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Figure 1. Distribution map of sampling areas of date palm rhinoceros beetles in Khuzestan province
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Table 1. Indicators of fitted variographic models for spatial distribution of rhinoceros beetles Oryctes
elegans and Oryctes agamemnon in Khuzestan province

Species Model  Nugget Sill Effective C/(Co+C) RSS R?
Co (Co+C) Range
Oryctes Spherical 9.9 22.9 3.8 0.96 108.5 0.63
elegans
Oryctes Linear 9.77 35.45 3.2 0.72 107.9 0.66
agamemnon
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Figure 2. Curves of fitted variographic models for population densities of Oryctes elegans and Oryctes
agamemnon rhinoceros beetles (year 2018).
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Figure 3. Cracking maps of population distribution of rhinoceros beetles A) Oryctes elegans and B)
Oryctes agamemnon in Khuzestan province (Year 2018)
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Table 2. Indicators of correlation and overlap of ecological nests of rhinoceros beetles, Oryctes

elegans and Oryctes agamemnon in Khuzestan province

Longitude Latitude Oij Eij Zij D DI Ji
0. 0. 0. 0. 0. 0.
elegans Agamemnon elegans agamemnon elegans Agamemnon
48°24'39"E 30°1621. 76"N 0.88 0.37 0.12 0.63 0.13 0.08 0.98 0.94 0.90
48°24’48.00"E  30°1426"N 0.94 0.58 0.06 0.42 0.25 0.13 0.94 092 0.85
48°22'96.1"E  30°03’41.27"N 1.00 0.53 0.90 0.47 0.02 0.11 1.00 0.93 0.87
48°25'56.76"E  30°13'02.5"N 0.74 0.32 0.26 0.68 0.06 0.08 1.00 094 0.89
48°36'01"E 30°16'11.12"N 0.51 0.16 0.49 0.84 0.03 0.06 1.00 096 0.92
48°36"27"E 30°39'07"N 1.00 0.63 0.90 0.37 0.02 0.14 1.00 092 0.85
48°41'06"E 30°38'45"N 0.79 0.42 0.21 0.58 0.07 0.09 1.00 0.93 0.87
48°23'30.92"E  30°41'13"N 0.26 0.21 0.74 0.79 0.02 0.07 1.00 0.90 0.82
48°16'57"E 30°4425.85"N 0.43 0.37 0.57 0.63 0.03 0.08 1.00 0.89 0.1
48°12'16.58"E  30°11'17"N 0.62 0.37 0.38 0.63 0.04 0.08 1.00 092 0.86
50°10'35.06"E  30°20'41.07"N 0.81 0.21 0.19 0.79 0.08 0.07 0.99 096 0.93
50°13'07.69"E  30°42'45.66"N 0.51 0.89 0.49 0.11 0.03 0.50 1.00 0.80 0.67
48°38'16.35"E  30°36'02.84"N 0.41 0.42 0.59 0.58 0.03 0.09 1.00 0.88 0.78
48°39'37"E 31°1829.95"N 0.15 0.05 0.85 0.95 0.02 0.06 1.00 095 091
48°32'53.42"E  31°14'06"N, 0.31 1.00 0.69 0.95 0.02 0.06 1.00 0.69 0.53
48°39'56.65"E  31°10'44.25"N 0.62 0.58 0.38 0.42 0.04 0.13 1.00 0.88 0.79
48°37'03.64"E  31°19'05.98"N 0.15 0.11 0.85 0.89 0.02 0.06 1.00 091 0.83
48°39'37"E 31°14'19.48"N 0.25 0.26 0.75 0.74 0.02 0.07 1.00 087 0.77
48°37'07.40"E  31°14'06"N, 0.22 0.37 0.78 0.63 0.02 0.08 1.00 0.81 0.68
48°32'30.50"E  31°13'49.22"N 0.19 0.05 0.81 0.95 0.02 0.06 1.00 096 0.93
48°37'38.26"E  31°11'50.91"N 0.15 0.11 0.85 0.89 0.02 0.06 1.00 091 0.83
48°24"39"E 30°38'02.82"N, 0.88 0.37 0.12 0.63 0.13 0.08 0.98 0.94 0.90
48°24'48.00"E | 30°1621. 76"N 0.94 0.58 0.06 0.42 0.25 0.13 0.94 092 0.85
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Figure 4. Seasonal population fluctuation curves of two species of rhinoceros beetle, Oryctes elegans
and Oryctes agamemnon in Abadan, Shadegan, and Behbehan regions (Year 2018).
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Figure 5. Change of cross-correlation index (CCF) of two species of rhinoceros beetle Oryctes elegans
and Oryctes agamemnon during the sampling period in three regions of Abadan, Shadegan, and
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Abstract

The activity of Oryctes Hellwig (Coleoptera: Scarabaeidae) causes severe damage to date palm. In
order to study spatial distribution, 23 date palm plantations as sampling areas were selected.
Geostatistical methods were used to simulate spatial distribution models. Correlation and overlap
indices of ecological niches were calculated. To investigate the temporal distribution, a plantation was
randomly selected in Abadan, Shadegan and Behbahan areas and sampling was performed biweekly
intervals. Time series models were used to study seasonal population fluctuations. The results showed
that spatial distribution of the rhinoceros beetles, O. elegans and O. agamemnon were compatible with
spherical and linear models, respectively. The effect of the fragment was approximately the same, at
about 9.7-9.9 and variograms ranged from 3.8 to 3.2. According to the results, the relative probability
(Qij) of O. elegans in 87.5% of sampling points was higher than O. agamemnon. The overlap of
ecological niches of the two species (D) ranged from 0.94 to 1. Populations of the two species started
their activity from late February to early March. Population growth for both species continued in
spring and early summer. Population growth rate for O. elegans was more than O. agamemnon. The
maximum population densities of O. elegans and O. agamemnon were calculated in June and July
with a time difference of about one month in the two regions of Abadan and Shadegan, respectively.
In Behbehan area, the peak population density for O. elegans and O. agamemnon was almost identical,
in the second week of June. The results of this study could be used for control monitoring, designing
an integrated management program and assessment on the risk of rhinoceros beetles.
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