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Phylogenetic Relatedness and Species Invasion:
Darwin’s Naturalization Conundrum

Shaopeng Li? Lin Jiang®
Abstract

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 ten-
ded 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 coexis-
tence theory are thoroughly considered. We believe the reconciliation of this
conundrum will provide important guidelines for invasion risk assessment and manage-

ment.

“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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Foh 4 35 4 6 R Rk AL 7 s S T 1 3k A B 9 ARk LA B AR L BEVE AT AR E
BT EZRETE, MHIEMNENRXTYMEEZRXRMNEY ARV, BF
] L3S ¥ 3 3% /R SCTE (4 AR IR ) A X F A6 3k # A 4K (naturalization ) #9 §F/
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Bho (B, ShR APy b o9 H 8 43 A I 7R REAE 3246 58 R B8 3k 2R SC U A 118 35 1
ECHEIEE , AR 2 40 ofe I B4 B 5 LA B AR b, 77 5 5 4 A 0 7 0 J
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A A A5 2 R — R, DS A AR 0 P9 T A S 2 L A R R K
i, Proches % (2008) [y %453 3C &5 45 th , 25 1] K BE (975 1k 23 1 35 % i) A 12 1 i
R, BN, 7E/NRBETR , PR 2 ) AT A VT BE S P AR B A X AR R
0 411 e Foh ) = 35 o 2 [ () ol ] 35 4 0 R B O BOED , ZE DR E AR A R PR B T
PEAIPEF o BT /N RBE T, 35 2R SCUA A I8 6 951 300 7T i 3 4 4 38 ( Jiang et al.,
2010) , WiZEREK %S 1) RBE R, 4 2 1) AR 0k B B 7= 2 AR 0 L X bR 4 4
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B S , 2 T3k R 3CUA 1k ik A 9 BIF 98 TF B B A5 50 T 23 (8] RUBE B 52w . 91 4, 5
i LA R — RGE T 244> 25 6] RUBE 9 A (2 Y 1% 28 A% JR) , o2 T X 3k — [ fi Jie 5 360
Ik ( Lambdon and Hulme, 2006; Cadotte et al., 2009; Schaefer et al., 2011; Car-
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L) 0 BIF 9 0 R ) A b ) 4 26 A R AR R I BE W R SR 4R R R T IR R
RN AERRINEEXR, AR SR ZRMRERXREYFH . Hik,
XL B8 69 T A 2 W 0 B ARG . B A T AR DT EE AT S A T B
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L At 5 A0 SO0 000 0 5 — 6, 3K el o W I A% SR iR R AR B I R R A B
Y e i 90 a0 2 % ) A0 SR 5 2 R L AF AE — 2, BE W] BB 40 A JR SCIE A R 158 T
WU A TR, SR el T I 4% %) A1 R b B 22 b B sl b () B < 1T R B0AY , (EL th AT RE AN 2
Bl A 305 2% 4 1 ok gl BB AT B b5 | A B S HEVE R ok . R b, R A O R 4
G 045 3R T S A AN E /A R R R SE R 0 ik, A B IEE R AEY
AR NTEVLH . Jiang 55 (2010) F) FH 4 B #9227 5 # ( microcosm ) i B
ARG, RIAARF ) % 5 B 35 H 5 1 35 BE V& 10 555 S PR B0 A9 186 KT ki, DA T HE 35
T IR RSCHEAABR 6 A HE I o 33 0 2 56 — > 5% T 38 7K ST ko vk P A 42 i) 4 5 56 36
iE. Li 58 (2015a) FIH MR AV ZHEM S £ B R % Y 68 ( biodiversity and
ecosystem function, BEF ) i 44 il ¥ 5 #b S0 56 R 46, E BH T T 2% + 35 Fh S 42 3E 4h 5k
9 5 FEAE AP A < o Tan 45 (2015) FAEFHAHMFH LR RE R A L+
EMEARMEEEZER , WA L EF R RE R E M, B0 T 4 B0 ¥ %
B AT AR . %I FE R IA T 4 + & Fh 7 76 & B 2 PR AR A 2R i 85 B, BE i X
5 3K 7R SCIE Ak AR U A 0

AH EG BT AP AR , 35 7K SCUA Ak ek A a9 4 il SR pF R M A TR A M. BHAT
B FE X RAUAL R DB TR R G, i F A TSC 00 % K538 il 1 5
By BB HMARRG, AL H KK RV BEESE RS R —1
HEJm ., [, B AT s i RELE — DI R AR L PR E B4
WHEAREHE) B HAL YR M R AR F . £ B AR, AUIEF S5 L EMFEME
YER, bR Fh 5 40K Fh 2 6] AT B AF E R S el H B C R . UL, BR T M B —
B RBIE R B0 8, 4 Ja B 468 o) 1 55 56 B % B 22 56 T 2 AR B[] B A2
— ANV BN O, T R A 2 VR X AR [R) A2 Bl 6 S A BB 7 LA R AR il 22 6]
WA EAER , A BB AFBLI B AR R 09 FLSCAE O . R K3k Fi % Jé 428 il 14 56
ISBESE , A REAEWLIE b M P38 R SCH ALk A .

235 EBERSIERM

I8 R 3 Ak ek A ) S B U A — > 2t ) /i 3R B i, B4 b 2 (8] 7Y 3E 4 B
BB L RE O RAE Y Fh 2 M B RS2, LG YR & I8 A28 4 B A
(B 2.1), REYFA SO R RSB T B OR 8 2 /9 E #8 3 #F (Burns
and Strauss, 2011) , {8 2 H %4 4 2115 3 T 1B K AY i € ( Losos, 2008 ; Wiens et
al., 2010) , 1 F i ¥ 56 9 (adaptive radiation) 77 4E , IE & W F AT LA R A
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A [R] # PR AR 3 o 8 AS [R) 9 A= A L. T B T # W) 2E 4k ( convergent evolution) il
7K 3 2 K % % ( horizontal gene transfer) i & 4= |, 35 4 & R B i ¥ fh 77 L B
A AL Zh BE TR LI S AR A A AL [ e, SRR S YR
B IE AL A o6, R AR B YR i & S YR 83 2, A B8 R R T
FEETCRE L . P, P A 257 9 38 % 08 <F 1 2 7 RS T B AT P 4% 1 38
iE. AR EZESMAAMHMESHAEESESR FmEHE ZE4HIRKN
4518 o

Wt 2 RE A4 45 %7 (functional ecology ) 9 & & , #8432 5 8t 1% I 2 G ) AH 0L o
A 3 2 B 5 ok 56 AE 3K /R SCIH A igk AT ( Thuiller et al., 2010) . {H 2 Th 8 J& 4 19
WF 9% [RIRE A7 76 2 Wi . 8 56, FRF H o 09 0 95 F B, i 4 R AR I 5 20 3 2 5 W)
B 21 BB R 1 , T 3 26 3 i J 4 B AS B R A W) b 0 A 25 07 R AE 1 B R N . HEWk, D
168 38 AR WF 75 T B ) B0, B 98 4 T W00 5 400 ol A o BB J8 44 | o 7R 0 i IR 2 1 RE R
HMAREEMHC, o LaThiem v <™ A 1E B ITA, T X W ELEH Y
7. BN, Violle 55 (2011) MR FT R W , Y Fh 6] (9 55 4 56 & L 2h BB JE 44 8 4 b
00 40 e 22 ) ) 5 S 5 R 3K 2R W] 3 % 00 R AT LA R AIE — 26 R I 58 (B TG ik
E)VHAAEARRFHEMEEASFE WD, B # R 55 A R 2
AB R 1 00 A 2527 T8 200 , 2 B R MBI 5T 1e TG 3 BRUAR 5 % O R AE I iE 38 ZR SCH
kA P EIPER . BN, Marx 45 (2015) & A 2R A+ F R RS R RIREEE,
EREMEEDRERE LHEABRKEN. 4R 0—AEER R HIRKFEL L
A AT B JR A Pt 45 & 8 K (Swenson ,2013) , 41 & J& 7] B 5k F 2h BE & o4 Fn 3%
2% K Z 10 W) R AR AU B I B2 45 %5 ( Cadotte et al., 2013) K%t 3k JR SCIH 1k i A Y
MRt E S e 7B .

2.3.6 DMKRMMILEFE R

RIR SO ik A T b AR R b 2 A IR 9 R B, 3k R SCUA AR AN
LM A SIS AT — N ILR B AT R R, BP i TR ZUA R R SESAER , A
{52 76 AH 8L 7Y 4 Fo s %k DA AL A7 ( Mayfield and Levine, 2010; Levine and D’ Antonio,
1999) , {HJE Chesson (2000) % F& 69 B AL 9 #p 3L 77 P 3£ ( modern coexistence
theory ) X iX — 28 W0 s $& Y T i B . BUARY Fh AL A7 8 A 0, ) Fb A9 2677 R AY
gk T ) b A= 5437 9 22 5 (niche difference ) , [A] 0 L U T 9 Fh 3 4 BB h i 22 57
( competitive ability difference, &, fitness difference ) ( HilleRisLambers et al.,
2012) , R, PSS9 Rp AT BE T BB 2 B 1 P9 & AR 7 22 57 K 38 4 0 B 55
B, AT BB SR AR A5 LA T 1 TE 4 B ) MR 0 S B0 , AT £8 T v o X A
BEEPE AR (1 2.4), FEXRRXAMBREHBISER D, AEET
YWHAESUHERTMEAZIEYMERFROINES  HEAERE ERREE
B o 640, B dnak 7R SO A B U8 T A9 B ARE , AR b BT % Fh 2 1) A7 7E 2 O
FURY 5T S AE AT, B2 G R 4 2 B 7E 36 BB 0 b B9 D 3R 2 DA A 12 HE B3 1
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)

KRN ES

Pl 2.4 LAY FILFEIH I (Chesson, 2000) , ZH SN K, ¥k i) 3L 47 A (LD T 4 b 4
A LAY 2 5, [F] ef th BRR T W0 R0 3 G BB O 19 25 5, T SRk 2% RE A SLAE ol 1 2 00 X 5 e A
LAY AESMES KB RE UKE MR EFRE N G250, AR LT, )
2, 3R 4 B SR A PR 28 5 4 BB 1 55 A9 W0 RO BEVE P HEBR 2 (2 A Adler et al., 2007) .

F 7 , AR IH A AT R AR U 2% 4 3 A o 38 80 B I AR A3 (MacDougall
et al., 2009),

K IR SC YA A AB S Y — A T B R B R A AR 5 A 2 A 3 b 2 [a) g 2 1Y T
FrAE R 2 M HI AR B S E SR . SRT, SRofe b, 0 IR A3 5 B A ok
P EE L L ERRAERMTEFEES . F, I RF 5% L&/ Z MR I
T AV F R 0 BE % 300 ) S R B 1 5 S, S e B 2 ok 3k 3 Xof 3L % £ 2 R = A fE
RAERKLEMEANRSE DI EH S B W AR Ak B s Z s, 4
RE2MHARY R ARG X R X =Y AR, ) 3€ E #5745 M Buell-
Small 8 8 W 58 3% 22 50 2 4F %) W W B0 , Li 45 (2015b) RBLAN L FFEL LR
AL K SR o 52 5y AR IFAEIF R D0 3l , DTG SZARE 1 A 7 e U 6 4 I . AR
Bt SR FISAEZ )G , 253 3T 4 6 4 35 b ™ A2 B OK i f 3, 1 I il H R 3 K
ot o AT FEIN TS — 00 T AR T S A 4 0 R o Rz 4 Y b 3 R LA O T 4
T R i S A R STRF IR R SO AR U B0 BB UE IR " 33X — 2 LWL A, 0P L 3
ol 69 Jay 3 K 4 A8 A 31| 3K IR SCVA ik P i B 5 S e ( [ 2.5)

T B4 YR, Li 45 (2015b) 89T 58 I B A B 4800 & 4 3 B A o ok A 2 )
BN RRENNER . SIEURE—EE 5 e R I Rt
B AP 0U 1w, B A S M RE N B E R BN A ARB . XX
— [ J ) TR AN TR T AT B 75 M 1 48 7= 00 b 2 4 g k2 55 9 e o i R 4 ) 26
F BB FEI UEAL b s R Ih IRk S YR AR S 5 TE R RE ) 22 S A SE R R L LA
B A S b A A 2 b A 2500 R0 35 4 BE 7 B 22 53 AT R SE AR I AR I . A JE
WRGERAR R A S LAY R TE SR RE T A9 R, %k A A4 e AR
7 75 B fif v,
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| | [ | l | ‘
REREERXY
S -3 P AhAFip
¥ f‘ ﬁ/‘e e - e
. \fﬂfﬁmkﬁ—‘-tt%w
(a) aB/RICHAE R (b) + 2P JRa ¥l K #a
y‘v\/;;% NG - B
e <& (TTIT

AEREPLK 4
(c) T b fie 15 (d) H-F Rt Ja i K 4o
P 2.5 o 3 ol 4 Ja) o 2K 68 68 36 TIE 35 7R SC VA A 1B 5 60 R ) o S A/ XL U T 9 R G 9k M
AR R 2 R B EE Bh A, TR BE Ah e R R 2 - 3 B i) LA R B R L FEIA R
SCUA B 9 ELEE U o 1B JR K - 38 b ) Bl AL 2K 48 4 A 5 1B S I 134 345 , /b Of i RO 4%
T FEMAIEAF WA RERIEMARZFIES L EfM R LT FEMN. FHik, A H B+ F
FhaodEE sl A Rk A A RE L IE B /R (B0 E Li et al., 2015b),

2.4 %3

THOH A0SR o f9 A ARPE 3E BE R B TT ARME — R AR AR AR RO
s AR o 3 7R SC YA Ak i PR AR 37 b 33 8 7 J D 5 4 A — RS , 0 ik AT Y B ST R
(O F v A A s MR AL AR WD 2 W 58 By T2 9 B0 3 S, R 3 FAE AR
HBIEEE TAERRARENIERNE, REELEHILER BERERE
HEVE A A A R DGR , 38 AR SR fb ik P A F 75 AN BR S O 36 MR BE b AR AR T K
JREBERE . SR, 24 HTAT 5T 89 4538 K IF 1 390 2K B, 3 0 oy 76 AR 75 2 o 7R i 4 R 4R
IH 77 AR AR . $5 55 5 2% B9 BT 78 BURXS T3 AT 7 , BE 2 Pk AR, to 2l
B o I X R G A B X Ik AR SC U Al ik A A ABE A HE 4 BIF R LA R T 4T
FE XRG4, R IR 51 X, W51 o [ A A A8 A 2R X — [a) B, i
TF 58 7E o [ 1 SR 7 A R o
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