, X
IR ERAT 11346

(1) & 48 K W Bl BE 2 (phylogenetic  species
concept). 851 H P AAS 2 Cracraft (1983)42 Hi 7,
“IRh I TR ) s N EY S RRE, BE N AR AR -
1L A ¢ A2 ”(A species is the smallest diagnosable
cluster of individual organisms within which there is a
parental pattern of ancestry and descent.). Mishler#ll
Brandon (1987) &t “Wyf 2 43 Sl i )R 5
SENE RSN S SY i = DA A L PR S S (]
W HAEAN IR T AR AE I RTAE) B A=A A e -7 (A
species is the least inclusive taxon recognized in a
classification, into which organisms are grouped be-
cause of evidence of monophyly (usually, but not re-
stricted to, the presence of synapomorphies), -+

(2) 3 )7 W) P i & (cladistic species concept) =
= R HE 4 (Hennigian species concept). Ridley
(1989)fFEHennig 19664 1) ) Rl & /2. “4)Fif
JE PTG A e e, B ] g
— MR g2 8], B R R A

NI BEE )7 (A species is then that set of or-
ganisms between two speciation events, or between
one speciation event and one extinction event, or that
are descended from a speciation event.). Ridley 4 A\
DU X — A AR 2 4 5 Ay SR ) A 2 T IR ) A
T CF A 2 A I A A AR e eee "(a cladistic spe-
cies is the set of organisms between two speciation
events:+- (Ridley, 1989).

(3)77 5 [B) ) Ak 4 (internodal species concept).
HKornet (1993)42 H: “SEZk M 4% i UK A 7y S 5
PEZ T B K A I3 AN PR e F A 2 1)
7 I8 5 23 A A4 BT Dy 2 3K TR R BT [ Jes — AN )
F#(Individual organisms are conspecific in virture of
their common membership of a part of genealogical
network between two permanent splitting events or
between a permanent splitting event and an extinction
event.).

BRGNS BRAR W R R & B SRAT R A
KT WP o BT B KR A2 i R
A AR - U R O R A ) T
fF, XPTINR ARG R A AT Y B LA S A
AR A BARAE R o RGPS 2 B 4y
24 2 R & L) A I B A S BRE P 1. Mishler
Brandon (1987) it A JixH &40 %t in) ) H 1) 72 0 3
G I BEA BT TSI R E X, $R
IR AR G R 2R, JF R Er e T I R
HgIR e AT SEA AT AR 2 5 R o RE e — Kt
Ao RIS, AATTARTLA & PP — G 5 R Y
ZMZ DAICHRTE, 14, 24, 22 ikl
DR LA LA A7 AL 1 78 B B AR AR AT RE e AR A
(ecotype) Bl H g E IR, (HA KA fE2
Yokt MATIESE R, A S AR AH AR T I AT
fE” o A, WERAHIBEARTAE, XA & 5 5
g 2
235 SRIAESHYMELS

HACK UL A= Rt 22 (ecological  species
concept), 15 HIvan Valen (1976)f2!H: “Wfh & —
ARG RS R, AV A B AT A
FoAb 3% RAEAER A S RGN LA ZE S, T
5o A Y AN BT o R AR A 3 ) EAG (A spe-
cies is a lineage (or a closely related set of lineages)
which occupies an adaptive zone minimally different
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from that of any other lineage in its range and which
evolves separately from all lineages outside its
range.). X — MLV Kl R | & N A7 (adaptive zone)
OYATYEHE . S REAGAE, BRI S5 A AN [ AR
ZNAESE N 5 A D 22 5, (BN RIS . 5 R
W] BRE 2 Gp AT i 7 TN 22 2 AT HTE 73 53
BEAE™? XA R Tk AR B[R] — 20 A v
il A BBl AT A2 25 (niche) 746 A1, REIFR AR
FRI 53 FFTC ST IR o 17 FL 3l 287 RIS S B A (1)1
RUEAREEERIP, X380k 5B DR & &R
SR EP LS AV . W R 2RISR Z SR
SR A BRI, N g T A FE R F .
236 SRIAFSHIFEES

10 45 T2 25 24 W) Bl WE & (morphological  species
concept). 4+ Z5 2RI 2 (taxonomic species con-
cept). JEAS-HBE 27 ) B 2 (morpho-geographical
species concept) . % fik: 4 B it & (phenetic  species
concept). Simpson (1943)F 2 AW Rl & A1 43
AP & 43 IF (L 5 3C), {H Davis #1 Heywood
(1963) W\ 4y AU M B A I P F i 2 e )3 T 70 22
PRS2 R, B EN#A K2R . &f
WRZpB R TS, XA LA
AT I o

MRIR(L758)IA A “W Rl 2 —HFAT A5 AH 7] A AR
AR AR B T (A species is a group of in-
dividuals or populations with the same or similar
morphological characters.) (Mayr, 1942). L& MRS L)
I IR OR 2205 J5 ok N AR BRI, FROA “hRas
B, AHANZ AT Ja sk AR BE 2 AT A S A R, AT
AAA”, Bt AARES (RSO T 0. A A
J& 2 (8] (¥ LB (Mayr, 1942).

KRN T AR R BRI 1, AN SRR
TfORIAZ b 2 TR) PR AR, s T i i 9 2 2 TR 9
BT LAt G 0ot i BE ) B R G0 X (R U
YOI R T FK) N E R G — DI (A
species is a systematic unit which is considered a spe-
cies by a competent systematist (preferably a special-
ist of the group).). S ii: “FEHRE —MNMEWRIR R
IS R AL ST AR RN, AR MW Ty 5k, 256
F = YA K WL (In- determining whether a
form should be ranked as a species or a variety, the
opinion of naturalists having sound judgment and

wide experience seems the only guide to follow.). 1R
&, KR IR SO 73 e IR & B B T AR
J§8, O e MR K5 o

Du Rietz (1930)JUHF# & 3B 1S W) R it A2
FE— ZR B L) B L 1)K 43 B4 0 7K A 43 T 1) e
/NE SR FERE”(The smallest natural populations per-
manently separated from each other by a distinct dis-
continuity in the series of biotypes, are called spe-
cies.). BB AN AR YL “BIYIFIE AN JEHE, EEk
AR R T AT A A AR A, B
HH—BESEBr EANAT 23 R0 RS IR e T A A i
AL R, B VP 2 B L TR IR A B
I AE I ZH B, T S A AR 22 ) A 56 4 B 58 4 1Y)
P I 2 DAL AE A /0 8 3 962 Jo A8 17T 23 FF (A species
thus is a population consisting either of one strictly
asexual and vital biotype, or of a group of practically
undistinguishable, strictly asexual and vital biotypes,
or of many sexually propagating biotypes forming a
syngameon” separated from all other by more or less
complete sexual isolation or by comparatively small
transitional populations.). WIS, LEVIMAE SR
HEEBH S AN 3% 827 (distinet discontinuity) X — R
W R IR, XN BRI SR T 2,
AL G A R 4 S 48 A1 — R B A B L TR W 4 ] (a
distinct discontinuity in the series of biotypes)?% /b
AR R (biotypes)? BUAAEM AR ASH G F
Wo il H SERFRBE AN B, B2, D
IR, I PFARA RN E SR, 1y H AR
K7 A A 1R SCEE ISR, ] AR B A A 1) 52
A BRI SE 4 10T PE RS 2 (more or less complete
sexual isolation) F1* L8 /N 1) 1L 3 J ™ (compara-
tively small transitional populations)?

Hi Wit \Hedberg (1958)%% ] Stebbins (1950)1 .
fif, BIAEA PEARTE B A b R 2 B Rl R AR AR A A
() 40 Ao (8] 8 B3 22 1) VA2 A B 27 A 5% TR A #81  (absence
or rarity of gene interchange between members of dif-
ferent species). Hedberg = 112 H #2275 21X AL 15 &
S ATTRER), FSEE R IR BRI L B,
Pk, PIMASZ AT DI HEAT I . T2 Ath DA )
INZ, RUTTESTIRAR 5 A ELL R o Ml

® syngameon (522 #¥) = intercrossing population
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Ak PR AR A e LA R AL G SR T R A A
(Hedberg, 1958): “*4pyANXAE 1) Fm BEAAE — MR
I RIS A AN S AR S N O AR AT AR MR R
I ANESE), AT EATX > R A, AT Z A
AL FRIAE I B AR B, —
BHUEATT A AR F (When two such popula-
tions display completely discontinuous variation in
one character only (frequently supported by partial
discontinuities in other characters) | have treated them
as subspecifically distinct, whereas they are as a rule
classified as different species if discontinuous varia-
tion occurs in two or more independent features.). iX
FEBINNIES N I M ST BRI R PR
PRt o AEARH IR0, AASEE 5 A A A By
# DavisfllHeywood (1963)FL 1T i 43 fj 7“4 4
5k, AATAT L AMETE A I BAN 22 57, R
e 5 HAANE M —5 B3 AR5 H 1 AR
Heeeeen ”(As an exception one might allow a single
difference in external morphology if it were constantly
associated with a high degree of intersterility—often
associated with a difference in chromosome num-
ber---)@o

DavisflIHeywood (1963)[f]Principles of Angio-
sperm Taxonomy & — AR A 0 (1) 15, %5 4% 1454
I E I EE TR A DA, WAE T R EEALS
YIRS . A AT T B RS ATt
TG BB LR FOE R IT, g boe i A8
LH M MERE(EE) Ak, £
RERFEKDL”(In summary we may regard species as
morphologically definable units, made up of groups of
individuals (populations), which it is assumed are
usually interbreeding, the containers and expression of
one or more gene pools.). iX—#FHEE N ATl
TR LT B R, AR U ] 558, #tE
Wkt S AR FILT BE". MR Z A
KL DR RNy 2 3K B A )~ W R R 2 R A 2 ) ol A
WAt

DavisflIHeywood (1963)%%%¢Du Rietz (1930)[t]

® DavisHiIHeywood JIT it [ & A= W2 PRk & i A 0 i, AR AW
RLove ki, fbfil(Love & Love, 1961) 5K YL o A% H AR 1A= 42
RIERSY A R R, RO A2 AR AR 2 o I A A2 van Valen
(1992)3t AWy 2F W FP AR 7 g A= B PR 25 1) S IAT

R & v 4 o« |) OB % (discontinuity) — 8], 1A N
“Or I GAERN Iy DR I A S A 2SR TR
71~ AR SR (1) TR) BT A 1B R 2 (They  (F5 taxonomists)
base their decision about specific delimitation on the
presence or absence of morphological breaks in the
variation shown by these populations.). {HJEABA] X
FRA UL Jm R 0V PR AR Al A A 1R 20 A1 4 T £ (42
1 FEAM R AT FTRL 1) S B A1), B 25K U TE A 1)
T PR B S R A A s A 3 5 B AR DA
HJJI#7 (The limit of the populations is judged on the
basis of the distribution of the samples (and by ex-
trapolation from other well-studied situations); the
degree of distinctness of the morphological disconti-
nuity required has to be judged on its merits for each
case.). TEMUATTER, DALl EATFHIWT .

Cronquist (1978) AR RE S 2 “Hfl e — 3
IESEEs: ARSI NI N SIS REE S LR > EN
HE”(Species are the smallest group that are consist-
ently and persistently distinct, and distinguishable by
ordinary means.). {HAbAS AU, P H ARkl
IR 2Ok H T IXFERBE R AT ARER— 20
(consistent) A" & — 5" 2 A 4 BE ) FF 827 (per-
sistent) 4 A “RFLE"? A+ Z“HT-BC? B
VIR AT SR AT RETT TR 22
237 HtbTus RIS

B = SR A 2 AT ST A ) Tl bR
2 Eh oy 22 5 Blackwelder (1967) % 4 Fi ()
58 o PR AR R 1) 20 2R SOA N & B A
IR R PR A, 1K A s R E
i, B BARE A S AREEA 2 N a4 B
SEE—FE”(-+-a species consists of all the specimens
which are, or would be, considered by a particular
taxonomist to be member of a single kind as shown by
the evidence or the assumption that they are alike as
their offspring or their hereditary relatives within a
few generations.) . iX— & & R E 170 2K 5K
“DNA7 S “BAR S WA, TR R R Ak
(2011) IE A AN A )RR 2 571

FR I 25 44 B oy 5K o A 8 (1978) A b R &
ST PRt B IT,  ph g S TR W R A A
Wkl T, R RGL LREEAIA Y, 2
IIREFEALIC” . BRIe R A L & rh 32 234
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JG, Hg FRx i), Hadn TR . 2K
XM o3 SEAE T E AR A ?

W B2 5 Simpson (1943) 48 JE & - W Ml &
3R F RS o AARIE 2 o M\ A AR $3
AL EZ YRR, R, AP A AN
). At 15t (Simpson, 1943): “/3 2R E— A 1 MK
2" (The taxonomic species is a subjective concept.). il
A o3 A L KR il H SR K — AR At B
AEYIR I AT ] e 0 R ANE BT AR 1 — FloA
I (a taxonomic species is an inference as to the most
probable characters and limits of the morphological
species from which a given series of specimens has
been drawn.). 7 A A W RS A Dt AR
(1)

2.3.8 Ik

ML B ARITER, FrHedberg (1958)%
WIHITT8N, B A i 7 2R P Mo &, AV 2
T 7 AR IR S ) K AR 1, R AR
K25, A% TDavisfilHeywood (1963)1i: “/rJ524 1)
X PE T BE 22 R R AS I (19 3% B ”(ambivalent
nature of taxonomy: a meeting ground of Science and
Art)o XTEFRARANIA] . B A E B 4 1

AT BRAT I ) MR & 25 BOXAE I EN % 13
KR RBEAT Gy, CANE R T YR A
PEBT: DR B AL PR A7 R 3 35—
ANBEDFE, HLABREDS], Wb TR T A e e st
AL B B TR AFAEAB AN e R AT B IR HL 45, AT i 57 1
o IXAEHIL LEEARINZ T oM L, H A7 120X
SEY R LB E — DRI 25T AT SE5, T HLAE
VFZAG 0L B IEAT R T R 5288, FER A AR
HEAT IS5 e v, X3RYA LS B e EHIR
U, HSERr ExECAERAE . RGER VMRS iR Y)
Rl &, LA ATIERIAE R R . RARPEFIX
— ok, EWELT BRI R, A AT BRAE B 5
B T 5, BRBCA 5 Rl R B i 3 AT AL
ECH, MBI ABETER . PSR — &
ASY R St 30 A R ) o ARSI R S T TR,
AN — T IS E R R B A 1 R
A RS f)E, AR, 4R
Bt 7y 22 p X R0, R R 2K
F i KW 51T, {H&FrHedberg (1958) 1) /72 LAAk
I3 RIS S AN A R - Hedberg (1958)

iy

RG> A S ) 23 22 () — Rk 2, ARA I AR AR
AP k3, T B Rk 4 Davis At Heywood
(1963) A kit TRy, B, AR — R
OO ERAE AR

3 ME-ENMFDHETSRERS

Wy i I A ) A o) L TR S R AR R )
—, T A R A R 53 5 - AR ) 22 R 1
v ARARTFIATRESR A . B, AR5 e
RUEY Z R LT ZREE L AR R
BT AR R 7 I 12 B s R ) i R AR 5T, SR R A
3 22 KRN M AAE TS EX A8, 5
T, M HLRERE S e Rl ) N R JE v ()R
() BT I A S — AN BE DR, A A ) 0 s D) A
FEDR, T 2 18] b T e 2 (455 b 2 o 25
AR E) AR AN AT, (2) - AMMNLIIE R, 5
AT 2R 23 A, B)E A AN B AN AT Rk
(R BN R R T (@) 5 A e A S A AT o)
s G)A AL A3 A1 . A IA B T IX bR,
ARG AL I 1 A B R A 3R 48 A 4 B I 26
X B AN B (R A A M S R T SR I Pk, I
g,

HE-EYEDFEES: OUHEH - BB
BB R AR YRR, FNERESERNZ
AMEFIAR S BB, TR (A A P AN BB AT
FITEA AR IR 53 1) 1R B e v L ey 1)

T HTFRATHISAN 1K R IX WA S R
SR AT AR

% B 1: Jt 3% V4 % Paeonia californica 1 P.
browniiz> 5 & i

%} Paeonia californicay 45 4% Ab#: (1) 1ERkAT
f14%, BlPaeonia californica Nutt. ex Torr. & A.
Gray (1838); (2)1EP. browniif’) 544 (Brewer & Wat-
son, 1876; Jepson, 1909; Munz, 1935); (3){EP.
brownii ]2, RIP. brownii var. californica (Nutt.
ex Torr. & A. Gray) Lynch (1890); (4)1EP. browniift]
EFh, RIP. brownii subsp. californica (Nutt. ex Torr.
& A. Gray) J. J. Halda (1997); Halda (2004). iX4Ff &b
PRSI — R HARI 2

H&5-107] LLFE 1, Paeonia californicafiP.
browniiZ [f] & /D43 3NN JE AR (CF i — ] = i
vs. = AR T s, BT L R B
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E5 JLEREIMAFMAHFA LB (Hong, 2010). ZBE: Paeonia californica, ETEMH—EI=H, K TFER; £E: P.

brownii, ETHMH_E=4, ElHEF=

*— P. californica
—*7 P brownii

| | | | ] | | ]
40 50 60 70 80 90 100 110
Number of final lobes of a lower leaf

E6 JEAMBAMABAETHMHARRAERFBEMREE
(standard deviation)4>#fr(Hong, 2010)

-

RGP B H MO H2 vs. 4) RIAIELEA 5+,
HAMAL R AGIX (K9), HILENTEm . it
T-25/ H 4% UL SE P DU L I DNAFR B R 48k
A2 73 W 45 R LL100% R S RF 3 SR AT PR

160

140+

120 4

F A< ¥ Sampling number
z B
1 1

&
1

b
1

T |

T T T 1
1 2 3 4 1 2 3

A2 2 ¥ Number of carpels
Paeonia californica Paeonia brownii

=

E7 deERIAMA L EEEHIKE(KIEA, BM, CAS,
K, MO, PEFAUSHY#RZ)

(K1l &R, # H R (15110).
Z12: Paeonia intermedia C. A. Mey. (BARA)
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P brownii

———— P browni
o

g —

P brownii

P brownii

3.6 3 24 1.8 1.2 0.6 0

E8 dtEFEBMm AT AR EIRHIEE 25 47 (Hong, 2010)
L A T - A T T T T T
" Seattle g AR
) { AT
4 ?a ® 1 L4 \-";"‘:‘
5 Ol __~ N\
o e ) 46°
I ""'_i:l/ |
& “Calumb .:
Portlan ° a
/ . . '.J.
3 ®
° | ® ol 44
® . "
________________ ._ - e, B =, A.y_
™ [ ) 90
42"
° ® ®e
e ® Selt Lake City
{ 9 ® o
b ® R 40°
® [ ]
) g [ ]
San Francisco .. /‘\\\ 18
) -'\.'Q
_____________ ‘& Isxsan e 6
Lﬂgﬁ_}%es
“8an iggo
- il I a5 - ~
As 26

Fo JdEXFmEIEAMABTNMIES”H . A Paeonia

californica; e P. brownii,

2y, PR

Yk A2y (Paeonia intermedia C. A. Mey.) T
18304F R &G, IR A ARNASIR] (1) 43 2R A0 BE: (1)1
ST, BlPaeonia intermedia C. A. Mey.
(1830); (2)fEF, EIP. anomala L. subsp.
intermedia (C. A. Mey.) Trautv. (1904); (3)/EA&FH,
BIP. anomala L. var. intermedia (C. A. Mey.) B.
Fedtsch. (1905); Pan (1979); (4)fEZs%!, RIP.
anomala L. var. hybrida Pall. f. intermedia (C. A.

P. lactiflora
P. lactiflora
00 P. anomala

P. anomala

P. californica

P. californica

P. californica

m

68 P. californica

P. californica
P. californica

B1 = P. brownii

L P brownii

100 p
P. brownii

B85 ———————— P. brownii

&8 [ P. brownii

P. brownii

G

P. brownii

E10 JEFEHAMIAEFTEANLENLFTENER
DNAFFIH ARG RENT(AY RE, REK)

Mey.) Trautv. (1860). X4 ib 3 b ml— Ff /& A 24
W ?

Paeonia intermedia C. A. Mey.5P. anomala L.
FEM Fr A& S A 5y X gy, AN TE H 2 AR5 B
B, M EE RIS MR, AHAEFR AT HE DAt
RRIARAS, PRI X SRR A LR IR
W, TR (D) AFEEZEXSP. intermediaff T4
Tt AN TE) FR) A B85 (2) A AS T o () A A 8 5 o ek
ES R

i 11-14 77 LLF H, Paeonia intermedia 5 P.
anomala [8] 2 /DA AN TEAS IR S LA SR 5+,
TANRER, RMEERAAS, REFIAT . E11&A
BUST(¥) 43 A X (Hong, 2010), RAEAT#% F&, L4
ANER RS, AT A L e N Bl e, S AR
B B R . DR UG 79 45 1 Paeonia
intermedia C. A. Mey. f1P. anomala L.j& /i A& fif
WA AEEATERR R & SR AP

£%13: Paeonia arietina G. Anderson(;= KX 1 Al
T HIL) AR AL ?

Paeonia arietina G. Anderson (4 18184F & % J5 il
1504F p— ELBE A A W Fioes A7 (Lynch, 1890; Stern,
1943, 1946), {HE14% (KR KEH) 5 ) (Flora Europaea)
(Cullen & Heywood, 1964; Akeroyd, 1993). { +H-I
Y& ) (Flora of Turkey) (Davis & Cullen, 1965) A
JeHalda (2004)4bFE kP mascular f)—~ I Fk, Rl
Paeonia mascula (L.) Mill. subsp. arietina (G. Ander-
son) Cullen & Heywood (1964). X—4bH 2 EA
P2 AR IX ), FRATIAE WO R B AR
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El11 Paeonia intermedia (a)F1P. anomala (b) K BERTZ
SHILLE . I RE AL19BEMM AN FAEETFBHIR. (8
EiE)

E12 Paeonia intermedia (a, b)#AP. anomala (c, d)FN2EEE
R AR 2 7S Y B4R (Hong, 2010)

TIPS, JFREEAE T 207 SR S, 19t
TUAUR g

X TE 2 PR B O %< 15> B W s, Paeonia
arietina G. Anderson & —~# 7. T-P. mascula (L.)
Mill. FJFh, TR DA A ES R A ESER
Fto WU WA R, RYCIR, mEE
25 MHRAERECE, RIS MR(EILS, 16); A
% BT IR A (] 17) 0 1K SR I T
IR SR AR . P arietinafE FEATERIR_E AT
PEWAE RGER A2 i h AR ok, HIRAE AN
% L (K18).

X EHIAL B IRAT B S 2 IE M TTAT19,

o P. lactifiora
P. lactiflora

P. lactiflora
P. lactiflora

P. anomala

P. anomala

P. anomala

P. sterniana

P. sterniana

P. sterniana
P. veitchii
P. veitchii

P. intermedia

—={
50
100 ———— P. anomala
81 S ——
o
0
——{

El13 ET25MBENHEE NZERDNAFIIRRGA
ENTAERE, REAK)

E14 BEATZEAK, 5 Paeonia intermedia 1 P.
anomalaz [B] B LM (PERRAK). £BE: TimE—&/NMES
Rl RALER, AE: ki, RALHER. GHET

)

T HLAR i B B A5 — B3k 75 EE R AT RN
ST, Rl BTG AR AT A 1M R 54T

Z 4. Paeonia japonica (Makino) Miyabe &
Takeda (1910) /i 5

Paeonia japonicaj 14 FP. obovata Maxim.
var. japonica Makinof TR AE R IK . eI E 4
L&A (V)E Ay, HAagE izl [H:
Paeonia japonica (Makino) Miyabe & Takeda (1910);
Schipczinsky (1937); Stern (1946); Ding & Liu
(1991); Page & Sinnott (2001); Kadota (2006)7E 51 i
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[El15 Paeonia arietina (a-d, %3 E)FIP. mascula (e, f,
AN EE)MERAMERETEMARBERE, THE
BES. a, b (H02216)F0c, d (H02217)#5% B + B H BSivas;
e, f: H01004, R B :xE/IChadieu. a, ¢, e: ZXRM; b, d, f:
ERE@.

[#]16 Paeonia arietina (P. mascula subsp. arietina) (a, b)#A
P. mascula (c, d)F M LBERIIRFTS . a: H02204, EELEH
Bgldally; b: H02224, % B+ EHAYGiresun; c: H02226, 3
B % BaYEuboea; d: H02203, B+ H HHICanakkale. (Gt
fETiR)

[E17 Paeonia arietina (A )FIP. mascula (o) HIHBIES> 7

o
T

O— sre.

7
I——C’ I’xl‘e,

B
; O
-
< OBOs, JAPA
BAN:

El18 AHEBEHNHEARETITSHmat K DNAFFIR RS
K5 KX FE(Sang et al, 1997). F7kIEAREFF R AIZEEE, ARI
= Paeonia arietina; MASMFIMASH = P. mascula, B/RE
MNEARRERS.

Flora of Japan /53R IRFFIX—Ab 2. (2)1F g W Ff:
Paeonia obovata Maxim. subsp. japonica (Makino) J.
J. Halda (1997); Halda (2004). (3)ff: 47&Ff: Paeonia
obovata Maxim. japonica Makino (1898); Schi-
pczinsky (1921). (4)1F JyPaeonia obovata Maxim. ]
544 Hong%5(2001)F1Hong (2010)iA A P. japonica
ML ZAZ [P, obovata ! i — LR o 84 1) 5 4y

BAHE201H 209044 XFP. obovatafiIP. japonica
IIATRIH X BEAT T BRSNS, LT T
TGy, LA HARAM . AGEERPYE . %)
b Ze PR W A A O MR, e, O
FEHCH . SR RCBERERE . MR, s —— i
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El19 Paeoniaobovatad . MHES. HLFMEHRENTR. a: KAWL, 46, EHEF; b: AESKE, £lAe,
BELME, HLTHER, BELHMAR; ¢ BAZER; d: JAEASKE; e: MIEMNE; f: SMHRER. XBEHEFETP

japonica” BI4FE .

|
™ ¢
‘‘‘‘‘‘‘‘ .‘_\—\-\-"/_“_ i
S et
T [I‘th
-~ 10 %
\ '[]IE ol EE ;
b v 4 v

El20 Paeonia obovataf i EFE ML BIKEELHE
(Hong et al, 2001). A Z{&{K(2n=10); A F{E{K(2n=20).
HFRAMHEHMEWENEZE, £28=%F; £ &%,

AT T MBI T (Hong et al, 2001). 119 &/~ qE i
o, LR, R 5B Em 2, K208
MR S R,
BAHE TR F 5 (Hong et al, 2001)H#E4i ik
T EREAESERNA S, B KR —NEENE
RIS 24K, P. japonicalf) & ) 2 P.
obovata L fe XA, i HAE e 54 e Ay

@ TEhE M KR, R RE, Hoh YRR (RS AT
11 A5 FAT 1K B AR EE g SE R, B P. obovata subsp. willmottiae (Stapf)
D. Y. Hong & K. Y. Pan [= P. willmottiae Stapf = P. ovovata var. willmottiae
(Stapf) F. C. Stern]o 1X—#r ¥ RKIMALETHEIEH .

=8 P. lactiflora China Inner Mongolia
]_: P. lactifora  China Inner Mangolia

\L: P. lactifiora China Inner Mongolia
P. lactilora China Inner Mongolia

= P. laponica Japan Ehime
E P. japonica Japan Kumamoto
= P, japonica Japan Tochigi
‘P obovata China Jilin
P. cbovata China Hedongjlang
P. japonica Japan Hokkaido
P. obovata China Henan
P. daurica ssp.coriflia  Georgia Kartiey
P. daurica ssp.coriifolia Georgia Thilisi
P. daurica ssp.wittmanniana Georgia Borjomi
P, daurica Turkey Amasya
P. daurica Turkey Amasya
P. daurica Turkey Hatay
J_: P. daurica Turkey Hatay
P. daurica Turkey Pure

_L|: P. daurica Turkey Pure
P. daurica Turkey Pure

E|21 Paeonia obovata® HiF KB E F25 MR NHE
ENZEREDNAFIHNAZLZESTBEAERE, R%K).

— &4 ¥, P. japonicali 2 P. obovatalf] 4 . iX—
g5 1052 2 B AT B o0 1 R 1) R G0 K HE 0 BT IR i
113 FF(E21)

FRI5: T A (Paeonia delavayi Franch.
complex) - 53 (R e o

MFE20] LA U P S S R ARl o3 1 g
ARE): BAHTEANF, Stern (1946)F1 7 SCH;(1958)
AL SR A 3T, T ERE ) (T, 1979) s
AT LA, T3R8 AR e )
P. lutea var. ludlowii Stern & G. Taylor (1951)7E /5
I A A #OR AR M (R 2), B b ri A 5 75
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%2 EHAE&E(Paconia delavayi Franch. complex) 19804 LARTHY 5 24012

Stern (1946) T CH: (1958)

CPEMYEY 278 (I E, 1979)

P. delavayi Franch.: = B TFVT.4
P. lutea: =74

P. lutea Delavay ex Franch.: zFg. PR
P. potaninii Kom.

var. potaninii: PYIVEE. 2 KT

var. trollioides (= P. trollioidess Stapf ex Stern):

SRR VAR F

P. lutea var. ludlowii Stern & G. Taylor (1951):
P AR

P. potaninii

P. delavayi: PUJIIKHE., PE#ERIE. =/

var. potaninii: JYJIIARE ., ZFFEFLL
var. trollioides: PYJIIAH . ZEIANIL

P. delavayi
var. delavayi: z VgL PU )1 VG R
VOB AR B 0
var. lutea: =Fg. PUJIPERGHR. VUK AR B
var. angustiloba: U )1 #53

E22 WEARLEHF(Paconia ludlowii) 5 E4 A (P. delavayi) it TERS S LLER. a: FEEAYIP. lutea var. ludlowii Stern & G,
Taylor (1951) (P. delavayi var. luteafi—&B%>), R4, T TEZE; b, c: AHFHP. delavayi) (B1F“E413” P. delavayi var.

lutea) R INAE, Bt TEE,

P. delavayi var. lutealfJya N . XFit, FRATTH 2R & i)
PN ) @ (1) PU R AR B S P, lutea var. ludlowii
Stern & G. Taylors&ft4? (2)H &M 43I0 /L34
i, B ARELMP3AARRY, 2SI T RE?
SElR B — AN . [E22 /7R /2P, lutea var.
ludlowii (KAE PR AEH PP, delavayi (£3.45“5
H: 7P delavayi var. lutea) (1 543 o FI Z AR HEAR
(PIHL 305y, 105 #AT M IR 2K, ARG IR 1A,
B, T T A AT . 23R
KACTEH PR PGP, delavayi var. lutea)ff)
SPE, T AT, AP AERR N LS AT,
FRETE RN, J5 8 S IROE 2R 20, MR K
Ao B24B " E L EBH, KL
AL, LA, L L5, (HLL
2-40F, 1O W 25 R R
ANTA] o EECOR I 7 e () A o {1 AN T B (HLAHRE, AR
Bt 22 3 M s, 2 7 e R R T 4 o s 2 S
Bk, XFE P. lutea var. ludlowii (CKAE B4t S1) /b
HANEIR 5P, delavayi(JE4E 1) E &4 (10 ffvar.
lutea) fr) o0 PR S22 Ta) W sl 456 o E IR TR) IR o DALt
X B — AN ] R (R B AR A o, PE R AE S P —
AN KR, Bi%4Paeonia lutea var. ludlowii
T AYIFEYL, BIP. ludlowii (Stern & G. Taylor)

o

B 23 7 A 7L & 41 3 (Paeonia ludlowii) 5 & 4t F (P.
delavayi) S PRI LLES . a: FAREAYP. lutea var. ludlowii Stern
& G. Taylor (1951) (P. delavayi var. luteaf—&B45>)FhFE
B, EME: b HH P delavayi)(BIE“EH A P
delavayi var. lutea) R FEEE A £, FHE.

80

@
T

=
=
1

FEA< %L Sampling number

[%]
=
1

U T T
1 2

o

L2 £ Number of carpels

E24 WEEALEHFF(Paconia ludlowii, Z & E)FIEH
(P. delavayi, H&E)LKREE

1 2
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T T )

12 3 4 s 6 7"
E25 T A &4+ (Paeonia ludlowii) (a) 5 E4 (P

delavayi, E13E“&E41f1"P. delavayi var. lutea) (b)SREHKE L
BN R LA AR OfE 2 (standard deviation) 44

D. Y. Hong (CRAEsE4EFY), e =2 Paymi 2R re S RE A 1
PG Fh o R T IXAER 4 AL B, B H 7S, G
HawiPikiE: “Hong (1997)4EP. ludlowiiTtZ h#ft,
T M NEIRIES] . X—450433] T Zou
£:(1999) RAPD 3 H7 &5 S i) 3 4 (Haw, 2001).
255 AN il e 2 LART ) 27 X 3 X 34
T AR T B A4 PR A FRANPROIR, R T 0 € i 2
4 H 5 v B (K126) 0 3 I 6 X Le PR EAT W Z2 A
ST RIL, e A (27-30) o, JEAE R AR
AE IO AN A s o [R5 2 S B N 2 ok 278
(), DRIUHAE X — 55 3 YA 46 e B 1) 23 A e
AR, R HCE RS B AR S
(131, 32) W7, 1P PR S o P 0 e A D) (1) 2 S
R ERAR O, ANAEAE I, T 2270 S i R AN g
FHAE 2 R o DRI, 555 A 1n) 8 2 S8l i
I, AR INAT WA PR AT T 2 PR 5 0 A S5 1) 1)
Wr, 4510 e MR 2 A2 M MEA P (Paeonia
delavayi Franch.), 7R AGEXIFh T 254% (Hong et al,
1998). X FIXFEMIAIF, Haw (2001) X &3 T VFig:
“VrZ i 2 TAEE, KM S e x T
SRS, DT ACA I LA MR AR R A
SHALIELE A PP, delavayith, HLARZM P 2025
HEo X, Hong45(1998) 1 1 A SLAF SR RS, hiX
R T A . AT R, T2
KA 53 U A A0 35 AR T — A Tl e (1) 0 8 3 S 1
R, wfeBits, WESEKAES S A%
FE A HRAR T 248, HAR stz [A) DA K 5 b 38 434y 2 [)

RBRIVEA N I, ANBEA N EAIE 226 B
S, MR —AN AR

gg b, X4t P 52 A B (Paeonia delavayi
Franch. complex) 7> Z & 1T 1 45 B2 i N A )
P (1#33):
(1) KAEFHFTIP. ludlowii (Stern & G. Taylor) D. Y.
Hong, Novon 7(2): 157. 1997.

syn.(5+4): Paeonia lutea Delavay ex Franch.
var. ludlowii Stern & G. Taylor (1951); Paeonia
delavayi Franch. var. lutea (Delavay ex Franch.) Finet
& Gagnep. 1904, Sensu FIl. Reipubl. Popular. Sin.
1979; China Plant Red Data Book, 1992, p.p.
(2) JE4LFTP. delavayi Franch., Bull. Soc. Bot. France
33:382. 1886.

syn. (7+44): Paeonia lutea Delavay ex Franch.,
Bull. Soc. Bot. France 33: 382. 1886 [= P. delavayi
var. lutea (Delavay ex Franch.) Finet & Gagnep.,
1904]; Paeonia potaninii Kom., Bot. Mater. Gerb.
Glavn. Bot. Sada RSFSR 2: 7. 1921; Paeonia
potaninii var. trollioides (Stapf ex Stern) Stern, 1943
(= P. trollioides Stapf ex Stern, 1931).

k25, TATHIBA(Zhou et al, 2014)1KHi26
AP DU SE 48 DAL L I DNAFE 16 A PR T
RGRAEINT, 1 T 0 RN T (LT
YR . 751X —5FH P, ludlowiif1P. delavayif
H ML PR R, A3 31100% (1 s RF o 1 2K AP
luteaFIIP. potaninii &z — L&A= Fh AP, delayayifi i #
— 73 (KI34), FE BOIEAL P 2 SRS P
SEHYA, T EA S AN Z AR R, YRR
FEATIE I BRI 73 AR o

4 THESER

A, ARSI B RAT N6 RS AE T
[l EURUA VR, RILAD) IR RE S B L = D R
SRR S S MRS T R AR A,
HESH T AT PR AU . (E ] I S 25 1) T
VEPEANSR . RGER VPSS LA AT e A A
R, LHEE RN (RN TR — AR
O 2 DA A AT AE SR B e nT 500 1 B N 1
#%”(the smallest diagnosable cluster)l i o i [ 5%
/N4y (the least inclusive taxon). A7 —
ANFEARTAE, B4R« (cluster) 5 73 KA
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El26 E4tFE &Ef(Paeconia delavayi Franch. complex) 444> 28BER94EN2EEY . a: E4FH(P. delavayi Franch.); b: #E4t
(P. lutea Delavay ex Franch. = P. delavayi var. lutea); c: $R3EZEFRECHFF(P. potaninii var. trollioides (Stapf ex Stern) Stern); d:
R4 F3H(P. potaninii Kom., 1921). (GRETIE)

E27 EHAE & (Paeconia delavayi Franch. complex)# @B E =B IAE BN T R(LETIE)

El28 E4tFE & Ef(Paeconia delavayi Franch. complex)E BB A — N BEH(ZEEREBRMB B NN T SGEETE)

E29 EHFE & (Paconia delavayi Franch. complex)7E il
AeEERBERNRBRAEFNNTRE TR (RETE)

(taxon) A —2 &P, TR vl BE &0 R 55 .
I, ER TR E R AR m . DRI 2
HHAr 2 AT 0, w R AT I 22 Pk
A B A LT - Hedberg (1958) 1 /742 &30 ;E4tFE &8 (Paeonia delavayi Franch. complex)fZ il
BATERNER, BAAREADFBESES, U pessmeisksBRANTRE SRR (CLETE)
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. . X 05 10 15 20 25cm width
T AL e — ; ; 5
HO7095 e H97077
HOTIN0 et — H97078
. ———— HO7087 —
H97078 .
H97077 ——— H97103
HO7087 — H97128
HY7103 e fistils
HOTI19 e — H97119
HOTI12 e 312 HOT110  ——ee——
H95063 f—— H95070
H95070 |'|95U{‘:3 ———
TC ) e— H96024 —
E31 E4tFE &8 (Paeconia delavayi Franch. complex)it E32 E4tFE & Ef(Paeconia delavayi Franch. complex)it
KRB AEEHNINEEFEAIZEF(Hong et al, 1998) R EEEEENIIER AT F(Hong et al, 1998)
90° 92 94° 96" -oge 10o° T 1020 040
. Wy I ) ] 32q
I, ! &
3 ‘\.
o e
% | _.Cgengdu
o,
thsa Nyil : ... { ] ‘; 30°
A Mainlingc? A
Yarlung Zangho s " rd ) |
g A AFLAY)
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Myitkyina/ ®
I Kugming /
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E33 E4tF}E & E#(Paeconia delavayi Franch. complex) AN fHE IR 2% . o B4t (Paeonia delavayi Franch.); A K&

4 (P ludlowii (Stern & G. Taylor) D. Y. Hong).

B TP, T HARGR R T, R
PR Bz, HHTR BT BERRA ST AR 1Y)
Pl o 3 R IX - RDLIN T2 2R 2 1 5 wF s
ey HEALSE 28 AN BTN S B, 1 A5
PRt Rl o3 1) 27— BN SR 3 A% B R A S5 AU Y
AR, e, ARV TEARANGS o
Fok, TBABVERA W B PR
Wo AP BEAMARTEAE R FIEATAE, REAEA
PR, BRSO ey B
SRR LIRS 1), AL A 4 22 i Ak 3RS H AN 4

Koo TEBE 2RI R AN - (biosystematics) (- 1
RN SR 72527, experimental taxonomy)H, ZEif
SPOPEATT B . H IR AE 73 2K (R b 2 o0 2R
T, NG TTEEANE W . a8 30 E IR,
PEAE F R B R 5 B AR AR AR ] i,
AR R B BN T 7EFRA Sk
HZEETNIRE], GETt TN TR 2y AL HE
AN D)o AR A P AR, R S E
HVE IR 56 JE AR AT T 2 /T — H A AR X 2 B fh
BARR R, SRTTIRATIGE v o3 A 5 8 T eI
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S RME (3L, 32) BATE G AT a1 42
b ¥ A A A5 Ik (Haw, 2001) . Paeonia lutea var.
ludlowii Stern & G. Taylore Ly Jiz 5 H AR S K T
SR 5, RSB A I A 5 o A A 1,
ELO B2 55 H R IR (71 24) AR siz K 4 v Bt (1
25) 5 URFRATT, L) PR AR S TR T o AR ST
IR MR S B R T, SIS
THEE AR PR R, IR 1 — KR A

= N AV B AT S A4
SR BT RRIE e th— AR E AN
R F e 1), A AR W3, Wikt . #Em
A $BMEMEE, el R AR RN
FIEA, 7= N 1 2 SIS (polymorphism) . 1R
AR, XFEMZE R AN ARG TAT ] 7y H 2 5
o SRIMAREE, A D 732 TAEE XA 22
FERR AR B R, FLARER . PR, AR
BT PR 8 BRATT Y FH 2 2 AN BT R TE A
PRSP Fl

0, 5 E—-wlEa ok, REohE Sy M S
BT B CE IR 0 . DA S JoRl & 25
FOLEIANF T 2 (clone) X 3 A AR R . 4R
SRR REIE AT R 1 & R e M 5 A2 ) (Davis &
Heywood, 1963). JofkH 45147 5 75— & &A1
NN ATRERHMT A A . TR L EH AT
Y A TPA S S ) S AV - M e S SIE AN o
Fo HEARRITCIERAE AP IBE AR
ToME R 2 T LA N A BE R4 Fh 2 R e T &R
Z IR IR 22 S ARSI, (HE P A AR AR e, &
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() B 2 () A7 AR 22 /0 PN TG A5 PR AR S 1 1) By
S0 ) Drosophila pseudoobscurafliD. persimilis
JEREFRR, R K Gilia transmontana iz 3 4h 44N
Fhoe B, K2R 1. ot R T
A AR ZESR, 1 EAR T Rk o o
Ihlk. B L AR ER . B A Z&INR
TR, JEAKHE 2 I G FNTC I R I 1Bk
FH A AR

S, AR S IE T IESMER. A
M2sin), FETTEATER YIRS BT S A A )
AT AT 3 1 T A VIR P A4
(=), Rpaifk HEREEMEAR, T HEAEE 122 (1) 0 2
(B Ay SRR )t AR A i 1Y) o AR AR SCHI5AN Z 4

100100

S840
P decomposita MEK .2

sawmoo]— P delavayi. BM

I P ludlowii

F. brownii PT35
10010100 YA
P brownii P44
E californica, PT39
w{ c P californica
F californica PT42

E34 FTEIMHAFEMMET 264 B N FE % NiE
E DNAFFIH RSt A& £ X R (LY##1)(Zhou et al, 2014)

TR 0 W b B R 3 B IR AE v SRR I R G K
AW BN R, OSSR, LR
AT ) SCRFIIR G5y 3, ULEA RN N A LR AT I
(170 X O T B — PRI 2L AR S ) A MR
ANREAE R o ORI AR A TR U R 22 1 o X R 43
A R FIAE R GE AR B3 e sy, AR
A%, WONEANZ MBA LR A e, IX N 122 B 25 (L
FEAEBE IR B TR B« A A R B R T O )
R T H, PRI R BAL o A X, A
WIRDE A A L 0. FTRAUE, A SCHE A
W& 5 BE B R WA T () PORE & v A R, 0 R
(12, BN AT e S 1 T4 E

HoN, TERT SR KMl &, B
Hedberg (1958) Ft . FH 11 J5 1 A #5435 W 1 47,
RIFEHERMARG LR A “BE”. @
W BUEA TP IR . B R B S Ay
VAR ER R S o X SRR 1 A L DR
HME DL 5, DL A T A A 2 B Davis Fll Heywood
(1963)#B Ut/ A 2E W M. BRAR SR 1)
P o FOEIXAEG ? Bl HAERE I 73 KU 2 4510
(] S M RN T . AR A SCRUR (154 g
KI5 (R e #48 hy i S RAS 1 w5 23 7 28 3R G0 i AR A
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P BESCRF o XA IR INIRAT, 732852 — T 1R,
BRI — T DT BB RF . JoAKIA, B
FE UL R R 2 B AR EA RN R 1 o
R (L) FRIAS ML . B —11R
FRIIEBNE, NMEECETFRIL + 1 = 2, YH2Eh
PEE g, b e R AR . R — IR
Oy SCHAME, N SR B Z R . T B
W2 R R AR ] (2) 2 WA 5 4%
PRER . AR H 2K, 245012
— ANk, RN Ty 2 R AN T AR A2 R
HRR, JEHEAERGHE L BT b X PR 3 S s
S5 QLS P = S WS PN L T ST 1 P N A PR =9
J3 52 4% A 3 B PR I 5 73 2 Ak B R (89 N O B3 T AR
TETF R G IR

BeJa, MY ULE, 38 X8 A S 1
fill 2 20 T A TR AR AT ISR 73 o AOCEE
WA TEAYR, 10 BAT 4R I FEAR R ARNE
HPEIR AT B e LS el . /EPaeonia arietinafl1P.
intermedialfy 261 H, G Fad 2 1 23 28 2 O I
AP HL R o A AT T A TR N U5
R I3 BT AN 25 38 e 53 A0 B g s v (IR L . P
lutea var. ludlowii Stern & G. Taylor#% i% & 4 P.
delavayi var. luteath s P54 5% Jir & (R JE S R G =
AT SRS HT o

Bt A A RERMERNAET. DL ARG AR,
B, EA KRR, BT R, SRIE. R,
PR IR LR KA S (BB R F)F. A X —
BN %), 42 B Ae ) 28209 2 AR A AT R T
b 1L B - AP A KT AR RA B AMAB K
hATIRA . AR RS R EA11997F = F# R eg E
BB (&t K F) Fo BRI R 4 i 0% (db
K F), R ARA11993F % KA 58 09 =5 & I (%
TFRF)VERZARRA K ZHBZ(F_FEKR
F). AL 0 B &AL LT C A A,
AX— A BIERME IR ILE TR R A= 29
BEARRAGIBEGS R AN FERE L LR
F). ARSI K F X I L Ko F st vt
WA 6 TLRE . AE 7 Bt 2 K 49 Woodward 4= v
A EE L E(J. Wen). D. Boufford. B. Barthol-
omew#=1. Al-Shehbaz 44514+ £ K A5 L £ B3
2 2 B R LYk ) X FF;, £ B R&RFFE] T Nakata
Wt AL FEfd b iERRERSFD T Kuruklutd
+FoFridlendertf 449 £ AsH 8. Rt iR 424

138 B R AF44E AT K58 % 41 (Paeonia ludlowii)49
R . ARBAE BAR, A e SR e,
BB X A, R+ oS EEE RwE
F A RO T, 12K RIT AL A58 A 4T
G IF TR AL, TR E R A AAE
HAeZRBE LA X3, K0 A AGES T4 F
Fo ¥y 3 B K BEVAT he IR B G K 0 HT .
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El E2HEMES 5EXR(EBHeywood, 1995)

Fig. 1 Compositions and levels of biodiversity (adapted from Heywood, 1995)

Pt RIS 2 B OR P 3, (AR
() A A AR AR ) VA G A 00 I = 2
ME— R R 2 MR TE AR YA B RE R AEA
Rese R

WEAN, 35 K AR 2 % 8 MR R B &
KEERIR R, (HUFI 53 2 AR 20 R el o T AR
557775 (Stebbins, 1963). F A 17E19864F i f5 . JEHE
R A FEERIE 5 7 925 e Lk AT S A e L AR Adh B
TR A AR AR SRR SR S, IE R AL B 5
SERE(R R RN A B EZ R R EAME, &
UF BRAR S bR AR B AR S DL R AR G S 2 A R
(%% 56 A0 130, 1986). ik Je B SR IR AT 24
JEEYIISA B, Bt 7RSS Tk
1) E L

B, BE. DM EEMEREYE. EVERA
WAt R R 4. B8 8 . AN FREEAD
FEIEE6N Z IR, B EIRA G Z IRIRHE LK
SERA R, HXHEAZ XK PARAE BT X
HAbZE RN . DR P22 10 43 3R ER A2 DA
FUIX L JZ IR IR AE A IR o BRI = B Rl I ATE
E—AWEig 2 5, SRR R R R R R A
BTG, EVER R & NMRAR R Z R B AR
8, WA 5 e % A4 5k B
FIACHE.

Heywood £ 20 tH £ 5 Hi X A= ) 2 FEPE (1 44~ 4
NS5 ERRAELRR, BEMZ RN NESZR

YE AHUEZFEE, B S REVERSCI 2 RN, &2
NH XK ZADER G NERRE: EEZH
Y AR FEEAE 1% 2 PR PR Z [ R R
JERE. WP ZHAARBEER, TN
JEREEPIERS N T EEAE M . AT LS X
T 51 A 2R ) 22 B P ORI BIE 73 [ AL 5
Mo SEBR L, BATEAEY) ZREAER R NS RS
ZREE . YR 2 FEVE RS AR 2 AR PE3AN B IR A
A

MR A EEUER RS RS
VAR L E AR EM 5K, Rt
e K AU PR Al s ok 22 SR AR o A o S
it BT SIX 0 A P S BRI 2, At S TRAT T R
Mz H5IREGR 2R DB Z OS2 —
— DA e, ot A IR, IR
5 I SC DA R AR L
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BEACRI IR . BAh, XETAFRIDRIRT, 7 5T 40 70 A HE D DL AN [P0 BE 2 BT 25K 10 2% 1 (9 20 e sy A
RGN, RN . & NEEITA MU LR B S A ROR N B, RERAVSATRES Y
RS R I E AL L (PR AR R AN HEAT 73 SRAC T, AN AR DR R] R BE 2 A7 R AN 58 4 1 R FE R B AN PR
LD, RO AR T PSR R ) 2% 58 B Rl 5SS MR AE o T4 R 70 R0 b R A — N PR 2 A R W b
BAE w0 AR

KA BEWAEE, Y by BN YR E

“The integrative species concept™ and “species on the speciation way”

Jianquan Liu"

Key Laboratory for Bio-resources and Eco-environment of Ministry of Education, College of Life Sciences, Sichuan Uni-
versity, Chengdu 610064

Abstract: One of the diverse species concepts defined before may only perceive one aspect of the mature
species like “the blind men feel the elephant” while the mature species at the final speciation stage should
have integrated all species concepts. Most “species” in the nature are on the way to the final speciation stage.
However, before reaching the final speciation stage, these species undertake further cycles of speciation.
Species from the repeated splits of the incomplete divergences show incomplete reproductive isolations, fre-
quent interspecific gene flow and reticulate evolutions. In addition, the earliest divergent gene differs be-
tween different pairs of species. Therefore, the divergence orders for different species concepts vary greatly
between organisms. Such random divergences lead to the extreme difficulty to define a common and accurate
species concept for all “species” on the speciation way. It is better to delimitate species, publish new species
and conduct taxonomic revisions based on conditions and approaches of as many species concepts as possi-
ble. In addition, incomplete reproductive isolations, limited interspecific gene flow and some ‘abnormal’ in-
dividuals not ascribed to any species due to interspecific hybridizations and within-population mutations
should be widely acknowledged during species delimitations. Such circumscribed species may be more ob-
jective and scientific than previously delimitated based only on one single species concept.

Key words: integrative species concept; on the speciation way; random divergence; species delimitation

VIR FR T EA, AR AR SWTHE SR 5 Ao 8T DL At 7 2
BATEYF, BLL— AR AR RS RIFE R R X ) J
LN B‘Jﬁﬁﬁu(garwm, 185:; Mallezt, 1995; :oyne 1 oS AR
& Orr, 2004). {HzE, Py X2 EP 5t il i KV
& X B (Mallet, 1995). Wi E XFh? M)FiE FIHAT ML, 830~ (Wilkins, 2006, 2009)

ke H #A: 2016-08-15; 4222 H #: 2016-08-24
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BEEF 2 (HK KM, 2001)H PR E L. X
SeMn R e SCRCH IR 5-7/N(Wilkins, 2006, 2009),
W5 22 W Fh R 2 (morphological species concept).
AW E ) R 2 (biological species concept) A4E A2
YR ik 2 (ecological species concept). 1#4% 4 Fi ik
2 (genetic species concept) « HE 1k ¥ B HE &
(evolutionary species concept)fll R4t & & YA HE &
(phylogenetic taxon species concept)ss, At CH#S
2 MR AT AR B 23 e 23N W b AR A8 T T J P (dle
Queiroz & Dono- ghue, 1988). i, JEZASZAFHE
e tEY) 2 FEPERIE T IR AT L IR B A
Fhiss 15 8 2 MY A&, & M) Bt &
(typological species concept) T4 1M >k . (2, HEI#%
FhEFRBEE I 2 B F, 5T SR
K153 B A8 10 T8 2 22 MR R 3T 1 kAT 3 J& B 7K
PGt knie, JCHREE MR ETRA R
PR SRR, R A GE i 2 B WA
oo EE, —BHAUE T XS, SAERER
1T W Fh 2 8] R BEAFAE TS 73 v A AN (B EATHIAE
TEART“Giit i3 72 7 A B A EA RS
FARE (morphological clusters)ix— T X 43 AN [A]
TEAS AP I FRUE o

AN R A B A R I R A
AL IS A TE R B A M & A% O
(Mayr, 1963); {H1E & SR ] 3 A 4 27 40 Folt MR 5 Fof
NATVAEAE 0 T AEREAR KT b 5 NP 1 2 B i 2
TEE—E 4", M100% (T I MARHR A7 75 A 5l
B 25)20% (T A M Z [ ESAEAE AR FERR ) . &
5 P A B R 25 A A A e o i DL SRR UE
HEWMNMEGYM R EREEAT . W E
(Haldane’s rule) 7 1R 2 2 9 25 #f o #+ 2 & OL
(Coyne & Orr, 2004), A5t X L8 i i) “ A= 4%
VI A & 100% AR ARG B, RN MEE T & ]
A3 UM [B] FEPRAT RS, 0145 25 R ZE Fh A2 72 (Mallet,
1995). &Y LA LR 73 s & il | V2 ARAE 2 A5 A I
R, AL IR — O 2 EE B AR (1 A9
SR RS, ARV R 2 AT A] A7 AE /D
B2 e A FIFE R (Grant, 1981). [, “AE42
VA A IAS T g ) A= B B B R R S KT
JeE A 1] A B g B R ™ A S I 6 S BRI o

WEAR, A2 o R s A S 5 A (1) b P R 2
HEE SR b SR R AN TT (8. R R S

Z B AT BEAFAE T8 AR AR SR ML 5 8 2 A7 i oy
7= 2 1 G 5 AR B R S DA R AL 72 AR R A2
Fic. 17 2 5 5 5 (Coyne & Orr, 2004); {H 2, X ufg 5
B A A B 7E — L6 g il 4 7 35K 125 20 A 1 G 1k T
AR .

AN TR] (0 0 P MR 2 0 A2 FH SR KT B R SR A7 AE 1
KAD#ATHMR 5, RESBBRIFNESA—
FEo W —AN A BEoR LA, 1 M o 1A 1) 2 43
e5e 4. “HEA A IEAN T . 6Tk E F A
5 T 3 R AH 5 1R 9 A 2 A B4 1) DA 1 AR B R
(g Fh, BEAT TEAS B MGt a1k, A FE B L g
AR TERG B, A B S, SRR,
BAHBED—FE 05 F Y (8% KA B, genetic
clusters). 7% J& T84 Ak Lb B R b L g oo 55
& BNMYMMEEIE X, KT E AER (K
1), #EEIF5 0 R KREPFEATTIH; HEiix—77
TR, DBl 2 B/ g 1 HoA 7T . PR, BRI 58
B FINE SR I TR B R R, &0 a8 LLRT &
STE YIRS 2 A B S M S B2, HAR
SRl eI R T A X e TS ? . IE &
XA RETE 55 65 7 B K= (A KRB
R BL, WS IR) AR, B T R
FREIAIR, ITHEH T T PFt & e X, 51 T
LR b, REZHUA AT N FBEY)
R A LR, (HHEIRZAEVRBEAR G AT
TEBIAE, W — e AR R A B IR AT LTS
PRIR, — LSRR DL R & A O E 55, IR
B s KA, 7 &7 BURAE 55, B2 a1k
Je W ECGAIRR, 3 2N T BT R

2 “4rLEg LRV

U BRI P0RR S b He AL T A i — A
DI, MR AR 2R e ALk B, BT A
W, ST, B TR . AR R s A
a4, BB KAKY, HE R NRKE )
SOTMGH— Rk i, MR, HaT ot
R R, WA s R R AE 7T i A i 2 e
— B AR R, TS BRI A 2 AR
AT AL JE I, R AL BE 2 L S BT YA
SRR B, BARA P ET R IR AR
XD o A R R I P R R A (Ginkgo

biloba). K fEJHi (Ailuropoda melanoleuca)Zs, LL & /b
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Fig. 1 One of the diverse species concepts defined before may only perceive one aspect of the mature species like “the blind men

feel the elephant”

o i v 43 A B TRDAE X6 5K ) — L84 S i T 3 o
THEOL, XL FhE 2 I8 B RTE i A AH 2, A
s 22 F R 1)/ PR R R R IR, (B
()b H0 T e 2 BT I I 2 B AR A Ak B AR IR )
Fh, 45 A (Cercidiphyllum magnificum) Al H 447
FHAK(C. japonicum) (Mao & Liu, 2012; Qi et al,
2012), ‘B2 A 53 A — € F5 & BB YA &
MIZAE . IX UL B —LL BB [« F B AL by Lid
SERTE S ALEE B R R
RAERAERFR IS, HER AP

Z A RLAL T Rh o A B ], ARSI
TR 0 S 2 Ao M IR AB1] 1  22 A5 A 8 77 AR 1)
VUREARTEAR, 15 TAREIE 540 5 5K 3%h 4t
FHMEEER, 2N B AHEREEER S
(REAL100%K7 5, O] REiE A7 Rl T = A5 44
MR LR i zh, Grant, 1981), fF& BTG A ¥
YIRS, B A, (AT & HAR P &
Ao 55— 2K 2 T A B AE Bl (morphologically
cryptic species), 7E &I 5T A B L0 500 % (n
Yassin et al, 2008), £ % €045 &1 44 ¥ Fh K 20 fE
(Giraffa camelopardalis, Fennessy et al, 2016); 4~[F
P BEAFE PP [ AR S 22 3, ABHMERGHE, H&
HoASRHE, BTG 8 LKL RS K B WM
&, HE ARG MBS AT 2 T AT G AR A S
HE (InFennessy et al, 2016); {HZ AR ZE RS

TAEE, TRFEEAFZYFNES.

P AR A% 2 O 40 A0F S A B Fof 1) 11 234 #18
A H L, BPAR /2 DNABCEE K (1) 501k
(Feder et al, 2013) . TEAMI ML 5 B 7 T 75 1 26 A S
br BRI R IR . “—HZ R (— MR Z
ARV SEATTE, Q4 d T 25 MR 2 A i 2 ] )
it 5 350 A B R 5 DA % AE S A 43 1k (Coyne & O,
2004). XFHEST, —ANEEE M T BE 2 2 T
B BV BEENAESEANEEE L2 Y M
MES 26 B, IR 3 R A5 7 A S 2D L
ZHAEOLT, BN BT R ARV R R R R AT
RESE AR, WRG K E /i F LN B DNA F
BOR TR, T A2 S PR & BT AR 0 2L 1A
AR LA IR FE NME, AR TE RS BRI 4 22 5 A DR Bk
Al R BEL R R =), AT REE HARIE RS
B ZE R R SAFIRES T 55 %A S AN
PR B2 AR R — 20 A LB
PROEFEEIAMMER), FLeBRFE. £ b)E
W, A RIS B, A T AT A YR %
PEERAS B A2, O IR o R, SRS i
FARAE i b 0 B SRR Ak i 22 R R
1 3R B A AR AR ] () (1 2)

Ry B PR RAE TEV o A Ja B R
SERARIL, BT LATE b R 22 SC— AN X B
AP ST AT R MR BT AN
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Fig. 2 Different species concepts (in different colors) may be gradually fulfilled along the divergences of one ancestral species into
two or three (radiative diversification) species. Before the late speciation stage, the incomplete diverged daughter species undergo
further cycles of speciation (arrows). Gene flow and genetic changes may occur frequently between these assumed “species” due to

the incomplete reproductive isolations.

PR SR, BTSRRI S5 R . HEA P s BA &
52 B B £ 5 15 R AN R« FEDA A 1R
AT RS MR, AL R IEA )
ALY, T 53— L8 U W] BE 2 A B R 7 B, 1
DA E A, BRI A FATEA R Ao b B2
BENLE . EATARE], HRFRWF AR BT

B, AP R (G E2) B
kR ACEREDPIRCEE LR RS LN P VA B P T A tNE/E L
I AR AE A (B B e ) s O AR T —
FRIRR L (28 L TR), XATRERELE R
RV LA T A AR b ). B B, 7
PRI TADBR A, 388 4% 22 S KL A B I 2
AT 3 A B IR A A, o ) AS T S b e A —
AR DRI o I 52 DA B R R — 7 T 2% 5 e — 2
B DX B DNA F B AE i 1) 382 4% 57 PR 5540 DL S Fif )
RAWPIRA; 55— 77 AT BEAZ HER B AW R 2R
B NV E A A XA R, A IR R AT R AL
ST A D TR A 2 i 52 B R 2 A AR ) R
(Coyne & Orr, 2004; Abbott et al, 2010).

3 HFAE
R 1 T 25 R 28 ST (4R 22 4 R R PR 105

BRI, TR R G5 RRAIEE
MRERALIEEREH . S5 RN RS
SUHHATYIR T E . S RACERAN R A A, LT

RES FE MR AL A A5 T, AR AT S P0Fhs
SRR AR, RS B AR EN
Jrikie BRI

55— o A B 1L B R B R 3R B B R
HIL GO ISR G R M. b 5%
BRI gE i o2 BRI M (0 22 e B 3 kLA
IrHTs R SIATRE), AN fRT R A W 3
YE b, oA LGB KPR AR

Folt) 2 T A T A S PR AL T v TR 2 B 2 2R
. X BRI 2 BIMAEAE RV RS, Rl 2258

B 73 32 PRIAT AR S A 7 ) 4%%%“ﬁ
PR 7 A (R T PR R AR SR e T BRI DR Ao X
WA EBOT U TAE . TR Meay
A RAANZ, 2 8ot B2 SR A4 T
KT MEIRZ 57 i vk & 2 KRS 2 &,
B X I8 SR B A A 2 22 1) AR 1% HEAT LR )
TP F s M FC AT b A2 SAE DD RD 57 T 932
I3 AFAE Iy — A LA T S ) %EH*@%T
[ e o) B i 4 9 AR F PR . XS4 A el
FERGURK B R THPRICHIRE SR, s iR
WET AR R G K E W TE (crown) 328 T
(stem)3Z, A IT 246 L R B v 557 o 18 3 A 1)

Hok, RER A R ThRiE, WDNAZIEY
Fr 5112 St m EL Al fi] 0L 1 705 B e X BT FE 4t oxe B
YRR 2 AN JEREREAT A 2 b IRAE AT 2R
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SRR 23 R B2 15 7T X o0 A R 384 5
B, 2R R, E2OMAREZULARGKEY
FIMERS . X Bl B0 T-B0A AT B LA TR
PAR oG AR S R UL 3 (g, XL
WA R B B A MGt "R &, RERG £
AR S A R R a5 45 SR A 00, S e B AN [ 1)
B R TG, ROAR R SR (i E R
FAFAE IR B A] 44 A8 B S o AR B AR AE
5=, I AR A AL DL K S Hh W S R B0 IE A
BT F RIS, KB P2 2T BA
B IAE S 47 FIEFF PR 2
IIATEE) . AR B, PN ) Bl
A RE R A e E S ESL(Coyne & Orr, 2004).
S50, eI [ 5 e A AR (SR ) Rl AT 2% 52 ]
A7 1 1) % o s 36 DA R e €0 A o T S5 00T T2 R A A A2
TR WY R R & o X BRI A AW R b
o N A% BT IS 1 AE ) 2 (modified biological
species concept): BFf[B] £7 754 = A2 B 1 AR B R 2
o) A L O 25 5 P88 S DK TP A A [A) A BL Fl 19
AR, B IR e RO bR 2 Ak, T
WA S TN 2 75 S A AT A A . A 0 %A
HZ, FTRIEIER 2, &5 50 A 21 R 2
AR o R — Lo 8 KB (TAEY) LLGRLE A
T E B YRR AT O A, R A&
G RBERE P EE
T BT R A R RE R R, W REAEAE R TT A
— AP FINE S BT A BT O BRI 15 L,
J5 R EE IO A ()RR SR R AR A — A
2R 2 A B PR AN, R BRST g  AS Fil
WA A FEN— A FP 2 PR A B AT 1)
X 53] (I 2 A R 8 b 8 A A 19 DX 3l — €, Darwin,
1859), KEIAAL T 7 AL HT B Al S 2 X Fhig i, (H
IR B IR B EL, G 2 Ik
B, XNT R ERSZIFNES R, R E S
TEAShnE, RONIX T 25 5 ik HAth Rl TAEF AR
AR IXFE S R R P . REF P, =
D RZAF A AN 2 At o X A — AN ol
LS AT AR, N7 UEHEmE A
SRA AR (hybrid), n: AR JE B P A EOR R AR = A
(AR S AN A DA R[] 2 AC AN i 44 (R 0 P, 3 A
A4 W AT BSOS B E AR TG . BT IXFE R e
Mo AR B, H e A1IE BT AL BRI R A T M o34k

Rttt R03E AT 8] ) A 3 BEAAE T
ANTTI, ATTONETFEEA TR A B J R 4
RO N SE ) AT 5o

Busit: Bt D ok 2 REIFES X R L, R
aEFRF ATk,

S 3k

Abbott RJ, Hegarty MJ, Hiscock SJ, Brennan AC (2010) Ho-
moploid hybrid speciation in action. Taxon, 59, 1375-1386.

Coyne JA, Orr A (2004) Speciation. Sinauer Associates, Sun-
derland, MA.

Darwin C (1859) On the Origin of Species by Means of Natural
Selection or the Presentation of Favored Races in the Strug-
gle for Life. John Murray, London.

de Queiroz K, Donoghue MJ (1988) Phylogenetic systematics
and the species problem. Cladistics, 4, 317-338.

Feder JL, Flaxman SM, Egan SP, Comeault AA, Nosil P
(2013) Geographic mode of speciation and genomic diver-
gence. Annual Review of Ecology, Evolution and Systemat-
ics, 44, 73-97.

Fennessy J, Bidon T, Reuss F, Vamberger M, Fritz W, Jank A
(2016) Multi-locus analyses reveal four giraffe species.
Current Biology, 26, 1-7.

Grant V (1981) Plant Speciation. Columbia University Press,
New York.

Mallet J (1995) A species definition for the modern synthesis.
Trends in Ecology & Evolution, 10, 294-299.

Mao KS, Liu JQ (2012) Current ‘relicts’ more dynamic in his-
tory than previously thought. New Phytologist, 196,
329-331.

Mayr E (1963) Animal Species and Evolution. Harvard
University Press, Cambridge, Massachusetts.

Qi XS, Chen C, Comes HP, Sakaguchi S, Liu YH, Tanaka N,
Sakio H, Qiu YX (2012) Molecular data and ecological ni-
che modelling reveal a highly dynamic evolutionary history
of the East Asian Tertiary relict Cercidiphyllum (Cer-
cidiphyllaceae). New Phytologist, 196, 617-630.

van Valen L (1976) Ecological species, multispecies, and oaks.
Taxon, 25, 233-239.

Wilkins JS (2006) A list of 26 species “concepts” source.
http://scienceblogs.com/evolvingthoughts/2006/a_list_of _
26_species_concepts.php. (accessed on 2016-08-01)

Wilkins JS (2009) Species: A History of the Idea. University of
California Press, Berkeley.

Yassin A, Capy P, Madi-Ravazzi L, Ogereau D, David JR
(2008) DNA barcode discovers two cryptic species and two
geographical radiations in the invasive drosophilid Zapri-
onus indianus. Molecular Ecology Resources, 8, 491-501.

Zhou CF, Yang G (2011) Existence and Definition of Species.
Science Press, Beijing. (in Chinese) [E: %, %7t (2011)
YR AR 5 S BHEE AL, dE5L]

(LG BAEL)



A2ttt 2016, 24 (9): 1009-1013 doi: 10.17520/biods.2016223

Biodiversity Science http: //lwww.biodiversity-science.net
* PN 2
AT ATEDFPE S XE LUK A FEIR?
KIE A

1 (R ERFEERE S EFLAT, JE3 100101)
2 (P ERBER AL SRR AR, JER 100101)

T AW S VORI A BRI SEA A SR, RVEE — ML DORAEY A 5 AT A Wt e Y
B AR, (EE] H AR RME LU IR . K2 B 22 S O U0 T 58 SO 32 Z2 RN B AT W 2 S B
B, FTEL, ANF) A B B A AR OR AR FE R T S B B T b T A, O LA A X G 32 L L
i LSS FE ORI B AL SRR AR I i . 0ARACER T EE RE 0 — AN B, 0 HAS R BP0l vl e Ak T4
P B AN A RE AN IR B 25 T S SEBR A — R SRAUTM I A 5 B, AT R SCHIRE — i A7 )R R
PERORESS, UL FRAT AT BEARRAEE S — 5 2 SRS b T2 77 AL IS DLAT BE 58 UL RC VMR IO A e S Dok
(AR LA b R 5 B ST LS B, (HR BB — AR SRR . NREIZ — mREE, [T R E N
T A M2 5 25— ) b M 2 T E 0 S 5 MIREA I 78 v B 0 B 1 b 5T N R R i TR L

KRR VUM, MRS, WORRRR, ABERRE, R L, 2 BORE fharR

Why is it so difficult to reach a consensus in species concept?

Dexing Zhang-%"

1 Institute of Zoology, Chinese Academy of Sciences, Beijing 100101

2 Beijing Institute of Genomics, Chinese Academy of Sciences, Beijing 100101

Abstract: Biologists believe that species is the basic unit of biological diversity, and few people will doubt
the fact that there exist distinct species in nature. Nevertheless, despite of ceaseless debating on species con-
cept or species definition among biologists over nearly a century, no consensus has been reached. Species
definition concerns many biologists because it has far-reaching practical implications. Therefore, species
concepts proposed by various scholars zero in greatly on their operational convenience and practical applica-
bility in research activity such as taxonomic classification. As a result, these concepts and definitions are un-
avoidably shaped by the visions of the scholars which are further shaped by their insights into the evolution-
ary process of speciation. Speciation represents a stage in evolutionary divergence, and also different “spe-
cies” may be at different stages of the speciation process. Since a “definition” is a kind of convention or con-
fining description, every definition would bear some limitations. It would be thus very difficult, if not impos-
sible, to define a perfect species concept that will accord with all species in taxonomic practice. From this
perspective, we should confess that while every species concept or definition proposed thus far is reasonable,
none is faultless or flawless. It is very important to bear this in mind, because, otherwise, one may stubbornly
insist on one single species concept and introduces errors or even triggers chaos and confusion, consciously
or unconsciously, in taxonomic and other evolutionary researches.

Key words: species; species concept; speciation; reproductive isolation; population subdivision; principle of
divergence; magic trait
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Jefa iR T LA R E LS T, 2016), 12
B H AR RIFRA TSR It ak? 20F
= HEEAEBERR: (1) Mk W Hs (insight) FTAE A
(vision) BRI B4 ()X T BEHT A Bk Ak i AR
HIRBRE; ()ER 1L 5E X5 73 LB 2 W] () — L AN
VA2 A iy 22 R I 2R PR [T AR P BT e 1Y

1 RS A

B T 20 BN R ) DR A M 1 3T 2 L 2
AM(#ianDevitt, 2010), K2 H AWK Z Bt IRIE
E4EXYMFERNEFIEFEERSLERE
o B, AFEFE NS TER KRR L
JEEE T B S B TR E . B0, E. Mayr
(1940) " Y fff b Tt At SR R 1) A — AN B S R I 1)
YIFE o BAR, KL H RN 5. WA
SR L b DA R ot FAth A 9% 7 B RO T 2 X )
M RSP AR AR KR . BOiZE, SRR
AR LW Foh M S BEA P 8 R A HRE ), (H2
JUTBA — AR TEETLHRN . WIRBX — f R E 2
75 D)5t AT R 2 TR g [ B M 5 R — o 52 1 400 ol R
R AE ) Bl S s A AL T R B R AN B S
N5 2 )3 VAL

sebr b, IR Z 2% (Bl nde Rueiroz, 2007)%E &
fath, TR DIk, PR (n) RO P e
IR TVREL, RO AN [F] 1 2y R A 2 51 X (R
— AP HOAL AN [FI AR, AR BT R b Al
Se B SR AR B FE R 1 I T T ) A 4 (A
JG, 2016). T FE I ) — AN SR — 2P R
XA . AR AW 5 W) Bl Bk 2 (biological  species
concept, BSC)iX /N33 44 Fx i IE P2 R 2 B T+
4F, T. Dobzhansky CLZE7EA I3 A ) IR i Py iR 1l
B — PR, RS At 2 B B s 2 R
B) B A R M A 22 0 OR BE A B A I
(Dobzhansky, 1935, 1937), 1 A] DA fig A= PR 5 .
Dobzhansky ] 4 F R 2 R Z s 52 e 1 N ATTRE & X
WA IR R . Mayr g SRAE M )& 2 IE 204A
T JERHMHR 2 HBSCHIVIFIAE & (Mayr, 1942), Hrp
f&H T A. E. Emerson-5:7£ i Dobzhansky 1937
SR 25 B H 1A B BE S (reproductively isolat-
ed)”iX AR iE (Emerson, 1938), J& & 6 4 R f ik it
PPXRANARIERIRZ W, FERenl e b s E 2R
AE T 3 DLTE 92 Br A gt 4T KL 56 (Mayr,  1940) .

Dobzhansky {f iy — AN B A IR JE 8 4 2 F 4% 2 15
FRLAEY %K, RZII R EIRRR T i
RERRR— A B, PR IEAN A G 77 Hh P e =
A BETE BOGHT TR, FF HA\ 26 BE B 25 122 P 43
1k FR) Bl i (Dobzhansky, 1935). 1fiiMayr{E A—4 24
6 38 A% 2% AR AL BRI IR IR AN 78 4 1 19 203 2
22 5% U] AR i 3F Dobzhansky W0 AU BRI, AN
WA Ak 1 R 1 4 R A 2 — AN Y B (Mayr,
1942), Ff H Bl 5 Z#HHEBSCHIEAL T o« Mayrflfihfr
— LA 38 7 PR AR T B B R T BT R 1 S e 2%
4, TN B AT B .

A )R PR 1 iE 2 S BB 4E [ 10, @A,
BEBINAF A, ERmiEEdE. 5, EBSC
KT T, TEHERH A &R T, B4
VMRS . H RS A E . Han, 3R
TR RS 7 B e s A b i 72, BEEE
FERE LR, 38 2 NAZ Se 0 P Fh MR 1 in BL e
X, BRI ERANE R R ? 2
BSCHIHIF #H AU IN ARG H 4 - Til, X TR T4
E—AEHCERIBLE, 85 FRYE = 553k
(4% T2 75 B 00X A B A A/ i 2 A 2 E O
FEAM.

2 WRFTYIMEtLEE

IKIRSCAE CFPEEIED R T — AN R
PR (principle of divergence) FH DA 8] i A e Fg 5 4 F
(1) % B FH A2 9 22 BV (1) 33k 4K (Darwin, 1859); fihiE
T AR B E M, (IR A 2
DEFTE. IERCAJE— 5, Mayr & HB B & A ik
IRSCBAR T TR B X ANk 5, 3 IR A R
SCHTBEA A YA AT, SR L TR A T
W B AT AN, BER TR — T st
=1 (Mayr, 1942; Coyne & Orr, 2004). HARIEI/R L
I IR AS KR 2 R T B R AEDNAIFELE,
AL At X T 5T 42 Fof (10 3 A ot R D A T A A
IERRR . XA 2R AR £ (Zhang, 2010),
2= A R P B A TR, SRR
K22 B 2% Mallet {8 - (B0 78 1l 0K 272, o 4 B
HuFE H, 3K 7R SCOR TP Aok 8 R B AL 150
% 4 DLSR 1 BT A 3 B2 vk 0 B B T O S
—— AT 20t 20 A AR A 2 AT B % T AE
PX AN 52 (Mallet, 2010).
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FRAEN: AT A e R X LUE B ER? 1011

YT AR B R, AR e K
BOERCT LU R LR

(L) A Wy 58 10 4% 0 S 5T A2 DNAVK & i, T
DNATE 5 il i #2 AN AT 3t Gt o A AR, X LA
RANAT BEM AL P 58 A2 AE; Ak, DNAIL 2
KA, REHEA RSB E . 4R
DNATE M — AR T — AR A% 368 rhooafl S o R AR i R
AL, A= 7E A I AR rp AN PTG 7 AR i AR AR
Ft, FEAYR A R AR E A7 AR A (SR
BNER. RN, AYEATER, SCREARZER K E
G LR AR KL, B SE A RIAE
AMAR AR MR Z R Bred, T —
(R A A7 AE 10 A (FI R ) e o, DRI T A A £
WAL b R SR, G LR R R ROR, R
B -

(2) F T M5 1t BERM A S5 S5 o A4 ke 7 A
— NP R H SRR A TR B RE, B RS B (A
REMS HEAT BE N A C 08 5 AR — e M. Wi 2>
AR DCEOR, IERS Y HORE JuBkas, Pyt Py R H
B Z o AR A] T A AR S (B R R 97T 32 21 BR
i, ANEEHEAT e A MBS . IR, P EE S 1
78 S 1 B kAL ) B —— B AL B AL IR AR EH R
W FE——FEA R R S R AR, R R
e FLERR I ) DRI 59 s X N (e ) Y
J7 A P25, B I TR R, A R () ) a4 22
0l 2 AR AR SRR O, AT (S A A k25 1 A
.

(3)45 7€ LS TRIIN H], AN [F) b P i 57 1) 7 5 K]
2 bR 22 ) R Rk OR, kDR S TA T 4 ) 55
B EA AL 2 A B, HFRA S
FOMEEIR A A TR . IXE, T AR A
BT ANFIRIRR . B8 B A P B R I 4R
B A AR R A AN AL AR, R EAE A K 44
EAVE#A R ES . Bk, AT
5| Fi Dobzhansky (1935) i J5 1 I LA &L 45 “Consid-
ered dynamically, the species represents that stage of
evolutionary divergence, at which the once actually or
potentially interbreeding array of forms becomes seg-
regated into two or more separate arrays which are
physiologically incapable of interbreeding” ()75 1>k
&, AR B 7 BRI — AN B, BT &
BEAT B 7E AT DAREAT AH LS L ST — B R 5 A

P 3 A0 AR BB A AN R A T S 1R T A B 2 A
AN () ZRF) o R0 (18] A4 L o 125 A 82 A 23 ) N 7
X AN A A S R T N

A & Bl & FE R B ) DL BELAS 3 DR IR R AR 5
T IE R AR T R S, ANt EE R B . R A
Jet AR E AR RO DL BE 52 43 % R 5
P& L TN E 2 g R Ea M RN e e
(Coyne & Orr, 2004; Servedio et al, 2011). ¥ it I,
AR i 8% BEL RS 25 DXL DAL 40 F (2 ik A B 2 A, g
MR HERT YRR KT i S g B 2 B ol il A i B
129 LAV 22 ERIAL ) — A e f B O AL, T L BT 3 3
Vi oy AR RR N e SR . SR, 40 b Tk,
FR SRR AL R S AW AR, B
AE [ P e 2 X3, SR A A S (L) (s 4 A AR i
FEACHC I 8] EAFAEZE S, DL T AN [EMORE 0 MR AE
ACECZEAAE LUAIE, B0 (2) 3 B AR S 45 A
RS, B —A AR T 3 — e F
W, B Q)BUE MR AT A B AL
9] 1 — e A B RS 20 8 P B B R R E AR
(AR SE TE T 53— 2 B 3K 5 W5 P B E R A ) —
TSR AR SE T, JRER(4) 51 AR SRR AE X %
W EEN BRI 51 7 AR 2 5, Bl — Nk
o, W AR EA MR, 5 — e mn
RE SE A RO 51 0 S ALKy, IR AR T IX PR 218
(AR B 452K BT 2 (137 2t A S P 1) S 6 0 T A8 A,
JW.Ramsey<%, 2003), &54%, WA [A#RHE ™4 —
ERREE R AETERG R . B4, fERFS IR AL &
JIF, AETENEE AW NG, S8 A R )
Bl BTRL, 3+ LA BAR, ROk Z A2 500
N [E A R 1 AT RE FE A LT A 9 B IR 5 A
(Via, 2001; Servedio et al, 2011).

IR, AR R L % RIS L BT 35 BT A
TG ST AT AR TR R S, 8] i [ 2% 52 A0 22 540 3 B0
Z f5 MR i (speciation by polyploidy), iX7E4H
M AN, S E B A7 7E (Coyne &
Orr, 2004).

(APFh I R A2 . BRI FUR I, FhEES
32 B AR B B B 75 R R — AR E, AFR
FEEZRAEE X, WLTER LA BEEE8TH
HEANEE (Coyne & Orr, 2004). i H. -5 4= 5 e B A 55 1)
R WL ERE, EAFRERA G, 1t
Gb, FEA AL RE T, 5 Bl & A I R Y 22 R AR ]
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BEHBLCA LA B AT A B 7= AR AR S AR AT N PEIR
LT ZER, H & E AT RS B TS 2 ),
MR AL R L ]G, XESRA =R
ATRe AR R . UHFBE TR, BEEE
TR0 P R T 1 25 S 2 I R AP A () 7= A A T o 5 1 )
()% BRI, 1 4 25 R AH K 1 Jok A% 22 1R
J5E D) 5 0 P T RS P B T A AR SR PR DR TG, [ gt A%
HHE T DU SR @ YA ) R 40 R A2 ) RAMGTH A
I I E] (4738 2 W Yang, 2014). iX 52 A4 35
FILAE S AL 22 HAE N B Z MR\ Dl 4 5 A
IR R 22—, A Ak 48 5 o A 1 S 3 (L A e,
2016)th—FIER] TIX— 5. BhAh, AR T AR
B, MIEAS R I LA BT 5 _ A &
BRI QR4 Bk A 07 T (AR FE RS B R R L )
AR T] . AR R TR 22 500 . BE PRI 2) b i A 2 AR A
PRI A (PRI, S T ek B A8 A 1l RS A
T 7 A AR 75 A [ 119 SRS 2 SR A7 AE I i,
IR H AL

3 AaZHEMENHNERFTEERERN
FJ BERE U ST — N FE R TTRR BV &

TE T T P2 AR #2 )5, AR FRAT T FE ]
ISR EBEYIFE R B TR0 AR
RIS TP AL LA, 3EH S — M EE
SEHCE AR NG AT R P (R AE S RS AT
FEERCLT T3 A, & A4 Hh 3 I (8] A
A, FREpms A —E, B e 14 T AR i
B Bt . BN, A i CE eV Rk 1 AN I 7R
55 BRI AT Gomh R 4745 78 4 B R B R 2S5 A A L
Bz EEBNT A g R, IR s
A FIEE; A R38 ALE YR 43 A 1 R A B
B, BEAFAE 7= Az 56 4 A B B 5 1) 50308 1) 30 5P
SAFAE 525 70 A B i R 58 4 A B Rl 125 0 R A (A
i), S5, HTPARE LA IR 2 BBH T, —RA
SRR RN . BT — P L e W 4 e ok
2 R, — M TR IR N 1) B2 451 2 4L SR
(Drosophila pseudoobscura) {1 &F 46 Eb WV % &F K Fl i
A1SE B R FE (P WLOrT & Irving, 2001) . XF FAEAT—A4
TEAERHT I, FRATTREA FI3E & AL T A FE AL
BB, AW RELE A BT REWT ARG DL T HE
BATAT AW B v RIS R 2B R Z ML T
ALV SR AR (R A B 58 SO S B bR —

FRRAL L B 258 BT R, AT e — Pt
JRBREINERE, IR S5 T S B (0 P F 5 B 2 Gtk
DRI E, FRATTAT REARME N, — AN 5 s g p AR 5
A PG LA 5 A UC B W R P Rl e Lo X R A £
P A FRY ] A AR5 2 P R T

LAY, AT AR — g5t A e
W) 2 W) S A — AT 3 A 1 B R B A 1 R
1E4nde Queiroz (2007) 48 t (1. SEBr_F H #I AT H
1) BT ) PioE o #8 E H B )  h ROA X — S, B2
AN FJRE S 2 T AR P A A o g i — FE AR (B 1%
DRI, AFEREE R — AR ML), SR, it
PRI, FhEECHP B AL R) A S AP EE S B
i, 78S B A e) 5 e ST R — AN
[ 4 55 (3 2% Waples & Gaggiotti, 2006; Ma et al,
2015), RIR'EATTER S J B a0 1 e AR 200 B AR
(Il SRR AE” M R, XA, AT
FEMELE AL ERE B0 3 o 2 A0 g A 1R AH o AN 3 B
PERIE A . Bk, FRATATS A Dobzhansky
(1935) K T WA AR A5 1 A0 43 5 () — B B R Z)
. BFERITRIR S )5 E LG AFRE, LT
REgh o N — LA [R] LI ) 8 7~ B R R, X A
KRNI RATIRA 0 22 ) 2 TS 6 75 55 5 [y s 2h 4%
(125 L2 R 1 SR A

s AmAHD - FEREAMEREETIF—R
X T A ITEMIE L, KPFoF A AL
R TR TL, EETRSEH,
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AT R BRI

¥
(P EREBK BT, 5D 430072)

R AR RR TSR Nk . £ S AN R A D5 R BRI 2y P00, A 1 AR R 2,
WA AR RS EIR IR RGUESSOFEIR, SEIAE S, 5. eNEER
TR RN R E M T, FB A RV R WUAFAE B USSR, (HARTCVE 2 BT A NI 0 FAZAE R, TR el
FEIAS BRI 220 2K, AR B R 2 (AN BE 7 A2 T 8 B J5 AR BLi% 2 9B 1 B 75 B 10 0 A AN [R Al ) O B, I
R B AL AT DAAE R ) AT VB BHAR D5 2 T A R B R B SR A B A AR, BRI SR Al Tl
BES TR A B I T2 KRR, (EAEAE A 7 J52 K 8oy T HEAL R 25 R IX ) R e X L2 KA AL AT 1)
TR, A SEREES AR 7 77 O TERE N A0 T e TR E S NI RMR IR FT I P T, DR O T A TE R B
VIR BES AN, TS AT B AR & (U0 TR 25 2207 U 2 N R

KEE: WIRRES, LV, AR, EAHRE

A brief review on the historical changes in the concept of species

Ping Xie"

Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072

Abstract: This is a mini-review on the historical changes in the concept of species. Biologists use different
methods or criteria to discriminate species, leading to the formation of different species concepts, e.g. bio-
logical species, morphospecies, ecological species, evolutionary species, phylogenetic/cladistic species, or
their combinations. These concepts respectively reveal a specific profile of the species’ attributes, as well as
reflecting the objective existence of these creatures as different species, but not being satisfied with everyone.
For eukaryotes, reproductive isolation (incapable of reproducing fertile offspring) should be the key for two
populations to differentiate into two different species, no matter how much they differ morphologically. The
mechanisms underlying such isolation might be geographical, behavioral, or otherwise. Reproductive isola-
tion is certainly accompanied by some morphological or genetic changes that are often used as criteria by
taxonomists or molecular evolutionary biologists to distinguish species, although these attributes may not be
associated with reproductive isolation itself. Extinct species known only from fossils are impossible to be
classified taxonomically according to reproductive isolation. The exact definition of the term “species” is still
controversial, as a species concept based on reproductive isolation is usually not applicable, but a usable spe-
cies definition (e.g. morphospecies) is regarded to be artificial.

Key words: species concept; biological species; morphospecies; reproductive isolation

B2 R R (species)” I TR TS0 3R RUEMIABERF 4 T THRR, AR R B 5
PEIR B % 1 — M (Offenberger, 1999). #)F1 24 i NIRRT A R T E o
e TR AR T, A RN R \ ‘

A AL, R R, gy L O SRR
FUHEL, (B RSB EIME . TU A G % ¥ F, i /K 3 (Charles Robert Darwin,

Wicki H 91 2016-08-29; #3%Z H 1 2016-09-02
" J@IREH Author for correspondence. E-mail: xieping@ihb.ac.cn
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WP AT S AR I 1015

1809-1882) & i “I&A —HilE X Aefl — VI 74
R, SR AN 2 F AL R B MI Ife, #8
RE A8 AOR Hh 3 e A A e o KT IX
A%, TP FRE R R 5 X eeeeee s 31N
AN LA Y BAR 2R A 7 SR M
P B B R DA HOE R BA SRR
(Darwin, 1872).

Dobzhansky (1951)i\ A “Eh# R 7352 K
A BUAR AR 7 AN B2 10 SR 4 A Wik AT 43 2R AN
TE GG e . P RIVERE R Y T H R E
THIGEER; FEIXRPE Sk, EATA MR A 72 il
T P B I e e e AR AT BB A3 R 2RTE, RO
FHE, 7R R 0%, e —
NN N B D WA Wi £ AT o e

Barton %5:(2007)45 H: “ A4 38 A\ F k1 4
FE LS o T AR AE G R R 2 IR 2 2R
JG, WEEE. B, AIMEEAEE MR
(AN [ETE X 15 1% 73 9 M B A sl v b, 038 3 1R
B R AR TS AR AR AT — AN 7 I AR A % B A U B
T,

— Bk 4 18 (nominalism) & U &%, Ypfh 2
NANEE R BB A R FTIU ZFm e, A4
T 1 ) 2 AR RARAT AP R B A B, T
I, WM AE T NI R, AN ad & —Ffdi 44 4l
G BRE # 4h  © (Gregg, 1950) . 1T 52 E X
(pragmatism)# Ak, YIFIERES FRRESER), AT
AT 8 ) 5 SR B FH 1T 47 7E (Dupré, 2001).

2 SRIEANTM AL

PR R A B 5B 00 AN AR I SEAA, W ER
BRI VEIR B 2, B X SRR AR T DL E BRI 2%
LA A o 3l 00 A 4D A U T LA Szt ) 3 A s
(Plato, Z1/AJCHT 427 EE A JCHT 347 4F)H S8
Y%, BRI PP 2, MR v — Fl LR AR
BRI IR 2 K AELE T 2 R A TR ) e L A
T T LG A, T AN R AT AT — AN A 1 3% 1T
K (Bowler, 1989). AT LA K, ks Sk T ¥ 1)
gt ANA M, B A (essence) Tt 5, AR AL 2
TOER R MR IAR ROR AR, A I BT
(A0 I T 2Rk 46 4l 2 B DNA Fir gt i 71 20
BLAE A .

3 RIEEFMAIMELE

31 RBm—4YZBFEEANASEIRES
7 9 77 (Jean-Baptiste Lamarck, 1744-1829)iA N
YA R — N NS, H8 EIRAAAE . AR
T R B 8, A ARV RS AFAE — P AN 1] 4y
FN RS, an SR 8 AR A SR IEA M) P 2 []
A BB, Binl LA HAEM AR Z — A H &S
HEEL L T ARG AE — R 1) A . BESR B P Fil
HRALAE — MBS RE 2, At T RTIE Y
K4, HHRZMN—MIESHAZ R —MIEES
(Shi, 2010). B4R, Hi Ly vaidsromi 1 P0Fe AL et
T 20 1 400 ) R R s 12k o
32 ERX—IME—NEWRIKHFEAR—E&
M. —HESH

RIRSCAR AR N — AN X, e (HFhik
i) FREIE: “LEY)RP AR FRIZ L 42 17 1) 8 SUR B
15 3038 3 AN 27, ORI R A B R N P R,
AR ERY, TIRfESs o ) AL
W ZAN R AR YR, RIEEA 564k 2
YIPh— 2 PRI Fh 2 [a], (R A R H I
RS s o N o | A R A e el TR
AR E AP AR 22 7 2 Ja), AR 8 R o B
TR S PR oo o MR — AR ERE, M TR
PEH, Ba, BRI, R Pt
LM T B E SRR KA, B
FIHAE, HRLH RIS Fheee e o I NYMIX
AN 1Al A TR R T AT N T — R R 2R AU
AR, &R PR AN 44 1 FE A BT IR A X )
BT KON B D MR Z KRR IBf, A
FROX A 2 ] AR B 2200 BB, a2 o 7B RIAE
EHAHM” (Darwin, 1872).

XPIE IR SO, — BRIV M E L —ME
WA B A PN — T s — T A=,
XAME LR T A TR T o ML R,
AR N T BT AR A S LA R B R
TE— B AMATE BRI B AR T O, AR T 73 50
FEASHEIR T B 19K 7T BE &2 25 Z ) (Magner, 1994)

KRIRSCW N “UiFh R R R B e
Ry TTIE S Sk P =1 o (B L 1R e
(Darwin, 1872). i /K ST B4 oML 1E 2 Al N 00
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JE RS S W X IR — e B, A
FEGRAR, S 1A IR SCRE 73 9 I 4 R AR S A 1D 46T
o R JERITEVZZRYL, EWR T AT H
AHENE R . JLSE, WA AR AT e
BRI REAE, R R (BTSSR R
[T, AT B AR M AEAE T o

4 FEKREBREMLAETFMEAIFETS
41 HAF——PHREBESAMLERRBEDN

T

1A %E (R. W. Herbert) 7£ 1822 4F Horticultural
Transactions 5 I % 1 fth T~ 1837 4F H hiZ ) Amaryl-
lidaceae (f1#sfh)—FHHER, [HZEA T AL
HE B T AR S B RS i BB O B
O AR e MBS R sk, FEARME R —
A T B — W) b A 2 AE JEOR TR PR AR R I oL R
BB H R, X R T AR A T A
107 AR BAF- K — D) P A (Darwin, 1872).
42 BHMH—IME—ERERNKTZFEETE,
T2 FBARN B S

JE4EM-(Georges Cuvie, 1769-1832)% 4 Fh & X
NS HITE BOT 48, AT — € I PR EE AN ko
FAAET ERFERE", MR IR IR
Ao HIEE R o AR NSRRI e SR Z G H T
AR A, I BN AT AL (1) 577 Sy

AbIATg: T AR BE R B 5 AL gy S Bl e — Ty 7k

Pih S 24 7€ SONIXAE— MR B4 &, el —

SRR H A NMAR) SR, BRI FSE AR

B T A B ME R R, XM S eI
R S EA T IR BEAE 2 o A IR 3 ke
6 1 ) A2 I S 36y I AN S AE AT A 1 0 T T BE 70 2 Y
(Magner, 1994) .
43 MFHE—NEX TIPS

T 2 44 1 B R SR AL 4y 8 2 SR R 0
FEIXRETE SR WA AR P 2E R ) A2 B BT
FEEHR A A —E R A, iR EHAET—
TE BT S e MNP EE AR AN . 2 Pt L A el
AR, R R YMEE B CRRHE, AP
TR e AR E]; AHP A SR AR, KRR
— YA OR AR — R VAL ORFAE, F5 L S i I 1
s, g I RHRIE. MR Z LRSS
Z T CA S AR T S AR AR S AL, 1 2] e B AL

DS, SRBELETRAL 7 B (MRt 3, 1983).
5 RiIFLERENIFER S

51 T ——— I ANRE#FEEMmKITELE

B [EH 1842 5 5 (John Ray, 1627-1705)# 55—
AMMEFAE N K TG, B TES T 7k
RGMEY:R, T Historia Plantarum H iR
Y R RLR A R EE L. FIAANE
oAb AT BL AR A [R] AR A R A I g — A Fol
B e SN 20 DL B RS 9 B, 1686 Atk
HiE: A Km KRN, ARG E—
ANYIFRET, BT ROZAE I I BRI A 2 Ak A
SRR A AR AESL, B E A A& AR . [
WEAE — AR — IO AR T A AR AR,
TR B AT H R — AR AR A 5 R R AR A Bl R 2
KAL), IBAX Ll HBEARE 2 AR AR 5
MAREAE N X Jr— DR bR, RIAS B Z AL
AR RN %5 58 PR A, RAEFTH 19
PR A2 b O Y O AR S AR, EFEZREY Bk
e B FEEG T ARVER, W0 ) BRI AN da o] ] e A
AF (Magner, 1994) . 1X I 1% 5t 2 45 30 /R FR 2 R )5
¥yFf(biological species concept, BSC) i F- 3 ik
EECOR A R B (1) P b A 20 S 5 KAV Dy T
TEYEA R, H19 2 E P KN E B
52 HE——HERBEELMNMHNEERE

125 [ 1 49) 2% 5% #ii 3= (Georges  Louis Leclere de
Buffon, 1707-1788) 3R 1~ 1) E AT NN IR 2| P i
1EEH AR T HIEMAELE . AN, PIFh R IR —L
VIS, B AR USR58 k= v E
M JE AR, AR EARE I oty —
PR30 S oM R B8 T F— M . X5
W WA AL, A RN, POMPEARSE H AR T
fE1E, B BEREG— i Zim Az, me—M1
&, e Ty, 5 h AT,
— NFE C— AN ROL TR, BT T R T R
— AN KA, K [F] — () B A e e ” (Lovejoy,
1982; Magner, 1994). fiFiAA, WIRFATREUER] —
FEANRJE T —A AR B4R R OB, T2 ATl v]
CAHf 2 B N — AN EIE Y% (Bowler, 1989).

LS, AEXT DR s 7 T AR
o 7E CHARE) —BrE—5%, HiNHE
FLIEMSEAR, A A LA S el A 2E 1 i) Jg R AN i
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R R F B GHRINFY), SERRAFAE R A2 AMA

T HLFRATTA B BT LA R 30 A i 18 X ) BH S (%) 42
ZIAPSRAL SRTH, Z GG, X 5iE, P
S EAR) . X R RSk, e G — B
FEIX PP A, E SRR A 4% (Bowler, 1989).
53 RR— T BBHFEZHENAIF

Pk R SCId B, € R H A E IR R AT
(Benjamin Dann Walsh, 1808—-1869) “J% It L4 i 5 AJ
PLE A SRR G A8 fh, U E RO AR L
XANEE JIB YRR (Darwin, 1872). X -t 2
VAR T bR S AR AR o3 R AR A
54 BR——EYFEYFE S

1 75 5% [ A 2R W 2 5 4y 98 5 505 IR (Ernst
Walter Mayr, 1904-2005)%¢ H 1 FITiE 2E ¥ 2E P Fh ik

=, AW A LG & R B SRR AR SR,

XSRS HA KB 2 M AA e A bR s, B — A
Ykt e — AN L R AR (Mayr, 2001). Hsk, HA
B B R X 2 AN [ P b it AR AE St el 2wk
ELE, W17 thag s, 18 e fmFEs, (R, &
RZEDLT, B MRS AH B & fEROR b2
DIHIAR), DR FABAEBERIBIESENES
T P R EAT YL b o

by PR B R A BB S R R —, 1A
IR R R BIX — . R WA 1942 FE4RH,
TR — o R (10 535 AR 7 ol 4 e P R 5 IR AEBR
By BOIRAR T A SRS AT SR AT B AR 3 Bl AR IE
A2 HE RS B A YRR, TR A BT R T R 4 A
(Mayr, 1982). b3 [ &5 (1) P F0 T i 7 SRR 2
SRR, AH AR T IR AE R K ) RS A I 4

IR, WY RS G T T A A
)44 . Barton 55(2007) 48 Hi, W5 3ATT R 4F 45 1)
VPR, B4 — A ToPE ST R R B
R — N B IR, BFONAS R AT — A HoAth A A
BT RS e s REEVFZ AN AL TR 255K 52
SUHIRITE A&, B SERR AR ) e SOl TR
S,

6 ETEEEEFHIMES

61 MHBHE —MESMEMENHEERK
BHK

Dobzhansky (1951)i\y, MFfA s — A
iz, TR A I B R ) — AN B A

gt & — SEREAR I SR, L) AR 2SS e, fE AR
T 32— Tl ml J Ul AR 5 R 25 AL 1 £ 285 PR )
BRI ST E 2, Mo BB I R R oo
w R ARHA Z A fE A% R AL, A ERR
BT AR ] 5 TR IXFHBY B EIA, BV
T AL K o

A “FE d R SRR ), Ao A, HE A
AL ETENR S A TG, R BEAE BTS2 A 5
A ZITEA Be MM 5T . 73 K2R
REIZ FH IR L8 77 R Rl R BURIE T o
6.2 BIF——MIMRER— MR R EE E

B E AL 2 K L (Nicholas H. Barton)%5
fath: NV R — AN IR, BB
A e A ) i B S A B DR 6 T LA RO A
ik BN b, @ EAH, RS ERNE S
PRHR AT AFE — A N A I, AFEY)
& BAMSLHEA, AR L, — AN A
A %) I3 — M EVRT I EAG AT TTRR” (Barton et al,
2007). 1HJE, WEBHAKRE, IATAREHRR—
AW ) 0 A% AR S R o — AN P A R BE AL A H TR
AT Re .

7 ETEREFAIFMTES

— U 2 PRI T R AS SRR PRI R 43, A
NEET DNA T4 2 5 R oy N AT 5E . B4,
Barton %5(2007)\K: “7rF 22 ST 2 B F W 1A
#E; "TLLH DNA JFAPREMERIBF B . X T A0
BEFR MR DD, X R TR T kR . IR A
T R —MERMEZREAR RNA P55 54—
ANFEA A A — A% HER RNA 81 1) — ST
97%, A EATRA R IR o AH n) @2 J9fTX AR
HEREAME, B 97%? BE U, BIHEAERER
22 SAEAE N A R R I 43 S LR R RE A& — iy &
WL, HoIE T IEAS 0 4 Zhn kA B 1T g B8,
(L BIE e DA ARG 6 T 265 0 e DA AR A= B 1) R A% A
KUt SR MR MIERE . FEA AR
HE KRR, w3 R FRATIAE N N P FriE
TG R R BT A 2 (M TR 6E H B3 -

o B b AR ) % 5K 3 4 Wi(Richard Dawkins) i
i, PN [E] R (conspecific) () 76 43 1 B 4k 2
EATH FREECE gt tk, DL ik B A )
FEELH A% 17 8 (Dawkins, 1986). {HESZ |, fLk
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524 %

VIR IS R P2 8], ek H 2 m AR R
IR 2 AR DL M2
(polyploidy) I G 4 K- it

8 EAFhis

A — S AR AL S, Bl (1) 3R L
FIVIFIRE S (N et M Fh . B M. ISR A); (2)
s 2R G0 R AL IS (0 R Ge R A SRR
By ST REAR); (3)R A SIS, (4)5Ri
TEAKFIRE S (TR 350, B
MR AR RO (BTG, 2016). KEFH
WL, B B A R AN T R B R St
RAFEE . @A ERES A, SRR AR YA
o S LRI RI R R AE, T E AR SR PLR T
PR R W), i B AT BRI R P Al
WM&, HT RSN ZERA—E 5B B
AT i 32 T R 345 22 S R0 P ol a0 0 A VT Dy 23 26
SR MM, XTI K 2 E R ) oy BTG
IR I AR B R B SR IR A A

BB TC e AR T RS-
RIS W5, L2, SRS T
DL, A AR ROZ RS S R IR JE M (1)
PRI N B BT B e — AN R R, AN TR A
JE B TR A7 AE L IR, 0 A Bl 2 1) H 3 28 (0 4
HOER R B AR SR E), AR L (2)— ANt
SRR, SlREE R0, QB ESH M
MICHRIER /DR REE, ()5 HMYAELES
B B 504k (B) A AT it B 73 A7 (L 456, 2016).
Fosk, Wpini R IR R MANE N, B, £
— AN, T8 A A AL 43 T T R A A
(%R B F 5%, 1982).

9 #5E

YRR S B R AR K, KT
MR 2P VGES RS . VT AR TE
bR AERI A, BUR R T AR, A
Y % ) # (biological species) . JE & 2 4 Fb
(morphospecies). A% % F# (ecological species).
ARG kA BT YR (phylogenetic or cladistic spe-
cies), BUEAIMA G, &5 . eAEME R T E I
(1R D, 282 WP AT ) B SIS Bk, {HLTS
TVEA PTE N .

KEH I, MAEZEVRG, TR ENER
A LWZENA 2K, LR N ZE AR
FLAEMAG A [ 0 Fh (R, speciation) () <, 1X
R AL T DO PR L AT O el Ty 5 T
ATERR S B PEREE — LR S e EARt, B
SRIXSERFAE T RE 5 TR A B P B2 KR AR, H
HEAE BN 73 5 X By TR A 2 XX 23 T
WA 5—Jrm, ARk, EiERIER TS
FAEATERG R . B, SAEMZERAEAT R IEAD
7T B, WSS AR SR, XA, BTRE )
WA R GEF 15 TR KR T iR st A
% R BARTE (T, 2016).

124Nk, A FAE AR S iR L i R
BB, BB AN RER R T B
RERI AL, 2SR PR R AE DR R 70 O A ofe b X
LB —. B, RSB R 2y, M
ST ROCRE 2., kA2 SME & T4
VA B R (RO ik, K 22 Bevdh 2 18] ) A2 9
588 25 41 e LAAE SR AN ), (ERHR AN R X SR AT
AT MR EITCREN J1, X O KA
it A e idad R (T, 2016).
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2 (R AR PR ZE R DR 22 e R0 REIT S BT AR S 4 REL 22 B RS0 28, AR 350002)

RE: YHMZEMZ LS R EEA S IT, RO B AU S A ) 82— Wl 7 — HLEA
KAGBAT N WIRGE— HObRiE, XA K% 2 DT B OR, JIFLFEE M ZRMAE LR BT,
AR LA T WP 73 FEEWE T 8 W3R, MBS, A2 MR R GE A 7 2 b R 1 SR B
AR, IR SN TIPS K4 BN A A G D, 5 2 2 SRS 2 T R AZ LAY )
IR TS RIS S %

KRR WA VR, MRl B

Species concepts commonly used in fungal taxonomy

Yijian Yao", Yi Li'?

1 State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101

2 Fujian Province Key Laboratory of Plant Virology, Institute of Plant Virology, College of Plant Protection, Fujian Ag-
ricultural and Forestry University, Fuzhou 350002

Abstract: Both species concept and recognition are fundamental topics in the studies of taxonomy and bio-
diversity, and also in biological researches. There has never been any unanimous and clear standard for spe-
cies dilimitation and, thus, taxonomy has more or less been regarded as subjective and often seen as art rather
than scientific research. The backgrounds and the current status of three commonly used species concepts, i.e.
morphological, biological and phylogenetic species concepts, in the research of fungal taxonomy are briefly
reviewed here. The application of the three species concepts are discussed with examples in fungal taxonomy,
especially on interlaces and incongruences between the concepts. The materials presented here may provide

some useful information for the study on taxonomy and the investigation on species concept.
Key words: species; species concept; species separation; fungi

YR IRI 3 YR 2 REVERETT . IR R IR
FHERE (b T, 2016a, b), 245 RFWF5T
RN BRI A BIFEFI R 5y 5
SERVAZE, M) SR 2B BR WA A TG R
KRG, AR E T R KT M A 2.
LEFA AW 702525 5L ] (Linneaus, 1753), ¥)HPakik
e EAn A, AR A AR, 43 A2ERE ST
Z (PR IRI G S e FIfA . AR, BV KRG
RSt 11 W By B 8L S RGN

Wk H 1: 2016-08-19; 52 H 14: 2016-08-27

A R KB MR R . kK SCAEiL
& (Darwin, 1859)4 7r K 2E 05T A T 34k (1) AR
YIRS TR R A2 — AR I, A — M laT
HOpEiZ A ST

AR, YIRS R R oy — AR A
W5y K5 P e I F SR . HiMayden (1997) 148
b, AR RS 2 182042 Fh, Wi T C
LA oy Al IR JE 2 (morphospecies) «
BTy SR K 2 TR (taxospecies) A=) 29T

BT H o ERE B AR 2 R S 2000 HE Y AR H R IR 4 SR PR R o E RN B ARG E LR H (KSCX2-EW-Z-9).
rp R Bt 8 T H (KSZD-EW-TZ-007) AR RN FEfih 4 T.4f % 11 (2012F Y 111600)

" JEIEF Author for correspondence. E-mail: yaoyj@im.ac.cn
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P (1) 424X FF (chronospecies) #1 i 45 #) # (paleospe-
cies), LA AEW)2-F (biological species)fl RGE K H
2~ P (phylogenetic species)®s . X L84 bt & v %143
g BL& ¥ (theoretical) A1 7] #2 4F 11 (operational) 7 K
ZK(Mayden, 1997). FHig KPS & Ak, H
— AR PR B e B A AR ASRE
Ik, A B BE X S, DL i 7 U T
RIIEAH BB R AT i) F AR AE 2R, FF A b 2 1]
TEASE EAHE RGBS, a2 — b AR — i
A5 HAB P ARSI, BT A Bl A = A AR
FARE I G AR BRI ()W) PR 7 o3k A B R 25 LA AT,
AN At FH DU 20 AN R0 R i o] bRl DRI A
SEBRIF TN 1 B 2 1) 2 HH AT A I AT R AR )
YIFNES, WSR2 RS K G 24
£54% (Taylor et al, 2000).

1 EYERZzEANYMHBESREEFEE
HY 2] @

11 HEEH

TEE Y AW 5 )2 A8 T W) R 2 T 2 A
e, Y EMAMAR KB FMEIR. TBE
PR (Mayr, 1942)52 56 4 TSR ALK Fr, 3L
RO A BAT WA ) mT U (1 2 W Ao T A A
P, AT 32 AR 148 K373 T A 2 LA
TP AR, &M TS FM IS, B
TE AR by FERl ST 73 2R R G AN AT X 73 AN [F)
I, Ar 8 FE LA AT S ey b 1 2 4 g s
JEFRAE S i 2R oo b, U AT
Fugh b () 22 5 Rl 53 W 1R85 B (zygomycetes) . T3
14 (ascomycetes) . #H T~ 1 (basidiomycetes) % . {HAK
P TEASRFAEREAT (0 4% G2 73 RAT AT e vk S W A0 A 1)
IREIC R, R i) e A AR A i 5 A [ RS 5 1) A2
KR AR B R IS

TEA 2 PR S AL 7 R W I0 I R R 4% T A
AR IIAE L, BT 73 2827 A7 AR AR 22 [ A7 1) ok
Bao FERPII>2R2ERETET, /N B 2R T A e Al
B ASRFIEAEAE + 0 A R, ANFSEHEZ T4 5 T
W, BRI B IR X L RS 43 IR B K
RUTRH, TEASRFAE 178 5 50 5 2 A oA sl i ) 22
A IR E o W) 2R TR AR 2 TR
fEWL IR, K/ BUEAAESE, BEEBF TR AE
BRI OR, A8 S 91 A A 408 e i) O PR IR A 528 7 T ke

TOIESETCTEIX S HFAE, A AT RE R R A
WO K. IBAh, B BN BRI H &
M B AR AR B AR SR 5, T HORH R A2 )
o R RE E L RO R R ST S A B
AATHN TR, BbAA AT TN A e
Ji, JUFLRE LN HAT R M B AR

IEAL, TR G 2T SRR AE IR 1)
BARES, DR MRS — e R EHEN
BB S, AR TE VR A AN A A it 1)
TR B AN BT AN AL A B 22 ORI
1.2 &=

LA E YRR S A L, AR 2E W R
(Mayr, 1942; Dobzhansky et al, 1977) 5 F:3m M)
Ao CAEFR—ANSCHC T B MR, R A
Tk S BE RIS PRI AT S B R AE — ke, 1 5 A R e A
BRI A FARLERR B . ARV RS TE S ) LA 2
AR B A A B LA, ARAE B 53
FOH I AR M I A e R AR, 4
20% 1) 1R ) AS 7= AR R o R, R A R B
(Reynolds, 1993). 1T >KDNAJTHI 53 H7 &L H AR 5
AT REIE AT AE K 5 AR I8 1) s ) (Benny et al,
2016), T IXEEWRhHS 23 A ORI R, AR %%
BRI RE, AW P S R AT BN
SE B )AL R G0 S A il DR A — e AR
WA RGBS, H B A T AR B I R AT AR
—ME(Ni et al, 2011). WFFTACHL, SR I B
(Schizosaccharomyces pombe) %54 Fft p 42 38 77 4E
AT M Y 345 (R B % (Heitman et al, 2007). JiTfiiX
LR B T T AR 2 PN A R o EEE SR )
N
13 RAFEAEFM

RGRE P B . i Cracraft (1983)4&
i, 5 Hennig (1966)%2 t 1) 32 /5 # Fi ik 22 (cladistic
species concept) &1L, s&FH A7 AEH B AL AR R I
S e NEVIREAR . RGER T RS0 1) 46
SRHN RN, ERAKFHMSIREZY, &
R B PRI o L R OB T SRR AT AR
3T, (HITAEKBEE DNAMN - HAR K & Ji, DNAFF?
St ) Z N H TR RMARE K EHIT. 18
T RGRE AT, RSP 5 OB
WA RGUK G FPES 5 A2 PR LT 1R 1
ok, SIEAFMA S R TN, B
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e LA SR A S ABAESERRITST T, &R
GER B R FE AR Z B 2 I I R L35
WA 3R G0 R B W IUIR 2 8K TS 52 D5 43 #r
AEAE BB 3 S0 18 1% 7P (Rehner et al, 2011), ITS
AL AR IEVE R I et . A, BIE R Gk
B o MR 5 R AR o W) P SR IS A7 A 1)
AETE. JEk, WY RGE KGR Z R 2
DRI BT () 54, WILSU. SSU. rpbl. rpb2. f-tubulin.
EF-1a%5#f 2 FHIIDNA T B . Taylors$:(2000)4&
ETZERNRELKE M ISR BN REKET
2% Fh U574 (genealogical concordance phylogenetic
species recognition, GCPSR)”, AN [F] 3 K £ 43 47
TE RGP — B0k 2 A PR 73 A . GCPSRAHXY
THRERIRETHZMREKEEE, IR
TEAFFAEAE LAX 73 () 26 H aiNeurospora. (Dettman
et al, 2003, 2006). Fusarium (Starkey et al, 2007).
Aspergillus (Peterson et al, 2008)%%) 7z N H . {H
GCPSREIJ3 th Al th 5 ZRAF A AR M pe
A RS AT RV YRS T S
SR SCRE o AR DU A 1R FEAIS, B DR 2 0
¥ (R A B AN W N, e A i DR 2 R A%
AL FEHTEDNREKRE 50
(Hettiarachchige et al, 2015; Dentinger et al, 2016;
Leavitt et al, 2016). FERE 58118 L REAE I AL LL
E2 NP AL = SWE (BB MPSE R A€/ R GG
SRPIFHE ) RGER T RAR, ik B R
— AR

2 AEYMEZZ BRI

TEREM . PR M RGER B MY o
R G HAT A EEER N, H3 RS
MR IHFAGE W, —BkUt, — MBS I
SOFEARREY AP ARG R G F . BEFRYS
A Rl S () 18- LA B 1R R (Armillaria) (# 1 0d
AT TR 20 28 2 5K DL S EL U 4R T
TP A R, R NIAK AR 2
— N, BRI Armillaria mellea (Vahl) P.
Kumm. . B #& 1% 28 B A2 E 4K & 19 2 57 (Hintikka,
1973; Ullrich & Anderson, 1978), 2 ¥ %3
AR HAANERE, KO ATH G HLDR] TR
A ERUMAZS LI ZE R, R A IR Sk B ) A
(Korhonen, 1978; Anderson & Ullrich, 1979). At K

TR 4H 1 TR ok Kz ) - (Pleurotus  ostreatus) 25 7775
T2 Fp A 55 AN 5] AR 40 2 M R AR G0 2 A 11 55 491
(Vilgalys et al, 1993). 1 HIXFhGOi4E 730 . B
RS At /N B B ) b o] B EE A A

[FIRE, AEVERR RS R T F R & AL
ER) AR 2 BB PR e . et AR S A
(K111 H-(Pleurotus djamor (Rumph. ex Fr.) Boedijn)
W 22 K VAT 5 RO B A K 23 S AN [ R P e,
BN ) AR IR ELAS RN AR S i e B, B s (e
UG B KRR L SR KM MRS 5, 200
DA 4 44t K1l 20 HE R AS (R Rh S S B b 2k A1 8] 1R 49)
P o TR G AZ S A B 75 B ATV M B 11 43
RAF I, RN BRARE 532825 T AR (1) TE 278 S Al
KEELE. MERFR B, FLifEHZ
SEDRI A A VA X 2y B Rh, DRI ARUE
TERSZE 5 o LAV AR S5 1 £ F oo B R 40 (A A vt Bk
I, FEAEEEE) (Hypsizygus marmoreus (Peck) H.E.
Bigelow) st /77 FI AN . MLkl KM
Moy LA SEA R TS Y, T X ST A R 1 A
BRI PR 22 3 R AR AN R R o AR R 5%,
bR T RINWETORE S e . SR R B, R AR
W) S () S HE

MELESEBIERATA AR, M)At A A B
e FAE R, (HPRh BRI 3 A0 SE B R A o R rh I
B G — Wbk, SRR THES S IEA.
I3 ¥ CA S AR 255 22 T T IR UE A o

3 RE

TS 250 W) P o 33l s W1 Tl £ 5% ol
AR A — B MRR L, AEARAA 2 A I 8]
W] eI — AN ST I . (H RS SR T B
R 5 RTINS (5 i, SR ) BRARR R AWK
AN, PR RS AR R G T . AN TR (0 A= )2
PEAERAT AR IR 5L, 2 PR e 1 N th e Ay
ATERAMFAE o BVF IR SR ER R Y
(1A= DDA AN 1) A1 FEREAT T IR NS, A
eI 20 I ] T HuBR LB 2B R 2

Bt Bt (CEMSAENY THRL AP AEGE
g BF A, PR RB T RIRBZI NS 7

® Nicholl D (1996) Relationships within the Pleurotus djamor species
complex. Master’s thesis. University of Tennessee, Knoxville, TN.
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FIRIBETL AR, IR R W R L E TR, A2 SRAbEE p B B R G vt VA I B T
18, RGN RS 2 oo A B, (HE AR R LAY A RS S57), AR LA PTEN“H
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Comments on species-level taxonomy of plants in China

Qiner Yang”

Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South China Botanical Garden, Chinese
Academy of Sciences, Guangzhou 510650

Abstract: Very recently, Professor Deyuan Hong, the editor-in-chief of the ongoing Flora of Pan-Himalaya,
put forward a series of proposals (which may be conveniently termed Hong’s Ten Points) on raising rational-
ity in species delimitation, a hotly-debated question in systematic biology [Hong DY (2016) Opinion on rais-
ing rationality in species delimitation. Biodiversity Science, 24: 360-361]. The present paper is mainly to ex-
pound on some of the points. Even after the Flora Reipublicae Popularis Sinicae and its English version,
Flora of China, was published, many species-level taxonomic problems of plants from China still remain to
be solved. This situation may be due in part to previous unsatisfactory taxonomic practice and in part to our
poor knowledge of taxonomic characters of a large number of plant groups from the country. Indeed, a very
important stage in plant taxonomy, the biosystematic phase, was basically missing in China, and even the
consolidation or systematic phase (one of the stages in alpha-taxonomy) has not yet been accomplished for
some groups. Nowadays, it is inappropriate to emphasize the separation of orthodox and experimental tax-
onomy, and a multidisciplinary approach needs to be adopted in addressing taxonomic problems. To gain a
fuller understanding of plant biodiversity in China, creative monographic work is badly needed, which re-
quires the training of young botanical monographers. Moreover, it is suggested that practicing taxonomists
should take extreme caution when employing population concept and statistical methods in their routine
work. Finally, it is argued that every effort should be made toward a broader biological species concept alt-
hough botanists have to accept the pluralism in species concept. To revert to a purely subjective species con-
cept, under the pretext of the existence of the so-called lumpers or splitters in systematic biology, is not cor-
rect and must be opposed.

Key words: multidisciplinary approach; species delimitation; species-level taxonomy
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TR SR L (A 2 2%, SRR R
— LK FE BRI 7T AR 1 99 28 % 5K (practicing
taxonomist) X} 73 2% 0 W B ——HFh &Il o0 ——11)
LR IR R AW A . Frie BRI, AR
PIh %, RESR MY K22 TAEH LTI
FHount B AWt TAER“SRE . RN EFEHIL I
Rl RIS PR TAESL IS+ A IR, (HX R e Sl 51 i
TR E A 4y 2K TR PG KT S A
FOHAFAE (1) — S 58 U ) 8 K% L mT 6 1) A e 7025 1
e

1 REEWTEEARMRK TS %S
EISRA G RR

(hEEEY ELE, — RN ATRE
TV HI F R IR ARTRTE o (HIE Qb4 oo fe AR 7E H S
HfE tH IRE, (P EREE) RIEREMAM . AA
BRI AR UE A A R G DL N B s kAT 1), H
HAEAE A R 0 R AR 2 o B WA I HE AR
1) CREEYE) JECE1T MFlora of Chinafif ik T
Forp— 2] @, H B3 O o B B o 1R
WS JRYEN L, 1R 2 41 J7 15 38 % 3 SR8 A 24
&, FrUAD BB s RSO B R, F SR
R L R — 8 AR (1) ot 2 7K ST 3 288 ) AR 9% ST AR
SR E BRI TS ok, AR SR
(Ligularia Cass.) Nfl. ZEM K E# I A&
BEEZE WA, 1994), THRRATAI A2 F T H 1)
7o 4 L W SEPRIG Ol IRk, g4 (hEH
&) FFlora of ChinaH [ Ab BEH A7 (R4 2 B B 11)
Iy 2K A f(Ren & Yang, 2010; R FI 3 —
2013a, b, c, 2014; Ilarionova, 2013, 2014, 2016;
Wang et al, 2016a, b). HH K 2 % n) L sL IR
Jo B2 2R PR AR e SORE 20 B, M iR SR AH 24
B A AR AT U A D 06 SCHR AN 2 5 b
ARERT e & H B bR A" 2 it IR 2675 /L 5%),
AL B AT DA B A R R0 DA IE o IX S E R
AT B 1) B AR 73 20825 ) R0 v HL R IRAE. o AR D)
&) FiFlora of Chinarf, IV K RIS A4 IR AR
AR BRI AR L W AMER AR T W]
DAHEAR, WR—AN BB G R 2 Fh AR 7 b PR
A, U AT R IRME LT, =45 HEbrA %
JE T R Z WA, JCHXN— L TN FH R
HIF 72 F AR S AU 2 3 1 AR 2 (S br L B &) k1

DAFIRIFEN . ZEIEEEREEYIRIE, ik
W03 5 52 10 AR BRR RE N oAt TR 22 BHRIT H,
HEEM D FEFIH R R ENTRES .

2 HREEVDEFMREEZLRMERL
FHERERE

MAE) 53 S IR AR R T sk, — ML
BRI 7 K2 FU R BT 70 NAB B (1) %68
IR R M B (pioneer or exploratory phase), iX—Fi B
[ 5r K0T R R T ADBEFR A, (2) U 2L R G b B
(consolidation or systematic phase), iX— B3
W TR AR AN 12 BT AN 552, () A
2 B (biosystematic phase), X BB LLAT P ANBY
BRI AR S il 3 HE X IS HE (00383 4% 27 A 4T i 2
7, (4)E RBHE P B (encyclopaedic phase), iX—Ff
B 73 S0 90 B T X0 & AN AN [\ 22 R BRI 25 A
(Davis & Heywood, 1963; Stace, 1980). 44RiX L&)
BOFAEEAA T 2, MEMAAEES . R AP Bt
FR Jyalpha-7) 2% 2% (alpha-taxonomy), 445 3 T 4h ¥
TEAHARBAT 732K

R\ S H A S5 /D o X R0 B 2K — 7 T H A
VIR AR R, 5 TR AT SR, BT
CAILAE W) 20 A F B AR Bk 8] T WA A W5 B,
AR RIAT] T AR BB IR E S
ME, Z/08FAEYR 7 KRR TR A B 58 s
BEIRRI B, SR E B R G BOL A K E TR
T, P AE Y B TAR A s G, X 38
REEMEY) - EERR TR a2, i
B FBUR 2 70 K25 K A el . Ak, 18
(HEMEYEY ElbE, REMEY KT
BN 4k 2R 58 IR G BRI 7L, TR N R ZE )
B ER AR B H TR EE, RER
T 2 FORE G I AL, N FIX — 2R
PRI NS BREAD . (CHEEDE) 568 i G
BT RGUFHINGE, R AR R IIE
FIDNAFIAR, H.OmA T RG K E WAL, XL
ROABEAERIRE RGBTV EY)
TR B, M HAR 2 KB R A B ot
AIER XFE, HRR. SEF0 H AR S5 X N E S E
T E R 7 2 AR T LR 3R
W, FEIRE RN E, BFANERE
MEE T AN, SV SRR AR ok T
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fifg, —LeE B MY AEDEEB(EHITR —ARED
BDATH o X BT SRR, AL B KT
RS TR FE OB ASMARBE 7T 405
ML 5. B H RG50S A G E = . il
TR 45 800 F193% 1) Fh 2Ktk = Ju iRk H o
(TS, 1996). HoAMImEALE, BIEERE
BT TR E (Actaea L. s.1)IXFEEA BB 25 HME
AR A Z A, — BN IE S ERAE BB
HIRZ 2 H. WiEg)IIFHER(A. nanchuanensis (P. K.
Hsiao) J. P. Luo, Q. Yuan & Q. E. Yang)##ii&504 5 it
B RITESMERIHRGE (Luo et al, 2016a), Tfifi A
FHBR(A. brachycarpa (P. K. Hsiao) J. Compton)#ii&50
FJRIERA LIS MRAIRIE (Luo et al, 2016b),
S (hEEYE) FiFlora of Chinarb s Pl
W) S 12 )& HABMPSE IR 43 24 b 3ER s B 43 A 10 BT Bl
LoD R AR . TS, BEIEWR YR,
O A TER DA A H A SRR Ak 0 H s A BORLER
AIRERIRAMMER), S22 ATTEEE . 73R 5E
IR G A TFB (B IREE FL2%) . Jeffrey (1982)
MR, FRATSEEREEAT 5 R AR TG R AT
NN ¥ E 2, FRAT R & 77 1 B PR N 45
B, WAV B KA G TR b . B4R,
TSR 3 T A A 43 2 27 i S B B 56 B DA
yRAN R E AR ) IR A e, W
T fiff e T8 I R A0 7K T 1R 4 288 25 i) RN T A7) 5
BT E Y ) KA RENT . FRIE —LEAEY) 75
KRG FRH B R X, AR BRI AT
BOAAR RS, AN BRI HAb =B iR . 1248
T 2 2 MY IG5 5K AR Sl A8 e A A — AT
FAEE R E BT g R, Ah R AT R E
TDIERD AT FUIT 75 ZMAR A _FR D ERRL, (H—
673 R 57 K TC AR AT T 5 o R B VIR
ZRIARE, LIOS AR AT 5158 Dy e in BABH #¢ o
EAFHR A, Iy pg )1 T JBR 23 8 Ak 3 AT 1
PR3 A0 B AL 1R BB 3 BUZ A G BRI 2
A3 A T HAE A= B G A, I ade Jy 1 #i
a8 N RE I Fh 2 —, — L2235 WAIF 5
XoF FCEAT T W SR DR O 9 (B ST A, 1997, 1998;
FRILAE, 1998; & T AR, 1999; K5,
2002). HLTEA K, X LR FE 0wl 42k A7 7E In)
DU LA F R B SR ZS v I IE A Mk KT 4.
SE, “H MR > R E 2 FEERE AL R RI ]

FREH AL (3t BB +2%).
3 NP5 EFhpy R HHEE

JITi8 £ 5y 25 2~ (orthodox or classical taxono-
my) 54 4t 43 25 2 (traditional taxonomy) S fx_E gl /&
[ iRalpha-7KF (1) 4y K%, R EEE TN LA R
BEAT 73 RAL B . 3K 7 S B T AN AT B i —
o AR R RERIS R, FRAHE SRR 78 T
PERN G 8 NA BE TR LLRISS 77 8k H <28 B HERE
YRRV R R e —, BERA
fegitk, NHEARSE. BT ¥R AS%EEH
O TR}, FEAREE R B HAR 2 AR B UEYE A
] @, PNt A 6 55 2R A 1 (unending  synthesis),
RE A BT I WSORI ) FH A () 27 A £ 380 4 40 5 DA )
WL R, B HAb 2R R R AW . 1)
NRFETT GRE TR e T — AL A 1Y)
R F ARG R TTRE T Z AR 15 S (B IR
H—2%)o W BRI N FERHY) R R R R
VLA ik BT SCE 7 A%
RN i B Ot 2. H AT R o 22
(28 B 75 T AN LASR I S bR b O 2R R e
Todd o X —J7 M2 ik HAR R 538 B KK,
LA RIS T T, it —L sy
FEFE L A, AR CH NG K
R, NEFWIELE O3 T 47 5550 %= TAE AR
B AR SRR, W62 Tz iz R — S A A
FB5 IR IR 1R 43 2 5 ) i (R AT R ki DA TR A
YMEARSEAE, AL T I, RSNy
FEAERTI AR T A R R H A 5R) KRR
SR, HREHE SRS, AEHBRATEA
Loy 2257 RSG5y 2 (experimental taxonomy)”
255, ARFEMARILT R E e T4 KR Y
ZiRE A S A AR B A R, RPCmR g AR By
NI T C7 Tl v AUIE. S

E % B RR A5 &2 220134 o T4t
EY D RENA R FZEREIE, | ER R
BRHMKI LR BB A R, HE2 R
(1, EEXH AR SR . (E AR I H A RO R 2
2L B K E N A K53 (Training Programme for
Talents in Botanical Monography) ML 58 fié sz i H
Wy RS 2 RUAR B T 95 S5 A MRS ORI SR )
S H AR R DL RN B R BUR . MRt
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2 T.{F (botanical monography)& ¥ fig 4= ¥ 22 FE I 1)
Fenli, MrEME UL E, A AT Z R RS
FLEMEME DR E AR TR BT
KL F RS B SRR ] fe A1 (115 2,
FrUERE R — I R R (EE R W LT AE)
I, R FIE B — AN R/ INE Y B SRR T e L 3K
SPRIEETT, WA AT RE A HAE Boise 5 A B 18] AT 7 2|
3 TR ) 3R BURT 23 At 77 T 45 21 4 T )1 25 110
N—RRIEEII KRR 20104 E R 52K
222> 5 A A Monographic Plant Systematics:
Fundamental Assessment of Plant Biodiversity
(Stuessy & Lack, 2011)/&—AfE 3R E M) 7 25
FHEN R —E TIEE RIEREE. %P E s
HE T RAFIGELUK, TR T/EERM
HGE [ O IDNARAR, 4538 Harix—R L
VEE R ZE T XM KL TR, KBits
PR, X MURILILAE A o LAJE % 5 50 ik
T R L TARE Y Z AR i = 22
PE R i & AR AR (W E & 273 7). DNA
I, BPANELL, REOCE. YKL Y
MV EYER T S RREEHT R
W7, IRZNUCR T IR R S AT A 55
KRR LR AW IR 5, A
A k& 1 2 T AF # (monographer) fify 52 75 B A 24 K
MBS IE] o anReAFamiE@ iz s, MR RH4" Y E R
e ZANETRI: SRR L DI S e H
Wi K] SR P 7 285 1 3 AR, BRUNIX M AR 2%
b, SEBR EEI53 oI B T, — 2 1 e AT
RE T ZAL 51047, 73 RF L ZMsgm R 1A ] g
R, EHEMETEER T 10BN e . &k
304 43 28 2 L 2 B D 1 iR IR 2 — VR K
TR RARKE LMY TIET . REKE I
HIBIEFT TS5+ 7 BB AT, (H i T R B B A4
ROTFM AR AR B A, PLBUE N R G K BT
TR L35 TAEM B 20%, 184 Z BRI
Jih R B ST, X FROIR G 4 T ERAR AR ) 2 FEVE K
HABGRY A AR N TR 2 DL S )
HHR BT

4 SERBRETFNARBREBSMNEERE
XM EE S AY e

7 BT, e AR A 10 S A e A PR F) A

B IAE, BIA 2 57 AR — 2t 8 T A [F
Al X — U R A 5, (A SRR TR H 82
TAAEREBE . FEARA S AP AP g, TEX— AN
FEIC A RNNRIIES T, BRI TRk A
FIS RS S SR N SN R K PATTE S T == R N
YA AR R A B T — MR R — R BN
FRIRELAD), DT g A ) 22 e A O Ja T A 22 S i T £
AR R . 53— TJ71H, TR AR TARAE
JE B A S R 2RI 5, B SR A A 22 R TR
TR AR S 3 S AN [R) P A TR 1 22 S A IR R
PRIAE. X7 I#S AT Be S B KA AT iR . RAEL
RS L& (Aconitum L) AR =2 3L (A, an-
gustius (W. T. Wang) W. T. Wang)Fl &5 it & 3k (A.
finetianum Hand.-Mazz.) i il 22 S B FE 4 1R IX
P AAE TR B 2 oE L WL YOS [
Wy An, A8 F B VT e S L AR KA — e,
TEACRE B . FEAIE S5 5 3k @ AH 2 F TR R
J7 A X, FRMFRAS 2 W FH B [F S AR A A I 4
B NI AR, P LA I e AT AT g AR
RFE—F m RN AR 5k & T AF-40 1) B 2R
SO Z A 2 I 9T, RO — 3 1) e Ak 3% 1
(M5 = Sk A VU fi A, T i 5 Sk oy A5 R) %
RUAH RSB AN TR, (7] B 30 DA IR A 25 v 2 Sk A
N3k (A, sinomontanum Nakai) (£ 44) )28 F
(Bflvar. angustius W. T. Wang) /2 A && i, LLATHE
eSSk IR Z R by bR TR S S k.
X 2 il E B eI 22 AU TR B T M N AR Rt e A
[R1 40 2 ) PR 22 S A ) 0 0 PR M P 175 490 (Gaao et al,
2012; Hong et al, 2016). EHEETHKEA FFIZEH
TR T SR T IR RN B AE T B (Actaea simplex (DC.)
Wormsk. ex Prantl) /& fif 5 5 =0 i = B 4R )1 A=
KAER —H#Ekh, ZFHBABOELL, KA ZHE%
FIR) I 9 b AL AP0 F s A 0 20 A ) 5 9 g 28 e g [ —
fifi(Luo et al, 2016b). KA NI E N BIRHAT JEHE
MES, (EAZERN BB . Comptons%(1998) K H%
&1 H-Ft Bk (Cimicifuga lancifoliolata X. F. Pu & M. R.
Jia = Actaea lancifoliolata (X. F. Pu & M. R. Jia) J. P.
Luo, Q. Yuan & Q. E. Yang)4l iz kb3 48 J T+ R
4 WAL JE T RN D . 78 FT 2 S 2 1 Y
IR E TR I, 5 RTH R A A0 Pkt T wR
(1 e 2 525X (paratype) 47 A< (37 I8 16:89022 (PE))-5 K
H V8 T — 5 55 R T BR AR A (3 71 1% 89021
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(PE))FIRES N IEIFMIE. X TR RS T Compton
S5 (1998) [ 7 AL HE . SEBR B i T BRI R
o —Fp MR AEY), SRR TR S T X 5 (Luo
et al, 2016b). TE/F =M T, BRI W 7 5 B A
o PRI (LIRS =) RO L, H
BARREAE AR R R /NG, T HAABRLCNIEASH
LHAKAE— BB — € 8 T —AN &8, 1%
A A E H X AKAEAF S ANE 5 — 2 8
TASE AP, FRIR S5y S8 A FURA S 7R ZE K
SEBR TAER I 2R, 75 BN WA 28 40 PR AN ) A4k fi 2t
M58, TRNIET 2 FE WS AR 1T ge R H 2 224t
FBIT R ICH R

ERFPRMHS T Z TR FEERZ TIES
43 M (multivariate morphometrics)) J¢ &t th /& + 4 &
B (t ERAE = 5F), (R ERE R R AR BT i)
IR A BOF 2 T ST TRt A H
BERAT RIEFRCR . i RAERT— AR A RIS
2 AT AR RS OL N SRR IRAN, SEPR B IEARE
B IEARR 19 B8 . LeeFIPark (1994) &4 % T ik J& 7. —
SRR SGEAT 7 Geut b, AR AT 2 i g JH v — e
W ) B SR T R SR T RR P A 8 A DR R R 1 T R
PR S PIRER = T AR, it LAt ) 45 2R 5 Compton
FHedderson (1997)fI58¢ 115 45 FAFAE B A A,
WRARRERIIEEY . Y. 2T RAFE
HJF 95 45 5(Compton et al, 1998; Ren et al, 2012; Luo
et al, 2016a, b)IKISCHF. R, E e RERHE IR
AT AT, NG HRHE S NG F 5%
AT M. = B R DR R S R A AR
TR, 73 R FAE AT Gt S 0 M i S a7 REVE 4
HRGTHER, ULRIES i fE o Fogh )
FERE ) IE R

5 XTHEUYMEHSHZ T, #Fe“FH
JR”HN“4B 53R

YRR R R A UK I DR A i 4z, BT LA
Tolt B4 B 5 A2 0 28 2 5% e L BLAHL [ I S it J I fe
B —I0 TAE. “A42Fh(biological species)”HE&x &
H AT 2 B2 MRS, (B o m Sy
AFEF A 4450 . SR AR ARl & BT R,
VIR 7 SN2 B, DRI 5 4P 42 R A B B S A
HESK LN 2 A (1 A 2 P S TE S S A A
PRI PRRHLEL 1 £ R B2 2 ot A

(pluralistic species concept) 4% Fl HE & 1 2 oo
(pluralism in species concepts) (Stebbins, 1993;
Stuessy, 2009). RIS, XK Z HOA A EAE
W &, Stebbins (1993) 3Tk T LAY F Ak &
(a broader biological species concept) (— 77 TH 5% 1 4=
FERRES, RN EREA. Bk, ARSI R
FR)IERTTHLR), FD I KN 24 55 13k BT
IS RN TAERT LLR 25 B bR o 2SR TAEH,
FATAT e B FH ZRAE 73 258 77 1% RIURR 48 VR 1 4 [T AH
AR 17> 26 % (phenetic grouping), LA A HI A 55
HATIRNIE A, 5 256 75 18 25 Fh R 3R T 1A 315 2
R PRI H bR X0 TAE 48R0 TS 27 7117
T R G442 (systematic biology)H ik = 4t
— W RIS A R 2 BRI A LR B
I B9V 3R (lumpers)” AT 4023 IR (splitters)” 2 5 (4t
REBILSR), Bl —se2z g e ph Rl 4y B RASAH
b, HEARREE A THSR NAECS
A FEAIRAL, TR RAR 2 3 IR A SEbR B IEA
FELE RV P o AR SEBR bR R4 53 IR (A0 A 75
FBEA] T % K 249k (Komarovian school)) Xl 24t &
A RN LT A M S e 2 B, B R
CINYS 5 TR N L 7 IS 1P SR ey il NSt
T SC @ T — 58 J 37 1 1 43 28 5% S 44 (taxonomic
entity), L8 5% F \ IX BL SR R Y R H A T 1)
WIFRTITAS R Tl N S BE, IXFE I 5 3 BT FR O 4 43
UKo AB IR 58 4 AN S AR St 1) 1) e 1 AN AR FR A G
P, AN T D HObR AR B 2 — 0y TR A AN 4 1 AR A AT
IR M DL MR AR S 2O ) 47 0 T il B i iR
Wikl DAECR R B —A Bk~ 1 i) S & fiR 4 Fh
(bR A S 2 AR M, X RE AR AN Re VA T
“YH IR R REFR A “ELAIR” T o M K [ SR AN
D 58 A R T A TR 2 1 G (B PR R A ) o R R
)R, (H A BE PR T 58 4 30 R 23 )
fie BT 035 TR E M, 73R4 TAEd
HI — SO R R R AR MR S0 1), (RN SR DLy Ry
“YH 3 PR AT IR i A A T B R T
WRATTEUR) o X R I HEER 2B i P R 22
DUk, Iamgs JE N TAERS InvE 2 44l . “EL IR
FRIRIE 9T &5 SR 2 2 HA 73 2 25 5 SR AN R0 7R
%43 (psychological effects): 15— Rl it 741
55, WA JE RIMEZ RS XA KRB A, BB
B o5 IX B C 2Rl o 4l o R RN — B A
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ViR JuETR, B JE S EUREE B R T (Davis &
Heywood, 1963).

I3 M G2 2 B R R o A P ok 1Y)
SR BRI 2 SR ) O BRI ), [l — LA =
TR T — S RE T R IT . —
ST R T 452 BB B BB 50, EARE
AL BIEL R MG BB ATE N R A IR . SRR
b JE 77 T A A A [F] R B 2 (Davis & Heywood,
1963; 1R, 1998). UIREE G KL 5 A3
TR & A G 1, AR AT 5 288 A 3 S N 6 T VR NI
5% .

Bubt: Bt B A AL A A A PT B ST A R A
A S tm BUAS P

SE 3
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HZE: RSB 2 B A Py n] AR ARG AT A& B ok T R 15 B B (Elaphurus davidianus) 7 [ Bl S - B 1 251y
A4k, 20134F11 A 22014412 7, KA PRER A Ay M Ak, ohlAb A v B RE I 5K 9 B AR O X T4 Py B
184 (] R JELFFE 7 F1L84AN % HERE 7 (R AR A TR A5 BEAT T e S o 5 R B K A3 1 ) kil
R EE R R, EASERE. YRR, ERE 0 E M) BT b4 B (P < 0.05), Jf
BAR KRR R P e B 2 S PE R IS 2 R R AN B3 (P > 0.05); HERNMIERA AR ERK. &
W) A R B A BE R R« M B 5 e D R B i A e | BR /KIS Mk AR S5 BN (P < 0.05); &
Zo A RS PRAE RGN FEE 5 i S AU A2 E B b o U R W RS . S R P S
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JEAEAS R ZEAT (7 ) B S MU AP AR S, XA RE S A RZEWNEY. K BES A TIER 70 % 70
Ko HBOZEY XY KA REH AR {5 B BERE RN S BRA BT . A AT ST oE KA

FEE: B, AR R, AEEIE R AT OGN, WA TSI WA T R E K g AR X

Seasonal variation in nocturnal bed-site selection by Milu (Elaphurus
davidianus) in Hubei Shishou Milu National Nature Reserve, China

Chi Li*, Daode Yang"", Yuming Zhang?, Yucheng Song*?, Pengfei Li’ Zhigang Jiang*"

1 Institute of Wildlife Conservation, Central South University of Forestry and Technology, Changsha 410004

2 Administration Bureau of Hubei Shishou Milu National Nature Reserve, Shishou, Hubei 434400

3 Administration Bureau of Hunan East Dongting Lake National Nature Reserve, Yueyang, Hunan 414000

4 Institute of Zoology, Chinese Academy of Sciences, Beijing 100101

Abstract: Bed-site selection is the behavioral adaptation of wild animals to their ecological environment. In
this study, we explored the seasonal variation of nocturnal bed-site characteristics by Milu (Elaphurus
davidianus, Pére David’s deer). We used direct and track observation methods to assess nocturnal bed-site
selection over different seasons (November 2013 to December 2014) by Milu in Hubei Shishou Milu Nation-
al Nature Reserve, China. We recorded the ecological characteristics of 184 nocturnal bed-site plots and 184
control plots. Results showed that Milu preferred bed-sites with greater woodland cover, a greater proportion
of vegetation, abundant food resources, and proximity to shelter (reeds or woods) during spring, autumn and
winter (P < 0.05). Moreover, differences in distance to roads and to human settlements in bed-sites selection
were not significantly different (P > 0.05) during spring and autumn. In summer, the Milu population pre-
ferred bedding on bare ground characterized by a low hiding cover, higher herbage coverage, lower food
abundance, close proximity to hide and water, and an increased distance to road and human settlement (P <
0.05). This is in contrast to winter, as the Milu population preferred bed-sites with lower wind speeds that
were closer to roads and human settlements (P < 0.05). Stepwise discriminant analysis indicated that seasonal
nocturnal bed-site selection by the Milu population could be discriminated with three canonical discriminant

AR 1 : 2016-04-29; £25Z H i: 2016-08-24
BT H  WIETA A RREHE 4 (2015002195) H1 [H 5K [ SRR 255 45(31071946, 31402021)
* JLFJERfE# Co-authors for correspondence. E-mail: csfuyydd@126.com; jiangzg@ioz.ac.cn
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functions. A Fisher discriminant function composed of herbage coverage, food abundance, hiding cover,
wind speed, and distance to hide and water could discriminate the seasonal nocturnal bed-site of the Milu
population. The characteristics of bed-sites selected by Milu in different seasons had some similari-
ties and differences, most likely as a result of food, water, temperature, and anthropogenic interference. On
the basis of our findings, we suggest to expand supplementary feed base, to retain vegetation that provide
adequate cover for Milu, to reduce anthropogenic interference and to regulate water levels in the oxbow
around the nature reserve for the conservation of Milu in this area.

Key words: Elaphurus davidianus; nocturnal bed-sites; habitat selection; behavioral adaptation; species
re-introduction; Hubei Shishou Milu National Nature Reserve

5 A4 By ot A B 1R 3 3 FUR) FH A o A R A B
B —FhI&E AT A, 550 B LA KB 5 AR
ARSI B UIAH DG (AR A2 45, 2004) 0 il b ik
PRI AP AR NS PR BT S Y, AR e
fiti 77 (Armstrong et al, 1983)F1 J 3l £ 5l (Smith et
al, 1986) 1 0%, i B AL S AT by 3 W 1 OB A
R MENEHIHTST, W T R AR S
XPAS[RI A EE (R B 1 i ek, DA A N RIE BN I
KR (Zh4E, 2015).

H A5 B R BN R I BT R IRE R £,
1Ly J& (Cervus elaphus) (Millspaugh et al, 1998; i
P44, 2009). Hi(Capreolus capreolus) (Linnell et
al, 1999; Van Moorter et al, 2009; Qin, 2011). [ &%
(Moschus moschiferus) (& & 1> %%, 2007). 7% €
(Muntiacus muntjak) (Teng et al, 2004; i M %%,
2007). #i7:(Ovis ammon) (WJ4L %%, 2009). 2
Jt& (Odocoileus hemionus) (Germaine et al, 2004;
Horncastle et al, 2013) UL M J& J& (Elaphurus
davidianus) (4RJTiZAS%E, 2013; 2=, 2015)%, {H
KT B A 1) B JEL b P At 0 8 28 2> (e T 5,
2007; Li et al, 2015; Z=55%, 2015), H A 2555
(2015) 4 T 3 5 JEE K 2= 1R 1) b B b 326 6 1) BT 5T 45
Ho TRATTIE I F A SOk A B B TR A, R I
Wi &Y. MR, BARSGE .. AT
DRI~ 1] R 52 Ml JBE B 1Y b SV e ¢, A 7 1 o 5 Vi) 8
JE A TR) b B b A 48 1) 2 A SR, 20134F11H &2
20144F12 1, RHIAEAT E BRE [ X 2 B AR AR 471X
F2 PN TR JEE PR A AN () 215 1 28 1) B JE M ik B R AT
TG, DB A E N B RN B R A O R
HAROR X (1) 20 BRI 2%

1 MRS FFRGE

1.1 WHRHXHEDR
WA A R K H AR R X (112°33" E,

29°49" N) (LA RIS IX), A7 T3idbA & i kin
RIGUHOE 557, ST 1,567 ha, HrZz.o X i
FA730 hao LR3I IX A, P35 m. X
JeE NP vty 2= G e, DU B, K E AL . A
B 17.4°C, E B A 91286 d, A FE K E
1,282.3 mm, FERJANIRSET5.4% . TRY X FF LR TG
PHHOE A F K (5-9 H) S KITIRVLBARIE, Hom
IKAEAE36-37 mZ[f); Al ZKI(10 H 428 4E.4 H ) KA
—AE33 mA AT (Wi 1A, 2013). MOE K A2 i
f£5.9°C, HZH526.9C, pHIH7.00-7.49. {RHY7[X
TR R AT 5 25 (Phragmites australis)FE % . =
#(Populus euramevicana)#k . 74 (Salix matsudana)
. M) F M (Cynodon dactylon) #f 7% . - & i
(Eleocharis yokoscensis) #f 7% « i BF &% (Leonurus
artemisia) E74 45 .
12 #R¥E

JE8 S v B R R R M S, W
AT T IR E KL R X, — B [
19854 - By I NFRE, 0 E K — G SR B A 5))
Yo PR X AL T19914F, T-19934F F119944F ML
HUBR LIS I NG4SR RE, TR TR X %0 X ]
B2, ST T BRI A (M 1 4E, 2013).
BE2014912 1], fRIP XA A A B350k Aty
TRAIX A R RT R AR 125K, SR JE33FI87)E,
L4825 95 (Astragalus sinicus) Ji A MR . 28 B H 2% (2
I %5, 2015), WiarAnie B 3RV 5 B
BT BRI BB AR b . BEREAE AR X N B il
BERE, HRPH Rdn M. B HEEANN
TR e R JEE ) LE AT M BN .
13 #WRAE
131 RAERE

20134E11 F 452014412 H, SR FH BRI A i
BN, "HEZFGB-5H). EFE6-8H). K=F
(9-11 H)\ &Z=(12-281422 7)) 43 % 4 1 R AR 4 X



559 3

A5 A A BN B e R 2 AR A 1033

Rl A R A 1) i L M e B AT AT 9, 5 T e B0
TR PR R A S 2557 do 1R A 22 B S0 o R RE A )
Fib S A PR R A7 B, RIE R — K 2 R Ix J3 e
FEREAT IR UL 5%, ff o JB JR6 R ) Bk JEL PR R B0 5
WHT:30FF U e P S AT A% A o A R LB R
18] b RS I SE REAT GPS SE AL, 4R i LA BRZE g v
OWELN0 m x 10 miSFEr, FEAEZFE T
R BB E LN m x L mf/NET; AERENERE
FEJ7 BIAT— 77 71250 mALIETUAR Y. 110 m x 10 mf¥)
X IR T (RIB28 %, 2004). 2853 % FEE 1841
AT Fib SR 75 R 1844 o} HERE J7 1 AR 2 IR 715 Lk
AT SR
132 HEBEF#Ek

T I A (5 SCRR AT SRS, f 4 o 10T BE JEE
AR RS AR A PR 7 o Hoh AR SR AR R R
SEPEDRF, Hop8h o 1. (D)EERA: 3k
R P R MR AGEE; (2) B E
JE: AR, b B R A v i (B)BEACTE L 5
AN/INRETT (PR 56 BE P, SR WA H VPP AL
(Z 155, 2006); (4)FiE: R oAb %571 m
KAIAFF, LERRRE )T 0020 miz () 4 /5 PG b4y
)G BN AAT K & S FE 1 25 P S (%
BN 155, 2008); (5)Xd: K] 4% 5 DT-82Xd A id
SAETT I RG-S4 8; (6) ) B DU T &
FHSAKEY) (2105 &, 2015) 147 o5 )% B 70 B0,
TSN I T AT B SEASKE I 7 o P B (R
PLemAE, 2013); (7)FE/KYEEE 2. ()M E M 2. (9)
PE RSP B (10) 7E Bk A (OF 25 BV 55m AR
FRET: N HINIKON Forestry 550 3OGHIERAY, 435
BRSO BB KA S Bl EIE
AT JiE G R BRI ) (25 R Az AR AR O B
B, WLEEINFI F GPS £ 5 7E Googletth & 3k 47 I 5.
KIE .
133 #HiEaE

AR O7 K5 o A vE R Els, JF
Bailey & 15 [X [i] 7% (Bailey, 1980; Cherry, 1996)% K
SR JEE AR B JEL S AN [F) A B R b RS S PR A 4o R T
Kolmogorov-Smirnov TestiZxit i & Kl 1 2 A TR
5, ARG IES A, BCRHAESEAS v i
Mann-Whitey UAGH: . AT & BB R FH & 22 )il
73BT (Rice et al, 1983), #ffi i J3& AN [ 2= 15 43 1] b J5L
Hi BB IR DSBS e DR -, 45 L R JEE AN [] 2 74 44 ] Fip

SHEPRRIE LI ES S50 85 0. Irf B8Rk
FHExcel 20035 SPSS 19.0i47T4bFE, & /K Faik
& 40.05,

2 #Z£R

21 TEMETFIEE

BB JE8 DU 2 A i) B S B S5 2E 858 2 A LA SR R
(¢ =17.947, df = 2, P < 0.05; H: y*=20.330, df =
3, P <0.05; Fk:y%=23.480, df = 4, P < 0.05; 4 y°=
10.347, df = 4, P < 0.05). J3& R4 45 251 1) ik JEL
B Qi f AR, 5% 7 2 B e B AT P,k S R
Wit BRI, KPS BE LR, B
FUFH BRI Y FRZE R L AR M, 6] 7 =5 BEATLIE %,
R T B L VR R A E e d Mk,
X b i AL B, kS R AR (R 1) o

o G DU 25 A i) B S s St B S 32 i LA Sk R
(#: x*=8.563, df =2, P < 0.05; &: y°= 14.168, df =
2, P <0.05; fk: ¢*=7.215,df = 2, P < 0.05; &: y*=
11.347,df = 2, P < 0.05), % Bkl St IR, B
U R IEIR, 425 i Rk 5 i o
22 TEERFIEE

SR AR A 2 R TR0 i) T 32 PR AT AR 7 R
s BWEE RO, BWUER A R R
AEBEER R, BRI A SR, aYFe
FEBAR. Bl SRk, BRRR R . BEE
ENYE S T ) ) Ll SR sk W =2
Bl JEL B ) TR P B R R A s AR RR FEARCR .
WA= BEROR S RGN BE Bl RO i A B8, &
BRI FIE R A S R . YR ER
K B R s PR S E R Bl . BERA)
PH A DL R R /IS IR A S5 B L (2 2)

WL B LR RN, Fe = 3.215 x BRili%
+1.920 x 4.709 x HIAGGE - 6.295 x AYFEEE
- 1534, n[HBXEZFRAENDH; Fa = 4.276 x
FOAGE L +0.10 x FRBRAIEE S + 0.06 x #E/KYE
FEEY — 0.002 x FEEMELZ - 0.394, AIH X5
MR RN, Fyoo = 0.026 x BHERRMI S +
1.920 x XUk —3.999 x EYEEE + 1.219, 7[5
BRIy R AV BN S Fe = 4.003 x Bk +
0.004 x FEIEMIEE - 7.251 x H A — 0.008 x
PERS WG 2 + 1.525, I RUIX o & ZER A RS
Hi o



1034 £ ¥ % F M Biodiversity Science

i 24 3

*1 TRFETEREMNERLRBRIFEE
Table 1 Habitat type preferences by Milu in different seasons

ase eyt 0 R H L A8 SRR A B2 P; IfJBonferroni 95% & 1% [X [A]
Habitat type Season Expected proportion used  Actual proportion used  Bonferroni 95% confidence
(Pw) (P) interval for P;

Rl Grassland #7Z= Spring 0.073 0.073 -0.015<P;<0.161 (0)
K2 Summer 0.353 0.088 -0.034 <P;<0.210 (-)
ZE Autumn 0.797 0.576 0.411<P;i<0.742 (-)
A% Winter 0.286 0.400 0.118 < P;<0.682 (0)

i Woodland %2 Spring 0.200 0.364 0.201 < P;<0.527 (+)
K28 Summer 0.441 0.235 0.053 <Pi<0.418 (-)
Z Autumn 0.051 0.288 0.136 < P;<0.440 (+)
4ZF Winter 0.000 0.350 0.075 < P;<0.625 (+)

7% Reed land #Z Spring 0.091 0.218 0.078 < P;<0.358 (0)
52 Summer 0.147 0.147 -0.006 < P;< 0.300 (0)
2 Autumn 0.034 0.136 0.021 < P;<0.250 (0)
A7 Winter 0.095 0.300 0.036 < Pi< 0.564 (0)

Mt Mudflat %2 Spring 0.636 0.345 0.184 < P;<0.507 (-)
K7 Summer 0.059 0.529 0.314 <P;<0.744 (+)
ZE Autumn 0.102 0.000 0.000 < P;<0.000 (-)
A7 Winter - - -

{&i4h Clear-cutting reed sites %75 Spring - - -
HZ Summer - - -
2 Autumn 0.034 0.000 0.000 < P;<0.000 (-)
A7 Winter 0.619 0.000 0.000 < P;<0.000 (-)

“E RO R “o" FORBENIIL L “FRoR BRI H .

“+” preferred; “0” random selection; “~” avoided.

23 ARZFETREENSHIZFESR
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3 itig
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FEFR T BB (1) IX AT e 1 ORI X A AR RS E I
Y. B S KA B N /AT . 1 0E, R

0.0

B4 2 Function 2

=5.01

=5.0 -2.5 0.0 25 5.0

eA%C 1 Function 1
o % Spring ¢ & Summer - £X Autumn
® §i Jii 0> Group centroid

« % Winter

Bl AEZFTIEERER EENS HH A 5 L E
Fig. 1 Discriminant plot of nocturnal bed-sites of Milu in
different seasons
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Table 3 Results of stepwise discriminant analysis of quantitative ecological factors of nocturnal bed-sites of Milu in different sea-

sons

)51 6 ¥ % %k Discriminant function coefficient

25 Variable PR %1 Function 1 B #72 Function 2 P #73 Function 3 Wilks” Lambda F P
Failkc)% Hiding cover -0.803 0.257 0.701 0.651 29.246  <0.05
FARGG S Herbage coverage -1.285 0.719 -0.312 0.434 28.103  <0.05
TYFE % Food abundance 0.641 -0.189 0.957 0.322 26.002  <0.05
BHIE B HH %5 Distance to road 0.819 -0.348 0.357 0.259 23683  <0.05
PRSI ES Distance to hide 0.382 -0.066 0.064 0.197 23.663  <0.05
BR/KJREEES Distance to water 0.588 0.439 0.464 0.155 23319  <0.05
Rk Wind speed 0.359 0.757 -0.277 0.144 20.853  <0.05
Wilks’ Lambda 0.144 0.361 0.645 - - -
F, df, P 313.027,21 <0.05 164.739,12 <0.05 70.782,5 <0.05 - - -
¥HE{E Eigenvalue 1.505 0.789 0.550 - - -
DTk Explained variance (%) 52.90 27.80 19.30 - - -
S DIk % Cumulative variance (%)  52.90 80.70 100.0 - - -

BE AR B R N & s T8, Rl e RS
K F . HERA, R B 54 TR ME
T BN B R B T RS, A R R IR B e
ENP SRR 1z N il ST b7 1 VS DN B o7 S )
5.
324 INERE

RS S s s ) A BDIR & S AR SR
g Z 22— (Huey, 1991; Koussoroplis & Wacker,
2016). LR35 X N PUZES3 B, 2270 T A — S )i 22,
R A . WD rT e RN R S5 55
P A5 . 3Xn] R A2 S 3088 i B 2 A R AR
iR R, 1717 4% 2 O (1) FH PR b RS A 7 1 5 JEC T
JEL IR, 2 G5 30 AP 2 B TR A 1) b B M AR AiE S
te/b, XY R IR R A 1S I RS R A OG

MRPEATF L R, B R X LA R
JUAN 5 TIN5 H AR RS DX AR RE R A 38 (1)
REAREE R, AR B A= e iitss; (2))s
A BEORAIE BE RE A [ Bl B IR BR OB, R AR K A
B OE I, PR BSOS AR AR S B
M @) BGINBIE ) S R E AL, D ORIIX AR
WoR 5 R SIS RE A ST B, b ) R
FREEI T4, (4) s CRA X KR I6E BE, 3k Ao OE 7E
TS S8 T i, %0 R R ) 1E 35 3 o
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WE: LR RBOIAEE T AT Sh YA R % BRI 2 MR b 3 AR 52, AR AR (b B AL A
ZFEME. VP (Phrynocephalus versicolor) % EE (P. frontalis) BA BT ML R &R, AN 5BV M
(P. przewalskii)ZH il [Fl— RGi R BRI . AR A B (AvaSpec-2048), i 1o vl s AR R 124547 1)
Fee R, 8B LR AE BRAL IR SR T IR (R b i 5 AR SR IRBE T (0% B TR YD 1 SR (8 e, B 5 L Ao
B R BA R R, FRRT BRI Wik i L] . Dt Ass RR, BB TN ARG
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ARAE Gt 2 b fie 5] RS IR M DL (3R i R R e, AR R B A 6 1) — S8t 4% TR 35 T R X 44 €738 3 R 42 1)
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Effects of substrate color on the body color variation of two agamid liz-
ards, Phrynocephalus versicolor and P. frontalis

Haojie Tong", Kailong Zhang', Yuhang Liu', Lixun Zhang? Wei Zhao?, Yuanting Jin'"

1 College of Life Sciences, China Jiliang University, Hangzhou 310018

2 College of Life Sciences, Lanzhou University, Lanzhou 730000

Abstract: Geographical variation of body color is widely present in reptile populations that survive in dif-
ferent substrate habitats, multiple potential mechanisms can account for this color variation. Phrynocephalus
versicolor and P. frontalis, close genetic relatives, constitute a phylogenetic species group together with P.
przewalskii. In this study, a fiber spectrophotometer (AvaSpec-2048) was used to record the skin luminous
reflectivity of 12 sites across the lizard’s body, and we quantitatively compared the natural color variation of
dark P. versicolor and light P. frontalis that lived in “melanistic” and “non-melanistic” habitats, respectively.
We aimed to determine whether the color variations of both populations were time reversible, and further
discuss potential mechanisms that substrate color may have on color variation of Phrynocephalus lizards.
Our results showed that the body color of P. versicolor in “melanistic” habitat was significantly darker than P.
frontalis in the “non-melanistic” withered yellow habitat. We also conducted a reciprocal transplantation ex-
periments (i.e. “non-melanistic” withered yellow P. frontalis individuals were transplanted and fed in
“melanistic” substrate environment, while “melanistic” P. versicolor individuals were transplanted and fed in
withered yellow substrate environment). For “melanistic” P. versicolor, the skin reflectivity of six sites in-
creased significantly after one week, while no significant changes were detected in other sites. For
“non-melanistic” P. frontalis, except the skin reflectivity of two sites (left hind limb and top right on the

Weke H #: 2016-04-29; £25Z HI: 2016-07-08
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" J@IRE# Author for correspondence. E-mail: jinyuanting@126.com
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back) significantly changed, compared to corresponding values one week previously, other sites showed no
significant changes. Our results suggest that P. versicolor possesses stronger color variation ability than P.
frontalis, and the color phenotypes are likely inherited in both species. Short-term changes of substrate color
can cause slightly color variations that are difficult to distinguish by naked eyes, suggesting ontogeny related

hereditary factors may also play a controlling role.

Key words: melanistic; body color variation; Phrynocephalus; skin reflectivity
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niabronchum)(Stuart-Fox et al, 2008)%%— L& )[€475)
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BV, BAT P AR 35 (B V0 4 ) 1R 9% F 22 K 2 Sk
365 . K 0.60 mx0.45 mx0.35 m (Kex B x i) i 3%
SR R I, BT T E3-5 em/E
MW, WAHREANEABRFBAR. AKX,
BT P8 23 X 380RT DA SZ 21 BH S B S DL A iy ) 1
TR AN, TG B At 7R R I A (R HR 4 )
VR . #3056 3F B Ak 1) 5 R Vb i 1) 77 T2 A,
305k BAL AR AP iR IR T2 B T FEARIE
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El ibHiAeREENESIEFE. A)ZUNTEDREEZERNEE(L), F2UNERDPMREEHECERN
H£H(T); (B) MIEM125 B RS MA S &N ER12NEMI, BIELTERGOML), BEAEEF(M2), &EH EF(M3).
BHREAEMME), BPIEMMSE), BEIETHM6), HEBATAHMT), ERIFEMS). ABIEM). £ERM0). AF

B(M1L)FnREREEM(ML2).

Fig. 1 Body color of lizards and the selected sites for color measurement. (A) “Melanistic” P. versicolor were collected from black
substrate habitat (above), “non-melanistic” P. frontalis were sampled from withered yellow substrate habitat (below); (B) M1-12
represent twelve color measuring sites for each lizard, including cranial center (M1), top left on the back (M2), top right on the back
(M3), left side on the central back (M4), right side on the central back (M5), bottom left on the back (M6), bottom right on the back
(M7), left forelimb (M8), right forelimb (M9), left hind limb (M10), right hind limb (M11), and tail root (M12).

SEIS R AR E T S 220 1SR
12 fFans

AMAAR A RIS JL 124 A2 (1)« R i 22
Avantes 2y 7] 4 77 ] AvaSpec-2048 5t £T )it 1t A% 3k 47
W, 24 OGS4 3 HLAvaSpec-2048-USB2. Jt:
JiAvaLight-DH-S. 445 LkFCR-7UV400-2-ME..
PRK [ 2 2 RPH- 1R [ (08 5 AR WS- 2% 514 4H A o
FERERAE[A]B%40.60 nm, % By H 5200-1,100 nm
(P hliwA%E, 2011), whiss 1A B H & H 5K
300700 nm )45 7 [l (Bennett & Cuthill, 1994).
PR ] 7 25 ] 5 S Rk, T NS A I8 5
PRWS-28 1, £ 2 B A 0 Bz JEK 350 7 2 T A R
B212 mmP A BN E A T, BRI [R] 9100
ms. BTG AR 2 K fF IR 1R, A58 B
ARG 268 9 10K 4r Al S 1k, Ll &E4K.
BEUO BT A AR B R B =35 7E BA9-11 AUk T .
1.3 BIESH

1 B dE G A Bk AvaSoft 8.1 5 BURT % 4,
FEEUE T VI [ S~300-700 nmffI e S i R AH 5 T
J& 82537 - Origin8.0 1 T B JE i/, SPSS20.0%K {4
TG T o FHECA R 56 U 3 b - A 4] il
ERDE R R 558, 9. 10 KGR ER 2 |
25 o JEIR MG THE F P E bR R ROR, B3

KT % B NP < 0.05,
2 #R

ST AR RoR, BALRAR b R R AL
JER D A A AR % AL SO R I AR B B
(M1: tye = 8.273, P < 0.001; M2: tyg = 9.239, P <
0.001; M3: tyg = 9.533, P < 0.001; M4: t,5 = 10.089, P
< 0.001; M5: tyg = 10.572, P < 0.001; M6: tys =
11.959, P < 0.001; M7: tyg = 10.923, P < 0.001; M8:
t1g = 5.192, P < 0.001; M9: tyy = 6.579, P < 0.001;
M10: t;9 = 6.959, P < 0.001; M11: ty9 = 7.258, P <
0.001; M12: t;3 =9.010, P < 0.001).

28 1k e JES PR A5 B4 U 5 S R D A AR A
AR R, Sebr PR AME AU A, STV
B BAL SRR ALV R AL 4O R I E 1Y
ARG IR AR L. FEXTG 36 45 R (R 2) BoR,
TE A AL L yb i AR b, 1 S X IR(M2-MT) 551
RI R R SO 2R SR FR G S8R 9K
F 10T B JR O S S 2R A4 2. 25 72 7 (MB35 10
RERAL), T At H AL 48 1A 75 8T 5 16 B IR 't S S
FILREER, AR ER DA, &
A J7 (M3B) X85 1R 8 B BT S S 2 5 78 A A 57
J5 58 K A9 R I B KO I AR AE B R
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Table 1 Mean values of reflectivity of each site for both “melanistic” P. versicolor and “non-melanistic” P. frontalis

el A e AL B FE VDT “Non-melanistic” P. frontalis AR YD “Melanistic” P. versicolor

Sites FRES ETEN IR 0% FAEN BTN FIR 10K
1st day 8th day 9th day 10th day 1st day 8th day 9th day 10th day

M1 1.89+0.18 2.10+0.19 2.18+0.22 2.31+0.20 0.27+0.05 0.45+0.08 0.29+0.06 0.38+0.07

M2 2.23+0.18 2.57+0.16 2.87+0.22 2.72+0.20 0.40£0.05 0.75+0.09 0.82+0.09 0.75+0.09

M3 2.52+0.19 3.24+0.23 3.20+0.18 3.12+0.23 0.48+0.05 0.95+0.11 0.83+0.11 0.83+0.11

M4 2.20+0.18 2.42+0.18 2.42+0.24 2.40+0.17 0.29+0.03 0.55+0.06 0.64+0.08 0.60+0.08

M5 2.48+0.16 2.27+0.18 2.25+0.16 2.27+0.15 0.44+0.07 0.72+0.09 0.65+0.07 0.58+0.06

M6 2.37+0.15 2.30+0.15 2.51+0.16 2.96+0.26 0.39+0.05 0.68+0.09 0.73+0.10 0.61+0.08

M7 2.60+0.18 2.37+0.17 2.60+0.19 2.52+0.17 0.41+0.05 0.74+0.13 0.66+0.07 0.66+0.08

M8 2.83+0.37 2.83+0.27 2.81+0.34 1.99+0.17 0.58+0.15 0.53+0.09 0.59+0.18 0.62+0.17

M9 2.83+£0.29 2.57+0.33 2.78+0.41 2.61+0.47 0.47+0.16 0.59+0.14 0.54+0.07 0.48+0.07

M10 2.21+0.29 1.67+0.25 0.99+0.13 0.93+0.13 0.18+0.03 0.22+0.06 0.19+0.02 0.21+0.06

M11 2.23+0.26 2.72+0.42 1.87+0.24 1.96+0.27 0.24+0.05 0.28+0.04 0.22+0.03 0.45+0.16

M12 3.82+0.40 3.56+0.38 3.38+£0.45 3.09+0.31 0.64+0.11 0.72+0.08 0.96+0.20 1.16+0.25

R2 BUMT IS IERUANERID NS A BE LI EE K5 ROER e

Table 2 Paired t test analyses on reflectivity for each site in lizards before and after transplantation

Ko AL AR JFE VST “Non-melanistic” P. frontalis HALRAR YD “Melanistic” P. versicolor

Sites i Rvs ek LAV RO BLRVSHI0K  SLIAVSIHBA F1Fvs BOF F1Fvs 10K

1st day vs. 8th day

1st day vs. 9th day

1st day vs. 10th day

1st day vs. 8th day

1st day vs. 9th day

1st day vs. 10th day

tys = 1.660, P = 0.108
tps = 3.598, P = 0.001"
tp; = 4.385, P < 0.001"
tys = 3.669, P = 0.001"
tys = 2.473, P = 0.020"
tyy = —2.686, P = 0.012"
tg = —2.472, P = 0.020
t;6 =—0.527, P = 0.606
t;7 =—0.208, P = 0.838
t16 = 0.639, P = 0.533
t16 =0.349, P = 0.733
tie = 1.428, P =0.175

tys = 1.659, P = 0.109
tp; = 4.297, P < 0.001"
tp7 = 3.051, P = 0.005"
tyy =3.749, P = 0.001"
tys = 2.205, P = 0.036"
trs = —3.366, P = 0.002"
tog = —2.891, P = 0.007"
t16 =—0.396, P = 0.698
t;7 = 0.005, P = 0.996
t16 = 0.046, P = 0.663
ti6 =—0.405, P = 0.691
ti6 = —1.847, P = 0.086

tyy = 1.646, P = 0.112
tp7 = 3.099, P = 0.005"
tp7 = 2.995, P = 0.006"
tyy = 3.438, P = 0.002"
t;7 = 1.611, P =0.119

tr3 = 2.248, P =0.035
ty7 = 2.686, P =0.012"
t;6 =—0.100, P = 0.922
t;7 =—0.229, P = 0.822
ti6 = 0.564, P = 0.582

ti6=—1.018, P = 0.372
ty6 = 2.235, P = 0.051

M1 tis=1.085, P =0.287 t;=1.346,P=0.189 ty = 1.742, P = 0.093
M2 tis=1.382, P =0.178 t=1.724,P=0.096 ty =1.990, P = 0.057
M3 tpg = 2.376, P =0.025" t; =3.773, P =0.001" t,; = 1.828, P =0.079
M4 tg=0.741, P =0.465 ty;=0.530,P=0.600 ty =0.515 P =0.611
M5 tog = —0.644, P = 0.525 ty3 =—-0.909, P = 0.372 t,; =—-1.476, P = 0.152
M6 tyy =-0.348, P = 0.731 ty =0.467, P = 0.644 ty = 1.593, P = 0.126
M7 tps =—-1.010, P = 0.321 ty3 =—0.383, P =0.705 ty; =-0.759, P = 0.455
M8 tys =—0.068, P = 0.947 t;=-0.111, P =0.913 t;5=-1.789, P =0.095
M9 t7=0.059, P =0.954 t;;=0.552, P =0.589 t;;=0.126, P = 0.902
M10 tie =—1.477,P = 0.162 t;g=—4.168, P =0.001" t;c =—4.049, P =0.001"
M11 ti6=1.092, P =0.293 t;=-0.899, P =0.384 t;5=-0.259, P =0.799
M12 ty =—0.261, P = 0.798 t;5=-0.605, P =0.555 t;5=-1.630, P =0.125
"P <0.05.

Sy AR B (ML0) XI5 — R ) B ROt S i R 5 85
T 77 J5 BE 9L R M S 10K 1) B IR0 S S 2R A7 A
FHZEE, T HAR AR AL RS A A IR 1 6 SR R IF T

VAR AE LAY R 75 A AR AR AR
Zhy ik C AR S AL 32 A A B A 0 AR S A

FIMI0) ) K Jok ot I 5 2 e b ik A 35 A8 4k,
AR AL S S T E AR . AR — SRR AAT SE it

Z5, EMHEAEARRORRREEET RN, £ 5

REER,
3 g
AT T 45 TR0, DAk A 5 T 70 £ v it

R E R T AR B 0D A R A A
JEb e A L AR A SR AR A5 R R, A IRL
F e, RRACRRET 6 A R I AL (M2-MT) [ %
SPRGEHE B T, HAh A e B E AR T
R BT RE R A W A L7 R S B2 AN AL (M3

FEASAR (048 5 W5 Rl (Devi & Adnan, 2009). X 3 JEE i
BT IE o] DA FEAR S P LE A1 H S 3l I 1 il B 5 %
S8 R B AT EME(Merilaita et al, 2001; Stuart-Fox
et al, 2003; Vignieri et al, 2010), %5 3 Py PR L E
BB 1) g 77 EAROT 6 3 UKL PR K
5 IR 4E (RN A= 44 (5. 2F L) (Nery & Castrucci, 1997).

W 0 R B 3 #1288 DA R — SE PARG TCAT 2K 30 ) v A7
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TEA A EE bR P R A8 Ak, e A8 78 46N ) A DT A
FJE Fift,(Mathger et al, 2003; Boback & Siefferman,
2010; Choi & Jang, 2014). FATTHIBEF R I, FFpYD
TR 1 SRR AR AT AR R 3 22 (P < 0.05), ALK
T R PR ) A F AR AR A, BRI AR SR &
10K J ¥ it F°F A A €0, 55 18 37 ] T Ak 1) 22 i 73 €2 4K
REERRZER, HFHWIRMELIX 22 ERE TR
ER AR XU, X R AR 5 € 1 R
AR A FHE AN B R AN (7] 25 I €80 2 55 A 9 Foh v i B
HAMRENHREOER.

WAk, BRI, 15N 9 B A A S
ORI EE RIS, RO Y MR R AR
T P55 3 5 2 LU FRAK AN 4K (Norris, 1965; Schlichting
& Pigliucci, 1999; Rosenblum, 2004), iX & K Atk
T AR, BACMER TN T B EERT
PSR VLA AW (1 B RL AE, 7E 50 1 E AL R
BRI SRAEA Y HUR (R BURL IR e A B
SR, FRATTXS P b o i A 355 48 S 6 4 SR A R T
R PR A €0 b Wl b A A A A0 P ) A BB 3 A
A FRAL L AR BB B b i A 22, R AR b a]
e B A LU B SR VD S SR A AR A B . Ak, TR
Tl o A 5 25 ) 1 SRR £ A FE AN 2 B 3 R
PPy HECRE MY K, Ho R Rk ez
TEAMA R B IS AR ] Bt — /Nt i 2

AR LT BUAFEAR, RN 5 0 s 4 it
AT IR, AEIX A €0 A8 A0 I AR AN [ B St A [) 32
JE PR B 1A 3 17T TR R ) A IR AL . FRATT
FUIE B PU YD b (P, theobaldi) ik i b e A I
HEBE, MHEHR4,200 mUL_E R I RS S R B,
H RGBT AR Bl R B TR AR, AR 2
X AN [R) L P R 5% () — Fh A& 2 (Jin & Liao, 2015).
T ASHIE 70326 438 1) PR b D i B W O A AR, H
| RERTE N I NS 2 AN NGRS SRR Y s RN
FHIE, AR T H R,

BN Rz Tk A ) R R R R € 3% 4 R ) 1
AH 5% (Alibardi, 2013), —LEEh¥) 3 i B X402
A e 7 B AOR B I TA) 4 R 3R A8 T e 2 31 40
T PR A 5T T JE DT ASE B Ik B Ak (B TR A5 4 €5 32
%)(Cooper & Greenberg, 1992). bEHI ALY, 5
RE B R B R B 5 DDA O 1) ik DR e A AR S W] REAE
J&AT Bl 4 4k 2,78 7 v 99y e 22 £ £5, (Rosenblum et
al, 2004, 2010). AWFFERY], AFEIELEOA R A

A7 A 2T YD A EE0 1) S 25 0 7 9 AN 2 o B JER A B 70
(ENDPSE PR & T N e s v RS Bri R S
ML SR AR S, P AR A R 2 I A B
B, HERAGRM O X B R DA€ %,
BT AL R AL L 75 22 H s 20 7Y 5 Thig
SRR — IR .
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Composition of macrozoobenthos functional feeding groups and assess-
ment of ecological quality using the feeding evenness index calculated
from biomass data

Wengian Cai, Jing Liu, Juan Zhou, Yang Xia, Lusan Liu"

State Environmental Protection Key Laboratory of Estuary and Coastal Environment, Chinese Research Academy of En-
vironmental Sciences, Beijing 100012

Abstract: Based on biological and environmental materials collected during May and September of 2011, the
composition of macrozoobenthos functional feeding groups was analyzed. Meanwhile, the feeding evenness
index calculated from biomass data, together with M-bAMBI erected using biomass data, were used to assess
the ecological quality of Bohai Bay for the first time. Results showed that the macrozoobenthos community
was divided into five feeding groups, including a carnivorous group (CA), omnivorous group (OM),
planktivorous group (PL), herbivorous group (HE) and detritivorous group (DE). Except for group HE, the
other four groups were all sampled in the study area. Groups PL and OM displayed the greatest percentages
of community average biomass in both voyages and the group DE displayed the smallest percentage. Cluster
analysis indicated that the composition of the macrozoobenthos feeding group in the Haihe Estuary was sig-
nificantly different from other areas. The risk index (RI) values were relatively lower in the Haihe Estuary
than the other areas in the study region. Meanwhile, an obvious spatial gradient was observed along the
Haihe estuary towards the offshore area during May 2011. The average feeding evenness index value was
0.28 indicating poor ecological quality in most study areas. In addition, the lower bjrp values were found in
the Haihe Estuary, Beitang outlet and their surrounding areas, which was similar to the RI spatial pattern.
BEST analysis indicated that temperature, salinity, heavy metals, and nutrients were the main environmental

AR 1 : 2016-03-02; 252 H #i: 2016-04-15
FEIH K EAREL KL 42 (41406160) AT E SRR 2 25147 L % 15(201309007)
* J@ilfE# Author for correspondence. E-mail: liuls@craes.org.cn
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factors affecting the feeding evenness index. Compared with the M-bAMBI, bj-p was more sensitive to the
poor environmental quality status of the Haihe Estuary and Beitang outlet. In general, bjrp could be used to

evaluate the ecological quality of Bohai Bay.

Key words: macrozoobenthos community; functional feeding groups; biomass; bjrp; M-bAMBI; Bohai Bay
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Fig. 1 Sampling stations for the voyages of May and Sep-
tember, 2011 in the Bohai Bay.
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Table 1 Functional feeding groups for the key macrozoobenthos species in the Bohai Bay

YAt Species g Ykt Species it
Feeding group Feeding group
Hh A5 HL Aglaophamus sinensis CA XUHiH Ampharete acutifrons DE
H AL 4R Alpheus japonicus CA rh AR 2 Amphioplus sinicus DE
B4 Cabira pilargiformis CA NS 2 Amphipholis squamata DE
HARIEKE Cirolana japonensis CA /IN3kHt Capitella capitata DE
/NSLHS LI R £ Ctenotrypauchen chinensis CA NI dt Chaetozone setosa DE
WO R U Ehersileanira incisa hwanghaiensis CA gl 2248 k. Cirratulus filiformis DE
PG Eocylichna braunsi CA Zifi 4t Cirriformia tentaculata DE
hiERE B HL Gattyana pohaiensis CA =4 E#Ed Diastylis tricincta DE
Kwpyb#x Glycera chirori CA W % Endopleura lubrica DE
HEJEW) L2 Glycera onomichiensis CA FEY)RYBAINE Eriopisella sechellensis DE
FEHWY# Glycinde gurjanovae CA 2 5225 i Heteromastus filiforms DE
HAfWYYE Goniada japonica CA FERZYPZR Kuwaita heteropoda DE
BB AL ZE Goniada maculata CA HAEJEHE B Laonice sinica DE
5wtk Lepidonotus helotypus CA FHEYIE I8 Listriolobus brevirostris DE
S W B Linopherus ambigua CA R [EZ ¥ A Lumbrineris sinensis DE
4+ % Marphysa sanguinea CA RYVEE—FF Lumbrineris sp. DE
LI Nassarius succinctus CA RM-KFy0ZE Magelona cincta DE
4Hllyp 2 Nectoneanthes oxypoda CA FUL WIS Moerella iridescens DE
2l —Fh Nemertinea sp. CA % Vb7 Nereis multignatha DE
HARWIVPEE Nepthys oligobranchia CA 15 4t Notomastus latericeus DE
Wedniigs dt Ophiodromus angustifrons CA HIEHEBE Nucula faba DE
k2R Paralacydonia paradoxa CA it Terebellides stroemii DE
B 22298 d Phyllodoce groenlandica CA XEFRFLIH Arcopsis symmetrica DE
FLgek5¢ . Phyllodoce papillosa CA ML Barbatia bistrigata DE
AEH 8 Pinnixa tumida CA KiZji 2k Corophium major PL
HOF 2 Ringicula doliaris CA HhARIZ R 2 Corophium sinensis PL
WHE R Sigambra bassi CA /NJJH% Cultellus attenuatus PL
X EAZH, Cirrophorus furcatus oM HAN RS Cycladicama tsuchi PL
L f8191%  Asthenognathus inaequipes oM il Dosinia derupta PL
w Oy 7 Neanthes flava oM Yl 4F Leptochela gracilis PL
Y IEZEME Philyra pisum oM Ptk K2 Lunatia yokoyamai PL
Ji e 11— Platyhelminthes sp. oM KWk Modiolus elongatus PL
J4EBHJE—FF Poecilochaetus sp. oM MUl Musculus senhousei PL
YRAIEE Porcellana serratifrons oM w54, Potamocorbula amurensis PL
BB 2 Raphidopus ciliatus oM i %S Potamocorbula lagvis PL
W4 G ZIMiREE. Temnopleurus hardwickii oM FMIE LG Raetellops pulchella PL
5 A R 4R Ampelisca brevicornis DE 4 EREENS Trigonothracia jinxingae PL

CA: W&, OM: Zv &, DE: ity & PL: Il EY B

CA, Carnivorous group; OM, Omnivorous group; DE, Detritivorous group; PL, Planktivorous group

P 2 A 5 57 X AL 3 2 Ak 1 S5 S9 44 S14, JS43, AN HES655E22FE 55, AV AL W [
AN R T IX AL 5 RS2, S17. S22, S24 I BT IR 1 S20 . S21 2S31, AIVALFES145 10 FE
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Fig. 2 The macrozoobenthos feeding group composition in
the Bohai Bay
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ZEFSH. kL, VﬁA/As?/\mlﬂﬁ,ﬁE’abjm
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Fig. 3 Spatial distributions of the functional feeding groups in the voyages of May and September, 2011.
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F2 HEEEERBRRYNIERERE

Table 2 The values of the feeding evenness index for all the stations in the Bohai Bay

FEA 5H 9H FEA 5H 9H FEA 5H 9H FER 5H 9/
Station May September ||Station May September |Station May September |Station May September
1 0.38 0.73 14 0.08 0.00 27 0.30 0.00 40 0.19 0.46
2 0.14 0.24 15 0.49 0.28 28 0.31 0.07 41 - 0.06
3 0.55 - 16 0.45 0.71 29 0.38 0.01 42 0.75 0.21
4 0.16 - 17 0.11 0.15 30 0.66 0.01 43 0.27 0.05
5 0.38 0.00 18 0.00 0.64 31 - 0.11 44 - 0.50
6 0.02 0.18 19 0.40 0.06 32 0.04 0.11 45 - 0.35
7 0.44 0.13 20 0.00 0.00 33 0.14 0.27 47 0.33 -
8 0.61 0.76 21 0.00 0.36 34 0.08 0.00 48 0.18 -
9 0.06 0.04 22 0.48 0.64 35 0.45 0.06 49 0.37 -
10 0.27 0.28 23 0.15 0.58 36 - 0.31 50 0.42 -
1 0.06 0.05 24 0.15 0.19 37 0.38 0.64

12 0.31 0.31 25 0.08 0.18 38 0.64 0.37

13 0.30 0.78 26 - 0.62 39 0.22 0.43

“RORHE IRRAE R FE O
“~" representing not sampled in the station for the voyage
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Fig. 7 Spatial distribution of the risk index for the voyages of May (a) and September (b), 2011 in the Bohai Bay

B8 S AR 1 U S ) SR A B 7 AT AN AT R A
(Peng et al, 2013). 520tH 20504E AL, AHF5TH
KIS BN P E T 0 AR ) 2 REPE I BRI, ELRAZI
RIN M2 B25E 2 (Zhou et al, 2007), (Hi1 £
BRAEY REBAR, WO AT 3 1
/o

O JURRE AU A2 45 1 K 2R JEC AV 3 40 4 0 43 A 1 O
IR K] 1~ (Sanders, 1956) . 12 HE VS US f5 I]  d A\ )
KSR V0 Ay 7 BT A 3 )N R e S . e
REEFTRAE T R AP EERES, I EPTREREE (1 i
RS FECN N PIFIRAT AR T AL 2, g T
e MR 7 UL (Musculus - senhousei) F-K: i
T (Modiolus elongates) A & 75 A% £ 3 1 1R Y6 i vl
57 (Potamocorbula laevis; %234, 2013), #Ei%
ghbfabr By MRS PR A A IR T
XHB BT AT LR R
Azt ey s

CABFIOIESE, WS M A TR —H
B R, ] X A ek P TR SR G S A e v
DRI 17T 52 3R IR P (8% A5 5, 2012), BFK 411
BEARDTFEWEEHE N2 BN T, AT
DS AT o RIS, iy e o o ol
TR AL B VR R R VD MERULE M AR R AR
T 1 B IR (2 S0 1555, 2013), 3 i R AEY
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iz —, AT S SR 25 1) 3 A 5 o A

KA, 2003; ZRAESCAE, 2012), MAHEST
A3 BTN UE SIIREIAT 1 YT 308 30 2 VA 3 B 25 2 ¥
BRI e & B B 2 =, Xt 5@
Iy RAETTIE B 2 R BN 45 R B (8%
AESE, 2012).

32 BRYIERBEDSTESRERTIEN
F Y IE A

KZH A CAE SIS A A IR AL, A
Y RE AR AL K (Zhou et al, 2007; %% S 4%,
2012, 2013), Unbjepdi 7~ BT X KT R AR ) 4
2 BN TR . ARSE DR HE S 1
(T 1) F1 20034F LK — 2 BhiE i . B o™
FIXIE, KB AR T BUE F7 S HERRALE 1) it
T LRI (ZRHE 4%, 2012). (R, X P X3 )
JEH X A= 25 iR DL 2 (Cai et al, 2015), TMibjeo
R Ry RO e X FRoR L, G AR A X AR AEiX
PIANX A, SR, M-DAMB I I g Ak A 22 () 1 35
FeoRAE RS, KR AE /3 257 iR B
FH T VP v 45 22 1 AR 2 B R AT % (Gamito &
Furtado, 2009), 1 & 7 48 MG & % F% 3k filf b 1)
M-AMB I 053X P A P 558 5 2 AL 4K, PR BB PR AF G
B, XTI T UE S (Cai et al, 2014a).

5 b, BT R A A Ak B A A FE R R A
TG IR BRI AR ) S M 1) 2 U AZT R AR
W¥a O T PR s AR 25 TR (Peng - et
al, 2013; Cai et al, 2014a). AW 54, bjepty
M-bAMBI (1) VT 46 SR A LA — 55, 0 S 1) 22 S0l 7
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T M-bAMBI BE [X 43 Ji& A 21 1) Vo (1) 2% 715 M 22
X AT HE 5 3 AR I SR EEAN AT O bjep T
TEDI RS B REALA b, A Dh BE AR 24t 1)
SEIRMEAS R AR AT R, ANSBEE TN
AT AT T3S ; {HM-bAMBIZE ST 75 BE V4 45 Ky 45
B b, IR LEFR AR U 22 K P HR B0 215 AR A B b
&
33 HELTHERBSMESHMXER

NIRRT A85 A K5 PR 75 kA ek N i)
W, WS KN )5 Ak, S BUE IR R
FRAEIE gk, A5 2 3 ) B 8 IR AR LA %
b (Liu et al, 2011). & EFRAAE—ERE LHISY
TR EE, i S8 Kb (U, 2011). 4
BRI ek /DA 15 38 s e MR AR e v
Fo ARSI SR IE T, ) R4S 2% B R
W E RIS L. Ak, Kk
B S I 2 5 B SR R R A B A
(K330 2%, A Y5 —SUyG B kAR PR Y, A
W5 B VR AR ) B PR R /N RS S 5 UL (i
V5 Rl by A3

IS 0t 5 2 5 S TERE AR M B AL S AR FE S B AR
B R 2 —, 76— PSS N, 4
13 R E K T = ok (Huntley & Lopez, 1992).
TE—E BN, RSB, fRMIE 3 Re ) Fi4E
T SRR BRI (TR 2 55, 2009) . 1X 483 1E i fr
WBE T A i3 7 33T 5% e 1) JEC G 2 4 1) Bk 4L
J8, WASHIE S Fv il JE R R 5 0] Ty Bk £ A8 1 5% 1 iy
e WEIFLRM, AR TE Y RELE A S ¥ P BIE 22
LA B 2 (Sola & Prat, 2006), FHAGHA K. 4H,
BREAR R L A S AV 2 B S e 2 vk, R I i
JSCHE 0 2 1 R BB T e i v M Ak, AN SRR
7 A B FE B (1 353 (Maret et al, 2003; Gray &
Delaney, 2008). AHF5TH H 4 & HbjrplIAH K R
B T ¥ i G v G O B R T
KA S YR (K RAE, 2003 IBAh, BFFTRIR
BH Zn AP (B X 3 3l B v AR 11X R b I (%
JESCAE, 2012), 3K AN DI ) A 7 XU i H IR,
Mbjeo MR X 5 2 WA B IGE T IR E5 8 . 455
H, BRSO Cd S T R, HL
BEME RBUR R (FR A S0 A%, 2012), (G AMITIXIZ TG

@ XISEAS (2010) B I0T = Ffy Y K 24 JEC A 3y 4y I 228 A A e LTy
BEREWTSL. WlE22 00830, INARARIRS:, R

HIMAS KL B mr, TR & T AR Tt
KBRS RET Dy RE, WHizoc 5 2 R bjeo &AL
(R BB K 12— PR

34 HEEERMEMTN A AN RETERE

oV TR A A ) AN T VR R DR S T A
ANAT VS (T AR R D ) S A s A T
PSR LA, 2015), &) TN+l )\ L
AR LLR ) B R S 3h W) R v &5 R R AR AR
@ AR AT TG AERATT A A A Jis
AR A R ARG (HE R HTMIPME T, 1983; FMETT
XV, 1991). 90FEARLAG, “F& 1T A iz 1
K H I A A B 2 1) B DL 4 (4 Shannon-
Wiener E¥) 2 FEMEIRED) . BIEEE(FEEEY & i
28 AZT A 41F6 5055 (Cai et al, 20144, b, 2015),
X TP AN A O % R ) A T (TR R R
2005), HAXASHIFEE SR, AL B TR 1 Edh
1k (Cai et al, 2014b). I AFIHEK FRbR(ZEY) =, Cai
et al, 2014a)LL A K H AN [R] i Ak 31 77 2O6 % FE AR
Hn AL IS PR R A PIFR H5E (Cai et al, 2015). 4f
W], AH L Shannon-Wiener E 4 £ FEVETE %1 % K]
ik, AZTHREE YR EOHZ IR B i w s Ar
PR AU, H UL EE M M-bAMBIEE AL (Cai
et al, 2015).

SR, R vV A A 25 o i P B AR B
TS AE BRI AR LA B AR TR O 2, B b T
TERETE Dy ReIEml IR AR AR EOAN BRI, A
WFFUNE T IARE 7% LIy BE 1K) A 82 0 el VA 25 A2 25 o o
ITVPT, U TR RO, AT i A A A
SR VEI TR SR A S S . (HIE, AT AT — Rl
BHAAE T Re, RA LG & 801 fe
R AEH FR 2B FEIX (1) A4 45 i i (Daver et al, 1993).

Bt Bt BRFREEMRATREMREIF. K
HRIFARR . BEEHE, HTHEFERR R
B M K L RALK B, FFAFR Bl E S 2+
W8 b5 KAk 04 o R AR R KA IR,

S 3k
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BTk e

A EIFENEBLR AT R RV IE & B IR MK
N KB KAF

(MR AN E Rt SAS TREF ME MR E, b5 100875)

FHEE: A S0 5 4 S0 5 7 A7) ok B R R AR N T S PR, T8 R R A IS G 2 R R R
SR 5% 5+ X7 HAH ELAE FH P R85 B0E & FE 25 57 52 BTG AH G S (R 50 o ABIF 7 B W 2 9 b R AL R 2R 1R K AT
B (Escherichia coli)ZEA IR AR S e T BIAHRE & BE, 7087 T WIARAR G SRR 0 ARG IE & BE R so i o 45 SRR I s
FEA IR F AR R AR 22 IR & G B B A AR AR T PR s /N T 384, B0 H 58 38 1) SR A g . T bk
RIERG IR B RIS R P A B AR K, TR IR AR R I8 R A AR, H e UK 2R 1 20 R e
RBURAR R R I35, U685 BOE A B H LU 40800 J7 5 7 B 2 IR AR R I SE 4 e VUK, AREsE 2 A
BRFR B R, AT R AR AR R IMAR P Re i s B R A, PR EIRER . AREIWAE AR RS EN
[F R HIGE AR XS 30 S AR & & BT (W OC R, Rk, O 7 SEVER A Sl & B, 1AL SE g Hh 7R B8 SR A MR A X AR
o AE K A P R 2

XBEIR: SEASLIG; WIGAAHXTIIER, HIRER fhigdE

Frequency dependent fitness in different evolved Escherichia coli lines

Chuan Ni, Biru Zhu, Dayong Zhang"

Key Laboratory for Biodiversity Science and Ecological Engineering of Ministry of Education, Beijing Normal Univer-
sity, Beijing 100875

Abstract: Differences in fitness between two species or genotypes is usually assumed to be constant when
competition experiments are used to measure relative fitness in evolutionary experiments. However, interac-
tions between competitors may lead to frequency-dependence in fitness. We measured the relative fitness of
two types of evolved lines of Escherichia coli under different initial relative frequencies to analyze the ef-
fects of initial relative frequency on relative fitness. Competed with the low nitrogen evolved lines, the high
nitrogen evolved lines displayed increased relative fitness with decreased initial relative frequency, which
suggests negative frequency dependence. Both types did not grow in the filtrate from high nitrogen evolved
lines, but grew in the filtrate from low nitrogen evolved lines. However, the number of cell doublings of the
high nitrogen evolved lines was three times higher than that of the low nitrogen evolved lines. One probable
explanation for the negative frequency dependent fitness was that the low nitrogen evolved lines had weaker
resource competitive ability and could not sufficiently use resources. Another explanation was that the high
nitrogen evolved lines could use some metabolites produced by the low nitrogen evolved lines, which sug-
gests the existence of cross-feeding interaction. Different interactions may lead to different relationships be-
tween relative fitness and initial relative frequency. Therefore, we need to account for the effects of initial
relative frequency on relative fitness to more accurately measure fitness in evolutionary experiments.

Key words: competition experiment; initial relative frequency; cross-feeding interaction; allelopathic inter-
action

ﬁ%@@%%iﬁ%i%#EP?D'J%%/\%%FHZﬁ XUTT A ARH R B A 28 3o — B [8] J FR) A2 A0 Sk 17 5 A+
PRI R & & B 7 . 5l & X RE, ARG N — O AR BRI E S

ek H #A: 2016-05-30; 4222 H #A: 2016-06-13
BEEIH: K AR 5E43(31030014)
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JE o 3B H X PPV E P A3 G B 2 S 1
FEF(Lenski, 1988; Lenski et al, 1991). #AIM AR
HR 22 55 G S50 1) 285 53R B R S ) e B TR 2R
o A o B AIRAK A 1 (Ayala, 1971; Debenedictis,
1977; Harpole & Suding, 2007; Kerswell & Burd,
2012), DAL T 55 4 S0 WU 58 1) AF OGS 3 A B L AT
RE AT AR, RIAH TG A B 22 Bl 4 4 A ) A
AT ARA o X FPARZRAAGANE 17 A 7T g 5 56 5 X
7 PR ELAE F 49 nth 264 F (allelopathic interaction)
A 774 F (cross-feeding interaction)# 5% .

Tl AR 2 3R 5E - 07 h — TT = AR B
RS A — K, BRI —T . WE
BN — T AN AR A, AR R, X
TE A AN R, Xt S 80 8 A
X IE B i B A A6 A I R 3 I T3 K . Greig
A Travisano (2008)AfF 7t &I, 475 BEBE (1) 4] 46 4
BRAARI, HARX & & BEAR T A = 2 e BE, {H B
77 BRI A AR A G 0, AR X & A A 4
hne DR At 261 FH AT RE T B IR A 2R AR R I
(positive frequency dependent selection), Jin # /b
VippEl R R Y ) K 2, PR 2 FEME(Chao & Levin,
1981). AN Feiln () — LB ISR IG A SO R B, M Fh
T R BEHOIR 70 AT 7L S o PR B R sy, TR A9 ARt T
RE 4 FF 2 % (Molofsky et al, 2001; Molofsky &
Bever, 2002; Rendueles et al, 2015),

bt HFAER RS XT hi)—TJ5r
AR e s — 7 R, AT 5 BRI R g
W) — J7 ARG 3 G B R T 7= A m R A B 1R — 77
X IR T 75 7= 4 1 — O B AE X O R 2 B
H B GRS AR OR, B AT r]F)
PRI ¥ JE T £ . RibeckAlLenski (2015) % ¥l % f £
P2 BLFRAE F R K B A 8 2 3 44 2% o dE o o 5 52 3
WEE W AR G D0 PRI, DRI B R R AT fE S
A4 K L% $% (negative  frequency dependent
selection), A 1M & # ¥ M It AF (Pfeiffer &
Bonhoeffer, 2004; Estrela & Gudelj, 2010).

HH AT L, 24 9 A 38 43 TA) ) AH AR AN T4
BF, A 0T 38 G B I A 46 A R A0 26 AR A ) 15 0 A AN
[Fo B LA AW 27 B 9T N % 7890 25 FE AN [RI W 46
AERE S A 6 18 FE R SE MR, R A B T RA 149
FUFRARIE £, FRAR A [RAH BLAE F AL A0 2 OB e
P e S A 2 FE R . B2 B AT

AL SEIS BT FEAR /D 25 FEAH X IE A B 1148 1k (Ribeck
& Lenski, 2015). [Kltk, AHF 72 0& T PIRh A [ 3L
KAL) K AT B (Escherichia coli) 76 A [&] 4] 46 A6 Xt
ARG IR IE A FE, Rl B 46 AH X A 2 15
SRCMFE A L, Ik A X IE A FE R A 46 AH
XPAREARA IR, PRI P AR AL S B (1 K AT B
[F] AT BE A7 TE A BAE .

1 #MR57EE

11 KIEkk

AT 5 A B 7 ot A S 2 R OK T AT B bR
FEHK-12 GMAT28% R 7 e s PR & 5L IR
B 5 401,3004% /5 73 2 (1, 05 i 1 B R A
NH CIH & &, RAMEmAREREHE RS &
219654 mg/L, KA FHFEARFHFE TR EELN
4.36 mg/L. 1,3001X )5, #EAbikRIIKBATHTES H
WEHIE A EREE R THEKRR, WHENS
X E CAERK RS = A T IE R (1)1, 2011).
BRI P AR R AR IC N+, AR R B it
Bk R AR TE N=, PRI AR R 2 3 104N
SHAHE. X105 5 R EE A 5P A Lac+
bric, TTCA fEFLRE, 7 ARSASFR BT A Lac—hRic,
ANBEST R FLNE o« WA BRIC K AT 1 RETE & X-gal
(FILBHRE 77 3k 140 A8 i 8 € fl (1 (B v, TRl T
DL A AN A Lachric 1) P9 gk Ab ik 2R 13047 58 4 Sk
56, MM E S .
12 HEXEEENE

FIT A (1 5% 4 S50 0 2 7E i A 5 U T MOPSK; 7%
BT, IR E AR 7S WA )1 (2011) . 55 45K
B8 2 WU T B 5 4 bR R AR 1 R
b5 324 ho FEN+RE 2 FIN-Fk 2 (910N B 5 FhEEpE
BLECXT, ZEREEATE G005 A AR Lackrid, 2
JE AR EI10N T4 5 o o i A — AN S5 G0 A5
AN [FIRTUE AH X AR N+#R 2206 Nk R 0 AE X & A
FE o 3B I V3 A XU IR A B LU A N+ R A
GEAEXTARZE Sy 08 0.01. 0.1, 0.5, 0.9, 0.99. W
A6 G 5 BIAK B 77 I e HR AR L (0] 46 400 2 URH B
PR R IR 5T, W4 TR A 1R VIR L 100 £ 1 7 5 5 £
FENEH160 pLFr 55 77 5 (196 AL LR, 37°C,
200 rpm#lR3% 457724 h; [ EGHR TR A B R R 2
EIEMKE G, 100 uLigAh & A X-gal (LB
FRIETAR b, 37TCHEIEEE TSR, B e iR b
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524 %

€8 0 € B VR AN BOR T BT U6 21 9 R kA
P 22 0 R 25 52 (NS (0) FINL(0)) o T IR VB &5 T W % 9%
24 hjg, P AR E] R 7 v 2 A e vk R 1
b 5 (NL (1) FINZ(L)), #% I Lenski %5 (1991) [ J5
PO H N+ R R N N-FE R WA X E A E
We ::EES;?::EE%; o W > LULBAN+IR RIE A E
KFN-FRFR, w = LI BIN+PR R 0S4 5 45 T N-#k
2, W< LN+E R HIE BN TN-R R 5%
G 0 75 B3 P 40 06 A6 2% A1 T B 50 R kA X 3
G, RIEECEAME .
1.3 EHRPEKBFERONE

NT 25 T v A U PR AR I R T
H IR, AT E T PR &R A IAE E A
e g FAEK G M E R P ARG KT
(2 hE 7 SR TR A 40 24, Rk m DL AH R
[F) A 240 R A R R Bk i 2 AR K AR . 924 hliE
BE 37 ) I B T 2 10035 4 B 35 4542 N 160 pLFHIS mL
Friep R dE ) 37°C, 200 rpmiR i RE 524 he 25
5 mLERAHO0.2 umJC e 2% o8, Fhpa Hodr 4
R, THEIEH . N+HRR R 7= A B8 AR 1E IN+F,
N—Hk 2277 4 A bR A0 N-F o 42 JE M X A
MEH B NTESRX, WRFFET 24 hiJ160 pLE R
ol B 1.6 pL BB AN160 pL E B8 H R
a4 xt FHIEH R, 37°C, 200 rpmilEi 159724
h, ) B {8 AT 38 B4 S A 4 0 2 s £ o
FE(No)o 24 hiF, FEVUCIIEABES (N THEEA
FIEETE24 h 4R M0 £ 9K E: D = In (N1/No)/In 2.
D > Ot BHFPBEACESE N, D = Ut IR BEAE A,
D < Ot IR EERCR /N o BEANFIE IR0

1.4 BRSO

it 1 088 43 B #R84 FH R ¥ 4:3.1.3 (R Core
Team, 2015). & 5 F 5L ARt 56 40 il A6 36 B — )
G XA AR DL, N+IE R A EE T N=#R 2R (A X
AR S L. ARG T — R AE AR
SR A E A P P 34E, X3 AH 5 & & A
BTG AR A REAT [V 23 b, A A & 6 B2 B )
GEAXT AR AR Bl o 53 AMBRATTHE A UG A X A
YE R T, HHEZER T 2 758 (one-way ANOVA)K
IS AN [ W46 AH N AR AR IE G R R A
ZE St o FHERE ARG I8 73 T RS 56 N+ FTIN— 9 oo i A Ak
FAAEN+FAIN-FH P8 b i) AR K 2002 1 382
BF0o FHPAN ST AL AR 56 7 531 K6 56 79 et A [+
R, IR RIAE KR ETHREZE R

2 R

TE 5258 5 B ISP LE AR X 2 T, N+Ak R AH
T N-FR R A X IE A B KT 1 (GR1). B
TE A FPRT A6 FH XS A% N N+IR R [13E A B 45K T N-
PR 2 o (HEN+HER R ARRE A FERE A & IR A X
A P T DS, R VE 23 BT S R N+ 2R A S
T 5 A6 A X IR A 2 I AR M AR G
KA (EILA) . Tt BN+ FTE R LA AH R 523 A 1 i
ok R B &G B, AAAE RO . SR ETT
72 53 KT 45 SR 3R BT U6 A X A3 6 AH X E A A
FRoM(F = 22.08, df = 4, P < 0.001), £ HEL%
(Tukey HSD#w 5 )4k 5 & AT AE A O3 28 32 EAE AL
ZINFR IR R AR IS & FE A 23 5, IR A EE K
F0.5LL/5, 0.5 0.9H10.99 = FAJ 44 AR R T (4
X IE B FE A A 3 22 7 (R ).

KL NHERREFEHBEXIAE TEON-tRRAETE S E . ER PR, THRIZEETESEFT1. BTukey HSD
KIOTSFAIAHEIAE THENEAERITZELR, BN EEEA LANFERRRTEHEREE.

Table 1 The relative fitness of N+ lines with different initial relative frequencies when comparing with N— lines. One sample t-tests
were used and the null hypothesis was the relative fitness equaled to one. Tukey HSD test was used to do multiple comparisons for
the relative fitness with different initial relative frequencies, and the different letters on the upper right indicate statistically signifi-

cant difference.

N+k R AU S AHRE & t GitkE H P&
Initial relative frequency of N+ Relative fitness (mean+SE, n = 10) t-statistic df P-value
0.01 1.5176 + 0.0760° 6.812 9 <0.001
0.1 1.2992 + 0.0345" 8.681 9 <0.001
0.5 1.0829 + 0.0188° 4.414 9 0.002
0.9 1.0814 +0.0241° 3.384 9 0.008
0.99 1.0750 + 0.0282° 2.658 9 0.026
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B

z

=
w E y = -0.1*In(x)+1.0368
48 F 2 R=0.9782 w o ONHRA
w2 - P—GbODQ a N+ lines ——
® & 7 ' S -+ 4 CON-#&F 7
E E ~ 2 N- lines o
& 8 -~ S 2
We £ " & 3
£Z X8
Z g5 E3
W s o & =2 NS -
# o 2 —
+ .z @ = ] —
< F < 4 T T T T T 2 S

o 0.0 0.2 0.4 0.6 0.8 1.0 N+F N-F

| - - .
N+PR R A JE R
Initial relative frequency of N+ Filtrate type

El N+HERMENESESE VBB A XM (A) R AMECR RN ARITEERMIE L RTE24 h"NZEEMER
#(B). (A)BEPFESRTEMVNEHEITINRTN+ERET TN- SR E S ENENE, RELERTIER(N = 10). B
FHIZE AN FHENEEESVIREMMENXR ALARRTHANAFENZITEZES. B)EFHIEERTHE
THREIR(N = 10). N+FFIN-FE 9 B EN+¥k R FIN-Hk R 15 F24 hFRYEH K. *** P <0.001, NSF/RP > 0.05 (MR # A

tha5e) .

Fig. 1 The relationship between relative fitness and initial relative frequency of N+ lines (A), and the number of cell doublings (D)
of two types of evolved Escherichia coli lines in two different filtrates (B). (A) The black dots show the mean relative fitness of N+
lines comparing with N- lines, and the error bars show SE (n =10). The curve indicates the regression model, whose equation and
statistical significance are showed upper right. (B) Data show mean & SE (n = 10). N+F and N-F indicate filtrate prepared from 24
h cultures of N+ lines and N- lines, respectively. *** P < 0.001, and NS indicates P > 0.05 (two independent sample t-tests).

PR RIEN+FIE MR 3 A AE K, N+
Pk 2 B 40 B in £ YR $0°40.1104£0.098 (7 H4)1E £ 45 HE
i®, n = 10), N-Fk R 40 B hnf5 7k £0°40.137+0.169,
FREARUG I R E AR ME0 (N+HFRAR: t =
1.1266, df =9, P = 0.289; N-#k &: t = 0.8149, df = 9,
P =0.436), JF H P& ABA 22 1 25t = -0.138,
df = 14.467, P = 0.892) (KI1B). i BIH5FEN+ik 724
hULJg, BEFrstd I M IR Qe S, Rt
bk R IR R AL . PRI R RIEN-F
JE R A A K, N+RR R 41 B i R Bk
3.8691+0.3430, N-1k F [ 4H A fin £ X %9 1.1948+
0.1398, HFEAEINHIZE R B R E B EZE KT
(N+FE&R: t = 11.279, df = 9, P < 0.001; N-ff&: t =
8.5439, df = 9, P < 0.001). jtHIk%F=N-#k %524 hLL
Ja, BEFREEE A aT AR B B . BAR B e
bk REEN-FIEH PG E K, (HENHRRIA
KEZERKTFN-Fk &R = 7.219, df = 11.911, P <
0.001)(&1B)

3 1Wig
AW T T PR A ST K R 1 AR A
[FI AT AR AE XT3 T ARG & R, AR BIN+PR 2 A

X N=FR 5 IR AR X 1 A FE B A N+ PR R BT U6 A i3
(kN T 3G, RN SO ZE AR o X o 7 A0 A
HiAT e S AR R PR TR SRR 0 22 A K
A0 A PR U 1) 55 4 e 77 0] DA B AR BR 858
AIRFEIES RIGE I Ron, BISESRe ok, e
78 47 F FH 3 5% P i A R 9% U5 (Tilman & Wedin,
1991). JE H R 45 5L B R AP K AT B bR RAEN+F
FEH A BE AR, BEEN-FIEH R T
R (EI1B), BEHIN+IERTE24 hjG i Tl gz
B RS FESA R, T N-FE R WA B8 52 AR
BRI PR o IR R IANHR R 35 4 BRIR I RE K
TN-HR 2 o BRI N-FR R AR 38 iy, B T-N-
PR R ANBE 7R 2 R FH BEUR, N+ 2 56 FH 1R 08 J50RE %
s, AR R, A E S R
FyAh, FEXTIE G A AR AR AR T RERE R T
X PR AL B (K AT IR AEE BLFRAE . 7R
PRI Z IS, AT BEE i bR R S PR ) B
TR CE &, (BT8R USRI R &5
TECERUHT G &R, BRI 1 B2 YR Wi T e 5 U AU
TR o 81 G 7 6 40 05 57 BRR B R g AL I K T T
PR ORSE R T RSO BT A T I RE T, (R ANEE
o3 AR A AT o 1, DRI A S A B A ) AR



1060 4 ¥ £ # 1 Biodiversity Science

524 %

W, IR LA AT Re b AR R, AR
H.7#5% % (Helling et al, 1987; Rosenzweig et al, 1994;
Turner et al, 1996; Treves et al, 1998; Rozen &
Lenski, 2000). AAIF 5 H 4 H AN 282 72 1% 2 ik
B EL R AT, B 7 ROl SR B R I T (R
I, 2011), DN A AT e A e 78 43 ) R IR ) B VR
P AN T84 1=, X L P REA N+ AR 2R A
M, MIITEREFFAEA . 7EREFEN-FK 524 hJg 198
HR T, BARMMER R R WA A K, Hi2
N+#E R I AE KR A RN-FR R34, ATRER N
N-Fk 2 TCVE MR A B I FE b i B30, A v e
& NPk 58 73 W6 1) 55 L8 AR 7 P BE A N+ Ak &R0 1,
e eI ALK .

EIRAN+IR ZRAH X N-#R 2R (ARG & & B2 R I
PO, EN+R R & & IR A 5 5 K
TN-FR &R, I B EN+R R BT IR A 4% K 10,5
PUJG, N+#R 22 AH X N=F 58 (10 A 0 & A IR RF
— % (KI1A). RibeckflLenski (2015)FIHEALFMI, 0
RIAFAE B FRAER, B4R IE & FE B AT 46 AH R
R ARNWIZ A LN AR, WA RN, W]
AFAEHMMAH AR . TEABEFH, N+ RY)
GEAHNT PR B N, BLIRAE R R B, X AT RE
2 B TARERAE BTN+ R BRI & B2 . (R
N+FJE B, PR bk R AE B E M AEK,
HME KRR EEZ R, WHNHERRT
A= FEARIIN-BR F 7 A B FHAEH o IAHE 7L
rh A R AR R P O A T PR R ) AS K T R A 7E il sk
YER o 53— Pl ] BE MR AR a2 2 N+ 2R ) B A R
AFE R T0.5LL 5, XUJ7 HOAH AR A 32 22 2 B R 5%
G, I HARXS 54+ 68 J1 AN FEBE A IR AR S e A4, o

AT G R R 1 A B 2 I H B I ) 0 R A R
PE, X —45 R AR5 HEA SIS rhoi R E I 1E E A
XPIE S TEARE, ABASBERAE £ & Fh A 5] 1 1 A S
FR G I 15 A7 7 X A AR ) A N i
IR o BRI B R 5 4 S B0 I 2 AR G T B2 I A
FH ) #B 72 0.5 TG AH X #9122, AR A5 BifF 7T AE 2 A
WA AR N A E S . B B EZEA
[F) P 52 565 2R 495 H 8T B 0 6 A X A0 23 o A o o
(RS2 o XA AN AN B0V A 0 A X o T
& BE A I 73 B B 2 R T 3R b AR I TR A
KK R FEAS [F A Y (6] 7] Re A7 AE (A BLAEFH o
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2T BT RIS N B SR T

hH AT #FE R

1 (W5 — e Be g fike, Kb 4102085)
2R R T SR A S E IR, TR B A X E R R BE I, T AR 541006)

WE: B2 AR RAEEFMIME AT =T EMAE, ZMROEPAAR S EH T R
OF TAEME T Iaghads. MRl XM Z NI R EHRE RN EIFEIDEEER, JIER2RH
A= e ATV AR RN &, FZEEH T HORSMRYE: B — 2R\t ohant 2 ids, Kk, TRE%
FHIBRMIERL; 88 ZRYCN M YR SR EOEZE . R E & R R &y sk B i
BNPIRINE B  IX P AR UL E AL 41 . B A A0 gy (R ST AR B /b B2 0 B AR 9 s r s (5 5 e, T
KR AN S R F AR AR S 45 S AT IR . A S AT B M 25 B IR EE IR T (R S A R B (A o i, JF
S AL R 28 E X, RANIR T LB G (3 N 7 S

KRR ZLM; HULMARYT BEIE; mEE BUE

A minireview on adaption of young leaf redness

Yingzhuo Chen'", Zhihuan Huang®

1 Chengnan Academy, Hunan First Normal University, Changsha 410205

2 Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany,
Chinese Academy of Sciences, Guilin, Guangxi 541006

Abstract: It is well known that the leaves of many woody plant species flush red rather than green during
particular stages across their life span. Non-green leaf coloration caused by active synthesis of anthocyanin in
plant organs at these stages costs the plant significant resources and energy, resulting in a reduction of pri-
mary photosynthesis. Therefore, it is likely that the coloration change is an active process and not simply a
by-product of metabolism. Various hypotheses formulated to explain the potential reasons for coloration
change can be divided into two categories: (1) those that suggest it is physiological adaptation for resistance
to severe environments (high light, drought and low temperatures); and (2) those that suggest it protects
against herbivory damage (coevolution, unpalatability, camouflage and anticamouflage, etc.). To date, there
is no consensus on the relative validity of these ideas. The majority of previous work has focused on only a
few species and autumn leaf color change. The relatively few studies done on red young leaves in spring
mostly focused on red coloration as an independent visual signal. Future studies need to consider the chemi-
cal and mechanical defense of leaf redness, as well as the anthocyanins presented in other plant organs
(thorns, stems and particularly, flowers), which may experience similar selection as leaves. The quantifica-
tion of environmental factors and herbivore selection would be helpful in expansion our understanding in
young leaf redness.

Key words: red leaf; mechanical protection; community; herbivore; trade-off
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B, X—MMRBEHIIE T AR,
1 ey E Rt

K A B H IR AAAEAE T D E Y F,
T A2 B Y — Rt I 4 . MR 48 Archetti (2009a) % 4=
HH: 3 1 i [X 4004 J8 2,368 F A A AE 430t 47 4t it
Horpofy 22 /0290 R (73 & T- 70 &) iy 7EAK 2=
UM, 4 5YREE12% (Archetti et al,
2009). 7EAIHLIX 4026 [ R oAk =, L0
PR EL 2 (5 b SRR £ KI70% (Lee et al, 2003).

BRI A1, FRATT ) WL 20 i 45 A (Photinia x
fraseri) - A& f£ (Osmanthus fragrans) . #&% #f
(Cinnamomum  bodinieri) % £ -4 4t %5 2= 4 - B
BN, EHINE KRR RETYH K TAER
Hil 22 24 R AT 47 M A ((Coley, 1983; Coley & Alide,
1989; Coley & Barone, 1996; Coley & Kursar, 1996).
FR 4 Dominy 45 (2002) [ 451k, HZRL AL PFh i
ECABILE A [ H X AR EOK, FE7-62% 2 18] . 1% 3T
AE A LI I RPHATIEDH I — Le R bR
FEVE, o S N AN R P R 21 € %)) i ) ok ) 2 %2
(51-62%), Ty KK 3 U 43¢ /D> (7-36%6)

2 MHENEX

T 27 2] 5l T 4R T € AR Ak Y J ]
(Wheldale, 1925; Sanger, 1971; Stone, 1979; Gould et
al, 1995; Lee, 2002). I AR FLFR: —J71H ] e
e BT AR A R e E Gk K F R
(Whatley, 1992; Coley & Kursar, 1996; Hughes et al,
2008), fEif3H Fr gk AR A, 53— J7 ] Re
e AR ER AR T A E R MEE R
(Sanger, 1971; Lee, 2002), Xl & 30 H 41 €2

FEARGE MY 2R b, i AL B AL
S RARE — I 4, 2 HA B R 4R
AR 2 SR B (Lee & Gould, 2002;
Ougham et al, 2005). {HZHFFEERH, KT M 1IH
PIAAE B TSR B e, R AR 200
R AR 1A RCHT I (B 3 w7 T FERE A B,
[ i i AR 2L A A5 R 0t & R8O [ K (Archetti
2000; Hamilton & Brown, 2001), HE%)75 4 H &5t
FARHT, AN A BEE O ERE? F3&
I VIR Z MR R R X — LR . Archetti
(2009b) ¥ %125 1 10 % FhAH G UE, RECRT 23 9 LA

INLES

B RERUN N, AR T RO EHEAEDY)
WEEME . e FUREE T, A A HGIR I
TAETE R0 LUK G RE L b o FARE LS e B IR
AR R (AR 30 R0 25 1 1 FH (Oberbauer &
Starr, 2002; Becker et al, 2014); A AN HA ETE
T # AT LR AN P (K 34, 3 st ot 1 2 e
()1 5% 77 (Chalker-Scott, 1999, 2002). &4 &\
N, LR 2/ 5 TEHUVE FR 7K K (Masram - et
al, 2015). fE UL H, 6 PR 4 & 1t (Photopro-
tection Hypothesis) 7% 2| T 4% % {1 X . Gould &%
(1995) 2 t, 675 & it 40 A 76 28 B 40 i b o ik
B R BH A4 50, B R E I R R AR A
FR 4R ) H 22 R A ' 41k (photooxidation) A 111
(photoinhibition)xf H I 1J F, A A T Bt R 5w
IBNTE FEY AL Z M VA AT . — 285 kK
TP FAR SRR — R . AnLee®$(2003) 1 £ T 3%
FE] L 5% 1 ZE M R8O AR A, R IR 3 22 4 41
NHATE GRS EEZHHRENETRSEREMN
FHOR, FREA LD FpAE XS T AE L0 P mT DA 4 1
[ =2 i Hh )7 97 Hoch5:(2003) 4 3 A A A 4 1)
7 A A SR R A0 T R AT X B, 7R [F — A
PIESE T 46T 2= A AT Z 0t = I ERIL, Gould%s
(2002) I & 16T 2= 1 EARE AN RCR B4 K,
B B2 B s ma i b i, i HAE 2 2500t
HEA 5 o RE BE Ak 52 IE S Neillf1Gould (2003) 1)
TAEUESE, 1675 2 AT LUA 8080 244 7= AR (1R 4
1£¥); NovakHiShort (2011)AF 5% & IN, UV-BX} i 2
it R R A EEEH .

AW TR AR U T 5 %€ - Manetas
(2006) 15 th, 167 2 IF A2 6 3 i FAR (1 ) ot
BAEM A AN IE SRR I DhRE, A
MR, F 2R G M RIRik, #xa
AAEBERERER; HPta DR AL R T i
Mt S AT R ARSI T dE N AR YR
B SAAAE — & 7 JE 2 Ak, RIE— S22 2 T 4655
FELLM R B B EAE ISR

55 RN, A0 IR P A R X RV P A
YN (FE R EE KM EHERBOIER, A
2Lt LR AR B RN T BRI TE A HE MG 35 (2
RS RE R )G E . AR s
AN A B, B OREAE  E E Re AT
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OANGUR, L X DL S ORI, IR
Ty 3 {8 3 " (camouflage  hypothesis) (Stone,
1979; Juniper, 1993). A %E NN, HTHEHE T
B S AT R, AL S R
SR AN e ZE AT E AT A T e el A AR AR K
W, X a2 e O %% 7 B U (Anticamouflage  Hy-
pothesis) (Lev-Yadun et al, 2004). it % # N,
TAEH R EAREAERIE, ™R R R AT AR
MG, IR IE 22 R 6 (Unpalatability
Hypothesis) (Coley & Aide, 1989). 7EIIME i,
1 Archetti®54ie Hi i SL kA0 B il 13 B SCHRFER % .
AT IR, FEA R AL B R T s A B
(i N R S I S o 7 Qe VU D =
(coevolution hypothesis) (Archetti, 2000; Hamilton &
Brown, 2001). WFHiox 78Rk =1k 555 i A7 O
B, AR AR R T AR W TR e AE 7 R AR R X
. HR4ERamirez4% (2008) % i HL7E 11 B RHEY) -
FEORAT ARSI, tf KA S R L B
B L T RIFZLHAEPR, MAAERERZE, EA B
oty IR AR ) R ZE I IR R X
F WIF R I AN e O T B R IUR T e R B A
77 G0 . Archetti (2009c) kA T BT A= AR AR 37
R, K OAERF B2 1) B A R R b 2D O
AL BN ORI IR AR b, 20 U 1 5y %
G fiF AL RR 505 1AM EBONE W, 51— 7T
FA L0 (AR BRESAEU)S, dog dufit e T e JE 4L
MR P OP LR s E & . R T4 IR
B, FEME. PO RE SRR 52 K/ 18] i) BR A AEAL
7, SCRE T 202 — B S 5 AR .

AR AT N ZERIBLE, 200 R] DU 240805 1
B I R T A SEEUEE 1 3 HF (Aide &
Londono, 1989; Déring et al, 2009; Holopainen et al,
2009; Archetti, 2009c). #A T IX L& UEHE tHAFE— 5 1)
AR Hoe, BT Z b Tk RO Fh s R A B
BHRERHI MG &, AR 1w A AR e 0
AFTTHET, Ak, AN R HR A B 45 2001
24 (Déring & Chittka, 2007), [l 'S %40 i ()R
ol P AN A T T P € T A SR o A A 75 AR 5
I k% -

3 dastaENENX
H 5 Lev-YadunZ5(2012)if it 7E 55 2% . HASHI LA

O3 IX A, KILRA SO MR,
S R AL PNEZ Gip SN R M TR SRR
(R, Hym a2 Bl b 2 R I — 2ot 1T
M N LI, WA — 2 F Rl ) 2 8 2 3
g, IX W] REIE R4 A2 BT 52 B 1 4 ]
REAN ARl X —UERAE HoAth— Semt s A5 3 T
iF5Z(Lee & Collins, 2001; Chen & Huang, 2013). 5
AR AHEE, KRR Y S A E RE SR,
[E I IR LA AR AN KIS, PRI 5 2 3 &
#4553 (Numata et al, 2004; Karageorgou & Ma-
netas, 2006). 4 i A7 7E I 21 L4 H- B R 5 7 48
B 2SI R ? HAERAE A4S
o TR TAE KA I AT AR i (Coley,
1983; Coley & Aide, 1989; Dominy et al, 2002), H:
Aty b X U] 5 A 3

S —J71H, FONIR 2 A et BT &AL
S et EY), AFEREE. BRE. Az, &
AN BERES LA SE, XL [F A B A R
HIThRe, W LA RERAEMS £ (Ward et al, 1997; Ruiz
et al, 2002; Lev-Yadun, 2006; Lev-Yadun & Halpern,
2008). LA B4 7t BlCER M2 R AT A 0 T () R
X, BB ETHUMRA S M R, FEARKE R TT
A &2k . ChenfliHuang (2013)% a7 i [X 76 Ff
AR AL S REREAT T 047, RI
Y LELL B S PR K P Z TR R AT, BAA 4L
eyt M, EREE. EREFNEAREZE3
TURFIE b IKSFBAR, T2k 4l i) A ) E 24 5
ZIINURORY 2540 . IX I TAER B, 4 p4L et
ERMSIAE R PR, T2 5 HARRHESL [F 2 5 55
HIRE. CLLOMPUIRYZ5E5 08, 7T LA
Hh R R A 41 A I B o

NP R AR E X, BF NN X
MR LA T TN T (L) B A W0 PR 3R 2 R 21
I BTN BT D& e B &R AE P AR A
YA F-(Archetti et al, 2009), 1H2& 2 H T /E# 4+
TE— DD HTLNYM, BTN Bt 2 e Bl
I8 AIE 5= 225 5 (Ougham et al, 2005; Karageorgou &
Manetas, 2006; Hughes et al, 2007; Karageorgou et al,
2008). JUMMERUIHEAFE] | — B3 RE . Tk, A%
R L0 H B AT RE A 2 Mk 4 e AR FH I L
A 25 B, 2 PR Ut w7 BL A I j 57 (Lev-Yadun,
2009) o XU A7 —EFEE b AT A B AT S+ A
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PRI JETH, AR ik o) AR BN 2%, DA XD
R EIWT A R AT REA B A& 2 R . B,
FER KR FE b HUSE 22 1R 40 P R 3R A7 A 5% IR 3R 1)
JE T T VR — M AT RS . RITRT DAL AN [R]
iy DXRIA 5] FF , ORRE A R I R B0 55 DR 1 3 A7
. filhn, WE i, HIERRE SRS, [FN
WA AT &R, HEIX LS HAEAF
PR AR 9 PR3 (1 [R] A Ak 2 TR AE IR LS 22 57, DA K
HE R RB A RIEKTA R, REHHER
PRI MR B AT REAH SR R, A 2 oIl A 73 #r
(A I S ST A AL [l S AT AR 2V (Rl VA AT, DRI X
LR R Z A BN BB R R o AT AR AN [ RETR
)[R — A, R 22 R 3R 7 22 03 Rt AE AN [R]
DX0f I 52 M B R R R 25 B AR B AR A N T,
I 7] R B 0 A F o (I AR L AR PR K &
YA, g3 b HL R TS 2 Bl R IR AR LM K AR A
B R N AR, — J7 T ROAS [F] o ms S A5 R AT
FUHO O R RER, 55— J7 THN AT DLd e g it
KM FEH XS HEY) 32 M B AR L R R M A5 4%

FEAR T LT3 B S EI, o — AN E 2 i)
TR 2 N 2 B WL 5% 1) (1) 21 2 5 A1 R 5 P
JREN . EVIRAN D 1) 2 35 SCHR A0 ] DR S £
HRA —ANFEARHTE 24K G815 2 B 8 1 UE
S HE, W2 (R E R THHES M) He 5 M
PR b X o3 20 RN 2R W 2 |l ST BIHF e vk
AR, 155Kk TAEH (Doring et al, 2009) &,
SRR AT DA 38 Ik 0 21 €6 0 B 1) UK 22 R ok R )
gl (HED BRIk, Bk 2 12
B TFA O B R N R 1) 8.5 %2 5 (Doring & Chit-
tka, 2007; Pegram et al, 2013; Whitney et al, 2016).
B TR GG A A, FRATTAT DUEE X G £ 25
SERMANR = JE A R, B AT
ANTF] B P S R 22 5 (Chiittka & Kevan, 2005). FR 45
S I i BBURR X 38, WPV R AN R 21 (A
SOt AT B L E R, AT DAL E R
HEE .

bR 17 AERRE B o0#r, dR] BLAAMAIKSE A
Fo BWTFRIN, LERIFAA 2 18] F 2 [/ — AR
ANFEI A R & EIHIETE 4 —F((Schaberg et
al, 2003; Lev-Yadun, 2007; Cooney et al, 2012), %
1, AT DA BRI R 43 H 004 ot ] Aot AR 5
M BB AT 2 i, B AR ) R G ar

PR, PRI S B R R R A G

Btz 4h, 76O 1 TAEH BAR R IYHFEAL
AU AARS (8] BA — 58 BB, {H 23 FhAL A
H AT IE R IAE R K o A4 X P 7E P N 2 75
WAFLENE 2 AT LA o i B — AN |) AR AL K 1
YIRh, XL R TR AR AT 8 B4 B, A
AR Z A E R

UbAh, IHRIENT 20 THEY SR E (.
L fe R —RER, ERERBEZER: 4
WIAE 568 A1 s o SR S (AR T 3% AT DA RO 51 4% B
& ARl T4 3% # (Hoballah et al, 2007, Glover, 2011);
TEM R AL T R T LR IhRE A, HEE KL
FE 4 ¥ (Corydalis benecincta) 7] BAAE B A6 75 5 5K
AL B ) 5 A B LA b s & (Niu et al, 2014);
A 2 B 25 0T DL A6 7 20 Do fr) 2
7 i (Lev-Yadun, 2001; Ronel & Lev-Yadun, 2012)
BRI (Lev-Yadun & Gould, 2009). Zi& {6
R 2 P IR VF A B T S HE R VP AN AL B AE S
W CRAP I R ST R BN, R ] DU R A
TRA S By ik SR AL R
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Research status and prospects of rock-inhabiting fungi

1,2#

Shun Yang"#, Wei Sun*?* Xingzhong Liu', Meichun Xiang®*

1 State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101

2 University of Chinese Academy of Sciences, Beijing 100049

Abstract: Rock-inhabiting fungi (RIF) are peculiar organisms with high diversity that apparently lack sexual
reproductive structures and form compact, melanised colonies on bare rock surfaces. These fungi are one of
the most stress-tolerant eukaryotic life forms on the earth and have evolved a variety of adaptive mechanisms
to occupy harsh niches. They also have special characteristics related to their cell structure, metabolism, and
stress tolerance mechanisms. Although RIF are very ubiquitous, they have often been overlooked due to their
small size, slow growth and lack of diagnostic features. In this review, we describe the diversity, research ap-
proaches, history, adaptive mechanism and applied research of rock-inhabiting fungi, to focus attention on
RIF and their importance.
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474 B (rock-inhabiting fungi, RIF)A& &4 3E
s A REM NS AN — KRB OERE
(Krumbein & Jens, 1981; Friedmann, 1982; Staley et
al, 1982). I ANMTIAJY#REs H)A A1 R IR HIAK
BB BRI ES A, A AR E R 2R
DU o A4 R D 35 5T B RS PR IR B B I (Urzi et al,
2000). A1 ARV PRI T A A H I, eAT
P ERES A B BT ENAEKEE.
73 TR 22 5 T RERHABL,  DART B PR ok v I T
(microcolonial fungi)ak 2 4 7% £ 5 (black yeast) (De

Wik H #A: 2016-05-20; 52 H #: 2016-06-30

Hoog, 1993; Yoshida et al, 1996; Figueras et al,
1996) o A1 A= T 11 ) R T 5 78 i A /N B0 1 U2 s A
7%, PEEEA - RAEEL mm, ERRTEK—
ASETE R — T E L H B A AR AR
T RKZRNFERN SRR, P B ORI
ML, W% 2R OS8R (Wollenzien et al, 1995;
Selbmann et al, 2005, 2013), # %% £ &ERIR, H77
A=Y O A AT () o BT R LR AR AN R S
Y, XL AR B E A, JF R AR E
AT AR, A BE A S A B v R R

BETWiH: EK G ARHEIE 4 (31670014) FIRH Rl T4 % 101(2012F Y 111600 1 2014FY120100)
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(Sterflinger & Krumbein, 1995). RNEF A4 H
B A 85 5 B 5 A 2L (Minter, 1987; De Hoog &
Mcginnis, 1987), 1N MM _E 3 LUK B i 5 7% & T
H- 4 Fh (Friedmann, 1982).

AP THEMFIEEERY, K25AE
FLBA R T 2R B 1 e 3 1A A PN B 1R 49 (Reeb et
al, 2004; Ruibal et al, 2009; Selbmann et al, 2014).

B Fn i A A SRk A — A U I 5 iR A AR
PR RS YE EAT B BT FE 408 th, e B 1 AR 2 TR 2 1)
WA ZE e Hoh, BRREMN A A B W R T
T m M, B TR T T =8 45 B EE R
“M(Gueidan et al, 2011). A4 B B E AR B Pl
fig 71(Palmer et al, 1990; Sterflinger, 2006; Zakharova
et al, 2013), ‘BAI/EL S BT H K kAL, T2k
T FR B A iy A 55 9 3 % 47 i (Dadachova. &
Casadevall, 2008). 4= B & LLEHE TS AL KIS A
Ko, H A AR I A Ece B, X ] e
FHIELAM AT T A MRS, %7
A L B Pt 58 B AE A AL, X AR AR DR BT AR T
BT W AE R, DLIE B 2T I E 97 26 5 (Gorbu-
shina, 2007).

B R A R JORE () A A IR B RN A ) R AE,
AR VERIER A AR A ) 2 A BTS2
UM F S IC, FE0E 4 Ja A A BB A 8 it
TR,

1 AEEENZHEMN

1.1 #HRAE

B IR VIR B R0 A AR LR 2 PR MR T A SR A
T A LR A TR R I A 85, 7% SR URR IR (1 45
7715 . Warscheid (1990) K BB 88 5 A1 1 7750 35
1 E F#; Gorbushina:(1993)F) ] o 2 ak K Sk x
Disasc B R BT RS ek, N TR
KHE I EERT 9T, RuibalZs(2005) % IR F bk
XA A BT 5. A AR BB R I R 3
PE, REHIPDA. MEASRFFR BT Al 77, Hdsd
KR 915-25°C (Selbmann et al, 2008; Egidi et al,
2014).

Staley%(1982) & X M H | KR S5 iR £
AR, BT BN, VISR T A%
HL A AR A K A TR VR Z5 40, JF R FH 40 i T &2
T ISR R A A LB B ZRR R Al A% I

gk . W SO g R S R I E AT B A R
TER AT CEIEH, Wl T AEEE AR
HZAEY . BT RS MEMLVER, At RE
% FEVERTE 701t R E % 2218 (Taylor-George et al, 1983;
Minter, 1987; De Hoog & Mcginnis, 1987). [ifi& 71
W K RE, B 73 in18S rDNA(Berbee &
Taylor, 1992). 5.8S rDNALITS2 (De Hoog et al,
1999) A% 2 B il 1 v B K 2 2 35 1% 0K (DNA
RFLP)13 LA RU8 H T A B 2 FEE BT 7T, 4n:
mtDNA RFLP (De Cock, 1994).rDNA RFLP (Uijthof
& De Hoog, 1995). T4k, ZIHEFE (TS, LSU.
nucSSU. mtSSU. RPB1. TUBZ%E)F 4 4 J7ikxt
A A B AT 2 R AT A TR R4S B S AT
(Selbmann et al, 2005; Ruibal et al, 2009).
12 #RAEE

BAE— A4 BART, Muntz (1890) 5t #2 H A 4
PE PR AR S, FE4E HIX R R
AR AL A R HIEHEN S AN
Gromov (1957) & WA 2 B AL 30 i i 4 5 A b A
5. M A ELHE (F7EAE . Staley%(1982) H it 414
BB R V& KNI AE KRR AT TR . 5K,
FriedmannflWeed (1987)7E g Vb5 A1 A 55 & BRL
TAEMNA RIAFAE. BT AR EEMAKE ERE
AFEZE AL, Fr DA 24— B N A 4
W IR D o AR, 70 T AEY A EOR R R
KHHES) A AEEEZHIER W . De Hoog Ml
Gueho (1984) H HJ it 48 A% ¥ #% W2 Bk 5= p 7 %
Moniliella. Trichosporonoides#1Hyalodendron/& & [
HEAT 743280190 . Braams (1992) M\ [ b 4 20 i
T 5y B % HT70 2 MR 2 H B, Sterflinger Al
Prillinger (2001)# F118S rDNAFIITSL R} B i F1) 2
LGN A SRR SO b R AR LR AT T ORIEAT,
K PR %5 # # 3= A Coniothyrium . Epicoccum A1
Phoma/&; SelbmannZ(2005) M B 55 A1 £ i o 4>
26 PR v A1 AR B, JE A 2 ZE R (1ITS AN
SSU)45E 11488 34N Ruibal%4(2005) M 4
PEA g R B PSSR SR A A AR,
170k A AR B, Horh A3 A R B TE 8%
fif. HJ5, Ruibal5:(2008) S M PG HE 7 H &5 1L X 7 25
FE R R 2668%, KM AL YPCRY 1, %Eh
163N [R M. BJS, Ruibal%(2009) 45 FH 34 JE A
(nucLSU. nucSSU. mtSSU) A5 (A (nucLSU
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nucSSU. mtSSU. RPB1. RPB2)x Ji % b 4K (1) 41 2E
HEHT T RG 7, KOBEEEN A EEEE
BOMEKRH. BEFHEMNZEREHE,; Eqidi%
(2014) FFIBIF 72 IIA A= L 11 7 JR2 38 A 4 B B vy
2RV, RS TR B 31N B R AT L34 B
J&; Hubka%s(2014) % FH 424K (nucl8S. nuc28S,

ITSA1B-tubulin) i i& 7 ] & 52 H Trichomeriaceae &}
1) 1/ 37 J& (Bradymyces) f1 24~ 87 Fh; )5 K, Suk
(2015) WFRE (I PE R VL7H 2 R SR MR AR FE S, 20
S AERE BT, SH A0 2 HRiFATHEA,
TR 1 A2 B 49 1192181 J& (Rupestriomyces F - Spis-
siomyces) FI5/N Al . fxilr, Isola®:(2016) M KA
A B ST BRI T e BE TR M 1R 24 5 & (Saxophila
FiLithophila) M9 Hfh . WFARLEREN, AAEEE
TEET —ANUMEMAESEHETE N RES
2% % (Gueidan et al, 2008; Ruibal et al, 2008). F H.iX
— R AR K AR R IR A B B 73 25 Hh A 1)
BTG . IR B AR BT R R ACE R 0 R B, AR
B VAR EEZ N, O T T A AR R Y
TEVR 2H R B PR A B e T A Al

2 BHEEBEMZM L EENH

FAERFKIARBRELSRIAE D, ST
&N G TR TAEEHEREM. KREMTE
B A A | B B B T s AR (Friedmann &
Weed, 1987). 5 (Gorbushina et al, 2003, 2008). &
i% J% (Sterflinger et al, 1998, 2012)A137u4a 5 16
(Dadachova et al, 2007; Onofri et al, 2007, 2008). 7t
TS 52 B S il B2 7 1D, BF N S R AR L BT R
SRR ¥4 fE 77 (Nienow & Friedmann, 1993). i i
Wb I3 B 1 T Bk Cryomyces  spp. 2 FIL 1 8 7Y i) i
N AR B BE T, B AN BRAE B AR R I SR R
KIAAAF, T HAR REAE IR B &k 90°C F i 1/N i)
J& IE H 42 K- (Onofri et al, 2007, 2008). 7E Hi i e
)77 1, Tesei&(2012)) FI — 4k REKE HL vk 3R ANIA
RVRH AR B AAEANRNRE N AN E AT T
WA, 45 SR WA B R AE = iR A I T 7 AR R iR
HAEEZ e, (SR ANk E a
KIEHBAZM.

Br TR A, AT e (Van Uden,
1984). HFFL I, M FE B 53 B I TR PR B AE 25% 1)

NaClH IF % 4= K- (Onofri et al, 2008). Ik, A4
FICBA PR 671, R S T A2
(253, B0 AR BT A AR BT 52 B A S
o BN A AN R B 2 B8 1 AR T B AN BEAEAH
[ A ATUV-BER I, S5 RHH, AR RIE 4R
S5 58 B 0 A 2E BB I AR A A #2 1 (Onofri et al,
2007; Selbmann et al, 2011). 47 2E FL B AMY BEMN 32 15
TR, LA AT LR A AR A BUATPAE A e & R UE
(Dadachova & Casadevall, 2008), &g — st e
B B, — Mg S AR S E s ]
RE RS FLAZ AR Wi N AL R 8 AE AL

AR REAM IR 2B, 1 IS EA K
B R B R, I 2 AL 3H DOPA Y 1 DHN HY
(Kogej et al, 2003, 2004), S Z 541 A4 B B Py A
H & % /F H (Gadd & de Rome, 1988; Gunde-
Cimerman et al, 2000; Zhdanova et al, 2000;
Dadachova et al, 2007). #FFCFRM, 44 E @4l ik
(1) FE AL I R 3R B B 0 3R SRR AL & WD I AR )6 g
# & n] 75 5 1) (Dadachova & Casadevall, 2008). %
Ab, BTN S N AR T 535, it
W M T T 58, &0 4B ik e A
MRk 7S, SR B RT Rafi— 8o R+
I ERE 2TV e S b DA - S N A S
(Hofmann et al, 2000; Zakharova et al, 2013, 2014a).
HARMNEFRNATTZ, A4 REFEaEd s
KA R E.

TEPUEA SIS K7 1, W70 R A A B
A TR AE AR 7 P 2K T A 3R R A TR S R AE
310 nm7ZE 4 IR AN, X AR LAER I B B 52
UVERS R, A2 R E A AR & R 1)
{47157 (Volkman et al, 2003). i& i %} i #kCryomyces
antarcticus [ 2 [ ZH fig At A B, S 56 B AR 1 SR IR 5
il AR Wl 2 0k B A, H AR BEAZ 4 2 AH ¢ B b Ak
(Sterflinger et al, 2014) . #ff 7t A4 HL & L e vEAS
A R TP s 5 R A2 4, T ELGE BR A 0 A O A=
AR A BEA ERE .

3 AEHEEMNA

3.1 A%EEXMNARYIEIFRE
AR EEATE A AR B, A4
FLTA 8 JAAE AT UL, * il S A g S it
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Bl —HHREROLEERAIERE. (a) MEAEFE HIER6ANERSEM, )R SHREL; (¢, d, ) TREL LK

E18F; (f o)A FERMAF, AR =10 pm,

Fig. 1 Pure culture of rock-inhabiting fungi (Chaetothyriales). (a) Colony after 6 weeks on MEA,; (b) Catenated, moniliform
hyphae; (c, d, €) holoblastic conidia in undifferentiated hyphae; (f, g) Solitary, enlarged, darkly pigmented multicellular body with

enteroblastic proliferations and budding cells. Scale bars = 10 um.

25 A B A EE WA EH (Wollenzien et al,
1997; Tretiach et al, 2012; Onofri et al, 2014). B[]
AR B E TS A b, A AR K
AR, X RUBCR SR T SO AR AR
(Urzi et al, 1993). Diakumaku%5(1995) & ¥l K 7 Al
B M4 R B B2 BT BB 1R,
I B I8 Py e R AN 2 A S (0 7 R R I
M, SE T A BRSO R A
VR S R TR Nl o LR e 57 M gt 0 e s N
TG BRI 22 [ 9 7F (Ascaso et al, 2004; Camara
etal, 2011). Gravesen(1994) HIHf 7t & BH 5 B X 4

SRR BAE F; Dorniedens (1997)45 i f £ &
P IS B A R T PR RSO B SR S, SE0E A
v 1 S S PR S AR, 3 T R O SR ) 6 R A
Daghino %% (2009) /& Bl 41 4 F & Verticillium lepto-
bactrumAJ LA XA £F 4 i 20 7T H T4 16 1 AR
Bt . Gadd (2007)4R I8 A1 AE EL IR I AR 1) 7 2 AN AR
M RS B, DA A R ARG . HARAE
EERAEYHIR AR A HEREH . T
SNATRCBONFEE, FEAFE KR (Zucconi et
al, 2012; Marvasi et al, 2012). 7 /iti(Sterflinger et al,
1997). 537>~ (Bogomolova & Minter, 2003). +H
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H(Sert et al, 2007a, b, c)&EHh 17 523X LA A
FLIR A3 5] 7 Bk 2% 1B 5T (De Leo et al, 1999,
2003; Sterflinger et al, 1999). 74 FL i & fE ] 5
SCAER T AR SCH ) 38 W ELAG 20, 1y HLJE i e
Y)(Marvasi et al, 2012). B 547 A5 L B0 1 5 SCHI
Ry B BB A ES R SR o

32 AHEEESXAEYE

HER BRI A A iR R FEE IR

WM AKpHIE . Sk SRS, TEX IR BT i
RE I, XE BTN R e AR A dr i fit
T g ZE (Miller, 2005). TAEY R Ay Hidid 7y 1
Ay 2 R0 A B A T T AR AT TR AR e AR A AT IE Y
I ) SR % (Ma et al, 2004; Wang et al, 2007). £}
F RNV IR S A NI T R E A
ofa, SR R A A s TR, ISR LR e )
b 47 [F) BE 7] BEAE KR 3k B (Friedmann & Weed,
1987). A1 4= FL TR A IR b P18 BE 7 S s A 2
=, RO T AT B A AR A SOR 2 A
HITIF 5% % 8 (Gorbushina, 2003; Onofri et al, 2008,
2009). BER#HATR R RRIIR D E 1R, B OO0
A BT AR 28, BTN 2 T-20084E2 H 7
Hoas o 5= R R B A0 AR A A R
Cryomyces antarcticusfI1C. minteriiZ A [ Br 2 [a] 4
I A HC 2 8 7E K 2 56 #F T (Rabbow et al, 2009,
2012); £2ik565K AN A2 Ab B, 735 N 12.5%
(Onoffri et al, 2012). Onofri%%(2008, 2009) (K HfF 5t 45
REWY, AR AR B R S KR 2 R AR
17, AILAM5290°C il . A T gt — Bt fia 4
FLEA N 52 K2 B 7], BARC. antarcticus P I # BX
PR SR W e R AR AP 2= AR, 1201447
H W N B bR 2 6] sl 3E 4T 7 9 B A 1) SR IR
(Selbmann et al, 2015). 14 EL EAE A —Fl AN E M
FEFRACE S H AR B A R R A a5, A&
VENBEFER AR A F B AR, 10T RATTE 4
iy B A A A A 5T AT R R A i AR BR AT R B

4 RRE

A%, At SR B R 2R 4 R 150 7T
(Hawksworth, 1991), {H# 4 IE A MwAh LG
7% (Hawksworth, 2004), #K 2 $ 5 1 /2 A& K
HEH—HHETRA &N 7B ITE, s

X VF 2 B BRGNS R A A IR R 3, S — T
T E 5% B0 T A V6 R S5 R 1) X R i R B ik = T
fif, AN REMERAHL VPN AN [R) b 35 b B T VR 10 25 i 2
ff(Hawksworth & Rossman, 1997). it JL4FE, &K
IR R R 35 AR g8 O I A S T R T X R AR 3R
W RGIAR, AR EWEE S H KENA
A E T (Selbmann et al, 2014; Egidi et al, 2014;
Hubka et al, 2014), R RXHRFFRI T 47 A2 BB 1)
WA R T E HAEMZ A .

ARk, BEE PR K, % Ay
SR TAE RARE TR AEMEAR AR, NATEE
T A 20 FR) T 2EL RSO 22 R AR DA BT R R FE oK 85 7
AP TEIR . R IUH )3 R $2 44 7 {E R (Schloss &
Handelsman, 2005), 45 70 4k PR 458 b A 2 OB
M2 FEE . BEIE L RSCFI T RESR AL T k. fEid 25
LA AR, B F0N 52 A B0 e R 1 5 4R 35 R 2 )
P 7 AR B AR B U L, B, H
AT 45 B JF K 7 W (Zakharova et al, 2014a, b;
Sterflinger et al, 2014). Fifi & Wl 77 BA (1) FEAR, XA
AR BT R AT A B DR 2 PP DA AN [ 2 2% A TR 1
e S SRR SO0 T 8 7 A A R I T AL B A

JL A Staley 55 (1982) M F& [ e B2 34 355 R 42 3k
FES AR B AT TR A, H—E LR, REX
FHAERRENH RN Z . 1E& FT{ER) SR = it
F LR N A AR L BER AT TR IR A, K
PR E AR BE A o)z . REAUHAF
B A AR SR (7 SR S RE | VT e b X A
5 3 DA R AT 6 MR B = A 2 R P 7 i e i e
HIX), T HA & A T A B SO (A0 E R K
RAZITFRE (PR = XA E LA A HL X
LR S ), I SRR R 10 A S5 2R R K R R A
WEKAERFRE. JFRRENAERFETAA
AR ==& WPk 2 R, 1T L6 T 19 BH SR 1)
AEAEARR S RERUR Ak DL RO TS PR E I A LA L
A EEME L
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Fig.1 The camera sites of the study area in Luolong County
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Appendix 2 Representative mammals and birds recorded from camera traps

http:// www.biodiversity-science.net/fileup/PDF/2016128-2.pdf




FyER, WSS, A, R, 9KIF), REERu, AuEE, XA M ZLAMALIE 2 VU L S RS SRR R 2 AR, B2 R, 2016, 24 (9): 1077-1081.
http://www.biodiversity-science.net/CN/10.17520/biods.2016128

M1 FIRLLSMBEHIRRE NS RFELXZR

Appendix 1 List of birds and mammals captured by camera traps

g5 i
#4225 Protection level KB A

y o A EiEE i ES
17k Species %?& R¥AEC % IUCN CITES ! q:é@ﬁj;iﬁﬁg %ﬁﬂ] C;ffra In(frfnﬂ;nt (s F A 3R
National ~ Autonomous . ., Endemic . Capture rate
level region level Red ITISt_Of C.h inas species sites photos
Biodiversity
B4 AVES 260 38.59
7 B GALLIFORMES
¥AMSR} Tetraonidae
B F# 7Y Bonasa sewerzowi I I NT NT v 1 23 417
HERL Phasianidae
B IEHERS Tetraophasis szechenyii I I LC \u v 4 24 4.35
il 5 X Tetraogallus tibetanus il Il LC | NT 1 1 0.18
IfiL.#E Ithaginis cruentus Il Il LC Il NT 6 114 20.65
115 %% Crossoptilon crossoptilon I 1I NT I NT N 6 48 8.70
R B PICIFORMES
KA SR} Picidae
IRSLERE A Picus canus =f LC LC 1 1 0.18
£ H PASSERIFORMES
R} Corvidae
KW %45 Corvus macrorhynchos = LC LC 3 8 1.45
JE A Corvus corax =H LC LC 1 1 0.18
% Turdidae
[ 1% £T 2. 1% Phoenicurus schisticeps LC LC 1 6 1.09
K 2 HuFY Zoothera dixoni LC LC 1 3 0.54
15 B Turdus kessleri =H LC LC 3 7 1.27
i JE#} Timaliidae
KWERY Garrulax maximus = LC LC v 4 6 1.09
HKIEMERS Garrulax henrici = LC LC v 3 14 2.54
FEHLS Babax koslowi =H NT v 1 3 0.54
#ER Fringillidae
{5 44 Carpodacus thura = LC 1 1 0.18
B9 MAMMALIA 505 91.48

&P H CARNIVORA
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g5 i
#4225 Protection level PG A

- o s EEERES
YIFh Species %Q& R¥aE % IUCN CITES ! q:é@ﬁfiﬁﬁg ﬁﬁﬁ] C;ffra Infpﬁnﬁent (s E 3R
National ~ Autonomous . . Endemic . Capture rate
level region level Red FISt_Of C.h inas species sites photos
Biodiversity
RFk Carnidae
JK Canis lupus —f I LC II NT 2 3 0.54
FFIK Vulpes vulpes =17 I LC 1 NT 2 10 1.81
B Mustelidae
Fi%H Martes foina 1l 1l LC I EN 1 14 2.54
JEHE Arctonyx collaris = NT RIIN NT 6 17 3.08
#i#B} Felidae
%4 Prionailurus bengalensis =f II LC I VU 2 3 0.54
A Lynx lynx il II LC il EN 2 7 1.27
4x#%%Y Panthera pardus [ I NT [ EN 4 9 1.63
=34 Panthera uncia [ I EN [ EN 2 3 0.54
5B H CETARTIODACTYLA
R} Moschidae
ijﬁ;ﬁﬁr(b'ﬂﬁ%) Moschus I 1 EN 11 EN 5 121 21.92
2£$} Bovidae
%7 Pseudois nayaur I 1I LC I LC 4 12 2.17
rhAEER ¥y Capricornis milneedwardsii il 1I NT I VU 6 1.09
#J%H LAGOMORPHA
Al Leporidae
% J24 Lepus oiostolus =H LC RHIN LC 5 300 54.35

EN: #ife; VU: 5fE; NT: 386; LC: fE; R OH “=H7 18 “EERIIA 0 2E A RS BIai st i 2 s .
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ive mammals and birds recorded from camera traps

=N
b o ﬁo‘a
% .\(‘.,_ﬂ}.'

e Ry

A BEE#EXE Bonasa sewerzowi B EMEHEFY Tetraophasis szechenyii
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| E54iTEE Moschus chrysogaster J AL Capricornis milneedwardsii

K %3 Pseudois nayaur L J&%E Arctonyx collaris
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1 (T EB B s IBE TR A A A S R AR 2 B kB &, JEst 100101)
2 (h N RICEEE R R %22 R 4, JE5C 100101)
3 (hHEF R R, JE5 100049)

On the similarity and dissimilarity of “Endangered Species” and “Pro-

tected Species”
Zhigang Jiang"**"

1 Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Bei-

jing 100101

2 Endangered Species Scientific Commission, the People’s Republic of China, Beijing 100101

3 University of Chinese Academy of Sciences, Beijing 100049

20164F9H 4 H, 7E3% H Bl R 24T 126 /N Jm it
FEBRRP R B, HFERERPBER
(International Union for Conservation of Nature,
IUCN) & Ai T 20164ER (IUCNB G IR 41 (44 55 ) .
4, K BEJE (Ailuropoda melanoleuca) ¥ &
ERA N BN E N BRI S E . X —
FrEE ARG 1 T2 RvE, S KA
17738, HAETERM L2 R4, 51Kk T AR,

S G MIBUR BT 4 18 B R VE (htp:/wwwy.

forestry.gov.cn/main/195/content-902929.html) .

sk, 7201545 H22 HEbrEM 2 A6 H ™,
rh B R4 R B A A ) (o E AR
MZREMELL (M4 5E) (http://www.zhb.gov.cn/)H, &t
CLEFT VP 1R AR AE AP IR DL . AR, KRES
S 1R £ R 20034 (171,596 L 14 N 3 20134 (1)
1,864 2; R FRFEEHE 164 R nEI375 K. B
CATE KM X E 76T HARGRY X, Ei
THRHASHER. T2, S EIALshma
Yk TAR VAL, K KRB AW G 55 2 i Wi e
WE“Zfa” (% E NI, 2016).

KAER T ERA S, EX KRR AR
190 1) PP Aty B 6o K B 38 B ) 2 AR A A7 R 0 ) O
flio PR, SAEIUCNEATR (IUCNM G YRl 2L

Wiefs H 91 2016-09-06; #3% H 1 2016-09-12
* JEIEH Author for correspondence. E-mail: jiangzg@ioz.ac.cn

) KGO RE A B WA A N RS T TR D S
f&7 o X U B R E G OK RE R IX — 25t HE H e
TR ORAP W) W88 ORI AT 77, FEn b AR AR
PR 3473, (A AR E RS . 7 S
TR, BT ATENLZ, BRAK T KR

IUCNH forz B, s r 7 Fh A 47 25 5
2>(Species Survival Commission, IUCN/SSC), J44
Zwttl) CIUCNBGYIRNZL ) o« 2 )5, BE&EVFGY)
FhZE A0, ENRIAR CTUCNMIfEFP 2L J7 15
BB R BN (IUCNM R L 42 5% )
SE WG ) R AT, RIS A BRI AR A 1 ST A,
BN A ERY) P ST B AR B, Al uh R A XU .
CIUCNWIfE R4 (0 4 5% ) AR RV S, 13
A LA M BUR AT ZH 23 JAFBUR A2 R e 2 DA K¢
5 B B AR IR R ) 2

IUCN/SSCHFFEHHiIlE T (IUCNAFH AL (1,44 S Wi
SESERANNRUEY | AKAR AP R PP R R 5 404 X R
PEAL L AAEIRDL, W HWa &g, & H i
NI, MBI R R SEARE . XA AR E
RHELUE, &0 7 REHB B8 B TIUCNB TG
SR ABRAEZ AL, 1A HoAth [ i 2 29 1 PR G P Fl b
#HE, w (HE B A S Y R E bR 5 2D

(Convention on International Trade in Endangered



9 i

BN e PEY A S R YR B R R 1083

Species of Wild Fauna and Flora, CITES). {{##"#4=
YT HEYIFI A #)) (Convention on Migratory Spe-
cies, CMS) PR3 145 i SN Rl AR 1E . CITESH Bt 5%
ST AR PP 52 2 E B 52 55 18 11 5 S0 Wi e R
KW 7€ (http:/lwww.cites.org/); T CMS I B 35 14 Fil
RNPSERITHEYIA, BN R R A 7R
BB ATRY S E BT Y R
(http://www.cms.int/en/ convention-text).

IUCN W & 90 F &5 0 HE 43 A DA Bl A
HAR G Z RIS LKA B AR AR X
KA, “WSE”. “WifET. “Gfer. ikfEr e LE”
L8N . HA AR S “WRfE R G 18 AR
TZ R Wk, 15 E"ER K
REAEAT A& 2 U BN, HA I A AR LA L e T
SRR R AAE . BRI 18N R AR A D T 101
AME, I FX LR 2 BN KES) . B
VSRS R, A T RE X IBOK 4. R
K BE AT = A SR B3 A P b DR 47 B T AR o 5
RIS TAV I

Hh S R B AR S AT A R . 2016
TEASIT WA (b N BRI [ B 4 Zh P O )
BT HUE: B SO0 B A S SAT A R AR
EZ X5t PE B A S S T 5 ARy, B
H AR B A S — AR B AR B A
RARIEF LS. AE1989FE M A 1 ( [E &K 8 AR
PRI A Y, RRER A 9 B K — L R
TR EF A BN

2, YTk 9GS5 2 5 W0 P OR 90 AG AT X
W2 HRATIER? IUCNLL 4 kWb i £ 45 2%
SR VA B A AR, BE R 5 20 A DXOIR 0 il
JE o WR—NFEED, MEERFS %
I3AR R, SR XA o, ok T e R A XU,
FzHE CIUCNZL o 4 S Fh i 1 S5 R ABRUED | mt
W5 B0 9 52 B Fl o B AE B ARG 20 I e [ 5K
AT FE T THL T 0, R 52 B2
FE. WA 2R L R AT S 2 R =T e
NE o — Rl R SRS, EAT A
i B2 A ORGSRV E L AR
i E G bR EVE o, F B YA YR,

1M PRI B R MR8 E, B 7 AR

AT R BRI

Wi A Foh 5 ORGP0 P (1) S [R] S R B G 2
Wi fa P Flod — MR AV FME, TR YR —
AMEEM R, HAMETE K. PifaPFhod L ZAKHE W
&S RBRUEVEE IRE, B K ORI PR 2 E 5058
(ORI, 1T W06 55 2 A TR S5 0 1) f FEL B
R BEXE SRR B BmEsE. ST,
Bl thaid, BRaEiaym, waEesim
Yish, HEAREIT R R EERHIYIR .

H AT, TUCNEEAE 33T R A a ) M40 (5,44 5%
DL el AE A AR DL B A28 o n SR ) A= A7
ROLE, HPaEg e TR, SRR £k
BT, HWifaEg s Fil. RE (PN RILA
EEF A SRy e B K E SR B A 304
) WLATUE SIS, SR %44 5% H 19894F K At LA
ok, AXAE20024F11 H 28 [ 55 e 1K 185 55 (Moschus
spp.) FER 37 2 ) ATl 28 — 4% B s DR 4 3 40 ) 2 )
[ & — 2 5 5 R 37 3% (http://news xinhuanet.com/
newscenter/2002-11/04/content_617933.htm). [t
Ah, ZAFCEZERA W EILE, 27
FRIVAAPIRGL A T 484k, T HURE T VR 2 8,
T I R B AN TR %R ARSI R 1)
e, B 5 E SR A 3 44 5% el [ 45 B B A )
YIRS E T VLR 0P Al e S B 5 0, DA
ST AR B B R . DRk, AR B R ] oK A
TR B A2 B W) 42 % SO v I AR ) 2 1 DR e
UL
SE 3k

Jiang ZG, Jiang JP, Wang YZ, Zhang E, Zhang YY, Li LL, Xie
F, Cai B, Cao L, Zheng GM, Dong L, Zhang ZW, Ding P,
Luo ZH, Ding CQ, Ma ZJ, Tang SH, Cao WX, Li CW, Hu
HJ, Ma Y, Wu Y, Wang YX, Zhou KY, Liu SY, Chen YY,
Li JT, Feng ZJ, Wang Y, Wang B, Li C, Song XL, Cai L,
Zang CX, Zeng Y, Meng ZB, Fang HX, Ping XG (2016)
Red List of China’s Vertebrates. Biodiversity Science, 24,
500-551. (in Chinese and in English) [# &N, T2, £
BRIE, TKES, Sk, ZEoron, R, g, #o, Ot
%, FiK, KIEEE, TP, BHRE, TKE, SE%E, HR
e, HOCHE, A, AR, S5, 2R, ENE, BT
W, Xbse, BRERDE, 5, B, £#, B, &
R OREWE, B, EES, B, R, T4, PR

5 (2016) FEGEMHIMaO B AT, W EBHNAE, 24,

500-551.]

(Gt A E2R)



LW EEME 2016, 24 (9): 1084-1090 doi: 10.17520/biods.2016138
Biodiversity Science http: //lwww.biodiversity-science.net

DRAIR IR

IPBESHEZE T~ BY £ Tk A& #17Fh R IR [EXT R

H @ =Z5T & ¥ 2HL ZHRAE
(IR SERIE TS B S REREB 0, 6 100012)

WE: ENEBENESRGRS 2 —, BN EREENQR 2BV, 0NN EZRm A RNAEL,
FUL I FRZ BN RS FW T ZRKE. ETH, AMEHENES RERSBUNE R Z-BUKT &
(Intergovernmental Science—Policy Platform on Biodiversity and Ecosystem Services, IPBES)# 164533 ALk Ak & 2E
FEITAL 51 2014-20184F TAE 7 R i LA TF R AR PPl . PR i 227 CAEIPBES S MY Jm ik 2 il _E3RAS
. ASCLLIPBESHER N ¢, M4 1z vPAl & 8 i) B R FIPP Al 4R 25 1) - ZEN A . IPBESTRAl R & 5 1 A& 8 1
MBS RATPIHEBENME, 8 TR E WBUR S e, @ O3 T RN E
PR« BB R 2 AN R I 55 o AR SRR T 1%l 5 F At ERR 1Y) 06 R K AT R AR (W5, IPBESAMY 2 T-4F
RS RGP (Millennium Ecosystem Assessment) it f5 42, e R i B 2% B BURF AT 7N A0 22 AR A 50 A 20 VRS 1B
3K, XFSEEL €2011-20204E 0 2 FEPE SRS THRIY A CAEZREVEZ S0 B AR) B EEE . AE AR ABOR RN,
IPBESE I BL 2 Z T VR4 20 A, #5 ik sk =48 T B AT . @ iR N 20 M X Pl B 236 o)1 DA 3R A7 7
R, FRATER S DU @B ()T R B AR A, WAL RS AN E; Q@A AR, GUARNTTREL
FER BT, HlE I RN E R AR EATE); (@ REFHESR I, ISREE SRR, G)F KRB, REmAK
%5,

K1) IPBES; 201420184 TAEJT 5, &8, ek, MEEr™, ook i

Assessment of pollination and China’s implementation strategies within
the IPBES framework

Yu Tian, Cunzi Lan, Jing Xu, Xiushan Li, Junsheng Li"
Biodiversity Research Center, Chinese Research Academy of Environmental Sciences, Beijing 100012

Abstract: Pollination is an important ecosystem services closely related to grain products and food security.
Recent research has shown that pollinator declines directly affect human wellbeing, which has attracted
widespread attention from the global community. Fittingly, the “pollinator, pollination and food production
assessment” was listed as a high priority rapid assessment in 2014-2018 work programme of the Intergov-
ernmental Science—Policy Platform on Biodiversity and Ecosystem Services (IPBES). The summary for pol-
icymakers was adopted at the fourth plenary meeting of IPBES. Within the IPBES framework, we introduce
the start point and main contents of the thematic assessment report and explored the relationship between this
assessment and other processes and its potential impacts. We also analyze what was learned and current
shortcomings. We propose the following actions: (1) to survey pollinator diversity and to assess the value of
pollination services; (2) to establish pollination monitoring system; (3) to analyze the risk factors and formu-
late pollinator conservation and restoration activities; (4) to optimize farming modes and to enhance policy
support; and (5) to expand publicity and increase public participation.

Key words: IPBES; work programme for the period 2014-2018; pollination; pollinator; food production;
summary for policymakers

WSk H #: 2016-05-16; 252 H #H: 2016-08-19
FETH: AN 2% 75 1A 4 11(2096001006) A [ 5 [ S8R} 5E 42(31300458)
* JEI/EH Author for correspondence. E-mail: lijsh@craes.org.cn
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ey e RN A= — M EEAEE ARG RS, LI AN Y)Y FIPBESH: 1 I FBAL ¥ VA

ey 2 AL I Pl A A L A/ H (Free, 1993; All-
len-Wardell et al, 1998) . 4Bk 5, HIL30/FiA
WHN T LIS Siety, L5 2D
87.5% (Ollerton et al, 2011), H:r1, IKHSIPIALH 1)
FREEDIFIZE 5 A EKI75%; 2 /0o
W ED) SRR &= R 35%. WML EW R, &
B 12% 1) A I 90% (Klein et al, 2007),
5-8% ] A% 7 i 7 & #F 4> 41 2% (Lautenbach et al,
2012). SRT, AR SR SR R R AL
v A SRR NAR A AA S IR 5 5 ]
FETEMEMRER TES, Epm
Y ZREMER >, NS RGRENE.
R A W2 A N AR LA R KA G S
(Le Conte & Navajas, 2008; Chauzat et al, 2010; Potts
et al, 2010; Hoover et al, 2012; Montero-Castafio &
Vila, 2012; Goulson, 2013; Vanbergen et al, 2014).

AW 22 REIME RN A 35 22 Gt IR 55 BURT TR) RS- B3R
*F- & (Intergovernmental Science—Policy Platform on
Biodiversity and Ecosystem Services, IPBES)¥“1% 4
H AN AR AR S B B PR I E 1
N2014-20184F ) TAE 7 %8, T20144EHJHL £ 5K
T Pa# PE5 (IPBES, 2013; Tian et al, 2015), 2016
EIH FERMIF AT R AT UL, K & R K
B IR 42 BRG] A by 2 FELPE Ak /E 9 IPBES AL
PSR 26— AR T RAAS R B A e . AR
IPBESHEZU N 5, RGN d . HmARE
AR PR R R OR L PRA A AR R ELAS 8, RN iT
fili 5 A IPBESHEFE K G &, 70 H7 VAl 45 R AT g
AHIREE, I AT IRV R 288 HO, FE 3R
B AR TAER 22 L

1 HMEE=MEK

IPBES & — ML FBUR RIBLIY, & 7E N2k}
SRBORZ M PBER, (R IRy AT R0 A
ZRPERER RGIRSS IR, Bh0R AN SEAIAE HEA
Al FF4E K R (Larigauderie & Mooney, 2010; Perrings
etal, 2011).

IPBESER J T J& £ RIEAMZ VMR RS
25 VTAL LASE, S[R3 BRI 2 e Ok J7 $8 HA 1Y)
PEA Ao TE R [ AN 25 Mo 7 38 H VA 1 ok
W BT B (CEE AR ALY R (LR ET

(B 3K, AN HTAE A 27 T I P Jld P R i 2 o
X3, 38 D)5 BT AL A 2 AR Ry (R P AL, ELEE
e B RV AETREMARES RGP HIEH,
ERmE IR, &% KRR ZEIM B, LA
FAER B AR R RGRS WSS, BE. H
A (EMZREERAZ)) FEEE AV 2 P 0T 5 R
FHERT- G (NEFO)IR H TP ARl MR Al
YIZ FETEIVEAGIE K o 25 R B H A AR &
AR RS, SO A R IX T A 0% 11
K, KA AR A VG S A
B, TR AR & Aol 40 21 (Food and agriculture
organization of the united)fL A AL LA TAE %
fill P REVEAS TAE

il 5 Kb 55 % B 7 R R 2 0% 7 B TG
K, WRAEE M. KA. AT R T
PeHER, 45 & DU AT BE, TE R 1 2014-20184F
TAE ) R EZ(IPBES, 2013; HIHi%%, 2015). 20134F
121, IPBESH —Jm il 17 R EE,
TR “fekn & AR OB 2L = VPl iz AR
77 E PR VA (A AT R . % R LRI 2
e 5% 5 4 27 1) & AR 4 IPBESTE A4 R 25 B 9 5 2
Fr, ZLIEPAEINES ), SE R T AR VAR AR A
R, JEAEIPBESEE YR A 1A & L3R5 18
id (IPBES, 2016).

2 THEMARMERLER

Ak AR FUR A A = P A S B A A Ry
LR & BB . “Ff AL & B R 5 i 3
DL B W~ DR B DR 2% R0 G2 A 4 it ™ = A 32 25 4y
(IPBES, 2016).

21 fEmfEmENNE

fEFy e — PRI AES RGNS, AT A4
T BT D S e Aol AR = 4 28 0 E
H AT, 48X 28& k2B, aiElit2n
o s R e e 1 SRR b S AT AME S 4, AN — L
(GBI FRIE ) Z R . XY ROy ATt
SRV, CANEEBETERT 4. AVRE. R
MR BIREE, LERCORZIR. Ui R¥E. #EM
B R RISk . 23RA 1 L90% M B A4 A 1
T 208 S AR Ky, X LAY AR
ROVIRE R RHEEE, NIHAD YR G, WS
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AHARTIR . [FIE, SRt B R R B2 ERR
M= SR, RSP A AR AR
(1) 5-8%, 4 4 7F th F & M= A i N
2,350-5,7701¢.3 76, Hh, FEAREEYTTER T
A E135%. HOBL RS AL = oA
NIRRT S FR0 7 B DTk X LRy
EXHEY) R IEAE EEAER, RIS R E Y A
A ST BTN, AR 7 A B R T A
WE R MR RN SR T A EAEY
() B B 22 AR R, o AN [) DX S A A 1 42 5% B A
ZHAR K. Aoh, tERhE MERTE N S %R
fE, 1ENTESEY: RARH EE N SWMYM, RS T
HE MR, PLRAR A 2 A A X ) BB
H%,
22 fRMFEHRENIIRSEE

e MR Z A T B AR
FEH, RPN P AL SRR AL 55 P 14 b 75 RH DX 48RP Y
R E SR SR D R YR 2 R
sk, B R T EM. B R EIN S
DX 35k P M5 1 AT 7 i SRR 4 1T O B, 1B =3 sth X
IR R T ek s R IE % . 1 23504
Sk, ATERAZE A Y 7 B R BOR A BT, (E
[ A R S R B AL SE M i 2w b . 5 E
SRARS I B (IUCN) P 40 0 4 S VP A% (2R, 16.5%
{140 A% K73 5 AT ) 470 T I 4 33K 2K 468 B (5% WS 0k ) B
1 711430%) (IPBES, 2016). 1& 40 A BAREE X 1%
R AR 2 F 0P, A, X E XK
i 57 R AR AR e 57 380 1) SRR B vy o AR
A H AR AR K 2 AR W = AR 2 504E 3G N T
300%, {3 15 NS 1) A A7 58 04K B A% 0 s ok (1
YItkes . SR, MR R EAE I E K AN
SEPEREAR B T AR TED)
2.3 Hibh. REIERMEEIEE

R FHIFE . ZREMERERERE, CLRAER IR
Z RS2 B 2 sy, B GFE R A AR
LANARNAEE, RAMEH. BTG5 AR
YIRS R JEAR RS RARAE . S K 2 S
BN, XEERFEM K2 HA s, R
SRS R G IE B -

P 1 Al o [ ot SR ALK (L)l 2 m B AR 2
A ) BE R R SR AP AR I AR N UL TR B
JRITHT, AT T RIS A5 4 2 R (2) 385 sk

MDARGATE ., FRE SR B AR, DUCRA
B Ry RE AR 24 0t P S B, LA DD AR 25 B3
AR, REERAR X R A RS, (3) LR
Tl Vi 528 PR AR 1 X AR, AN AR A iR
RA% T A B Tl e AR R R X R A%
&, DGR E AR EE . X T2 B m &K
REE TR AR AL i ] e e SR (0 XUz, AT e s
50 SR Oy ANAE AR, PR AIRONS Ao 3 1 A0 7 1R X
B, (4)iE R MRARAL, AR s AW
iV EY) 2 BEVEAD X RO 2 A1, DA S0 PR
AR TRY . BRI . T DL iR P LA
RO S AR 22 SR B AR M2 8 AR Ry 2 5 A R 1Y
IT8. FiAh, HET 2 AT R SCRAE R 1
FEREMZAEVER S, AT LS RE AL R A A
JIR A 0 24 BT b A AR A R 7 SRR

3 5IPBESEEIEERI X FH

FER VAL S2 B T IPBES TAE /7 B H bR 2 —,
R T 5 IPBESHIANIRREIAH X &R, IPBES
PIZEATR R ST VAL A H A BUR S H
MGE e, Hd TR esRaEm 2 REAM LR
PEFIA A RGPS %O HR R

B, RIS LS O KERWER
PR SEUEFUBALAT AL, XHALM IR &S 1E4T 1 4Bk
VOISR G Vs, I 7 AR ARk (A8, %t
R B AR VPR . Bl SRS I Fassa 7
RENR, I =00 73 A, 52 HZ2 AR S RN 4 it o

LR, ALK VAT A A B AR, R
— G A T ) R, DAAD SR IR RR AR RN T
WP 28 ) R s e, T S B3 T A X — BR R
filan, 5t BB 5 = R, AR 22 KBl R RN
¥ 2 B AR gZ i, A B AR ) 52 ma AL ) i A B
W, AR A L. FR, SIRSIFEER
[ AR S E B 7 B — B 0. BEE MY — E2
PO BT, AR f Rk, Pl % ik [A)
VEWD ) BEAT) 75 BE IR N A

= AR VAR A IR SE T R SR AL A
A, T IPBESHA 2 (R E ABUE A 1
F&, EMSERKIES TN, BT RIEL, Sk
IR SCREAIAR S, 2 i Se IR ) EUR 1 3 10
BN, $o8 Tk 5 B FLas LA A (A S () O3
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