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Spatial distribution of Italian locust, Calliptamus italicus (Orthoptera: Acrididae)
in Khodafarin region, northwest of Iran
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ABSTRACT

Annual aggressions of Italian locust, Calliptamus italicus (Linnaeus) (Orthoptera: Acrididae) at the gregary phase cause
serious damages and reduce yields in crop production systems in Khodafarin region. Despite a long history of the pest in the
region, no sampling program has been developed for its population estimate and management. During growing season 2011,
the spatial distribution of the post-embryonic stages of this insect was studied as a major component of a sampling program.
The discrepancy of sampling data from both poisson and negative binomial distributions was investigated using Pearson’s
Chi square test. Moreover, different crowding and contagiousness indices including dispersion index (Ip), index of clumping
of David & Moore (Ipw), green index (C,), mean crowding of Lloyd (x*), patchiness index of Lloyd (l,), Arbous and
Kerich's A, Morisita index (l5) were used to strengthen the analyses. Taylor's power law and lwao's regression techniques
also were used to create a relation between means and variances. Results revealed that all stages have an aggregation
tendency. Arbous and Kerrich's A index was>2 in all samples and according to Blackith, it may suggest a combination of a
behavioral cause of aggregation as well as an environmental one.
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Table 1. Statistics of Chi square test of discrepancy from the Poison and negative binomial distributions in samples
of the 1st instar nymphs of Italian locust at different dates-Khodaafarin 2011

Sampling date

d?st?rtilgﬂtcizln Statistic May May May  June  June June  June July July July August September
5th 20th 24th 8th 18th 25th 28th  5th  16th 27th 3rd 4th
¥ -value 339.427 11290 80.61 - 12,017  23.727 - - - - -
Poison Degree of freedom 11 10 6 - 3 1
Critical value 19.68 18.31 12.59 - 7.81 3.84
Negative 2 -value 19.87° 26.76°  7.91ns - 4.04ns  4.84
binomial Degree of freedom 11 11 5 - 2 1
Critical value 19.68 19.68 11.07 - 5.99 3.84

Sl sire e ga= /o) ga= /0 Jloixl mhaw 1o o Jixe NS g e o
bl oo o [0 0 Joiol maw gy Sl polie

*, %% ng: Significant at o= 0.05 and o= 0.01 and non-significant, respectively.
Critical values are at 0.05 significance level.
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Table 2. Statistics of Chi square test of discrepancy from the Poison and negative binomial distributions in samples
of the 2 instar nymphs of Italian locust at different dates-Khodaafarin 2011

Sampling date

d?:?:;;z;zln Statistic May May May  June June June  June July July July August September
5th  20th 24th 8th 18th 25th 28th 5th  16th 27th  3rd 4th
2 -value - 22497 42.007 47.957 233547 400.07 4852 15.98 - - - -
Poison  Degree of freedom - 6 9 9 8 7 3 1 - - - -
Critical value - 1259 1692 1692 1551 1407 781 384 - - - -
i x2 -value - 7.67ns 11.17ns 14.19ns 12.99ns 4.05ns 1.66ns 2.77ns - - - -
Ei?g::i\;el Degree of freedom - 5 11 10 9 6 3 1 - - - -
Critical value - 1107 19.68 1831 1692 1259 781 384 - - - -

S ga=</o) go=1/0 Jlolmhw o s xens g3

J.....;L’Ga o[-0 JLobl @a..; 6‘)‘.’ @‘fm ﬁdl.ﬁ.a
*, ** ns: Significant at o = 0.05 and o= 0.01 and non-significant, respectively.
Critical values are at 0.05 significance level.
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Table 3. Statistics of Chi square test of discrepancy from the Poison and negative binomial distributions in samples
of the 3" instar nymphs of Italian locust at different dates-Khodaafarin 2011

Sampling date
Statistical P9

distribution Statistic May May May June June June June July July July August September
5th 20th 24th  8th 18th  25th  28th 5th 16th  27th 3rd 4th
* -value - - - 18147 1596 51.48" 77.14” 43.08" 42357 23947 - -
Poison Degree of freedom - - - 1 3 4 6 3 2 4 - -
Critical value - - - 3.84 7.81 949 1259 781 5.99 9.49 - -
. ¥2 -value - - - 546" 040ns 2.11ns 6.77ns 459ns 4.29ns 3.51ns - -
Negative
LU Degree of freedom - - - 1 3 5 6 4 2 4 - -
binomial e
Critical value - - - 3.84 781 11.07 1259 949 5.99 9.49 - -

Sl sire e ga= /o) ga= /0 Jloixl mhaw 1o s Jxe NS g e

wadl oo 0 [0 0 Jiol mlaw gl Sl polie
*, %% ns: Significant at o = 0.05 and o= 0.01 and non-significant, respectively.
Critical values are at 0.05 significance level.

Ol 595 g oo glalazgo @398 5l oLl Gle o)Lz oo 8550 (slrosls Gl ol SsSiusl SIS ga;T (sloe Lol ¥ Jgo
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Table 4. Statistics of Chi square test of discrepancy from the Poison and negative binomial distributions in samples
of the 4™ instar nymphs of Italian locust at different dates-Khodaafarin 2011

. Sampling date
Statistical png

distribution Statistic May May May June June June June  July July July  August September
5th  20th 24th 8th 18th  25th  28th 5th 16th  27th 3rd 4th

¥* -value - - - - - 54447 43107 41.68™ 1257 14.237 499 -

Poison  Degree of freedom - - - - - 2 3 4 5 3 1 -

Critical value - - - - - 599 781 949 1107 781 384 -

. x2 -value - - - - - 144ns 688ns 2.76ns 490ns 7.94" 0.61ns -

Negative

. . Degree of freedom - - - - - 1 3 4 5 3 1 -
binomial e

Critical value - - - - - 384 781 949 1107 781 384 -

Sl sire e ga= /o) ga= /0 Jloixl mhaw 1o s Jxe NS g e o

A...mbk;c o[-0 JLQ-:?‘ @a...; 5‘1.3 gs")"” ).l.bl.B.c
*, %% ng: Significant at o= 0.05 and o = 0.01 and non-significant, respectively.
Critical values are at 0.05 significance level.
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Table 5. Statistics of Chi square test of discrepancy from the Poison and negative binomial distributions in samples
of the 5™ instar nymphs of Italian locust at different dates-Khodaafarin 2011

Sampling date

Statistical

distribution Statistic May May May June June June June July July  July August September

5th  20th 24th 8th 18th 25th 28th  5th 16th  27th 3rd 4th

x* -value - - - - - - - 17.737 23317 654" 529ns -

Poison Degree of freedom - - - - - - - 2 1 2 4 -
Critical value - - - - - - - 5.99 384 599 949 -

Negative x2 -value - - - - - - - 049ns 255ns 6.58" 28.62" -
binomial Degree of freedom - - - - - - - 1 1 1 3 -
Critical value - - - - - - - 3.84 384 384 781 -

S gse g ga=c/) go= /0 Jliol mhw o lo paems g
bl o /00 Jloixl mhav gl Sl polie

*, ** ns: Significant at a = 0.05 and o = 0.01 and non-significant, respectively.

Critical values are at 0.05 significance level.

3 Ol @95 9 shie slalezgs me8 3l LIl Ele JolS (g0 520 (slaosls Blyzl oSl S yge5T slaoylel & Joor
\va-. u)).‘ﬂ los ‘6)—25435'“3 alioes 6&’@.)[3
Table 6. Statistics of Chi square test of discrepancy from the Poison and negative binomial distributions in samples of
Italian locust adults at different dates-Khodaafarin 2011

Sampling date

dSi;?rtilggtciiln Statistic May May May June June June June July July July August  September

5th 20th 24th 8th 18th 25th 28th 5th 16th 27th 3rd 4th

¥* -value - - - - - - - 102777 7.077  49.027  14.097
Poison  Degree of freedom - - - - - - - 7 2 5 4
Critical value - - - - - - - 14.07 5.99 11.07 9.49

Negative 2 -value - - - - - - - 745ns 6727 6.42ns 13507
binomial Degree of freedom - - - - - - - 8 1 6 3
Critical value - - - - - - - 15.51 3.84 12.59 7.81

Sl sire e ga= /o) ga= /0 Jloixl mhaw 1o s Jxe NS g e
ailige o100 Jliol mhw glp Gl polie

*, ** ng: Significant at = 0.05 and o = 0.01 and non-significant, respectively.

Critical values are at 0.05 significance level.

5% 9 e slbez 9o @9 5l plal Ele (g Sl 0 ggemme slaosls Gl il 5oSul S (yge3l slao,lel V' Jgox

\va- u-l)-"—‘ a3 (5 S diges it slagu b o plgy
Table 7. Statistics of Chi square test of discrepancy from the Poison and negative binomial distributions in samples
of Italian locust overall stages at different dates-Khodaafarin 2011

Sampling date

Statistical

distribution Statistic May May May June June June June July July July  August September
5th 20th 24th 8th 18th 25th 28th 5th 16th 27th 3rd 4th

¥ -value 339.427 195507 143.317 49.117 187.98" 191.43" 159.47" 98.08" 191.55" 68.13" 94.39" 14.09"
Poison Degree of freedom 11 11 10 8 9 9 8 7 10 8 7 4
Critical value 1968 1968 1831 1551 16.92 1692 1551 1407 1831 1551 14.07 9.49

13 50Negative 12 -value 19.87" 13.00ns 11.14ns 7.45ns 20.52° 17.60ns 529ns 8.98ns 16.77ns 10.62ns 9.96ns 13.50 ~
-binomial Degree of freedom 11 12 12 11 11 10 9 7 12 10 9 3
Critical value 1968 21.03 2103 1968 19.68 1831 1692 1407 21.03 1831 16.92 7.81

o

S gme e ga= /o) go=/0 Jliol mhw ol pxems g
aibige 100 Jlol mhaw gl Sl polie

*, %% ns: Significant at o = 0.05 and o= 0.01 and non-significant, respectively.

Critical values are at 0.05 significance level.
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Table 8. Taylor’s regression statistics representing spatial distribution of different stages of Italian locust, Khodaafarin, 2011

Stage n R? b +SE a+SE t-stat” P-value
1st instar 6 0.985 1.235£0.076 0.362 £ 0.054 3.1 0.036
2nd instar 8 0.972 1.204 +0.083 0.368 + 0.060 2.46 0.049
3rd instar 8 0.946 0.905 + 0.088 0.386 + 0.042 1.08 0.32
4th instar 6 0.885 1.001 +0.181 0.281 £ 0.056 0.003 0.998
5th instar 6 0.93 0.845 +£0.116 0.070 £ 0.088 1.34 0.23
Adult 7 0.962 1.106 + 0.098 0.268 £ 0.078 1.08 0.33
All stages 12 0.969 1.799 £ 0.102 -0.101 £0.081 7.86 0.0005

* Both t-stat and P-values are belonging to hypothesis test of b=1.

el S 5 s cals Bl yg03] (5l P-value polie gt 5L s

WAl 5o el o oLkl e (g ilizs Sl o (lad g8 @ bgrpe jold (Gisem S, loazalb A Jgoor
Table 9. Taylor’s regression statistics representing spatial distribution of different stages of Italian locust, Khodaafarin, 2011

Stage n R? B+ SE o+ SE t-stat” P-value
1st instar 6 0.997 1.329+0.036 0.362 £ 0.054 9.14 0.0008
2nd instar 8 0.867 1.280 £ 0.204 0.943 £ 0.816 1.37 0.22
3rd instar 8 0.470 0.720 £ 0.313 1.909 +0.478 0.895 041
4th instar 6 0.608 0.882 + 0.354 1.119 £ 0.501 0.33 0.76
5th instar 6 0.239 0.340 £ 0.303 0.862 £ 0.229 2.18 0.10
Adult 7 0.945 1513 +0.163 0.195 £ 0.317 3.16 0.025
All stages 12 0.985 1.414 +0.055 -0.181 £ 0.377 7.60 <0.0001

* Both t-stat and P-values are belonging to hypothesis test of b=1.
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Table 10. Mean, variance and aggregation indices of different stages of Italian locust at different sampling dates,
Khodaafarin, 2011

distribution Sampling date
Stage Statistic Ma) Ma! Ma! June  June  June  June  Jul Jul Jul August September
o Regular Random Clumped ‘s 30 24 ‘gin  Igih  25tn  28th s loh  2vth s ah
X 988 738 276 0I1 09 037 001 001 001
s? S%<X  S=X $>X 4675 3107 670 018 137 078 0.01 0.01 001
3 k <0 >8 0-8 217 270 159 010 172 0.22 £ © ©
£ c 022 037 058 0.8 179 059 - - -
z lom <0 0 >0 372 321 143 0.63 043 111 0 0 0
8 Ip - <123.23 >123.23 4685 416.74 240.41 161.73 1415 20895 99 99 99
2 Cy <0 0 >0 0.038 0.032 0.014 0.006 0.004 0.011 0 0 .0
g A 765 435 205 - 0.66 - - - -
— Is <1 1 >1 1.37 1.43 1.52 7.27 1.36 4.05 - - -
~ X'<p X'=p x>y 1361 1059 419 074 139 148 001 001 0.01
Ip <1 1 >1 1.38 1.43 1.52 6.76 1.45 4.00 1 1 1
X 257 685 558 522 38 099 0.2 0.06 - 0.02
s? S2< X =X S$2> X 483 21.39 1144 2209 2193 270 0.32 0.08 - 0.02
= k <0 >8 0-8 3.26 3.69 4,97 1.24 0.71 0.5 0.22 ) - ©
£ c 127 054 089 024 019 0.5 1.08 - - -
2 lom <0 0 >0 0.88 212 1.05 3.23 4,70 1.72 0.62 0.29 - -0.01
8 Ip - <123.23 >123.23 186.19 309.1 202.93 419.00 563.83 269.69 160.00 128.33 - 98.00
2 Cy <0 0 >0 0.009 0.021 0.011 0.033 0.047 0.017 0.006 0.003 - 0
= A 211 5.88 4.68 291 1.23 - - - - -
~ I5 <1 1 >1 1.34 131 1.19 1.17 221 274 421 6.67 -
~ X'<p X'=p X >l 345 897 6.63 845 855 271 082 035 - 0.01
Ip <1 1 >1 1.34 1.31 1.19 1.62 2.22 2.74  4.08 5.77 - 0.49
X 0.4 1.14 1.97 2.69 1.41 0.87 1.83 0.07
s <X  S=X S X 063 265 548 6.03 374 266 352 027
s k <0 >8 0-8 045 109 105 176 072 031 177 0.03
£ c 112 09 053 066 051 036 097 0.29
z lom <0 0 >0 057 132 178 124 165 206 092 283
3 Ip - <123.23 >123.23 155.00 229.86 275.59 222.08 262.55 302.66 190.22 387.71
2 Cy <0 0 >0 0.006 0.013 0.018 0.013 0.017 0.021 0.009 0.029
° A - 073 130 180 045 - 1.22 -
g Is <1 1 >1 2.44 1.38 1.90 1.46 217 1.98 150 47.62
~ X< X'=p X'>U 097 246 375 393 306 293 275 290
Ip <1 1 >1 2.41 2.16 191 1.46 2.17 3.36 1.50 41.36
X 0.59 1.13 1.56 2.45 1.36 0.28
S¢ S2%< X S2=X S2> X 1.64 2.38 3.72 4.23 1.81 0.43
£ k <0 >8 0-8 0.21 0.72 1.07 3.83 3.09 0.52
€ c 0.36 0.64 0.69 1.56 2.28 1.86
2 lom <0 0 >0 1.78 1.10 1.39 0.73 0.33 0.52
3 Ip - <123.23 >123.23 274.90 208.24 236.31 170.92 131.65 150.57
2 Cx <0 0 >0 0.018 0.011 0.014 0.007 0.003 0.005
g A - 0.36 1.01 2.03 1.18 0.12
~ Is <1 1 >1 4.03 1.98 1.89 1.16 1.24 291
~ X< X'=p X > 237 223 29 318 169 0.80
Ip <1 1 >1 4.01 1.98 1.89 1.30 1.24 2.86
X 0.14 0.03 0.44 0.31 0.73 1.61
S* S%<X  §%=X S2> X 0.2 005 092 062 078 123
3 k <0 >8 0-8 021 003 037 018 961 -1.34
£ c 1.47 0.91 0.84 0.57 13.16 -
z lom <0 0 >0 045 065 108 1.00 0.08 -0.24
8 Ip - <123.23 >123.23 143.14 163.67 206.00 198.03 106.45 75.65
2 Cy <0 0 >0 0.005 0.007 0.011 0.010 0.001 -0.002
= A - 0.36 - - 0.70 -
& I5 <1 1 >1 4.40 1.98 3.49 4.30 1.10 0.85
~ X'<p X'= X >l 059 068 152 131 081 137
Ip <1 1 >1 418 22.77  3.46 4.23 1.10 0.85
X - 0.01 - 0.04 0.14 - 0.09 - 4.05 0.87 2.49 1.79
s? S2< X =X $2>X - 0.01 - 0.06 0.22 - 0.14 - 15.16 1.00 6.43 1.95
k <0 >8 0-8 - 0 - - 0.20 - 0.09 - 162 450 156 19.45
c - - - - 141 - 1.01 - 0.40 5.17 0.63 10.86
= lom <0 0 >0 - 0 - 0.47 059 - 0.59 - 274 015 158 0.09
3 Ip - <123.23 >123.23 - 99 - 146.00 157.43 - 157.67 - 370.56 114.15 255.82  107.59
< Cy <0 0 >0 - 0 - 0.005 0.006 - 0.006 - 0.028 0.002 0.016 0.001
A - - - - - - - - 2.96 0.81 1.89 1.72
I <1 1 >1 - - - 16.67 3.30 - 8.33 - 119 118 163 1.05
A X<g o X'=p X>U - 0.01 - 051 073 - 0.68 - 679 102 407 2.88
Ip <1 1 >1 - 1 - 12.87 5.22 - 7.58 - 1.68 1.18 1.64 1.61
X 9.88 9.96 9.61 6.13 7.46 6.92 4.94 3.62 71.75 4.79 4.47 1.79
s* S2< X S2=X $%>X 46.75 46.73 47.47 16.17 3199 28.03 1529 11.69 3197 11.14 11.83 1.95
k <0 >8 0-8 217 2.75 2.48 3.49 1.48 1.68 1.95 1.73 2.78 3.10 2.60 19.45
c 0.22 0.28 0.26 0.57 0.20 0.24 0.39 0.48 0.36 0.65 0.58 10.86
= lom <0 0 >0 3.73 3.69 3.94 1.64 3.29 3.05 2.09 2.23 3.12 1.33 1.65 1.09
§ Ip - <123.23 >123.23 468.50 464.44 489.05 261.23 42451 401.06 306.40 319.77 408.35 230.19 261.95 107.59
o Cx <0 >0 0.038 0.037 0.040 0.017 0.033 0.031 0.021 0.023 0.032 0.013 0.017 0.001
A 7.65 7.89 6.50 4.70 3.49 4.87 3.00 2.47 6.06 4.12 3.74 1.72
Is <1 1 >1 137 1.36 141 127 1.12 1.44 1.42 161 1.02 1.27 1.37 1.05
A X'<u X'=p X >u 13.61 13.65 1355 7.77 10.75 9.97 7.03 585 10.87 6.12 6.12 2.88
Ip <1 1 >1 1.38 1.37 141 1.27 1.44 1.44 1.42 1.62 1.40 1.28 1.37 1.61

* See the text for indices (see the materials & methods).
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