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ABSTRACT
Phylogenetic relatedness and species invasion: Darwin’s naturalization conundrum
Shao-peng Li and Lin Jiang
School of Biology, Georgia Institute of Technology, Atlanta, Georgia 30332, USA

The research of invasion of ecosystems worldwide has renewed two long-standing and seemingly contradictory
hypotheses proposed by Darwin. On the one hand, Darwin proposed that exotic species more distantly related to native
communities tended to be more successful, as they would compete less intensively with the native species, which was
termed ‘Darwin's naturalization hypothesis'. On the other hand, Darwin also suggested that exotic species should be
favored in communities containing their close relatives, because close relatives share similar traits and may share similar
environments, which was termed ‘pre-adaptation hypothesis'. Together, these two opposing hypotheses constitute
Darwin's naturalization conundrum. We review the studies that have evaluated this conundrum and summarize their
largely inconsistent outcomes. We argue that the quest for resolving the conundrum will only be successful if appropriate
scales, metrics, invasion stages, functional traits and modern coexistence theory are thoroughly considered. We believe
the reconciliation of this conundrum will provide important guidelines for invasion risk assessment and management.



“It might have been expected that the plants which have succeeded in becoming naturalized in any land would
generally have been closely allied to the indigenes; for these are commonly looked at as specially created and adapted
for their own country. It might, also, perhaps have been expected that naturalized plants would have belonged to a few
groups more especially adapted to certain stations in their own homes.”

“As species of the same genus have usually, though by no means invariably, some similarity in habits and
constitution, and always in structure, the struggle will be more severe between species of the same genus, when they
come into contact with each other, than between species of distinct genera.”
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(functional traits) T ALK 45 8 AIHENE AL I AR AR YR, JEH R s bh 5 SRR A% . A2
T HLBE F7AH S R IR AR E SR HE I A Sk B g N 1214 (Rejmanek & Richardson 1996, Simberloff 2009, van Kleunen
etal. 2010) . #R1f, H ATIR ML T 58 8 P T S RFE R A R T AR P Fd, JCH R AEIR 2 That e 1R M4
BRI T (Kolar & Lodge 2001, Moles et al. 2008) . UT4EK, BEE RGA B MM HITER R
Ji&, FF AR A RN AR W R 21 25 0% R AR AL I3 S SR T A SR AR ) N AR 14 DA B AR T B 8 ) T N AR 1 AR
BT 2RO . M EGE ME T YRR KAV NR IV, f 5 m DUB B BE R SCHE (IR IR)
ot A4k (naturalization) f3F W, (Darwin 1859) .
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15 COIREIRY B, IERSC— RN A FIA A Rh o5 255 R I AR RIS 25 50 AL RS, (R A i fh
5 9 (PRI R L A SR ifr b i 7= Hb IR PR B B 2L, TR =], IX LA SR Z MR AR T — /N M
R, DT B 25 T 0 I AR B PR S5 1T VA A o X MR Ui A FR A Pl B {1 (pre-adaption hypothesis) (Darwin 1859) .
{H2 35 /R L& % De Candolle  (1855) S&TAbZEMFh & MR Filt, I T AR A% R, Je3&iEid—F: LA
A TE AL 2B IR A FUR AR LR A o TR R SIS T AR e AR, BT\ A FAS ) o 2 0%
FIR PSR TR F AR o 1% AR S A B SN AR DG AR AE, RS SR, FbEf]z
[0 T R IR e ORI E . TR ZIM S e, AP RYIFTEMEAE O A HIT S Fh 5 B8 1O RER Ak . X
MBI FR Ik R SO G (Darwin’s naturalization hypothesis) o 32 R SCH H X P AN B UF & AR 48 &
1E— AR N “IE R T4k 17 (Darwin’s naturalization conundrum)
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SRR CRAE 1859 4l C 42 1R WX M AR T B UG, (EAEE/E ) 100 241, PR PRS0 R
AR NAR )8 RIFBA BN 2 R0, XA e A M A K o B o S 80 . B3
EAMEAER, Rejmanek (1996) BT 7 AHIRI IR EE, R 7INAIARJE I 112 R IH A6 =AY RS
O3 o ZHAERI: I 112 ANSFRRIGAIF Y, G 43 ANSRRISACHITE T 16 NI B AR, 1 Ho A 69
ASFRRITAFN BT JE 1) 39 MEYE HAAEAE T I A L, I B2 A 55 L BRI A A #T A 78 1 A
HiuRf, B AR IR SO T AR R A4 I HERT 5 NAESF X S . BE)S, Daehler (2001) dfidxf & g 34K
VIR IR AL, I 2RIk R ST )X —HE WK iy 44 ik R SCUAAG U (Darwin’s naturalization hypothesis) . HZ, 4b
SRV b (¥Rl Ja 43 A HAS B AR Ry SRR BUR B R SO K LB ER, DR R 2 AM R A - A 5N
FINAZ M, 1B S E ARSI 72 EAR BRI AR A 5 AR E R R SR 05 &R . HLdn, Duncan &
Williams (2002) FEH 138 6 22 17 S EANTR] B RAT I IFAL R, BRI & T A3 g B SR AH VA AL Ty
L 45%, T ANE T ARE RS A AT 18%,  HETUE ] 1 A7 7] J& A M (1) SR P b B2 25 5 1k
DA, € VIR SCAWR G . BEJE, AR RR IR TR, n R B AEY R B HARBT Bt
NRJERTA LR s A fE 3 . Ricciardi & Atkinson (2004) X 4b 38 T RBISE 8 AN /K I8 1) £ S A 2 2 55 (1) 1t
FAERY,  Re AR ORI AN G F R AR AT E AR I8 5 AT [F)J& B AR 7 A, R0 SCHF 13k /R SO R e«
X 57 A A 11 AR A FAL AT FE 380, M0 B0 & 5 R0 5N BIAM KM ) il th 5 75 00 B3 1)
SO o AEIZHR TR, TA R SCIAA IR UG RIR ST, RIGE IR SR JRAT R B A8 (R )R 21 05 SR K R W)
T2 S VLT, #E 2w 42 N TE N AR5 (pre-adaption hypothesis)  (Ricciardi & Mottiar 2006) . [ )5,
Diez 55 (2008) @ik X 3 h 2= B2 o =2l [X R AE P HF 5 A FE 8 B0, AR B D VA Ak AR 238 R0 Bl 78 1) 8 11 4
PIrhEE B IEAHROR R, ERLX LeYp M ) B B SGOC 2R R E R I I S A th 2 B A N AR A
B FE G RO M AR B 2RI AN R T A AR AR A o BRI 25 DA DRI R SCBc] R TS e A R SR I S, VTS e 45 21 AH
FAEHE SR, DRI FiE S AR e Ak SR SCIH AR 2R B E— L, KX — 1R Ao R SO AG 14] (Darwin’s

naturalization conundrum) . 2010 4=, Thuiller £ \7E Diversity and Distributions 2<& k& 17—k Rk TiA /R X
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PRI 2% B 2 R B A R A AL AL D SE ISRk 2R o Strauss 45 (2006) 38 1 A4 ZE NN R ASRHE ) )88 2%
W, R T E BRI AR M A A AR PSR PR B S, X — IR AT G R R SRR B T . 3X 2
EBEFRE B HRGRE TR TR RSOk . RGUK B BEE AR RSN T Geit Ik
(k25 RIS 400 R I FE RO HERf M, 3T 3 R G000 K5 /KF L RHE X RIGHE I 5 245 8K B J5 . Schaefer
8 (2011) A3 ThRic i I K R GER B BRI R B SRR O AR, SRR A i 2
A LR B T B ESRINAR Y, SR T IR RSCAMIR LR W . {H Park & Potter (2013) i %il &
TP BT FLENAF A S S5 18, R DNA 3 FhRic 5 SR E (0 5 S il JR A I, AT SR, A EL NRVESS
FIARSRAN, NAR LR A RN BATFIA R0 BEAE (SR GO0 R, RE M SCRF 17 T00E ARG R e o 3d i A i R W e
78 1400 FpA - DL RANRAAIEINI RGUL B R, Bezeng 55 (2015) KILNAR LR MU SMRFMEE LA LT ARM
VEARIZ A, DR HEIE S P 2 18] 1) 58 S4F T 2 B SRR R BRI NAR 35 17 SCRFIE AR SCIRAR A U 1 18 T
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1. A R

A ARSI FE —HE, YeE AR R I TR AE S WL A A 2 RS A . Proches %5 (2008) 254
B A AR AR £ 5B 3 R N AR R B SR o BB AE /N R TR, W 2 1) AT DA PR S R A B
XA 2, A h SRR A A i e 2 ] e ) 55 4 AR BB, 7R R E AR RS R SR . B
WAE/NRET, R ST TR AT B B8 A4 B (Jiang et al. 20100 .« TERCKHIA AN E T, Wit [d]
IRME BB AEAH AR, 1K R AN S R P o T NI PRSI I 2 AN AR - A 352 1y b
SKIFIHERR tH 25, DRI TIIE A T A TR0 7E R RS T 3 B G B . Proches 55 (2008) AN R 7145 H
ANFEIFISE W, T AE S TR 25 1A N EEAS A BT 3d 0 o DRI I 2R ST A1 4 i ] 00 78 I 5 T B A0 S TR RBE R 90 3l
S, MR IE R (B 2) .

b5, & T R SRk ik B A S AR B A DGR AR s2 M . L@ bR Rl — R4 F 22 RE
FINAZ R R0 5, BT X — o) jUR T 3641 (41 Lambdon & Hulme 2006, Cadotte et al. 2009, Schaefer et
al. 2011, Carboni etal. 2013) . XUEHFFTFSMIESZ T Proches 25 (2008) ML A5, BIANIE R R A KFRh A A 3
FhEA A F R HE A% 5 o (H2 23 () ROBE Q] s2 ma SR PR AR AP SR 406 R, DA RN TENLE AT 4, X LEAf
FIBA L —EN G0 R, BR8] ROBE 2L 1, 5 H BT BT 78 1 S AR DU WA 2 ) R b |,
W S = O TR (1) 1 R4 S G e [ 36 T 22 0 ROBE AR AL T AR I AT 98, T A 00T 13 B RUBE 1 5 i LA
JZ kB N AENLSIHR 4 B R A .
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HHA I 78 R YRR 02 08 R R BRI ISR R R, 107 VEBRINE P I 6 A (R 15 2
KFZR, HESEZ NSRS REHER. Kk, XFERN RS S MEE . &S TEY 5
TEMES T BRI IE, VIR h BRI R 54T, B TR YRR 400 R E 7
VEIBW R ORI SR /R SO R T () 32908 7732 (Thuiller et al. 2010) .

S R G E R Lo R A M YRR SR 00 R, (HRLE I BEFR B 003 £ EAKIH LU AL HL
AR ARG (1D SR SEE A A LR -F355E % (Mean distance between each
native species and the invader, MPD) , Xl FEHaFr¥ A A LVIFINEE R (2) SRMEEE DA AL
YRR EE B I INBLCT-) (Mean distance between each native species and the invader, weighted by the abundances of
native species, MPDay) , %l FEFEFRIG T A AR LYMIIAMEIDEE R () SRS HEH RILAN ALY
FhEISEZEER (Distance between the invader and the most abundant native species) , %l B35 br 5 i A 4 340
HNEMPIMEEIEN; (4 SRMEEE LS A A IEEE (Distance between the invader and the closest
native species, NPD) (Thuiller etal. 2010) , ZMEEFEFRoRINfZ A 5 HAR LI GA A EAEH . X LS55
EHTE—NMNEMZANERMEIRE KR YIEEZ DN, WERF2ZEENE SR, WHmE
HPRFN S AR LB MPD B NPD [F3MERRAEIE — NZ BB G A LBIARISRE KR 0 ERTIR, X Ley)
FEFRbR S A ME, REGEAAIAEb R, TERREHEAEE. BRI S— 2 B a5t R A7 7
Iz — AN E R AES ST, R F AR SR G s H, DLROR R S YR I EE 4R AR,
W Rz — AN EE R R R T

3. EMINIRF B

ABFFIRFRERDEDNR AR —ERM 0, W52 0] LARI 5 A [F IR B, AR fh o 2 ws ik i — B
BRI BELAS AT A AT « A NARE B %)) 93 551N Cintroduction) « 52 J&/JA1k Cestablishment/naturalization) -
FIBE J5 852 Coutcome/spread/impact) 25 Bt (Richardson etal. 2000, Kolar & Lodge 2001, Levine etal.
2004, Pyseketal. 2004, Theoharides & Dukes 2007, Seastedt & Pysek 2011) . i AN [F) A AR B B fA) 5 i B 2% K
PeE LR ZZ 00, A N AR B HT A AT 68 32 22 AN R 3R AR IR 1 e 19, T 4E AR 1 J5 B e ) (1) 4H L
VEFHPTRERS B BE N B HIVE o B RERINAR S I3 BRI 52 B A4 A B R B EEPE B 5y, Schaefer 5% (2011)
BVOOGEN SRR G, KA R SRR 3 2 ik /R CNR U (Darwin’s invasion hypothesis) . {HJ&,
RERDFZENMZEAN B CEFERTIGIN 134k, UGB BORsEm) , 7 e e BmRm Y ph R4 o0
RIEAEVNEZ I ENEZ MG R, BT RZH RSP — DM ANEI B BRI Cnafe, ksl

M) (Lietal 2015b) , T AN [RIR FE B B B LI 724 MM 2 .

Diez % (2008) Y5 & A0 82 3\ G 0 L R 25 A LR AH R IRV B IEAR KGR, (NI
=P PRI LR R 36 2 AR R, TR U T ARSNGB S 53 0 S A RO A R
BREJE A RETE LR X L RAEY I, (BB 5 — YOG BRI B BB R T AR AR B,
Pellock 45 (2013) KB AR SCIA LB ULIE R TR0 2 & OB BT A TR LA (R OB B, WI i1



1K IR VAR T B RS 0 NAR B BUR B5PE ) Cinvasion stage dependent) o 1 I X (Ambrosia artemisiifolia)
TERNREEAEY), Li%E (2015a) J@ik ¥ il I se it ) F B, AR IR I 2 I A M3 v vh 2 B o i 00
PRTE/IN, SROAIIIT S A2 (R E IR 1) € JE (R A0 ) ARG, JETTIESE 7 I Fh SR 2% 08 6 N AR MPAS [A) A 3% 52
B BL S22 AN ) (B 3) o FI 5 [ B v 4N Buell-Small Succession Study 3E4E 50 22 4 (1) W%, Li 2%
(2015b) WFFLRI, FIRLYFELG R RITMIMSRFIEZR G N2 FWHBONIR AR, RHIX=ADNNEH
B S R FOUE LB BRI o AEZEATF 7S R ER R B, IR B ASR Rtk 2 5, 25 HLT G AR Rk = AR TR
fad, HrmiE R R KL, R T EAEHBENZF RO E N EE . HAix e g R e m A& S
PR E R, FHAARRAESRG T, RARNEFERFRINEN BSAHEE WAHTER, &S EIA
) —ANEE T 4B BRI TS T4 S AEMNR B TR 6 RGP B R 5

N B
NG L S A A AR B A A A A
B b L\ AAAA A M54 5050 56 56 4

BRI A M \ \% M

i g A v R T VR TR R VAT f
A 156 4 Bk 5e A% | A ¥ ¥~y §
an  —Bs ag 1) Y
7S RNR ) 45
(TUERL ) GRIRT AR

B 3. AFRINZIH B IR G /AN . (a) H T AU G o 9 ARV AN AR R 7 i 34
S OARML, DRI SEAT R T NR R E s (b)) (ENZ e fE UG, T AIA L R oA AR B B2, 1
VEAFAE SR AL 3E 4, IR AN A7 AL T RE 2 AMHI AR A A K (220 E Li et al. 2015a).

4. BFHNULI-5 4 il 1 S

I 28 K3 73 50 T8 R SCUE ARk [T BRI S0 2 0 FH B A0 = B T Je 1y, e i WL 5% 15 AR 0 v R SR o
A HFR RIS 45 06 R AT I IX — 3k o HZ, [RIFHARET AP 72— FF, X Pud WA R a7 A= 2 S F2E
FAFAEA B2 88 . LL A 2 A RM S AR T A A E— 2, BT R A0 R SO AR e Tl R A5 A, 2% e
T8 G (1 1SR T 22 bR Ao [B) 5 S 10 S 35000 AEAR AT BEASUASU AR (R DAzt 5 1 410 SR i B A0 25 51N 38 A b 3
VK. Pl, A I I TR SN R AR R RN A R S A A E S, SRR ME SIS B, A R R AR
WRAEVMNB TR NAENLH] . Jiang 25 (20100 FIFHANE A E 775 (microcosm) ¥ R4, KINZH
85 BE B A 5 R E VR (R SR SR B8 3G DR T s, MRS 3 ZR SO AR i R HE N o X A2 35— AN R THik
IR ST YA T A1 P4 s P SR A6 Bk » Li 55 (201520 MR A 7t A 2 FEE 5 AR 28 R 4 D) RE (biodiversity and ecosystem
function, BEF ) (1742 fill 14 R SR U0 R G5, WEBH T A 3 b 2 (2 3 /1R (1 8 JB(H Z0 40 il L2 K . Tan %5(2015)
[FAE R FH 4 B o o e R R A B V8 5 MR PSR SR B, MR RGK B ZFE1E, Aefd i
(1 FRUI 7 R o] NARE M o T2 0 3% B A i T b R A7 A 23 Y2 35 PR AR P ) 2% B, 8 T SR ZR S AR it 1)
.

FHECEF AN, T 7R SCYAPTE P AR 42 1 1k S SR 7 1 Ak TS P B B F AT T8 RAX 2 A BN 5256
ARG, R i AN SR80 St o R P2 PSR IS e B AR A R g, LEUAR L KR AR R SRR =5
RS Emt s — N EET A . [, H AT SERRT R R A — DM IR R YA L, WSS SR S5 R REAS
REFE) RUEAL IR M R AR R £ BIRTE, AUIKRI S AR AEAR AR, SRR S RFh 2 18] AT RE B A AE
S ECE LI R, B, BT R— N TN R, A5 RIS RO 2 R 2 MR
Foft T B N AR — ANV (R 0, 35T 5 B8 AR R AN R N AR R (IR B8 0 AR NAR R 2 T AR ELAE S g
UF AL E AR ISR O . RAT K HE) MUK Az I PE SR IS 7T, A REAENLEE B TA R SOV ik 1]



5. SRERA SRR IE

3K R STV S FH T PR AN I A — A 36 5 B B AR 8, BV h 2 I ) 1 R B 8 R4 7 s RE s SR AE Wb 22 ]
WAEREZES, IR SIABIASS (B D o REWH ARSI RRFHER S T BRI Z MIEHE X
ff (Burns & Strauss 2011) , {Hjg H & EAI432] TR KHIBI%E (Losos 2008, Wiens et al. 20100 . H1J-i& M
PEAR ST Cadaptive radiation) FIAETE, LR LEA AR E PRI SR E R AESAL . i b T E
(convergent evolution) FIZK-FILFE % Chorizontal gene transfer) K& 4:, 4 RIR@ W Rh ] LB A A1
LI D Re B LI S HEAR AR AR S . RIS, A SO R ORSFE SRR BNLSIE 0%, WA SR IE R
SR RGO, AL RS VAR OV O DRI, A AR AT (1S 2R AR S 1 AR TS R R AT A 15
WEo ANEARIE MR I SR B AR E SO A SR B A I HE BRI 4L

b DhReA 4% (functional ecology) MUK, B> 273 GV DI RE AR AL AR SRE SR B SR BSHIE 1A /R 3T
HALIE ] (Thuiller etal. 20100 . {HR DR BIERIWT T AR AEE Bedm . H5G, IRTHATRAT R FB, 18H R
REI 5 /D073 Gy M R D RE SR A, T IX e Ty 58 B M RE AN RESRAE YR (¥ 26 A5 1 R 11 v 8 AR e Lok, RIS v AR
AFBMBERG, Gem N F TRt E v, AR R Thae & AN B A G 1 2 I ThRe a1
a4 AE B4, FHNENFIER. i Violle 25 (2011) MIRFA R, YMiE RS R L IIRE
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