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Abstract: Genetic diversity and species diversity are the two basic levels of biodiversity; recent studies have
indicated the parallel effects of environment properties on these two levels of biodiversity. Here we introduce
the species-genetic diversity correlation model regarding the parallel effects of environment properties on
genetic diversity and species diversity. Based on the four basic processes in community ecology and popula-
tion genetics (i.e. mutation and speciation, selection, drift, dispersal), we further discuss the theoretical foun-
dations of the parallel effects of environment properties on these two levels of biodiversity. The studies con-
ducted on these effects have shown significant importance in ecology and conservation biology, especialy in
the age of globa change; however, few studies consider these two levels of biodiversity together but most
consider only onein the biodiversity research so far. Therefore, we review the recent progress and outline the
future directions in the study of the parallel effects of environmental properties on genetic diversity and spe-
cies diversity. We hope this will benefit and promote the related studies in China.
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FETE 1 ¥ 20 B2 FE (Whittaker, 1972) . Antonovics
(1976)F5 t, LM FpREEAE 2 FEVE S REE M TR 2 6
PR R 2R AR, BRI 4% 2 FE 1 5 B TR A il
SR REAFAE IEAE G . SR, H T it Ae 2 RE
SR 2 S B FE SR NS, BT
TH MR ARV AAERE G ) 1 2 B IR LR
PRt . L AR R I — BRI R, 3
BE A7 AIE AT BE X AP 35 A% 2 FEVE S R VR VDB 2 R
7R A AT 20N (Vellend, 2003, 2004; Struebig et al,
2011; Wei & Jiang, 2012; Lamy et al, 2013). 7E 4= BRAE
RS 5N, AU EERRAE R 3 P AT 8N B
HHEENESFERPAEY S E X (Taerlet et 4,
2012).

Vellendf1Geber (2005) & 4t 4 45 1 PR B34 AE 5
BE ZFEE SYF 2 R R PAT RS, R T REVR
TERUAN BEA T TR (RAR S MIE R A 7 HL
FUERE), TRV T ISR IEXT L Z R SR 2
FEEF= AR PAT RN B S (L, R 2 5T
B K B A I 7T (AnVellend, 2010; B fnfnak A B,
2011; Bertin et al, 2016; Fourtune et al, 2016; Vellend,
2016) 8% % s /b 1l 57 FF 1 Vellend F1Geber (2005) ff 45
B, [R5 A R R B — e A BRAR 4K R 3R S A
A B B E IR NN TIEA AT
RESXT — 8 X3 A BP0 22 BE % = 2 R 3 5, [
W] Re 2z 5o 00 BIFEVE N DR I B AL 2 AR, TR
Z FEPEM PRI AT B 2 52 B H 1& A ¥ (Reed &
Frankham, 2003), A\t — 5 0 R4 B R 380K 4 (1)

A (Moritz, 2002).

ASCH I — S B H 2 0 R
(WAL & E IR BHE 2 5 Y)
Bl 2 FEIE B SPAT SON AT 4, A BE e [ A A O
RIS AR H S TR, Asohigft 2
FEVER FH 5 T4 AR 1t (W1 SSR) AN [F] 2 35 47 51
T4 26 Ao 5 R K BR A 9 2 R AL 3 E JE (genotypic
richness) % 7~ (Peakall & Smouse, 2012; Avolio &
Smith, 2013; Lamy et al, 2013; Xu et al, 2016a); ¥
FhZ Rt YA £ 8 BERoR, Bl — v (B &
FETT) N PRI 502 (Jarzyna & Jetz, 2016).

1 HRERSREEERNFITHN

PR THTAR 2 o A v A R 110 B R R R
PRAERO . G R SR T AR IR D, VR AN TR R
(R RLB A T REBE 2 90D, 0 T e/ NFpET 5, 1R
AR T A Y AR i A b A 2R S5 3 A B AL
TR, BUER L SRR AR, AR 2 R PR
I, thm] e — S AR/ ARl 7 2B R K
o, EREERDIRN ZREE DD . AR, TR
YR UAER  BhF 4 BT SRR KA 18] 1)
WMoal), i b IR AR T RE AL R AR R B A% 22 1
VESHEE IR Z AR DA TS . L, AESmAR S
b AR L AT REAE A R AR L I SRR AR,
Xt PR IR A% 22 FEAE S TR R 22 BRI AT AT R
PR, 1) ARYE 5 052 it B 2P e ) FE,
K UG LE /N By U5 RELERF 5E 22 KR L, Tk &5

IFIBAHE
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Fig. 1 A theoretica model which depict the parallel effects of environmental properties on genetic diversity and species diversity

(refer to Vellend & Geber, 2005)
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®1 TRESIIEIZSR SHME SRS MR TFITHR(S% VellendFGeber, 2005)
Tablel Thepardld effectsof different ecological processes on genetic diversity and species diversity (refer to Vellend & Geber, 2005)

A#5dFE Ecological processes B ZFEE Genetic diversity YiFh 2 FEPE Species diversity

A5 YRl E . Mutation and speciation  #rEEALIEE 7748 The creation of new aleles  #i¥Fh )% The creation of new species

AT Drift AR A S5 Ak PR A (R BT AZ AL REVE W AFIAR NS 2 B2 (R BE LR 1b
Random changes in the relative frequencies of Random changes in the relative abundance of
alleles within a population species within acommunity

¥ # Dispersal o B S A ik PR R A ) HETR R R )
Movement of alleles among populations Movement of species among communities

1E$E Selection ASCR A Py A Sy R R A R ) A A T A KT P FELe AR R ) AR A R
Processes that favour particular aleles over Processes that favour particular species over
others within a population others within a community

E2 ARIEFEIEIL T FUNEYE R S S SR EM XS (S%E Vellend, 2003). RIZSU5A. By C. D5 XRFEHIES
HHE, MBUSERAD>A>B>C; Bi5B. E. F. GEBHEMNERBESEAMNESFEEIEZEE)AG>F>E>B. BRES
W2 A EFEDMSERER, RFLERILTON, £HRER(E2)SREREE (BE2b)RMHEE SN SREYMIIENE
IEMEXHIERE =

Fig. 2 The predicted positive correlation between genetic diversity and species diversity according to the equilibrium theory (refer
to Vellend, 2003). We assume that theisland A, B, C, D have the same distance to the mainland while the areaisD > A > B > C; the
isdand B, E, F, G have the same area while the distances to the mainland are G > F > E > B. We also assume that there is no gene and
species flow among the islands. Based on the predictions of the equilibrium theory, habitat area (Fig. 2a) and degree of isolation (Fig.
2b) are the drivers of the positive correlation between genetic diversity and species diversity.

528 K i P B 8 ER I e, P4 A TR i e v Vellend (2003) % 14350 5 T~ 5 U5 FROBfF 90 33 47 ¢
filk(MacArthur & Wilson, 1963; X%, 2008). [EIHE, &40, K& B s (foca species)Fhifitt
RN K I By WG EG /NG B 05 RE e R BRI RRIF AR (R 2 REVE SREIE Rl 2 FEVE I AE 58 R &P AL 0N
HOSE AL Z RN, TIPS KR LA EE  0.63, D& TRENUB R T, v P17 B8 i 710
A BE BT S AL R IO T 84 2 B KT IR o IE A e MR T BRI YR . URAh, P ER
13 LA4ERE(E12). o R 38 FH T 000 A= 58 A A6 — 2 1P AT RO
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(Fahrig, 2003). Struebig®:(2011)7E & >k 76 I #4457
PRICTHITTE R I, A SR REAL 5 R R /N o BT 0 b
Z FEE I H br A Kerivoula papillosaff i i 15 £ #
PRI TAT RN Lamy %5 (2013)58 1o i i [ it
Hh X vk KRR W 5T R B, AR SR I 2 FE (habitat
connectivity) & H FrfhDrepanotrema depressissimum
FAplexa marmorataitt f£ % 1 14 5 FETE 0 Fh 2 FE 1
SEAH M) 32 BLOKS) K2, Laroche®%(2015)@ i
Bop BRI 0 AL 2 FEVE S0 M 2 FEVE IR OC R AT
B, R I A N AR AR R BRI, AN [F]
V% 0] 1 TP b4 BORE 0 A7 AE 22 57 1T R RE 3 B A%
Z R S 2 R 2 IEAE R

A TR R A R T B A ER AR W 2 R PR B R )
N K2 —(Fahrig, 2003). 592 BIRTF 7K1 M,
A SRR AL S AT R 204 AR PE S RE R IR 2k
PP AT P (Vellend & Geber, 2005; Struebig et dl,
2011; Leonardi et al, 2012; Haddad et a, 2015;
Laroche et al, 2015). A, fEAEIEHEL S ED 2
FEMERCERI Fi T, A DB 2 RS2
FEPEHEAT S35 R0, DA€ 50 -& 3K A2 W) 2 e
PRAF HEHE o

2 FRAFAMS SR FHTIN

V& AN 00 AR K 5 P 1) 4 4 0 75 BT FE
BEUR; BT AN [F] B R R Y B A A (] 2k R Y
B AN, TE S R AR 58 BA A [R) 1 3 B A 3
(Vellend & Geber, 2005). [H ikt B3 Y5 7] 1| i 4 45 57
P 1] BEX Bl B B A% 2 FEVE S RER W FD 2 R Ao
TR (EIL)

21 FERFAM

— RN R, IR R M SR 2 RO R
LIRS 3 (Grime, 1973). 24 B AT Fi FH PEAR RIS,
HARDEIYIFRERS LE A7 TR, BE 5 7R A F
PEXE N, BEVE YDA EOE N B isE; ke BT
P Pk — 2 e 35 St Bl 2 3 m, E i
AFIHE R I ESAFFN, SRR 2 R
R AT S PR 2 BRI B 00 R, X T
Tl P LA A [ 5 R 2 (R A PR R & 1 2 R
WEE Z 8, RA /DR B REa (7 g,; B 7RIR
AT FE P (AN T3 o, 2 5 DR R SRR A KA A
S e IR R A AR HE R . SR, H TRl ) B R N A7
752 FhAH .6 2 (Chu et al, 2008), ¥ I ] F) FH 1t e

I 3L Z R SR 2 AR IR R R A5 5
& 4%(Silvertown et al, 2009; Xu et a, 2016a). He
£5(2008) Yo R R 78 #8554 X AN [F] 90 F PR 42 ol
Z FEME K B brfiBanksia attenuataff) it 1% % £ P i2t
1T TR, KIL - F AR E B, #E—B 0
77K 3 TR A FL AR R

22 HWRRRM

— ATy, BRI A BT R 5 (O 85 R )
SR kY Fh % K P (Ricklefs, 1977; Stevens et al
2012; Stein et al, 2014; Yang et al, 2015; #RHGES:,
2015); [FIFE, B UGS o0 P O AR 2 A 2 R A ) E
TR K 2, HALH] 5 PR 2 B VE AR AL (Gram &
Sork, 2001; Yeaman & Jarvis, 2006; Huang et al,
2016). VellendfliGeber (2005)3EF Tilman (1982)%
PEFE SRR, DR T BT TR B A 2R S5
Tl 22 FEPE P4 RN« FATTX Vel lend M1 Geber (2005)
MRS EEAT T ok, JE BRI A AR Y .
T Uk JE R AR DA, B O A A
ZRE SRR R Z R B AT IR E RN, B
Ty W BRI R RS BTE n, A& FEEAT—
[l PR (P3) o

E SRR R TN B YR A BE) 7 o e 0 AR 1A%
Z RS BRI RN 2 RV P AR P AT R R, SR
BEEAIFEA ERIEREEN —E20E MR
JRAPERR BE P2 A PAT A . X AT RE R T BA R 7 T
PRI ER: (1) B e o e 5 B s A] A PR A AR A I
2, BUEEATR 2B 852 3 BLIX 23 (Lundholm,
2009; Xu et al, 2016b); (2)F [AIAH EHAF AT AE 2 5
B YR o AR AR 2 AR S REVR R 2 e
FRPAT ROE, D it A R A B0 e I R 1 N5 B0
Z PR AR LLILAE, SR1SE 200 BN N 3R] e 5
BRI ZE 410, AR F AR RS /S, 1 A
AR IR, BRI AEEAE 2 R R (Vellend & Geber,
2005; Xu et al, 2016a)-

T, ARG IE BRI B R TR A
PR AR, JCHGR KRRV 5 AR EE R e
B AIE S 5 B4 W) 22 B 1 B Ak ) B 2 K] 25 (Wasssen
et al, 2005; Harpole & Tilman, 2007; Clark & Tilman,
2008; Hautier et al, 2009; Liu et a, 2013). T4k
A AN 2535 T 06 O A B AR AL 8 A 2 RE 1 I R
i (Pauls et al, 2013; Ravenscroft et al, 2015), #R1fik
2 JO0T LI H O R R A A 2 1 — AN 4
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E3 ETFTilmanFRZFREMZRATFAMSF RS
MRS S S SRR M S AR (S % Vellend 0
Geber, 2005). ZNGI AEEK L, WRAMIM[E—10#
TEEFEBMZNGI LB, RATNTRERELE, BH
RTFRAFAME BN STIRL . FIERRRES
B IR AT F AR E T A ENYIMSEER. 3%1(C)
BEARRVMERRYE, EXMIFMET, AEYMSIH—1
HEEBG2 (S1, CFAEZTFMEHKHERE, F%2(CR
ARENHRERRMY, EXMIMET, RAYMOREEE
BB KA E R BRI ARRTIRAF B EaEmM
FiiE, BEERSER TR A AR AN, —4ERIRAF
RXEARME LA, KEHT R AMEZGM
MSBFEIEE SHM SRER M S M —RIER.

Fig. 3 The predicted effects of resource availability and
heterogeneity on genetic diversity within a population and species
diversity within a community based on the Tilman (1982)
model (refer to Vellend & Geber, 2005). ZNGI indicates the
zero-net-growth-isoclines, all points on the isocline, the repro-
ductive rate of a species equals its mortality. The intersection
point between the ZNGlIs indicates the potential stable coexis-
tence among the species with different genotypes which depend
on the status of resource distribution within the community.
The species/genotypes listed in boxes indicate those that will
coexist at equilibrium given different possible resource supply
points. In this model, community 1 (C1) with a low resource
heterogeneity and only genotype 2 in species 1 (S1, G2) can
survive and exclude the others; while in community two (C2),
the high resource heterogeneity alow &l the two genotypes (G1
and G2) in each of two species (S1 and S2) coexisted within the
community. The black arrows indicate the directions for the
increased resource availability, with the resource availability
increased, both genetic diversity within population and species
diversity within community decreased in parallel eventualy.

TR T (Jarzyna & Jetz, 2016).
3 FHEFTHR
FHR A Z FEVER R T2 (Thom &

Seidl, 2015; Yuan et a, 2016). — i\, HEETHL
AR T HEE A PFRILAE, T 5 B T 2 A
&5 2 REME BRI (Connell, 1978; Biswas & Mallik
2010). [FFE, FEETHETREERIRE N R A B B
SEAOLH I R YA B — e FEFE A, AR
AR R DR Y )8 45 ASEAE, BEAE TR S50
FERE N, WA A B B BT RE I 2 R A
IS LA (Vellend & Geber, 2005). LT, T
PUrTRe X PP RE B AL 2 FEVE SRR YR 2 FEVE AR
SPAT RN (L)

KT PR 8 AL 2 0610 5 RIS M 2 0
PERPAT RN, CITRE 182 R 7 (Vellend, 2004;
Cleary et al, 2006; Evanno et al, 2009; Wei & Jiang,
2012; Frey et al, 2016), T3y N NFHLEL A HOR
TP X A Z BRI PAT RO . FE AT
771, Vellend (2004)5% 35 [ 21 £ o 35 1 [X Ji 45 AR Ak
55 UREE IR (RRARARAE AR M FH b S5 R 57 T ) 34T T
WE, KITHE R RV REE Y 2
P K B FRFTrillium grandiflorumf it 44 £ ke 25
JREGMRTEAR, FEERH LRI D (N TS )
e AR Z AV S WM 2 4 1 TR A O¢ 1) Bk B DR 5%
Frey5(2016) & 1 VEE KPG IR R S RS
TR WA )8 AE 2R E S TR M 2 R, K
PN TP (0 R Bt As 2 55) & S B s & 2 e
HYrh 2 AT IR EEE N ERA T
[, Cleary%(2006)% Fl! i J& P4 I 4k K alimantani [X
WREE AT TR, RIUB/RBIEBLR TN S
H SR T2 IR VR W Fh 2 144 & H b F Drupadia
thedaisi f% 2 #1452 IEAH G ) IK ) (Kl 35 Evanno%s
(2009) 7E 7 [ 7= e 5 b X FRIAF 72 B, E AR T B (B
FET 52 FEuZH X 2 K ydh 2 56 K H
Fr M Radix balthicaii 1% 2 #1147 T B 1) 4K 3 Al
Fo AR, THMABSENT AL Z R S YR 2 A
PEPA A S AT RN, EE AnWel Al Jiang (2012)#F 78 1
] o A B8 X B S A ot 22 A M B A 4 A 45
# A (Euptelea pleiospermum)iit £ 2 FE 1 it AH 5% 1,
RIS 38 IEAH RIS R R, R RN
T BRI TR T b 22 T R ST R Bl
WAL Z RN, SEUE T IS 2 B A
TEN

TP Tl e 8 A% 2 R RS BT R 2 R 1
W T R TR 2 AR B, TR
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BT 5 82 A PR (Connell, 1978). # % H i,
BRI 0 FASE TR P B % Z HEME S
IR DIFh Z PR U R AR L, TR SR AT B AT
K, TR Z RS ULERF TR R
(Yuan et al, 2016). [KUth, BRFTPLEA 2 A2 gk
TOX G IR R AL 2R, A B TP R
i TR BE TN i AR 2 R SR 2 R 2 07 T

AR
4 BESHESYM SNSRI MEE

AGEAEAZMAESHFEEE, XEYZHE
YRS AT S 7 7 AR A 52 1 (Gaston, 2000). AAER R
FE&, PP 2 01t 5 20 B BE 43 AT k% J=) (1 atitudinal
biodiversity gradient, LBG), B[l 5 &4hEHh X AH L,
R 26 J2 3 [X (n iy W AR ) LA S s i 4 o 22 A AP
(Gaston, 2000; Willig et a, 2003; Dowle et al, 2013)
(E14) o TP 22 A R 443 P 6 20 A i = A
25Ff R (Gaston, 2000), AT H- %A — Bk 4518
(Dowle et a, 2013). —MiN K, HTF KA EHLIX A
KGR A E PR ERAAE AT B A 5
75 P B 3 22 (rates of speci ation) FH A Ft K 446 53 2%
(Rohde, 1992; Willig et al, 2003; Dowle et a, 2013);
(RIS, AR B2 b IXEL A B K ) b R 3 T R A B v )
R85 57 M (Ricklefs, 1977), [T A BT 2 9000 1)
FaEILAT

L YFh 2 FEIE B4 FE B 2 A A% R AR AL, 284
ZREPE R I SRR A R A Ak R, BR R
I ARG 6 J52 i [X ) o 28 A 22 A5 AP 2650 v D v 6 2 3
X W Fh s & 2 BEPE LR (Eo et al, 2008; Vik et a,
2010; Inza et d, 2012; Adams & Hadly, 2013; Araujo
& Costa-Pereira, 2013). i#t5 £ FE1 5 WFh 2 FEVELE
2 FERREE 0 A L BIAR A IS 7N E 0] REAA(E — 2L 3L A
UK Z) K 25 (Schrey et al, 2011; Pope et al, 2015), &
BB L 2 B 5 YA 2 A A A LB B L IR AR
1. Vel lend Fll Geber (2005)#2 t 5845 5 4 Fh T A2 5t
& Z FEIE 5 W) Fh 2 B P AT A I IR BN PR 3 2 —
(F1); R, BT RA SPFIE R AEAEAS [F] i
[ REE, DALY 9838 3 A IR NIRRT HO =3 1SPAT
RUSLo 1A ZAEVE S W 22 REPE R 2 FE 0 2 o A bk
JR AT RE N LR A T A1 A IE 35 (Pope et al, 2015). 12
P 3k 1k 3 2 K # (evolutionary speed hypothesis)
(Rohde, 1992; Dowle et al, 2013), 54 b X 4

%25 %
A
/ WL ZAEE R R 2
\ Genetic diversity
y / \or species diversity
/
/ \
Y. \
Y AN
z N
v N
:8|0° 0° 80:°
Nt Z5 ¥ Latitude SH

El4  RBEACEREIG TN RIS R S SR A
#9452 ¥ B 4 70 1% /5 (£ £ Rohde, 1992; Gaston, 2000;
Araujo & Costa-Pereira, 2013; Dowle et al, 2013)

Fig. 4 Thelatitudina patterns of genetic diversity and species
diversity based on the predictions of evolutionary speed
hypothesis (refer to Rohde, 1992; Gaston, 2000; Araujo &
Costa-Pereira, 2013; Dowle et al, 2013)

b, A2 BB X (n 8 F M) W0 b B A B v R A2
(REAL ) =R, i ey (14 9 AL Ty T AN 1 R Y
WA, R IE 1R T R (E14) .

5 RE

n BRI, FRESRRAERA A R Ae 0 AR S 2R
PSR YIRN 2 REE = AR PAT RN . TEASBRAR (11
KEFN, AT T 2 7E 4 3R 0 5 1) @
(WA SRk &S FRAEE) X 2 BEPE 2,
I B 38 1) 75 7 L A 1 A ) 2 P (st
i Z BEVE) R IX BE R [ R R . PRI, T2 4
[EAEM Z FEIE RS RTF, MR I NE ) (k4
& 2014). VellendFlGeber (2005) % 4t i 45 1 ¥115
RRIEXT 184 2 BEVE S5 W0 2 BEVE P AT RN, 7E ]
br 51 TR K ey [ P AR IX — SRS ) B 7 B
SRELS T — i B (Wel & Jiang 2012; Xu et dl,
2016a), HATBAF NG . JoIL A2 BE o H E 45 A
R, I R I R AN g, Hox AR
W) % FEPE I 5 I T B2 2 5 T 4 & (Bellard et al,
2012). 514, Liu%(2013) 8 75 1 1 [E 1980-20104 [d]
KARDIERI AN G, R4 EE B KA DT
e e 7 T R R PR o S 3 U T A
AT R AT o B Tilmanii 95 5 55 4 3118 (1813),
Z8R] R R A ) 380 AN A 2 5 e B B TR R 2 8
PE, 2 XY F I B A% 2 B P AR 52 R (Vellend. &
Geber, 2005), i HeiE RAAVIFE SR £ F
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PERIEE R (Clark & Tilman, 2008), wifR Al #2480 H:
Xof I A 22 RE I (R RN o A BRI T AR S R4 5T e,
RE 51 [ P A OG22 5 R s AR 2 RV SR 2 R
BEWANIRE, BTARERNZ X S50E, &
SR R AR AR 2 FEVE R 2 D T s, AT
1l 5 B B AR SR

Bt : AftRichard T Corlett % i £+ B A5 120
SR 4h I A A B 20175 % — B S B A F T
ARG L J 18] 3 ARSI AR Z AT 6915 24
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