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What determines species diversity?
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far— AW R — 2 W Ry BR M, T i 38 3k 3 H]
TEEZE . TETIPIKAR, FELREELY
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BB T TR RS, WA - 2R )
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P 14181 SR A 2 I A, AT LA T B 43 52 224 W oA
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1.2 Prhh L. HRRIREE

TG b BR b0 A ) 2 REME, N 28 T B 58 A B
FEAA R A T B AT 55 s e RN A A A LAY
B PRk 35 b AT Blag i 4328, AP 26249, 4%
J&2# (taxonomy) S i it B I — 11248, JE AR
FIH A SRS — 2. /2258 v KBUS APPSR
A (4 % S B B Bl oMl o BE) AT 52 K B A
PEA R AE DL R B = AR A S | A A2, T
Ji 5 U5 Bt S 0T A 4 a4 2 L A A AR S
SEAESLIG A SY, SR E SRR L B WO 4y 2
RY:.

SR, e ol & L sl i E by )y
L FRHL R 2 | S R R AL B R ) —
WE= SRS SEA 3 oy M - (e R PN
R 2, AR AR AN ] 27 3 X6 4 R oAE A A A T) B A
WA R A 2t | BT Al — 8B B R ) 43 252
FK, X Wy AR 4 ARG GE B SR AR Y, R W
{7, 8 g BRSO A LA SR 4 4 2 b
Wl BT IS 9 U3 3 UR  (lumpers) AT 41 43 Uk
(splitters) ", iF 4N DavisfiiHeywood 84 # Fk (1, 4>
Je2E HA R AR 1 U JE

HAL, BR T RMARA 28, ANZRTE & BRI A ) Fh
75 T AR I A . X R IAE Bk 28 i 5T 1E 2
B LRl A AN, M ER I, SRR A
HHESh PR H O RE e, X TRUEY . B
AR DL SO A YR, A K EPRh A Rk
PR3 M, S ik R A2 B o B
CIEARSER, KRB C Aol B (HAZHAEL
KER, 5K IEARN b Bab i A SEm, X EE
FE A A A W 2 R T 1 X ek, BN A, X
EE R X 2P ANE | AR AR | 43282
ANA W= | IR, & R 22 28 1 4] o A Ak
PRAEAEIN . B0, Goodwin%E APOSEAL T ok [ 214~
5K . A0 FRAS LT 1 450017 F 1 55 J& (Aframomum)
FRARZFRAGER M, 25 R B, 247 58% ) AR A Bt
R M 4% TR RE 5 O & A A T i A R N R
J& (Ipomoea) i AR . dE— A St 4 BRARAR (1 G811 & 3L
BARI197T0E LIS AR IS N 715 2, Bl



50% 1Y F AT FE 4 b A T REAEAE A 4 E AR IR, Ht
AL UL, X o 2 2E I B A IR ISR ) AN,
XF AW A 5T T R R 0 2R, Bl A B R M 2
T. WEZ, WA R R AR
MBI, MeAh, 598 & B 4322 U1AH 5 iY — 2 &
FLWF 7T B R S8 k A= T 2 (phylogenetic reconstruc-
tion), RIHTIFMEAE M IHEZ IR LR, —1
WS RS RE HEAL CRZ0) 6 R R G R AR R
(R 23 2 DA B 23 S 3R gt Sy g e (3242122
204, BEAE DNAWFHE AR L JE, 7+ 4EY
FHRARC) s B E WAMIE M RSk E
SR ) 5 % AR a2t o R FHDNA G T4
AR AN AT B A K R #0327 DNA SIS i H 3
T 3 R i S — 45 7128290 A 2 i A ) 43 2o
FF il T T A A5 R U 4 (B PR ) B A A
TEAR K A 122830 fH 5 — & Ji 7 i) 46 SR AN T BHLY.

1.3 Mk L2IEAT 2 L Yikh?

X — AL AN g T AR SO IS e s, (HE1S
ARSCEYIR . W IJCHE B A28 L ik
BAEAHER FYIR R ERIECE , e YR £
FEPE A JE R AR R e L (H R A S, 125 AR
AURRES H— N HER YA H , YR ECE
A 0 (8 B T5 A B AR 03032 LRI 45 Ky v S AR )
HKHER B, PR H AL T 22 0AR K, 212577
T3 234277 Fh B F BIF 5T M Sk R B 1 Ak AR 2K
WSk Ue, PRhE B R 2 Ao 2R B RME T, RO
HA AR S TobE A g ks ) SE R B B S 2 T
Pt o2 iy k2,

VIR AN 2 P R, B T RT IR Y e LB R
FE 53 2822 WF 58 R AFAE I R R4, Al T FR 8k H 9
D7 A RS A A 2R JEL AL 940, Morags AR
a0 Fh 43 A £ S i S OB A ATk B4
Yy Fh25 29487077 F; {H Grasslefll Maciol ek* 4 4 47)
- T AR OB B4 92 A T s BR OV U PR A AT T
ANHRR, i ErwinCOR I S AT P S RE ) B0 A 54, fhiT
AHE B b X A 3T T AP i sy . IR e, —
AFEARILPUR ) 125 AR LR R 5w 2 Y Fh
KM AE150~175)7 Fh738: Ty kb 5 A KA I A7
(441 Fh 24945 1300~1400 77 Fh 381,

THEMLE YA E 1) R T O AR SO 32
WG, S oE S HHE R nl 2 )45 5% SCHk[19,31].

A A A R MU Bk | B R AT AE 2 AW Rlid A e 4y i
W A9 24 5, ELIX IR AN 52 0 P11 1) ) ke ) ol 22
FEPERRI R ER, RO b 2 R 2 5 LA A 1.

2 PRI R K L

5 B R AT F Y IR LA K —FE, WFh 2 HE
PRI S i R T AR 5 — K H AR, rfb
f A B S B R A (speciation), 2 — A9 R RE 1R
(population) 1A & 75 4 Rtk Ak Iy 1A FH R & AE 404k, A
1115 3 B B AR [ g o i 3o RS, b B Ao 72 2
AL LT B e < B S SR ) Fb K 46 (extinction), R
— YD BT B AR AR T A K s B R A AR
1 ANETT Y, ook YR, A= ) e Ak A i
y%% E"] [1~3,40].

2.1 Wk 2 RETER ISR —— YRR

YR B A Y b fE B B IR W RIE i B
LR T ARG F 2] T M i 2
I HARFRE 4 E e L S R aras L 7
AT ZR L, B S AR — IR
WA, BIRh e —43h =, IR i vk
ZREMERYEIR. BT B AR, ARRIYRS L
sy Rl AT EERE . B
H 45 R Broe s 8B 22 S PERRIE. Ik, PRI R X
S T 5 WL (751 B I8 43 2T ) i Ak AN IOUE (Rl A PN T R
R 22 D) i A A 2.

YR pad AR v A e A0 R R AR A AR, AT AR
HEUY, AR SEEERERK, DETR2EGE
i —RE LRI MR, i kE, YRIE R
AR R L ZE F AR e sk Bk A rp, BIAE
FEAR Y b A 10 S5t AN BB U BH A PO B ) i 2 35 4%
TR, N0k S i AT R BT 2L 0 HORME LB B
e e B3 e, Wy R E AR A W R IR
PR EROA 7 (1 — A 1244 RLYE 10022 4F R s s /R
R Z M kR 2k

Yy R0 1590 J6E 5 BT T N ) B N — By, sk
Yy R A X (245 4k A0 B 41 ) b 1) T 7 1 i) 2
ST A S 2 (0 R AR 7 SR AN 25 A 1 v i 2 7
HE IR 5 AR R AL TR AR A B B AR IE K. X e e
HHERUL, WAL AT B8 4 75 22 200~30077 4, i
EHAAE BT, PR IE BT 5 i ) 2 K A5 2 5 e 15
223 i R P ) R 5 I R B, S A
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AFDRT 55 JE A B ) RURE PN 7 A R s . fldn, FEE
BB SR TR It A2, HIRZERET
S B RhER & A T 3E IV 4R 5. Carson il Kaneshiro*?
5T 3R W1, BB 3EBE ) AF 7E 8 i 800 Ff A i
(Drosophila melanogaster), H: % H kb i 5 HoAth fir A
Hb T AL K A SRR AR B 2[R AR B LR
4R 61 %5 (silversword) ()@ 3731 2% J& Argyur oxiphium,
Dubautia, Wilkesia) It 431 i) A= 58 AER 8% 1 1L A —
ELRENR ARAR, RIS A AEER | A . TR
ER, RIHE R R R IR &
A1 b X (Great Lakes) i il i (cichlid fish, Cichli-
dae) L J& 48 7 T i N 4 O R 2R, TR 4E 2 A i
(Lake Victoria) X #f A i1t 2008 i a1, 7€ 57 4 ¥
(Lake Malawi) X i £ i) F &5 0] o 5008, £ %8 3k 2]
10007413,

MY, XYL SR E S R —
JE VAR AR 22 5 T 23, DN Xl OE B bL
Wl S, R DA A2 W2 58 Sk 32 0% 2 35 DA o x6)
Wy R IR 18 ) SR B BIF 5 1244 O BT 5 ) T
RO KRR L O 2L A s AE B DL A i ]
R.OEAEk, P2 AR BaE M . N TR
oy KDy FE AL B TR S5 i, TR A
TR AL R BE ST, BUS TR, 21
BE IR, 3k AN (R 5 T (A AIE 9 Sk SRR ) Rl DL R R Y
TR FIRL £ P2 T SRR B2,

2.2 PR Z AR B —— PR K 4

AR, AMER A M LOK, BT
R Rl S A T EA. SR R 1 7 B b AN T
HRK R 2 i Wy R SENE; MR, WIRE R R R
I3 — R S B i B R K AR B A
FHER, A4 A SRR, B2 7EER b
A R R, A5 999% 0 4 K 4>,

PRI RS B, A AR R R R Y K
d; — PR R ISR KA, BEFR R KOK 4 s S K
4 (mass extinction); 7 — 7l 1E Y K 48 B PR Sy A
JiE K 4t (background extinction)™. i1 5 W 7K 44 14 5 K
Egy, WAL R PR, 5 —Fh IR R A G, A
55 Hb R A A 28 SR AR Ak /T B LB K I R e fi i b
Bk DA B R Bt A B 22 [ 7l 43 45 . 3K 4 ¢ AE S UKL
Pyl (IR ) K 4. KA Fh K 4 22 I H SRR
JUE TR Y FIE sl i 1, 763X Be bt ] L& T B
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(BT Rl e A, AefE o b 3 3 N 5 A
. KA 2R Rh RN R S 508, T RERR R
Fofr 8 2 THT I 110 — b A, DA 1) 45 b L Al 47 2L TR
R, kA S HAY A Z B B 5e 4. 78 sbid R,
HAYF AR T RS W Z B IR 2 H T
PR 2, X I R SR L R A A A AR K 4
RIVEE KA 2K 4 22 Sy i gz ok 1245460

i R K FH A EEASK, kR TR
FZ0 R B B EL AR
VIR X — R (SR ) I R Rl 44, — 7
7 2 RN A 46 R A8 N O F 2 B M S AR I O T T &
AR — B 55— T T RO A — R R O A 1Y
JR AR S HR BR: 2% H A K25 B — /T 2 sk 2
B sk, M S EOAARE WATH R K41 {5
FLIE R R ZN R ROK 4 2 e e B iR W, s
FF5A%RL . 84%iH JE . 80%~90%F ) il 1 7E 1 1 ] 37
& Bl EROREYIE L AR T BRI, DL 2k
P 5 B P 2SS AL B ICAT s Wt 157 T8 i B
FR) B FL 2 (475 TR SPL 2 R L 50 ) R U 2K (5 2 T /Y

2R
IRIR SR B, BEAF (8 R0 AT 4 T AT W) R

TR R 2R, R R T4 B A A A
P B A WAL R ML e AT 2 ORI BUAE ) Bh, ifi ok
AN TR RS AR SR A0 AR 3R 38 DA 8 At 1) 3 ] 4 5
WALk R . SRV R —4E, X K4 it A
AR BTt 2 — AN K T A 2. DG A LT T
S A R KA B, LA R K 4 i
PRI 45 A i R B L % 1 1B B4047, ik LUK g

Ik,

3 YeEPRh B R

RENVY P ZEEE, ARES KRBT Z A A
AR ], YRR R BRI G ) UE A Bk
L AR B, A AR A il
BOH 250k =z k2 mlan, sh ey ks i S
10077 A Fl, T Sk sh W 11 KA 29 115040 W A
BFAEY =B, PR gL B i i 230007, {HEREF4E
YR AR AT 9 10 A LAl D b B X8R B £ 0 AT
R AT 4K LR R X R R B TR
X2 DTS B R b, AT A R B A
WAL R & 20 ZAUR B AR b2 HiEk b RE R E Z
AR, BZIRE TR TG e B R =



PTEAR M (0] 25 i S [n] JT, (R A R 2 89 & AT LA
Wi 49y ol 68 22 RE AR B A, 32 A AT AN D BE S L
HAT X — ] 4 T A% B A R A iR U R B
PN S E R ZREE LA SRR 3R

AT

31 AfwifEn Dy N

WATRTA, M st MR E R, YL
FEE . A2 T S A L ST B (RBP4 AR R K
Y )T 2. 2 ] 5 2 3542 4 W AR A B R LR, HBER
ANAEZEA AN T A A A, B a0 AT ELAT AN [ RAE
TE AR AR M A BT s, kA
RO Z A AR A R, RIS B ) PN 2R AR
(PRI ) R K Rz 2. 24, EAW
LR TR VT R 22 R A b X — A, I
BN B 30 R RS 1 7 R R W R 2 R PR G AR
b, HR SRR L T Bk, LR A ek
PRUE, PR SRR IR AL M) N i & R I R & 5
M) 49 o JE2 B AR K 466 1) 3k 2R 3 1T 552 W ) o 2 AL Y
T A7) 4 ] — 2 17 6t g AN BT A o 54048 i
“ Z RE PRI (diversity-dependent) (X 157 TA Jy, T SR 5
A B HEA B[] 05 ZREPEAR &, 84 LR fE K
o ) HOR W SIR S, R, KRB E, F—
AN B B2 26T v A RS R A R &R Y van
Valen®O |45 Y T 44T B )5 i i (Red Queen hypothe-
sis)”, AW SRR LT BIIE R B R AE K 4, [
e AT e R B A ) At A 2 — AP A
I, AT — BRI LT B 57, WAZUR AT RE TR M
WAL LLRE B0 K 4 (W K.

EAATE AR, KEIEE R, KR 5w
MrBEad I, Bl 22 R B AR AR R B B A s = AL X
KA T 2Z 00 o5 P A U S AL P AP B R ARk T
K23 0] Rl AR S B ik, BT o AL 2E A i g i
FEsn R MR, A 2N T, R
MR K g 2 5, BrA felum Rz B ik
S 20 Y e 1 R A RN B T R A R At — > L
f 5] 13491,

3.2 HuSA R R R

[ Joii 4= BR A 9 X & 43 X (provinciality) #9752 st
SR, RSP X R X B WAL, AT
AERGE L, RV EBEAEAEE — Tl i 2 BRPE 23 A5 A

XA g, I — HEELEF] A KBS, — il )
SRR, X ATRERE M ASEERAEY 2N BT &
BN 2 — 19299 SRR Rl AR R 40 2 L RS L K FR
BEZREER LT UG, W R T M AR
[ b, 288 DX 3 R A 35 2J 0 68 25 4 1) Sl AL 40 0 b A B H
Az AR 22 e,

Yy Z2 A 1) e B R v g LAY 1 497 A
i ZREE B (1atitudinal diversity gradient), BIJCi&
SETERGH b ORJEHEE , PrAh DL RO oo R
(e SR 25 ) A & B HA B 0 A1 25 BE A3 e R R G
HORTERAT ML IX, K 2 R0 h b 2l ) FABL ) 2 A 1) 22
BT I 5 T A USRI B4 S i B A
AR ARV T A A2 R P Ay ZRE b
Z AR UL (diversification rate hypothesis)“® 1) & « i [ii]
FI LIS AE L (time and area hypothesis)®714% .

S AEAR A X W) b 22 R A R 0 TN R, A4
7% WL 5 R BEE (A0 i BT ) L B RO (00 RS, 5
KA IR L S 2 A AL S0 S AR AL AR AR
TR T W 0 25 )3 58, ) B3 2 5728 A G JE e LA
B, SR A PR Y — 2B A 12474,

Sz, IR R R AR R R TR A E .
W, SRR IR AR I DA A ] o5 B s 4, il
FRAE I A K R R T O BOE B, YRR A
AT T A BN U Ak S 3 e, DT Hh B A L
BB W) 22 FEVEAEAR S5 B2 1) 2% 1 b DX A v (AN Ry
K HbL B0 R AK), 8 A b DX IS (U e b A R ). SR T
XA R BT R R 2 B RO L VRO S L X B
S 32 B M A AR AE P 0, DT R R S A b P 2
(23 AR g 2 PO Stk v [ AR A R B o A R K
LR R #EAT TR, IR0 K I 55 A Bk 2 T
Hh [ 20 R AT A A A R oL, R B HE B T L FE Y
() 22 A AT R O B2 vy 2 0 i ) O A A 2
VIR I B FE R, RT3l DX AR B ) T A
i 7 s

33 EWrEtE R E

AEWRRES A BA W — A Y e A S
YIFI IR ol 55 K 4 i) o A6 B F R, X SE R
SR EEIEA X TN OE NI AP ELS: R
RN RS BB S . (B, MEMk R R —
Tk R M PR b i AR SRR R AR IR XY, PR R 2
TR A B — i R 3 2 Al R e R S B TS s
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BTG AR B TR T A, X AT RE R R
AT 2Z a0 A7 BH AN ) 0 R, e 1A 0 H A |
SR BOAE. (B, TOIRHERR 1T RE S B bk
AR AR N, TR R T Z 2T
PR, RXCZRE TR R T = AARIREL, T K1
PEUET IR 4E.

JSE R 3 N R ECRE ) R e A A e
Z—. YRS N e AR AL AR KR | Ay =X
PLRGER e S 5. WP 0 A 25 At S — S SR A
R, YA DU eI S0 u i AR AE KR KT
WG TR AR, XA DJERE | KoL
o At ] ) A 9E IR, B Os Ak A= 2 2 (funda-
mental ecological niche) %, 5 4h, KA al FE sk
AT RE Y FIE B IR AN AT i, e R R AR
Hp A A 1 SR ) o o A R B 5 T 27 AR AT DG Y
WAL 255, X AT BE e BH AR L ) BT R AR B A
AL K 2100,

Py el ) 80 R EL A D I 0 o A A il K 4 ) O B
HE. — SR TR E A 25| i H A
Y FIECH A8k, XRG4 H e B &
A FNEA G R A ZERE . AN, T RRAK LG IR A BRAK
AEZHEEMENR SR, FAHGARE T2 R0
FEW, DA A2 2 B A ) N [ 7 1 R A AR 2 Xof A 4
G M0 Janz 2 N (O3Bl 35k R X A) 88K 4 dk P 08 £ 7
oY, ZBHGRIEE B LAAEER. 7722
XTULA 18X, TR LR E S R A &
YR HbA 2, fFE Y e B T R U FIg ag
FAARRI T, ] G 2 o (945 4 (cooperation) . H. 2
(reciprocity) . . A 3 A= (mutualism) A1 F b 17 K
(altruism) &5 45l 56 R AL — U Rk A 2R B 2 IR B9

K A BEIS AL RS R, BEEEESY
P i) R 4 A5 B V)G R, W) o i A8 28 1% 24 I 3R RN A
B E AT AR F)MILFEER N a T
AR I 1 K 404 LM 2RI o0 A D R | R i
R UL R EA il 0 A5 45 i A 2 DR R AR S i A A Y

RPN

P E, TS0 R K 13249,

34 ANMHZE

214 A 4 BRI FE PN ) Rl R AL K 4 g RN 2 —
S NI 5 S AR BRI . PR
() 4% 7% R 3% shAE W) 9 BOR A 90 (D Fh) 2 4 1
FEA T EE . M H, ARG REW R K L ETE
JLEFERILTEXHEMRE A, DETHA
JETETC v 7E S 00 P S 3 I PR O o R R B
RS iy P 23840 R AL £ 0 S HESE, AL R
LAY L7 AR B ) 5L, P35 4 104F I 2k — N AE P R
FI 3T 119 1004F L, SF- 34 43 104314 2% 3 200141 47 Fr
SR, E) T 201 20 J5 e, W B K A i) R AS W n
P, 25 DL 55 104F- 5% 13X — R 5F 1Y K 4 33 JiE #E
A 5 -1 45 104 4 A I AS00Fh A W v 2, T HLIBR &
ALFE KA AR K BN 24 (19 OO0 AR $aT HLIX).
X b NI S I ) ol O 48 00 PR A AR AN IR
KK 47 (sixth mass extinction)!*,

Ty —F R W R A B A N A PR 2R R X W A )
NPV, B HEP R & FE SC . Wb i) & 3R 4
REENFTITR), /0 2E2E 098 By R B2 AN [R] £ 7
KXY R 2RIV IR E L 2R, hTYMHE
FEVE 2B B R AR YR B 00 SCHRIC 28R 1R 98 8 bR AR 10 SR
M AL, AR RN — KA TRE 98 X Bk LA
YRR FATIR A B 70 2822 0h 58, (A S IF AR A 26
L BRI R 2B o et R ICTE 5 — R 4y W
FRUERT, 43I0 YR A IE R R IATRCT 3 i a
S AR 0 o 4 S5 A ] (6] 5 b IX 1) AR ) 2
PEGEIRAE B . PR AR B G2, R RIEY
ARG T RS 1) Fe B 4 B S R 2708 IR e, e T
JRIEY Z RO | RS SRS 1,
SR 21 1 4 TR ) A DTS R A R R P B AR W g H T AE L
KR AR 8953 22 ML T I B 25 Z A0 7
17, G AR AR 0 IR E T R 2 A A S 1
FE R A X
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What determines speciesdiversity?
GE Song™?

! state Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China;
2University of Chinese Academy of Sciences, Beijing 100049, China
E-mail: gesong@ibcas.ac.cn

Species diversity is the number of different speciesin a given community or region and represents one of major forms of
biological diversity at the species level. As a group of individuals that can interbreed with one ancther, species is the
basic component of genetic diversity and ecosystem diversity as well as the most practical unit for measuring biodiversity.
Particularly, species forms the biological wealth or resources on which our most important industries relied, including
agriculture, forestry, fisheries, medicals, and tourism. In another words, species on this planet comprise an interwoven
linkage with the atmosphere, climate, soil, water, and many other essential for the existence of life. Therefore, to answer
what determines species diversity is of great importance both theoretically and practically. Here | outline a few of points
that may be relevant to the topic and try to highlight the potential consequences and causes of species diversity. First,
historically, species diversity results from two contrasting evolutionary forces, i.e., speciation and extinction. The former
is a process on which a new species arises and the latter is one where an extant species expires. On the one hand, the
evolutionary process generates numerous new species consistently during the immensely long time since the origin of life.
Fossil record indicates, on the other hand, that hundreds of millions of species have existed since life appears on Earth
about 35 hillion years ago and 99% of them have become extinct. It is the balance between the two opposing processes
that determines the species diversity and its dynamics. Second, a number of different factors such as climate, geography
and topography might shape the species diversity at the local scale. Within a particular kind of environment, for example,
landscapes such as deep valleys, high mountains and wide rivers are all potential environment to harbor high level of
species diversity than uniform terrain. Many hypotheses to explain these factors have been proposed and yet to be
investigated further. Third, biological features of organisms may also contribute to the species diversity, including
genetic diversity within species, the dispersal ability and adaptability of species, the species interaction within the
community etc. which all may have different impacts on the speciation and extinction of the organisms. Forth, human
activities including population expansion, urbanization, agriculture during recent decades have imposed severe impacts
on species diversity, resulting in habitat destruction, hunting, alien species invasion, etc. Importantly, extinctions caused
by human activities are currently occurring in the time frame of centuries or even decades, rather than millions of yearsin
early history. The last but not the least is the fact that we still do not know how many species are there on our planet. The
reasons that we cannot get an accurate count of the species number include under exploration of species diversity on
particularly many tropical and subtropical areas, insufficient research in taxonomy including inconsistent definitions of
species, different lines of evidence in taxonomic study and practices as well as the research scope and depth of different
taxaor in different regions across the world. Therefore, further work on inventory of species, extensive scientific research
using multiple approaches, biological conservation and managements as well as sustainable utilization of biological
resources are yet undertaken to answer this big question.

species diver sity, taxonomy, species concept, speciation, extinction
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