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Abstract  

In order to measure the diversity of insect pests and natural enemies in rice 

ecosystem, the present study was conducted in the research farm of Patuakhali 

Science and Technology University, Dumki, Patuakhali during the period from 

January to June, 2012 in boro rice season. Diversity indices of insect pests and 

their natural enemies were found to be affected by the combined effect of rice 

growth stages and management practices. Diversity indices of insect pests and 

their natural enemies differed according to treatments and crop growth stages. In 

case of insect pests, the untreated control treatment showed the highest diversity 

index (1.67) at maximum tillering stage and spray (Bipolar 55EC @ 10 ml/10 L 

of water) + perching at early tillering stage also showed highest richness (26.14) 

and the highest evenness (0.921) in spray at seedling stage. The highest 

reciprocal form of Berger-Parker's Dominance index (D) was found in untreated 

control at maximum tillering stage (3.03) for insect pests. In case of natural 

enemies, perching showed the highest diversity index (1.88) at reproductive 

stage. Spraying of insecticide at early tillering stage also showed highest 

richness (5.06) and the highest evenness (0.982) was in perching at seedling 

stage. The highest D value was found in perching at reproductive stage (4.67) 

for natural enemies.  

Keywords: Diversity, growth stage, insect pest, natural enemies, pest 
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Introduction 

Rice is the most important source of the food energy for more than half of the 

global human population. Rice is grown in 114 countries across the world on an 

area about 150 million hectares with annual production of over 525 million tons, 

constituting nearly 11 percent of the world’s cultivated land (Rai, 2006). In 

Bangladesh, about 90% of the population depends on rice as their major food 

(DAE, 2011). Rice contributes 91.1% of the total grain production and covers 

74% of the total calorie intake for the people of Bangladesh (MOA, 2001). Rice 

is cultivated in about 11534 thousand ha land and total annual production is 

33542 thousand M. tons, with an average of 2907 kg ha
-1

 in Bangladesh (BBS, 

2011).  
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Rice is grown round the year in Bangladesh and so, rice is an ideal host for many 

insect pest species. So far, 266 species of insect have been recorded as rice pests, 

of these 42 species are economically important in Bangladesh (Islam et al., 

2003). The estimated annual loss of rice in Bangladesh due to insect pests and 

diseases amounts 1.5 to 2.0 million tons (Siddique, 1992). As some of major 

insect pests are considered very devastating to rice plants, they need to be 

controlled in the field. The main pest management method in Bangladesh is 

application of synthetic chemical pesticides. However, the application of 

chemical pesticides has got many limitations and create undesirable side effects, 

reduce the biological control efficacy, resulting in resurgence (Heinrichs, 1994), 

insecticide resistance and environmental hazard (Yoo et al., 1997; Campiche et 

al., 2006). 

In Bangladesh, rice fields are strictly monoculture, and the lack of ecological 

diversity could be the major cause of insect pest problems because the food, 

hosts, prey and hibernating or over wintering sites of most of the natural enemies 

are reduced, thereby limiting natural biological control. According to Root's 

enemies hypothesis (Root, 1973), general and special natural enemies are 

expected to be more abundant in polycultures and therefore suppress herbivore 

population densities more than in monocultures. Both general and special natural 

enemies should be more abundant in polycultures than monocultures because, 

more pollen and nectar resources are available throughout the season in 

polycultures than monocultures (Root, 1973; Topham and Beardsley, 1975). 

Anbalagan and Narayanasamy (1999) reported that population abundance and 

species diversity of the spiders were directly related to the growth stages of the 

rice plant. Khan and Alam (2007) also reported that the diversity indices, species 

richness and equitability of insect pests and natural enemies were affected by the 

combined effect of management practices and rice growth stages. Considering 

the above facts the present study was undertaken to measure the diversity of 

insect pests and their natural enemies at different growth stages of rice in boro 

season 

Materials and Method 

The present study was conducted in research farm of Patuakhali Science and 
Technology University, Dumki, Patuakhali to measure the diversity of insect 
pests and their natural enemies in rice ecosystem. The study was done in the 
month of January to June, 2012 during boro rice season. Different management 
practices viz., spray (Bipolar 55 EC @ 10ml per 10 liter of water), perching, 
spray (Bipolar 55 EC @ 10ml per 10 litre of water) + perching and untreated 

control were applied in rice field of BRRI Dhan 29 rice variety. The whole 
experimental field was divided into four equal plots (8m x 5m) as per number of 
treatments with 1.0 m distance between the plots. All treatments were applied 
once in each growth stage of rice plant. Only water was sprayed for untreated 
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control plot. Data on insect pest and their natural enemies were collected after 7 
days of treatment application. The insect pests of rice and their natural enemies 

were collected by a fine nylon cloth sweep net (30 cm diameter). Sweeping was 
done from the plant canopy level including the interspaces between plants as well 
as close to basal region of the plants as far as possible. In each field, 10 complete 
sweeps were made to collect the insect pests and their natural enemies at each 
date of sampling at 15 days intervals. Sampling was done at four growing stages 
of rice viz. seedling, early tillering, maximum tillering and panicle initiation 

stages in boro season. Two samplings were taken at each growth stage of rice 
plant. Sampling was done during morning hours at all study fields on all 
sampling dates. The insect pests and natural enemies of 10 sweeps from each 
field were collected separately in labeled container. The collected samples were 
properly sorted, counted, identified and preserved in the laboratory of the 
Department of Entomology. The samples were sorted and identified under 

stereoscopic microscope and magnifying glass.  

Diversity reflects two common components: species richness and species 
evenness or equitability. Diversity indices attempt to combine both components. 
With some further thought it becomes clear that the relative abundance of each 
species is related to diversity. There are measures of species richness, and there 
measures of relative abundance (also called "evenness" or "dominance"), and 

there are mixtures of both (De Jong, 1975). Interpreting measures of diversity can 
get complicated, and different mathematical measures have different sensitivities 
and bias. For the present experiment, the following indices were used to measure 
diversity of insect pests and their natural enemies and all the diversity indices 
were calculated from the original data. 

Species diversity 

Menzies et al. (1973) defined diversity as a community ecological concept which 
refers to the heterogeneity (or lack of it) in a community or assemblage of 
different organisms. Thus diversity is dependent upon the number of species 
present (Species richness, S) and the distribution of all individuals among the 
species (Equitability or Evenness). Indices to measure diversity are so numerous 
that confusion is rampant (Sanders, 1968; Whittaker, 1972; Fager, 1972; 

Hurlbert, 1971, Pielou, 1975). Generally a decrease in diversity is expected with 
pollution impact. To provide an overview of diversity, the Shannon-Weaver 
index of Diversity (H) was calculated (Shannon and Weaver, 1963). The index is 
expressed as- 

PiH ST

i  1 log Pi 

Where, 

Pi = the proportion of individual ith species  

ST = the total species 
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[Pi = 
n

ni
; ni = the number of individuals  observed for each species               

N = the total number of individuals in each study area]  

This index is based on 'information' theory, where diversity is equated to the 

amount of uncertainty which exists as to the identity of an individual collected at 

random from a community. The more species and the more evenly representation 

of individuals, the greater the uncertainty and hence the greater the diversity. 

Species richness  

Although a variety of indices to estimate species richness are available, none, 

except the actual number of species collected (S), are widely used. To provide a 

cohesive overview of species richness, Margalef’s Index was also calculated 

along with S.  

Margalef’s index of richness (MI) (Margalef, l958) assumes a theoretical 

relationship between the number of individuals (N) and the number of species (S) 

in a sample and is expressed as follows: 

M. I. = 
eN

S

log

1
 

The index logarithmically scales the value of S, and hence provides a means of 

comparison between stations with different ratios of S and N. 

Equitability or Evenness 

Equitability is considered a component of diversity, in that it provides an idea 

about the evenness of species distribution at a site. Usually a positive correlation 

exists between diversity and equitability (De Jong, 1975) i.e. a high equitability 

would indicate a high diversity and probably, a 'healthy condition' of a fauna. 

Reduction of equitability almost occurs with an increase in oligomixity. Pielou's 

(1966) evenness index (J´) method of measuring equitability is most widely used.  

The computational formula is: 

J´ = 
eS

H

log
 

Where, 

H = Shanon's index 

S = Total species collected 

The index value ranges from 0 to l, with a value of 1 being the maximum 

possible evenness in the community. 
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Reciprocal form of Berger-Parker's Dominance index 

Another diversity index was calculated using the Berger-Parker's Dominance 

Index (d) The reciprocal form of Berger-Parker's Dominance index i.e., (l/d) 

indicates an increase diversity and reduction in dominance (Margurran, 1988). 

Berger-Parker's dominance index (Berger and Parker, 1970) is expressed as: 

d = 
T

MAX

N

N
 

Where,  

Nmax = the total no. of individuals of the most abundant species  

NT = Total no. of individuals of all species collected 

Hence, the reciprocal form of the index is,                                  

D = l/d 

Where, 

d = Berger-Parker's Dominance index (Southwood, 1978). 

Results and discussion 

Since measures of diversity involve a number of indices, analyses and 

interpretation should rationally be interpolated back to the original numerical 

data. Several diversity indices used to measure the diversity of insect pests and 

natural enemies in different crop growth stages and different treatments. Shannon 

and Weaver (1963) diversity index (H), Pielou's (1966) evenness index (J') and 

Margalef
,
s (1958) index of richness (M.I.) was calculated from the original data. 

Results of diversity indices are given below: 

Diversity of insect pests and natural enemies at different growth stages of 

boro rice  

Early tillering stage showed higher diversity in terms of diversity index (1.48) 

compared to other three stages (Table 1). But evenness was also highest in same 

stage (0.826) indicating the highest equability among insect pests in that stage. 

Richness index was highest at early tillering stage (18.51) and lowest at 

maximum tillering stage (10.55). The values of D also differed within different 

stage and appeared as the highest at early tillering stage (2.42) and lowest at 

reproductive stage (1.08). However, 4 diversity indices viz., diversity index (H), 

Richness (M.I.), Evenness (J) and D were found highest at early tillering stage 

thus seemed to be more stable than other. 
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Table 1. Diversity indices, richness, evenness and equitability of insect pests 

community recorded by sweeping net at different stages of rice crop  

Stages 
Shannon diversity 

index (H) 

Richness 

(M.I.) 

Evenness 

(J) 

 

D 

Seedling stage 1.27 13.5 0.789 1.89 

Early tillering stage 1.48 18.51 0.826 2.42 

Maximum tillering stage 1.26 10.55 0.703 1.73 

Reproductive stage 0.386 13.12 0.215 1.08 

Table 2 indicates the diversity indices of natural enemies in boro rice at different 

stages. Diversity index (H), Evenness (J) and D were found highest at seedling 

stage (1.64, 0.916 and 3.57, respectively) and the lowest at early tillering stage 

(1.46, 0.815 and 2.12, respectively). This indicates that in boro rice, the diversity 

of insects was highest at early tillering stage due to low diversity of natural 

enemies.  

Table 2. Diversity indices, richness, evenness and equitability of natural enemies 

community recorded by sweeping net at different stages  

Stages 
Shannon diversity 

index (H) 

Richness 

(M.I.) 

Evenness 

(J) 
D 

Seedling stage 1.64 9.89 0.916 3.57 

Early tillering stage 1.46 9.41 0.815 2.12 

Maximum tillering stage 1.5 11.16 0.837 2.79 

Reproductive stage 1.54 11.23 0.859 2.5 

D=Reciprocal form of Berger Parker’s dominance index 

Diversity of insect pests and natural enemies in different stages influenced 

by management practices  

Table 3 indicates diversity indices of insect pests and their natural enemies at 

different growth stages under different treatments. The diversity index showed 
higher in untreated control at maximum tillering stage (1.67) and the lowest was 
recorded in spray + perching treatment at reproductive stage (0.882). In richness, 
the highest value was found in spray + perching treatment at early tillering stage 
(26.14) while in perching treatment at maximum tillering stage showed the 
lowest richness value (9.04). In case of evenness, with spray of Bipolar 55EC @ 

10 ml/10 L of water at seedling stage showed the highest evenness value (0.921) 
and spray + perching treatment at reproductive stage was found the lowest value 
of evenness (0.548) followed by untreated control at same stage (0.598). In case 
of equitability, the highest value showed in untreated control at maximum 
tillering stage (3.03) and lowest in spray + perching treatment at reproductive 
stage (1.34). 
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Table 3 also indicates diversity indices of insect pests and their natural enemies 

at different growth stages under different treatments. The diversity index was 

found highest in perching treatment at reproductive stage (1.88) followed by 

untreated control at maximum tillering stage (1.87) and the lowest was recorded 

in spray + perching treatment at maximum tillering stage (1.19). In richness, the 

highest value was found in the treatment of spraying of Bipolar 55EC @ 10 

ml/10 L of water at early tillering stage (34.79) while spray + perching treatment 

at maximum tillering stage showed the lowest richness value (3.87). In case of 

evenness, perching treatment at seedling stages showed the highest evenness 

value (0.982) and spray + perching treatment at maximum tillering stage showed 

the lowest value of evenness (0.739). In case of equitability, the highest value 

was observed in perching treatment at reproductive stage (4.67) and lowest in 

spray + perching treatment at maximum tillering stage (2.11).  

Table 3.  Diversity indices, richness, evenness and D value of insect pests and 

natural enemies recorded by sweeping net at different growth stages of 

rice influenced by management practices     

 

 

 

Stages 

 

 

 

Treatment 

Diversity 

index (H) 

Richness  

(M.I.) 

Evenness  

(J) 

 

D  

 

Pests 

Natural 

enemies 

 

Pests 

Natural 

enemies 

 

Pests 

Natural 

enemies 

 

Pests 

Natural 

enemies 

Seedling 

stage 

Spray 1.651 1.68 15.35 21.37 0.921 0.938 2.79 3.18 

Perching 1.506 1.76 14.42 14.75 0.84 0.982 2.23 4.36 

Spray + 

Perching 

1.62 1.67 

 

17.2 21.3 0.904 0.932 2.5 3.55 

Control 1.42 1.73 14.97 15.72 0.792 0.965 2.04 3.83 

Early 

tillering 

stage 

Spray 1.55 1.82 18.63 34.79 0.865 0.935 2.25 3.67 

Perching 1.49 1.78 15.26 26.02 0.832 0.915 2.06 3.4 

Spray + 

Perching 

1.36 1.63 26.14 21.99 0.759 0.909 1.83 3.0 

Control 1.42 1.82 10.75 29.01 0.792 0.935 2.0 4.09 

Maximum 

tillering 

stage 

Spray 1.48 1.77 18.93 34.67 0.826 0.909 2.17 3.43 

Perching 1.32 1.83 9.04 33.07 0.82 0.94 2.05 3.78 

Spray + 

Perching 

1.39 1.19 23.59 3.87 0.776 0.739 2.0 2.11 

Control 1.67 1.87 19.1 22.9 0.858 0.96 3.03 4.5 

Reproductive 

stage 

Spray 1.05 1.78 16.95 31.81 0.652 0.915 1.5 3.86 

Perching 1.25 1.88 16.39 25.56 0.697 0.966 1.68 4.67 

Spray + 

Perching 

0.882 1.71 13.04 25.6 0.548 0.954 1.34 3.43 

Control 0.962 1.82 13.3 23.07 0.598 0.935 1.45 3.93 

D=Reciprocal form of Berger Parker’s dominance index. 
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These results are agreed with Hurlbert et al. (1989) who studied the diversity of 

the arthropod communities in paddy fields and found that the numbers of species 

and individuals, and the values of the diversities and evenness were distinctly 

different according to habitat, type of field and growth stage of the rice. This 

result also agreed with the findings of Khan and Alam (2007) where they 

reported that diversity indices of insect pests and natural enemies were found to 

be affected by the combined effect of management practices and growth stages of 

rice plant. Rahman et al. (2004) found that the abundance of insect pest and 

natural enemies was influenced by different growth stages of rice plant. They 

observed that the highest abundance was at reproductive stage and lowest was at 

mid tillering stage. Population abundance and species diversity of the spiders 

were found directly related to the growth stages of the rice plant. They also found 

that transplanted rice fields are richer both in species diversity and species 

richness. 

Conclusion 

Diversity indices of insect pests and natural enemies differed according to 

treatments and crop growth stages. In case of insect pests, untreated control 

showed the highest diversity index at maximum tillering stage and spray + 

perching at early tillering stage also showed highest richness and the highest 

evenness in spraying of Bipolar 55EC at seedling stage. The highest reciprocal 

form of Berger-Parker's Dominance index (D) was found in untreated control at 

maximum tillering stage for insect pests. In case of natural enemies, Perching 

showed the highest diversity index at reproductive stage and spraying of Bipolar 

55EC at early tillering stage also showed highest richness and the highest 

evenness in perching at seedling stage. The highest D value was found in 

perching at reproductive stage for natural enemies. If we create better 

environment for natural enemies by using non-chemical control methods like 

perching and applying less toxic insecticides at different growth stages of rice, 

then greater number of natural enemies may suppress pest populations which 

may bring benefits to the farmers. The findings of the present study may be 

helpful in developing components of Integrated Pest Management (IPM) 

program through ecological pest management practices. 
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