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The aim of this stud.y was to determine the blology of

Pachygonatapqs- g!4¿ggq Fenton and. Tomosvaryel-La sylvatÍca Meig.&-

and their importanee in the control of the six-spotted leaf-
hopper, irfacrostsleé faqoifrons (Stal) " TLle síx-spotted. l-eaf-

hopper, whieh occurs throughout the Ü:nited States of åmerisa

and across Canad,ao is the chief vecüor of aster yellolvsr a

virus d.isease of Blants" free disease has becone a major l-imlt-

ing factor ín tb.e production of severaL commercial erops,

The information in this stud.y was obtained from observa-

tions and. tests in the fieJ-d and. Ín the l-aþoratory"

TLre six-spoËted. leafhopper Í-s the only larown host of

€, minímus, Parasitized. leafhoppers were coJ.lected in the

northern Great Pl-aíns area of North :lmeríca" fh.o parasite in-

creased. in abunoance fron less than one per cent in spring to

37 per cent in falf, ftre female aduLt Ís aLso a predator of

leafhoppers a:rd. in cages oonsumed an average of oÐ.e and one-

half nymphs per Õay"



In th.e adulð stage the sexes differ ín form, eolor and.

habÍts" 'Ihe maLe is lvinged and. the femaLe wíngless. iifales

liveð an average of 2,1! days and females 12"t4 d.ays. The sex

ratio was near J.:I, Slating tuas of short duration. In. oviposit-

ing the female grasped its prey with its chelate fore limbs or

mand ibl-es.

The egg is faid in Ëhe abd.omen of the host and. hatehes

in less than three hours, 3.s the larva d.evelops íË protrud.es

through an íntersegmental membrane, There are five larval in-
stars. The first four are sedentary, attached to the host and.

are contained. within their successive cast sklnsu The duration

of the first instar was about 100 hours and. that of fhe second.,

thirÕ and- fourth about l0 to 75 hours each. The fifth instar

is a¡ active feed.ing süage and. at the time of enaergence from

the host coTrsumes the contents of the leafhopper" lhe larr¡a

spins a cocoon wíthÍn which are spent most of the fifth Lanral

stadium, df of the pupal period. and the preímaginal perÍ.od"

The mean Öuration of these stages was 16"4 d.ays.

Oviposition ana parasitism $Jas noted only on thi-rd,

fourth and fifth instar nymphs and ad"ults. Parasii;ized. n¡rnphs

did, not generally molt, lvlul-tiple parasitism was frequent but

norroally only one parasite d.eveloped. Parasitízed leafhoppers

were as aetÍve as non-parasitized- leafhoppers" Ttte use of

insecticídes to control the leafhopper did not affect the rafe

of parasitism of the leafhopper by P" miårimus"



g, sylgetlge is a smalL black fly with a large head

characterized by very large eyes. It has parasitízed. up to

twonty per cent of the leafhopper population in fa}l, Eggs

of g. sylvatica, which hateh in 6 to f,! d.ays, were d.íssected.

from the head, thorax and. abdoro.en of leafhoppersu Only very

small larvae were fou-nd. in tho head. and. thorax of the host

whereas large l-arvae were found- only in the abd.omen" There

aBpeared Ëo be two larval instars" The larva pupated in the

soil"
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TI{TROÐTÍOTTON

lhe problem

flre Burpose of this stud.y was to d.eteru.ine the l1fe
hisËory, habits and distribution of pachygonatopus minisuq
Fenton (u¡¡nenoptera : Dryínid.ae) and. Tomosvaryellg sylvatÍca
&lelg" (Olptera : Pipuncultdae) and their importanee in the
eontrol of the six-spotted 1eafhoppern [,laeroste].es faqclfrons
(Staf) (I{omoptera ¡ Cioad.ellidae) fn Ma¡itoba, Th.e work uras

orgaalzed. as part of an lntegrated. progran of stud.y on the
life historyu behavlor, ecorory and contsol of the slx-
spotted. leafhopper, conducted aü the Research stationu
Researeh Branch, canad.a Department of Âgriculture, TilÍnnipegu

Manitsba,

fmpqrËe.nqe of the studg

.Â.'ster yellows, a virus ctlsease of prantso has beeome

a maJor linlting factor in the proiluetion of severa]- conßer-

cial oroBs in North .america, lhe d.isease is trensmitted.

alm,ost exclusLvely by the six-spotted. reafhopper whlchu

accordlng to Beirne (f956), occurs through.out the Ïlnlted
states ancl across cenacla and. Alaska to tbe tree line, The

tenöeacy for thls lnseot to feecl on a very wid.e range of host
plants Brobabry aecounts for its abund.ance and. wld.espread,
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occurrenceô lhe aster yellows vlrus, l1ke its inseet vee*

tor, also has a very wíd.e host range" However, for many

groups of pla.nts tb.e two host ranges of the vector a¡d the

virus do not ooinoid.e" The slx-strrctted. leafhopper feed_e and

breed.s on Ìnany planü speoies Lnmr¡ne to aster yellows but ean

tra¡.smit agter yellows to some plants toxlc to the Lnseet

and. on which 1t eannot lfve for more than a few clays (Kunkelu

rgttl 
"

In Canacla the six-spotteð leafhopper is comoon

throughout all the provLnces anð the Northwest rercltories.
rt is of greatest eoonomic imporËanee from Nova sootia to
saskatoh€wq,no rn Manitoba and saskatchewa¡ it Èransmits

aster yellows to various vegetables nnd. ornanental-s and to
fl-ax and. sunflowers, whereas, in the other provinces mention-

ed lts greatest eeonomic Ímportanoe is because it transmfts

the dlsease to vegetables and. ornanentals.

Each year, ln Mæritoba, there is a considerable crop

Loss d.ue to aster yellsws and. ocoaslonally th.e ]oss may be

very substantlal (lee and. Robinson, 1956; Sackston, Lg|f,
195d), rn L9570 3o\é516oo aores of fLax were grown ln canad.a

of whi cn ó65"000 were grown in Manitoba"l Because of hot
clry weather u aster yellows aad. wllt, yieJ-d. dropped to an

average of 5"f bushels per aere from LL"5 bushels Ber acre

l0urrent Review .A.grio,

and. Ja¡" 1959.

Cond., in Ca-nada Novu L957
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fu 1!!6, 0n the basls of a 1! per cent d.rop in yield, ctue

to aster yeJ-J-ows al-one (Sackston, f957) u from the J.g!6

average, the J.oss in L957 would. be I uMírJTS bushels" .,At an

average price of $2,66 per bushel, the loss to Manitoba

prod.ucers would ¡e $Jr900eo0o"o0. Tn LlJf, 4Io acres of
earrots anÕ 460 acres of onions wore groïvn on tb.e Brairi-eso
[hese crops were severel-y Õamaged wlth a loss of many thous-

ands of dollars, leËtuce has not beea q,n eeoaomloal crop to
grovt in Merftoba since L!!4 beoause of aster yelJ-ows,

Because of the past history of aster yellows, the Manitoba

procluot is no longer acceptable to the consuner" lÍIere it
aot for aster yel-lows, annual croBs of lettuce, having a
market value of approxlmately $3,OOO"00 per acre would.

otherwlse be possible in Manltoba"

Gontro]. measures of :farious kinds in the Untted States

and. Canacl.a have not proven entirely satisfaetoryo ïn order to
obtain a more enlightened approach to Èhe ultimate contror of
the leafhopper and. aster yelJ-ows it is essentlar to r-earn

something of the bloLogy of paraslËes ancl preclaÈors of the

six-spotted. leafhopper a¡d. their irnportance as control agentsu

Location of the study

Ehe work was concLucted. chiefLy 1n the iVinnipeg area

with most of the work being caruied. out 1n the laboratory anct

greenhouse at the ca¡raða .A,gricultr-rre Researoh statlon,
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Wlnnipegu Mariltoba, Leafhoppor eolleetlons were maele aü many

poÍnËs in Manitoba, includ.ing lïlnnlpego 3J-m Oreek, Portage

la Prairie, Tisher Braneh, :Altona, Neepawa, The Pas anil Oak

T,ake" Collections were made near Moosomln and Regina in
Saskaüchewane at Lethbridge 1n ..Àlberte and. ln Montana anil

North Ðakota in the United. States of ..Ameri.ca,

0Tåanl,4qtion of Èhe thesls

fh.e thesis is divfded into nlse chapters, Chapter I
ls the introcluotion" In Chapter II a review of the litera-
tr¡re pertalning to the subject is presentecl" Glrapter fII
d.eals wlth the materials and methocls useil j.n cond.uctfng ühe

sËu.d.y, Chapter IV cleals with hosts, dlstrlbution and.

abund"ance of !. ninj$qs. á. d.escrÍ.ption of the J-ife stages

of the lnsect ls presented in Chapter V. Chapter III covers

the life history ancl behavior of !" níql¡Lr+s and constitutes

the najor part of the t¿ork. Chapter .[l-Jf d.eals wlth the

effeet of lnsecticid.es on populatlon of E. minimu¿, Notee

g, ÌTlli!i"" are preseated. 1n Chapter TIII, Ohapter IX

a suamary of the thesls aniL ls follorved by a bibllographÍ"

on

is
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RETruffiV OT' Tffi TIM;R¿å.TURE

fhe sLx-spotËed. leafhopper and. its relationship to
the aster yell-ows virus, !mlïoÍ"oÌ" c,1ri t!!epnl, n, a has

been stud.ied extenslvely 1n North Ameriea" The history of
this relationship has been thorougþly reviowed. by Chalman

(1949) and Chiykowski (r9¡g), Lee aad Roblnson (fg¡g) ana

Sackston (3]¡7, 195d) b.ave reviewecl the lmportance of ühe

lnsect enö the d.isease 1n Manitoba,

iffhen the present study on parasltes of the six-
sBotted leafhoppor was begrrn, speolmens of the ðryinld. were

sent to h. ïFo Ro M" Mason, fu.tomoIory Research Institute,
Canacla ÐoparËnent of 4.grlcuJ.ture, Ottawa, Ontarto ancl. ts
Dr. Ko V" ?(rombein, U.S" NatlonaL Muser:¡ru Washlngtonu D" Cn

fh.e speeimens were id.entiflecl. as &gglgpus, n. sp. Subse-

quently, they were ld.entifieil by Dr" Mason as Pacrygqnat_opl¿q.

minimus I'enton (Barrett anct trllestclalu 1961) " Since that

tlme Dr, Masonl has stated that nthe NorËh ,it¡meriean drylnlds

are bailly 1n neecL of revislon" B and s,. 
o that Pacbyeonqtopus

ls not the coruect gpnus ., . ". Sentont s placement of ¡rinlsus

in the genus Pachyeonatgpgs was aBBarently lncorrect since

tr,.oit ls actualJ.y an Australian gonus anð has nothing to ilo

with the Nearctie far¡natr (Mu"ool),

lp"""ooal conmunl cation
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frespite the taxonomic confusion of this group, for
the purpose of this work the ôryinld parasite wi.ll be refer-
red, to as Pachyqo4at'qpus ditsq: I'enton.

Beeause !, miniguq i.s obvlously closely relatecl to

the genus -Gong.t-elqg and as Masonl f*üh"r statecl that rtTlhe

cl-osest relatives will be found. uncler the genus E¡rlgona-

topus., " 
üo all three genera are diseussecl in

literature"
lhe genus Paohyeonatgpqg- rffas originally cLescribecl by

Perkins (f905¡ from the type speci.es !. melanlas from

.Austra1Ía'lIrespecíes?'@wasitescribedbyFenÈon
Itgf,t\ from a single female reared from a olcaclellidl collected.

in the Ïlnltod States of 4merica on September L5, 191)+. Fenton

stated., ttÍhls minute species answers to the d.escription of

this genus by Perkins, but the maxillary palpi are invisible
or brokêll" F .Aceorcl.ing to Richarcls lJrglg'l the genus does noü

oecur in BrltaÍn, Bamett anil Westöal (f96f) reported th.e

ocourrenee of 3, l1T": "" a paraslte of the six-spottecl

leafhopper in Manitoba" No other referenees to this species

have been noteä in the llterature,
lhe genus Epígonatopuq was originally described by

Perkins (f905) from th.e type species E" solltarius. Fenton

tigZ|) d.escribecL several new dryLnid species includ-ing

E. Plesius,

the review of

lpersonal coÐmunicatlou
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.A.ocording to Muesebeek et u} (1951) the genus Gona-

topus was first descrtbed. by LJungb in tdtO, Eê d.esartbeiL

g" 4orr4isarlus as the type species" .Ashmead (fd95¡, ia a

monograph of the FroototryBtdae (Froctotrupiðae) , incluÖec!.

the group Dryininae" He d.escribeð the genus Gonatopuq using

g, 111::tli" Da'rm. as the type species, He listed. two other

sBeeies and. i!.escribed three new species of Gonatopus"

Perklns (f905¡ compiled an lmportant general account of the

Ðnyinlclae" He dlseussed. their habiüse eeoltomlc valueo life
stages anð maite a oomparative stud.y of thelr generic

characters" He d.escribed the d.istlnguishing features of

Gonqto-puq as a 5-Jointed maxiJ.l-ary palpus ancl, a 2-JoinËed.

labial palpus" ÏIe d.iscussed also the use of Ëhe chela Ín

differentiatlng genera Ín thls fanily. Perklns (f905, 1906)

referrec!. to Ï.lehüenstei.n (fd74) who reported Gonatopus

ptinorum as being parasitlc on the beetle Pt4nqs

pert<ins (fgo6) stateÕ that Kieffer (f905¡ consiclered the

parasite lnvolvect to be probably of the genus Cephalonomig

ln the Bethylid.ae" It was not so plaeecl by Muesebeck et aI
(r95r) 

"

Perkins (fgfZ) considered gglggþgg Èo be macle up of

groups entirely dlstlnct from each other phylogenetíoally and

was convinced of this from his exarninatíon of ryry
îï"+if+î? Brues, a $g@.-l-ike species with a lã-Jointed

antenna and. a si'¡np].o front farsus,



hisËory

family,

s

Keilin and. fÏ3ompson (f9f5a) in a treatise on the life

of drytnid.s, reviewed. some of the literature on the

They stated. that Curü1s, in tá16, first reportecl the

dryinlð type of BarasÍtism and that Miks in fd62o fouad.

Gonatopus piloqu.s to be a paraslte of n¡iuphs of Þq-l,t.og9pELlus.

"î!h_Î"uïlln Fenton (rgfd) revlewed. the parasÍtes of leaf-

boppers, especially the biolory of the ,Anteoni.nae (Ðryialdae)"

[he findings of Perklns (1905, 1906, 19oT) and of

I'enton (fgfd) constitute nost of the liüerature on the family

Ðrylnid.ae" Fenton (fgfd) comBilecl an extensive host l!st"

He deal.t also with the phylogeny ancl taxonony of the SrouB

a¡d with Ëhe life historles of sBecies, ínelud.ing some species

of Gonatopus. Fenton (IgId) also d.escribed. the histological

effeots of ühe parasite-host relationship, Fenton (f9af)

d.eseribect ühree dryinids, two in the genus GonatoBus'

Haupt 11SZ\ d.escribed the moutbparüs an¿ soro-e other

features of d.ryinids and. referrecl especially to Gonatopus and.

to Ophelopus, Glauseu (f94O) syntheslzec!. the findings of

several of the above authors. Muesebeck 9,9 gt (195f) reviewed

the dryinld species of North åmerica and. listecl fourteen

speoies in the genus C"o4atopus. I{ieffer (f907) diviåed the

Brylnldae fnto the subfamilies Ðrylnlnae, Gonatoplnae and

-A'teoalnae" 3or other references see the bibriographies of

Fenron (rgrd) , clausen (rg4o) e Mik (rdde) anil snruezey (1905¡,
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Perkias (f905) stated. that leafhopper nyaphs a¿d-

ad.ults are parasitized by .Anteonj.nae (Uryint¿ae) e Plplrnculi-

d.ae, Strepsiptera, EpipyropÍd.ae and ftrcyrtld.ae. Mlsra (fgff)

ad.c[ed. thaleidld.ae to this groupo Perklns (f907¡ süressed

the i-mportance of parasites and. pred.ators, parËicularly the

Ínportance of egg parasltes, ln oontroJ.Ling leafhopBers'

In I!!4n Ba.erett and. Tfestdal (f96f) noted. the para*

site sacs of a speoies of drylnid. on the abd.oaens of the

six-spotted leafhoppers collectecl on rapeseed. crops in the

interlake area of Manitoba" fris may have been 3. mln,,imug"

.rll¡a und.etermined. species of dryinitl parasíte was reported. by

Robinson anci Lee (r¡npubllshed) on slx-spotted teafhoppers in

L956" Barrett ard ïìIestdal (f96f) in 195d reareÖ both sexos

of E. mlnimus from six-spotted. leafhoppers colleoted. at tsLm

Creek and, -tVinnlpeg in Manitoba. ,i$nother species, $" am.erlcanus

Fenton was colleeted. at Flsher Branch, Manitoban in a¡ alfalfa-

sweet clover-med.ic g¡ass fielÖ ancl at Tfanless, ftÂanitoba, in

an a]-fa].fa fieLd., fhe fatüer species is very slmilar to

E. pl.esius (Fenton) " The host of E, anerÍcanus is unhrown"

If1lJ-er anil freLyzer (f960) fn stucLies on the six-

spotted. leafhopper i.n southwestorn Ontario observed. only one

parasíte, the drylnid. E. .P]9sius.

fTrere ere no taxonomic keys by wlr-ich to separate and

ldentífy the larvae of species of Þrylnidae" However, there are

at ]east three and perhaps four specíes that attack the six-
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sBoüted. leafhopper Ln North .Ameriea" These are !" ![i-njmuå¡

Neagongtglug ombr_odes Perkins, S" pLesius e and. an undeter-

mined. species colleeted. at Portage La Prairie, Ma¡itoba"

g, ombrocleq has been listed. by Muesebeck et al (1951) from

0hto, Colorailo, California, Conneetlcut anil South Ðakota in

the Tlnitecl States of -,Amerioa. E, plesius has been lÍsted ln

Ontario, bÍ George (rglg) aad by Miller and seÏ,yzor (1960) 
"

Both state that the percentage of parasltism was very low.

[fiIler and. Ðelyzer (f960) reported two per cent parasitism

by E" p]-osiusu *$. illustration of the larva of E. plesius

by Miller and ÐeÏ,yzer (f960), dlffers marked.ly from the

appearance of the lsrva of !" 4lnimus" The drylnid collectecl

at Portage 1a Prairie öiffered markeclly from P. ¡rinlnqg ln

thaü each segment of the larval sac showecl llght aJPeaE

alternating with dark bantls. This is similar in appoaranoss

but not id.entíeal, to larval saes of E, plesius from Ontario,

which I have examineð. lhis rrncleter-mined species oould.

poÉsib}y be N. ombrodes but I have not had. aII opportr:nity to

conpare fhem,

Perkíns (rgol) , tr'enton (rgrd) anð Rfoharðs (rg¡g)

have given general aceounts of the life history and habits

typlea]. of ðrylnld.s" ftre fol]-owing is a sunmary of their

find.ings,

lhe adult parasites are fot:nd. wherever thelr hosts

are found, AduLt fema].es are mucb more acËive than males,
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Tn species where the female is wingless the habits of the

sexes are very cllfferent. foIal-es are rarely seen fn fields

a¡1d live from one to a few clays, often d.ying after copulation"

Females are more conmonLy seen and. llve as long as 17 days

Ln eaptivlty, Ttre parasites feed on honey d.ew or any sweet

liquid and, acoording to Perkins (f905¡, ttwlthout llquid
footl, in a hot locallty the parasites die very Qulck]-y. tr

Matlng ls of short cl.urationu flhe prey ls sougþt on foot,

Íh.e attack ls d.elLberate and. the oapturing etroke is
ttnarvellously rapid.r (Perkins, 1905) o TIte host is oapturecl

with ühe parasitets modifj-ed fore-Ieg and. sËung to lnsensl*

bility before ovipositlon" Bre leafhopper soon reoovers and

ruas abouü normally again. Occasionally the prey is rel-easeð

without aay attempt at oviposi.i;ion. fh.e host 1s often kilLect

ancl to some extent cLevourecl, fÏle egg ts j-nserted. into the

body of the host and. ühe act may take 2 or aore minutes'

lh.e egg hatches within two days and. the larva} saç, composed.

of cast sklns, becomos vÍsible wÍthín four to seven d.ays"

ïhe larva becomes mature within a few days or a week after

ühe larval sac beeomes visible" fhere are normal.J.y flve

instarsu Some species attaak only nyuphs, others attaek

oaly aðults and others atËack both n¡rmphs and aclults. Para-

sitized n¡mrphs cLo not become aclult, A sÍngle host may

sustain one or tnore parasltes, The nrrmber is d.epend.ent on

the amount of food. available aad is relatocl to the slze of
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the hosË. The teafhopper beeomes sluggish, shortly before

the meture parasite larva eroerges, and. dies as fhe Larva

ingests the eoutenüs of the host" The larva spins a cocool3.e

usual-ly within the fírst day after emergencee and the aduJ-t

emerges in three to five weeks" There are one or nore

generations a year clepending on the speeies of parasite and.

the species of host attackeil"
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MATffiTATS .A¡üD fuIETHODË

Cg].Lectinå_and rearlne

Most parasltes were coll-ected. as J.arvae in the leaf-
hopper hosË" Ieafhoppers were colLected by sweepf.ng host

pfants with nn inseot coLleoüing net, 15 lnehes in clia¡reter,

wlth an 6o mesh d.acron b*g" sweops were mad.e with a laterar
motion of the net whl].e th.e colleetor moveil forward. througb

the cropo rn taIl crops the aot was dipped at least its fr¡ll
clÍameter tnto the crop while in short crops the net was swept

just above the soil si:rfaee. Materiar colLected. was placeil

in a eage 1ll x 14 x 16 Ínehes eovered with !4 mesh nylon cloth
(f'lgure L) or caged. ia lamp cbimney eages (Figr:re ù or waÊ

removed. directì-y from the net wÍth an aspirator (figure 5)

and preserved in /0 per cent ethyl aLcohol-. ,A11 rearing was

conciucteð in oages or lamp ehirnneys 1n the raboratory at
orclLnary fluctuating room temperatures"

Ðescriptlon of life stagqs_

TTre egg and. the first four ]arval süages were obtainecl

by dissecting parasiËizect leafhoppers in f0 per cent ethyl
alcohol uncler a lov¡ powor microscopêu lb.e leafhoppers urere

hefd with number 5 jewellerts forceps and. äissectecL with a

small probe. C"ravid. parasites were clf-sseeted, and eggs

obtainecl from the ovary, by the same technique" I,ifth instar
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larvae were preserved after energence ftom the host, for sub-

sequent observatl-on, À11 stages were measured. orr a Zeíss

Opton steæomioroseope with a filar micrometer cal-ibratetl

against a grad.uated stage scel e. Beeause the Late seooncL ând

tbe third a¡rd fourth instar larvae are our?eal they were

measured. from the foremost tiB of the cephalic lobes through

thelr longest d.ÍmensÍon, llris was not üheir fuJ.l length but

proviil.ed. a relative measure of size. lbey were measurecl. also

in depth, from the d.orsal. aspect to ühe ventral-, ât rtgtrt
angles to the longitudinal measurerûentu

!T ,Iutio
SeveraL thousand. leafhoppers collected at Fisher

Branch on barley, tuly 1, 1960, yield.ed LT5 parasitizecl

adults" These were placed in large grouBs in larnp chfuoney

cages and. exa.mined. frequently for emerging parasite larvae.

The larvae were caged indlvidually in one-half clran screw

cap vials i.n orcler of emergenoe from their respectíve hosüs,

llre tlme of emergence from the cocoons and the sex of each

iadivid.ual- were recordecl.

Pred.ation

Pred.atlon $ras deterrnined by oaging an aduLt femaLe of

E. minfmus with a lsrown num.ber of leafhopper npphs for
various periocis of tÍme ia lamB chfunney cages and exanlning

cLead. and J-lving prey for pred.atlon scarso
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Longevlttr

Longevity of !" ninj,muq adult mal-es and. femaLes was

cleter:nlned. by cagíng them ín lanp chimney cages with leafhopper

n¡mphs supplied as food. for the femal-eo and. observing them

d.a1ly for date of d.eatho

Larval lnstars

To d.eterm.ine the nunber anct d.uration of ].arva]. ln-
stars of the Barasite, groups of leafhoppers were cagecl

serlally wlth aclult females of g" qånimus for bnown period.s

of time (usually 24 hous or less)" When fifth instar para-

site larvae began to emerge from the first group of Leaf-

hoppers exposed., tbe entire series was preserved in f0 Ber

cent ethyl alcohol. lhis provid.ed. material of lanown âger

ranging from newly deposited eggs to energecl fifth Lnsta¡

larvae" Íb,e series was subsequently examj.ned and. Ëhe finding
of a cast skln was regarded. as evíd.ence of a molt"

Ttilf!+:
The pupal stage ls b.erein clefined. as that stage ln

the Life cycle of the paraslte spent within the cocoorr"

tÌris Ís ehiefly the pupal stage but also includ.es part of
the lasf Larval stad.lum and the pre-lmaglnal stage" Duration

of the pupal stage was d.eüermined. by observing whon a coeoon

was spun and. when the adult emerged."
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Mobility of parasitized leafhoppers

ßre moblliËy of leafhoppers was checked. by three

d.ifferent method.s to cletermine whether parasiËized leaf-
hoppers were &ore or less mobile than non-pa.rasitized

leafhopperso

In Ëhe flrst test a coLJ.ectlon was mad.e by a sweep

neË ln an oat field until it was estimated. visually that

6OO or more leafhoppers had boen collecüecl" llrese were

taken from th.e net with an aspiratorn as they crawlecl

upward., in samples estímated at fifty to one hu¡d.recl leaf-
hoppers, flvelve samples were made fron. the whole colleotion

and were numbered in orcLer of selectlon, trhe senples were

pr€served in f0 per cent ethyl al-cohol, fh.ese were later
exem{ ned to il.etermÍne if the percentage parasitism d.iffered.

between sampJ.es.

.4. second. test was condueted by collesting leafTroppers

ín a lO-acre fíeld. of wiJ.d oats and mustard. by sweepÍng fn
the d.irection of the four cardinaL poinÈs of Ëhe compassÒ

CoLlections were made during the early afternoon of September

23, 1959, The wind. was frora the west at 1! m,p.h. Eaeh

coJ-lection conslsted. of 2JO sweeps made by sweeping briskl;r

and laterally 1n a short arc while the collecËor walkod.

quickly forward., Several hundred leafhoppers wore taken in
eaoh coLlection" Sweeps were duplicatecl anÕ consistod. of
six methocls as foLlows;
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1. Sweeps to the easË, above the erop, to collect onJ.y fly-
ing leafhoppers,

2o Êweeps to the east, in the crop, to collect d.ownvuinil

where leafhoppers should accumulate"

3. Sweeps to the west, in the orope to collect uplvlnd anct

avolcl aocunu].ation.

4" Sweeps to Ëhe north aoross Ëhe mÍddle of the crop where

the oollectorts shad.ow woulil faLl on the area to be

swept"

5, SweeBs to the north at the boriter of the oropu

6" Sweeps to the south where leafhoppers were undisturbed

by a shadow and. not aeorrmul-ated. by wlnd.,

The LeafhoBpers collected. were preserved and subse-

quently eramlns{ for parasites.

.tå. third. test to check for mobillty of parasitized.

leafhoppers rvas conducËed. on head. Lettuce, Leafhoppers from

lettuce heacls wore shaken inüo a net so ühat they haÕ littre
chanee to escape" Sanples tuere al.so made by sweeplng,

t¡lherein only the more mobile leafhoppers would. be collected.,

There were throe replicates" Coll-ectíons were examlned.

for parasitism in each n¡mphal instar and. for parasitism of
male anil female adult leafhoppers"

Effect of insectj.cid.es on 'parasítis_m of the six-spotted.

leafhopper by 3" gl$!ry

Head. Lettuee was seed.ed. 1n plots in a randomized sBlit
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plot d.esign, replicated. three tlmes, Tb.e whole plot was Ëbe

insec'bicid.e treatment and tho split plots wore the intervals

between applicatlons. Eaeh ploË was 50 by )0 feet, Plots

were separated. f?om one a¡rother by seven feet of cuLtlvatecl

soil, lhere were five sch.ed.ules of treatment and a cheek.

Malathion at the rate of 2 lb. actua-l per acre was apBlÍed. at

2 and 4 aay intervaLs, [he first scheilul-e of treatment was

started when the plants emergecl. Subsequent treatment sehoduJ-es

were started at approximately two week latervals.
Csllectioas of leafhoppors were maile, usually at sight-

day intervals, and. consisted. of one hundred. sweeBs from eaoh

BLot swept" Since mal-athion was .rrery effective in control-I1n9

leafhopBers with a four-d.ay interval of troatment, sweeBs were

early discontlnuetl oa the Blots wÍth a two-clay lnterval of

treatment, It shouJ.d bo notecL that the Last appLlcation of

malatb.i.on was mad.e on Íuly 1!"

Carrots were grown ln pLots aruengecl in the srìJne manner

as d.oscribed. for the ].ettuce, ÐDT at the rate of 2 lb, acüra-l

per aere and. Sevln at the rate of 2 lb. aotual per ecre were

appLied at six*öay intervaLs on tb.e spllt plots" tolJ.ootÍons

of leafh.oBBers were maåe at apBroxfuaately six-d.ay intervals"
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EOST$, DISTRTBUTToN,AIfÐ ¿BInTDÁNCE

OF PachygegqEqpgq minlmus

Hosts

fl|e six-spotted leafhopper is the only lmown host of

P. iiiTll" Ir early spring or L959 a parasitized nrnph of

an r¡nlc.own species of Homoptera was eolleoËeil near Roseafelct,

Ma¡ritoba" lhis appeareci. to be the sa¡.le speeies of parasi-te

but the speclmen was preserved and eouLd not be reared. for

identifÍcation,

Ðistribution
I'emale ad.ults of 3" minÍsus have been collecteÖ ln

Manitoba at trltrinnipeg, ELm Creek, Portage Ia Þairie, Sisher

Branoh, altona, Neepawa and' Oak r'akeu A female ailurt was

colleotecl near Moosomin, Saskatchewan, .Adults of both selres

have been reareil from material collected at Moosomin ancl

Regina in Saskatohewan ancl from most of the above menüloned'

locations ln Manitoba. Collections of leafhoppers preserved'

in alcohol ancl containing drylnid. Larvae believeËl to be

3" minlmr¡s, were mad.e at Warner, .Àlbertao on September 230

r95g; at curnmlngs, North Dakota, and. at Breokenrld.go, Minne-

sota, on &Tay 16u L9r9; iD Montana at Billi11gs¡ at a point

one hunilred miles oast of Billiûgs¡ at Glondive, and at a

poínt fifteen mlles south of Sid.ney; and' at Ray, North
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Þakota¡ oR August 4 , 1959" .Although it hae not been

possible to positively idontífy preserved larval materia-l,

there is strong cirerrmstantial evidence to indioate that

these aro of the sÊnre species as that under consid.eration

in foïanitoba.

The reasons for believing the larvaL dryinid.s

coJ.Lecteil in ..AJ-berta, lûontana, North Ðakots and Minnesota

to be !" minimus are that they occur on the sane host, tlrey

have the sane appearanee, they are slürilarly loeatecl on the

host, their d.lstribuüion ls aontlguous to that koown for

Ë, Tit*¡", and tb.ey occur on the sane path of nigration as

the host of !" gigjgg"

AlTdii::
Ðre

seasollô fn
cent of the

may rise to

abundance of !. *ilirl: varles sreatly with the

the spring mÍ.gration, Brobably less than one per

leafhoppers are parasftÍzed" By falle parasitism

3T per cent"
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DF"ËM,TPTTONS OF ]JT'E ST,A.GES

0l' Paehygonetopus minimus

Ë" ¡glg!ry has a complete meta$orphosis with e88¡

five larval instarss pupa in a cocoon., preimaginal stage

a¡iL acluLt" The life stages \rìtere sÙ-ud.ied in considerabl-e

d.etail and. arre d.escribeil and illustrated with photographs,

qql
fhe speeies is strongly d.imorphío, Íbe sêx6s differ

not only in form but also in eolor and. hablts"

fhe female (figure 4) is wingless and. ant-]-lke but

has long slend.er Iegs" It is from 2.1 to J"0 mm" long,

depend,ing partly oa tlre extent of ovarial expansion of the

abdomen, fhe oolor of females may vary from bright red to

testaceous 
"

flre male (Flgure l) is wingect and capable of fJ-ight,

Tt is black and from L.75 to 2"Q w.. long"

lTi+
lh.e mature ovary is large and with the oüher internal

reprod-uetir¡e organs nearly fills the abdoninaL cavity of the

female. .,,4. secËion of the ovary is shown in Figr-lre 6. Eggs

are not completely ilovelopecl by the tÍme the parasite em.erges

from its cocoorl, Ðevelopment of the ovaries appears to
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depend upoa hovrr mueh protein food ís available to the female.

ftúl oviposition d.opend.s on an adequate supply of l-eafhoppors,

I\rrther, since the degree of feeding by the fifth instar
larva before leav5.ng its host appears to i-nfluenee the

chanees of survival of that larva, it seems probable that
this aLso lnfluences ovarial d.evelopmentu

$€s

lhe egg of 3" mlnimus ís almost always Laid on bhe

inner aspect ratera-lLy of the Íntersegmental membrane of
the abd.omen (Figure 7) . Very rarely does a parasite devolop

d.eep within the host e.nd. no Ínstance was found of an egg

being d.eposited. exÈernalLy on the host, Usually the egg is
J-aid, and. the Larva protruiles through the intersegro.ental

membrane between segments 3 and. 4, 4 and 5, oT j and. 6, and

as often on the ríght sicte as on the left (fa¡Ie I),
Porkins (1905) stated that Ec.!.üh.rgd-erphax usuatty oviposits
beneath the wing lobes of its host but that ttthe posltion of
insertion of the sting is apparently not atwåys the same,

this being sometimes inserted. beneath the wing-Iobe, and.

sometimes in the ventral side of the boily, but the 1arval
sac in either case appea.rs beneath the wing-lobe, tr

Dissections showeil thaù the egg is creamy white

when laid. In eggs near hatchÍng the chorlon is 1lght tan"

ThÍs color ehange may be clue to the action of the etbyl
alcohoJ- used. as a preservative" frre egg (¡ieure d) is
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flrGuRE 7

O\fIPOSITION SCAR Ai\TÐ pÏ,Á.Cffivifl{T
0F EGG 03 p, minlmus
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IOCATION 0F LéRVAÍ-, ST.AGE OF E. miaimus
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Nr¡mber of parasitesIntersegmental
membrane

Between segroents

l--2
2-3
zlt
)r

4- 5

5-6
6*r
7 - 6

Tota]-

Per cent

Rlsht

0

0

45

d1

14

l
0

rt9
45" 4

0

6

4d

ó5

27

5

0

L67

5+"6



32

\

I
ffiGTTRE d

EeG (Brr'lruEmü dRRor,is)
0F 8" minimus



53

about 0.1! mm" long by 0.10 nn, wid.e, oval to renj-form.

Th.ore is no sculpturing on the chorion. Eggs d.issected.

from the parasite ovi.duet measured 0.164 nm" long to 0"070

fittno wid.o. fhey wero subreniform and, whlte"

Featon (fgfd) founa that the eggs of the species of
Gonatopus that he studied were either oval or kiciney-shapecl.u

varying from light yellow to d.ark $rey or dark browno They

ranged. from 0"15 to 0.211 mm, in length and fromO,Od to

0"0$l mwr" in wid.th, There was rtno sculpturlng on the chorion

of any studteclr and nno surface structuresn on those laið
within the body of the hostn [Lre positlon of an oviposition

scar 1n relatlon to the egg ls shown ln Figure 7, UsualLy

the ovipositlon soar is not vísibIe d.ue to non-formation of

scar tissue or to protrusion of the larva through the prrnc-

ture. flre larva protrucles through the oviposition scar

because of the pressure set up by lts d.evelopment" Senton

(fgfg) found. the oviposiüion prrnctrire to be the point of
rupture by the larva when Brotrud.lng from lts host, ï[e

stated thatu tÏt also pushes its way along the Bath previous-

ly maile Uy the ovf.positor tovuard. the externa-l point of

insertlon of the l-att€To ff

The empty chori-on has not been d.eteeËed. d.ue to its
transLucenee and mi-nute si-ze,
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&arva

lhere are five larva]- iastars. TIte first four are

sed.entary and parasitic in the host and. th.e fifth is atl

actlve, voracious stage, The exuviae of the fírst, second,

third and fourth eed.yses are permanentJ-y fastened lnto the

body wal1 of the host" 0ral- lobes (¡'i.gure 9) are present in
the second., third and fourth instars, These lobos resemble

somewhat a greatly expandeil. and. fleshy mand.ibl-e" Each lobe

is supported. at its base by four hard., d.arku rod-like struc-
tures" firese lobes have been deseribeð by Ïenton (r9rg) aÊ

homologues of the mand.ibles of the fifth instar larva" ¿,

ventral- process (Figures l0 and. L1) is present in the mature

seeond. i-nstar and. the thirÕ and. fourth instars. It ls Locatecl

about midway between the cepharic anð caudal extremltÍes and.

serves to anchor the parasite to the host, Table II sh.ows the

measurements of the five Larva]- instars in relaüion to period

of development,

3'irsü lnstar, Ttre first instar Larva (Figure fJ) is
sacciform, subreniform, white, and. whon it hatches ls about

the size and. shape of the egg" It ís 0"1!6 mm. long anä

0"066 mm. cleep when ;eolosed. and. 0 "ZL6 mm. long and O,l4! m*"

d.eep jusË prior Ëo the first ecdysis (faUte II).
This stage ís simiLar to the embryonic stage which

Keilin and rbompson (r9r5a) reported. to occr:r between the egg

stage and. first instar in the polyembryonic Apbelopus
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FTGURE 11

FOIIRÏËI il[Sf/AR LARVd, OI. p" minimus
sHOl4IrNG UÐ[m3t rnoõff
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ErcïRE ].J

FIRST fNSfAR T"ARV.A 0I' P" ninimus
ffTOWlT{G BREAIÍIING-POffi-



Lrz

ggþleuggge a parasite of ElvtLroneqra hfBwcAs!.egi'

Seaton (fgfd) sËated tbat he did not know the reLatlonship

of this nembryolr to the first instar laffia"

T{re first insüar larva bocomes b}unt ovate as 1t

completes lts d.evelopment" J[nteriorly there is a ilark rod-

Llke spot in Ëhe outl-e1e at which posltlon the mouth parts

of the sesoncl and successivo instars clevelop" Posslbly this

rod. anchors the paraslüe to its host" Caudad., this stage

exbribiüs a pfgnented. d.isk-Iike area posslbly ðarkened. by

aetion of the atrnosphere, h'ls il.arkened area is spllË fornr-

ing a breathlng pore which tate in the first instar j.s

extruded. from the intersegrrental menbrane of the host

(ftgure 15)" The larva ls vísible r.¡niler a low powor micro-

soope within three hours of ovipositÍon ln elther nyuphs or

adults. The larval. sae is visible exteraally on the host in

the late f lrst or early seconö instar, approlcimately for-rr to

five d.ays after oviposition" flre üransition from first fo

seconil. instar is narked by a splitting of the first ínstar

cuticle. fhe spliü begins at Èhe anterlor end. and. continues

baek fsr about Èwo-thlrd.s of the body J.ength,

Seeonil. &gþg" lhe early second. instar larva l-s

white, siraight, 0"2$tf mn. long anil 0,164 tm" (leep, Ï,ate

second Ínstar larvae are rü-shaped.rl and. have measureil. up to

0,!16 nry. long a¡ö 0 "J24 mm" d.eep, The relationship of

Length to depth (fabfe m) is a goocl lndlcatlon of ühe curl-
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ing tend@ney which late in tlre second instar prod.uees the
ffiU-shaped.tr larva. Oral lobes are present"

fhe early second Í-nsta:r is covered toward. the

posterlor end. by the exuviao of the first instar }arva" Ílhls

cast skin is notloeably clarker in that portlon whloh protruiLed.

from the host in the last part of the flrst iastar, JÀs the

second instar larva enlarges, this darker portíon spliÈs

(Flgure f4), remaining just outslde the host at the point of

attaohm.ent of the parasite. Th.e east skin beeomes a portion

of a coLl-ar-ll}ce attaehment of the larva into the integument

of its host" T\ruo oral lobes are visibl-e at this early süage"

A smaLl rennant of the first exuviae is present on

eaeh sid.e of the parasite larva at the point of ju:rcturo with

the h.ost" Fenton (fgfd) apBears to have overlookeil this smal].

exuviae, a faet lnferred by Clausen (f940) who stateiL non the

basÍs of the iLluetratisns glven, there would. see¡a to

d.oubt that the first exuviae of the sac is the actual

exuviae of the ].a.rva. It

Third. _lgs_Ë.gr.. The thircl. lnstar larva (I'Ígr.res

-
and 16) is white and much more eurved. tha¡ the seconil

l[h.e early third. lnstar is O.JdI m*" long and 0"JJj mm,

.&lthough the mean length for ühe late third. ínstar was 0 "556
l.ong and 0.549 **" d.eep (TaUte II) , the greatest length

any speci-nen measured was O "652. Oral lobes are preseat"

IUm.s

for

be some

first

L5

instaru

äeep,
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rTffirRE 15

T¡{TRI} TNST¿R I,ARVå OF P. mini¡tus
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The thirð instar Larva may be recognized by the tr,so

exuvlae whieh surround. it" fhe second. exuviae ls much larger
tha¡ the fÍrst and is locatecL insicle of and. protrud.ing from

the flrst" Tlre first exuvlae 1s minute and seale-like and.

is easily overlooked.

Fenton (fgfg) staËsd.; nflre seeond. molt oocu.Ts from

five to ten days after the omergenee of the sac, and, 1s lnd.i-

cated. by the rupturÍng of the first exirvium. along a med.ie¡-

dorsâI 1ine, a If this unlikely finding is correoto then tlro

third. instar larva is contaíned within the r.rnsplit seoond. and.

the first exuviae at the starü of its mo].t and ühereafter in
the seconcl exuviae" fhe fourth stage would be oontained. with-
in the third. anil second. exuvÍae at the beginning of the moJ.t

and. Èhereafter within the third exuviae, Sinilarly the fifth
instar would finalJy spllt the third. when it moJ.ts aniL would.

remain within the fourth exuviae until it emerged. from ühe

host, This would mean that the fifth stage in real-ity breaks

out of two exuviae" Ienton (fgfd) stated, however, that the

fourth lnstar sheds only the heaci capsule" Clausen (fg4O)

stated. that lt appears that Tentonts first is in realíüy a

J.ater (second) exuvlae, In E, minimus the first exuvlae is
much smaller than that reported. by Fenton (fgfg). It is
split by Ëhe seoond. instar larvau ju.st as the third 1s spLit
by Ëhe fourth instar and the fourtb by the fifth instar,

fhere is a oomplete molt of the fourthinstar larva in 3" mini¡nus,
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I'ourüh instq.r. Íb.e fourth instar Larva is white and.

U-shaped.. fbe early fourth instar is 0"d16 rm" long a:rd

0,454 mr," d.eep" TLre late for:rth instar is 1"12I mr,r" long ald.

O"ljJ nm" deep (fa¡te II), This stage is encaseil by the

for:¡th exuviae and. the sBllt thlrd, second and. first exuvlae

(figure 17) " OraJ. lobes are present in Ëhe fourüh instar,
They are easfly broken off when the parasite is removed. frcm

the host, Gare must be exerclsed. in d.íssecting out Ëhe para-

site 1f the Lobes ar6 to remain attaeheit to the parasite head."

ïenton (rgrd) shows what he consid.ered. to be a mancríble, not

an oral lobe, in Ëhe fourth instar of nAn!.e.g sp, Hls d.iagran,

hovçever, resembles the head. of g" nq:lJiinus with the oral 1obes

removeil and. wlth thelr supporting basal structures remaining

in posítion. Fenton (rgrd) statæd that the fourüh instar ls
not eomparable to the first three and; tlrt is characterizeil
by the iLeveloBment of the ma¡d.Íble, beneath which are formed.

those of the fifth stage" lhere is no complete fourth molt,
so far as is revealed by dissections, other than a shed.d.tng of
the head capsuleurt He speculates: nrt is possible that thls
ínstar is entlrery el-Íminated in some of the more higbry
specializecL speeios. rr There are no ineomplete or suppresseil

molts in P. gig@Ê"

lhe transltÍoa of fourth to fifth instar 1s shown in
Tigures 16 and. 1! where the fourth enrviae shows splitting by

a paraslte near the time of emergence from the host. fhe
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SoIrR$I rNSTraR ldtRvJr_or p. minimus arråcIm T0 rïr,ril
rNSTÁR NnúpH or mffi ffi'Î=sffirm rEÀrHolEER
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TTGTIRE 16

ÍR,Ài[srrroN 0F I'OÏIRui r0 ri'rFtr{ rNsr.AR Otr, p" nlnimussnourrNe sprJTTrNG oF ToURTH rxum¿E="Ëyffi
P"ARÁ,STTE NE/TR m[ERGm\TcE mcn,f ¡¡osr
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IïGURE 19

tR"al[srrr0N o3 i'o-tiRu{ T0 FÏÏTH TNSTAR oF p" ¡rinimus
sHoflENG ÐärrJ:tsE coMprffgmy spr,rg ¿¡ilÐ=årffi

]NST4R LARVA BEGTNI{'ING rO M¿¡NEN
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fowth instar is surround.ed. by the third. exuviae as wel} as

the second. and. first, flre fifth instar l-arva, therefore,

emerges from a rosette of four exuviae"

Fifth. J,nstar" Tho fifth instar Larva (Figures 20

and. 21) i,s an actlve feed.ing stage free from the host" It is
straight 5 Z,Jj mm. long and. 0"6$ mm" in d.íameter" ft veories

from nilky white, ât ü1me of molting to fifth lnstar, to

yellowish or pinklsh white after eating out the host, PerkÍ.ns

(f905) notecl a change in co]or of flfth instar d.rylnid. Iarvae

whieh he attributecl. to ingestion of the oontents of the host"

The flfth instar larva furüh.er d.iffers from Ëhe first four

instars in that strong selerotized. ma¡rd.ibles have replaoetl the

oral lobes (flgure 22l.. fhe flfth exuvlae is spllt anterÍorly

and shed. along with the head. capsule, Iü resembLes a Bad. ancl.

is located. at the cauilal extremity of the coooon. ftre fifüh
is the only conventíonal J.arval- nolt, d.11 the other larval
exuviae are spllt at both encls and retained. as a cylind.er

about th.e Iarva,

Cocoon

fhe cocoon (¡igures 23 and 24) is consüruotecl. of a

sifken outer framework much tike a tent, ahd an inner ovate

reoeptaele, The outer cocoon traps a layer of air about the

inner coooon at loast along the lateral and ventral surfaceso

This layer of air may act as insuLation and aid overwintering,

espeeially in those instances where the cocoon is spun on

stems and. leaves of plants a:rc[ may remain above the surface
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SrqlRE 20

f'ï3m INST"AR IÁRVA OT p. minlmus
Enm,erNG rRoM g[sÏ,.-
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3'ïfrJRE 21

fTI'fH INST"{R LARVA OF p" minimus
ËHOIIIJNG SEffiÆT\IT¿.Ei gffi
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ffiGT]RE 22

ïïïm INSIAR LARVÀ Otr' p. mlnimus
SIrolmNG'uïruÃ ÐET:ELOP@-M4ffiïEIEE
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rTGrrRE 25

CO000N -AtüB Pitpd. OI,E. nlnj-urus
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T'IGURE 24

COCOON Otr' P" miaimus trìIJTEI
saÌ{Ð p¿rfi'crffiffirive



58

of the snow covero toeoons of E" ninímus have been found

only 1n eagee, ín or orr sand., and. aLso on the stems and

leaves of eaged. plants, Senton (f9fd) stated.; ttfne cocoon

is compleüed. ia from one to two d.ays, althou€h larvae that

are to pass the winter may be seen llnlng thelr coeoons for
days afÈer they ere apBarently finished" ß

Preimaginal sta.,¡qe

Ttre preimaginal stage (figuro 25\ is herein d.efined

as that stage, wiËhin the cocoone ln whlch externaL d.evelop-

ment of the aduLÈ appears to be complete. flre development of
plgnentation of the preimaginal Lnseet was observed. tn 95

speolmens (fanle III), No darkenlng was noted. before 110 hours

hað elapseil. f?om time of larval emergence from the host. At

110 hours there was a trace of d.arkeningu involvíng partial
coloration of the compound. eyes ancl some show of color in the

region of the reetumu perhaps indicating accurlulation of fecal

matter" Light colorati"on involvlng ilarkening of all of the

eompound. eI€¡ the ocelll and. a further aecumulaüion of feeal

mass began at lfl hours but several speeimens were still only

3.ightly pigmeateil after 2!0 hours of d.eveLopment, Medlr¡m

darkening was reached at 221 hours but was not general before

210 hours and involvecl. a considerable d.egree of darkening of

the bodyu Some specimens remained with only med.iu¡r Oarkeníag

after as nany as J00 hours had elapsed" $ome specimens showed.



59

rreuRE 25

PRSmfAcIN.Al S[Á.GE 0F e, minimus
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coru.pleËe pigmentation when 250 hours of d.evelopmenË had.

elapsed" ¿.1]. speeinens with JZJ lnours of development atter
larval emergenco showed. eomplete bod.y pigmentaËion"
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lïFE IüSTORY .AND HABITS OF Paohysonatopus mínimus

The l-ife cycle of 3" pini¡suq consists of egg, larva,
pupa and aclult. Íhe femaLe adult is unusual in that it is a

predator as well as a parasíte, fhe first four larvar süages

are aLso unusual in that they are contaÍned within their
successive oast skins"

,Ad.ult

Seasonal occurrencq. [he earliest date of col]-ectÍon
was for a female taken on rune z5u 1959" T1re laËesÈ d.aÈe of
ooJ-leetÍon was aLso for a female taken on 0otober 3o L959"

No nalos were eo]-]-eated ln the fleld.. fhe aðult female is
not reaclily colleoted. by sweep net because Ít is wingless e¡d.

clíngs to the plant in contrast to the reafhopper which jrmps

or flies when ilisturbed., arso, the female of 3. î",T1 spend.s

some time on the soil surface movlng from plant to plant,
Ma1es are shorü líved e¡il e&erge before the females. Observa*

tions in the laboratory have shouin that they tend to remain

near emerging females ancl probabLy do not leave the site afüer
mating (Perkins, 1905) , rt was not possible to d.etermine aay

seasonal population trend. because onry a few specimens were

colLecfed.
Time of emergeJree.

showed. that
about 10;00

adults emerged.

âorr, until 3zOO

0bservations on caged. material
f?om their cocoons mainly from

þ.Itr"
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Sex raËiq" Observations on sex ratio of caged

materj-al showed. that of l-10 aclul-ts that emergecL , )6 were

females and. 64 were malesu a ratio of 41.d females to !6"2
males"

Ilfal.e a¡rd female parasites have been rearod from boüh

sexes of the host" tr?om J.J parasitized male leafhoppers, l-L

male a:rd. 2 femal-e parasites emergetl and. from 1$ parasitized

femaLe leafhopBers, f males and. 12 femaLe parasites emergecl"

Tn another lnstanoe where an aduJ-t parasj.te was }aaown to have

emerged. from a ðoubly-parasitlzecl host, the sex of the para-

site was male.

DeveLo.pment rate of sexes, 0f the several thousand.

leafhoppers oollectecL on barley at Flsher Branchu fuly 1,

1960, L75 ad.ul-ts were parasLtized.. TLre time intervaL from

emergence of the fifth lnstar larva from the hosË, to the

emergence of the aduft from its coeoon was determined. by

observation 1n the laboratoryo Reeorcls were obtaíned for

l! males and. Jé females. Some of the remalnd.er of tlne LIJ

specimens died ln rearfng and somo were usecl for other stud.ies,

The sexes haci a comparabl-e rate of d.ovelopment througb

the fifth larval- lnstar and the remainder of the cocoon stage.

3'or 55 maLes the duration of these stages ranged. from 16.0 to

16.6 d.ays and. averaged L6,5" For J6 femal-es the irange was

14,5 to 20.0 days and the average 16.6. sínce it has been

observeÖ that mal-es energe about two days earLler than females
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64

be deduced. that the developnentat period of the male

host is less than that of the female,

x{atíng habÍts-, }'{ating was observed. on two occasi-ons

in the laboratory. ïn one instance, mating oecurued in a glass

tu'oe ! mro, in ínsíde d.iameter and. 20 ¡mr" long. fn ihe other
instance, mating took place in a vial g ^m" in inside diarneter

and J6 mm" in length" The mating period. was perhaps one-haLf

mínute in the first and. a few second.s ín the second. fuTating

may possibly not have been compreted in the second instance.
0n one occasion, arl emerging female was noted to be hÍghly
attractÍve to males, whÍch viere flying about rapidly ín smal].

oircl-es and. striking their bod.ies agaiast the femaro and the
cocoorl@ No mating oecurrod on this oecasion" Newl;r emerged

and matire adults in varj.ous combinaËíons were caged together
on numerous occasions in cages of various i;ypes with sugar

solui;Íon supplied, subsequent rearings from these feraales

resulted. in only two female progeny, indicating that either
very little mating occurrod. or that the caged femal-es und.er

these conilítions l-aid oiriefly male-prod.ucing eggs" George

(ip litt.)1 has foirnd. that $" plesíus produces only males by

parthenogenesÍs, TLris is contragy to Ïieirton (f9fd) who stateds
ît*Aclults from u¡f,ertil-ízed. eggs of Gonatopus contortqlus Patton

were au- femal-es, and were rroÍrr1â.] and. active in every way" rr

lceorge, J,
Research laboratory,

-4"" Entomologist, Canada Agriculture
St. Catharines, Ontari-o,
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?erkins (f905) stated- th-at Ðryinidae can reproduce partheno-

genetically and- probably frequently do so. Iie sta.ted.å ??la

one case that was nol,iced.o that of a species of Pseud.ogo-4a!9p-l¿e,

of the offspring thus produced. only one in forty v,ias of the

mal-e sex" rt

agi¡ggqiþ_oê. 'Ih.e fem.ale has large compound- eyes and.

the ability to run and- climb rapÍdly, This may aid. in Loca-

tion and. capture of leafhopper ny:nphs and ad.ults. She has che-

late fore tarsi vr¡ith which she can strike rapid.ly ano accurate-

ly and grip her prey securelyo The chelate limb of the d.ryinid

female has been weLl described by Mik (fd6Z), Perkins (f906,

1912)u Fenton (f927) and. otherso TLle femal-e can sorûetimos

intercept her prey while n:::ning, but when this fails she wil}
slowly stalk her prey or will remaín stationary ín whicb case

n¡rurphs often approach her. The capturing stroke is too rapid

to see by €yê, Once captured. the n¡rnph is grasped. ín the

chel-a r¡uhich is applied. to one of the basal segments of the

leg, often to the femur, of the host. TLIe host is often

graspeÖ also by the mandibLe of the parasite whích usually is

clamped ón the wing pad but which may be clamBed. on a coxa of

the metathoracic leg. ftris often lea-ves scars, espeeíally on

the wings and coxae of nymphs, tr'üjren it has clasped the host

securely, the pa-rasite curls its abdomen beneath the abdomen

of the host" lÌre parasite rests upon the four rear legs

whil-e it inserts the ovipositor (Figilre 26), i.n or just below



66

T'rGURr 26

OÏIPûSITOR 0I' p" minimus
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the pleural area of the abdornen on the side opposite to that
grasped" by the parasíte" Fenton (f9f6) noted tirat in the

case of ny:nphs with opaque bodÍ.es, the sting of the dryinid

coul-d be seen ttworking this way and. that with exirer¿e rapid-

ity, just beneath the cutlcle"rr ffie sting i-s probably useful

in subd.uing the host and in weakening the integument for su-b-

sequeat oviposítion. In P. minlsus oviposj-tion usually does

not resul-t in loss of consciousness by the host although it
does seem d.azed., anct is inactive for a period. of perhaps

thirty second.s" During oviposition a parasite was noted to

tap rapÍdly with. one antenna upoa the mlddle third of the

leafhopper antenna whil-e holding the other antenna at rest

over its d.orsr¡m. TLre second antenna was used occasi.onally to

tap the host bod.y. fhis tapping was conti.nuous d.uring the

whole of the act of oviposition and appeared. to be used for
its subd.uing or hypnotic effect, One parasite was noted to

hoLd- the host with the mandibles until- the ovipositor had

been completely f?eed"

No oviposition or parasÍtism of first or second in-
star nyrrphs was noted but ovipositíon and. psrasitisni $iere

noted. on third, fourth and fifth instar n¡narphs and adulf l-eaf-

hoppers" Once oviposi tlon has occuruecl the n¡rnph d.oes not

generall-y molt" In one instance molting oecumod" a few minutes

after oviposition and ín another j-nstance a cast skin was found.
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with a parasite attached índícating that the nyznph had

mol-ted." ParasitÍzed. nyurphs remain i-n the instar in which

they are parasitÍzed. for a period longer than normal and d.ie

upon emergenee of the parasite"

Predation" In a preliminary stud.y, eight femal-es were

found. to kill aTt average of one and. one-hal-f ny:nphs per ilay

over a period. of ten days. Irr a later test (fante fV) a very

Low level of pred.ation was record.ed. Three parasites in a

total ot 5T,6 predator-days cl.ralned the body fl-uids frou 24

npnphs. Dæing this period 44! eggs were laid.. 0n the basis

of the preliminary stud.y this ratío of n¡rmphs kil].ed. by feed-

ing, to th.e number of eggs Laid., is estimated to be far too

1ow. ït may possibly be d.ue to examining dead nyu.phs too long

after pred.ation,

lhe preitatory habits of femal-e d.ryinids have been con-

sídered by several authors to be of greater eontrol value ühan

theír parasitism (C]-ausen, f94O). If one allows one and. one-

half n¡m.pha1 preclations per day for the 57.6 predation-d.ays

shown in Table ]]f, one roight expect about eigþty*five n¡mphs

to be d.estroyed. flre laying of )+IL5 eggs night be expeeted to
parasitize anil d.estroy about lÐO leafhoppors whíeh, although

continuLng to feed., would prod.uce no progenye

tr'eecllng, The prodatory female captures and. hoLd.s her

prey with the chel-ae. In feeding, the female bltes aetíveJ-y

through the cuticJ.e" ELe jaws may be seen to move rapidly
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TÁBT,E ÏY

OVfPûSfTTOI{ ¿ÄTE Ï"EEDTNG REÛORD 0F CÄGg'Ð FE}'1é.T.E'S 0F
Pâehlråonatopus mini¡rus 0N SIE-ËPOTTED

T,EATTTOPPffi, Nn{PHF'

No" of
DA.3a--sites*

No. of
ny:nphs
chewed

I2zJo
l.2:"Jo

12: Jo
2aJo

2zJo
10:J0

10;Jo
8;Jo

I zJo
9zr5

9rL5
Ll;J0

lt¡30
6tiS

6zt5
L2.,IJ

r2..20
4;15

4¡ 15
10; J0

I0; J0
5z3o

5z50
r_I315

11;1l
11;1l
ll¡L0

5,"34

p"nr, rÍuly
â,I[, rJufy
âom, ¡ fuly
þ,Itr, uJuly

poltr" rJuly
poIIl, , July

P,IfIu,JULy
Þ,Inn rJuly
p"nlo rJul.y
â,IlI. rJuIy
â.fiI. rJu1y
p"ltr. oJuly
p.rTr, n July
p,In" , July

B.mo rJulY
âorllo,July

â.nr, rJuJ.y
p.ü!." rJuIy
p.r[" uJuly
þ"r!o rJuly

Pumo rJulY
p,rtr. utruly

P"In, ,JufY
Þ"fll, rJufy
p,rJr" , Jt¡fy
âoIn. rJuly
êonu oJuly
Þottr, rJuly

4to
5

5to
5

5to
5

5to
b

6to
7

7, toI

dto
9

9to
t0

10 to
10

10 to
10

l-0 to
11

1I to
11

11 Ëo
T2

L2 to
L2

12ç 00

l)f s oo

d, oo

22.O4

L2"75

5é .25

Lé "75

6. oo

].6" oo

6. zj

19.00

5"75

L2,00

6,zj

not
record.ed.

25

25

25

5o

30

5o

20

25

3o

3o

25

not
recorùed

25

15

37

47

L2

)+4

16

2T

36

2l

25

2T

Date and. time
of exposure

Duration of
exposu_re
(rrours )

No; of
npnphs
exposed

eggs
Laid



No" of
nyraphs
exposed

Date and. time
of exposure

ÞuratÍon of
exposure

(hours)

7o
TSÆLE TT (continued)

No" of
Þara-
ËitesË

2+

1L

6

)+

9

50

9

d

5

70lo)

o" of
phs

hewed

255z3o
10:41

10;4!
11;00

20

20

25

16

20

3o

p,Inu rJuIy
p.m. rluly
Þ.Í1" rJuly
p*lil. rÏuly
p.r[" rüu]y
Lorl, rJuly
a.nnu r üuly
â"IB, rJuly
â,Irr",July
p.Itr" ,JuJ-y

þ,!tr. , July
p"rt, , July
p,nu ululy
p"rl" rJul.Y
poltro rJuly
Þ.rtr" u luly

P.11Io ,IulY
Pomo rlufY

Þ.IJro rluly
p,!rI" rJuly
p.rtru ,July 2I to
â.ür. rJuly 28

12 to
L2

5,25

z+"zj

L2"7 5

12.50

15 "25

9 "50

2[" oo

36 "50

to

to

to

to

to

to

to

to

fo

L2
L3

}T
14

1)+
15

15
t5
$
r.5

15
1b

16
l6
1d
20

20
2I

L5

26 f!-

1d

10

15

lL:00
tr:45
1r:45
12;10
12: I0
1:50

IzJ}
11;00
11;00
11;00
11;00
1;Jo

IzJa
2zJo

2:30
4:45

4;45
11¡00

25

11;00 &,nro rJuly 26 to
10 c10 poulu , Aug. 1

l-0;10 portr, r-Aug, I to
10el+0 p,u, ,Aug. 3

10 ; ItO p,m, e Aug" 3 to
JzOA p,mo ,-Aug, 5

No" of prod.ation d.ays

Ave" D.o. of eggs per
åve" åo" of nymBhs ch

49"00 25

z6,25

t6z"z5

toT "25

4d,5o

Ilo. eI

57,60
pr,eclation day
euleil per predrdion

20

20

25

*Parasites colleeted in field. July 1, irg6}

day 0"4
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vulËhin the cutícle" There is a sucking action whÍch Ín one

instance observed.r. was so strong as to cause a heavi-ng of the

body waLl of tire hostn One nyxûph, fed. itpon for four mÍnutes,

appeared health¡r" One hour after the parasite attack, the

nynph sti]l- appeared well, but tvrenty minutes later it appeared.

to be Ín poor cond.j-tion. f\vo hours after being fed. upon the

nyu.ph was on its back and. only a few spasmodic movements of the

l-imbs were noticeabl-e" It is thus obvious that fiel-d. samples

may show some live ny'im.phs which have been fecL upons and ind.eed.

so&e injured. ny:nphs have been found. in collections, These

nynrphs woul-d. in alL Likel-Íhood. soon die without becoming adults.
On one oceasion, two parasÍtes were observed to attack

a n¡rmph, one from each sid.e, the second. attacking d.urlng the

d.isturbanoe causeil by the first attack" The host later d.iec[,

possibly d.ue to a poor rearing teehnique or to predationo and

it is not known if this was simul-taneous feeding or ovlposition
or a combination of the two.

Parasites in cages have been noted. to feed upon para-

sitized. hosts.

Longovitl¿. The longesË l-ife span noted was that of a

female, reared ín the laboratory, which ]ived. from tanuary !u
L96O to February Z\, 1960 o a period of 46 days" .A female

collected. in the field. on July .L Lived in the Laboratory until
Âu.gust 5, L96O, a períoð. of JJ d.ays" The Liferya¡ of J6 femal-es
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reared. in Ëhe laboratory ranged. fìrom ! to \16 days and. averaged.

12,1+ : L"57& days {rabte T) 
"

fhe li"f e span of 4O rnales, reared- in the laborator¡ru

ranged frorn :.ør.o to four days and averaged. Z"l5 t ç.1f* aays

(fanle VI) . Some mal-es hel-d at 45of lived. up to 14 d.ays,

Both Ín maLes and. females longevity d.epends to a groat

extont on enviror¡rnen'bal eond.ii;íons" They were not seen feeding

on sugar soluÈion supplied. to thom nor on moisturo on. Leaves nor

on fhe exeretions of l-eafhoppers" However, they may have fed
when they were not under observation, perkins (f905¡ stated
that; trl¡Vhen the hopBers (suga-r câ.ne leafhoppers) were exereting
a-n abunrlelree of honey-der,v, the parasites (Ecthrodefp_hax) feA

freely upon this, but if not, some sweet liquid was supplied in
place of it. ![ithout this liquid. food., in a hot localíty the

parasites d.ie very quickLyo and. the ca.ge was freely sprinkled. v¡ith
water each d.ay to advantage,tr Perkins (f905) further stated. that
a drylnid. of the genus Paranteon attacks a sruggish, honey-d-ew

secretingu ant-attended. species of l_eafhopper. He stageËL that
nunbers of the parasites, bred together, stand. suberect,
uÞ. r o strolcing one another, IÍcking each otherls mouth, solicif-
ing food. c o . "'n Ï'enton (f9f6) stated that both sexes of
Pargunteon fed read.ily on silgar solution. It should be noted here

that the sÍx-spotted leafhopuer, at least Ín the nymphal stageu

apparently has a high moisture requiremenÈ, particularly when

d.eprived of food. plants" Leafhopper nyraphs colleeted. and trans-

ßstand.ard error
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T33t-û V

I,tlTGETrJflf 0F IB'i}*LES 03 Pachyeonatoous minl_mus
REARED TN TTTE LA3W

Number of
parasites lVunber of

parasite
d.ays

I
6

4

d

5

2

4

3

1

1

I

Total 16

Average

5

)z

52

72

55

2+

56

5L

19

55

46

\tf
L2"14 t I"57å

ï,ongevity
( ¿ays)

5

7

6

9

11

t2
1)+

LT

lo

35
t+6

*stanoar¿ error
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T.43I,T VT

LONGEî/.ITY 0F ÌvtAJ,fS Otr' pachyEonatopus
REÁR}D rN rirE @

minimus

Number of
parasite

days

Number of
parasítes

10

1d

d

10

36

2+

+q

86

+

qoTotal

"Average 2"L5 t O.lT&

$St*odurd. error

Longevity
( days )

I
2

3

l+
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ported 1n moíst soi] to the laboratory remaíned. alive, active,

anö apparently eompletely r"maffected. after 56 trours of fastÍng,
Nym.phs held in cages withou-t hosÈ plan'bs or other sources of
moisture d.íed. withln six hours. \rühere the six-spot,ted l-eaf-

hopper ls fou-nd. reproducing abundantly, eavironmental conditions

may also be suitabLe for dryinid.s"

fime of aduLÏ aetÍvity, å.d.uLt females were active ín
the field from early morning unüil d.usk provid.ed that the

temperature was sufficiently high for activiüy, Tfiey are

actíve in the laboratory continuously provided that there is
suffÍcient }lght and. a suitabl-e temperature6 *,4. comparaÈiveLy

J.ow J-evel- of light is required. for activity"
Ma.les in the presenee of an emerging female are very

active an(l aggressive anil even fJ.y against the female"

IWobi1ity of parasitizeil leafho'opers.u Three tests were

designed. to check whether the mobiliüy of l-eafhoppers was

affested. by parasÍtism"

In the fÍrst test, twelve l-ots of leafhoppers were taken

from a sweep net colleetlon, with an aspÍrator¡ &s they crawlecl

upward. in the net towaril Light" ft was thought that parasitized

leafhoppers mÍght be sl-ower in reaching the top of the net.

fhere was no apparent difference (Ta¡le VIf) in mobility between

parasitized and non-parasítized. Leafhoppers for ad.ult males or

femal-es or n¡rmphs"
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ïn the sesond test, colleetions of J.eafhoppers were

made in an oat crop in the dlreotion of each of the cardinaL

poínts of the compass in the çrop and. to the east above the

orop, fho sets of sweeps were mad.e to the northe oTte in the

margln of the crop to check for marginal effect as compared.

to the other set of sweeps to the north made in the center of
the cropó

The leafhopper collections were examined. for parasiËes

and showed. about lL to 1/ per eent parasitism with one excep-

tion of 2j per oonü, The high percentage of parasitism in
this Latter eollection eausecL subsequent re-exa¡rination of the

other samples, Percentage parasftism was found. to be two Èo

tlrree ti¡oes as higþ as had. been previously found.. ft is
bel-ieved that this discrepancy was clue maínly to lmprovecl

techniques in exa¡rÍnation a¡d to more skill Ín recognizing

minute parasÍtes. ft was for:nd. thaË Leafhoppers must be

squeezed. üo create a pressure to lengthen the aböomen and. ex-
pose small parasites in the intersegro.ental rnembrane, rt ls
possible that soae first instar parasites may have d.arkened.

from irapuritles in the alcohol or the corks" rt was noted. that
suitabre nagniff cation and very good. lighting were crit;!cal
factors in detecting a higb proportion of the parasites present"

frre results are shown ln Tablo \IIII,
leafhoppers f];r when distr-irbed by a shad.olv or movenent

of an objeet near to them, fn the process of sweeping, para-



T
T

T
'E

O
T

 O
T

 Ð
IR

E
C

T
IO

N
 O

T
U

P
O

N
 I

LE
E

 P
M

,C
M

V
T

Iq
.G

E

D
ire

ct
io

n 
an

d.
lo

ca
tio

n
of

 s
w

ee
p

E
as

t
E

as
t

ab
ov

e 
cr

op
ab

ov
e 

er
op

X
lre

st
 in

 c
ro

p
lfe

st
 in

 c
ro

p

E
as

t 
in

 c
ro

p
E

as
t 
in

 c
ro

p

N
or

th
 a

cr
os

s
ni

d.
dl

-e
 in

 c
ro

p

N
or

th
 a

cr
os

s
m

ld
 d

l-e
 in

 c
ro

p

S
ou

th
 in

 e
ro

p
S

ou
th

 1
n 

cr
op

N
or

th
 a

û 
bo

rd
.e

r
1n

 c
ro

p
N

or
th

 a
t 

bo
ril

er
Ín

 c
ro

p

[.A
.B

]"
8 

V
T

T
T

S
lr'

ftr
P

fN
G

, 
fN

.R
m

.A
fT

0N
 T

O
 l,

\ll
lü

D
 .

A
N

D
 S

lll
\T

e
O

T
 P

¿
R

A
S

ÏT
T

Z
M

 I
F

*A
T

T
{O

P
P

ffi
S

 C
O

T
*t

E
C

T
fl}

S
ha

d.
ow

 c
as

t
on

 s
w

ep
t

ar
ea N
o

N
o

N
o

N
o

N
o

N
o

S
w

ee
p 

d.
ire

ct
lo

n
as

 r
el

at
ed

.
to

 w
in

d.

Y
os

l)o
w

nw
ln

d.
D

ow
nw

in
d.

U
pw

in
d

U
pu

rin
iL

D
ow

nw
in

d.

D
ou

¡n
w

in
d

C
ro

ss
w

in
d.

0r
os

sw
in

d.

C
ro

ss
w

Ln
eL

C
ro

ss
w

in
d.

C
ro

ss
w

in
d.

C
ro

ss
w

in
d

Y
es

N
o

N
o

P
er

 c
en

t
pa

ra
si

tÍs
m

1n
 s

w
ee

p

Y
es

Y
es

35
 "

5
32

.O

5+
"0

z6
 "5

51
" 

6

27
 ,+

2T
,5

29
 "A

22
,0

21
" 

6

27
 ,2

22
.Q

-{ oI



T9

sitized, leafhoppers, íf sluggish, would tend to remaj.n in the

crop whereas noa-perasítized }eafhoppors woi.¡-l_d. fly up, Tirere*

fore, in this tesü more parasitized, leafhoppers should. have

been taken in the crop than above the crop, especfarly where

a shad.ow was cast on the sweeping areao No d.ifferences were

obtained. (TaUte IlfII), Leafhopper eoll-ections tend to be

Iarger when mad.e d.ownwinil., rt was postulated that f_f para-

sítized. leafhoppers are sluggÍsh, they shouLd. tend. to reroain

in the area being swept while the active leafhoppers wourd.

tend. to move dor¡¡nwind anð be swept over repeated.ly, No differ-
ence was obtained. as may be noted. by comparing the east and.

west colleotions ( fa¡te TÆII) , It was further postul_ai:ed. that
collections mac!.e to the south should show more parasitism than

those mad.e to the north, if parasitized l-eafhoppers are more

sluggish, Tlris is because with a shadow cast in the colleo*
tions to the north the west wind. wouLd carry away flyÍng oon-
parasitized. l-eafhoppers frora the path of the swCIepo Ttris effect
was not obtaineil" ft is evid.ent that parasitized leafhoppers
are at least as active as are non-parasitized LeafhoBperso

fn the thÍrd tesÈ eol]ections were made either by

sweeping head. lettuce with a net or by shaking lettuce head.s

Ínto a net" By sweeping, the rtrore active leafhoppers should.

be col-l eeted in a higher proportion than in the shaken collec*
tions" The results are shov,¡n in Table IX" Th.ere was no
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dr
sígni-fieaut dÍfference ín percentage pa.rasitism of 1ea.fhoppers

coll-ected by eiËher method_,

fl:e find.ing that parasitism by p" minimus d.oes not
reduce mobility of the six-spotted loafhopper does not agreÊ

with Ëhe find.ings of Fenton (rgrd) rn¡ho statedå ?îThe host

7þn r:nstated. species of l-eafhoppeú becomes very evidontly
affected. by now, fry t]r.e fourth instar parasitg/- boÍng sluggÍsh
and easily caught. ir lfurowltonf b"l-j-urru" that ,, " o o severely
parasitizod. ones fieaf leafhopperg/ Ao l_ess hoppíng e o n . rl
tha¡ non-parasitized leafhoppers"

Multiple parjì.sitísm and sq-qpression !g p" minLmus, In
tests d-evised to check egg prod.uction and. farval- develo¡ment of
fhe parasite, host n¡il,phs were exposeil to parasites for period.s

ranging from six to Ëhirüy-eight hours and. were then held. on

asters free from parasites, Multiple parasitÍsm was f?equent
and. from one to eLeven ovipositions (fa¡te X) in a single host
were noted.. .A.fter several_ days it was noted. Ëhat some of tho
parasites were not developing" trühen some larvae had begun to
emerge from theLr hosts it was noted. that other parasites on ühe

sas1e host had. not d.eveloped. beyond. the first instar and had in_
stead' shrunk" In three instances of d.ouble parasitism (ra¡le iç¡)
botb parasites faÍled. to develop d.ue either to no embryogenesis

lKnowlton, G"I." r T*tension
t personal correspond.ence) ,

4tomologist, Utah State UnÍversity
r95g 

"
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T.ABI,E ]M

SEI,F SUPTRESSION TN TúTITTTPT,E PåA.ASITTSM
BY Pachygonatopus mÍnÍmps 0N THE

ÊTX- SPO TTEÐ T,RAT'IIOFFffi,

Number Ber hostNumber of
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lnûividuals Parasites
suppressed.
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øT to urutual suppresgíon or some other parasiticid-al astion"

Figuses 4 u 28, 29 and J0 show one parasÍte suppresslng

anothero one parasite suppressing si-x oÈhers, two parasites

su.ppressíng nine others and. three parasites suppressing two

others, respectiveLy. Tabfe xr shor,vs Ëhe numbet oî suppressed"

païasites as compared. to the nrimber of parasites d.eveloping.

ït may be seen that 121 individ.uals have a singre parasite

deve].oping as compared. to 4l witrr rnultíBle parasites d.eveloB-

ing, fn the f ield d.oubl-e parasítlsm is rare, triple parasit-
Ísm is very rare and only one Ínstanco of quad.ruple parasítisn
was noted" However, where nultiple parasitism occurs, suppres-

sion may still reiluce the parasitism to one per host" Normatly

only one parasiÈe survives in multíple parasitism as usualt;r

the entj-re remainlng bod.y contents of the leafhopper are need.ed.

for fhe final feed.ing of one fifth instar l-arva, In a few

i-nstanoes two Larvae have emerged. from a sÍng1e host and

eoeooned. and. in at least one i.nstanee a¡ aduLt male was ob-

tai-ned.,

Eeg -

ïneubation peëqd. Leafhopper nyrnphs wero exposed for
twenfy-four hours to parasites and. then preserved immed.iately"

tlpon examinatÍon of t'his group of nya.phs ühere was only one

egg but thírty first instar larvae" -A,lthough this test linÍted.
the incubation period Ëo tweni;y-four hours or less t na¡te EI) s

a subsequent test showed. tirat ecLosion occurs within two houre
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T.ABT,g æT

DUR.TTTON OF TITE FIRST FOIIR, L.qRV,AI TIVSTARS
0F Pachygonatopus_ mini¡nus Ii\T IHE

@

Length of time I Períod of
leafhoppers I larval
exoosõã üo I aevelopmentå

parasites (hrs.) | (nour-s)

Nu¡nber of specirûens in
eaah instar when

examined.
ï TI ÏIÏ ÏV v

2+
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14-

L2
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2+

4

6

t2
6

1d

6
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16

3é
L2
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d

14

o zLt

23 33

32* 46

46- j6

59* 7r
7L* 95

96 - too
101 - 107

107 - 119

1t6 - le4
re4 * r4a
r57 - t+3
r+5 - r5g
r5g - L65

t65 - t63
t8 * 22l-

2I9 * 25r
232 * 25+

253 z6t
z6t * 275
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¿èThe incubation period. of the egg is about J hours,this time interval has boea incLud.ed. in the period. óf ]arvat
d.evelopment 

"åågns egg in this group,
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.and forty minutes of oviposii;ion.

tr'enton (f9f8) stated. that; fisince the egg is very

minute and. often is thrust d.own deeply into the bod.y, it is
practically impossibl-e to l-ocate ilt eiËher by d.isseetion or

by sectioning Èhe host" For this reason tho d.ate of hatching

is stii-l in d.oubt and. the incubation period can only be

estimated from the tÍme the egg 1s faid. to the appearance of
the sac outsÍd.e the roody wa3.l of i;he hopper" fn Gonatopus

erythrqdes (Ferk,) a b]aekish d-iscoloration preoed.es the

appearance of the sac by several days and is noticed five
d.ays after oviposition" Ê,ince in this case the discoloration
is due to the black sac beneath the cuticle, the egg must

have hatched. within two or three days afüer being laid" It

Larva

NuryþeJ and dqratiqn of lanraL ínstars" I'or the stuity

on t;he nrmrber and. d.uration of larval instars parasites were

caged. with hosts to obtain materÍal- of known ovipositj-on date"

The duratioa of caging varíed. from four to thirty-eight hours

thus creating a t,ime vafÍatfon of 3 Z to å 1$ hours. However,

the period. eaged. was uslla11y less than twenty-four hours, In
ord.er to determine the stage of d.evelopment of the parasite it
was necessary to kíLl and dissoct the host thus making i'b

impossible to fo]l-ow through the entire development of any

individual"



9r
There are five l-arval instars" TTre first four are

attached to the host within e sac comÞosed. of their east

skins. The fÍfth instar energes from the host and moves

freely about for a few minuÈes to a few hours unt,il_ it spins

a cocoon in which it pupates"

The d.uraüions of the first fou:r larval instars are

shown in TabLe EI. The duration of the first instar is about

100 hours or four d.ays, This agrees ín general with ttre ob-

servations of I'enton (f9f6) who stated.: ItIn oase the egg fs
internal, just previous to emergÍ-ng from the host, the larva
is seen to be curved. in the form of a ü, the apex of whieh

appears first between the segments. This is the second. l-arval

stage and it is covered. almost entirely and. protected. by the

exuviae of the first instar, The appeareJace of the sac exter-

nally on the host takes place in from five to seven d.ays after
oviposition, During this time the egg has hatched, the
tlembryonícft stage has been passed., and a- moLt has takeir place"rt

The second, third and fourth instars are eompleted. in fifty to
seventy-fi-ve hours or two to three days" However, observation

showed. fhat there were some fulty d.eveloped. for¡rth ínstar
Larvae forty-eigbt hours after third. ecdysis, lhe fifth in-
star forms a cocoon aLmost inroed.íately after emerging froru the

host, lhe combined duratlon of the stages within the eocoon

are d.iscussed in a subsequent secti on"
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l"arval_ behavior, The fírst fou.r" larval_ instars Gortr*

plete their entire development attaehed. to the host and- with_
in the l-arval sao formed. by the remrrants of the shed_ skins"

frnergence of the ftfth instar farva from the host was

only observed to oecur between mid morning and l-ate afternoon,
For exampre¡ on July 10 and. 11 u r96oe anong lf6 paxasftized.

leafhoppers caged' for parasÍte energencee seven emerged, between

J:00 and JzJo Þ"rtru , July 10. No emergence took pLace between

4¡00 p'[l', Jury ]0 ancl r-0;00 â"mo u Jury 11, IIowever, by 4;00

Þ,ßn, July 11, an addiüíonal eight l_arvae had. emerged"

Át 12:J0 p"m", July 16, a slight split was noted. in
the fourth exuviae of a parasite sao" Exa¡aination showed tho
head. of the fifth instar larva protrudíng from the saco ltre
larva next returned its heaiL into tho hosto The reafhopper
exhibited. much aetivity and. moved about quíckly" By l:JO p"m",

the leafhopper had. been sucked d.ry and was just a shrunlcen

holl-ow shell (ligure 1.l,) " Th.e larva ïlow overfl-owed. its saco

By lzJj p"w.", the larva] head. was seen chewing withln the head

of tÏ¿e leafhopper aniL trirnrning off vestiges of tíssue from Èhe

eyes, the basos of the antennae and other areas of the head"

Tlre parasite shorued. great abiliÈ¡' to stretch in reaching fn
nhrough the naryow collar (aigure J2) into the host bod.y anit
into the head. capsule, Tt next withdrew slowly and. chewed. at
the bases of the prothoracic legs to complete Èhe re¡noval of
tissues" Th.e head. of the parasite was out of the host again
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HOTLOW SMfJ, OT
BY S"TFTTT

TTGTBE 31

STX-SPÛTTru I&AF'HO}FM, EATM{
ïN$T$R LARVA OF p" mÍnimus
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at l-;45 p"m" The parasite cl-eaned. its mouthpa.rts while rest*
ing upright with only íts eaud.al region within the parasÍte

sacu ftre parasite was completely free and. away from its host

af fz55 p,m, at whieh time it was pLaced. Ín a vial" It was

spfnning a eoooon at 2zLJ Þ"fl"

Perkins (r9o¡) stated. th.at the Larva both chews arid.

d.issol-ves the contents of the loafhopper. He noted. t,hat;
rrGenerarly early in the proeeedings the soft contents of one

or both eyes and of the head. are seen to be ín rapid motioau

l-ike a boÍl-ing fluid; sud.denly all the pigment is removed" from

one eye (usually the one on the opposite sid-e to the parasite)

and. it becomes an opaque white spot, then the other is often
sÍ¡milarly d.estroled¡ or sometimes both more or less sÍmul-tan-

eously, tt

Ttre larva moves on its back by a series of perÍstaltic
ruovements which connence caudad a¡rd move forward., These follsw
as a response to the eoü.pression set up by forcing the posterior
forward; the ripple serves to lift the moving body surface from

the surface over which iü movesu ås the parasite moves on its
d.orsal surface, each peristaltic movement results in a slow

lashing of Èhe head., fÍrst ventrally (upwarel) then d.orsarly
(d.ownward) and either slightly left or right and více versae

after vuhich the whole sequence is repeated., lfovement can be

reversed by cephalad. to caudad. perlstaltic movements as was

observed. 1n a l-arva spinning a cocoorlo
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åfter i.t reaehes fhe fifth insfar the larva varies

Ín sl-ze with the degree of feeding upon its host" -r/lhen two

oî more parasj-tes are present often líttle or no emptyíng of
the host is accomplished. (Figure 33), Often a parasÍte has

been foi.ind. not to go beyond. another parasite to eat out the

host" 0n therare occasi-on when two parasites emerge from tho

sa:ne host they are both undersized. and. usrlalIy fail to develop

to the adul-t stage,

Larvae of 3" *i"iry: may begin to spin up as soon as

they emerge from the host or they may crawl about for a

períod of up to twenty-four h.ours before cocooning, S. slmi-
lar observatÍon was made by Fenton (fgfd) on Gonatopus spp,

and. aecorcting to tl4ik (r$dz) tire period. may extend. to 46 hours"

0bservati-ons were made on a newly emerged. l_arva as iü
spun iËs cocoollc kamination under the mícroscope shov¡ed. it
to probrud.e its spinneret and. to touch this organ to the glass

we.ll of a vlaL on each sid.e of its body. It next touchect the

spinneret to its ttneckrr reglonu fhe rippling caudad.-cephalad.

movement tended to pu]-l the tarva beneath the silken stranc!.s

which lt bad spurlo When it had. moved. too far for¡¡irard., reverse

ripples (cephalad-caud.ad.) served. to pull Ít back" Completion

of a caudad.-cephalad. movement took sÍx to eleven seconds with

about seven seconds being most coÍunon. rn one-harf hour two

sil-ken fra¡reworks had been construeted. and vacated."
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FïcuRE 55
DO-II8IE P'ARASTTTS-M-RESU],TTNG ÏN ON.[Y TfIE åBDOiViM[SND P.{RT OF THOR*X 03 T}IE HOST BETNG ÏN,PTI¡æ
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ïúany larvae ehewed. throu.gh th-e corks of lamp chimney

cages and. spun up outsid.e on the corks,

i. visible change in the spun-up larva. results from

the aceumulation of fecal- matter" Larvae showed. a d.arlconing

of the íntestíne, perhaps ind.icating aecu¡nulation of feoat

matter, four to fÍve days after spinning up,

Þrpa

Most of the fÍfËh larval- sËad.íurn, all of the pupal

period. and. the prei.maginal perÍ-od are spent wiËhin the cocorJllo

Dufation qf last inp,tar liiry egq pgpi" The mean

d.uration of these stages for 93 specimens (fa¡le mII) vlas

16.4 öays wiËh a range of 14.5 to ZO days,
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TABI,E NTT

DUR-,\1-ION OF LAST TNSTåR LARVJ" 4,$D
PUtrJ, 0F Pach:råopa.topus minÍmus

Duration of
stages (days) Total-

itays

rlL r¿to)

15 "5
L6.o

16,5

L7 
"O

L7 "5
Ld.0

16" 5

20,0

fotal
Âvorage 16"4

14.5

51.0

7 N.O

445.5

d5" o

105"o

72,A

57.A

20"0

1550.0

Numl¡er of
specimens

L

2

\5

27

5

6

+

¿

I

93
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ET"FETT OF ]NSETT]TIDES ON P¿R.å,S]TTSX{
OF .ÏHg STX-SPOTT@ LE/åSHOPPER

BY Fachygonatoeqg minlmus

Tre application of insecticides for the control of
ühe six*spotted. leafhopper on l-ettuce and carrots had no

significant effect on the rate of parasitism of the l-eaf-

hopper by P" ninj,mus ( Tabte EV) ,
ïn the Lettuce plots mal-athion gave very effective

leafhopper conûroL, reducing the population to a very low

leveL, Ëweeps were mad.e three d.ays aftor treaËment and. the

population sampled. was that which had. reÍnvad.ed the ploËs

from the untreated plots and. surrounding vegetaËion" fhis
woulil. acaount for the simiLaríty 1n percentage parasitisin.

Sevin and DDT wera used. for the control of l_eafhoppers

on carrots, These insecticides were less effective in con-

trolling the leafhopper Ëhan was malathion on lettuce" How-

ever, it shoul-d be noted that the total number of leafhoppers

colleeted. in the treated. plots (fable EV) Ís not d.irectly
comparable to the total nu¡rber of Leafhoppers corlected. in
fhe checks since there were up to five times as many plots
sa-urpled. in the treated. as in the untreated grouB,

Obsorvations made d.uring this stud.y showed. that l-eaf-

hoppers rarely oecur as ny:r.phs in pure stand.s of carrots"
fhe l-eafhoppers in the camots were mig¡ant adul-tso Trr treated.
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l-ettuee u reinfestations were al_so largel_rr the result of mígra_

tions of adult leafhopperso There was arways a residuaL popu-

1atÍon in the untreated. lettuce and. in the suruounding areas.

leafhoptrlers, especially in the ad.uLt stage, move about freely
and dlsperse from ¡.¡¡.treated- to treated. areas, r'urthero it has

been shown (Tab:.es vrr, IEïr and. rx, pages 76, Té and 60) that
parasitized. ]eafhoppers move equa].ly as freel¡r as do non_

parasitized. leafhoppers o

sínce leafhopper populations are not static and. since
parasítízed. l-eafhoppers move as freely as d.o non-parasitized
leafhoppers, colleetions frorn treated or untreated pl-ots woul-d

be essential-ly from the sarne population" This urould account

for the similarity in percentage of perasj-tism.



TH"N"PTffi. V-ITT

]'TOTES 0N Tomosvary_e,Lle sylvatica Meig"

TomosvaryeLla syl-vatíca was originally described by

Meígen (rda4) " Oresson (r9ro) d-escribed some \Torth ,tmerica:r

species of the genus Pipr.¡¡culqg, rbrther work on pipuneulids

was d.one by Rapp t]fg+1) in which he d.eseribed. f, syrvatica
as Pipr¡rculus nud.us varâ taneonq.q, Hardy (1947¡ showed. that
g. nud.us varu tqngomus was ín synonomy with T, sy,Lvatj_ca.

Perklns (f906) d.eseribed P" eutrichodes from iicadel}ids
from 0.¡reens1and., .Australia and Ferklns (fgOT) reported. the

occuffence of lipunqulus spp"on ,cicad.elllds from *Arizona a¡d.

Germany" comstock (1947¡ briefly described. the fties of the

feurily Pipunculidae as big-eled, generarly small, long-winged.

and. quick moving" He thought them to be parasitic entirely
on Homoptera,

Kielin and. Thompson (r9r5) stud.ied the external aril
internal morphology of the larvae of Pipuaeulid.ae and dls-
cussed. the llfe cyere briefly" They reported. that Boheman in
té5) diseovered- the type of parasítÍc Life of the Larvae of
this group on the family ticadell-id.ae" They stated that the

ad.ult oviposits in the host; that there are trvo farval instars
wh.Ích d.evelop in the coeJ.omic cavity; arcl that when mature the

larva ruptures the abdomen of the host between two abdominal-

Êeruents and. exits fro¡r the Living host, Tt then enters üre

soiJ. where 1t transforms to a BuBa"
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Wil-lia,mson (.195e) v¡orked. out the biol-ogy and- post-

ømbrponio d.evelopment of Pi'punculus subviresceng and

P" ungl¿lgl¿Iet]¿e in Saskatchewan" He stated that the egg is
l-aid in Ëhe host and descrÍbed- first and. second stage larvae

ancl the puparirrm and. the uniqu.e nanner of ad.ul-t emergenee

therefrom" Trris hacl been previously d.one by Keilin and.

Thompson (r9r5¡) . llli]liamson (r95S) atso discussed in sorûe

deüail the behavior of the adult,
TlfiLLiarnson ft936) showed that in lgJ!, E. suÞvirescens-

and E, unguiculatus parasitized J2 per cent of l-eafhoppers

col-lected in the fal-L in saskatchewan. Th.e parasitism in
lnd.ivid.ua} sweeps was as high as da per centu fn IjJ6 and.

I)Jl he found that ten and. th.ree per cent, res'oectively, of
the leafhopper popuration was parasitízecL by these two specles.

fhe percentage parasÍtism is not given specificaLl-Í for the

six-spotted. l-eafhopper, although he lists it as one of the

hosts" Georger found. 18"! per cent of six-spotted leafhoppers

colleeted. on August ]f , L959 in the Niagara Peni.nsu-la, were

parasitized. by !, syl_vatiea.

westd.al and. Barrett (unpublÍshed) reared r. syrvatica

from six-spoËtod Leafhoppers in l!ld, fn f959, ad.ult para-

sites were swept from the fÍerd in numbers up to five per z1,o

sweeps" Dissection of síx-spotted l-eafhoppers swept fron

't*George,
Laboratory, St"
l-gbo 

"

J"Â., ftrtomologist, Canad.a ågriculture Research
Catharines, Ontario, (personal correspondence),
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varíous crops showed thai the fly parasítized. up to Z0 per

eent of the popu-lation, The actual- oercentage parasitism

especia.l-ly in permanent or semí-perrnanent fields, such as

al-faLfa and. untouehed. weed stand.s is probably higher,

ï,ijfle_ Stages

Th.e ad.ul-t ls a smalJ. b1ack ffy, The boity and the

wÍngs are eaoh abor¡t 2 wß, long and. give an overall length of
abourS J mm, Sre fly has a large head ctraracterizeÕ by very

large eyes6

In f!60 ad.ult T, sylEatíca were flrst taken in the

field on June 11, 0ccasional specimens ',¡i,ere coll-ected in
sweeps from June 1l to about tul¡r 11" For ûhe remainder of
Jullu d.urÍng August and to Septenber 4, specimens were

collected regularly at the rate of up to 1 per 50 sweepso

fhere was no evident peak of populatíon atthough there appeared

to be an increase fn numbers tolvard the end. of the seasonð

Observations Ín the fieLð shorr¡ed. that the fl-ies tryere

more abund.ant followlng rainfall" It was also observed ia the

laboratory that flies emerged from puparia after the soir ta
the eages was watored,

On August 2\u 1960, observations in letüuee plots at
Portage la Prairie shov¿ed that the fly was very active near

the soiI, fLight varying from ten to tr¡¡eLve Ínches above the

soil when the wind. slaelced and from one to two ínches above

ühe soil- when Ëhe wind. incroased., TLre wind. averaged. about
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15 m.p.h" and. varíed from 10 to 20 m.Þ,h" Eighteen flies
s,ere collected wíth a small aspírator but none was taken in
the sweep net" Tiris high activity occr:rred. the d.ay after a

heav-y rain" Fl¡ring near the ground. may have been either Èo

avolcl the veloeity of the wind. or its d.rying effect which

appears to be lethal to theso fl-iese

ïn Ëhe greenhouse, ad.ult g, sylvqqigl were notecl.

feedlng on the surface of aster leaves on a gunfiy resld.ue

resulting from presence of six-spotteð leafhoppers and the
greenhouse whitefl% fþi"llî:d"+ vaporarigrW¡+ (Westw, ) .

Tfiillanson (f956) ü¿ not observe pipunou].fd.s near flowegsu

nor dld. he observe them to feed on sugar solutÍon or honey d.ew"

Howover, he quotes !'gil}iams (r9r9) who statecl that na]-es aad,

femaLee feed. on honey clew or d.ew on sugar cane leavos"

Wiltianson (fg¡d) also quotes Heiss who saw pipuncullits hover-

f.ng over aphld colonÍes end. aligbtlng among the aphid.s.

Mating of T" sylv1t+Îa was observecl onJ.y in cages,

Mating oocurreil at f;00 p"m" 1n two Ínstances ln one of whieh

f.t lasted. IJ ninutes and Ín the other at least J6 mlnutes,

Williamson (f9¡6) was unable to obûaj-n nating witb Pipunqulus

spp. in cages measurj¡rg t!\fr) foet in each dimenslon. He thought

that both oopulation and. ovlposltion night oocur early in the

mornlng while Ëhe temperaturersunllghË and. hunidity were

favorable" åt Wlnnfpeg, cagpil E, qylrvatiga llere observetl to
have shorü actlve period.s d.i.lr{.ng nosü of the day. Pairs In



ßopula were noted. frequentLir Í-n

in the laboraÈory as well as ín

10d

ca.ges r4 ny r4 oy f6 inch.es

cages 4 ¡y 4 uy 6 feet in the
greenhouse 

"

trTilfiamson ft%6) stated that a pipuneutíd, Cryp.to-

chaeturo lcerya,e- contained. a- total of !0 to lr-0 eggs in the

ovaries, and. that four to tvr¡ef ve of ühe eggs were ready for
oviposition"

Observations were mad.e on fLies and. leafhoppers in
cages 14 Oy f4 ny f6 Ínches" -At !:00 pnffi, on I'ebruax¡r f,
t96Ou a female was observed. attacking leafhoBper nyrnBhs.

Ëhe averaged from one to one and. one-half attacks por mlnute

but was su.ccessful Ín graspÍng the nyrs.ph only about one time

ln six. Hovering of the f1y stimulated the n¡nnph to reeurve

its abd.omen" The fly can attack successfully from the sÍd.e

but when it attaoks froin above or below, the nw.ph Ín reourved.

position is ready and frequently able to whip off the parasite

after which the n¡rmph often jrunps to a &ew locati.on" of about

thirty-fÍve attacks observed. on LeafhoBpers only one was

attemptoo on an aðult" TLre fly hovered and darted. about in
hr:nting, for period.s of a few second.s to ha].f a minute betvrreen

flights, -lfhen the searching of the fly beoalie too perslstent

the n¡rmph junped away even without the contacÈ of attempted.

parasitism* The fly occasi.onally attaoked. oast skÍns which

remained in position on the plant, One nyrmBh was noted. to

arch its abd.omen several Èimes after the parasite attaoked."
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sometimes the fly pieked up the nymph, held. Ít and.

oviposi'i;ed in it whÍfe hovering" At tímes they felL to the
earfh whil-e tlre fly maintained. íts hold, At other times the
f1y appeared. to jab while in f1íght with its ovipositor,
without coining to rest or grasping the hosË, At stil_l- other
times the fly ca.me to rest briefly upon the n;rriph whiLe o.¡í_
positing ín it, at times the fly woul-d f};u past several
nym.phs in a group, all lvith recrirved. abd.omens but attempted.

no parasitism, v,¡hile at otirer times it hovered. and mad.e

severaL flrunstf at a single nSamph"

No attacks were noted by non-flying femal-es and it
seemed probable that they do not at'back unless in flight-

Eggs of T. sy1v.atj._B have been d.lsseoted. from the

head., thorax and. abd.omen of leafhoppers, The egg chorion is
transl-ucent and the white embryo shows clearry through, Five
eggs ranged. ín size from 0,J1 mm" by Q,1! mm" to 0"Jl mm" by

0"1! mm" and. averaged. O.$lt rnm. by O,lf mm, Eubryos Ín two of
these eggs measured 0.2j mm, by 0,14 mm, and 0 "Zj mm. by O.I)
üimo Two eggs were found. in the eye eapsule of a leafhopper
ind-icating that multiple parasitísm does occuro ï,liillÍenson

{r95d) quoting KeÍlin ind.icated that doubt-e parasitism does

oceur but that j.a oae instance at least only one larva sÌlr-
vived" tr¡fii"Lie¡rson (f95d) in thousa¡ds of d.issections found no

pipunculid- eggs in cícadel-l-id.s but states that Tr{cKay fotrnd. one

egg of Pipunculid.ae"
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Eggs hatched. in 6 to f ,! days, Th.e nevlly energeÖ

lerva was 0.41 mm" long and 0 "L6 rur'" wid.e and vuas r¡lhÍte and.

segro.ented." 'i\ruo ]arvae 6 d.ays and- fd hour's 3 1 hour fg om oví-

position measured- O"!0 rult. by 0.16 mn. ancl 0 "52 rrlt" by 0,1d

ru.rrl"

Only very smal-l l-arvae have been found in the head a:rd.

in the thorax" Large larvae were found. only Ín the abdomen

where they sometimes protrud.ed into the thorax" illi]llamson

(,19S6) reported. that smal-L larvae are generally found, in hal-f

grown nyr.phs, large f irst instar f arvae are found in nearly

mature and mature leafhoppers, while the l-ast instar is always

found. in fully grown leafhoppers" This may be because growth

and moul-ting of the host is not inhibited. by this group of

parasj-tes in contrast to the dryiníd, P. q"1*T1, rvhere d.evelop-

ment and moultÍng of the host is inhÍblted by the parasite"

The rnature l-arva is rea.dily d.etected through the abdominal wall

of the leafhopper whose yellowish whii;e fat bod¡i has been ab-

sorbed. by the parasÍte,

TLre puparirxn is oval, brown, about 1"1 to 2.0 ruR. long

by 1,0 mm" wide" .As d.escribed- by Wi]liamson (,t93¿) for
Fipunc-u]us sp?. the puparium has at Ëhe anterior end- three

d.ehiscent plates which separate, allowing tlre fly to emergeo

In eages the puparÍ-a v,Jere Located- vrtithin about one-quarter

inch of the soil- surface"
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su&n6iRY

The ainl of this stud_y was to determine the biology of
Pac-hygonatopus minimus Fenton and Tomos_qaryell-a s:¡lvatica MeÍg.

and. their Ímportance in the control of the six-spotted leaf-
hopper, irfacroste]es fascifrons (stal), The six-spoÈted leaf-
hoBper, whích ooeurs throughout the united. states of *America

and. across canadao is the chief vector of aster yellowsu a

virus cLisease of plants" The d.isease has beoome a major l-fmit-
ing facËor in the Brod.uction of several comreroiaL erops6

ïIre stud.y was cond.ucted. chiefly in the lfinnipeg area

although parasites and. parasitized. leafhoppers were coll-ected.

ín other locations in the provínce. Leafhoppers, colrected.

by sweeping host plants with an insect net, were plaeed. in
holdlng cages or in lamp chinney rearing cages or w€re pre-
served d.irectly in f0 per cent ethyl aloohol-. *Lll_ rearÍng was

conducted in the laboratory at ord.inary fluetuating room

temperatures,

The egg and Larva] instars were d.escribed from materíal
preserved. in al-cohof, .¿ü1 stages were measured. on a ziess

Opton stereomicroscope with a filar mierometer cal-ibrated.

against a graduated stage scaLe, Observations on the biology

of the parasite were mad.o chiefly on oaged material" DeËer-

mination of the mobiríty of parasitlzed leafhoppers and. the



LI2

effeet of inseeticides on parasitism of the leafhopper \rvere

mad.e by correcting leafhoppers under appropriate test cond.i*

tions in the fiel-d"

TLre six-spotted. l-eafhopper is the only lçrown host of

3' mÍnj-mus, TLre parasite was colleeted in ivfanitoba and.

Saskatchewan and leafhoppers containÍng larvaeo believeiL to be

E" mininus, were taken ín -arberta, NTorth Dakota, Minnesota

anil Montanau The abunclance of the parasite varied with the

seasoli.ø ïn springu probably l-ess than one per cent of leaf*
hoppers were parasitized. but by fall parasitism rose to iT
per cent.

The life stages of E" minimus were studied in detafl
and are described and. ilLustrated. by photographs" fa the

ad.ul-t stage the sexes differ in form, col-or and. habits, The

femal-e is wÍngless and. ant-l-íke whereas, the male is rruingect

and. capabre of flÍght" The egg is usually laid on the inner
aspect l-aterall-y of an iatersegmental membrane of the abd-omen

of th.e host. ¿s the l-arva d.evelops it protrudes through ühe

intersegmental- membrane, There are five l_arval_ instars" The

larval sac is visibre externally on the host ín the late first
or earJ-y second. Ínstar, about four to five dqys after oviposi-
tion" Thre flrst instar larva and earLy second. are straight
but the l-ate second. and- the third and. fourth instars are
*T]-shaped, tt ßt the time of trar:.sition from one instar to the

next the portion of the Larval- sac or exuviae which protrud.es
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from the abd.ominal- wal-l of ühe host, splÍts but remains

attached to the host to form part of the l-arval- sac of the new

ínstar. TLrus, the second instar is surround.ed. by a colLar-
l-ike ring formed. by the first exuvÍae; the thírd. instar is
surrowrded. by the seeond. and. fírst exuviae; and the fourth in-
sta-r is surround.ed. by the third. exuviae as welL as the second.

and first" The fifth instar l-arva, thereforee ernerges from
a rosette of four exu.viae, The fifth instar larva is straight
and has sclerotized mandil¡les, It spÍns a cocoon of a silken
outer framework with a¡r inner ovate reeeptacl_e within whieh
it pupates, some tlme before th.e aduLt emerges, a preimagin-
al stage is forned within the cocoorlo rn this stage externaL
d.evelopment of the adult appears complete except for plgm.enta_

tion,

The life cycle of E, minimuq consÍsts of egg, larva,
pupa and, adul-t" The femal-e ad.r:lt is unusuaL in that it is a

pred.ator as weLl as a parasite. The first four larval stages
are also unusual in that they are contair:.ed wlthin th.eir
successive cast skins,

ÏemaLo ad.ults x{ere taken in the field from June to
October" No mal-es urere coilected in the fierd" fa cages

ad.uLts eroerged rnainly from mid morning to mid_ afternoon and

the sex ratÍo of emerging adults was near 1:1. The d.evelopment-

al period on the host was about two days shorter for the male

than the femal-e but the d-evelopmenta] perÍod. after leaving the
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host was the sême for both sexes" IfatÍng was of short dura-

tÍon a¡cl there vüere ind.ications that only males were produced.

by parthenogenesis" In ovipositing the fomale grasped its
prey with its chelate fore linbs or the mand.ibl-es which often

left scars on the host, I,4lìren it had captured the host the
parasite curfed. Íts abd.omen beneath that of the host and.

inserted- the ovipositor" The host was usually inactive for
a period of about J0 seconds afËer ovipositÍon by the parasite"
Oviposition and- parasitism were noted. only on third., fourth anil

fifth instar ny:nphs and adults, Parasitized nSiu.phs did not
generally mol-t and remained. in that instar for a period longer
than normal-. Itfultiple parasitism was frequent a¡rd. fron one to
el-even ovipositions in a single host were noted" Normally only
one parasite d.eveloped and the remaind.er were suppressed. In
cages fhe female consumed an average of one and. one-half nymphs

per d.ayn The average life span of mal-es and femal-es was z.l5
and. 12"L)+ days, respectively, Parasitized. leafhoppers were as

aetive as non-parasitízed leafhoppers.

The incubation period of the egg was less than three

hourso The d.uration of the fj¡st instar was about 100 hours

or four d.ays" The seeond., i;hird. and fourth ínstars were each

completed in fifty to seventy-five hours or two to three d.ays,

The fÍrst four Ínstars are sed.entary and-parasitic in the host

and the fífth ls an active foed.ing stage" *A.t the tine of
emergenco from the host the fifth instar l-arva consu¡tes the
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confents of tire leafhopper, Tlre larva spins a cocoon withÍn
tvirenty-four hoi:rs of emergence. Most of the fifth larval
stadium, all of the pupal period and. the preS.maginar períod

are spent within the cocoorlu The menn d.uration of these

stages was 16"4 d.ays.

Ttre applÍ-cation of insecticid.es for ilre control of
ihe six-spotted leafhopper on l-ettuce and carrots had no

significant effect on the rate of parasitism of the l-eafhopper

by E" minimug,

Tomosvaryell-a sl¡lvatiqa is a smal_l bl-aek f1y with a

large head characterized by very large ê)-es. ft was first
reared from six-spotüeil leafhoppers in Lfanitoba in 1956 and.

has parasitized up to twenËy per cent of the }eafhopper popu-

lation. rt has been taken in the fieLd. fron June to september,

Ttre population tend.ed. to increase toward. the end of the season.e

The parasite was nore abunclanü after rainfal] and there were

ind.ications that moisture infl-uenced. ad-ult energenceô i\{atíng

lasted about one-haIf hour and was observed. frequently in cagese

Oviposition in the host was observed only when the parasite was

in flight. Eggs of T. s¡rlvaticg urere dissected from the head.,

thora:c and abd.omen of leafhoppers" Eggs hatched in 6 to 7"5

d.ays. Only very smal-l larvae were found in the head. and the

thorax of the host" Large larvae were found. only in the

abdomen where they sometj-mes protrud.ed into the thorax. There

appeared. to be ft¡vo LarvaL instars" fthe larva pupates in the soil"
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