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SUMMARY 

Genetic correlations of the wing form and the relative wing length between 

females and males were estimated in the oriental chinch bug, Cavelerius saccharivorus, by 

calculating the correlation between the sexes of the proportion macropterous or the 

mean relative wing length in full-sib families obtained from different wing forms of 

parents emerged in a high density population. There was a significantly positive 

genetic correlation between the sexes in both the proportion macropterous and the 

mean relative wing length. However, the appearance rate of macropters tended to 

be much lower in males than in females under the rearing conditions which promote 

the appearance of macropters. This was evident especially in the offspring of 

brachypterous parents. These indicated that in C. saccharivorus the wing polymor- 

phism of males is not a simple result of the genetic correlation of wing morphology 

between the two sexes. I t  was considered that both of the female and male fitness 

advantages to wing reduction, as well as the genetic correlation between the sexes, 

would influence the evolution of wing polymorphism in this species. 
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INTRODUCTION 

There are many insect species which exhibit wing polymorphisms that affect flight 

activity (Harrison, 1980). Correlations between wing morphology and life history 

traits have been well studied in females, and substantial fitness differences between 

brachypterous and macropterous forms have been demonstrated in many species (Roff 

and Fairbairn, 1991). In contrast to this, little or no attention has been paid to the 

fitness trade-offs in males (Wagner and Liebherr, 1992), although a few of recent 

studies have demonstrated that there exists a male fitness advantage to wing reduction 

in a thrips, Hoplothrips pedicularius (Crespi, 1986) and the oriental chinch bug, Cavelerius 
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saccharivorus (Fujisaki, 1992). Whether  or not a trade-off exists, however, the evolu- 

tion of wing dimorphism in males will be influenced by the genetic correlation of the 

trait between females and males (Roff and Fairbairn, 1994). 

In this paper, I estimate the genetic correlation of wing form and relative wing 

length between the sexes in C. saccharivorus, an important pest of sugar cane in the 

subtropical region from Taiwan to the southwestern islands of Japan.  

MATERIALS AND METHODS 

Many  5th instar nymphs of C. saccharivorus were collected from a sugar cane field 

in Okinawa Prefectural Agricultural Experiment Station in Naha, Japan,  on June  8, 

1984. The population density of this species was extremely high in this field; the mean 

density of nymphs and adults per stalk was 79.2+34.6 (S.D.) on June  8. Such a 

population density is high enough to produce abundant  macropters. These nymphs 

were kept in glass vials (900 ml) with sugar cane cuttings as a food source under 

approximately natural conditions in an open insectary. On the day when they 

emerged as adults, they were checked for wing form and male-female pairs of various 

conbinations of wing form were set up. Thir ty and 23 brachypterous females were 

paired with brachypterous and macropterous males, respectively. Fifty eight and 27 

macropterous females were paired with brachypterous and macropterous males, 

respectively. They were reared in small glass vials (50 ml) each containing a piece of 

sugar cane cutting (1.0-1.5 cm in diameter and ca. 5 cm in length) as a food source 

and oviposition site under  the conditions of 28~ and 15L9D photoperiod. The food 

as well as the vial was renewed every three days. 

The first clutch containing at least ten eggs deposited by each female was placed 

on a wet filter paper within a petri dish at 28~ The nymphs hatched from each 

clutch were reared in a small glass vial (50 ml) containing a sugar cane cutting (ca. 1 

cm in diameter and ca. 5 cm in length) as a food source under  the same conditions as in 

adults until they eclosed to adults. The food as well as the vial was renewed every 

three days. The number  of nymphs which moulted to the 4th instar was checked for 

all families. 

The wing form of emerged adults was determined by their relative wing length 

(RWL) in terms of the number  of abdominal segments overlapped by the forewings. 

Here, adults with R W L  of equal to or less than 4.0 are defined as brachypters and 

those with R W L  of equal to or more than 4.5 as macropters (Fujisaki, 1989a). Other 

morphometric variables measured were body length (from tip of head to tip of abdo- 

men) and forewing length (from base to tip). A profile projector (Nikon, V-10) was 

used for the measurements. 
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RESULTS 

Macropters of C. saccharivorus are likely to be produced in crowded populations 

(Fujisaki, 1985). The nymphal density at the 4th instar is most critical for the wing 

form determination (Fujisaki, 1989b) and ten individuals per container (50 ml) is 

enough to produce a considerable proportion of macropters (Fujisaki, 1986). There- 

fore, the full-sib families which contained at least 10 nymphs at the 4th instar period 

were selected for the analysis of genetic correlation of the wing form or the relative 

wing length between the sexes. The total number of families used for the analysis was 

69 and the family size at the 4th instar ranged from 10 to 32. 

The relative wing length in terms of the ratio of forewing length to body length 

was averaged together in each sex of each family, and the genetic correlation of the 
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Fig. 1. Correlation of the relative wing length (forewing length/body length) between females 
and males in all families. Each solid circle represents a different full-sib family. The dot- 
ted line is an iso-proportional one. 
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relative wing length between females and males was calculated (Fig. 1). The 

estimated genetic correlation was 0.708 and highly significant (p<0.01), although 

the average relative wing length often showed much lower values in males than in 

females. The proportion macropterous in each sex of each family was arcsine 

squareroot transformed, and the genetic correlation of the proportion macropterous 

between the sexes was calculated (Fig. 2). In this case, any families in which there 

was zero of one moroh were not used for the calculation. The estimated genetic 

correlation was 0.517 and also significant (p<0.01). Here again, the proportion mac- 

ropterous often showed much lower values in males than in females. 

It should be noted here that much variation in the relative wing length or the 

proportion macropterous occurred among families. This variation may be attributed 

to the difference in the parental wing form. Therefore, the genetic correlation of the 

relative wing length between the sexes was analyzed for the offspring of different male- 

female pairs of various combinations of wing form. The correlation of the relative 

wing length between the sexes was significantly positive in the offspring of all kinds of 
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Fig. 2. Correla t ion of  the proport ion macrop te rous  (arcsine squareroot  t ransformed % )  bet- 
ween females and  males  in all families. Each solid circle represents  a different full-sib fami- 
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pa ren ta l  pairs ,  a l though  the cor re la t ion  coefficient showed a m u c h  lower va lue  in  the 

offspring of brachypterous parents (Fig. 3). 
Table 1 shows the results of two-way ANOVA for testing the effects of parental 

wing form and sex on the relative wing length of offspring. The differences between 

the pa ren ta l  wing  forms and  be tween  the sexes were h ighly  s ignif icant  ( p < 0 . 0 1 ) .  

However, there was no significant interaction between these two factors. 
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Fig. 3. Correlation of the relative wing length (forewing length/body length) between females 
and males in each of four family groups produced by different wing form of parents (B x 
B: brachypterous female x brachypterous male; B x M: brachypterous female x 
macropterous male; M x B: macropterous female • brachypterous male; M x M: 
macropterous female x macropterous male). Each solid circle represents a different full- 
sib family. The dotted line is an iso-proportional one. 
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Table I. A two-way analysis of variance, for testing the effects of sex and parental wing form on the 
mean relative wing length of the offspring. 

Source of variation df SS MS Fc~a 

Sex 1 0.003 0.003 6.85** 
Wing form 3 0.018 0.006 13.68"* 
Interaction 3 0.001 0.000 0.43 ns 
Error 130 0.056 0.000 
Total 137 0.077 

** p<0.01, ns:p>0.05 

DIscussloN 

Roff and Fairbairn (1994) reported that there is a high genetic correlation of wing 

dimorphism between females and males in the sand cricket, Gryllus firmus. The  

present study also showed a positive genetic correlation of relative wing length and 

wing form between females and males of C. saccharivorus (Figs. 1 and 2). However,  the 

mean relative wing length and the proportion macropterous often showed much lower 

values in males than in females. 

In this study, the nymphs were reared under  the conditions of high temperature,  

long day length and high density. These environmental  conditions promote the 

production of macropters in C. saccharivorus (Oshiro, 1981; Fujisaki, 1989b). There-  

fore, the difference in the relative wing length or the proportion macropterous of adults 

between females and males would reveal a differential nymphal  response between the 

sexes to the above conditions. 

The  wing reduction was evident especially in the offspring of brachypterous 

parents (Fig. 3). A marked wing reduction under  extremely high density conditions 

during nymphal  period has been already confirmed in C. saccharivorus offspring of 

brachypterous parents which appeared in a high density population (Fujisaki, 1986). 

The  present study, as well as the study mentioned above, indicates that the density 

response in the determinat ion of wing form is different between genotypes of C. 

saccharivorus. 

These results also indicate that in C. saccharivorus the wing polymorphism of males 

is not a simple result of the genetic correlation of wing morphology between the two 

sexes. Fujisaki (1992) examined trade-offs between morphology and sexual mat- 

urat ion in C. saccharivorus adults and found that brachypterous males as well as 

brachypterous females matured  earlier than macropterous ones. This shows that 

there is a cost associated with being winged not only in females but also in males. 

Therefore,  it is no doubt that there is a male fitness advantage to wing reduction in this 

species, indicating that natural  selection for brachyptery can act on not only females 

but  also males. Fur thermore ,  the frequency of brachyptery is higher in males than in 

females in C. saccharivorus (Fujisaki, 1986, 1989a), suggesting that brachyptery may be 

more advantageous for males than for females. 
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H o w e v e r ,  the  o c c u r r e n c e  of  gene t ic  co r r e l a t i on  of  w i n g  m o r p h o l o g y  b e t w e e n  the 

two sexes shows tha t  the  f r equency  of  b r a c h y p t e r y  in one sex m a y  be s t rong ly  influ- 

enced  b y  select ion ac t i ng  on  oppos i t e  sex. F e m a l e  a n d  ma le  fi tness a d v a n t a g e s  to 

w i n g  r e d u c t i o n ,  as well  as the  gene t ic  co r r e l a t i on  b e t w e e n  the  sexes,  w o u l d  inf luence  

the  evo lu t ion  of  w ing  p o l y m o r p h i s m  in this  species.  
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