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Introduction

Abstract

This study was conducted during 2013-2014 to determine the dominant species and
behavior of termites foraging in date palm orchards in Khuzestan province, Iran.
Starting in early March, the ‘cluster random sampling’ method was used within sixty-
five sampling plots. Termite species were sampled by breaking open mud tubing and
collecting different castes, then bringing them to the laboratory for identification
using the scientific keys. Glass microscope slides of different body parts, especially
the labium, maxillae, palps, mandibles, labrum, and clypeus. The Simpson Diversity
Index was used to determine the level of dominance. Results showed three species
of termites, Microcerotermes diversus Silvestri, Microcerotermes buettikeri Chhotani
and Bose and Amitermes vilis Hagen, all family Termitidae, are active in Khuzestan
date palm plantations. Microcerotermes diversus was dominant with a correlation
coefficient 0.997 and 8.87, respectively. Seasonal population fluctuations of workers,
nymphs, soldiers and winged castes had several peaks over the years. According to
Kriging map spatial distribution, four geographic severity groupings for M. diversus
can be considered. These groups include low, medium, and high risk, and hotspot
infestation geographic regions, with severity indices of 2.3 to 3.96, 3.97 to 4.82, 4.83
to 5.68, and 5.96 to 6.53, respectively.

diversity of this province is affected by termite fauna in
nearby geographic areas such as Persian Gulf and Oman

Several species of termites cause damage in date palm
plantations in different regions of the world. Twenty-five
species of termites (Isoptera: Termitidae) cause damage to
wood tissue of date palm trees (Al-Jboory, 2007). Studies
show that both temperature and rainfall affect the termite’s
geographical distribution. That’s why termites are generally
spread between 45 and 50 degrees north and south latitude.
Therefore, most species of termites are found in tropical and
subtropical regions (Sands, 1992). Iran has variety of climates.
Southern and southeastern of Iran have desert climate based
on Emberger classification and their ecological conditions are
similar to the Arabian Peninsula and southwestern Pakistan
(Yousof, 2010). Khuzestan province in the southwest is
one of Iran’s warmest provinces. This province has suitable
climate for the growth and development of termites. Termite

ISSN: 0361-6525

Sea countries including Iraq, Saudi Arabia, Kuwait, Oman,
Bahrain, Qatar, and the United Arab Emirates (Pearce, 1997).
Termite distribution has been studied in Iran, Iraq, and the
Arabian Peninsula. There are similar species in these countries
as are found in Khuzestan Provence (Badawiet al., 1987,
El-Shafie, 2012). Microcerotermes diversus Silvestri and
Psammotermes rajasthanicus Roonwal and Bose have been
reported from all areas with date palm plantations of Iran and
Chababhar, respectively (Ghauryfaret al. 2005).Termites from
the genera Coptotermes, Psammotermes, Bellicostitermes, and
Anacanthotermes ochraceus Burmeister have been reported
from Mauritania and Libya, respectively (Pearce, 1997).
Odontotermes nilensis Emerson, Odontotermes smeathmani
Fuller, and Odontotermes obesus Rambur have been reported in
date palm orchards in northern Sudan. Amitermes desertorum
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Desneux and Psammotermes hybostoma Desneux from Egypt,
O. obesus from India, and M. diversus from Saudi Arabia
and Iraq have been reported in date palm orchards (Engel &
Krishna, 2004).

According to other studies, caste densities of different
species of termites fluctuate during the year depending on
needs of for different castes, and also due to environmental
conditions (Ghauryfar, 2005). Spatial and temporal knowledge
ofthe pest’s population dynamics are essential to development
of IPM programs in each region over time. So that, the pest
management professionals can be applied IPM offers as
quickly as possible and with low cost (Rad & Latifian, 2005).
The objective of this research was to determine the dominant
date palm termite species and their spatial and temporal
distribution of in date palm orchards of Khuzestan province,
Iran, based on viewpoints of integrated pest management.

Materials and Methods

Location sampling time.

Sampling of date palm termites was done from March
when air temperature increased in date palm orchards. The
‘regional’ or ‘cluster’ random sampling method was applied
(Latifian & Solymannejadian, 2002). This sampling method
was selected because the overall date palm sampling ‘society’
was too large. The geographical distribution of society members
was such that sampling was not possible from all date palms
due to resource constraints. Therefore, sampling societies
were plotted, and a 1.0-ha date palm orchard was randomly
selected within each society plot. According to previous
studies, the number of necessary 1.0-hasampling plots was
65. A date palm garden was randomly selected and marked
in each plot, then sampling was done at specific time intervals
throughout the season (Latifian and Solymannejadian, 2002;
Latifian & Zare, 2004). Fifteen date palm trees were selected
randomly in each 1.0-ha orchard and severity of termite
infestations were estimated (Table 1).The infestation index in
each date palm orchard was estimated by using Equation 1:

Infestation index = a2 +2b + 3¢ +4d
15

In Equationl, a, b, ¢, and d were the number of trees
with infestation severity 1, 2, 3 and 4, respectively. The frond
mid rib or petiole is triangular in cross section with two
lateral angles and one dorsal (Fig 1). Dead old fronds are not
shed naturally, but remain attached to the mother palm and
are usually removed by farmers during pruning (Nixon &
Wedding, 1956). The symptoms of the injuries were recorded
as a biological index for pest activity level. All eight locations
annotated on the date palm tree in Figure 1 were evaluated for
termite injury, with damage severity ratings based on codes
provided in Table 1.

The different termite species castes were sampled
by destruction of muddy channels on date palm trees. The

Fig 1. Diagram showing the morphology of date palm: (1) aerial
roots, (2) trunk or stem, (3) fruit bunch, (4) leaf or frond, (5) leaflet,
(6) crown, (7) scars at frond base or petiole, and (8) basal offshoot
(Source: Oihabi, 1991).

samplings were done on base of petioles on the trunks of
date palm because the maximum of channels termites were
observed there. Then collected termites were transmitted into
a container containing 80% ethanol by using a finer brush
and requirements specification such as the name and date
of collections were recorded on them (Longan & El Bakri,
1990). In addition, seasonal population fluctuations of different
castes and their frequency relative to the total population were
evaluated. Also, the dominant termite species were studied
by similar sampling methods in date palm orchards located in
areas within Longitudes 48°34° to 48°39’ East, and Latitudes
31°14’ to 31°19° North, every 15 days during the year.

Identification method

Some glass microscope slides were prepared for different
parts of the termite body including mandibles, antennae, and
labium. Termites were dissected using a subtle needle and then
boiled in 10% KOH solution in water bath for 5 minutes. Then

Table 1. Estimation of termite infestation severity.

Infestation Severity Selective Code Infestation %

None 0 0
Low 1 1-25
Medium 2 26-50
High 3 51-75
Hot Spot 4 76-100
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slides were autoclaved for one week at 50°C. Termite parts were
measured by using a microscope with an ocular micrometer,
and compared using identification keys (Longan & El Bakri,
1990; Strewart & Zalucki, 2006; Habibpouret al., 2010).

Dominant species determination.

The correlations between total termite populations and
the relative density of each species were calculated. For this
purpose, the total and individual termite species population
density were estimated in each area by sampling of 15 date palm
trees as-utilizing previous methods (Varely & Gradwell, 1963).

Equation 2: X=x +x,+....+x_

In Equation 2, X= total termite species population
density, x =individual termite species population density. The
species with greater correlation coefficient was designated as
the dominant species in the region. Simpson Diversity Index
was used for determining dominance. D is calculated by
Equation 3 in an unlimited society (Zhang, 2016).

Equation 3: D =3P *
Distribution models

Geostatistical methods were used for simulating
distribution models. Geostatistical method is based on the
spatial variables theory (Story & Congalton 1994; Wright
et al.,, 2002). Spatial correlation between samples can be
described as a mathematical model known as the variogram
(Ellbsuryet al., 1998). If it is assumed that the total number
of each pair of samples N (h) located at the distance h, then:

LS z6)-26 v
— x)-Z(x +
AN(h) 5

}?(h) is called ‘semi-variance’ in the above equation.
The values of semi-variance are plotted on the vertical axis
for different distances to select the best models. The obtained
curves drawn by this method known as variograms (Journel
et al., 1978). Some variogram models (eg., Gaussian and
spherical) had limited threshold levels, and others such as
linear models did not. This means that variogram values
were increased by increasing distance between samples (h)
but not to a fixed extent (Katheriene, 2001). The distance
after which semi-variance is constant is known as range of
effects and is shown by R. The effect range is interval more
than it; samples are independent and not affected to each
other. This parameter determines the characteristic correlation
and allowable interval sampling distance, and therefore
the lag distance at which the semi-variogram (or semi-
variogram component) reaches the ‘sill’ value. Presumably,
autocorrelation is essentially zero beyond the range. Most of
variograms don’t show rapid changes at very short distances,
so much semi-variance is not zero at the base of avariogram
curve. So, in theory the semi-variogram value at the origin
should be zero. If it is significantly different from zero for
distance very close to zero, then this semi-variogram value is
referred to as the ‘nugget’. The nugget represents variability

Equation 4: y(h) =

at distances smaller than the typical sample spacing, including
measurement error (Goovaets, 1997).

The variogram model parameters can be used
to estimate the distribution of insects. All interpolation
algorithms estimate the value at a given location as a weighted
sum of data values at surrounding locations. Almost all assign
weights according to functions that give a decreasing weight
with increasing separation distance. Kriging is a commonly
used method of interpolation (prediction) for spatial data. The
data are a set of observations of some variable(s) of interest,
with some spatial correlation present (Katheriene, 2001).

Results and Discussion

Termite Species Dominance.

Three species of termites were collected from date
palm orchards of Khuzestan province in Iran that all of
them were from Termitinae (Termitidae). These species were
Microcerotermes diversus Silvestri, Microcerotermes buettikeri
Chhotani and Bose, and Amitermes vilis Hagen (Blumberg
2008; Carpenter & Elmer, 1978; Yousof, 2010).

Correlation coefficients between the relative abundance
of each species with a total population of termite’s species and
their dominance index were calculated based on Equations 2
and 3 in each studied area that the results showed in Figure 2.

According to Figure 2, M. diversus with correlation
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Fig 2. Correlation between the relative densities of each species with
the total density.

coefficients and dominant index species 0.997 and 8.87 was
introduced as the dominant species. Other species M. buettikeri
and A. vilis were the second and third priority respectively.
Twenty-two species of termites were reported in date palm-
rich countries in Persian Gulf littoral (El-Shafie, 2012). One or
more species have been dominant despite the several reported
species that active in each region. Heferotermes aethiopicus
Sjostedt is the have maximum frequency species in United
Arab Emirates (Kaakeh, 2006). Twelve species, 6 genera and
3 families were reported from date palms orchards of Saudi
Arabia but termites of the genus Microcerotemes were have
maximum frequency (Faragalla & Al Qhtani, 2013). More
than 45 percent of infections were related to M. diversus in
date palm orchards of Iraq (Ali, 2007).
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Seasonal Population Fluctuation of Dominant Species.

Fluctuations in populations of workers had two periods
abundance during the year. The first period started from late
March and continued to late May, and its peak was in late April.
The second period started from late June and continued to early
April of next year, and its peak was in late December. Nymph
population also has four peak periods over the years. The first
period lasted from late May to early August and had its peak in
late July. The second period lasted from early August to early
October and the peak was in late September. The third period
started from early October to late November and its peak was
in early November. The fourth period started from late October
to late November and its peak was at early December (Fig 3).
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Soldiers had the lowest population density in their
colonies. Soldier number peaks corresponded with the peak of
reproductive caste. Swarmer population fluctuations had four
peak periods over the years. The first peak period started from
early June to late September. The second period continued
from late October to early December and peaked in late
November. The third period started from early December,
peaked in late December, and continued to early January.
The fourth period started from early January, peaked in late
January, and continued through late February (Fig 3).

The dominant species castes including alates, nymphes,
soldier and worker had different fluctuations over the years in
the two studied areas. The worker caste was more frequent
in most cases. But the highest percentage of the population
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Fig 3. Seasonal variation of population density of various castes of dominant species termite in Khuzestan date palm orchards.
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is over 90% of total population in the spring. Abundance of
some castes including alates, nymphes and soldier decreased
to near 0% during the year. The frequency percent of nymphs
and alates decreased to less than 5% at the beginning of spring
and during the summer, respectively (Fig 4).

Geographical Distribution.

Geographical distributions of three dominant species in
Khuzestan date palm orchards are shown in Figure 5. Results
showed that M. diversus had the greatest maximum range
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Fig 4. Percent of the population abundance of castes dominant
termitespecies in Khuzestan date palm orchards.

of distribution in the most date palm gardens in Khuzestan
province. Microcerotermes buettikeri is distributed in the
south and southwest of Khuzestan province, including
Abadan, Khorramshahr, Shadegan, Sosangerd, and Azadegan
counties. Amitermes vitis had limited distribution in Abadan
and Arvandkenar counties.

The variogram of distribution M. diversus severity
as dominant species were calculated based on spherical,
exponential, linear, and Gaussian to sill models. Based on
results (Table 2), spherical model of severity distribution was
the more suitable fit than other models. The nugget effect of
the sampling was 0.82 for geographic distances, which was a
less effect than sampling intervals. Variogram effective range
was 53.5 kilometers. This distance means that there is little
correlation between the termite damage severity data when
sampling intervals were more than this threshold level.

Table 2. Distribution Variogram models of date palm termite M.
diversus severity.

Model E. range  Sill (c;tc)  Nugget R’
Spherical 53.5 1.19 0.22 0.85
Exponential 24.7 1.17 0.0006 0.45
Linear 78.9 1.22 0.69 0.41
Linear to Sill 42.7 1.19 0.29 0.29
Gaussian 72.57 1.18 0.34 0.28

This parameter showed the relationship between the
density of date palm trees and injury severity by termites
dates indicated in each area. Sill was 1.19, which indicates
the aerial coverage ratio of date palm orchard areas by M.
diversus. Variograms showed that there was a suitable trend
for termite injury severity of this termite at the regional and
local levels. The nugget effect was 0.2, which indicates that
termite damage estimation error was extremely low by this
model. Based on the model, four categories of termite injury
severity were considered for regional control management
planning in date palms orchards in Khuzestan province.

M. buettikeri Lossan A Vitis

Khvozestan_Drovince

Fig 5. Geographical distribution of termite species indate palm orchards of Khuzestan province, Iran. Green =M. diversus, Blue=M. buettikeri,

Orange=A. vitis
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The first pathosystem included low-risk areas, where injury
indices varied between 2.3 to 3.96. Termite injury to date
palms was tolerable in this region. The second pathosystem
included medium-risk areas where injury indices varied from
3.97 to 4.82. The termite injury can be reduced to a tolerable
level by good horticultural management in this region. The
third pathosystem included high-risk areas where injury indices
varied from 4.83 to 5.68. Chemical control measures are
necessary in these regions. The fourth pathosystem included
the main foci injury areas injury indices varied from 5.69 to
6.53. Fine adjustment of monitoring a control program against
termites is of utmost importance in this region (Fig 6).
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Fig 6. Kirging map of dominant termite species basedon severity
index in Khuzestan province of Iran.

The cluster random sampling method has been used
for studying the distribution of many species of termites in
different parts of the world (Bankhead-Dronnet et al., 2015;
Scheffrahn et al., 2016). In one study, the spatial distribution
of Syntermes spp. simulated by using geostatistical methods
in the Credo (Brazilian savannah), which has a sampling
error was less than 5%. This methodology was successfully
applied for the pest management plan of this termite in
eucalyptus plantations (Santos et al., 2016). The distribution
of Nasutitermes spp. was successfully estimated by the same
method in Gran Sabena of Venezuela (Carmen, 2007). Termite
distribution and diversity in a given area is relevant in the
planning of effective termite control measures and the choice
of termiticide to use to manage the infestation (Acda, 2013).
The findings of this research are applicable to management of
dominant termites in date palm gardens of Iran.

References

Acda, M. N. (2013). Geographical distribution of subterranean
termites (Isoptera) in economically important regions of
Luzon, Philippines. The Philippine Agricultural Scientist, 96:
205-209.

Ali, A. S. A. (2007). The influence of climatically factors on

special and temporal distribution of main date palm pest in Iraq.
The 4th Date Palm Symposium. Hafof, KSA. May 5-7, 2007.

Al-Jboory, 1. J. (2007). Survey and identification of the
biotic factors in date palm environment and its application for
designing IPM-program of date palm pests in Iraq. University
of Aden Journal of Natural and Applied Sciences 11: 423-457.

Badawi, A., A. A. Faragalla, & H. Al-Kadi (1987). Identification
of termites of Saudi Arabia. Arab Gulf Journal of Scientific
Research B 5: 185-198.

Bankhead-Dronnet, S., Perdereau, E., Kutnik, M., Dupont, S.,
& Bagnéres, A. G. (2015). Spatial structuring of the population
genetics of a European subterranean termite species. Ecology
and Evolution, 5: 3090-3102.

Blumberg, D. (2008). Review: Date palm arthropod pests and
their management in Israel. Phytoparasitica, 36 (5), 411-448.

Andara, C., & S. Issa (2007). Distribution of Nasutitermes
(Insecta: Isoptera) mounds in the Parupa region, Gran
Sabana, Bolivar State, Venezuela. Annual meeting of the
Entomological Society of America, Poster D0582. December
12, 2007.

Carpenter, J. B., & H. S. Elmer (1978). Pests and diseases of
the date palm. Agricultural Research Service Handbook No.
527.42 pp). Washington, DC: United States Department of
Agriculture.

Ellsbury, M. M., W. D. Woodson, S. A. Clay, D. Malo, J.
Schumacher, D. E. Clay, & C. G. Carlson (1998). Geostatistical
characterization of spatial distribution. Environmental
Entomology, 27: 910-917.

El-Shafie, H. A. F. (2012). Review: List of arthropod pests
and their natural enemies identified worldwide on date palm,
Phoenix dactylifera L. Agriculture and Biology Journal of
North America, 3:516-524.

Engel, M. S., & K. Krishna (2004). Family-group names for
termites (Isoptera). American Museum Novitates, 3432: 1-9.

Faragalla, A.A, & Al QhtaniM, H. (2013). The Urban termite
fauna (Isoptera) of Jeddah City, Western Saudi Arabia fe
Science Journal, 10: 1695-1701.

Ghayourfar, R. (2005). Three new species of termites from
Iran. Zoology in the Middle East, 34: 61-66.

Goovaerts, P. (1997). Geostatistics for Natural Resources
Evaluation. Oxford University Press, 483 pp.

Habibpour, B, Ekhtelat, M, Khocheili, F & Mossadegh, M.
S. (2010). Foraging Population and Territory Estimates for
Microcerotermes diversus (Isoptera: Termitidae) Through
Mark—Release—Recapture in Ahwaz (Khouzestan, Iran). Journal
of Economic Entomology, 103: 2112-2117.

Journel, A. G., & C.J. Huijbregts (1978). Mining Geostatistics.
Academic Press, Inc., 599 pp.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiAqpmGqvbTAhUQYVAKHZj8AfcQFgguMAM&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FAmerican_Museum_Novitates&usg=AFQjCNGIfI-kTkcVi6bbkZ4dyL88MofxEA

30

M Latifian, B Rad, B Habibpour — Termites of Iranian date palm orchards

Ricci, A. K. (2001). Geostatistics using SAS®Software.
Owen Analytics, Inc. Paper 279. Deep River, CT. 6 pp.

Kaakeh, W. (2006). Relative abundance and foraging intensity
of subterranean termites in date palm plantations in Abu
Dhabi Emirate, the UAE. Emirates Journal of Food and
Agriculture, 18: 10-16.

Katherine. A. R. (2001). Geostatistic using SAS®software
Own analytic inc. Deep.River, CT. 6pp.

Krige, D. G., & E. J. Magri. (1982). Studies of the effects of
outliers and data transformation on variogram estimates for a
base metal and a gold ore body. Mathematical Geology, 14:
557-564. doi: 10.1007/BF01033879.

Latifian, M., & E. Solymannejadian (2002). Study ofthe lesser
moth Batrachedra amydraula (Lepidoptera: Batrachedridae)
distribution based on geostatistical models in Khuzestan
province. Journal of Entomological Research, 1: 43-55.

Latifian, M., & M. Zare (2004). The forecasting model of The
Date Lesser moth (Batrachedra amydraula) based on climatic
condition. Journal of Agriculture Science, 2: 27-36.

Longan, J. W. M., & A. El Bakri (1990). Development
report, termite damage to date palms (Phoenix dactylifera L.)
in Northern Sudan with particular reference to the Dongola
district. Tropical Science, 30: 95-108.

Nixon, R. W., & R. T. Wedding (1956). Age of date leaves in
relation to efficiency of photosynthesis. American Society for
Horticultural Science Proceeding, 67: 265-269.

Oihabi, A. (1991). Effect of vesicular arbuscular Mycorrhizae
on Bayoud disease and date palm nutrition. Ph-D thesis at the
University of Marrakech,199 pp.

Pearce, M. J. (1997). Termites: Biology and Pest Management.
CAB International, Wallingford, UK. Oxford University
Press, Oxford and New York,192 pp.

Rad, B. & M. Latifian (2005). Identification, distribution,
and importance degree of date palm injurious termites and
study of the population fluctuation of dominant species in
Khuzestan province. Agricultural Scientific Information and
Documentation Centre, Agricultural Research and Education
Organization, ran. http:// agrisis.areo.ir/ HomePage.aspx?Tab
ID =15589&Site= agrisis. areo&Lang=en-US

Sands, W. A. (1992). The termite genus Amitermes in Africa
and the Middle East Natural Resources Institute Bulletin,
51:40 pp.

Scheffrahn, R.f H., Hochmair, H. H., Francesco Kiecek,
T., J.an, Su, N, Yao Fitzgerald, P., Hendricken, K.ieran,
Chase, J. A., Mangold, J. & Olynik, J. (2016). Proliferation
of the invasive termite Coptotermes gestroi (Isoptera:
Rhinotermitidae) on Grand Cayman and overall termite
diversity on the Cayman Islands. Florida Entomologist, 99:
496-504.

Santos,A., J. C. Santos, & J. R. Cardoso (2016). Sampling of
subterranean termites Syntermes spp. (Isoptera: Termitidae) in
a eucalyptus plantation using point process and geostatistics.
Precision Agriculture, 17: 421-433.

Strewart, A. D. & Zalucki, M. P. (2006). Developmental
pathways in microcerotermws turneri (Termitidae: Termitinae)
Biometrics descriptors of worker caste and instar. Sociobiology,
48: 727-740.

Story, M. & R. G. Congalton (1994). Accuracy assessment:
A user’s perspective: L. K. Fenestermaleer (Editor). Remote
sensing thematic assessment. American society for photo-
grammetric and remote sensing, 257- 259 pp.

Varely, G. C. & G. R. Gradwell. (1963). The Interpretation
of Insect Population Change. Proc-Ceylon. The American
Association for the Advancement of Science, 18: 471-477.

Wright. R. J., T. A. Devries, L. J. Young, K. J. Jarvi, &
R. C. Seymout. (2002). Geostatistical analysis of small-
scale distribution of european corn borer (Coleoptera:
Chrisomelidae) larvae and damage in whorl stage corn.
Environmental Entomology, 31: 160-167.

Yousof, D. E. (2010). Insect and mite pest species and some
insect natural enemies on date palm in the Northern State,
Sudan. MSc. Thesis, Sudan Academy of Sciences, Khartoum,
Sudan.

Zhang, Z. (2016). Estimation of Simpson’s Indices, in Statistical
Implications of Turing’s Formula. John Wiley and Sons, Inc.,
Hoboken, NJ, USA. doi: 10.1002/9781119237150.ch2




