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Abstract He, F. (Pacific Forestry Centre, Canadian Forest Service, Natural Resources Canada 506 West Burnside
Road, Victoria, BC, Canada V8Z 1M5) . Species Abundance-Distribution Relationship. Distribution range, body

size and abundance of a species are fundamental biological and ecological parameters. Recently, ecologists have
shown a great interest in documenting and interpreting the statistical characteristics of these parameters and their
interrelationships at large spatial scales. These researches of interest constitute the central subject of a research
program, called macroecology. Among a number of relationships interested in macroecology, species distribution-
abundance is probably the one most well documented and studied. The majority of reported studies demonstrate
positive correlations between species distribution and abundance, suggesting that species being abundant be also
widely distributed, and vice versa. In this chapter, | first introduce the concept of macroecology, then I give a up-to-
date review on species-abundance relationships. Finally, | discuss some problems and make suggestions for further

investigations on them.
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WMRA BETEAEX. Flin, YFiAZ (species invasion) (Usher, 1986; Hengeveld, 1989) . #jFfK4:
(species extinction) (May 4%, 1995) . YJFi#i1THEJE  (species rarity) (Rabinowitz, 1981; Gaston,
1994) Z&ik BRI G RATE R B EA Be IE AT L8 R AR SR AR 2 FETE TR IR RRR R |
W R T2 REE FITAE I K AEWIX & (Schluter F1 Ricklefs, 1993) o HITIX S8 [N, Ur4E KA 24 50K Ak
IWHBIR R EAESHRERIG M EEM: (Edwards 25, 1994) o Ab AT 2 M 8RN 4 s R LI 5 15 K R
FEA O, gk 2 SCRRTEWTFT N, IBETERC T — <20 B4 (Macroecology) FIHITFT IR &
(Brown 1 Maurer, 1989; Brown, 1995; Gaston il Blackburn, 1999) . Macroecology B it kE A&
2, DU G 5 1R N 8 TR IR AR ST IR TR TR o AR SR ZoWAE TIPS, DUR LSO AE 27T RUBE
LSRN

FEMARMN BN TR AR (P L SRS R 1A E Xk
9T CRE NIRRT (B U BRI EREERE (species assemblages) [FAEAFIGETHRFIE, HAST
FBORZAE BT AR M2 i34 (Brown, 1995) o b H AT IS BLM 5, S o T (P AR th 1
SR AT IR R A IR E SCR B, EMERS RO TR/, FFRARR TR (Brown
H Maurer, 1989) , fHH T2 H IL @A THR R UZEIN G . Fr U ST B TIXAH I, a2
FEHA R A KEREI EARSCR S, AR SR8, 78— 2ol T, /N RBEEEEE RAT 2R T RR
FERARMRAE, L, nTRARREH T30 R 2 AR A IR — Se I R

BARHGE, A AR UL RS R (S50 ERIN T RE BB E LR D2
B (species richness) . F/& (abundance) . Z)AilX 18 (range size) . &K/ (body size) . A3
(life history) FIEGEFFAE (reproductive traits) o SRR SCHRE , XS DGR E 2P T LU F =K
KEFR: MiHFERER 524  (distribution--abundance, 5% range size--abundance) . 1A kNS FEEERIK &R
(body size--abundance) . & A 5AE KM R (distribution--body size o¥ range size--body size) . iX
SRPORER AT LU —ANFIIM &, AHNHEL, IXEEOCRMAEFR AR A CHR  (intraspecific relationships) , {H
WL, X =FOCREARE T 22K (taxon) WIFF T NIRRT RILIICR, FROFHSER
(interspecific relationships) , FlRJ¢ R AR . RTERK/NG F BRI RRRS A S5 WL KN CRE
TEXT VRN &, 0 S A IO R WG H T sh WA 4 2800, e B T 2 A A —
AT T IEA R R R0, AR A0 5 FERKR,

DAEEERRR, HFREHREEESFEERLA (occupancy--abundance) . Xf T 1%k RIS
KZ146T 80 4-48 Brown (1984) 1 Bock (1984) 1) TAE, ZAMAILFZ AN, IR EARXHEAN KR
WHIS TR 2 ke, i, K2 BRI A0 DO = B i AA 2 IEAI DGR, BIRA A -1
AN, 10 R AR, AHXA K RIFAE—RAAE, A ADETER DR 10 5 35
2R FHEAEAEATAT 5 R4 ikl 5% (Gaston A1 Lawton, 19900 , EIVFA MRt oA X S i -F w (oK.
B TR RBAH G G Ah, T & XA KR WA Hb, BRI BMNLEL | 25A 3R
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FFREIXAN R AR ORISR 2071, BN, ST RIES R (B Y. SRIE R
B 4756, SR Ry EREE  AAT O (il B A DR L IR IR A ), [R]Iid
TR R A ¢ CHRIVEE DU B R o0 e bl B B, A7 IR SO0 U ERC AR,
EH IR E FRRR) o AEARRE LG SEERRR, MAMRESN AT M5+
FERIRER . FUEARRE AR LRI 4K — KRR, DU R SRR AR — WU T A — AN
W1 T it

o A ORI P PR R A A

YR AG I RN, ol FHVEZ 5ok B (Gaston, 1994) o X6yl KUY b 2K -2
Bl KA IVE L (extent of occurrence) , B4 [Al TR - A ¥ B X 45 (geographical range) , — M HIi%4)
TPt b B ST s (B 1a) B8 2R AR R AR IR X Sl i )R T S B 5 ATV THIER. Carea of
occupancy) B¢ 4 EBEA%EH (number of habitats or sites occupied) (& 1b) , 40, HEE (Black bear)
TEHEAS AL AT 2615 B 5 — R T 1%, /EIN%EK British Columbia 45 (4 73 AT AR w2 25— 2807
P, BBl 8 T SOnEE TR NS RR . Gaston AT Blackburn (1996 FRES— s k42 R 5 ik
(comprehensive) , M55 R 732 JREl /i Cpartial) o SRR 5 34 7 V2 BT A 380 R 23 A1 T AR AN & ) Fel
(R SEBR o A X, AR S R AT R AT SR E AT GO R o [RIINF 205045 AR W /A X = B2 11
e CGE) KRR —BOIFABEDIX R AT A4 (Bock, 1987; Collins #1 Glenn, 1990: Brown,
1995; He il Gaston, 2000a) . XUt/ Aii 5 R AIICR AT HIAMIEFE X (Bl an i 2 BRE oo et ) i) Kot
AT XEGWIFAR T VLTI, BT E DRI 205 20 A0 DO A S AR . 152, Hii
F2 IR RS & AN R FARBUR A KA 7T ¥ (Gaston, 1996)

ARFEFHAX, FEMOMSREREENGEZ . e MRS B0 N o (/A
B e o R SR AR . BRI R (RN TR B A
i (A BUEMFERE GRAMEBURITTED o AASF R —ME e Y82, s, ik 1b b
A AR A, R E=28/40=0.7 (28 MASIAGLE 40 8EJ7 1D o 7RI b ¥ 40 FF U5 AT 19 7
BT ORNEHEAAIAE) , AEvH SR EERE, A RV HE RS, XFERE, B 1brh, %)
=28/21=1.33, J3AEX G F A B HIXAN B EREKIE . BRARREIFR S, BATEE FH S Phas B R Rk Sy A -
FREIRR, I RFRXA L.

R MEFEERRRTLUZIE, HEMRAR A EFR (Spitzer Al Leps, 1988; Arita %%, 1990;
Gaston I Lawton, 19900 , {HIFAHIGICR &Pl A5 1) ¢ & (Gaston, 1994) . & 2 Jg/n i E
Bedfordshire i} 61 Fl' # & H (passerine) 528500 AR5 4= FE I 0GR S Ey SR U 50 A LA R AR 824 Fifs
RAR IS FERIXKFR (He Fl Gaston, 2000a) o X P4 EH JE R 7 RMUKIEARSE R R, BI04
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DT AR B 4= LRI IR, HS R R 2K a, X BT TS, BRI XA AE— A
ER XA BB BRI B AR . RS E TP A, BRR R, A AN ]
AEE H 25 5 (1 X e

WEARVE 22 Bt R W 0 X 2 L2 T R IEAH DGR Bt — AN K 15 (Gaston, 1994; Brown ,
1995) , FrlA, BUAERTIUMNGER CA R LS A X 5 2 R IESAOC R 8, e LR A A il
FREZ A IERR.

T A AR AR KL AR

JUSCKBE, AT RTRESE MR AT AN B R R A RE I A S F RO R . X B RAMER LR
HAT AT IR AT KA AT RN, B2 R = A AT, X6 ) R 7 A 2 27
AR A B TR IR . FEIX L, FRATTA DGR A 2R AT 2 R AR 4 At DX LA T4
TR, AR M AT 2 3 A1 5 R IS A IE K R

Gaston (1994) %28 T /NMal REMIMERE, (HIAgtek, Jorh =FBRCh B 2 RH: M ES
(sampling artefact) . WFIH (resource usage) FIE & FEEENA (metapopulation dynamics) .

(=)« HhFES: WAFEREAF RN, B EAT5br BRI A0, (AP, £
AR TR e DS M 0 0 B BE BN RN K o bl i, 0 TR BEOR BRI R, ROUL 4 1) e s 2
HBZLL BN Z o X HFAIE BT BN R B AR b 1) 50 B LR LR BRI R, 12 B
TSR W Z TR (i, WA RSN EE], A RERAAAE) o« AL LRI
Tt 1 PR3 23 A1 -2 O AR R TR % . Wrright (1991) &1 H i1 Poisson 23 A1 415 H K 9 29 A - AR 28 2%
R 5 bW BII A A X - F BE G R o 1ALl (Wright, 1991) -

p=1-e" (1a)

w5 (He Al Gaston, 2000b) :

A,=A(l-e% (1b)

b, p WRE R —Hb S R AE R (probability of occurrence) B iZAh A by YA H 5 R H 1)
Letl, MO MhEs e, Ag AT AT, A WX R TR

BRI X A ARIES T MR LS 003k, BHMES A I, ARADE 2 A4 L
B Lo FRINAKE Poisson ML S5 [A] T PEM S AT L4250 . DI, Poisson BE2LE by /e 2% A Ik
BL AT S, ARG SRR AT AR R . KM T B RA 12 2R BE L (randomness) , A
W BATAT AN, Fril, AP TRURHRHR S . B1amE, 78 aRad, IRAMBEE IEA T5E
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WA, B2 ME b TR, PIAESEhrd, Poisson B8 I AT 2 /b FHAE . 75 3845 70 A5 i A
N, AT H 7 35046 (negative binomial distribution) 4584 Stk 20 A X - F I & (Wright,
1991) -

-1 _ M-k
p=1 (1+k) (2a)

55 % (He F11 Gaston, 2000b) :

- _ AN
A= A=+ ] (20)

Hop, k2 MIESHG MR R . 2 k>0 I, BEBIR S ARBESRERAE S 2 k>0l
(2) AZR T Poisson B (1) , RIWIRAMRLET-BENLA. FTLAE H, B (1) & (2) SEbs EIFseA ™
WX AR, A e iR SRR g .

() L PR WAL HYE (ecological specification) o XAME Y 1 4652 i Brown
(1984) $&HKM . MUK YIFIZ MIATAE 2 Ui R FARLE 2 e 0t HIRBE S 23 0] B i, A LB 43
Hi--F R R . h)iEul, ) IER (generalists) A TEFRR (specialists) 2H 28 S fE 4 S8 1E
Mo Ai--F R R, RUOR) &R AR IIREEIRPE (tolerance) , "EATIBERES 2041, XREAED X A%
RERAS, TR PERN ST RN, A A0 7E R it HFE A, B &2, Brown tA AR A= 247 1) 22
e P IR R AT - R R

Ty A AL B BE T R R L, (RN T Brown IARS A 22 B0, IX MR A
TERM RSO B BT 25 e, AR A L Pt LA A 1K) B U IR =i = S0 2 a0 A1, i e R
A FEURIE DT Z SO 3 AT o AEIXFMEBL R, IE 3 A1-- T BE O R IEA ISt TR BE (R A= 07 2 5 T,
T2 E T B ATT BT 1) 8 P 0 AT DX 5 = s R BE R 22 5 DT B A G W U5 PR AR08 1) S s 4k A 431 1 7] 22 A,
Brown (1984) F1 Gaston (1994) Zf/N#,

(=)  BEMEEEA (metapopulation, WLEEHIE, 1996, 2000) AEFETEHEKXIRA Hi 45 TAHXT
AN B INRREAL LG R RE o IS I RORE AR & TR AR, eI eSS ] Bk, (AT E A
EEFEAZ T Bl MEZ [ EER (migration) A HL (dispersal) o A& T DNECARE R Tk 2 & Fh
W34 (Hanski, 1982, 1991a) , IXUEAEAIKHSLL Levins (1969) [RIARAL A SERl. s Afi--F K IEC R 1]
ML G FREAR R b R BRI R . AT ARG, S8Rl ORED AR (carrying
capacity hypothesis; Nee %, 1991) , 55 —Fl2iERosN AR (rescue effect hypothesis; Hanski, 1991a) .

Nee 55 (1991) {rEH Bk Hanski (1982) Ht%.0rH LEFME & (core and satellite species
hypothesis) g, AFRIFIFEERAARFER S A5 g4 (local carrying capacity) . HSLEfRe4E F
e R R L ) MR BAT G K A %R (50 i) % (colonization rate) 1 #i A7 R RE A1 AH S
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CREKAEAR, RRER) o DI, SR m o 5 A B2 A5k (patches) , S EUE 72 ii--
FEKFR. Hanski (1991b) i, WERIAVEBE DRI ABD AR LM AT LA 1k
W, AU PR AR T Brown (1984) [RAEZSALZE L. AIRIX T R 12 X )
(Gaston, 1994) o [AIDG AP S A RUE ¥ BOE AL SOW LB AT ISR AR AL 1 S5 R, AT fT D047 fiE
T1E EYUE— 488, Brown B BE B Z2 5%, AT RHERRE 25 SUE SR

BRI BB FA 5 B PR (K Ay B AT 22 5%, AR A RREIOIEA Gimmigration) H5-2x B
JRFBER IR K ALK R RERE, AL, CRIE e b e F 2 200, PR Rt os b 4 D S e
(RIRHRER, BB K ] REVE BRI G &, I R BUE R M- KR

LR G HAAE WA RS A (KB LEB A M, {5 Hanski (1993)  $24 12551451

= AR AR

TSRO NEZ — XN F 4 5 FEREMG R & (Brown Il Maurer, 1989; Brown,
1995) , IXTCREUCHH T AR T VEAERE R S AR A U T . H T A AR TR A A S T O
A, BT LR RIN Poisson BEAY (1) FIf —IARAY (2) Ab, & T JURMEL 54,

F&% (Power) %Y (Leitner Il Rosenzweig, 1997) :

p=au’ (3)
Nachman 1! (Nachman, 1981) :

p=1-exp(-au’) (4
Logistic #%! (Hanski £l Gyllenberg, 1997) -

__apl
P 1+ auf (5)

Forp p A g Y58 SCBERY (1), aFl Bt —MIESHL.

R A TR, e AT S I ZEER . He i Gaston (20000 it A48 T
G IR R AN

L o P "
p=1-(1+=") 6)

W, o, BRIk NSH, AMERIL, LG HMBRIHTT d (6) .

Ma=P=11, (B6) BRI 2),
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Mk=-10, (6) HEfREmE (3),
k=11, (6) mhit Logistic B4 (5)
2 K Foo jif, RASMES (6) L Nachman % (4)
K40 { @ =F=11, (6) #i Poisson #H (1) .

E—WFFR I, MR (A FIRMEERE () nTHIZE — 5421 kTS . pfE
I (Ag) HEFFIXEEE (A) HE]. it 11 2a 4 ) Bedfordshire #4761 7%, %Hf

R A=1512km2, p=Ag/A. FTLL, SCBRECRE A

p ‘ P1 P, ? . Ps1

/U‘ Hy H ? He1

X 61 X Hid )R R AL 2a o JEBIh, 1B 2b S E SR PG AT R AR 824 bl ) 23 Al - G R

B 2 IR T TR BB . A Tkl X e B A (S ik oF, (&
T p il AR IEASD A, BHHCIISRE: (maximum likehood method)  flitHX S8 SE . fKIX
ANTT RS SO B 2 R AT (6) A KIUARIEAL S S HUR I 45 3

M. g

ASCNIIAG 5 AL DLBAR R AN B2 = AN Ty DR o Al F LR R/ AR T — A e T,
FRARHE PR I LA RO AEBE I 22 K 1R, s 5%

) v A EE R RR B A X R AT ORIk A g (distribution range) 153 Aii
[HIFA Carea of occupancy) , (HHEAKEE AN +2F (Gaston, 1994) . 3X&77 vk M H AR KM 5,
A LU I TR N AE . S0 R RO AERX VP2 I B R T 0kh, IR AR ikl R A 0. L,
L 10125 10 ) 50 R A 7 ¥ e 5 B S FE R B A3 A X o 3R I A 5 AN 2%, WA T ATk
Z A E R 25 L ROX Ty k. AR AL, BT TANE BN S A 23 R o & R ) = BT HL T
ANMRIVESIALE,  SARIXFE B A K 5 31

() HLERRRE: BURVFZHLEE (O Wb Al =MD wT LU TR Ai--F G R, H
PITATIXLEfRRE A BATHEE E (exclusive) o 1 TSR IOANTIATVE,  SUAS KT BEHEWT L i M LEELIE T
MEERN A --F R R I TREAEN,  HETVF2 PLERREIF AL NG, AR Ak, HEMN
SFIMER, PERERDORFE 3o W TAEARSEIR K2 AF B X0 2 FHLES Al --F B G AR )
ML MR ERDEEA AR . VPR (modeling) Biiidtl (simulation) £ 8 K [F] 21X AN 1)
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AT AT RERE AR, (EIX BN AR, RO ZE WA AR AL BN LB (R FAT, XA AT
ARME AL o AE_ESCHI N, BR T Poisson B (1) A IR (2) Ab, JLERIHGRA LA
2NV

(=) A RN RS PR o AT s B AT OG, T F 2 L R .
fltn, PRy R A AR . NSRBI AR, AT R O R LS A F A4
TMANWTIAZAL o ik, b3 A svFal UG DI A 2 — DML R . AR AR R AU
I AT BESEAT R ST SRR D0 T LM 20 A DX SKRAN 2 — AR LI 3L 72 (random walk) o ANFA
(RIS AT LAy A S SR 2R R B et b, AR T SRR ) L] S B PR 0 A1 B K A

WU« AT AT ORRZ T AT, AU T A DXORI = 8 #E 4) Fhf S A 24,
BT ENER B AT 5 BB X (Lawton, 1993) o L1050 WL, 55T BARA (K S AR L83 4 (X 3%
N HFA R BRI AT--EREOCR UL T AR R XCENE S E, RUAMBELE SR ER /b B 782 )
P (endemics) o BRI UL, B PRI ) FAE AR BLESRE R (MBRN BT, ORI R R A SRR K
(IR, AN — T B T AR X B R A WA A T B B T X285 B 5 E X
G, IEEE R EARN ] 3A0--FE B R KR B AW 2 REVECRYP AN BRI Sz, il dnfel R FR SR A
RO X AN, e w12 2% Gaston (1994) Al Brown (1995) .

Ol AT E R AR ) BN IUHF B, AR T VF2 SR Rt EgH!

1 FI SR
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B 1 X EE L. () B Ai i kAR (extent of occurrence 2% range); (b) ZRaRPFh K434
[HIAA (area of occupancy), FEH AT 28 ANMAGAAE 40 M, oAy 19 ANEHE .
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Kl 2. o Ai--FRERAR, EIX LM (p) AARMLEWFFT DI A BT 40 A AR A5 (R0 Af AR B 5 X T AR
bb), “FEEHIZE (u) k&R, (a) Ji[H Bedfordshire 75 (34 I = 1512 km2) 61 F#: 7% H (passerine) 123114y
Ai--FPERFR, BEE 2x2 km AL SR 9 508 (K. J. Gaston $24E504%);  (b) ok V5 7 i AR (R AR
= 50 2 Uii) 824 FHAARIYII 73 A--FRERR, #E p L 25x25 m (A ESERAE YRR I 2 . V.
LaFrankie $2 L% 4).



