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ABSTRACT: Bionomics of two-spotted spider mite, Tetranychus urticae Koch, and its egg 
predator Scolothrips longicornis Priesner was studied in the southeast of the Tehran 
province, Varamin from 11th July to 22th September 2010 on six bean cultivars including 
Goli, Akhtar, Sadaf, Parastoo, Talash and Baker. The mean population densities of the 
overall life stages of T. urticae and S. longicornis per leaf on Goli (36.27 and 2.87, 
respectively) were significantly more than other cultivars. The spatial distribution of T. 
urticae and S. longicornis was determined by the following four methods: index of 
dispersion, Lloyd's mean crowing, Taylor's power law and Iwao's patchiness regression, 
whereas Morisita's coefficient of dispersion was calculated for T. urticae on different crops. 
The index of dispersion, Morisita's index and Lloyd's mean crowding indicated an 
aggregated pattern for spatial distribution of this mite and their predator on all bean 
cultivars. The spatial distribution pattern of T. urticae and S. longicornis using Taylor's 
power law and Iwao's patchiness in most cases was aggregated and in few cases random. 
The linear regression between the predator and prey population densities indicated a 
density-dependant predation by S. longicornis on T. urticae. Spatial distribution 
parameters of two-spotted spider mite and its predator can be used to outline a sampling 
program, estimate population density of these mites and efficiency of the predator for using 
in IPM programs. 
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Spider mites (Acari: Tetranychidae) are wide-spread agricultural pests, which 
often cause severe damage on a cultivar of annual and perennial crops (Gerlach & 
Sengonca, 1986; Han et al., 2003; Jung, 2005; Jung et al., 2005). This species is 
adapted to various environmental conditions and distributed worldwide. T. 
urticae feeds using a piercing-sucking process that leaf cells to turn whitish or 
yellowish spots. Currently, natural enemies of spider mites are employed to avoid 
increase of these pests in both indoor and outdoor environments. Acarophagous 
ladybird beetles (Obrycki & Kring, 1998; Mori et al., 2005; Taghizadeh et al., 
2008a,b), predatory anthocorids (Coll & Ridgway, 1995; Funao & Yoshiyasu, 
1995; Cocuzza et al., 1997; Kohno & Kashio, 1998; Gitonga et al., 2002), and 
predatory mites (McMurtry & Croft, 1997; Marisa & Sauro, 1999) have received a 
great deal of research particularly on their impact on spider mites populations, 
but little attention has been paid to predatory thrips (e.g., Nakagawa, 1993; 
Kishimoto, 2003; Gotoh et al., 2004a,b). Scolothrips longicornis Priesner 
(Thysanoptera: Thripidae) is native to Iran (Pakyari et al., 2009) and also has 
been reported from many countries such as India, Turkey, Iraq and North 
America (Priesner, 1950; Gilstrap & Oatman, 1976). This species is common on 
bean (Aydemir & Toros, 1990), cucumber and eggplant (Pakyari and Fathipour 
2009) and is an important predator of numerous spider mite species, so it is a 
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good candidate for biological control of these mite pests (Aydemir & Toros, 1990; 
Chazeau, 1985). 

Estimating the population density of arthropods is the cornerstone of basic 
research on agricultural ecosystems and the principal tool for building and 
implementing pest management strategies (Kogan & Herzog, 1980). At this 
estimating plan, the reliable sampling program conducted at specific times using 
a suitable sampling technique with a given sampling unit and sample size all 
based on the spatial distribution characteristics of the pest population (Pedigo & 
Buntin, 1994). 

Quantitative knowledge about spatial distribution of a prey and predator is 
important to evaluate a natural enemy potential to reduce its prey density and 
system's persistence (Slome & Croft, 1998). Understanding spatial distribution is 
a prerequisite for ecological and behavioral studies (Faleiro et al., 2002), learning 
of population dynamics (Jarosic et al., 2003), binomial sampling (Binns & 
Bostanian, 1990) and population growth evaluation (Jarosik et al., 2003). 

There are various studies that described the spatial distribution and 
population density of T. urticae. Aggregative spatial distribution of T. urticae was 
reported in different crop such as soybean (Sedaratian et al., 2008), bean 
(Ahmadi et al., 2oo5; Mehrkhou et al., 2008), strawberry (Greco et al., 1999), pear 
(Takahashi et al., 2001) and apple (Slone & Croft, 1998), but no studies were 
found about the spatial distribution of predatory thrips, Scolothrips longicornis 
on T. urticae. Takahashi et al. (2001) evaluated the role of the predatory thrips S. 
takahashii Priesner in an experimental pear orchard primarily to improve a new 
IPM program for the control of spider mites. 

The aim of this research is to determine the population density and spatial 
distribution pattern of T. urticae and its predator S. longicornis and interaction 
between them on bean cultivars. The results of this study can be used to improve 
the management program of T. urticae on bean. This plan is critical to develop 
and optimize reliable sampling plans, monitor methods and control of mites for 
establishing IPM strategies on this crop. 
 

MATERIALS AND METHODS 
 
Experimental design 

A screening trial was conducted from July to September 2009 to examine the 
population trend in T. urticae and its predator S. longicornis at experimental field 
at the southeast of the Tehran province, Varamin. Six bean cultivars including 
common bean Phaseolus vulgaris L. var. Talash; lima bean P. lunatus L. var. 
Sadaf; P. acutifolius var. Akhtar; P. coccineus var. Baker; Aduki bean P. 
calcaratus Roxb var. Goli and cowpea Vigna sinensis L. var. Parastoo were 
planted in a randomized complete block design in field. 
 
Sampling program 

The sampling method is random collecting so that every sampling unit has an 
equal chance to be chosen (Pedigo and Buntin, 1994). In this study, different life 
stages of T. urticae and S. longicornis colonized on the under-surface of leave 
thus one leaf of bean was selected as a sampling unit. The leaves were selected 
randomly and the number of different life stages of T. urticae and S. longicornis 
were measured by counting the number per leaf using a stereomicroscope in the 
laboratory. The sampling was conducted once a week from 11th July to 22th 
September 2010 at 8-12 A.M. 
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For determining the sample size, primary sampling with 60 samples unites of 
different bean cultivar was taken on 4th July 2010. The relative variation (RV) was 
calculated to compare the efficiency of various sampling methods (Hillhouse and 
Pitre, 1974) as: 

RV = (SE/m) 100 
where SE is the standard error of the mean and m is the mean of primary 
sampling data. The reliable sample size was determined using the following 
equation: 

N = (ts/dm)2 
Where N = sample size, t = t-student, s = standard deviation, d = desired fixed 
proportion of the mean of the mean and m = the mean of primary data (Pedigo & 
Buntin, 1994). 

The mean density of total life stages of T. urticae and S. longicornis were 
statistically analyzed using ANOVA and compared among different bean cultivars 
within each sampling data and overall dates. 
 
Response of S. longicornis to the population density of T. urticae 

A linear regression analysis of the mean density of S. longicornis versus mean 
density of T. urticae was used to qualify the interaction between these two species 
on different cultivars of bean. If (b = 0) the linear regression among two variable 
is not significant, in reality the predator's response to its prey density is density 
independent. If the regression is significant where b < o, the predator's response 
is inversely density dependent however, if b > 0, this predator's response is 
density dependent. 
 
Spatial distribution  

The spatial distribution of T. urticae and S. longicornis was determined by the 
following four methods: index of dispersion, Lloyd's mean crowing, Taylor's 
power law and Iwao's patchiness, whereas Morisita's coefficient of dispersion was 
calculated for T. urticae on different crops. 
 
Index of dispersion 

Dispersion of population can be classified by calculating the variance to mean 
ratio as follows:                                                  

S2/m > 1 Aggregated 
S2/m = 1 Random 
S2/m < 1 Regular 

Departure from a random distribution can be tested by calculating the index 
of dispersion (ID), that n is the number of samples:  

ID = (n-1) S2/m 
The Z coefficient should be calculated to test the goodness-of- fit: 

)12(2 vIZ D
 

 
Where v is degree of freedom (n-1). 

If 1.96 Z -1.96 the spatial distribution will be random whereas if Z < -1.96 
or Z > 1.96 it will be uniform and aggregated, respectively (Pedigo and Buntin, 
1994). 
 
Taylor's power law and Iwao's patchiness regression 

The Taylor's power law a function between the variance (S2) and the sample 
mean (m) as follows: 
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S2 = amb 

where S2 is the variance; m is the sample mean; a is a scaling factor related to 
sample size and b measure the species aggregation. If b = 1, <1 or >1, the 
distribution is random, regular and aggregated, respectively (Taylor, 1961). 

By using a log transformation, we can calculate the coefficients with linear 
regression as: 

Log (S2) = Log (a) = b Log (m) 
where a and b are the parameters of the model, which were calculated by 
linearzing the equation by a log-log transformation (Martinez-Ferrer et al., 2006). 

Iwao's patchiness regression method was utilized to quantify the relationship 
between mean crowding index (m*) and (m) using the following equation: 

mm*
 

Where α indicates the tendency to crowding (positive) or repulsion (negative) and 
β reflects the distribution of population on space and is interpreted in the same 
manner as b of Taylor's power law (Iwao and Kuno, 1968). Student t-test can be 
used to determine whether the colonies are randomly dispersed. 

Test  b = 1  t = (b-1) / Sb   and  Test  β = 1  t = (β – 1) / Sβ  

where Sb and Sβ are the standard error of slop of mean crowding regression. 
Estimated values compared with tabulated t-vales with n-2 degree of freedom. 
  
Lloyd's mean crowding x* 

Mean crowding (x*) was suggested by Lloyd to demonstrate the possible effect 
of mutual interference or competition among individuals. Theoretically mean 
crowding is the mean number of other individual per individual in the same 
quadrate:  

1/2* mSmx  

As an index, mean crowding is highly dependent upon both the degree of 
clumping and density of population. To remove the effect of density changes, 
Lloyd introduced a patchiness index which is expressed as mean crowding ratio to 
the mean. Similar to variance to ratio of mean, index of patchiness is dependent 
upon quadrate size, x*/m = 1 random, < 1 regular and > 1 aggregated (Lloyd, 
1967). 
 

Morisita's coefficient of dispersion Iδ 
Morisita (1962) suggested a hypothesis for testing the uneven distribution 

coefficient of Iδ and is calculated by the following equation: 

)1(

)1(
I
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where n = the number of sample units, xi = the number of individuals in each 
sample unit and N = the total number of individuals  in n samples. To determine 
if the sampled population significantly differs from random, the following large 
sample test of significance was used (Hucheson and Lyons, 1989). 
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If 1.96 Z -1.96 the spatial distribution will be random whereas if Z < -1.96 
or Z > 1.96 it will be regular and aggregated, respectively (Pedigo and Buntin, 
1994). 
 
Optimum number of sample units (sample size) 

Taylor's a and b coefficients, taken from Taylor's power law explain the 
relationship between variance and mean (S2= amb ) for individuals distributed in 
a natural population. The mean and variance of sampled mites was determined 
for each sampling date. Taylor's a and b coefficient estimated by log-log linear 
transformation of the mean-variance data, where b is the slop of the transformed 
data and a equals the antilog of transformed intercept. An equation for estimating 
pest sample size was developed by Karandinos (1976). Ruesink (1980), Wilson & 
Room (1982) integrated Taylor's power law into Karandinos' equation to form the 
sample size model used in this study (Cullen et al., 2000): 

2

2

2/ b

opt
D

t
aN  

Where Nopt= sample size, tα/2= t-student of table, μ= mean density, a and b = 
Taylor's coefficient and D = the range of accuracy. 
 

RESULT 
 
Sampling program 

One leaf of the bean cultivars was selected as a sample unit, due to activity 
place of T. urticae and S. longicornis. The results from the primary sampling was 
used to calculate RV. The maximum calculated RV and reliable sample size were 
12.15% and 85.28, respectively for parastoo cultivar (Table 1). 
 
Population density of T. urticae and S. longicornis 

Mean population densities of overall life stages of T. urticae (immatures and 
adults) per leaf on six cultivars are shown in Table 2. The results showed that 
there was a significant difference (P < 0.05) among population densities of T. 
urticae on different cultivars of bean in overall dates. The maximum population 
density of T. urticae per leaf was observed on Goli (36.27) during sampling dates, 
which was significantly different from other bean cultivars. 

The minimum population density of the mite was observed on Akhtar and 
Sadaf cultivars 3.27 and 4.93 overall life stages per leaf, respectively, that was 
significantly different from other bean cultivars. The population density of S. 
longicornis peaked at 3 thrips per Goli leaf during the warm months from July to 
September. 
 
Spatial distribution 

The results of the variance to mean ratio (S2/m), coefficient of dispersion (ID) 
and Z test of T. urticae and S. longicornis are showed in Table 3. The results of 
sampling presented that the spatial distribution was aggregated for all bean 
cultivars. 

In Taylor's model, the regression between log S2 and log m T. urticae was 
significant for all bean cultivars (P < 0.05). Slope of this model was varied from 
1.10 to 1.84 for T. urticae and varied from 1.09 to 1.71 for S. longicornis and it was 
significantly bigger than one on all bean cultivars (Table 4). The estimated t (tc) 
was bigger than t-table (tt) for all cultivars, indicating an aggregated spatial 
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distribution of T. urticae and S. longicornis, however, Parastoo cultivar had a tc 
less than tt, showing a random spatial distribution of  T. urticae and S. 
longicornis. 

Iwao's model indicated that there was a significant relation between the mean 
crowding and the density of T. urticae and S. longicornis (Table 4). Iwao's slope 
was varied from 1.01 to 1.34 for T. urticae and varied from 1.06 to 1.57 for S. 
longicornis all bean cultivars had an aggregated (slope > 1) spatial distribution of 
T. urticae and S. longicornis, however, Parastoo cultivar had a random pattern 
with tc less than tt. Morisita's index (Iδ) and Lloyd's mean crowding showed an 
aggregated pattern for T. urticae on all cultivars of bean and Lloyd's mean 
crowding showed an aggregated pattern for S. longicornis. Calculated Z was 
significantly greater than 1.96 in all sampling dates for T. urticae. The m*/m value 
for T. urticae and their predator, S. longicornis in all sampling dates was 
significantly greater than 1 indicated aggregated pattern in all examined cultivars 
(Table 6). 
 
Optimum number of sample size units 

Re-calculated sample size using Taylor's coefficient (a and b) on six cultivars 
are presented in Table 4. The sample size calculated with Taylor's coefficient for 
T. urticae lower than S. longicornis. These values of sample size can help to 
develop sampling program of T. urticae and S. longicornis. 
 
Density dependence in prey-predator interaction 

The correlation coefficient between population densities of T. urticae and S. 
longicornis was statistically significant for six cultivars indicating high relation 
between species fluctuations. Statistically significant linear regression was 
observed between T. urticae and their predator (Table 7) revealing that S. 
longicornis in interaction with T. urticae does have density-dependent activity. 
 

DISCUSSION 
 

Several methods are accessible for the sampling of spider mites in row crops 
such as individual plant unit observation, imprint on paper, machine brushing on 
to a plate, beat cloth, paper or funnel techniques. The most exact method is direct 
counting of all life stages of mite on plant leaflets using a stereomicroscope 
(Kogan & Herzog, 1980). Regarding the life stage of T. urticae and S. longicornis, 
bean leaves were selected as sampling units and counts made of individuals per 
sampling unit. Via stereomicroscope and visual counts techniques, respectively. 

Shimoda and Ashihara (1996) used the stereomicroscope in order to count the 
number of each stage of T. urticae on the cedar leaves. The population density of 
T. urticae was determined on raspberry leaves using stereomicroscope (Roy et al., 
2005). 

In most sampling dates, the highest population density of the mite was 
significantly recorded on Goli in comparision with the other bean cultivars (Table 
2), suggesting that of dense trichomes and large leaf size of this cultivar may be 
the most important factors for its suitability leading to increase the mite 
population density. The lack of trichomes and waxy leaves in Parastoo cultivar 
may be the most important reasons for decrease of the population density of the 
mite. Mehrkhou et al. (2008) reported the same results with T. urticae on bean. 

Spatial distributionis one of the most important ecological characters of a 
population that can be used in extended sampling programs for pest 
managements (Kuno, 1991). In a extended sampling which is a quick and precise 
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method for estimating mean population or decision of control time, spatial 
distribution data is crucial in determination of equations and necessary sample 
size for the decision (Young & Young, 1985). In this research aggregated spatial 
distribution pattern was found for T. urticae by using variance to mean ratio 
Morisita's coefficient regression methods (Taylor & Iwao) and Lloyd's mean 
crowding for all bean cultivars due to the limited mobility of T. urticae females 
(Table 3,5 and 6). This behavior has been reported for T. urticae on other crop 
systems (Kennedy and Smitley, 1985), and it implies that large samples are 
required to obtain density estimates at on acceptable level of precision (Nachman, 
1985). 

Regression models of Taylor's power law and Iwao's patchiness were more 
exactly than the variance to mean ratio, since the mean and variance of each 
sampling date was used separately. Spatial distribution pattern of T. urticae using 
Taylor's power law and Iwao's patchiness were obtained random on Parastoo 
cultivar and were recorded aggregated on all bean cultivars (Table 4), suggestion 
that the different statistical methods have various results and accuracy in 
estimating spatial distribution of an organism. 

Aggregated spatial distribution of T. urticae on a four bean cultivars was 
evaluated by Ahmadi et al. (2005). Shih & Wang (1996) evaluated that the 
aggregated spatial distribution of T. urticae in a carambula orchard. Greco et al. 
(1999) indicated that spatial distribution of T. urticae on strawberry was 
aggregated. Yasuyuki et al. (2004) determined that spatial distribution of T. 
urticae on apple orchard was aggregated. These results were similar to those 
found by So (1991) on rose and Raworth (1986) on strawberries. 

The spatial distribution pattern of predatory thrips, S. longicornis using a 
variance to mean ratio was random on Akhtar, Parastoo and Talash and was 
aggregated on other three bean cultivars, suggesting that different plant cultivars 
can influence spatial distribution of the predator. Regression methods (Taylor & 
Iwao) and Lloyd's mean crowding indicated that the aggregated spatial 
distribution pattern of S. longicornis on bean cultivars. This behavior of S. 
longicornis is a positive response to the aggregative behavior of T. urticae for 
enhancing the predation efficiency. These results demonstrated that due to 
similarity of spatial distribution pattern of T. urticae and S. longicornis 
(aggregated pattern) on some plant cultivars, it could be a beneficial agent for 
biological control of the mite on these plants. Yasuyuki et al. (2004) studied the 
spatial distribution pattern and sampling technique for the predatory thrips S. 
takahashii in apple orchards and observed an aggregated spatial distribution 
pattern for this predator and its prey, T. urticae using regression analysis method 
to estimate the spatial distribution. 

This study showed that the different plant cultivars had distinct effect on 
population density of T. urticae and its predator S. longicornis. The population 
density of the mite during the growing season, on different cultivars was 
significantly different. The highest and lowest population density of T. urticae was 
observed on Goli and Akhtar, respectively. The reaction of S. longicornis to 
population of T. urticae on various cultivars was density dependent. Therefore it 
seems that S. longicornis can act as a suitable predator for controlling spider 
mites in IPM on various bean cultivars. The coefficient acquired from spatial 
distribution models can be used in developing a sampling program of T. urticae 
on each crop. To upgrade the management of T. urticae on agricultural crops an 
exact sampling program is needed. Additionally, our finding may provide 
essential information for comprehensive IPM of T. urticae on bean species. 
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Table 1. Estimated parameters by primary sampling of T. urticae on different bean cultivars 
in 2010.  
 

 
n = Number of samples, SE = Standard error of the mean, SD = Standard deviation of the 
mean, RV = Relative variation, m = Mean of primary data, d = Desired fixed proportion of 
the mean and N = Sample size 
 
Table 2. Mean (±SE) population density of overall life stages of T. urticae (per leaf) on 
different bean cultivars in 2010. 
 

 
* The means followed by different letters in the same row are significantly different (p<0.01, 
LSD) 
 
Table 3. Spatial distribution parameters (variance to mean ratio) of T. urticae and S. 
longicornis on different bean cultivars during 2010. 
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Table 4. Spatial distribution of T. urticae and S. longicornis on different bean cultivars 
during 2010 using Taylor's power law and Iwao's patchiness regression analysis. 
 

 
 
Table 5. Parameters of Morisita's index and Z calculated of T. urticae on different bean 
cultivars during 2010. 
 

 
 
Table 6. Estimated parameters by Lloyd's mean crowding to mean for T. urticae and S. 
longicornis on different bean cultivars during 2010. 
 

 
   
Table 7. Statistics of the linear regression between the mean population density of T. urticae 
and S. longicornis on different bean cultivars during 2010. 
 

 
 


