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Abstract The Canadian Entomologist 129: 387-398 (1997) 

Eudorylas alternatus (Cresson) is recorded as a parasitoid of Cuerna striata (Walker) 
(Homoptera: Cicadellidae, Cicadellinae), providing the first known example of a 
big-headed fly parasitizing a cicadelline. Rearing methods and parasitism rates are 
discussed. and a summary of known Nearctic pipunculid-host associations is presented 
along with an overview of big-headed fly natural history. 

Skevington. J.. et S.A. Marshall. 1997. Le premier rcgistrc d'un pipunculid, Eudorylas a/ternatus 
(Cresson) (Diptera: Pipunculidae), clevc de la sousfamille Cicadcllinae (Homoptera: 
Cicadellidae ). avec un resume des associations du pipunculid-hotc dans la region Ncan:tic . 
The Canadian Eni<>mol<>gisr 129: 387-398. 

Resume 
Eudorylas alternatus (Cresson) est atteste comme un parasi:oid de Cuerna striata 
(Walker) (Homoptera: Cicadellidae, Cicadellinae), pourvu la premier exemple de 
parasitisme d'un pipunculid sur un cicadelline. Methodes d'elevcr et la taux de 
parasitisme sont discute, et un resume du Nearctic pipunculid-hote associations reconnus 
est offrait avec un resume du pipunculid histoire naturelle. 

GENERAL INTRODUCTION 

Pipunculids. or big -headed flie s. are exclusively parasitoids of leafhoppers and 
planthoppers (Homoptera: Auchenorrhycha). including Cixiidae. Delphacidae. Flatidae, 
Cercopidae. Cicadcllidac. Fulgoridae. and Membracidae . They attack host nymphs and 
adults in all groups exce pt the Ccrco pidae . in which they attack only the adults (Waloff and 
Jc rYi s 1987 ). Pi punculidae is the onl y fa mil y o f Diptera that attacks Cicadellidae. preferring 
~pc<.: i..: s of s ubfam i lie ~ De lto<.:epha linae and Typhlocybinae (Freytag 1985 ). 

0Yer I 000 spec ies o f Pipunc ulidae have ~en described out of a probable world total 
of O\'er 2000 ~pec i es . Big-headed fli es are found in almost eve ry te rrestrial habitat world
wide. but are most di\'e rse in we t meadows and riparian and woodland edges . They are 
frequently collected hy Malaise trap-.. emergence 1raps. pan traps. aerial suction traps, 
'>\\ ecping. and direc tly asp irating fli es (De Meyer and De Bruyn 1989: Waloff 1975: 
\Vh itt:.tker 1969). Different trapping methods like ly capture some what different species 
! De Me: er and De Bruyn 198.f ). Adult pipunculids o f both sexes feed on honeydew in the 
fi e ld (Jervis 1978; Williams 19 18; Williams 1957) and. despite statements to the contrary 
(Williams 1957). they are attracted to artificial honeydew made of a mixture of honey and 
water (personal observation) . 

NATURAL HISTORY AND REARING OF PIPUNCULIDAE 

Introduction and Background 

The effects of pipunculid parasitization on hoppers have been documented by Chandra 
r 1980J. Giard ( 18891. Huq ( 1982 ). Lauterer ( 198 1 J. Lindberg ( 19.f6J. May (1979). Morcos 
( 1953 >. \1uir ( I 9 I 8J . Perkins ( 1905 ). Remane and Schulz ( 1973 ). Ribaut ( 1936). Rothschild 
'I Of: 1 I Vidano ( 1962). Waloff ( 1980)...~j J 9" r 7 ·. Yano et al. ( 1985), 
....... , 1v11en and Raatikainen ( 1984). fl~~~pers ait: :.u111ct1mes recognizable by their 
swollen abdomen and sluggish movements. Jumping and walking are impaired by a 
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reduction in femur length and damage lo _the thoracic muscles and nervous sy;t~~ (M_~Y. 
1979). Abdomin3! . ; 1 11•: ,)1 ;i, '•s may become poorly pigmented. body srze may-tx:: 
reduced or increaseu. ,,,,l; ""'~ 'enation is often aberrant. Ovipo-;itor kngth and the length 
of cla-;~rs in males are relluced in par.1 · ti 1.ed individual'\. In femah: hl''h. the de' -:lopment 
of ovariolcs i~ halted and mature egg' arc rarely found. Spcrrnathccac and acce,-;ory gland, 
arc also lost. In mah:s. the teste-;. spcnnathecal ducts. and a large part of the acce,sory gland 
are often lost. Only some ma ks can copulate and fertilize females . 

Despite these apparently obvious symptoms. it can be difficult to tell parasitized hopper~ 
from gravid females. The degree of inactivity and swelling of the abdomens of some 
individual hoppers are clues that they are likely parasitized. The intersegmental membranes 
may also appear yellow as a result of the underlying pipunculid larva (as opposed to white). 
These differences may be obvious only near the completion of development of the parasitoid 
Dissection is usually ncce,sary to rnntinn that para,iti1.ation h;1, occurred . 

Emergence of the pipunculid~ m:cur-; ~fore or after the h11't \death I\ Li~ 1979 l. l.af\ a1.· 
forL·e their way out with ,c:ric' 11f 1.·11111raL·tik m1J\emenh l1'Cr 5-10 min and emerge from 
any part of the abdomen. but mn-;t frc4ucntly from ~t,,ecn the fir,l anJ 'eCllllJ ;1bJ11min;i\ 
tergites ( \tay 1979). Males have a shorter period of pupal deveh>pme nt than do female'. anJ 
thus usually emerge first. The 'ex of thl' para~ituid i-; nut intluenceJ by host. 

The lifespan of adults is 3- 11 days (\lay 1979: Jcrvi-; I 980h: Hu4 I 9S6). Only Hu4 
( 1982. 198-l) and Stri.ibing ( 1957) haw sucl·l'edl'd in establi-;hing brel'ding populati1)n' in 
thl' lab. and then only for one ~ummer. 

The phenologil's of 28 European species are known: most O\'ern in1er a-; diapau\ing 
pupae ( 18-19 of 23>. although ~oml' (tl \'e to six of 2.)) O\ern inter as iir~t-in~tar larvae 
within hosts (Waloff and Jef\is 1987). Thirteen of 28 species are univoltine. IJ-15 are 
bivoltine. and zero to two arl' trivoltini: . With the exception of the apparently univoltine 
Eudorylas altematus (Cresson). discussed below. phenologies of Nearctic spl'cie-; are 
entirely unknown. 

Data on host range are available for more than 52 European species of Pipunculidae. In 
the Nearctic region, only 13 species have received such documentation (Table 1 ). Previous 
catalogues of pipunculids and their hosts greatly overestimate the number of known 
associations. For ex.ample, Freytag ( 1985) produced a thorough. but partly speculative, list 
of worldwide leafhopper-pipunculid associations. Many of the associations are of limited 
value as they refer to presumed associations only. For ex.ample, Hardy ( 1943, 1953. 1954, 
1963, 1964, 1967. 1971) frequently referred to hoppers seen "in association with" certain 
pipunculids. This is a useful starting point when attempting to discern host-parasitoid 
relationships. but is little more than a guess and can be misleading if included in a 
host-parasite catalogue. Nonetheless, with careful cross-referencing. Freytag's catalogue is 
useful. This is in contrast to the catalogue of pipunculid-host associations produced by 
Kapoor et al. ( 1987). in which almost every record has at least one error. 

The host list for Nearctic pipunculids (Table 1) in the present work attempts to 
circumvent the above problems. Apart from possible misidentifications made by the initial 
authors. it is believed to be complete and represents only definitive host-parasitoid relation
ships. 

Most big-headed flies are polyphagous, but show a preference for a particular set of 
host species. Only one species has been reared from more than one subfamily of host: 
C ephalops nhtusinen-is Zetterstedt (A. Albrecht unpublished. in Jervis I 980a). Occasion
ally. there may be more than onl' species of pipunculid pl'r host <see below l. 

Rates of parasitism vary from fractions of a percent to IO(Vi: in l0<:al populations. 
Morakote and Yano ( 1990) found that the mean rate of parasitism by three species of pipun 
culids on /\'ephotcttix cincticeps Uhler was 58.9'7c (I 00'7c parasitism was recorded in local
izl'd populations): Esaki and Hashimoto (I 936l recorded 65'7c parasitism of:\". cincriccps: 



P1pun(ulid pjra,ilnid 

I. CeplttJ/opJ 1Semin•plrtJ/(lpJ) 
varius Cresson 

2. Chalarus lutifrons Hardy 

3. Cha/ams sp11ri11s (Fall.)t 

4. Dory/omorpha (Dorylomy:a) 
tridentata Hardy 

5. D. (Dorylomy:a) xanthopus 
(Thomson) 

1 . E . . 1/,'( '1" /hJlll .\ l Cn.·,,un 1 

,\ .\lc ·1ud11r:, f,,, '"h"/'''t "' 
I L1>c\\ ·~ 

9. M. subopacus ind11stri11s 
(Knab) 

I 0. P1p1111e11/11s n1111p1·s1ris 
Latrcilh: 

Hnmoptcrjn hlhl ~ 

Delphacidae: 
Megamelus dm·isi Van Duzee 

Cicadellidac: 
Typhlocybinae: 
Empoascini: 

Kyhos hutleri (Edw.) 
K. smaragdula (Fall .) 

Typhlocybini: 
Eupteryx cyclops (Matsumura) 
E. aura/a (L.) 
E. urticae (Fab.) 

Dcltocephalinae: 
Athysanini : 

Tltum1101c11i.x >PP· 

Conosanus obsoletus (Kirs .) 

Euscelis obsoletus (Kirs.) 
Paralimnini : 

ArtirtJIJeu.< paJCuel/us (Fall.) 

D1plon>lc1111.< """""";!China! 
P.wmm"tl'lti.r confini.< (Dahl.) 

\ cr.ltJ•111.1 a/>J.,111111<1/11s t Fab.) 

Deho.:cphalini : 
0ramindlu 111~nfru11.1 l Forlxs) 

Cic'jlkllinac: 
Prnconiini: 

Ct1tT11,1 ,u iu1t1 ( \\.'al ~ t:r1 

DcltU\.cphjl inac : 
Scaphytopiini : 

Scaplrytopius acutus tSay) 

Opsiini: 
Circulifer tenellus (Baker) 

Athy~anini: 

£11.>cl'ii.> inn.ruJ I Kib. i 
E. ohwlc111.1 t Kir,chbaum1 
E. plt·heja.< (Fallen) 

Cicadulini: 
Cicadula quadrinNata (fao.J 

Country 
recorded in 

USA 

England 
England 

Wales 
Wales, France 
Wales. France 

England 

England 

England 

Gem1any 

England 
England 

England 

LSA 

Canada 

USA 

USA 

Gcnnany 
England 
England 

uenmany 

Reference 

Wilson and 
McPherson 1981 

Jervis 1980a. 1992 
Jervis I 980a. 1992 

Jervis 1992 
Jarvis 1980a, 1992 
Jervis 1980a. 1992 

Waloff 1975 

Waloff 1975; 
Benton 1975 

Waloff 1980 

Lauterer. pers. 
comm. in 
Albrecht 1990 

Waloff 1980 
Waloff 19RO: 

Benton 1975 
Waloff 1980: 

Benton 1975 

Fr..:ytag 198.'i 

Hardy 1964 in 
Freytag 1985 

Hartung and Severin 
1915; Hartung 
1919; Severin 
1924 

Huq 19X.t 
Waloff 1980 
Waloff 1980 

Coe 1966: 
Waloff 1980 

1Pi 
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11. Tomowur_w/111 clf'f'<' lldi1••'S 
(C'res,onl 

I:! . T s11h1-iresce11s (Loew) 

13. T sylvatica (Meigcn) 

14. T .-agabunda (Knab) 

El_wnana sulplwrdla (Zen.) . 
.; l - ~~1 ·- ;: -::f' .... ~--
; .......... 10.-ialis (A.) 
Gr11min..tla nigrifr1111s I Forb..•, 1 

~lj.-ro,tdm1 : 

\f.,, mst.-l.-1 lc1ens (Ribaull 

M. uxnotatus (Fallen) 
Para.I imnini: 

Arthaldeus pascullus (Fallen) 

Diplocolenus bt'nsoni (Olina) 
Errastunus ocellaris (Fall .) 
.\fornel/11s co/Ii nus l Boh.) 
Ps,1111mott'tti.r conji111H I Dahl. J 

S-:aph) topiini : 
s ... ,,.J, _, 11pi11s 11itriJ11s i Delon gr 

Alh) ':mini : 
S .-plwr .. rti.r cinctiap.< L'hler 

.\". 111 ~ropict11s (Sta l) 
S . n'r~sc·t!nJ Distant 

Op,iini : 
Orc-u/iji·r tt'11t'l/11s Baker 

Ci-:ad.:llinae : 
Cicadellini: 

Gr11phoceplwlc1 l"t!rsuta Say II 
Delphacidae: 

Silparl"<JtcJ lugens (Stal) 

Cicadcllidae: 
Deltoccphalinac: 
Athysanini: 

Nephotelli.t cincticeps Uhler 

Deltoccphalini: 
Graminella nigrifrons (Forbes) 

Macrostelini : 

England 

Germany 
CSA 

Gem1any. Poland. 
England 

England 

Germany. 
England 

England 
England 

Gem1jn) 
En~land 

LSA 

Thailand 

Thailand 
Thailand 

Canada .' 

CSA 

Taiwan 

Taiwan. 
Thailand 

USA 

Macros re/es quadri/ineatus (Forbes)§ 
Paralimnini: 

USA 

Arrhaldeus pascuellus (Fallen) 

Diploco/enus bensoni (China) 
Errastunus ocellaris (Fall.) 
Jassargus pseudocellaris (Flor.) 
Psammotettix confinis (Dahl.) 
P. srriatus (L.) 

Opsiini: 
Circu/ifer te11t·flm (Baker) 

Poland, 
Germany. 
England 
England 
England 
England 
England 

Russia. Japan 

Maynunc 1997 

wmtJ 197S 

Huq 198-i 
Fn:~w!! IQ1!5 

Coe 1966; 
Banko11osh 197 ); 
wmtJ 1980 

Waloff 1980 

Coe 1966; 
Walofl' 1980 

Waloff 1980 
Waloff 1980 
Hu4 IQ~ 
Wa!otT 1975 

H.udy 1971: 
YJno 1979 

Yjm) 19i4 
Y~no 1979 

Thomp,on I 951 

Ashmead 1895 

Chu and Hirashima 
191!1 

Hardy 1971 ; 
Yano 1979 

Freytag 1985 

Hardy 196-i 

Coe 1966; 
Bankowska 1973; 
Waloff 1975 

Waloff 1980 
Waloff 1975 
Waloff 1975 
Waloff 1975 
Hardy 1971 ; 

Yano 1979 

Hanung and 
Se,ain 1915: 
Hanung 1919: 
Se,crin 192.t 
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15. \i•rr<1//ia .-irsiinica Banks 

I 6. l,;nidentified Pipuncuhdae 

Cen:opidae: 
Aphmplwra sar<1tngensis (Fitch) 

Cicaddlidae: 
Agallinae: 
Aga.lliini : 

Acuatagal/ia spp. 
Agal/ia constricta VanDuzcc 

De ltocephal inae: 
Athysanini: 

USA 

USA: 

Chlorotnti.x spatulatus (Osborn and Ball) 

Colladonus spp. 
Exirianus exirosus (Uhler) 

Deltoccphalini: 
Amblyul/us currisis (Fitch) 
Endria inimica (Say) 
Fle:wmia atlantica (Delong) 

F. picta (Osborn) 

Graminel/a mohri Delong 

Lanicephalus pan·ulus (Gillette) 

Laei-icephalus spp. 

Latalm sayi (Fitch) 
Pl11nicrphalmflal'icn.m1s (Stal) 

Doraturini : 
Arltr.1w1cl/a <1rg~llT<'ola ( Uhlt>r) 

A. <111en11ata Baker 

A. rcd<1c1<1 Blocker 

A1h1.1u11cl/11 'PP· 

Hecalini : 
Parabolocratus spp. 

Macrostelini : 
Macrosteles fascifrons (Stal) 

M. quadrilineatus (Forbes) 

Paralimnini: 
Moc11cl/11s caprillus Ross and Hamilton 
."'! . colli1111.< tBoheman) 

Psammotcuix li1·idel/us (Zenersl~dt) 
Psammotellix spp. 

Linnane and 
Q,good 1977 

Pierce 1972 
Freytag 1985 

Baldridge and 
Blocker 1980 

Pierce 1972 

391 

Blocker ct al. 1972; 
Baldridge and 
Blocker 1980 

Freytag 1985 
Freytag 1985 
Blocker ct al. 1972; 

Baldridge and 
Blocker 1980 

Baldridge and 
Blocker 1980 

Blocker ct al. 1972: 
Baldridge and 
Blocker 1980 

Blocker ct al. 1972; 
Baldridge and 
Blocker 1980 

Ba.ldridgc and 
Blocker 1980 

Freytag 1985 
Freytag 1985 

Baldridge and 
Blocker 1980 

Blocker el al. 1972; 
Baldridge and 
Bloc~er 1980 

Blocker cl al. 1972: 
Baldridge and 
Bloc~er 1980 

Bah.lridge and 
Bl<x:ker 1980 

Baldridge and 
Blocker 1980 

Baldridge and 
Blocker 1980 

Baldridge and 
Blocker 1980 

Ba.ldridgc and 
Blocker 1980 

Blocker et al. 1972 
Baldridge and 

Blocker 1980 
Freytag 1985 
Freytag 1985 

.... . . . - . 
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S1enomc1opiina: 
· ·:Id Jtrop11nc1Mo CGilknel 

S1t r.-l f11 1 ht<,. /,., t \ "JnDu1<·~ 1 

l \ phh "' ~ l> m.1~ 
D1l..r;11..:unni: 

0 1tr<Jnt·1,,<J 'PP-
f orcif"JIU lc><:u Delong anJ Caldwell 

El")throncurini: 
Erythront'ura comt's (Say) 

B.ildridge ml 
Bind.er I •)XO 

Fr~~ t . 1 ~ I 'I ' ~ 

Frc~tag 19~5 
Freytag 1985 

Thompson 1951 

•Host records for Holarctic s~ics of big -hc:idcd Oics = included from regions outside of Sonh Amcrin to indic11e wtyi the 

p;ir.i.•ito ids might attack in the Ncarctic. 
t Hi2ht:r ta\nnom\' confonn'\ to Om.m ct JI . f )l)Q() ). 

~ In h1, rc: \ i'll'll 1l f Clit1 l1HU\. k r.1' 1 (1)4 = 1 J1-.....·o \ l'fCJ th .11 c ~r•u r · u ~ I' r.in tlf J ' l'' t."h.'' 1."l' mrk' h'nllt' f h\h l rt:\. ·'fJ .., .lfrl. t.·.J · . • 
,I nu 111 tx· r u f , j"'\.'1. h.' " \4 l lh in thl ' 1."11mpk\ . . inJ ( . ,_1 1111 :11\ '-'.&' (1,unJ I I'~ 1..'\i: JU "- l\ \.· I ~ f'jr .1 ... 1l 11. • 'fl f •' f ' •"• '\ \ k .1fhPrr\.·f • \ ,f,! tt '" f .1.1·. 

th"· .. 1.11u ... 11 1 C '/•11• 11n 1n ;\11nh \ 1n.,: n ... . 1 ".1" <4Ut' " t11 1n "-·,I Jnd '-' Iii h .·m • .11n 111 \h 1ut' 1 tmt d 11 '' ~· L1~ 1 r 11 .. · I t-- ~ .1 ' r:.Jr, 1:1. r; ' : ... ;, n 
~ K. 1.: !Jt 1 1• 1 1,h1 r ~uc ... 1u1n.1h lc . ''n -; 11 1. 11 ri: lt· r '-·11\.~ lh\C ' '-' 1.: 11 h~ r 11.: , 1.." rll .iu lht •r, _ 

1l.·\ , hl1ll'.1J t I :i-, ll;\ I ... 1.11l·, t h .It hL" t"'l\:lil'\ l ' " t h .ll r •:1/11 ,, ,. , , 1"'1' I' r j rJ , ' 11 ... 1111 ( ; ~ t"I Hat l \\ h.11 tll· h.1 .. ... · ... ~ h h t"'l\: ltd 1'11 , , r.. 11 ' !. l.:J 

.-\ ... .1 rl·,u lt .. 1h1' rc"-ord , hou ld ht.- ... 1111'hk rl·d '-'llh .1 r 1m:hcn .. 1t111 . 

Whittaker ( 1969) di scO\·aed that 37 <,~ of Philacnus s1111111uri11s ( L) were parasitized h~ 
\ (Trallie1 auna Fallen O \ er a -l-year p~· riod . .,.. hercas the alternate hn~t. ,\icophile1c1111s li11t'ctt1h 
(L J. suffered 2:'\ C:{ para~ i tism in the ~ame period: Hartung and Sc\·crin ( l lJ 15) found £11/mi.1 
rencllus Baker with up to -l 7S{ parasiti~m by £11</on-/as .rnhoparns i11d1istrim Knah and 
Tomo.\"\"aryella rngah1111de1 (Knab): and Linnane and Osgood ( 1977) found that fewer than 
8'k of Aphmphnra saratogensis (Fitch l were paras iti zed by \ (• rral/iu 1·irgi11icu Banks. 
although 60£/c were parasitized in one plantation. 

The role of pipunculids in the natural regulation of hopper numbers is indisputably 
important. Despite this recognized importance. few studies have documented the magnitude 
of their impact on host populations. Whittaker (l 973) performed elegant studies on the 
interaction of one species of pipunculid and its host, in which V. aucta was found to attack 
P. spumarius and N. lineatus more or less in proportion to their abundance. Each host species 
was suspected to act as a reservoir for the parasitoid in years when the other host was less 
abundant. Philaenus spumarius has stable populations in England, but is a pest in North 
America where V. aucta is absent (Thompson 1977; Weaver and King 1954). Weaver and 
King (l 954) state that P. spumarius occurs throughout most of the Holarctic region and is a 
pest in eastern North America where this status is generally attributed to favourable climatic 
conditions and agricultural regimes. There may be other reasons for P. spumarius becoming 
a pest. Whittaker ( 1973) suggests that if P. spumarius reached the New World by being 
transported as overwintering eggs in straw stubble, then it would have been practically 
impossible for V. aucta, which pupates in the ground in the winter, to travel with its host. If 
populations of P. spumarius in North America lack the density-dependent mortality of the 
nymphs and the compensating action of V. aucta in the subsequent adult stage, they may be 
highly unstable (Whittaker 1973). Whittaker ( 1969) suggested that V. aucta is a good 

. candidate for biological control. especially where its alternate host. N. lineatus. occurs. 
Remarkably. to date no such introduction has been attempted. 

The potential value of the Pipunculidae for biological control has stimulated some work 
on the bionomics of this family. For example. recent research into the control of the potato 
leafhopper. Empoasca fuhae (Harris). a major pest of alfalfa in the mid western and eastern 
United States and Canada. involved exploration within Europe for natural enemies to bl.: 
introduced to the United States (Jervis 1992) and included rearing of Cl1t1/arus for rek;l'•e . 
Similarly. European species of Pipunculidae are tx:ing considered for introduction into :"iew 
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Zealand for control of Frogatt"s apple leafllopper. Edwardsiana crataegi (Douglas). popu
lations of which are showing insecticide resistance (Jervis 1992 l. 

The very high rates of parasitism reported here for£. altematus. which we newly record 
as a par;1sitoid of Cucma striara Walker. suggests that Pipunculidae are crucial in controlling 
hnpper numbers and that this relati\'ely poorly known group of flies has significant economic 
potential. 

Hoppers of the genus Cuema all feed on herbaceous plants as nymphs (Beirne 1956). 
The food plants of C. striata are unknown but it appears that this hopper feeds on grasses 
(Hamilton 1970). This species is of no economic importance, unlike its relatives C. costalis 
(F.), C. occidentalis (Oman and Beamer), and C. yuccae (Oman and Beamer). Cuerna 
costalis is one of most important vectors of phony peach disease (Turner 1949). Cuerna 
costalis. C. occidentalis. and C. yuccae are minor vectors of Pierce's disease of grape (Frazier 
1944; Frietag et al. 1952; Kaloostian et al. 1962). Further research into£. alternatus and its 
habits may be relevant to biocontrol. 

Materials and Methods 

Various methods have been devised for rearing Pipunculidae from parasitized hosts (see 
Benton 1975: Coe 1966: Huq 1982; Jervis 1978. I 980b: May 1979: Striibing 1957; Waloff 
1975; Whittaker 1969). Chandra (1978, 1980) and Freytag (1988) describe methods for 
rearing Dryinidae which may prove suitable for Pipunculidae. Freytag 's method appears to 
be excellent for use when the host's food plant is known, but methods described by 
Mitsuhashi ( 1979) are more appropriate when the host's food plant is unknown. Mitsuhashi 's 
approach. essentially the same as Fife (1932). May (1979). Mittler and Dadd ( 1964), and 
Whittaker ( 1969 ). is followed here as described below. 

Hoppers were first dissected to determine which species were parasitized. This involved 
remo\'ing the abdomen of freshly killed hoppers and squeezing the contents out by holding 
the tip of the abdomen with a needle and pushing a probe up from the tip to the base of the 
ahdomen . When para,itized C. srriara were di!>covered. live specimens were collected and 
rea red hcc Tabk 2 for collection dates and localities). Hoppers were kept in clear plastic 
'i ;d, (J .50 cm long and 0.27 cm in diameter. Moist cotton wa~ placed in the viab to maintain 
high humidity and three to four hoppers were added. Vials "'ere co,·ered with a layer of 
para Ii Im. stretched as thin a~ possible without breaking. Three drops of a fresh I Ol/C sucrose 
,o lution were placed on the parafilm and another layer of parafilm \\as stretched over it (thus 
forming a food-tilkd mcmhrane 1: hoppers pierced the bo1tom layer of para film to fred on 
the 'ucrnse "olution. Th.:- "ucro"t: ~olution and moist .cotton were changed every 1 days. Most 
h,1rpcr" kt:rt in thi~ mann.:r 'un i\'ed for u\'er 8 day,. long enough for the parasitoids to 
<= lllt:rgc if (a,t -in,tar hoppers had been collected. 

Addition of sucrose solution is not necessary if hoppers are observed at intervals in the 
field and are collected for rearing only when parasitoids are fully developed. In this way, 
hoppers can be maintained for 3 or 4 days without food until most parasitoids have emerged. 

After forming puparia, parasitoids were transferred to other 0.50- by 0.27-cm tubes 
containing a mix of peat and sand (50:50). Pieces of toothpicks were stuck into the soil 
mixture to give the emerging pipunculids a place to perch and dry their wings . The peaty 
substrate was moistened and the vials were covered with fine mesh screening and placed in 
a clo~ect plastic box containing 1 cm of saturated sand in the bottom (lo maintain high 
humidity). Puparia were maintained at I 8- 22cC (room temperature) until the adult nies 
emerged. Light conditions varied with lab activities and were not regulated. Adults were 
· ··,wed to dry themselves for 12-24 h before they .' ... " i.: iUed with potassium cyanide. 
Adults were then glued to paper points, labelled, and placed in the University of Guelph 
collection. 
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TABLE 2. Percentage par.i_~itisr_n _or C'_u~rfkl 1tri<11<1 Walker by EuJ11~·l<1s altrrrwtus (Cresson)" 

!'uml.,.:r or ht>rro:" 
p.ir .1'lti1~J h~ Tnul numl-..: r ••I (\.·r .... :: n t..1 ; : 

lJ;ii.· -:011.:,·1.:J L,x·a11,,n :- p1pulll:uhJ, h<'P\'<:I' ~\Jllll ll\'.J rJr.l ,1t1'111 

------------ -- ---- ----- -
7 May 199~ ~ l..m East of Arkdl ·'-' I~!( 3 1.~ ; 

29 March 1993 Fergus 6 .n 12.8§ 

27 April 1993 2 km E or Arkell 13 28 "6.4§ 

27 April 1993 5 km SE or Arkell 6-' 80 80.0§ 

13 May 1993 Victoria Rd .• 4 km S 
or Guelph 6 11 S.U§ 

4 May 1994 5 km SE or Arkell 71 80 R8 .R§ 

•\'pu"'h ... ·r -. p.._·1.."1mc:n' ,lf C Hrrat1n Jnd t a l t1 ·r1i.lf t1{ J rl' mJrl ::d "'1t h J 1J~ n,1 ,r i i.." ~t: llt l\\ IJ"'-''' JnJ Jrc: J1..'t'' ' lh:d 1:1 1h .· t r: ,\ :: .. ,1~ 
11 f ( iul..' lph '"'<1.:1l,.°11 11 1..·1.:tum 1Gudph . 0111 •. m 1 1 • C..111 .1J.1 1 

- -\ !! 'i'X' ._lf1ll" f1' ·.a.c: n.· ,:nll c: 1..:1,.·J 111 \ \ ..:!1111:.: h •fl C .•ulll \. {)111 .. r "· ( ·.111.1J.1. 

: RJh.' J1..·h: n 111 n ... ·J h~ n: .1ru1 ~ . " '' J 1"('1..:t101i-. 
~ R .111..· dt.•!;:mrn1 ~J h~ J1 v-.1..· .. : t1nn ,lf l.ir\ ..It" 

Larvae of all si zt's were? colkcted whc?n dt'tt'nnining para~iti-;m rates and'' t'rt' prt',en eJ 
in 70Si- akohol and placed in the Univt'r!>ity of Guelph collcl:tion . Tht'y wc?rc? immt'r-.ect aJi, e 
into the alcohol. or were fiN immt'r~t'd in RO' C \\att'r to ex.tt'nJ th.:m fully. foll u\\t'J h~ 

pn:st'r- at ion in 70'/c ethanol (as in May 1979 ). 
Identification of specimens of Cuerna v.as aL·complisht'J using H:1111ilio11 ·s ( I lJ7 () 1 k.: ~ 

to Canadian membas of tht' genus . 

Results 

Research focussed on the discovery of £. al1ernu111s in adult C. siriula ( Homopera: 
Cicadellidae, Cicadellinae, Proconiini). 

In 1992, one pipunculid emerged and formed a puparium on 2-4 May from a hopper 
collected on 28 April. An adult fly eclosed from the puparium on 22 May (18-20 days 
development). The remainder of the rearing in 1992 was carried out on 138 hoppers collected 
on 7 May (Table 2). Forty-three larval pipunculids emerged from the hosts and formed 
puparia between 9 and 13 May (two of the 43 specimens were collected into alcohol). 
Nineteen adults (46.3%) eclosed from these puparia between land 5 June. The average time 
from pupariation until emergence at 18-22°C was 22.2 days (minimum 20; maximum 25). 
Separate determinations were not made for males and females. 

In 1993, rearing was carried out on 39 of 80 C. striata collected on 27 April (Table 2). 
Temperature was not kept constant as in 1992. Larval parasitoids emerged from the hosts 
and formed puparia between 30 April and 5 May. Twenty-three puparia were obtained and 
were kept for rearing. Ten dead larvae were dissected from dead hosts and were stored in 
70% alcohol. Nine adults eclosed from the 23 puparia (39.1 %) between 20 and 27 May. Of 
these adults, six males emerged in 20-21 days and two females emerged in 22-24 days. 
One female was not noticed until later. 

In 1994, 71 of 80 C. striata collected on 4 May were parasitized (Table 2). Larval 
parasitoids all emerged between 5 and 8 May. All larvae were collected into 70C/c ethanol. 

In most cases. pipunculid larvae emerged from their hosts and pupariated in the rearing 
containers . Two live larvae and one puparium were dissected from dead hosts . Aftc:r 
extraction . the larvae quickly fom1cd puparia. All three of thc:sc pupari:.i faikd to d.:,·elup. 

Without exception. all pipunculid larvae emerged through the intersegmcntal mcmbr;rnc: 
separating tergites 3 and 4 on the host hoppers. 

Parasitism rates ranged from 12.8 and 88.8ck depending on the location and date of 
collection (Table 2) . 
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Six first-instar pipunculid larvae were dissected from hosts on 29 March 1993 and were 
collected into 70<k alcohol. Additionally. 31 second-instar larvae collected on 27 April 1993 
and six others collected on 13 May 1993 were placed in 70<k alcohol. 

The only other parasite encountered during this study was an adult female stylopid 
(Strepsipteral. It wa, dissected from an adult female C. srriara collected 5 km SE of Arkell 
on '27 April 1993. The parasitized female hopper possessed a number of eggs, a situation not 
observed in specimens attacked by £. alrernatus. 

Discussion 

This is the first time that big-headed flies have been reared from a member of the 
subfamily Cicadellinae. The only other species of Cicadellinae suspected to be parasitized 
by pipunculids is Graphocephala verswa (Say). Ashmead ( 1895) believed that Tomos
varyella s11b1"irescens (Loew) attacked this species but his suspicions were never confirmed 
by directly observed oviposition or through rearing trials. . 

Only one species of pipunculid, £ . alternatus, was reared from C. striata during the 
course of this study. The specimens keyed out to £ . alrernarus with the only available keys 
to Nearctic species of Eudorylas by Hardy ( 1943) and Cresson ( 1911 ). Because these keys 
are based on variable characters and are supported by figures that are oversimplified and 
difficult to interpret, identification was supported by study of the type specimen of£. alter
narus. Until Eudorylas is revised, identifications must be supported by direct comparison 
with type material. 

Finding larvae of E. alternatus during dissections of overwintering hoppers in late 
March confirms that this species overwinters as first-instar larvae inside adult C. striata. As 
discussed in the introduction. this strategy is employed less often than overwintering as 
diapausing pupae. 

From general collection data it appears that C. srriara has only one generation per year. 
Given this. it is likely that £ . alrernarus is also univoltine. as is the case for most Pipuncu-
1 ida<.'. 

Bo1h the dcvelopmcntal time of the parasitoid and the emergence site of larvae 
Lill \\ ithin e'1al:ili,hed parameter~ for the family. Records for duration of pupation of 
non-diapausing larvae vary from 13 to 30 days (De Meyer and De Bruyn 1989). Not 
'urprisingly. development is temperature dependent (May 1979). Although May ( 1979) 
'1~11e, thar mlhl lar\'ae emerge berween tergites I and 2. he also observed emergence between 
k'rgir.:s 3 and -1 . 

Pr..:-..ent re\ tilts di ff er from rhose of :\1orakor..: and Yano ( 1988 ). who nored that the 
emergence of adull nie' r: pically occurs only in morning hours (0-100 to 0930). They 
recorded unly two excepti ons of !lie' emerging al du,k . In the present study. !lies were 
t'b'ef\ ed emerging from their hosrs throughout the day. and rardy at night. but this may be 
an artifact of variable light in the rearing regime. 

The rates of parasitism recorded in this study (Table 2) are among the highest recorded 
for the family. Variability results from a number of factors. The parasitism rate calculated 
for 1992 trials was obtained without dissecting any hoppers. As a result, this rate is almost 
certainly artificially low as many parasitoids likely died within their hosts and were never 
detected . All 1993 rates were detennined by dissection of hosts. The low rate for specimens 
collected in March may be a function of small sample size or the small larvae present in 
ho,t~ al that rime of year being ove rlooked . 

P~irasili'm rate' may diffrr because of site to ~ite variation, but the difficulties of 
recording accurate rates should be recognized. Different activities of parasitized and non
: ·\rasitized hosts may affect collection efficicn:::.:. Yano et al. (l 985) and Kathirithamby 
l 1978) both concluded that flight behaviour of N. cincliceps is affected by parasitization by 
pipunculids, probably resulting from damage to the thoracic muscles, nervous system, and 

__ , ... .. -- - .. ·-- ______ .,. 
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poor physiological condi1ion of ~ ho_sl. P~ilism rares calcula!ed in ~he a.~ve s1udif'~ 
varied according 10 1he dislance of light traps from fields because of the mac11v1ty of p;.: __ 
silized hoppers. Sweeping may also bias !he resuhs of such s!udie-;. Parasilized hoppers are 
likely w be more easily swepl in 1h.:ir inacli' l' '!ale . Con' er,dy. thl·~ may h.: under.:,t1mat.:J 
in s.,., .:ep ca1ches if 1h.:y s1ay relali\'dy immobik on or n.:ar !he ground. Whi11ak.:r ( 19651 
sugges!ed using elec!ric or hand pumps (such as a "D-vac") for d.:1em1ining parasi1ism rares 
and removing bias from the collection data. In the present study such a device was not 
available and C. striata were collec1ed by firs! sweeping and !hen taler aspira1ing all 
specimens present in an aggregation. Because of !he tendency of C. striata to form dense 
aggrega1ions, mos! specimens presen! in an aggrega1ion could be collec1ed in !his manner, 
thus approxima!ing !he resul!s of using a "D-vac" or some similar device. Ano!her po!emial 
source of bias is the possibili!y tha! as winier aggregalions of C11erna break up in !he spring. 
parasi!iz.:d individuals remain behind. thus cr.:ating a misl.:adingly high I.:, el of par;1,iti'm 
for sampk-; tak.:n aft.:r late \larch. De,pit.: th.: many pot.:ntial prnbkm' in L·alcubting tl:c 
e\ad r;1te!'> of parasitism. it is apparent that£. a/1a11<1111.1 i!'> an e\tr.:mdy imponant f.1L'!m in 
th.: regulation of numbers of C. s1ri,1111s in southern Ontarili . 

..\CK:\OWLEDG '.\IE:\TS 
Support for this project was provided by an Ontario GraJuate Scholar.;hip and from .i 

\'atural Sciences and Engin.:.:ring Re!'>earch Council Grant to th.: s.:conJ author. Th;mk' tn 
th.: fir-a author·s wife and parents. Angela. Sharron. and RicharJ . for babysi11ing parasiti1.eJ 
hoppers and also to Wayne Bennell. Rob Cannings. Ian Smith. and Xu.:kui Sun for hdping 
with field collections of C11em<1 . Donald Azuma at the Academy of Natural Sci.:nc.:s in 
Philadelphia kindly provided the type specimen of£. alternatus for study. 

REFERE:\CES 
Albrechl. A. 1990. Revision. phylogeny and classification of lhe genus Durylomorpha (Diptera. Pipunculidae I. 

Acta Zoolo!(ica Fennica 188: 1-240. 
Ashmead. W.H. 1895. Notes on couon insects found in Mississippi. Insect Life VII: 326. 
Baldridge. R.S .. and H.D. Blocker. 1980. Parasites of leathoppers (Homoptera: Cicadellidae) from Kansas 

grasslands. Journal of the Kansas Entomological Society 53(2): 441-447. 
Bankowska, R. 1973. Muchowki - Diptera Pipunculidae. Kluc:e do Oznac:ania 01.-adow Polski 28: 1-52. 
Beirne. B.P. 1956. Leathoppers (Homoptera: Cicadellidae) of Canada and Alaska. The Canadian Emumulugist 

88(2): 180 pp. 
Benton. F.P. 1975. Larval Taxonomy and Bionomics of Some British Pipunculidae. Ph.D. lhesis. University of 

London. London. uK. 
Blocker. H.D .. T.L. Harvey, and J.L. Launchbaugh. 1972. Grassland leathoppers. I. Leafhopper populalions of 

upland seeded pastures in Kansas . Annals of the Entomological Society of America 65( I) : 166-172. 
Chandra. G. 1978. A new cage for rearing hopper parasites. International Rice Research NeK·sletter 3: 12. 
--- 1980. Taxonomy and bionomics of the insect parasites of rice leathoppers and planthoppers in lhe 

Philippines and !heir importance in natural biological control. Philippine Entomologist 4: 119-139. 
Chu. Y.I .. and Y. Hirashima. 1981. Survey of Taiwanese literature on lhe natural enemies of rice leafhoppers and 

planthoppers. Esakia 16: 33-37. 
Coe. R.L. 1966. Diptera Pipunculidae. Handbook for the Identification of British Insects X.2(c) : 83 pp. 
Cresson. E.T .. Jr. 1911. Studies in North American Diplerology: Pipunculidae. Transactions of th<• American 

Entomological Society 36: 267-329 . 
. De Meyer. M .. and L. De Bruyn. 1984. On the phenology of some Pipunculidae (Dip1era) in Bdgium. Bulletin et 

annales de la sociere royale h<'/.~c d'e111omo/ogie 120: 123-131. 
---1989. Seasonal occurcnee and vohini'm of Pipuneulidae ( Dip1era l in Belgium. B11/lc1i11dt'L·11wit111 R1•.1-.1I 

dn Scit'llt't'S Nalltr<'llt•.< di• Bdgi</ll<'. f 111omo/11gic 58: 71-81 . 
Esaki . T. . and S. Hashimo10. 1936. R~pon on lhe Leatl1"pf'Cr' lnjuriou' I<> 1he R1.:e Plan! Jnd 1heir ' a1ural En~m '~' 

Puh/11.·u1io11.\ tifthc E11tom11/0~1, ·u/ L<1h . Dt'fhlrtt11t ' 1tt nf A!..'rt, ·u/tur('. Kyuslw l "mn·nlf.\ ifor the.: ~'-~;Jr 11.f\.) 1. 

31 pp. Re1·ie11 · of Applied E11111m11l11~r Hi 19.161: 46.'i . 
Fife. J.M. 19.1~ . A me1ho<.l of artificially feeding the 'u~ar beet leafhopper. St'1t'll<"<' 75 : 465--U><i. 
FraLier. N.W. 1944. Phylog.:netit: n:latio1i-hip of the nine knlmn leafhopper vector' of Pierc·e ·, di,~a'e nf grarc . 

Phrt,.puthcJl1•gy 3-i: l()(Xl-1001 . 



397 

Frc11:1c . J.H .. !\ .\\' . FraLier. and R.A. Flock. 1952. Si' nc" kafhnppc:r \·e.:1or.-. of Pierce's disease virus. 
r1n ,,,,,.i11i .. 1 .. g." .i2: ·533-534. 

Fn:~ rag . P.H. I 9S5. The in~cl parj,ilc' of kalltnp~rs anJ rdated groups. pp. 423-46 7 1n !'au It. LR .. and 
J.G. Rndrii,:u.:z tE<b.l. The Lcallt•' P!'Cr' anJ Planthnppcl". Wiky. :-.;ew York . ~Y . 

--- l'l~X . Rearing h.»:hni4uc' for Dr)iniJ;1c anJ their h)~fl'.lrj'ite' \parasi tic H) mem1p1.:ra 1. AJnma.< in 
P.ir.isittt · H_rn1t·1111rt•·r.i Rc.'<·.in ·h 87-7-:? 15. 519-524. 

Giard. A. 1889. Sur la ca.,tration parjsitaire d.:' T_1phlocyha par une larve d ' h)·mcnoptere (..\f'ltdorus melaleucus 
Dalm.) et par unc larve de Diptcre (..\t<'lt•neura .<(>1iria Meig.l. Comptes RmJus Hebdomadaires des Seances. 
Academie des Sciences (Parisi CIX: 708- 710. 

Hamilton. K.G.A. 1970. The genus Cuerna (Homoptera: Cicadellidae) in Canada. The Canadian Entomologist 
I02(4): 425-441. 

Hardy. D.E. 1943. A revision of Nearctic Dorilaidae (Pipunculidae). Unil'ersity of Kansas Science Bulletin 29( I): 
1- 231. 

---1953. Studies in Hawaiian Dorilaidae (Diptera). Part I. Proceedings of the Hawaiian Entomological Society 
IS: 59- 73. 

--- 1954. Studies in New World Dorilaidae (Pipunculidae: Diptera). Journal of the Kansas Entomological 
Society 27(4): 121-127. 

---1963. Studies in Pipunculidae (Diptera) of Columbia. Proceedings of the Hawaiian Entomological Society 
18(2): 259-266. 

--- 1964. /nsectsofHawaii II: 1-458. (Dipt. Br.ichy. 2-CyclorTh. I). University of Hawaii Press. Honolulu. HI. 
---1967. Redescription of TomoSl'aryella frontata (Diptera. Pipunculidae). Annals of the Entomological 

Society of America 60: 116-118. 
---1971. Pipunculidae (Dipteral parasitic on rice leafhoppers in the oriental region . Proceedings of the 

Hawaiian Entomological Society 21( 1 ): 79-91. 
Hartung, W.J . 1919. Enemies of the leafhopper. Natural foes of Euterri.r tenella in California and their usefulness. 

Facts about Sugar Vlll(24): 470-471 ; (26): 492-493. 
Hanung. W.J .. and H.H.P. Severin. 1915. Natural enemies of the sugar beet leafhoppers in California. California 

State Commission of Horticulture . The Month/_,. Bulletin 4: 277-279. 
Huq. S.B. 1982. A Contribution to the Biology of Pipunculid-Oies (Pipunculidae: Diptera). Ph.D. thesis. Free 

L'niver,ity . Berlin . 
---1984. Breeding methods for Pipunculidae (D1ptera). endoparasites of leathoppers . International Rice 

Re<earrlt N1•>1 ·slc11er 9(4): 14 - 1.'i . 
---1986. Studies on the mating behaviour including some biological aspects of £11dorylas subterminalis Collin 

I Dip1era: Pipunrnlidae) endopara,ite of ckadellid leafhopper>. Zeit.1cliri(1 fur A11g'''"'111dre Z1111/ogr 7 J ! .l J: 
2 ~ I- 24 I. 

J.:ni' . \1 .. .\ . l'J7X. Leaf H<>ppcr' !Homoplaa : Au.:h<."norh~n.:hai . pp. ln- 176 in S1ubb,. A .. and P. ChanJkr 
I [d, . t. A Dip1c·ri't ·, Ha11Jh<10k. The Ama1,·11r £111111111.fogi.11 15. 

- -- I 'IS(I,, _ Ec·nloj!ical 'tuJi<'' nn lh<.' para,111.' complex a"<>elJtcd with typhlocybml.' kalhuppcr' { Homup1era. 
Cic·:idt'lliJa.: 1. F., 11l1•~ iu1/ E111011111/,1c." 5: I 2.1 - 1.16. 

---·- 111soh. Life hi,tor) 'tudic·"m .·\;•lit'l1•f>11.< 'l"'<·i.:' I H ~ menoplera. Dr~ inidae' and ('lt,i/.ims ,pec i.: ' { Diplera . 
P:pun1·ulida1· 1. primar) para,ite' of I~ phhx:~ hm<.' lcallwppc r' 1 Homnptaa. C1.:ade lliJ:1<." I. 11111m,1f 11{.\'u1111·t1f 
lf:, 111n 14: i69- 7Xll. 

- ... - -1'1'12 . .-\ '""'"''m"· re' i,ion of th1· p1pun.:uliJ 11~ l!l.'nus Cltt1fam.1 \\ ':ill.<."r. "1th parti.:ular refcren.:.: to lh<.' 
f.uro~~.tll fJun;..i . l1111/og1, ul .low ml/ t1/ lht: l .t 1111ct lll Sr•< 1t ;ry 105: 24.' -3:'2 . 

I\ .d'" " 11.tn . G.H .. fl .' · l\111.trd. anJ \\ .F Turn1·r. I '1112 . Le.1thnpp..·r '<."ct or' pf P1~ r.:I.' ·' ()1'""'" 'iru' in G1·Prg1a. 
Phuu IJ 1,1\/ \ ( ' Reporter .J6: 242. 

K.1p<"•r. \ '.C. . J.S. Gr<.'..- al. and S.K. Shanna. l '>X7 . lnJ1;tn P1punrnliJ, (Dipll.' ra : Pipunculidae 1. A Compr<.'hensi\\~ 
l\lunugraph. Atlantic Publications. New Delhi . 201 pp. 

Kathirithamby. J. 1978. Studies of the Nephotelti.r spp. (Cicadellidae: Homoptera) in the Krian district, peninsular 
Malaysia. Malaysian Agricultural Journal 5(3): 273-279. 

Lauterer. P. 1981. Contribution to the knowledge of the family Pipunculidae of Czechoslovakia (Diptera) . Acta 
m11sei Mora1·iae Scientiae natura/es 66: 123-150. 

Lindberg. H. 1946. Die Biologic von Pip11nrnlus chlorionae Frey und die Einwirkung von dessen Parasitismus auf 
Chloriona-Arten. Acta :oologica Fennica 45: 1-50. 

Linnane. J.P .. and E.A. Osgood. 1977. I 'erru//ia 1·irgi11ica (Diptera: Pipunculidae) reared from the Sa.ratoga 
Spinlchug in Maine. PmcecJings of 111<· E11tt111111/11cirnl S11cicn· of Wmhingtr>n 79: 622-623 . 

\ t;i,. Y. Y. I '179. The hinlngy of Cc11l1t1lof'' rnrt1/i-011.1 ( Diplcra: Pipuncul idae I. an cnd11para,i1e of Src11ocr<11111.< 
m111 11t1H I H'-"miph:ra: Cklph<t<: ic.k.11.: J. lofl /1 1g11 ul l 1•ur11al 1 if thi• Li1111ca11 Soc ict.\ 66: 15 - ~9. 

\l1huha,hi . J. 1979. Artificial rearing anJ a'eptic r.:aring of leafhopper vectors: Applications in virus and MLO 
rc,earch . pp. 369-412 in Ma.ramorosch. K .. and K F !-!·:•·'" 1 "'.ds.). Leafhopper Vectors and Plant Disease 
Agents. Academic Press, New York. NY. . 

Minier. T.E .. and R.H. Dadd. 1964. An improved method for feeding aphids on artificial diets. Annals of the 
Entomological Society of America 51: 139-140. 

! . 

I 
I 

I 

.. .,,. ·-· ... . ;. .. "'" .. ,....-- ..... 1.,. • • - • .. • ......... -- - • 

$ ' I 
.,. 



I 

398 TliE C ASADIAS E.'""fOMOLOOIST May/June 1997 

Morakou:. R .. and K. Yano. 1988. Biolo~y of 'IOl1lC fapancsc Pipunculidac tD1pccra) par.l-'itiLing .Vtphntm11 
cin«tiaps (Hcmiptcr.t. DchoccphJ!i<' · · - · ·.,.,. F'o1:ulryo{ ARriculturt. YJ1Mg11t·hi Unil"trsiry .15: 9 

--- 1990. Sca.\onal abundance or \(1,.;..: ;w ...... ..:...: p1punculiJ Oic\ IDiptcra: Pipuncuhdacl in pa<hly fic:ld, 
Es..ikw Sp.:..:ial 1,,uc: I : 115 - I~ I . 

\lmui- . G. llJ5 .' . The hi'''''~~ "f '""'e lkmip1era- ll11ni.>ptcrJ 1..\ud 1.:n.,rh~1i..hj 1 Ru//. 1111 ,/,· /,1 '''" :,· f ,,,., ,,. 
Prnrua .r 1'fllt1111P/t1g1<' 37: JO)-J .N. 

Muir. F. llJlll . Prpun..:ulrdac and S1ylopidac in HomoptcrJ. f/r( E1111•1111•l·'.~1Jr° s .\f,1111h/y .\f..i ~..i:tn( ~ I J7. 
Oman. P.W .• W.J. Knight. and M.W. Ni.:boo. 1990. Lcallloppm (Cil:adcllidoacl: A B1bhogr.1phy. Generic 

Check-list and Index IO the World Literature: 1956-1985. C.A.B. International. Wallingford. vK. 368 pp. 
Perkins. R.C.L. 1905. Leaf-hoppers and their natural enemies (pt. IV. Pipunculidac). Hlll4YJiian Sugar Planttn" 

Association. £rperimtnt Station. Bulletin, Entomological Srrirs l(pan -0: 123-157. 
Pierce. D.H. 1972. S(·aphytopius nitridus: Parasitization by Tomos\·aryrlla appcnJipcs. En»ironmtntal Entumt1/ugy 

1(6): 796- 797. 
Remanc. R .. and K. Schulz. 1973. Sto.:rungen in dcr Ausbildung dcr ektodcrmalcn weiblichcn Gcnitalarmatur im 

zu,;1mmcnhang mil para,i1aacr Ka\lralion bt:i Zikadcn d.:r Ganung icJHar~tH Zachv . 1H,,mu111er.1. 
Cic·adelloidea. Ci..:alkllidac I. Z,·11.<dm/i j i,.·r Wis«·n" /1,1/ilic/1<' z.,.,/,,~i.- IM61I&~1 : IOX - 117. 

R1hau1 . 11. I 'l.'6. H1•nwp1cre' Au.-h.:111,rh~ nqu.:, . I 1 T~ phl1ll.· ~ hinac I. F.11111 .- ,fr Fr.in,".\ I I - 2 11 
R11111'1.:hild . G.H. L. I \)('1-l . Th ... • P1t1h1~\ 11f P !{'/lf ,' ( 11 /1 1\ '<' '111/ 1111/1 1\ll\ 1 l\.1l \\ .I f I. It Dq·t ... .'r.t : P1pt11h.:u l1d.11..· 1 .. l r .1 r.1 ,,: 1..· 

D.:lrha..:ida.: IH• ' llh'r1.:ra 1. " ~th uh,cr.alllllh <•n lh<· effe.:h of pJrJ ,lli-m c' n 1h.: h1•,l. F'..i1u •:1 .. /. ~. 3J 
7b_, - 7hll . 

Sc,crin. H.H.P. 192~ . :\alural enerni.:' of heel kJlh1'rrer (f111c111< 11·11,·l/,1 Bji..a1. l · ·unr..il 11/ [ .,. ,,,, ., . 
E1111•t11ol·•~1 17: .16<>- .' 77. 

S1rubing . H. 1957. Ein 8.:i1rag 1ur Riulugi.: par;hili,cher Flicg.:n . (Dip1era-P1pun,u li J.1.:1. \., ,,,,..,, , ~01.,. · lt,I{:, •1 to 
1- 2. 

Thomr ... ,1n. F.C . 1977 . \ t'rr(1/l iu \·ir:.: inica Banlr...,. a valid '~ci..:' l Dip ll.."ra: P1rurh: uliJa1.· 1. Pr. 11t't'du1..:1 , •t !1·~ 

Entunu 1lot: i l'(.J/ sf)( l('f_\ 1i{ \\ .Hl1111i.:t1"1 791.+ 1: 6.~.+ -62). 
Till>mp,nn. W.R. llJ:'I and l'l)X .. .\ C11aluguc of1he PJra.,i1c, and Prc:J.11,,r, uf ln -.:,·1 Pe''' - ~ ' I 1: Ii 11 11511: ~ '' ' 

565-5i2 . 666-6791 l1J5X1. 

Turner. W.F. lll-N. Jn ,.:..:i v.:c·1ur' uf ph1m~ p.:ach dis.:a,.: . S.w11a 109: S7-XS. 
Vidana. C. 1962. Sulla aherata morfogcnesi in Auchenorhinchi para~i1izza1i e 'ulle ' uc in1crfcn:n1e 'pcciographichc 

(H.:111ip1era Homuptera Jas;idacJ . Am Jd!cJ .-krnJl'miu Jdh· scit·11:t' Ji Tvri1w. Clussl' Ji snt'n:<' jis1che . 
matematiche e natura/i 96: 557-574. 

\\ialotT. '.'< . 197) . The parasitoids of 1he nymphal and adult s1ag.:s of leafhopper' (..\uchenorrhyn..:ha: Homop1cra1 
of a<.: id grassland. TrtJnsactiu11s of tire Royal Entrmw/ogirnl Society of London l.?6(JJ: 637-686. 

---1980. Studies on grassland leafhoppers and their nalural enemies. pp. 81-::!15 in MacFayden. A. (Ed.J. 
Advances in Ecological Research. London, New York. 

Waloff, N .• and M.A. Jervis. 1987. Communiries of parasitoids associared with leafhoppers and planthoppers in 
Europe. Advances in Ecological Research 17: 281-402. 

Weaver. C.R .• and D.R. King. 1954. Meadow spinlebug. Research Bulletin (Ohio Agricultural Experiment Station J 
741: 1-100. 

Whinalcer. J.B. 1965. The biology of Neophi/aenus lineatus (L.) and N. rxclamationis (Thunberg) (Homoptera: 
Cercopidae) on Pennine moorland. The Proceedings of the Royal Entomolo~ical Socie(\' nf London. Serie< :\ . 
General Entomology 40: 51-60. 

--- 1969. The biology of Pipunculidae (Diptera) parasitizing some: British Cercopidae (Homop1era). The 
Proceedings of the Royal Entomological Society of London, Series A. General Entomology 44( 1-3 ): 17 -24. 

--- 1973. Density regulation in a population of Philaenus spumarius (L.) (Homoprera: Cercopidae). Journal 
of Animal Ecology 42: 163-172. 

Williams. F.X. 1918. Som.: observations of Pipu11rnills nies which parasitize 1h.: cane leafhopper. at Pahala. Hawaii . 
Feb. 11 - April 25. 1918. Proceedings of the Hawaiian Entomological Sode(\· IV( I): 68- 71 . [Also published 
in Hawaiian Planters' Record 19(3): 189-19'.!.I 

Williams. J.R. 1957. The Sugar Cane Delphacidae and their natural enemies in Mauri1ius. Tlte Transac1io11s of the 
Royal E11wmological Society of London 109: 65-110. 

Wilson. S. W .. and J.E. McPherson. 1981 . Life his1ory of Megamelus dal"isi with descriptions of immalure stages. 
Annals oftlte Enromological Society of America 74(4): 345-350. 

Yano. K. 1979. Fauna! and biology studies on the insecls of paddy fields in Asia. II. lflu,1ra1~d key 10 1hc Thai 
sp.:ci.:s of Pipun..:ulidae ( Dip1aa I. E.<akia 13: 45 -5J . 

Yann. K .. R. \lorako1e . \1. Salnh. and I. ..\"1i . 19K5. An evidcn..:e for bt:ha' i<'r;d .:hJngc in \", ·11/t,11, ·111r """1i1 ,.,., 
L"hkr I H.:mip1cra : Dclll><.·cphaliJac I para,iliLed h~ ripunrnlrtl Il ic' I Dir1cra: P1pun..:ulidac >. Arrftc,/ 
Er11o m 11/11..:__\ dlld loo/11gy 20( I 1: l)~ - 96. 

Yl<in<·n . H .. and \1. Raa1i(..Jinen . I lJl<J . Cher die Deformierung mannlt..:hcr Kupulj11nn,organc '""'er 
Oip/od1·1111<- . .\r1 cn 1 Homoplcra . ..\u<.:henorrhynchaJ bc:c:influ,1 durch Para,i1icrung . S11.1111.-•1 
flvc111ci>tietalli11<'n Ada/..:,111>1.:trju 50: I J -16. 

1Da1e rec·ci,cd : 27 Fchruar;. 1496: tlalc an:ep1cJ: 2.1 Jul~ l'/461 




