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Abstract

Cicadutina bipunctata (Meljchar) (Homoptera: Cicadellidac) is a pest ofthe  second  planting of  forage maize  in cen-
tral Kyushu, Japan. The etTect of  temperature  on  the development and  reproduction  of  C  bipunctata was  examined  in
laboratory expcriments.  The  survivorship  of  eggs  and  nymphs  was  the highest at  25,3eC. The  deve]opmental periods
of eggs  and  nymphs  were  significantly  shortencd  as  the temperature was  increased up  to 34.00C. The developmental
zero  (Z}) was  estimatcd  at 14.00C for eggs  and  female nymphs,  14.2eC for male  nymphs,  and  15.9eC for preoviposi-
tion period. A  thcrmal  constant  (K) of  1 18,1, 182.7, 176.9, and  39.5 degree-days was  estimated  as  the effective  tem-

perature sums  for the development ofthc  cggs, female nymphs,  male  nymphs,  and  preoviposition perioq respcctively,
Adult longevity and  fecundity ",cre  higher than  those of  other  rice-associatcd  leafhoppers, whi]e  net  reproductive  rate

(RO and  intrinsic rate  of  natural  increase (r,.) were  lower than  those  of  other  rice-associatcd  leathoppers, An  increase
of  l.29 and  1 .43 generations per year fo11owing globa] warming  was  estimated  fbr C. bipunctata by 21OO, relative  to

1990, in Kumamoto  and  Miyazaki, Japan. respectively.  Thus, C. bipunctata has the potentjal to become  a  serieus  pest
of  cercal  crops  other  than  the second  planting of  forage maize.
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INTRODUCTION

  The maize  orange  leafhopper Cicadulina
bipunctata (Melichar) (Homoptera: Cicadellidae)
is distributed widely  firom East and  North Africa,
across  the (ndian Ocean, southern  Palaearctic and

the Oriental Region to Japan (central and  southern

Kyushu and  the Bonin Islands), and  south  to New

Guinea and  northern  Australia (Webb, 1987; Wil-
son  and  Claridge, 1991). Some  cereals  such  as

maize,  rice, and  wheat  infested by C. bipunctata
exhibit  symptoms  including stunted  grewth  and  se-

vere  swelling  of  leaf veins,  commonly  referred  to

as  
`wallaby

 ear  disease' (e.g. Agati and  Calica.
1949; Maramorosch  et al., 1961; Grylls, 1975;
Ohata, 1993). Among  these cereals,  severe  damage
by C. bipunctata was  reported  on  maize  in several
countries  such  as  Australia (Grylls, 1975) and  the

Philippines (Agati and  Calica, 1949; Maramorosch

et al., 1961). Previous studies  attributed  this dam-
age  to a leathopper-transmitted virus  (Agati and

Calica, 1949; Maramorosch  et ai., 1961; Grylls.
1975; Reddy et al., 1976; Boccardo et al., 1980),
however, recent  studies  suggest  that chemicals  in-

jected by C  bipunctata while  feeding are responsi-

ble (e.g,, Ofbri and  Francki. 1983; Ohata, 1993;
Kawano,  1994). Therefbre  the damage  is consid-
ered  a sort  of  insect gall, but the mechanism  induc-
ing this response  is sti11 unknown.

  Following the  initiation of  biyearly plantings of
fbrage maize  in central  and  southern  Kyushu,
Japan (from late March to late July fbr the first
planting and  from mid  August to October fbr the
second  planting), C. bipunctata became recognized
as a serious  pest of  the  second  planting ef  fbrage
maize  (Ohata, 1993). Notably, since  1999  the total

area  of  fbrage maize  fields damaged  by C. bipunc-
tata  has gradually expanded  in Kumamoto,  centra]
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Kyushu  (S. Ohata, pers. cemm.).  Therefbre, the es-

tablishment  ofcontrol  measures  against  C. hipunc-

tata is an  urgent  necessity,  even  thQugh  a resistant

variety  of  fbrage maize  was  recently  commoditized

(S. Ohata, pers. comm.).  In addition,  C  bipunctata

has been reported  as a pest of  sweet  corn  in Oki-

nawa,  Japan (Kawano, 1994).

  At present, damage by C. bipunctata is conspic-
uous  only  on  the second  planting of  fbrage maize,
which  grows in the summer  season,  in some  re-

stricted  areas  of  central  and  southern  Kyushu.

However, C. bipunetata damage might  also  be-
come  common  on  the first planting fbllowing the

earlier  appearance  and  lower winter  mortality  of  C.

bipttnctata due to global warming  and  related

changes  in various  environmental  factors. More-

over, damage may  also  expand  to other  cereals

such  as  rice  and  wheat,  because the leafhopper has

the ability  to induce galls on  a variety  of  cereals  as

mentioned  earlier. Therefbre, the effect  of  changes

in thermal  conditions  on  the development and  life

history traits of  C. bipttnctata needs  to be clarified.
Thus, in this paper, we  examined  the effect  oftem-

perature on  the development and  reproduction  of

C. bipunctata.

MMERIALS  AND  METHODS

  A  stock  culture  of  C. hipunctata originally  col-

lected from a forage maize  field in Kyokushi, Ku-
mamoto,  Japan in September 2000 was  used  in this

study.  Laboratory rearing  of  C  bipunctata was

conducted  on  rice  seedlings  (a japonica type rice

variety  
`Reiho')

 at a  temperature  of  24.80C and  a

photoperiod of  16L  : 8D following the method  de-

scribed  in Matsumura  and  [Ibkuda (2004).
  

rlb
 examine  the effect  of  ternperature on  the de-

velopment  and  survivorship  of  C. hipunctata, rear-

ing experiments  were  conducted  fbr egg,  nymphal,

and  adult  stages  in incubators controlled  at a range

of  constant  temperatures  (16,5, 19.2, 22.1, 25.3,

28.4, 31.4, and  34.00C) and  a  photoperiod of

16L:8D.  All experiments  were  conducted  using

rice  seedlings  of  var, 
`Reiho',

 because prelimi-
nary  experirnents  revealed  that nymphal  survivor-

ship  of  C. hipunetata on  maize  varieties  was  ex-

trernely low (M, Matsumura  and  M. Tokuda, un-

publ. data).

  Eggs were  obtained  by releasing  fbur mated  fe-
males  of  C. bipt{nctata into glass tubes  (20 mm  di-

ameter;  170 mm  high) containing  six  7-day-old rice

seedlings  fbr 12 hours. After removing  the adults.

the glass tubes and  rice seedlings  were  transferred

into one  of  the seven  incubators described above,

Each temperature treatment was  replicated  seven

times. 
rlb

 determine egg  developmental time, all

glass tubes  were  observed  daily and  the number  of

hatched first-instar nymphs  was  recerded.  Un-
hatched eggs  were  counted  at the end  of  the experi-

ment  by dissecting all  ofthe  rice  seedlings  under  a

stereoscopic  microscope  to calculate  the percent-
age  ofhatched  eggs,

  TXvo first instar nymphs  within  24 hours of

hatching at a temperature  of  24,80C  and  a photope-
riod of  16L:8D  were  introduced into glass tubes

containing  six 7-day-old rice seedlings.  The glass
tubes were  immediately transferred into one  of  the

seven  incubators. All glass tubes were  observed

daily to determine nymphal  survivorship  and  de-
velopmental  period. Glass tubes and  rice  seedlings

were  replaced  at 7-day intervals until adult  emer-

gence. Each temperature  treatment was  replicated

50 times.

  Adults from the previous nymphal  study  that

emerged  from the same  temperature  treatment  were

paired as  one  male  and  one  female and  introduced

into glass tubes containing  three 7-day-old rice

seedlings.  The  adults  remained  under  the same

temperature  regime  from which  they emerged  in

the nymphal  study,  All glass tubes were  ebserved

daily to determine adult  survivership.  Glass tubes
and  rice  seedlings  were  renewed  eyeryday  until the

first oviposition  by each  fernale in order  to measure

the preoviposition period and  thereafter they were

replaced  at 3-day intervals until  the death of  the

adults.  When  the  male  died befbre the female, an

alternative  male  that had been maintained  in the
stock  culture  was  introduced. The treatment  was

replicated  3, 4, 12, 11, 12, 12, and  10 times  for
16.5, 19.2, 22.1, 25,3, 28.4, 31.4, and  34,OOC, re-
spectively.  All glass tubes and  rice seedlings  used

fbr the rearing  of  adults  were  maintained  at a  tem-

perature of  24.80C and  a  photoperiod of  16L : 8D
for 12 days after the adults  were  removed  and  the

number  of  first-instar nymphs  hatching was  as-

sessed.  Because the direct counting  of  eggs

eviposited  within  rice  seedlings  was  diMcult, the
number  of  hatched nymphs  was  used  to calculate

fecundity.

  The  develepmental zero  (71)) and  the thermal



Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  of  AppliedEntomology  andZoology

Thernial Effects on  the Deve]opment of  C. h4Junctata 215

constant  (K) were  deterrnined based on  the devel-

opmental  period of  eggs  and  nymphs  as well  as  the

preoviposition period at each  temperature. Then,
using  survivorship  data and  oviposition  schedules

of  C. bipunctata, we  calculated  life history parame-
ters related  to the rate  of  population increase,
namely,  net  reproductive  rate (Ro), intrinsic rate  of

natural  increase (r.), and  mean  generation time  (D
according  to the equations  given by Birch (1948),
  The effect  of  temperature  on  survivorship,  devel-
opmental  period adult  longevity, and  fecundity
was  analyzed  using  ANOVnL  and  treatment means

were  compared  using  Tukey-Kramer  HSD  test

(SAS Institute lnc., 2002). The survivorship  (96) of
each  stage  was  arcsine  transfbrmed prior to the

analysis.  The adult longevity and  fecundity were

square-root  transformed  prior to the analysis.  A

two-way  ANOMdL  model  with  temperature  and  sex

was  used  for nymphal  developmental period and

adult  ]ongevity. A one-way  ANovA  model  with

temperature  was  used  for survivorship,  preoviposi-
tion perioa  and  fecundity.

RESUIJI'S

increased from 16.5 to 34.00C and  no  delay in de-
velopment  was  observed  at high temperatures  such

as 31.4 and  34.00C (fable 2). The  developmental

period of  female nymphs  was  shorter  than that of

male  nymphs  at lower temperatures, ",hereas  it was
longer than that of  male  nymphs  at higher  tempera-

tures (significant sex  effect, Fl.22g=15.7, p<O.OO1;
significant  temperatureXsex  effect, fits.n,=:6.83,

p<O.OOI). The preoviposition period was  signifi-

cantly  longer at 16,5 and  19.20C than  at other  tem-

peratures and  was  shortened  as the temperature
was  mcreased  up  to 31.40C (Tlable 2). At 34.00C,
however, the preoviposition period tended  to
lengthen slightly  as compared  to that  at 25.3, 28.4,
and  31,40C.

  The relationship  between temperature  and  devel-
opmental  rate for thc different life history stages  is

Tab]e 1. Survivorship ofeggs  and  nymphs  of  C'icadttlina
hLtntn('tata at difTk)rent constant  temperatures on

           rice  seedlings

femperature{eC)
Survivorship"

Egg Nymph

  Survivorship of  eggs  was  the highest at 25.30C
and  was  significantly  lower at 16,50C than  at other

temperatures  (fable 1). Survivorship of  nymphs

was  also  the highest at 25,30C and  significantly

lower at 16.50C and  19.2eC than at other  tempera-

tures (Table 1). Survivorship of  nymphs  was  Iess
than 50.0% in al] tempcrature  treatments  (Table 1).

  The  developmental periods of  eggs  and  nymphs

were  significantly  shortened  as  the temperature was

        Table 2.

Tt)mperature (OC)

16.519,222.]25.328,431,434.0 7J ±3.9a
65.4 ± ]l.4bc

80.9±5.9bc

90.4 ±4.2e

79.7 ±5.2bc

89.4± 4.4c
60,9 ± 5.7b

10.e±2.9a
21.0±4.lab
41.0± 4Jc
50,O±4.7c
40.0±4.5c
39,O ±4.6bc

47.0±5.0c

aMean

 % ± SE. Means  with  ditferent lettcrs within  the  same

 stagc  are  statistically  diffbrent (ANOMbL tbltowed by
 Tukey-KramerHSDtest,p<O,05).

Developmcntal  period of  eggs  and  nymphs  and  preoviposition period of  Cicadulina  bipunctaia at

       diff'crcnt constant  tcmperatures  on  rice seed]jngs']

                  Developmentalperiod(days}b

Egg Nymph(fema]e)  Nymph(ma]e) Preovipesition

l6,519.222.]25.328.431.434.039.0± O.89(5)a
22.6± O.24(43)b
14,7± O.1[(42)c
IO.3± O,06{52)d

 8,2±O.07(42)e

 7.2±O.06(51)f

 62 ±O.07 (39)g

61.0± 1.20(7)a
35.6± O.53(12}b
22.5 ± O.19(]9)c
15.9± O,17(27)d
I2.8± O.13{21)e
1],4±e,18(16}f
10.7± O.13(28)f

67,3±4.18(3)a
36.4 ±O.97(9)b
22.8± O.57(20)c

15.8± O,16(23)d
12,6± O.I2(17)e

]U.9± O.14(22)ef
10.5± 029(19)f

32.3± 6.74{3)a
12.I± 1.40(7)b

 6.9± O.SO(]4)c

 3.8± O,28(13)cd

 3.3± O.13{13)cd

 2.8± O.25(13)d

 4.9± O.80(11}cd

"

 Lla]ues in parentheses are  numbers  of  tested  individuals.
bMean

± SE. Means  with  difftrent tetters within  the same  stage  are  statistically  different (ANOV-L fo1]owed by Tukc
 HSDtestp<O.05).

y-Kramer
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shown  in Fig, 1, The developmental rate  at l6,5,
31,4, and  34.00C deviated from linearitM so  data
fbr these temperatures  were  not  included in the cal-

O,4

a)liO,3NRt99-co

 O.2EcoEa9coal

 o,o

     e
      riO 15 20 25 30 35

                 Temperature  
'c

 Fig. I. Relationship between temperature  and  develop-
mental  rate  for each  life histery stage  of  Cicadulina bipunc-
tata. Open  symbels  show'  the data that  deviated frem linearity.

culation for the developmental zero  or  the thermal
constant,  Based on  these data, the linear regression

equations  were  calculated  fbr the egg,  female
nymphal,  and  male  nymphal  stages  as  well  as  fbr

preoviposition period (fable 3). From  these  equa-

tions, a  developmental zero  (Tl)) was  estimated  at

14.00C for the  eggs  and  the  female nymphs,

14.20C for the male  nymphs,  and  l5,9eC fbr the

preoviposition period ('fable 3). A  thermal constant

(K) of  118.1, 182.7, 176,9, and  39,5 degree-days
was  estimated  as  the efTective  temperature  sums  fbr
the development ofthe  eggs,  female nymphs,  male

nymphs,  and  preoviposition period respectively

(Tbble 3).

  Adult longevity was  shortened  as  the tempera-

ture was  increased from 16.5 to 34.00C ([lable 4).
There was  no  significant  difference in adult

longevity between sexes  (4,i37=2.55, p=O.112).
Fecundity at 25.30C was  the highest among  the
seven  temperatures  and  it was  significantly  higher
than those at  16.5, 31.4, and  34,OeC (Table 4), The
survivorship  and  age  specific  fecundity of  female
adults  are  shown  in Fig. 2. At the beginning, dai]y

Tab]e 3.Deve]oprnental zero  and  thermal  constant  ofirnmature  stages  of  Cicadtttina bipunctata on  rice  seedlings't

Developmental stage Regressionequation f Developmental

 zero  Z, {OC)Therrnal
 constant  K

  (degree-days)

EggNymph(female)

Nymph  (male)
Preoviposition

v,---O.119+O.O085x

y=:-O.077+O.O055x

v==-O.081+O.OOS7x'v=-O.403+O.0253x

O.999O.998O.999O.96614.014,O14215,9 118.1182.7176.939.5

"Estimated
 using  the data at 19.2, 22.1,25.3,and28.40C.

Table 4,Adult  longevity and  fecundity of  Cicaduiina bipunetata at difierent constant  temperatures  on  rjce  seedlings"

Adult longevity (days)b
Tlemperature (ec)

Fernale Male
Fecundity  (per female)bC

16.519.222,125.328.431,434.086.8±9.6 (6) a
72.0± 12.1 (8)a
55,6± 8.8 (14) ab
50,8± 3,1 (12) ab
32.3± 4.l{15)bc
24,5± 3.7(15)c

19.7±2.2(16)c

100,O± 81,Oe)abc
63.9± 16.4(7)abc
83.1± 9.6 (10)a
68.2± 6.1 (9)a
28.4± 5,7 (12)bc
5S.4± 3,7 (13)ab
22J ± 4.S (12)c

 47.3± l7.3(3)ab
184,5± 36.8(4)bc
l92.2±40.8(12)bc
291.S± 23.1(11)c
188.7± 31,8(12)bc

l19.7± 18.1(12)ab
43,O± 11.0(10)a

"

 Vblues in parentheses are  numbers  oftested  individuals.
bMean

± SE. Means  with  different letters within  the  same  stage  are  statistica]]y  difTkirent (ANOVA  fbllowed by Tukey-Kramer

 HSDtest,p<O,OS).
C

 7btal number  ofprogeny  per fernate.
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 Days after adult emergence

100 120

TT.-i.---34.oec

+ 31,40C+

28.4"c

----F
+ 22.1℃  + 16,O"C

25.3℃  + 19.20C

 Fig. 2.

seed]ings.

 Adult  survivorship  and  age-specific  fecundity of  Cieadulina bipttnctata at difierent
Number  ofprogeny  per day was  based on  the number  of  hatched first-instar nymphs.

Tlabte 5.

censtant  temperatures  on  rice

Population parameters of  Cicadulina hipun('tata at di fferent constant  temperatures  on  rice  seedlings

Tbmperature

  (oC)
Net reproductive  rate

(Ru, per generation}

Intrinsicrateofnaturalincrease

      (r,.. per day}
Meangenerationtime

    (Z days)

l6.519.222.125.328.431.434.0 2.315,636.775.935.921.5

 9.9

O.O05O,028O.056O.09SO.[05e.111O.087IS2.098.063.944,434,227.626.2

number  of  progeny per female was  relatively  high
at 28.4 and  31.40C compared  with  the other  tem-

peratures, while  the oviposition  period lasted
longer at lower temperatures  than  at 28.4 and

31.40C, At 34.00C, the daily number  of  progeny

produced was  low and  offlipring  production ceased

at an  earlier date than at other  temperatures. The

peaks in the number  of  progeny which  appear

around  60 days after  adult  emergence  at 25,30C
and  around  1OO days at  22.1eC were  caused  by the
oviposition  of  a single  long-lived female at each

temperature  which  continued  to lay eggs  fbllowing
the death of  all other  females (Fig, 2). Thus these

peaks  have no  particular significance.

  Parameters related  to the rate of  population in-
crease  are  summarized  in Table 5. Net reproductive

rate  (Ro) was  75.9 at  25.30C, more  than  two  times

as high as  at the other  temperatures, while  intrinsic
rate  of  natural  increase (r,,) was  O.1 1 1 and  was  the

highest at 3I.40C (Table 5). Mean generation time

(7) was  shortened  as  temperature  was  increased
from 16.5 to 34.00C (Table 5).

DISCUSSION

  In our  experiments,  the egg  and  nymphal  sur-

vivorships  of  C. bipunctata at 28,40C were  79.79t6
and  40.0%, respectively  (rlable 1). In contrast,  a

study  by Catindig et al. (1996) fbund that at

27.60C. the egg  and  nymphal  survivorships  of  C
bipunctata were  30,29'6 and  31.3%, respectively.

Moreover, the fecundity and  adult  longevity of  C
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bipunctata also  differed between the results  of  our

experiments  and  those by Catindig et al. (1996).
Fecundity was  188.7 at 28.40C  in our  experiments

(rlable 4), while  it was  only  24,9 at 27.60C in

Catindig et al. (1996), In addition,  the  adult

longevity was  32,3 days for females and  28,4 days
for rnales  at 28.40C in our  results  (Table 4), but it
was  only  14.5 days fbr females and  11.0 days fbr
males  at 27.60C based on  Catindig et  al.  (1996).
Such  differences might  be attributed  to the rice  va-

rieties  used  for the experiments,  because, in con-

trast with our  experiments  which  used  a.faponica

rice  variety  
`Reiho',

 Catindig et al. (1996) em-

ployed an  indica rice  variety  
`TNI'.

 The low sur-
vivorship,  fecunditM and  longevity of  C  bipunc-

tata on  the indica variety  could  explain  the fact

that C. bipunctata has not  been recorded  as  a seri-

ous  pest of  rice  in tropical Asian countries  even

though  it is frequently cernmon  on  rice  there (e.g.
Wilson and  Claridge, 1991). In contrast,  the high

survivorship,  fecundity, and  longevity on  the

y'aponica variety  suggest  the potential of  C. bipunc-
tata  for becoming  a  serious  pest of  rice  in Japan in
the future. C. bipunctata can  utilize a  wide  range

of  peaceous genera and  species  as its host plants
(Catindig et al., 1996). In addition,  native  hosts of
C. bipunctata are  still unknown  in Japan. There-

fbre, egg  and  nymphal  survivorships need  to be ex-
amined  on  native  plant hosts as well  as on  various

rice  and  maize  varieties.

  Though  the preoviposition period of  C. hipunc-
tata  tended  to be delayed at 34,OOC as  cornpared  to

lower temperatures, the developmental periods of
eggs  and  nymphs  were  not  delayed even  at high

temperatures  such  as 31.4 and  34.00C (elable 2).

Thus this species  has relatively  high tolerance for

high thermal  conditions,  In the  case  of  the zig-zag

rice  leathopper Recilia dorsalis (Motschulsky)
(Homoptera: Cicadellidae), a  native  leafhopper as-

sociated  with  rice, nymphal  developmental period
lengthened at 32.5eC relative  to 30.00C (Ma-
tsumQto, 1988). Such variation  in thermal  tolerance

might  depend on  the differences in their endosym-

bionts, rather than in the leafhoppers themselves,
since  bacterial endosymbionts  in homopterous in-
sects  such  as  aphids  are known  to affect  the ther-

mal  tolerance of  their host insects (e.g. Montllor
et al., 2002). In addition,  adults  of  C. bipunctata
also  have togerance to some  extent  fbr low tem-

peratures such  as 5.00C (M, Matsumura  and  M.

Tbkuda, unpubl. data). The high and  low thermal

tolerance of  C. bipunctata possibly explains  the

wide  natural  distribution range  of  C. bipunetata

(Webb, 1987; Wilson and  Claridge, 1991) and  im-

plies the possibility of  a future expansion  in the
distributional area  of  C. bipunctata fbllowing

global warming,

  The developmental zero  was  estimated  at

14,O-14.20C for the eggs  and  nymphs  of  C.

bipunctata (Table 3). These temperatures  are simi-

lar to estimates  of  developmental zeros  fbr other

rice-associated  leafhoppers including fbur species

of  the genus IVephotettix (Homoptera: Cicadelli-

dae), Nqphotettix cincticeps  (Uhler), Nlephotettix

matayanus  Ishihara et Kawase, Nephotettix nigmp-

ictus (Stal), and  Nephotettix virescens  (Distant), es-

timated by Valle et al, (1986b) as well  as  R. dor-

salis  estimated  by Matsumoto  (1988). In contrast

to the leafhoppers, the egg  and  nymphal  develop-

mental  zeros  of  rice-associated  planthoppers (Ho-
moptera:  Delphacidae) such  as  Laodelphax stri-

atellus  (Fallen), Nilaparvata lugens (Stal), and  So-

gatella.fiircCfleFu (Horvath) are  generally lower than

those of  rice-associated  leafhoppers, mostly  rang-

ing from 1O.O to 12.50C (e.g. Noda, 1989; Kiritani,

1997).

  Adult  longevity of  C. bipunctata at 25.30C was

extremely  longer, 50.8 days fbr females and  68.2

days fbr males  ('lable 4), than that of  other  rice-as-

sociated  leathoppers (Valle et al., 1986a; Matsu-

moto,  1988). In the case  of  the fbur Nephotettix
species  and  R. dorsalis, adult  longevity at 250C
ranged  from 13.8 to 22.7 days (Valle et al., 1986a;
Matsumoto, 1988). Fecundity of  C  bipunctata at

25.30C was  291,5 (Table 4), also  higher than  that

of  other  rice-associated  leafhoppers, which  was

39.6 in R. dorsalis (Matsumoto, 1988) and  ranged

from 117.4 to 198.0 in the fbur Nleiphotettix species

(Valle et al,, 1986a). The long adult  life span  and

high fecundity of  C. bipunctata is of  note,  because
these ecological  traits can  cause  continuous  and  se-

vere  damage  to cereal  crops  in the fields. In con-
trast, the net  reproductive  rate  (Ro) and  intrinsic

rate  of  natural  increase (r.) of  C. bipunctata at

25.30C were  75.9 and  O.098, respectively  (fable 5),
lower than  those  of  other  rice-associated leafhop-

pers, The Ru and  r.  of  the four 7Vephotettix species

at 250C ranged  from 101.9 to 162,9 and  from

O.136 to O.173, respectively  (Valle et al., 1986a).

Such diflerences in parameters related  to the rate
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of  population increase between C. bipttnctata and

the fbur Nephotettix species  result  from the high

nymphal  mortality  and  the  relatively  low number

ofdaily  progeny per female of  C. bipunctata in the
earlier  periods following adult  emergence  (Table 1,

Fig. 2).

  The Intergovernmental Panel on  Climate Change

(IPCC) predictect under  the mid  range  IPCC  emis-

sion  scenario  (IS92a), an  increase in glQbal mean
surface  air temperature  relative  to 1990 of  about

20C by 2100  (IPCC, 1996). Based on  this estima-

tion and  the method  to estimate  the potential in-
crease  in the number  of  generations under  global
warming  in temperate  zones  (Ybmamura and  Kiri-

tani, 1998), the number  of  generations of C.
bipunetata is estimated  to increase by 1.29 genera-
tions in Kumamoto,  Japan and  1.43 generations in

Miyazaki, Japan per year by 21OO (mean air tem-
perature in 1990 was  about  150C in Kumamoto  and

l70C in Miyazaki). Therefore, we  must  have
heightened awareness  of  the  possibility that C.

bipunctata can  cause  severe  damage in the future
to cereal  crops  other  than the  second  planting of

fbrage maize  due to an  earlier appearance  of  C,

bipunctata as  well  as  an  increase in the number  of

generations per year fbllowing global warming.
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