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INTRODUCTION 

Cyrtorhinus lividipennis Reuter (Hemiptera: Miridae) is an important egg predator 

of planthoppers and leafhoppers in tropical rice fields. It occurs in many rice growing 

areas and has been found to be closely related to populations of the brown planthopper 

(BPH) (Nilaparvata lugens Stal.) (Hinckley, 1965; Kuno and Dyck, 1984). In the 

greenhouse, BPH populations caged with C. lividipennis were often significantly reduc- 

ed (Bae and Pathak, 1966; Manti, 1989). Beside BPH eggs, C. lividipennis feeds on the 

early instar nymphs of BPH (Sivapragasam and Asma, 1985), eggs of the green 

leafhopper (GLH) (Nephotettix virescens Dist.) (Reyes and Gabriel, 1975) and SogateUa 
furcifera Horvath (Hinckley, 1963). When eggs of BPH, GL H and S. furcifera were 

caged together with C. lividipennis, greater proportions of BPH eggs were consumed 

(IRRI,  1981). In such a multi-prey environment, several aspects on the searching 

behavior of the predator are of particular interest; (a) preference; (b) switching; and (c) 
relevance of the searching parameters in such behaviorl 

Prey preference among polyphagous predators has been well discussed by Mur- 

doch (1969, 1973), Hassell (1978) and Cock (1977, 1978). The use of preference in- 

dices have been extensively reviewed by Cock (1977, 1978) and he proposed a conve- 

nient recipe to analyze preference. Murdoch's (1969, 1973) use of the disc equation to 
predict preference assumes that exploitation is negligible or that the prey eaten is being 

replaced. With exploitation, the more appropriate model to use is the Random 

Predator Equation (Lawton et al., 1974; Cock, 1977) and the Random Parasitoid 

Equation (Hassell, 1978). 

Chesson (1983) showed that Manly's measure of preference, a, (Manly et al., 

1972) has many advantages. Values of a varies from zero to unity with 0.5 represen- 

ting no preference. Besides, it does not vary with food density unless the predator 

behavior also changes with food density and is thus useful in detecting such changes. 

In this paper, we estimated the searching parameters of both male and female 

adults of C. lividipennis feeding on BPH and GL H eggs. Feeding preference and swit- 

ching was determined using independent experiments and Manly's index and the 
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results compared with the ratios of searching efficiencies. 

MATERIALS AND M E T H O D S  

Experiments 

Greenhouse cultures of BPH and G L H  were reared on rice (Variety: Taichung 

Native (1) ( TN (1)) using a standard method described by Heinrichs et al. (1985). The  

culture of C. lividipennis was maintained using BP H  eggs. Adult BP H  and G L H  

gravid females from these cultures were placed onto 60-d-old rice plants (TN  (1)) for 

24 hours for egg oviposition. In the functional response experiments,  the egg densities 

were varied by placing 1 to 9 females onto rice plants. The  total numbers  of G L H  and 

B P H eggs were determined after interaction with the predator.  

The  experimental  arena used for the functional response and preference ex- 

periments consisted of a 60-d-old rice plant (TN (1)) t r immed to 4 tillers in a cylin- 

drical mylar  cage (13 cm diam. ; 50 cm ht) with its top and a 15 x 15 cm 2 cut-out win- 

dow covered by muslin cloth. The  C. lividipennis were released into the arena through 

the cage window. Both male and female C. lividipennis were used separately. In all ex- 

periments,  single freshly emerged adults were caged with the prey for 24 hours. For 

functional response experiments,  a total of 100 arenas with different egg densities were 

used. In the preference experiments,  a total of 50 arenas with both BP H  and G L H  

eggs were used. Total  eggs available and eggs that were eaten of both hopper  species 

in each arena were determined using a binocular microscope after exposure to the 

predator.  All the experiments were conducted in the insectary (RH:  70-90% temp.,  

24-30~ 12/12 hr illumination). 

Data  Analysis 

The  functional response data were fitted to the random predator  of Royama  

(1971) and Rogers (1972) using the non-linear least-squares procedure,  N L I N  (SAS In- 

stitute, Inc.,  1985). All the individual data points were used in the analyses so as to 

provide better  estimates of the S.E.s in the parameter  estimates (Juliano and Williams, 

1987). 

In the case of predators,  where food depletion is significant, preference may be ap- 

proximated by: 

ln((ni0--ri)/ni0) , i =  1, ..., m (1) 
O~i ~ m 

~Zlln( ( njo -- rj)/ njo ) 

where nio is the number  of prey i present at the beginning of the period. Statistical 

tests are described by Manly  (1974). Applying the random predator  equation 

(Royama,  1971; Rogers,  1972), 

ri= ni{ 1 -- exp [ -- ai(1 --jZ=rjThj)] }, (2) 
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Chesson (1983) obtained,  

a i  
i = 1 ,  ..., m. (3) Cl~i ~ m 

jZ=laJ 

where ai are the respective searching efficiencies and Thj are the respective handl ing 

times. Thus ,  provided values of  ai, remain  constant,  a will not change. 

Values of ai were computed  using Equat ion (1) and compared  with values obtain- 

ed from Equat ion (3). Deviat ions f rom 0.5 (no preference) were computed  using the 

method described by Man ly  et al., (1974). The  relationship between ai values and the 

proport ion of prey i available in the envi ronment  was also analyzed. 

RESULTS 

The  functional responses for both B P H  and G L H  eggs by  C. lividipennis showed 

Hol l ing ' s  Type  I I  (Fig. 1). J udg i ng  f rom the CV,  F and R 2 values for the estimates of 

a and Th by equation (2), the data for both prey species fitted the predator  model 

satisfactorily (Table 1). When  the male  predator  was exposed to G L H  eggs, a 

negative Th using the predator  equat ion was produced.  The  estimates in all other 

cases were acceptable. Since hopper  eggs are completely destroyed after attack, we 

can assume that they are not available for search. In  such cases, C. lividipennis may  be 

regarded as a true predator  and prey depletion is thus important .  

Preference for B P H  eggs, aB was obtained using Equat ions (1) and (3) and the 

results presented in Table  2. In the latter, a values obtained from t h e ' r a n d o m  

predator  equation (Table 1) were applied to Eq. (3). The  aB value for male C. lividipen- 

nis obtained using a values (Eq. 3) was similar to that  obtained using M a n l y ' s  method 

(Eq. 1), while for the female, the difference was substantial.  Even using the extremes 

in the S.E.s of the a values, aB of 0.709 was still lower than  that  est imated using 

Man ly ' s  index. For both male and female C. lividipennis, preference for B P H  was 

significant since the a values deviated f rom 0.5. 

Table 1. Parameter estimates of the functional response equation for Cyrtorhinus 
lividipennis feeding on eggs of the brown planthopper and green leafhopper. 

Parameter Asymptotic CV F R2 
Eggs estimates S.E.s (%) (%) 

Female 
Brown a 0.247 0.067 
planthopper Th 0.017 0.010 35.9 192 88.0 

Green a 0.153 0.022 
leafhopper Th 0.033 0.010 28.0 337 92.8 

Male 
Brown a 0.061 0.009 
planthopper Th 0.037 0.022 27.6 348 93.0 

Green a 0.023 0.006 32.6 265 91.0 
leafhopper Th --0.126 0.101 
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Fig. 1. The functional response of Cyrtorhinus lividipennis feeding on eggs of BPH and GLH. 
The solid curves and the expected responses of the random predator equation obtained by 
an iterative method using estimates from Table 1. 



Table 2. Analysis of preference of Cyrtorhinus lividipennis feeding on BPH and 
GLH eggs. 
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Preference for BPH, a8 (~+--S.E.) 

estimated using estimated using 
a values Manly's index 
(Eq (3)) (Eq (1)) 

Male 0 . 7 2 6  0.718"_0.061n=53 
Female 0 . 6 1 8  0.722"• 

* an significantly different from 0.5, p<0.05. 

Both the 0~B values increased as the relative density of BP H  increased. However  

the regression for the female C. lividipennis was not significant (F =0 .0 6 ,  d.f. 1, 52, 

p = 0 . 8 )  while for the male, just marginally significant at p = 0 . 0 5  (F =4 .3 3 ,  d.f. 1, 52, 

p=0 .042 ) .  There  is thus insufficient evidence to conclude that C. lividipennis 
displayed any switching behavior.  

Discussion 

Searching efficiencies of C. lividipennis for both BP H  and G L H  eggs approximated 

that of Holl ing's  (1959) Type  II functional response. The  females showed significant- 

ly higher attack rates than in the males for both prey. Sivapragasam and Asma (1985) 

found that the a and Th values for both sexes did not differ. The i r  estimates of a were 

also higher. This may be due to the small arena (7.5 cm x 2.5 cm diam.) used in their 

experiments.  In our  set-up, we tried to emulate as closely as possible the natural  en- 

vi ronment  of the predator  using a large cylindrical cage with a total space of 66.4 cm 2. 

However  the arena remains artificial as it still limits the predator 's  free movement .  

Nevertheless, it is perhaps a better estimate of the predator 's  searching in the field 

when a more realistic arena is used. In its lifetime (14.4 days) a female consumes 

about 124 B P H eggs as compared to only 44 in the male (9.6 days) (Chua and Mikil, 

1989). This accounts for the large differences in searching parameters  between the 

male and female. 

In the mixed environment  of B P H  and G L H  eggs, C. lividipennis clearly preferred 

B P H eggs. Switching was not evident. The  attack rates were able to account for the 

preference shown. Murdoch (1973) defined preference as the ratio of the searching effi- 

ciencies for 2 prey (a/a2), when prey is being replaced. However ,  when prey is not 

replaced, the preference index is more complex and dependent  on a and Th values 

(Lawton et al., 1974; Cock, 1978). Thus,  a recipe which requires estimating the func- 

tional- response parameters  independently to predict preference and carrying out 

preference experiments was proposed and used (Cock, 1978; Hassell, 1978; 

Southwood, 1978; Heong,  1981). Chesson (1983) showed that the Manly ' s  index for 

both cases, when prey is being replaced and when prey is not being replaced, remains 

the same. She further argued that the index has other advantages. It can be inter- 
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preted as a relative contr ibution of each prey  to the diet of the predator  if every prey is 

equally abundant .  While other indices vary  with total prey densities, the Man ly ' s  in- 

dex do not and thus can be used to detect bahavioural  changes such as switching. In  

addition, values of a obtained in one exper iment  can be used to predict expected 

values of preference for other prey combinat ions.  

The  C. lividipennis shows high positive numerical  response to hopper  density in 

tropical rice (Kuno  and Dyck,  1984). This  implies that  the mir id egg predator  plays 

an impor tant  role in hopper  populat ion dynamics.  Clearly,  the availability of  food 

determines this response, which is both behavioural  and reproductive in nature.  

Since the rice ecosystem is predominant ly  inhabited by  hemipte ran  phytophagous 

species, a polyphagous egg predator ,  like C. lividipennis, has a clear advantage.  

Although it prefers B P H  eggs, it can easily survive on other less preferred food when 

B P H  is scarce. Thus ,  C. lividipennis is an impor tan t  asset to the natural  control of hop- 

per pests, part icularly BPH.  

SUMMARY 

The  functional response of Cyrtorhinus lividipennis feeding on brown p lan thopper  

(BPH)  and green leafhopper ( G L H )  eggs was found to be Hol l ing 's  Type  II .  The  

R a n d o m  Predator  Equa t ion  fitted the data satisfactorily. Using Man ly ' s  preference 

index, a ,  both the male and female C. lividipennis were found to prefer B P H  eggs. 

There  was, however,  no evidence of switching and the ratio of the respective searching 

efficiencies could account for the preference. 
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