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Abstract; Biogeography is the cross science of biology and geography to explore the spatial distribution pattern of the
organisms ( population, community etc. ) and the mechanisms that generate and maintain such pattern. For centuries,
biologists have studied distribution patterns of plants and animals at different spatial scales. While few similar studies has
been carried out for microorganisms in the past due to the limitation of techniques. Considering the significance of soil
microorganisms in biogeochemical cycling processes and maintaining ecosystem function, knowledge of the spatial patterns
and mechanisms involved in soil microbial distribution is fundamental to develop sound management strategies of the
terrestrial ecosystems. Culture-independent molecular techniques now make it possible to explore the microbial diversity
more deeply and widely than ever before. As a result, differing from the traditional understanding of the microbial
cosmopolitanism, increasing evidence supports the idea that free-living soil microorganisms vary in their abundance,

composition and diversity across various taxonomic and spatial scales, which makes soil microbial biogeography a hot
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research topic in recent years. Here, with discussion to the conceptual frames including the microbial species concept, the
quantitative estimation of microbial diversity, and the arguments for microbial cosmopolitanism, we illustrate recent progress
in soil microbial biogeography by taking microbial species-area relationship and distance-decay relationship as examples,
then initially explore the possible zonal distribution of the soil microbial biota, and develop a simplified theory framework
which can be used to examine the mechanisms involved in the generation and maintenance of the soil microbial distribution
pattern. This review illustrates significant advances in soil microbial biogeography and proposes perspectives and framework

for future research.

Key Words: microbial biogeography; microbial diversity; community structure; species-area relationship; distance-decay

relationship ; theory
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B MEBEBRSEYEEYE Y ZRENERH R REE B RIOPE , 2ie% A H S
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BNt 2 — P R BREERIRENL AT 1, TR [ 38 MK St 0 A AE b BB ST ch R = 2 F AW
SRR KR, AN LT A 2 h B E X AT R e E R, AR T F 2%
H AR, TS 28 R A 1 R B R B R A RS R T B . RIE ISR E 23 Af 181
GEAUR DR, 324 T Mk Y B R 28 M A i i R E AR b S A 0 SRR ™,

ARSCHE AT DB AR B TR o B — S A e U B R B4 5E SR I B R I
B TR AR RN 76 108 -VE4T B G TTiR s LA A Y- TE B 5% 2& (species-area relationship )
FEE BS - 360826 2 ( distance-decay relationship ) B 24 B - 18 A WA Wy b B2 10 B BT BP9 BLSR HEAT ML 25,
FFRARME AR Y T B YRR B M e 2 76 TR s TR S G AR W B BB 98 B 7, ASGRBIA T —A
T R T IR 3B W2 IR A A W8 S T BRI L I 3 ) S BT 2R,

1 SEmWREY

IR A W RS B0 B A A | AT I WA WS BT A, B S T I 10 ) S A S SUAMUE
YIMIR, S5, WA E U — B LRI A R AR R R T S H e YR b T AR RE AR E
BREEDMENES, IRE— RIS MBRISE 2 BN ERR K YIF . R, 5 YR ST
REBBAEHARER (BB THERE) " BaRIEHE Y RTE S R BT ST M0 R B E R
BRE VU (AR " BB FEWEHARN KR, 31595 (DNA) B ik kAT 42, B
WA YT (species) 78 “ B — AR FEISME—301E , DNA-DNA 245 %K T 70% , 3% rRNA 258 5141
PR T 97% H— B " o 2 BT LA SRR T0% B 2438 3R %, 97% ) rRNA LA, 2 B R IE Moz
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EHETR YR K SHSMRR RN REAR T, HXTREEYM S , A WX Fp YRR 5 hr 1 B
BRI, HIIN, 8 70% i) DNA-DNA Ze38 RATHE , FiA i) R4 KB I0 A — R ™, Bif, A
FO 3TN B NS R M S R R B HgS, RO MR M A AR D . NSRBI AMER
FHE R RIRIE R AW MM S 2K, AT ELB AN B E K. AW, LEPTEAMEY R 5H
WA REE0.1% ~1% 7™, HI, 7B S HE WA BT b, St 5 AN Rb G IAE , 2L T tDNA 35
SRR 14 T B 43 24 B 7T ( operational taxonomic unit, OTU) FRA R« fp” 427,

TE3X B2 JI LU 31 52 HH 0y 8 SC IR, 2 R D s L B W b 2 A v T R BN 45 R = A 22 . i am,
ANATHESAVOR A YR B T R — i 5 KRBV WA B R A X B 2R R RE DL 2317 , 48 T X A W 25 3R v B
B TRUEYR RIS T ™ . BRISERMY, X OTU B SRR 95% [ FF 51 AR Lt 3 i 2] 99%
i, e S 1) R i SR RO B X R A YR R SRR R 2 YR E SRR, RO
F R o v S R LI B B T A B A R A AR AR RIS R B R . T REN E R Y | s
YIS ER IR BN LS, AR b B AR B 0 B/ DT RBISEYI (R 1) .

#®1 TEMED. HONRED LY

Table 1 Number of species of main taxonomic group of plant, animal and microorganism/!

EYRE BAF L TP e BRFE 4% )
Taxonomic group Described Estimated Described/ Estimated
HE 1Y) Vascular plants 250 000 500 000 50
¥t zhH) Vertebrates 45 000 50 000 90
4 4 Microorganisms®

JE 4= 5h#) Protozoans 40 000 200 000 20

EH Fungi 70 000 1500 000 5

T Viruses 5 000 500 000 1

B Algae 40 000 10 000 000 0.4

A/ 5 B Bacteria/ Archaea 4 000 3 000 000 0.1

#RHH A Y B AR B MR R — BN R B U R M S A B R A MR A (RS R B B A K /DT 500um
BRI B B FE A4 ) °]  There is no universal definition of a ‘ microorganism’ ; The term generally denotes members of the domains Bacteria and
Archaea, as well as microscopic members of the domain Eukarya (for example, unicellular algae, some fungi and protests with a length of less than 500

p.m) [3]

2 WEHSHENIESTEY

A YIEAE R P, — MR EBEN RN Y AR B R Rl . RAXTEY LR
P RS B B, 7 RBIERR 18 7~ H &S Rl A Jay , JE T 443517 A X R JR ) ] BB AR o
2.1 SERRIEE

EXIE IR SO — 3 A% L, AMTTEEREE ¥ MRBFENE AR EY , Hm ke A
FIFPEHEE . R ERAR R ZAET REEW /N Y , A BE S B Y ZRE 251

Tosvik % 5% 56 1 ¥i6k DNA & M5l 2 5 I TR ML RED . HEA IR, MR
DNA #I#S , Wk DNA sk g 54% DNA , B ESRERIRE AT, B4 DNA SR M, BN # R T RIE M
fli A Wk PR A Y R/INFI A 2 5 ADE 3, 24 DNA Sk B MR B g, A DNA T BEE— N KR A
FPEH , 5P AR TR AL RS DNA B/ 2tk BET R B M etk Tosvik 251 FIX Ay k3
TEATRYP RS A Z SN E AR, 5 D EMUTRY RS R B 3000 ~ 10000 F A [F B ik
Hg

S FIRGEE AT B, I AEEH 5 25 (SSCP) | £56 BE BE I HEL 3k ( DGGE 1 TGGE ) 1A v BR fill 4 - BE <
E 284 (T-RFLP) % /B 8 — R R EE I E e MR E S MBI 5, eV AR ¥R R PR
JEMAR, DR RE SR T SHE YRR SRR X R XK BB ¥ UL OTU %K
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BRIV ERE , AT BE YT SRR E RS, B S PR EERMRK.

TLREFI P 707 B MBI e MR S A 2R R R B E R BOR , T TXHEAE YR 75 RS 4 R4
BAERZHM KB, TR AT RSB (< 10°) B LT/ T Bk YR 19 e MAS (> 1004
g+ ), HIH AR BERE P RA R RS o B, B2A M T MK RBRMS /K S8 0 ] R B th i
BN YR SO CRERASOE) WEZIE 7, EXEMWER ARG, TERBR X, B i iR
W EFRAERTENERE . REEFRMZFENEA (SIP) A FHE— BRI T 5 2R E
ek E IS AR h P TR E I DI BRI SRR W B D B R ZE R A SO PR | DT AR A s /D5 B 1 ) T e
BE™ ., FORERNF I, BRI (pyrosequencing/454 X ) , BT k#8185 0 A ok B , e e
ek R TSTRR B RS E R,

2.2 HEIEIRAL

AR W H SR I B T 4 , T AR 22 G A S AR B T AT B B 2 AR, DA T BB A A0 S
Bl € BT Y Z R 28, T FISR AT S Y ZREEHEAT LR

Curtis 25 5 oK F XT$0IE 243 7 (lognormal distribution ) B 41 F-22 & Hl £% ( species-abundance curve ) ( [&]
1), % EAR A Yy 2 R P 0T BE TRAY , 3R45 -5 FF 6% DNA 5030y 2% 05 ¥ So W 9 B ML g 25 311
Gans 55 FJLFF AR - 22 BE 2R (40 zipf 4375 \XHOE 4075 & Log-Laplace 437545 ) , X F #4E DNA %
B 5 L R 2 AR TR Y, R R (BB R T ENE AT RETRESHE
10 AR B R, R REHRERER S . EWf-ZEHE L, U MR (BB MT X M, B4
ERANEEENYROEENAT Y 3, G152 30RNE T YRS YRSk 32 B B Rt DL A6, 36 1
MAGIRT T —EMEREY , MEMERERLONE, EYM-ZEHAT, g THERE A&
IR 2R, Bk R AR e E SN T R IR TE R W - 2 B 2%, 3k T A P el 2R 3 AR ) R
7l (BEELSHXHENYMN-ZEHME, 5 eFEMERFADRNMEEERIMAHE, XEWRERE
MY EEENZEC A, XEAMIBARENSET . BEAYH-ZERLIMERHEYHEEE, MES
-2 LR, BAMDERMERE YR EE B, BN Y- B il 2R, Wl Tk X Yk £ 8 B
HIEE . — RNk 2, R IR YR -2 B B R BB AL T, 7T LAB E — BB B9 43 A0 , A0S BUE 2
G347 s BT E T LARAAT] B TR B30E £ 883X — 2k, 80 SME; i R BRE AR 41 5 E R4 A
¥, W LR R Z AT I . ZESEBRR A P, W BB i T T LA s 2R 9 4dE 8 K/ 2 il 1 8 2
i B 2R 5 BEVE I SERR AR A B2 , T 407 - 22 15 ol 2 ) R LI R SRR AR R B R A S 1 o

Hughes %5 B R TAHER LAY Chaol 55k B T AR S M M T 235 H B M MR H™
Chaol &4k —F A Z YR 2 [F] — Wi 4 7T RE M TG ZRE R 5, EFATR BT BE —MEENY
-2 . XRPEAE R R BBk B SRR R R s B -, HEAREE 1
BUMORE D, BN B R YR T RS ER %, R, A ZHERNEE B, BN 2K Y f e w]
Btk LA™ o 7ESZBRRLAIH, Chaol $8%H L YLIIE B M Fb 45 RN iE — R B I Fh g R AE
BETE 2R KD s BT Chaol $8%07 2214 , 7T LAIFAl Chaol #8HUX 4% & I AL W BEVE 2 R VEAL
FIRERE , ST Chaol $E4E BRI, BEM ILBARBE ZHERER BE R ZH, B AXMIESHOTME
HATSMRE— N YFp-2 B i 2, B R Al ZHM
3 XTFR&EMWEIHKES (cosmopolitanism ) fivtig

G LAY TR RPN R —F 23R FENL 45 (K& B3R IR A “ Everything is
everywhere” 1) o XA A BRI SR ) — P AR R AR ISR R IO Y BLRR 1, HEUCR A MR X R R TR K
Y ERE R RIRM AR , 2 L ATZER A P T g i . H— e MR, 2 5B TR S )
(AN ZRFERLENY ) 15 BRBE R KBUK MR By B, H_ MY MEBEE X, #—SRE T XM
Py B TR, H =, B TIE BRIRE (A7) , B 2 W] K BE B AR iR AR P AR SR R IR AR R 9
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a Lognormal b Zipf

HyFfE Number of species
%L Number of species

log (&3 &) log (Abundance) log (&3 &) log (Abundance)

B1 -2 EmErEE
Fig. 1 Schematic diagrams of species-abundance curves
e THEARE B FEEE  The total richness is the area under the species-abundance curve
(a) MEESEF-Z M, ERFHAH T, BEMEEERS RIS, THEMEEERIMHEE; (b) Zipf BYH-EE
ML, EXMAHH BREMMEEER VKO HERES, MEFERSNIHEED, THENMEEERNDHE TS (a) Lognormal
species-abundance curve. This distribution assumes that a few taxa contain many individuals, a few taxa contain a few individuals and that most taxa
contain moderate numbers of individuals; (b) Zipf species-abundance curve. This distribution assumes that most taxa contain a few individuals, a few

taxa contain many individuals and that moderate taxa contain moderate numbers of individuals

FE TR, KW, YRR BRI E, 2 W DI B B 5 Rl Ik R, AT, WA IEHER
HA S SRf A y BR RRR i T 2 PR B0 A, R B IE A B PR Tl AR e 3Rk 9 BB 1. 4N, Telford
FEAXA F M X R YR EER SHRE T (pH) ZEXRNEE SRR MEY (E3) S8 BT8R
T R PRI ISRy, R 2 IR , MR X B R S B -pH K R
RERFE— S R, A R B 2 IR G, WA R X, Y5k £ 8 K -pH KRN R A RKE
Ko BIFTHIGER SRR AR, AT 935 L0 A ) A 1 2 DR D ™ MR B T 2 A BRSBTSk
SEN R  EYHE BN R EEER A BERERE T SR EERE, HEPERE
B PIFR T R AR A, X SR A R A B Sy B T BB MR AR U Ab, IR R BT SR AR T T AR B
7, B B RZBEREYIXY BB A BT A, BB KT REYIRRK Y B R € BT
PR, SRS MR R DR/ VR 2 A i B B A AR DR B _E BB Ty s SO “ W™, AL B SORF R B0E =
(L2 PN LAY 1 i R

75— X RUE Y IR A B R , B T HRAY K s 2R AL 2R FR 1 T 3 5 e R = A . SCRRIR
R FEN R BRI S VIR ORI RE R B R T BENL I K A P28 S A2 B T BB 1t 5 T2k W TR LR A R
FRBERIRBR K, TR T SRR B e T e R AR T REME T . ARTH, EAVRT T IRBURG , B Pk &
B PR RER AR, I EANIFARERZR L OFRE YT BIRIR R, — 0K i 1 2 e ) 52 B
W S AE S BB ERY, BEE BB R TR 99.9% B AR R, P A RS BOMAR" . X
FHIRAML L B R TR R , 5 = B . 1 T BEL 1 3t ek o3P % A A A B B (A3 3B 40P ) Y o JRTH, Cho AT
Tiedje X1 B 4 >Rl 10 MR H T IRHE S A Pseudomonas 73 BT B 20T 2R , ZE AN 5] R A 40 K fii ]
BAHBEAMERE, RV AFRE AR BE R "™ . Whitaker 257 5 AR BRE £ 0P Sulfobolus
DERHRER B RN, RERXT W ARS8 5 A2 XA TR, 288 7] — BURE X R 1
H W B FIRE R HEAL SE TS IF) RS e LSRR o LA EBRST IR R AU W RR R 3t 0 ek 41k
OB AFAE , N TRTHI 55 T flc e 0B e O e o A IR B — R TR . 53 — T BB iR (L R L1 2
KRR (B2 b AR R W TE B9 , SR VT8 o 2 R S s SR A o 2 e e 0/ > O/ 4 2R, SURT ARy
B R R YR T AR BT R 00 7= 2 R ML) 2 OF B, M F R BT 3 , B A S A9 HE AR
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JERE N T HE A R A SRR LR
4 PEHSEASHRE

SEG B PR IRIEREL AR LA R, BI7EA B0k 8 42 53 32 B0 S W Revs 4 AR M B
R REMRE RIS RS kR EM MR, XEIRET ]aHEg™ ™ SREE" 5
pH 85 7 XA Y28 18] 4376 4% R S m WL F) 60 b, — BT 5T 3 X IR P 7 B i O B R AR W
FPIERENLAM o X LB RS Fh- AR E R AR B - R B
4.1 Fp-EHRER

Fi-TARK R, BPYrh=F 55 5 REBURE T AR A3 I3 K, RAE B IRR LML HRRHZ—, B
WFRN S =cA’, i S WY EEE A HTR, c BEBEE,2 iR IR, FER R E SR T 5w
B2 R BT AL, TR R R R E R 2 I RS L B (K 2) . SRIFIERY, B S haiE
Wi z (ER/NEHE N 0.1 ~0.2, T B U5 A NI B—26(0.2 ~0.39) ', FHEYFIShYIH H, B X Y-
A RTSARAD, AR, A TEAR R 42 58 (RS 38 RS Ak R 5 U5 2 3 ) ob WL B ke 2 B9 X — 4
R, FEX BN Z B PR TR X AT, RZHR S TBARH 2 (H(—M 2 <0. 1) " R&Hh
A TR SEULI 2[R B A ) — SR = (RS A8 ) U s R, 2 (EREBT ST AR B 3 g ™

TESE MR- AR AR, T EADMRTE T I 76 R SR 52 2 BURE B9 5 00 T IE B S48 3 — T AR P fok
YIRbE . TERPE X Yy Y- B 230 B VA RS = T , ARSI ) o P ) o - T R 26 2R B VA 3 T
BEAFEMMZE o W0 JCR S BLSC AW R4 T oK Y T AR 5 BT P /) T AR BBURE By L4800 30 oy - T AR 26
AP (HE T EhRAIR,
4.2 BEES-BEEXA

BE RS- 20 % R B SRV TE R R 25 R BT B0 56, BD S 15 A O BRE v 4 SR o) ek S ] AR 5 1) 3 2
BE B B LT AR AL ( B- B AL ) o —FMERIBE DN, S W 20 A5 B A FFRENLE & (0K K S8R
ERHET) GAERNS R, NS B I A R REHLZS 18 5376 , K BE 5 B R R 7E IR REAL B 25 8] 2 25437 _b B3
K B, —NET TR A 45 SRR R A B A S R R FE AR L RO U MRS, T A (R B9 22 38 T A 22 5 R Rl B9
T TREE . RIEX—BIRE v — R 2 A IR A A e T8 25 AR 10 e ] B AR 5 ) 3 L B 8 1 25 AL TG
AR P RTINS T A W BRI £EL R R R A ] B S 38 0 T B, o T R B R R M
FAUT Cho i Tiedje BSE% 2 T A WA TE M ERE MR LI SHBIEEE 2 WK XA MfIN4 4
K 10 ANBURE 5 R 42 330 5, T BOX-PCR 2 RIE B RE A T Pseudomonas J R B 25 18] 43 1 , R B
FEX IR E T Pseudomonas 585 B MRIR S AL M: 5 Mo BEER BS A A 3¢, (BZEE KRB F 3R ik, Whitaker
S5t Sulfobolus 5y BEMK B SIREBFIT W , Sulfobolus {38 £ 48 {0tk e 3 B BE 25 B9 I T/ o Bl , 3X
—F R TIER-ERXEAE" Y  BURSEMAMH-IRERNMER" U EX —FREEEEH—5
RS RFST .
5 HEMEMEENMESH

HE WM RS TR ST AE 45 =2 — et R 0 L B IX ), BIVF A 97 ) BB 43 A5 4 J R S B 7 S I LA v 1
ko TERGHILEZS RGErD AR YA S AR 2 BB S5 M M A XORA AR ARAE , A M (KR A R
B3 + e Yy R (KO08) s i, 7R« ANRERSZ SRR B 3 ot Wi 23 A
TEH B AR R , 308 B — AN R BT S 2 , SR IR T390 W i 23 1B 40 A MR , DA T X W A R
BRI T & F A BB

FEIX B> BT DL 2 1 - SO MR s e AR U, R BT LU R AR, H—, TEMEY 5 E KRB Y
2B B AR, M b A T R R PR R R, R IR T I ISR, R
BB MRS Z REME BIAS S 3_ E M I REE SR B — B, Firer Sxt AILE DI TN B SRS
)7E BB SR, TR R I SR AR R R b A S R LR AL T AR 4L, R R T KRR
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£ PLLy
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2
&8
§ c d
=
L
99% OTU
PN R e e
95% OTU
5005 Island

log (THFR) log (Area)

B2 F-ERXE

Fig. 2 The power law species-area relationship

ARS=cA*(Blog S = log C + dogh) RS ERKLR, H P S HMMFEE, A NER, c REWHE, 2 RIS, 7T AR MR
FEAFZRRE ERENER; (a) FHEH-FRRRAERBEF-TRLFREBRE; (b) MERMAREYFH-IRERLE, 2R —
B HEHFEEERTAEEY, BMEN M FEEEZ R ENRE (AR ERE/DTREEY; (o) KRS IEEFK
Y-SR LB, KRR YA £ 8 R AT B, RS R ERRE (SRR ERE/NTHISES; (d) AR5 SR E Y-
KR ELEE, X OTU f5E SARHEM 95% B9 PRSI I HSE NS 99 % B , Fh-EARSKE RSB IR REZ 38 0

S =cA*(or log S =log C +zlogA) , which S is species richness, A is area, c is empirical constant, and z is the slope of the line. Slope describes how
quickly local assemblages of species differentiate over space; (a) Schematic diagrams of power and logarithmic model of species-area relationship; (b)
Comparison of species-area relationships between microorganism and macroorganism; Local richness of microorganism is higher than that of
macroorganism, while the turnover rate of microbial richness is lower than that of macroorganism; (c¢) Comparison of species-area relationships in
mainland and island; Local richness of microorganism in mainland is higher than that in island, while the turnover rate of microbial richness in
mainland is lower than that in island; (d) Comparison of species-area relationships in different species resolutions; The slope of the species-area

relationship z increased with increasing taxonomic resolution that OTU was defined from 95% sequence similarity to 99% sequence similarity

T HBAIERE 53 EAYRE R R Y o IRy R AR MR S A R IR B AR
BRAR, BEAR L A Wi vk 52 DA B B P A0 S AR A AT , IR 4 13RI W B i T RE R i M .
N EARERREN AR, DEOVAER T HP R R MY R T A MEERE SR E R R, X
BT R RS HENSRA R A YRR FSMEYHEERTE AR EE R0 B AR L
AR R I BRAR I A M A R AL IR A TR T R R 5 2 B R RE Mt T B2
SRS . IR R Y TR R IR MRS A AR R E B B R E R E T . 1=, g
SCHARZIAY , B —LReE B Wi DR 2t 2 R A0 47 R PR AR T 222 BT KR #3425 A B 75 14 4 1 9
FOU RS YRR A3 E R R bR i 9 B ARG AR B , 18 Z BB Ao TR e )
ERAEYIREE S , M (X)) B R IE R A E
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6 — I ERHTHRESR

RGOk & RS 3 I T A VIR BB SRR AR B R B3R B B i, R Bl —
TERZS RIS Ai A R (0 Fp-T L RMBE RS- R ) ', BB ARE b, X il Rk T sk
YIREDLS3 A0 AR UL, AT BR 5+ SRR YRS 2 LA Fi i R R ZERLBIDE AN TS 2 . TZE S b, X Y
HRBFBANEE, FRAXHE, HXSEA A RN RR K #iE R RIE R R AR, ANTiHEF
M SRR TSR . ZEARAEYIEE R, B AR THXMNEL AT RERRAEY)
25 ) 43T M8 SRR T BB, Anee 5 A D SERE AL R 2R (AnBE RS A0 B W3R I 1 U S AN 5 R 5 5 B4
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Fig. 3 Four alternative hypotheses about the mechanisms which generate and maintain the current spatial distribution of soil microbial community®!
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T/ (a) Soil microbial community can not be distinguished by historical and evolutionary factor as well as contemporary environmental factor,
and show as random spatial distribution. Community similarity is constant over geographic distance (to represent the variation of historical and
evolutionary factor) and environmental distance (to represent the variation of contemporary environmental factor) ; (b) The dissimilarity of microbial
community merely reflects the influence of contemporary environmental variation; (c¢) The dissimilarity of microbial community is merely due to the
lingering effects of past evolutionary and ecological events; (d) The dissimilarity of microbial community reflects the influences of both past events and

contemporary environmental variations
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