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(1) PRBEOANEEEBRER KRBT RSO R, TEHEBTEHBO E 8 4 & 8 R,
(2) MBEAGH NS EEMNWG Y. Ricker (1954); Varley #1 Gradwell (1960, 1963, 1965);
Morris(1959, 1963a,b) % Solomon(1949, 1964, 1969), WUl HE (NRlogN) N EEEW U F

N-§

— AR BEE (NyarBlogN o+ o BIEES R), BTN -5) S % (——T »100%)

* *
T R, (3) EASOR, BR TSR EM BEER ATM =M + %}-1, HE—TiRH

BT AW IER David fiMoore (1954) 2 N AR 1. 5MARA, MFF?&?ET?J’J‘E?%WL =T
HTREDYFEFTERAFERSFHNE, (1) UAEARAMNRRBNHAETNR. UHAIF
Bapd, UETE R kX M 93 4y Wi 5 Solomon B Varley#i Gradwell fy 77 3347 T L.
HEREEHE EEMOL. (5) KRRERNE MAZR/Y) , RURKTRMHFEHLYN, OFREE
WK, BRES CGRUNRLAL BRENFERFEENAN., HRETROEKBTAFERSE

B, BREAFEM. (6) HUMTEMEMAER, BIREHENRNEE (H3a,H4a), EEFB:F’M
HMZ W R R R, AW, HEEIEE, MOATARMMX Eya. BTES T ENES
BHNRE. FURTRAHR IC)HFE, WM BZRAKRREBT T 8.

—, B B £ &

Varley.Gradwell fiiHassell (1974) S “X4PIRERE, MEAA RS BRERERER
REEE, BRI, HMEEERNYN” . HEESEFEN. R,
RE EEAF W, BAMIINKSRDOIITHEE, 83 TEMNehREEY B N4 5
(Bakker,1961), &P LUEMMBESE. RIFESRE, IHERL, AXRWERTE,

Varley®S AR IN T HRETIET TN, BATEmFENSNBNEESRTEES
AR . B, FLEX S LRERE, HARMFE, BRER—1TEWMT E4£ 8%
B, URZHZZESRR, G UBIER?

1. #BEEHE (Population density)

FEERFHEE (M) Rk,
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M=ZX;/Q

Hob X RETHEARBM A TP MEB, O REERPRAR RBTOER, “BE” 4
IR MR RN — R K I R BRE, HERS IO EREHAERNCEh & & LR
E X o

2, #¥E (Crowding)

BRI X R, X A58 F Lloyd (1967) B 3 #F BE (mean crowding

M) BB LML

EX X - 1)

M
B rX;

s (1)

X gAAME, ER—HFBESOEEMEO TSR, R, SMIMREBREIh “4
B WEHE,

3. BEMNBEMHERX

HARPRREEIMFRBORBEIS AR —A 3 H R B E B —
BB B, WRBE ST S5HESaHFapmsn. EEEm. I
T B — B {245 WA BB 22 W (Tkeshoiji and Mulla, 1974 a.b; Ikeshoji,1977;Kidd,
19775 Polivanov et cl,, 1980), & Ik, T FRBMELLKB T IR E, WIRHTHA
BB 54 o

SEEHFBEE B (M) BB RO, HREESER S,

MR Lloyd (1967);
M=M+ (V/M=-1) (2)
HpVAFZE, A8 —FHE TS FEE, % HIERDavid f1 Moore(1954) 2 HHHE
£ TTR,

ERADYORET R, FEERS, WAFERSNN, BERAFHMBEERN, —1)

SRR A THE. SMAR, MARMIRERREA B B2 T,
B, B34 BN S I I L S T S E R,
i FPHAKESEHEENER
B FLloyd (1967) B jE B2 24N, Iwao(1968) BiIBHITHIX R,

*

M=a+M (3)

BIERRAEFREE NG E (Taylor®,1978), 3% A KHARSEEERMETRERRKN

TG PUNE 1) . BVSRFETESBERRRMER, Hib, M GH MPish
L
W ERHEIEE, WRR, RAFERNSERESESURENEE,
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Fig, 1 [llustrations to show samples with similar densities (M) but different mean crowdings (M)
BT RR BN A (a) Al M=0,2283, §A=1.eezo
(b Alg; M =0,2297, M =1.0588
FMBEMMAA (o) E22y M =0,2394, 1\2:0.8235

(d) Eo6; M =0,2570, M =1,4783

= F ®

1. REFEHEBEER

FPE (Frp) BB, VarleyZ(197TORMT 3 AT,

1) e RNk,

2) W EAE A A R

3) BiEARE, FLIRIAEERRREFIRED . MERORE, RERERE
FELRE T B

BT F ks Ricker(1954); Solomon (1949, 1964, 1969); Morris (1959,1963
a.b);VarleyfiGradwell (1960.1963, 1965); Varley(1963); Varley, GradwellfiHassell
(1974) HREVLLEM, O RORITRTHE, T—REEENC2) I SENARE
B, UIBHMBEEE GEXHAN),, AR ARWEIHME, (3) MERELR, BRI

WER (N-S; SURNERBER, SREEENAD. TR (N0 <100%). BN

k(k =logN —1ogS), HFRT—PHNHWHMBZEN,,, (WIN, +AN), KjE, RAFEEZEGT
MITTTERIUAE 3) SHBEE XA UBRMEEHAEMEERE K1)
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%1 Ricker, Marris, VarleyfGradwellZSolomon Ak BERS ML B
Table 1 Comparison of the basical components in the methods of Ricker,
Morris, Varley and Gradwell, and Solomon

|
R | MOk R { EE N
No+y (= N +AN) 1 N,.
Ricker e N S
JZIOEN At ’ logN
Morris ( 1ogN ntt - ; o logN
V. mG } k(= IogN logS) j logN
f N-S [ N
Solomon T T T T S

Ricker 1 MorrisflgJy Bl Ny, SN HEX, @I T4 T BmAE INER, J
R, RIPETIBTETE, WHERIHX B iEiTe.

2, EEPHENATR T ENFTH

TR (M) ek 5 (2 B,

B3INHEERHELEZ: (a) JET-% (Solomon,1969); (b) FET-# (Solomon,1969);
(¢) I )k(Haldane,1949;Varley and Gradwell,1960),

(a) FSET ML 2 N ERE T R 7 BB R T R A B

N-S *
-x100% =+ + b
N 1007 M

(O B8, HRATE T HO P B s I B A R R, MrEE. b>0mF, XA
PLRETHA RSN T . EANEIE LRt DR E B RS RSN NN K,
FET- RO R IR IR T, FRRTEE, TN TIT AR R, B, 5%
B& 22,

(o) BIEIy ke, JkJy P2 BT A 2 34 SE O R I T DA LA R R By B s A ARREAS RIS
TR, BB E TN, B RN KSR AE, AR LY
FHTROE, 8% EEESGELT,

(d) MPATET: R BIE S0 T B AR AN, MBI E I & B RA SR 3t o &
BT IR

TR REBIE s 1 BF, b>0.

JEPF AT RREIE T v AEH, b5 0 WEHNLBE,

BRI ASET RR IS rBE, bJ0.

6k MRS, AT B BRI “SRIE” BT A TTRR (Varley ,1963)
MiE B EL T, ,

BRI, SRRk L. OUMYAER: ORTE, TRAEIN k RFELHY
WAL,
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PIETiRE E Al (Trialeurodes vaporariorum) {40 AR R 5k sh A gRAE M- (B Fa bk 7] &
2o AERBRE — BT M R B I ANE e . RO A B TN A R Al AR
A P RS R R R T LD I B 1T S 5205 B R

Mg A EM i E B RS SS G RN ESE R, EERaE, K
JE B B R BB S E— DAY, 0 EREE & RS IR T R BT
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Fig. 2 Tests of density and crowding related mortality dering the early stages (egg to
beginning of 3rd instar) of greenhouse whiteflies,
(a) FETH =0,2063-0,0230N  FEEMY (r= -0.0883; p>0.05)

(b) FETIHR =0,2047-0,0057 M BIHMEH L (r=—0,0421, p>0.05)
(c) k=0,1103+0,0171 logN @MY (r=0.1505 p>0.05)

(d) k:0.1053—0.00491\3; EIETEB A (r= -0,0647; p>0,05)
(20 B A= B 2D WIEE, EX SRR ERRTIFER
WEERI AN, ri B EEP<0.01 (H3) .
M T Varley f1Grad well ) J7 i £ F 2 i 2 A A HOL Y IV (JozN ~lozSHillog N 2 [/])
BT TloaS % logN, DM IogNRE logS 2 ffEIE, =% [EH FMART: 5 H R
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Fig, 3 Tests of density and crowding related mortality during the later stages (beginning
of 3rd instar to emerging adults) of greenhouse whiteflies
(a) B4R, FETXK=0,0868 +0,2039N FEMTERY (r=0,6872; p<0,0D)
B, HTRERSNZEMERXKEBE,

(b) Fi:-%=0,0782+0,1507 1:4' BWEWRBEERNY (r=0,6397; p<0.01)
(©) k=0,1405+0,0889 logN BENEEMNA (r=0,8340; p<0,01)

(d) k=0,0361+0,0788 ;4 BEAETERNYS (r=0.6414; p<0.01)
BT 1 (P<0.001, #&BrownfiHollander 19774EH 1), MOFEHBIEH LM M I,
(3) HRFETHR, ZRL (2), RE4, BHOEARETRRTHFTEMESEE,
RkEH, W VarleyfiGradwell (1960) (5 0, Wik TloeSHilogNLL KlogN 3 logS
MIEIE, 35T E % BRI R T M B, mprPe, R TRBRN BERET B
:‘i‘—fgﬂ%o
43

®2 THRERZKNM&YA

Table 2 Residual mean squares of the different regressions

- Pai ‘ * ' * *

st BRI % RTH~N! TR ~M k~logN | k~M | k~logM
# el B !

—— S l f I _N}. S N I
BE =i } 0,0114 0,0115 | 0.0035 0.0035 0.0035
ZRUER LN ] 0.0058 { 0,0065 g 0,0009 0,0018 06,0016
9B P ! } { 0.0026 0.0041 0.0043

i

0,0125 ) 0,0117
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Fig, 4 Tests of density and crowding related generation mortality of
whiteflies (from egg to emerging adults)

HR: () Br:%=0,2701+0,1280N  HEHY (r=0,4254; p<0.05)

BR:, RTERENZHOLREAR.

*
(b) FET-% =0,2232+0,0756 M P BEM A (r=0,4840; p<0.05)
() k=0,2394+0,1022 logN RIFEHEEHSL (r=0,72443 p<0.01)

*
(d) £=0,1153+0,0453M WM A (r=0,4864; p<0.05)

(4) AARRGEFRREROILE: B LRERRKRFRET GE2) TR,
QU HANK MWER, BANRRLT OtilosNEIARARLIT M %5l F
i, (0B TR B T A S S SRR SRR, @klogMI5 ke XM HyEIA

Eik23 5 iiiNier] B
HTARGERS AR EEEARE, UAkEAETESRARCEREMRILE, BY2H

SMBTEIER, SRS GIER (E2. 3. 4) .

i

(1) FRMUIRE 4 RhO7iE, ZERE 2 S ERAEAR N, IIECRE (M Ay
FHM=1.2758) , FT-RIERMEO.73%) e —BIE, MET K. RERETHEFER
BHTHE (SHERNOTFHM=0.4815) . MK MIERELREARIFEAS, BE
B AT T R BB KT, T2, BETES, HCRARMEE & % E
2y,

SHE LB REAN, ERIMBEALA L SHY ST M=0,3571) o HELY

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



264 £ A ¥ W 5 4%

WEEH, MEAKDNBIRBUST RS, &My, ErkAenEing, Witk
MrEe TR SRR RS0, WREEH AN,

(2) ERE3aREdar, A RERERY (ADKEK) T8 2 #Solomoniy ik
AR B S, WALR DL, JETTIR IR B RE I MG T JA 4 B LA M, Solomon 7E s )
BIF BRI TiX— 5, WAHIRRRTHAEE KRR RA SR, XA ENHT

AR TR R TR o M SRS I, B OB IR TP T M s, 1
dn, BEARN LR EERE (M=0.3688, ]\220-6441),1&13J§%§€%%&¢ (M =1.3713, M=

1.6390), HEHHIICL13.7, TIMMRKRI 2.5, B, LI M g, ERBB T Ak
AT AR 5, DABGERRERRIRT, TR TET,

(3) ATWIHTESENRP, PR 2 WMERETEN, ¥ BIE i sREe R A,
W BRI, ek, LB e S RN R R R T BEEE, BR
FIAR S AOM T A B Bl B A B i, SRR S 08 B, IR SR R BT b R R TR B
W5, JGFRARTHESNILEE . ET, JERAETH N ES N EH K NEKTE
WHgE, TR, D] R REAE P 8] B Pk N R 7K

FERF P P9 BT B RE AR R /ANROE R BT AR B RANIB SR AR T R At BB A
B A, WOSX0SER MHTERRSTEN, RIAEBRLY 0.7—0.8 22X,
SIS 1 2K, HEEFRRRENERERLT 10 4, SRR 808 ¥ 5100—200
Ay PR, BTN RS TR,

C4) fEHNN, WNESKESHEDESNHEEIXRRNEICTIZR, MEERALRIBIK
N BT, AhEEBCE KA A R T ¥ R,
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“DENSITY-DEPENDENT MORTALITY”VS,  “CROWDING-
DEPENDENT MORTALITY”

Xu Rume;
(Department of Biology, Beijing Normal University)

1. Intensity and effect of competition depend on the abundance and also
on the spatial distribution of the population concerned.

2. The methods of Ricker (1954); Varley and Gradwell (1960,1963,1965);
Morris (1959,1963a,b) and Solomon (1949,1964,1969) use population density (N
or logN) as the independent variable and the population density of the next

generation (N4, or logN,.,), killing power(k), number of deaths (N-S), or

S

. N -
mortality rate(—~»N --X100%) as the dependent variable to detect density depe-

ndence,

« . * .
3. In this paper, mean crowding (M) is proposed as the independent vari-

*
v . )
able, M=M+ EYR 1, population density plus the aggregation indeXx I of
. - * .
David and Moore (1954) ,Unlike M,M is not affected by the empty sample uni-

ts where no animals and maybe no eompetition occurs, Mortality rate or k is

used as the dependent variable,
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4, lImmature stages of greenhouse whiteflies were used for case studies,

Correlations of mortality rate and k against 1:/1 were tested at the within leaf
level, and results compared with the methods of Solomon, Varley and Gradw-
ell, The results are qualitatively similar,

5., Mortality during the early stages (egg to beginning of 3rd instar) is in-
dependent of crowding and density. Mortality during the later stages(beginning
of 3rd instar to emerging adults) is strongly dependent on crowding and de-
nsity, while the generation mortality is less dependent.

6. When mortality is plotted against M, the data points have a curvilin-
»
ear tendency, This is due to the non-linearity between M and M, That is,

when density increases,the individuals tend to distribute relatively more evenly,

so that the intensity of competition is relatively lessened, Therefore, when

*
mortality is plotted against M, it looks more linear,
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