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Abstract

Spatial distribution of different natural enemies of the cotton aphid, Aphis gossypii Glover, was
determined by fitting data to either Poisson (random) or negative binomial (aggregated) distributions and
calculating dispersion indices, during 2002 and 2003 growing seasons in cotton fields of Gorgan, northern
Iran. Based on R? and p-values of regression analysis, for most of the natural enemy groups, Taylor’s
power law generally provided a more adequate description of variance/mean relationships than lwao’s
patchiness regresson model. Natural enemy populations, especially parasitoids, cecidomyiid species and
coccinellid eggs, were aggregated during most of the growing season, and negative binomial models
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generally fitted the data sets better than the Poisson series in cotton fields. Percentage fit for some species
such as larva and adult stages of chrysopids, adult stages of Coccinella septempunctata L. and Scymnus
p., and spider species, showed a digtinct tendency to the Poisson distribution and low values of Taylor’s
b index. There were no sgnificant relationships between k (a measure of the amount of clumping in
negative binomial distribution) and mean values, indicating the existence of a common k for the most of
the natural enemy groups. These results can provide a reliable basis to develop proper sampling plans for
estimating or classifying natural enemy populationsin cotton fields of Gorgan.
K ey wor ds: Aphis gossypii, natural enemies, population, spatial distribution, cotton fields, Gorgan
PRV

(Gossypium hirsutumL.) acs < ] 51 S Aphis gossypii Glover s e (gats
—as (Xiaetal.,, 1999) > (Slosser et al., 1998) LG ol L (olgr ciliies LG s
(Kapatos et al., 1998) ol & 5 (Wool & Hales, 1997) Ul = .| (Abou-El-Hagag, 1998)
Ol S 3l 5 (Kerns & Gaylor, 1992; Hollingsworth et al., 1994; Mioannidis, 1998)
ol w0l s 5 ol pl Camexr 153l sl (Cisnerson& Godfrey, 2001) b
Jhd ey @\}A):ﬂﬁ-l Jle L s o3l ol Camer Gl 0l S (gar s 5 g AS
4y gz 4 (3L AS 5 oS Sl 5 asl glake>e LG il 50 (08,5) ol

(Darvish-Mgjeni & Rezvani, 1997; Afshari, 2004) <! 63 303 3l aalee Q—:‘ BN
BLl eJ_.:)'J:.‘.‘« 9 e..l..:)' JA‘}P u:“;-"ﬁ PL u_“.‘ 65)5)5\ 9 wu&.w.i) U}““j:ﬁ 6JL“J Czu.:.bd
J_Lw.l_a)‘_}da\}o u'i)—:“"‘é” u‘j_‘f«md&:.al& QLA.JIJCM»I\ 43.9; Cbu‘ QTW JJLS
Olads )\ (G2 d = Lsue‘gj._f C,._.:JLQ.% J._...’Lw&,d LL:\ s u{\ Corasr WLG“J SR
Wl ! (Fang et al., 1984; Shi, 1985) .. «(Slosser e al., 1989; Wells et al., 1999)
St gl 53 Cmlod s ool S (Atakan & Ozgur, 1996) 4.5 5 5 (Wilson et al., 1999)
Olbse by (gay @‘}_ﬂ Slas e gatd ek Oleds 5l s slad S 55 0l
(Heydari et al., 1997; Afshari, 2004) Ol .| Jk 5 (Razmjou et al., 2002; Lotfalizadeh, 2002)

el o 55158



aw VWAS oY) YV Ol wlido i il (Saals

S S S 55 e S e 53 i G S ol ST, S
il 350 b S o oled 53 atLs Ol & WIS o 5 358 0 o pime mar O
S (13 (613 10 sad 03 5 (S 13l sad slaasl =1 b 55 (Taylor, 1984) 5,5 5l 3
OS5l plad (aST, Lo 1,8 o & go DU Comar o pa b J 28 55kt 0
(Kuno, 1991; Southwood, 1995; Young & Young, 1998) > 4% s J;LL & s

23 e Glador 55 a5 ) O Cmnd 5 Ay o (S83 Cgmor o [5S1
¢ y—==en .(Denechere, 1981; Celini & Vaillant, 2004) c—ul ol ui,)lj-f Sz Ol
S 2l S| s (¢l (Zhang et al., 1993; Zhang & Chen, 1993) jlallas
Allothrombium pulvinum Ewing S5 (ga—S |3 5l ac s o sl Ol i3
9034 (.J Sl Dl cpl sl (Jcpl bl sdis S Cl?u.‘ (Acari: Trombidiidae)
Ol iy oo S4d (aeb Olandis 51 (Solomy (2l2d (1S5 45 5 500 Lol Ol 5 e
el sdile 3L atliil

b Olois gn slaes S lad (ST S s e (el bl Sl B
Sladis 5 La el o1LS Gamlia 5 08 sailn saiy golye 53 Ay jow (s425

Mbdﬂ L@IWUL,S‘J.*: J)jiﬁjbgﬁ.lﬁo'u

LS, 530
b Olads 5 (551 e

5SS S Cany a (-l 030) 4y Saso5e 93 WAY S AYAY el sladle o
5SSy Dlidod G go 4 4ty 3Ll ls Slidos oSl 55 5 05 5 S
Gais 00 5 a3 ¥ LUl aer Sl b 5 O 5 o dled (g 28 o33k )3 &35
35 o=l 03 s 4B S B 55 (gl gl el (gl Jled ek Y s a5 08 5 5,

Q,JJf‘al_?u'\«_c)}AlailJ_i)sn\_:;.;L;l_:ac\_?_,.géj)u_&xbgl' 5> L R

CS o Luls ma ged Cu g a5 (Wilson & Gutierrez, 1980; Wilson & Room, 1982)



Ay e G b Oy Comer b ST 0L 5 g L2d ¢

fl_dé_:ésw)ﬁlq)ugua}l olal Sy 4 g (3RS as e 5o Slﬁj
S S s oled ((Sen g paST 058 SIS 4 anb Oy Cumax gl gl
Dlads S Camar uilsls 5 0uSobn pold b b 53 e Cloesl (slads gy 3lites
Jad gl 53 a5 0 S Juad ilsl 55 4555 0% 3l 5 55 uaze (SoUthwood, 1995) anbo
o TE) ol fas (15 paisad 4y 150 3l Cu s OF (Wl 53 g peme 3 s Ol
SediaS 8@ Ol ae gl 4 LOYAY el dle 53 cus YA 5 YA el Jle s
(b Oleds sl ay5e 3 g Ol gl IS 5 b el g, sl &S
Soal sl Ly analy ol 5 By 5 4658 SIS 0sy ST sladite b gl s 3550 5
o ) G il Ik 03 S LTl e 08 S el b e
4 Lysiphlebus fabarum (Marshal) Js 5310 5503 Latd sdd olese slaars Jali:ﬁuﬂ
DS ol an byo as sz Tl pd g eds gless slaad 4 by e slaesls 1 el s

A esly Cd

il ST 550
SRS sla e ls — )

(Southwood, 1995) ,ll ! (Taylor, 1984; Southwood, 1995) ,, L5 ==l i &=
5 (Poole, 1974) - Sls 4 il ,ls s (Poole, 1974; Reich & Davis, 2000) L 50
Olards Cmmar S| 3550, (gl (Poole, 1974; Southwood, 1995) (K) o el
B s oslob ol o Odstl On g ls e 055051 (gl .S 5 eslizad 3,50 aub
A eslil S S5 glabliyl 5l edel Cows 4 P-value 5 F slie 51 Gio b sllyl
L gadal) t gelel (S L sllsl B sks b sl o Mt 03 5a51 (6 copimon
(Tsai etal., 2000) =5 5l 3 oslizul 3,50 N-1 (g3l31 (a5
t=(Slope-1)/ SEyype M
Sl bl gldax 5 sllnl b5 sks ol o b Jslre 5 540 SEgope 5 SOpE (8 52 (galal ) o

el il sl sl &8 bl 5laiil s S S5 Vol s Ll



1o YYAZ () TV Ol ol bl pazil (gaals

uﬁ;ﬂﬁ %\J_.,é o )t 3429 rJf«L: Se 9 B\ ¢C~§J,§ €l>u| Jle 53 glaesls €
A (N1 +Np)-2 633l ga s Ly 5 (F galal )t oLl G— b 5 dlew s
s IS 581 oo G asl s b ss glaesls 5.5 (Feng & Nowierski, 1992a,b)

w}f rb,;:l Jho 53 ol il o OBV 0555 Sls pme Sy g )3
t:(bl—bz)/,,SE12+SE22 M)
E) \YAY B YYAN v_P\)) dbjzjsjllfjb_)jl:} g_,an\].p g_,.:}'juszbl tgj}ﬁ 6414)‘))3
o 4SS ety bl ab e Jle s cpl s gl sllal glas o5 5 4 SE; 5 SEy
S 6, bl ol ol S S 8 350 Ol (Taylor, 1984) 55 54> 5

2B 55 sladae -0

250 s S 0o o b e 01500 By 281 sl el S8
o LBl e IOl L5l gladde SS 4 L ms s 68 G e 5 300
3 Oz 0255 33 L b Ol Comesr ST Ciille (558 liie sladde
2SS N s 2 se red 5 Balal ST OBl Ol 4 e laher 5
Sl anils 5 (gas sl S s i Sl aeme Sl S g ez | (O s i ©oF
L35 35l gl 5l dlasst pl e slabar 53 i 3 5 Y el 5l (X)) Coner
:(Poole, 1974; Southwood, 1995)

. :[axe—a} )
sz[ql_k]((k)(k+1)(k+j!) ..... ( k+x—l))(q£)x (&)

Al 5o sl sl oS g sldel S 5 X X 5 Camexr S0le A gdolae o

O3l QLA gl m sk s g= p+1,p=xX/k & gaslae jo il o (€5) € el

(08 03 e e aS Kl Sl e e ladex 53 mi 8 3 e Ol



Ay e G b Oy Comer b ST 0L 5 g L2d "

A% ed) Jﬁ—“’d 0 L;A_IQ.:‘) uu‘t_. <J‘9_j:w eJ_:.AU )—..‘ HA LS‘A—L“'?'J':
(Poole, 1974; Southwood, 1995)

NLn(1+§]—Z( Ax ]:0 (0)

K+ x

sdallie gla iyl 3 gomemn Ay 5 Smmer Sl X ges sl N (G g (galslas 3
S 9) K S S slie il e dils 33X 1 i 45 (6,13 o sed (gladls Sl gleds
ST gedimsolis (A 5l 5855 of Sop polie 5 rens (ST, (gotiasolis (A
Saslis Gl O s sy 555 03 (Poole, 1974; Southwood, 1995) Wil s Sslas
osleul N-2 gal3T ga= s L gL = Oe30 3l ol el 5 ezl 5,50 gla Sl 2
A o3l N-3 (53031 sam 3 b S e o3l 3l o (slehor 53 i 3 s s S
3= 0T olme Bl 5 T o)l 5HeslS e Oga3l 2 osdle (e (glabo 3 w35 53
i lie o5lal 55 ol 3l edal s 4 5 5 (Poole, 1974; Southwood, 1995) A eslizu

..ijf

(Ko) posos SIS sl —
Lol (5l a3 s (slagm U 55 Camaxr 580k 5K polis o &S S50 3
ot K sl (il 80k s 1 Jits K Sl ekd) ASL 316 5 g2 (5ols ne
S a3 Il (o yee GLS Saalne (5l g il B OGT Cone 0T 6l
Jdsb L.@.':Tﬁ.slj.a O e S J”Tﬁ VsV gladal )y, 5 X slis (5ols paged
B 3 ke b dsles 0 S5 b sl o 8 5 038 S5 S S5 LI Lt

{(Southwood, 1995) i 4 S
X, = X*-(S%/n) QY]
y, =S*-X v)
(45 5) 4 g0 s L ol i s 5Kl bl X pmolils bl 82 Ggs S¥slas o

Al e



A\ YYAZ () TV Ol ol bl pazil (gaals

o g s
S sagatla
gl s 5 slajasli -l

w2 5 bl 0SS e G S5 LI (6015 ) sdel s &y (slao Ll
b s sl O S s Oleds 3 plaes S s ek 050 Cumer Sl
o=l oncmad el Wl Y s s ecails s e Wl gl Jle 3 slaesls g yorms ol
(R) Crmed o 2 5 35 I3 s o)l 50 7.0 gl 3 F oliis (b Ol 51os S
Sl sl 050 &S S Olg o opl by . ils 3 VL ds s S S5 sladsles
o S At o ks e ld ay o sd anb Oleds Somerr ST 5500
LT sks ol (sln ol 3,50t e oS L s 5 AL slag, AL bl & S
o sl e 10l ot e (b Oliads Bl 5o s o e 10 mla o
03 5 la e S L sk g Ml e s 5 WL Al s s ls
2 Sl S Gl e S 4 sk S b Oleds ple 5 S -
5oy (2l Lac S 5 WU lagg, sl Comar (ES1, 8 CiS Ol o0 ol 2l
Bl g Sl e SISl ek Oleds e Coner

55 a8 sl s sl astla sl s (Y galslas) t o lel Sl siel s 4 =W
Sl N3 e god o 53 £ gema 3 Sll gl 2L 3yl Ol ks e ls b anclis
e la U aslie 53 s s 1Y Jsd) s)ls 54 ek Ol 5l (6 xS sl
syluleal gUas 5 5 oS Sl ool Cowes 40 (R) o ol sllal L2 ls s sk
2551m 03 48 S8 Ol e nl ol Y Jsix) s S 55 Sl (SB) O S5 il
o S Gt 2T 55 el iy e st anb Oty (EST, il
2l sl gl el

e do by e Slalllas o Gl sl el 4 cd ek et Do Sols
e glae i 5 (Celini & Vaillant, 2004) ey jow e i oLoab S|

))}TJ_’ ))_EM 4 )j_l—; u..a:-\..» )‘ oJu.:.w‘ w‘ ol Jd)\; (E||I0t & KleCkhefer, 1987)



Ay e G b Oy Comer b ST 0L 5 g L2d A

g;_w‘ Y W4 JZ‘)\JS/CJL;.:;;JJ‘ HJJ)JJ—:)“—«A&H &u w’.:..b QL».Q.JJ J.«S‘ﬂ
oblw g JJ.LFu BLIgSE Y pe (Zhang & Chen, 1993; Zhang et al., 1993; Pargjulee, 2002)
(Croft et al., 1976) 45 a3 o301 31 6 s b pde 5 (Nestel etal., 1995) s S 5

Ayl a5 15 O 3l eslizal w3l 55 oS 2l o S 5ks Sals gla Sy s Sl

iy e SA15 anb Ol Cilie glaes S 6l 5k S S5 la bl Y g

AVAY SOYAY olys Jle 5 Jsb 53 OB S (saakes (e @l}a 33

Table 1. Taylor's regression parameters for different natural enemies of A. gossypii in cotton
fields of Gorgan, during 2002 and 2003 growing seasons.

Natur al enemy groups b+ SE R? (Adjust) F t df
Chrysopid species (eggs) 1.42+0.073 0.884 382.5* 5.75** 50
Chrysopid species (larvae) 1.20+0.039 0.955 938.5* 5.13** 44
Chrysopid species (adults) 1.06 +0.041 0.960 657.5* 1.46 27
Efggé?d"d species (larvae and 1.42 £ 0.076 0.913 394.1 5.52+* 35
g‘(’m;e”a septempunctata 113+ 0058 0915 387.4* 2,24 36
Orius spp. 1.19+0.090 0.818 176.35* 2.11%* 39
Cecidomyiid species (Iarvae) 158+ 0.106 0.843 221.74* 547%* a1
Parasitoid (L. fabarum) 1.88+0.084 0.954 501.27%  1048** 24
Spiders 1.32+£0.235 0521 3153 1.36 28

* Table entries are significant a the level of P<0.05for Ho: b= 0
** Tgble entries are significant a the level of P<0.05 for Ho: b= 1,t = (b-1)/SE},, DF = N-1
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Table 2. lwao’s regression parameters for different natural enemies of A. gossypii in cotton
fields of Gorgan, during 2002 and 2003 growing seasons.

Natur al enemy groups p+SE R? (Adjust) F t df
Chrysopid species (adults) 1.72+0.394 0.401 19.05 1.83** 27
Coccindlid species (larvae "

and pupae) 1.74 + 0.461 0.287 14.3 1.605 35
Orius spp. -7.09+7.04 0.0003 1.01 1.149 39
Parasitoid (L. fabarum) 21.9+98 0.308 5.00* 2.13** 24
Spiders 1.16 +0.147 0.684 61.53* 1.088 28

* Table entries are significant a the level of P<0.05 for Ho: f= 0
** Table entries are significant at the level of P<0.05 for Ho: = 1, t = (B-1)/SE 3, DF = N-1
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Table 3. Percentage fit of the data of natural enemies of A. gossypii to both aggregated and
random dispersions, using three indices of dispersion, during 2002 and 2003
growing seasons in cotton fields of Gorgan.

Dispersion | ndex

Natur al enemy groups S/Mean k Morisita
Agor. Rand. Aggar. Rand. Agor. Rand.
Chrysopid species (eggs) 70.6 29.4 80.4 19.6 34.0 66.0
Chrysopid species (larvae) 8.90 91.1 244 75.6 00.0 100
Chrysopid species (adults) 10.7 89.3 258 74.2 00.0 100
Coccinellid species (eggs) 96.3 3.70 97.2 2.80 88.5 115
Coccinellid species (larvae and pupag) 64.7 35.3 735 26.5 46.7 53.3
C. septempunctata (adults) 8.10 91.9 26.3 737 9.10 90.9
H. variegata (adults) 40.0 60.0 60.5 395 25.9 74.1
Scymnus spp.(adults) 34.8 65.2 40.4 59.6 222 69.4
P. quatourdecimpunctata (adults) 40.7 59.3 51.9 48.1 16.0 84.0
Syrphid flies (larvage) 62.8 37.2 65.1 34.9 41.0 59.0
Cecidomyiid species (larvae) 76.2 23.8 83.3 16.7 69.2 31.8
Parasitoid (L. fabarum) 74.3 25.7 90.0 10.0 82.6 174
Orius spp. 65.0 35.0 67.5 325 40.0 60.0
Spiders 27.6 72.4 48.3 51.7 3.40 89.6
Total natural enemies 98.0 2.00 98.1 1.90 90.6 9.40

Agar. = Aggregated dispersion
Rand. = Random dispersion
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Table 4. P and F values of regression between aggregation index (k) (dependent variable) and
the mean density of natural enemies of A. gossypii (independent variable), and
estimated k. during 2002 and 2003 growing seasons in cotton fields of Gorgan.

2002 2003 k

C
Natur al enemy groups F P F P 2002 2003  Overall
Chrysopid species (eggs) 0295 0593 2090 0161 4850 0.942 4.76
Chrysopid species (larvae) 1820 0191 1076 0312 1396 0.819 141
Chrysopid species (adults) 1230 0293 8020 0013 1045 - -
Coccinellid species (eggs) 1590 0248 1.060 0319 0970 0.349 0.86
gsgg'e;‘d" dspecies(lavaeand 156 0671 2720 0417 3096 0599  1.30
C. septempunctata (adults) 3.520 0.830 0.653 0.428 7.141 0.624 7.52
H. variegata (adults) 0.118 0.735 2.107 0.163 8.431 0.315 6.58
P. quatourdecimpunctata (adults) - - 0570  0.457 - 0.921 -
Scymnus spp.(adults) 1033 0.004 1830 0.190 - 0.158 -
Syrphid flies (larvae) 0.053 0.820 3.060 0.095 1.155 0.145 1351
Orius spp. 3.760 0.079 0.048 0.828 1.349 2.652 2.150
Cecidomyiid species (larvae) 0.688 0.419 0.220 0.644 11.93 0.047 0.048
Paragitoid (L. fabarum) 1.440 0.264 1.390 0.259 0.247 0.038 0.037
Spiders - - 0.121 0.731 - 14.28 -
Total natural enemies 0.151 0.701 10.24 0.003 6.370 - -
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Table 5. Percentage fit of the distribution of natural enemies of A. gossypii to negative
binomial and Poisson frequency distributions, using chi-square and T-statistics
goodness of fit tests, during 2002 and 2003 growing seasons in cotton fields of

Gorgan.
Goodness of fit test
Chi-square T-statistics
Natural enemy groups Negative Poisson Negative Poisson
binomial binomial
Chrysopid species (eggs) 98.1 51.0 96.1 3.90
Chrysopid species (larvae) 100 91.1 711 28.9
Chrysopid species (adults) 96.4 100 50.0 50.0
Coccinellid species (eggs) 815 185 96.3 3.70
Coccindlid species(larvae and pupae) 94.1 471 85.3 14.7
C. septempunctata (adults) 100 89.2 59.5 40.5
H. variegata (adults) 100 70.0 62.5 375
Scymnus spp.(adults) 97.8 48.8 78.3 21.7
P. quatourdecimpunctata (adults) 100 815 88.9 111
Syrphid flies (larvae) 954 55.8 86.1 139
Cecidomyiid species (larvae) 87.8 36.6 90.5 9.50
Parasitoid (L. fabarum) 88.0 28.0 92.0 8.00
Orius spp. 90.0 45.0 90.0 10.0
Spiders 98.7 79.3 86.2 138
Total natural enemies 66.7 17.6 88.7 11.3
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