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1- Sequential Sampling Plans
2- Fixed-Precision Sequential Sampling Plans
3- Green
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1- Kuno

2- Sequential Sampling Stop Line
3- Wald

4- Population safe level

5- Common K (Kc)

6- Poisson
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1- Dispersion Indices
2- Taylor’s power law
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1- Iwao’s Patchiness Regression

2- Loyd mean crowding index

3- Basic contagion index

4- Density contagiousness coefficient
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i 33 gz 5 03la 5 i 53 gl sl e O S5l ot e i S 13 slinal 355e sl 5 5k
= S olS 5l eslanal a8 das o LS 5 azall Hls pae M S sde L aS 55 V0V 5 VY ) (g S
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(Anonymous, 1998; Mohiseni et al., 2007; Mohiseni et al., 2008a; Moin Namini et -, dize ;| (§ 5l Slidms

1- The resampling for Validation of Sampling Plans
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S 3ae bbb Je O S5 Jat ot el alie a3l o e )0 OF oLdb w35 al., 2000)
AQRUPRED RUW POV U s ¢J¢§ gl 03 ole fre oLl w555 a5 s g OLAS Jde (pl 5 0 1 e
5 AL Cmar 3131 sla S o301 (ke 5 5SS At b s S5 Lt ol o3Il a0l sl sden
g el ol Al o o Comes STy sl Balal b Sy ) oty Lame 53 La S ) (SS1
238 a3 aS 55 e Lol 38 oIl LalS o g ol s AL sl J:K.:J S 38l sl 51 IS s a0l
A dal g esls OLES sl re 5 ol &S gl S plad S| w55 5 4B S 1B (g S sl Bl sl
S g ekl SRl e 538 Il e x5 55 SL1s Cmer 3 a0l 45 55l5 e Ol aslsl 53 63 el

(Elliott, 1979) 3 53 osls OLi Cotl o5 oydiay 5 ran ¢ holad Consl Sae 5l

&b 3 s Ol 4 @3 r.\:S/ @U» 3 Eurygaster integriceps ;s\ pw 4 b g 0 el 5,5kt S S, slao, bl -V J g
VAF-AYAY cladla

Tablel- Taylor's power Law and Iwao's Patchiness regression statistics of over-wintered adults of Eurygaster integriceps in
rainfed wheat fields of Borujerd, during 2003-2004

. No. Log a+S,
Hodel | Year Sex Rangeof - pe Gwe R or ey
sets 0=0.05 a+Sg
Taylor 2003-2004 male 0.09-2.65 17 1.746 025" 0.66 0.12+0.08 1.05+0.2
Taylor 2003-2004 female 0.09-2.65 17 1.745 035" 0.66 0.09+0.09 1.07+0.2
Taylor 2003 female+male  0.1-5.24 16 1.753  1.04™ 0.67 0.04+0.18 1.25+0.24
Taylor 2004 female+male  0.1-5.24 17 1745 173" 0.89 0.18+0.07 1.19+0.11
Taylor 2003-2004 female+male  0.09-5.24 33 1696 175" 0.86 0.16+£0.06 1.14+0.08
Iwao 2003-2004 male 0.09-2.65 17 1.745 0.00"* 0.86 0.48+0.3 1.0£0.1
Iwao 2003-2004 female 0.09-2.65 17 1.745 02" 0.86 0.31+0.33  1.02+0.1
Iwao 2003 female+male  0.1-5.24 16 1.753  0.75"¢ 093 0.48+0.49 1.06x0.08
Iwao 2004 female+male  0.1-5.24 17 1.745 1.5™ 093 0.55+0.35 1.12+0.08
Iwao 2003-2004 female+male  0.09-5.24 33 1.696 14" 093 0.59+0.27 1.07+0.05

* n.s: B or o value was not significant different from 1.0 or o value was significant different from 1.0 at level 0.05

om el s g sbea oS S e 5 1S (el s ailaie 3 3 g Wiy Sl ulul o O es 5 slas ol

S IS e ool S sl Jde 4 o Lal 050 Ol . iles gas e3lital 55L6 ke 5l s glaesls iljly 5 oSl
e S Eolie 53 sale e plb AST a3 s ea g S8 SGade 5L Jde by e 050 S5 Bt
ke as o DL G (pl bt & 4,50k Ll (Amir-Maafi ef al., 2004) A3k s razs &yt aSline
Lol b w55 5 035m 5S55 Gde 5l B8 Ol ol alie [ 5LE Jde 53 0o S5 Ja o S0
Aib s (RY) s oy s sl 5 5500 sladde 258 5 bl el bl el 313 0L ez K0
Gt ol s 4S5 (Wang & Ship, 2001; Jones & Parrella, 1984; Southwood, 1978; Pearsall & Myers, 2000)
Gl e S 5 Jeole laesls Sos jlear .l 0l /AT 5 AT S S kU sl Jde gl
b sl e ST s o st )3 plab 4z 53 5 el 0L (LB Jue b aslis 53) slal Jie b s e
e o 3 e 3 53 53 L (B) slal 5 (B) LU mem o)Ll 53 DL 5 e 3K ool Jte ) ol
s Ly sl (ES1 gl e GOl G s a4 s SO ja 45 Wilen e VY 5N LS S

1- Clumps
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L s s palS o3l Ll U oss S e ala>dle o5 45,5 0lea (Mohiseni ef al., 2008a) Jas o OLES
L aslie 53 (B) sl maos o el o ie G oS 3 oS 3l 0L 58 o ol el ool 4Bl 2818 0 g S
S| e 53 5 das e DL I gme DMl 13 G sde b g oS (1/0Y) 6 S8 50801 w0 e o 38
Slaesls (s o e bl il 03l DL balial &) sos el 4 Al o ra &S 15 il las
Sl do b (e SO L o) 5S35 0308 a0 b slaasls 5 55l Jae b (mpm e ) S8 5308 @ by
Sl 48 55 Jde a4 by e oo (613 040 g0d Al ) WS o311 A1 L ases s lesls Ol Al
L Laeals am 53 5 sl Gl slnl dis &0 bgrse s a5 2018 o slpl ke 51 2t e e ) 5308
(35 oA Ghes slal Jde Gaios cpl 53 s S Olpe 4 @ S0ka Ll i e 0L (6 e 5310 sll Joke
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Ol g 2 cxf ¢ > Eurygaster integriceps ;3\ iyw & by Brs s U8 s glel g st sl el anslie —YJ g
VAYSAYAY gladle b s>,

Table 2- Comparison of slopes and interceps of Taylor's power Low and Iwao's patchiness regression of overwintered adults
Eurygaster integriceps in rainfed wheat fields of Borujerd, during 2003-2004

Model comparison objects teable q=0.05 tintercept tstope

Taylor 2003 /2004 2.041 0.72 " 023"
Iwao 2003 /2004 2.041 0.12"* 0.53 "
Taylor male / female 2.039 025" 0.10™*
Iwao male / female 2.039 0.38 " 0.14 "

*n.s: There were no significant difference in slopes or in intercepts between two years (2003 & 2004) or two sex (male & female)

ol Cds b gldlis (5,84 ged Jbe b
)\kai;u et Jl s L;Uhe:‘.:}a.:l.a}]}h;uw &_5?..4‘/5) L;LAULATWQ? I oylads J}J;--Lndt}yb
© b se el e glaoslel 5l cull 3 b gldlos (5,8 w50 Jdo 1 b skt opl ol 355 b odalive (gl
] '/Y c'/\o c'/\ LgUﬂ} c]a.w )L@;- L» JJ.& U’L\ )‘J_’.ou' Q.w\ ol GJL&:«.N‘ j,S J.La 9 YYAY—\YAY JL.»: 52 6[.1&@3\3
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tglie 25,8 5 aslie 5 Lol ssge /Y0 5 /Y N0 /) el Sl gl 5 5 e 5 Jsene )
05 wsal s EalS Aoy oS sl Olis B sl C)JG.M' don 53 Jgere hgsa Cond £S5 Jde 53 el 3l
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Fig.1- Kuno's fixed precision sequential sampling curves of overwintered adults of Eurygaster integriceps by use of Im” quadrat
in rainfed wheat fields of Borujerd during 2003-2004
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Table 3- Comparison of sample size between Kuno's fixed precision sequential sampling plans and common method to
estimate population density of overwintered adults of Eurygaster integriceps using 1m* quadrat in rainfed wheat fields of Bo-
rujerd, during 2003-2004

%decrease of sample size in Kuno’s Sample size based on Sample size based on
model comparison to common method Kuno’s model common method Preci-
Aver- Maxi- Mini- Aver- Maxi- Mini- Average Maxi- Mini- sion (D)
76851 9134 238 423k 5 Ti6 373.6£30. 2550 S1 0.1
76~‘!i1‘ 91.57 22.5 18‘9<i4~ 111 8 91.34£9.2 496 23 0.15
77~?i1- 94.24 25.6 9.7+£3.0 52 4 51.3£6.9 279 13 0.2
77.6x1. 92.80 30.2 6.242.2 30 2 32.945.5 179 8 0.25

RVSP 1 53p 5 5l eslitl b 45 Jba i 2!
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Table 4- Resampling results for validation of Kuno's fixed precision sequential sampling plan for overwintered adults
of Eurygaster integriceps with pre-set precision 0.119 and 0.177

Average statistics for 500 sequential sampling simulations

Sample size

Data  Observed Density Precision (D)

set density X
Average Minimum Maximum Average Minimum Maximum

0.1 0.15 0.1 0.15 0.1 0.15 0.1 015 01 015 01 015 01 015

1 0.45 043 043 010 015 0.10 013 011 017 269 120 193 79 359 180
2 1.45 143 144 006 0.09 004 005 007 0.11 83 37 71 30 97 47
3 3.10 323 321 012 017 008 0.07 016 025 40 19 27 11 55 28
4 3.95 407 405 009 014 006 009 011 0.18 33 15 27 11 41 21
5 4.90 516 516 013 0.18 008 0.08 0.16 028 27 13 20 8 37 19
6 5.50 547 548 010 0.5 005 006 016 0.26 26 12 20 8 35 17
7 6.60 672 675 011 016 006 0.06 0.16 032 22 10 17 7 28 14
8 8.00 825 845 011 016 007 006 0.15 026 19 9 15 6 23 12
9 9.75 982 988 009 013 0.05 004 011 020 20 8 14 6 20 10
Avg. 4.86 495 498 010 015 0.07 007 013 0.23 60 27 45 18 71 39

* Minimum sample sizes for two fixed level of precision D=0.1 and D=0.15 are 7 and 3 respectively

o S S 53 e SN 53 Sl 5 LS (S g e sl S s (S0 gl ) Jeol gl -0 U
YL 9 /Y eyl glas C_,Ja..a L =3 f.x:f ¢ s> Eurygaster integriceps ;3

Table 5- Resampling results for validation of Kuno's fixed precision sequention sampling plan for overwintered adults of
Eurygaster integriceps with pre-set precision 0.26 and 0.34

Average statistics for 500 sequential sampling simulations

Sample size

Data  Observed Density Precision (D)
set density Average Minimum Maximum Average Minimum  Maximum
0.2 0.25 0.2 0.25 0.2 0.25 0.2 025 02 025 02 025 02 025
1 0.45 0.44 0.46 0.22 0.28 0.19 0.20 0.25 0.34 58 35 33 17 102 63
2 1.45 1.45 1.47 0.12 0.16 0.07 0.00 0.18 0.26 18 11 13 8 26 17
3 3.10 3.34 343 0.24 0.29 0.08 0.00 0.39 0.56 9 6 4 2 17 12
4 3.95 4.15 4.25 0.19 0.24 0.03 0.00 0.32 0.45 8 5 5 3 12 8
5 4.90 5.31 5.58 0.25 0.30  0.06 0.00 048 0.58 6 4 4 2 11 9
6 5.50 5.60 5.80 0.19 0.24 0.00 0.00 0.39 0.71 6 4 4 2 9 6
7 6.60 6.86 7.02 0.22 0.26 0.05 0.00 0.50 0.76 5 3 3 2 8 5
8 8.00 8.42 8.68 0.21 0.25 0.00 0.00 0.48 0.80 5 3 3 2 7 5
9 9.75 9.90 10.01 0.17 0.20 0.00 0.00 0.33 0.52 4 3 3 2 6 4
Avg. 4.86 5.05 5.2 0.20 0.25 0.05 0.02 0.37 0.55 13 8 8 4 22 14

* Minimum sample sizes for two fixed level of precision D=0.2 and D=0.25 are 2 and 1 respectively
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Efficiency of 1x1 meter quadrat for estimating of over-wintered adults of
Eurygaster integriceps Put. (Hem., Scutelleridae)
populations in rainfed wheat field
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Abstract

This research was carried out to evaluate different aspects of one square meter quadrat size to
estimate sunn pest over-wintered adults, Eurygaster integriceps Put. (Hem., Scutelleridae) in rain-
fed wheat field of Borujerd, north of Lorestan province, Iran, during 2003 and 2004. Iwao’s
regression had higher determination coefficients (1°=0.93) and showed a better fit as compared to 1’
values calculated by Taylor's power law (1°=0.86). Iwao’s patchiness regression slope
(B=1.07£0.05) was not significantly larger than 1.0. Consequently, random dispersion pattern was
determined for over-wintered adults in rainfed wheat fields. Therefore, Kuno's fixed precision se-
quential sampling scheme based on Iwao’s parameters was constructed for overwintered adults of
E. integriceps. An additional nine independent data sets, was used to validate the fixed-precision
sequential sampling plans with resampling software of RVSP. Sample size curves indicated that
estimating over-wintered adult population in rainfed field can be accomplished with a few sam-
pling efforts when population is >2 insects per quadrat. For example only six samples need to be
taken for the over-wintered adults, on average to achieve a precision of 0.25 (De,=0.25) when
X =3 insects per quadrat. However, sample sizes increase suddenly when population density is less
than 0.3 insects per quadrat. Based on these results, 1*1m quadrat is not recommended to estimate
number of over-wintered adults in rainfed wheat field.

Keywords: over-wintered adult, Eurygaster integriceps, one square meter quadrat size, fixed precision sequential sampling, rainfed
wheat, spatial distribution
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