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Abstract:

The investigations described were conducted at the Field Crop Insect Laboratozy, Lethbridge., Alberta
and Montana State College, Bozeman, Montana, Data are presented from controlled experiments which
confirm field observations that the sex ratio of progeny of mated Cephas clnetus females is influenced
by the host plant variety, Sawfly populations reared from Thatcher had a greater proportion of males
than did those reared from Red Bobs. The data also indicate that virgin females produced male progeny
almost exclusively, irrespective of the host variety.

A study of sex ratio of progeny from individual females was only partly successful because of limited
oviposition. Normal oviposition was not obtained under the controlled conditions used, The hypothesis
that selective fertilization during oviposition influences sex ratio received some support but the data
were too limited for conclusive evidence. A theory of differential mortality is suggested to account for
the varietal influence on sex ratio.
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SEX RATTO.JSTUDIES ON 'THE WHEAT STEM
SAWfLY CEPHUS CINCTUS NORT.

;'\

ABSTRROT

The investlgaulcns described weré condueted at the Fleld
Crop Insect. Laborvatory, Aethbr¢dge Alberta and Montana State College,
Bozeman, Montana.

Data.are presented. fron controlled. experiments which confirm

field observations that the séx vatio of progeny of mated Cephus cinetus .o

females is influenced by the host.plant variety. Sewfly populations reared
Prom Thatcher had. a.greater proportion of méles than did those reared
Trom Red Bobs. .The data also indlcaté-that: virgin femsles produced male
progeny almogh ex c1u5¢velj, irrespective of the host variety.

A study of sex watio of rogeny from individusl females
was only partly succesgful. because' of limited oviposition. Normal
ovipogltion was not obtalned under the contrelled conditions used.

The hypotheéis ﬁhat $GLGCt1Ve fertmllaaiion during ovippsition
influences sex ratlo received Some support but the data were too limited
for conclugive evidence.

A theoxy of differential mortelity is suggested to account
for the varietal influence on sex ratio.




SEX, BATIO STUDIES ON T.% WHEAT STEM
SAWFLY, CEPHUS CINCTUS NORT,

JINTRODUCTION

The wheal Sbem gawfly, Cephus cinetvs Norb., has been a  serious '

pest in the wheat flei&s of the grast plaing region for. a nymber of years.;.iﬁ‘
C. einctus was flr parﬁcd mlning grass sLﬁms nedy Alameaa, Callwﬂwnkﬁyl'-
in 1890 (1). In’ 1895 R nxesonce was reported from two points in ‘the l
Canadign prairies (10). The‘1a$t,fifyy'yearﬁ have seén thig insect reach?:f
widespread impgftancé as a threat to the prairie wheat-growing industiy., ﬁ;

‘ As %#elacréage undexr cuitivatiap inereased in the plains regién‘:{'
the sawfly became fifﬁiyAésﬁqbli$hé& és'ﬁ ﬁhrasi&e of tﬁe #hﬂaﬁvplént.'j<”5;'=
During the 1&%& 'thlrtles’ and ;arly ’favtmos‘, mdlllons of buﬁhels of W?f;
vheat per year were losL OWlﬁg to Lhe ravages of thls 1pseeh, ‘A nomber
.of factors are resp0351ble xpr the sawfly pgpuiatlen-reacnang economis
proportions but thyee axe Of @&jor_impcrtaﬁéei

The dévéiopmenﬁ of rust-registant Wh;at varieties éoﬁﬁfibu%ea |
largely to the build»up o; the pOPUlﬁtiQﬂt Px Lor to “hms dﬁvelopmeni Lhe .

%
do

sawily gopula&mon haa heeq ertuallf elimlnated following each rust epi- ﬁji'

demic. VWhen re51svanm wheqm vayietiss reﬁlaccé the susceptible oheg in j‘g
praivie agrmeultgre the Tust epldemlcs ceased to oceur. Thus the sawfkyx ,
population escaped the aevas tating of fec%s occasioned by thede gpidemics

and conbinued Lo thrive,
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To reduce losses from wind erogion mew dultural methods were
applied. While the new ﬁractices provided control for wind ércosion they
afforded little control over the sawfly. The mouldbosrd plough..ted,
effectively controlled the éaﬁfly population through burying the stvbs.
,With the introduction of surface tillage implements, “ ’bﬁis control was
logt and ‘the éaxlrfly situétion becams more critical.

Ag a:fuxﬁhsr measure in the control of soil drifting, strip
farming wag introduced. Thié chénge in practice immedlately incrédsed
the losses caused by the whéat stem pawfly. . Usually only the mavgins
of vheat Tields suffer ééripu's loss. With large blocks being replaced
by narrow strips, the losses incressed in the same vatio as did the

; ; Tield margins; where %ery'narrow stilps were ueed, infestetlona upward kN
of. 90 per cent occurved. ‘

As the severi%yléf the infestations inereased adequate
conbrol measures were sought. Cultural antrpls proved only partislly
satisfactory. .Accoréingiy, in 1032, & eo#qpémaﬁive project between the
Cereal Division atl%he Dominion Experiment%l‘ﬁﬁaﬁion, Swift Current,
Seskatchewan, end the Dominion Entomological ILeborastory, Lethbridge,
Alberta, was initiated %6 sfwiy sawily resisﬁgﬁce in wheat aﬁd to develtp "

a vesistent varieby.

.\'-\i\k,
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Solid-stemmed varieties of Twriticum vildare and

Tyiticum duvum &howed marked resistance to sawfly abback

(14). Consequently & bieeding program was iu:ﬁifﬁ:"iated in which
it was hoped to combine gtem solidness with h:i:éh auality thus
produeing a suitable resistant variebty.

Hybi#id lineg were Selected and tested For resigtance o
'wheai'; ghen sawlly atback. Ré,p‘lica:te& ﬁzxii‘o‘m nurseriés. were égtabe
lished ab various points in the sawfly-infested regions of the

Canadian piairies. . The index of resistance was basged on bwo fovbors,

extent of cutting end percentsge emeygence. Emevgence data coliected

- on 8kl lines and Vax";i.é’tieé“. ga’@‘om sl jéar..éhovféd that some 'iréwie'bies‘

modified the sex vabio of ishe. emerging populations. |
Although, "bh«'e‘ ls‘e:: ratio of C. cinctus populations fron

most bread wheat va'rié*ties showed, an -équal number of males and

femeles, the wvarilety, Red Bobs, aonéis:*ban"uiy‘pmduced 8 préponders

gncé of femalel: Irrespective of nursery location or erop yebr

Red. Bobs produced approximgtely two féﬁlaleg b0 evéry male. This

consistent deviation in sex ratic occesioned by Red Bobs suggested

the posgibility thet 4ost variety influences: the sex ratio of the

paresite., Thus 4% .was: suggested that s fg"sudy of ’cha fPactors inflvence

mg the sex ramo of €. ¢inebus populdtions would be very vomﬁ:hwhllep
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This study was underbtaken in an effort o determine
vhet factors influenceéd sex ra'blo an& to erplam how the host

variety mfluences ‘the se:c ra.b*rc: of he‘ parasﬁca.,-.

. REVIEW OF LITERATURE -
e

The '&iﬁer.séz ;s.é;s ratdos . OF T, é::‘.né;ﬁﬁjs' :pop*,a;.a“qi_ens
from ”bralaad T,:rhe@t 'varietiés ingi:",t;a—be "aigia’:; sg:m;‘:r i‘ae?gor o
factors. :geeuiiar‘ o -:Ehose .varietieg have influehced; ‘the

ultant BeR x-au:r.o. ‘I‘hus ’c‘he de%aﬂmnavion of* sex in, C.

c.mc'bus appeay s 'LQ be in _@a:f"b & ‘“mes:l.fbn of *alﬂe environusnt «

The pro’blem of sex &eterminatz.on has been ‘studied
by vo:fkers for many years MeC.Lung (16) suggested that the
unpaired. o.c acccl—:*ﬁsory chromosome :f'ound :m. ey’qologlcal exam-v
\ inati_‘o;i of cze:c'bain Ql*bhqpﬁe:fans is ixr@'o'ft'anﬁ; in séx deter~
mintation and writes, "It is véry proba‘bi% “that , in eertain |
species, sex is éetéminea‘at the ’-iﬁé"ﬁﬁgsnfértiliéatim and
_eannot ‘be ‘albered by any :Later' influences. Conversely, it
bag been exgerlmentally proved that the proportion of g C‘exes'
may be materiall y altered by changed‘. nubritive conditlons
operating vpon larval forus, or msy possibly be changed
several “b:imes in the éame indZviduais,”

Holdaway (12) and Eoldavay and Smith (13) report

one of the wost stmking instances of nubrition influencing the sex
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ratio of & popula’m.ong. Workz.ng ‘W‘l‘bh the ézonfuse& f‘lour beetle,

t['mbolmum t:onfu.;um Daval, it was found. that ﬁtafva’smn imew_a,ﬁely

: af‘ter hatehlng for varylnff ;pemmc‘m faxig {;i:m makerially ¢hanged the
zex ra‘t;m of the z'esul bing adult popul a'blms.

Hexms (:Ll) found. that food supply during the early 3_3-,::*va.,.
' #bage influences the Sex ratio of adult pc:pulatmné. ~ Undersed

pa@ula'bmn&. of ﬁhe greenboﬁ*hle £y Luc‘:iL:La someata Meigén, smwcaé‘.

a prepandewance -of malées while well fed. pepulatlons frere predominatly

females. W th mosfgu:t, uOES 2 Theobaldia meié‘.e;aé Thoms ; the ur«d,ész:eé.

populebions weve large y females and he well fed weré males, ’Bb.us |
it ajppears that S”«:amvamén pan be an: n.mpc%am factor in dex &ewr~»
mivisbion bu pre&:tctn.on of ‘bhé pve&om:z,nam pex is d:.ffzculﬁ.

© Envivopmental *?actors, othe:r' than nubrition, also ha’sfe baen
shown to affect the sex ratie of popul aLioas. glausen (&) 2ron
hig sﬁurlj.es of hymenogtemus paz*asites .L:.s%:g several, env:z.romnental
Factors which :a.nflue;me hhe propomian of males to femBles in &
popula{:ion. Among 'theSe are listed, (l) different yesrs with the
host population 4,ncrea§1ﬂg or decz'easmg vapidly, (2) different geo~
graphical regions and (3) different hosits: L

" Brunson (2) working with the hymenoptéven, Piphis mpill_w

’

1

avora Rohwer, z'apcrbs a difference in the sex vatio - ~'"" RS
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of populations emerging Prom Jépénese beelte larvae parasitized
in' the second as compared with '(:hird»injstar., Mgles preé{ominéﬁed
in the population emerging from second-instar host larvae while
femzles predominstved in thosegpopulations emerging from thivde
instar lervae. Iurther studles (3) provided prool that thisg
verigbion was the dirvect vesult of the ability of the perent female
to conbrol the sex o;f her progeny ab the time of oviposi’sion.

Flanders {6) suggests that cevtuin etimuli which sctivate
the spermatheca of the pavent females influence the sex ratio of w
the progez‘zy. The spe:c-mathecg, subdect to the required envimnmen-t%l
sf;iahulus, thus acts as & sex~determining mechanisom ot the vime of |

ovipogsition, If the ovipogition rate is bigh or i1f oviposition

nef

occurs on an unpreferved host not supplying the requived stimuius,
gpermethecal activity is inhiblted, resuliting in a high proportion
of males.

Flanders (9) lists as three factors which may alter the

" sex rabio of a popui‘;.an‘:im of Maéz'oeen'tms sneylivorous, axcessive
heat, light and parasite density. These foebors may affect the
impregnablon and preoviposition period of the female through theixr '
influence on placement of ‘the s:perﬁlaﬁczphore.. Should the female be
inadequate.‘\l.y insemingted or il both impregnwbed and 'vix*giﬁ feunles
are compebing for the same hosts, maie progeny will likely predom-

inate. Similerly, Flanders (7) suggests that time of mating, in
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species biparental For one sek, ig l.drely to influence the sex
ratio of the pm&,eru;
Speichér and Bpeicher (20) found in cytological studies

of Hdabrobracon that unfertilized eggs which produce Females are

sebraploid héeféz:c’é reduction division: Further o this Flanders (8)

Has found th&a the Teve? of nubeitiocn during 'che lareal period :mu-

i‘luences the typé of ovarien biggve in the edult Temale. fThé amami: '

A
)
14
)

- of ‘t;ewaplcm wigbue profent 16 directily velated to larval nubri

tion, Hened well Ted Ffemales werd *&:hei%f%éﬁbkuﬁ and. undérfed Temales

vere arrhenctolugs In hls fashion Iarval nutribion is inportant
in fi:f.in‘g , %fiﬁmwl‘imits 5 ‘the dex ratlo of i:he coiting generablon:
| Réc.@%lj Magkay. (15) axmwec‘i »ybmﬁ,.o a,.cally Limibed |
population of L. c:«.uetu.” Her vesulbs indicéte a Alploid Temale
and heploid wmele

Genexally it mey be Htated thay sey detemmination 18
& compiex §henom¢iwh énd in the wheat shém savfly it s possible
that an in-};eéx'fplsﬁ{y of factors controls the sex ratio of {} Hopulas
tion fror dny sw‘.vén varigty. Pavbhendgénetic veproduction it known
. o oecur in € eluctug (5,21} Bi,pa‘z‘emleregmducmcm le &lso
recognized., These two condibions 'vnﬁepub-&écliy contibute o the
final sex rativ of o given zmpuiav':iqn,; Fu%lie‘mwé,- the wheat stem

sawfly i5 ¢bliged %o complete its development f'wzjs:}{z:hin_ a single fbem,




; 413w
having no o}ﬁias:eﬁuni-by' o move frc;‘m ah unfavordble environment .
Consequently it may ba expected thet the host plant very m&{rk-s‘
edly infiuences Hhé developing -:pié;ra'/siﬁe«, The question then sxrises
whgther %hg. ‘i;:zi‘lu‘enae of the hosi-,‘ plant is sufficient to slter.

1

the géx of the parasite,

S Ty
- BULK @P@w&m« S’i‘tg’}WS_

A mmber of factors weve suspécted of contributing o
the modifieation 05:‘ sex ‘rabios. Conséquently dd exploratory géxé"
parinent Tfas defigned o tosh some of the guspicions.

Th wal first nécegspry to confivm fléld obgervationg
under conbrolled conditions, By confining female populations
over the two varieties selected it was pospibie to debérmine

whether the gex ratlo dlfferénces were inherent 1n the varieties

‘or whethér these differences resulted fvom host selpction by the

pavent populabiond.

Tyidence in '*t:he litexature (11, 12, 13) indicated that
the level of awtfition during the early steges affected the sex
ratio of the zesulbeant populabion, | ;Snl Testiog this possibility -
in (¢ cinctus it seemed remsonsble o aasumé s in diffevent
vam'i;;ﬁies the avaiiabla nubrients for 't'he‘ d.eve‘,i,g%ping lervae were

not entively the gome o Turther it was _;pcé,‘:—iible that the nuboltive

5
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qualities were different enough to influence sex debermination
in the ;pamsi*be.
Becguse of the imbimhte spsocisbion bebween the host

and the pa.ﬂas.t e and {;.he ingect's inabllity o escape From an

mx:r.avoraole emrz.mnmem;, it was considered pogsible that within &

vqm,et;r dz.f’ﬁerem:. stems offerﬁd a wide enough vari abzwzz in the
nv'r.fimm af the devel o-:»ing larvae bo influence sex, Tybe of
gtem, age of stem and ise:ciad of caging the sbenst were three

fackors studied in an effort to detevmine whethér individusl

Nl
o} vt
1

sbem flﬁ.fféiemes' ‘wenéa :}.mpoi’“ba:at'.
Beemsé the i*ﬁﬁin s{:ems are 'é‘abre vig;arotﬁ by ‘w:%zst thaugh;b
*chat paml%wr\s :‘z‘.e*velomng -Ln mam shéns mbh’a e su‘b,geete& 0
& more sumable unmmmm *Pktm hose oe-:»wlowam 3.;1 m.iurs.
Ce*zseauen*bly :m, 't««ag px'opo ed ’cc k@np she "s‘tm ,pbpu..acqu Hopurgbe
hsa 'thl-a p 'b Ly amﬂd be e'ploz’ecl, o
'i’he ma.twfi y 0f’ -Lhe :aoem«f; :ln whmh developmena of ‘the
paragi‘*es occur:eed vas also Suspec Led'. of "aes.ng :."ﬂ’luomﬁml in N
tle“cermming the sm of %he de veloping parasiwu Tyo méthods of
studyin i;h;t.a :.aetar wre propoged = , ] | |
(1) mffe::*en*t d.a*!,es of seéding with one infes ’aévbién
dame voula give a range ;m age of’ the st.ems %esi,ed.,
‘(,2) Dif:gc?fem dates of :.nfes’muwn ,m.gh one seeamgTé.aLe
'vlcm:ld é,:.ve = smlr;.l;,rurange n.ﬁ a;ge c»f tﬁe ‘sh‘_c-;ms.ﬁ;s*aed-. |
The onky 5u1izab1e wmethed of con&mng °awf1::.e$ $0 sma;ll

plots i& with cages. I‘mmbher, if a ml& ;f_chllaﬁa.on is ;gresen‘c,
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the eages és a_bafmer %o coni:amnemcp of the ezgp mea*hml

waberial Aa whe 'ﬁlmt;; «: B *mm m{:bir; rza@cs arsz nwmczéarb

£

u s

differsat Lrom "*ﬂaase grown withous aages 5 "she@:mgsibllwty of
nubrition ira‘fluezq:e:mg gex agdin appears. In an explovstory gﬁu&y
oi’ Lhz.s %yme ...\t:v seemea ;ﬁm a‘ole ;:; moziéi@ér.%his Factor. |
ASi&e Teom uha nu‘w thionsl as‘:@eezsg ‘the .si',u&y 61’" or;;éx
cbhe 2 fadbor Steisd ne es,.ya:cya ’iz?h_éxv :ccblé dots lma%;mg have il’i;a
sex determingbion and. *‘a ¢ ulbimgbe géw ratlo of C.j"‘:&ﬂc’tu.w TOp
ultﬂ,‘r on? Ev»aem 5.8 presented in 'bhe literature (3) showing
thet in .:Ome ms &msé smﬂ can be. con i,:c":;llea by the P@mélé ab

i

,.119 mmc of mvmama ol A uc"y of %he mle of ma:i,nmg, caenéé.

nteesféam,;r} m:e' s.’a z:ev 'cll &mcaﬁe, ia 'zamﬂ: 3 .,:;Lés 3r=1aumfc, m@r{,mwa

of nutrition aud qe’Le z e fe"ﬁ:timauwn Ta aetemm_ A,

g«;tﬂe Bex
’ !..

ma of & sawfly: pr ioH. .

. MATERTATS mmmmm ' L

| ﬁéé'ﬂabé;'mi;& ﬁi”na~$e11er‘g o 'va':r:‘;'e%? éa of ‘whéa“e; i'«iﬁ;m-:’n»-
from uﬁ:lc‘t ob.aefvatmrv 50 y:.el& populaticng with cl.d’.l:‘eren{.
rabios vere cLose Ea.csst meberidl for this work., Reg.xs'bered,
_'seéc‘f of each Va‘r:z.m;y ms ﬁécds |
K Planet amimr garden seeﬂem .;djuabed. to ti‘.mtz apmo h
ma,l:ely Bl kevpels _ger ‘ voir foob, Wwas used. o sead he i“ll.f‘%e.c;;h
Screen chgés, two feet squdre and. 30 %ncher' h*gh were

used, for confining the daufly pewla’cmoz!s ) 'bhe test :glo%s*
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The poarent ‘Sam?ly rﬁai:eriéxi' Jrag colleched From & ’f,e’s-i;,
nursery near Reging, Saskaitchewtn, during the first week in |
May, 1948, and wod retalned in the lsborstory ot lLethbridge |
under controlled conditions. Oﬁ am.m gt Lethbridge approxis
misbely 3000 were isolated in individuel 21 % 70 mm. vials, stop-
neved with absorbent ec:%am

A randouly chosen sample of thesd vialed shubed sop
pladed in a 250 C. esbhinet witil emez*génce was noted. ‘The balapes
wers 'ple‘_cea J.n 2 10° Oy cabiné‘{: to petard development. In this
menheﬂ » on index of tz,mﬁ r&oﬁwed B emexgeme vas cbtal.ner? and
it was pafssmbﬂ.e o) regmﬂ a‘ib mesk emergence ¥o thab a&eciuate PP
labions were a:vailable =t the ,,e.quwe& shage of d,evelojpmém: of ‘the .
wheat in the nursery. . -

mgum 1 dépiets the ewemmemaih devze;n aml n&iaaws
v%he @nv:.‘**cmmen*b ac‘?:o 8 belng ‘ﬁev*‘eéﬂ ’Ehe ‘t‘mm ws:&cties Véfé

'

smm in a.?;temgz;ae rorsy ‘@ii’oh si:f:minch spacing. Each cage thus ene:x

cloged -eight yov féet, composed of Lo Bef foot rows of e,ﬁah variety.
The weét row in cheh Chge was Thaw}*w JPhe cagel Weré #éh two

Peet mpart in edeh. alree%ian and 8 thme»f‘a@t margin was 1efi« on

a..l gides of the avea. be:mg cagec)..l . : Co

. Wheab was som on. thrée{ -ffexfem clate,.; . Ma; 5, JW and

,!

2L, questamcm {'ollgwézd on a‘v_ue 25 2 me 3. az;d. 9.

b

1
The Bewfli es vere -energed aml the vequired mmﬂ:er ms,%,eét

the day prior Lo :mes'r.a ion, lflaﬁir}g A8 Beeomplizhed ,b;_sr pTLacmg;“
“ ¢ \ ! N




OtTl or SETDMG

OATE OrtCESTANON

rooo@D

OTC OfMFESTXTCN

PCROD OGED

OTE OFINFESTATION

PERjOO CAGED

OTEOFNFESTATCN

PWCO GAGED

JUNE 25

JLNE25

JULY 3

jure 25

45 MRS.

JMC2s

45 HRS.

JUNE 25 JuLy 3

3 WRS

JuLy 3

M RATED FEMALES V — VWGIN FEMALES

Figure 1 - Plot Design

JULY 9

Jure 25

45 MRS.

N§ 7

JULY #



«16- |
by pleecing & ran&omlffselected male in a vial conbaining en
adult femgle. The mg:,s in which mating oceurred were stop-
pered with corks Absbx-bent cobbon proved uns‘a’ci’si’adﬁ%pry for,
as activity increased, the ingects became enbangled in the
cotbbon Llbres.

The vials 'corﬁ;aining the pairs of insects were laid
on large metal trays aand placed 6ut~iof-'-dogrs where the stimulus |
for meting Seemed '@ be greatest. Short periods in direct
sunlight; were apinéreﬁigly not deterimental o thée indects bub
intense suhlight ove:r prolonged periods -mam;ke&ly reduced,
sotivity and eventusilly caused death.’ Matbing occurred most
readily in' a partlélly Shaded région Wh:ére there was én Ilnter-
play of direct sunlight and shédox;n

~ When copul.a;hiqn' Wwas obseﬁed, the visl cohtaining
the ;paa.ff': was gently removed from the trey and piaced in the
shades As doon as pasgi‘bie é.f’ser‘ the copulating pair
separated, the femélés were removed from ‘the vials and
placed in lots of ‘Bx_vén%ygfive in one~pint glass "Vacu~Top"
javs. ﬁach jar'cbntainéa a small mass of moistened excels;l.ar
end was covered. with a ‘double layew of white cheesecloth. Lots
of twenty-five vivgin femalés were aldo selected and ;piaced
in similar containers. '

*J?hé folfi.qﬁi-ng morning the femgles wéye transported
%0 the nursery site ,"ngerg the eages ‘1;364 préviously been arranged

over the necessary plots., Each jar was placed in the center of a
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cage and the cheesecloth covering wemoved. The indects of the

-

e

w LT

fii‘éﬁ;@infes{?jé,#ion gepies were permitied %o e“sc";ézﬁe Bt wills: Afbew
"tt-rén'byﬁi“oﬁr‘ Yiowrs 1% whk Pfound thet some individuals $6111 rezﬁainea,
.. .. fm the javé'end on subséquent infestdtiond the femeles were shelten
out of the containchs, |

Tyslve of the 36 vesh Plots were 'iﬁfééﬁéd"ém ‘esch, of
three dabes, June 25, fuly 3 'and 9. OF theflevivelve, six vere
infested :by"a: virgin population and ' six by & 3;15'&@& populations
To determing the ef:nea'?s‘ of chging, four of the twelve plots pér
infesbation "ﬁaté wwére caged fram;:&‘.:éﬁe 22;_ to duly 12. The remaine
ing elght wers caged for 18 ,ﬁdﬁg%si"'dp;iy', In a1l Guses ‘the Pemales
were left in ths deges for Fortyseight hours ‘ahd then vemoved

with an éé;iﬁira;%or; the adr putp being povered by a Small gogteable

(s

. gal motor, | ‘
] Following eutbing in .’h}flé £a1] the sbiubes were collected
and stored in onespint "VacusTép® conteiners which were haif rilied

with foigt sendy soil.

Aot
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Pricr to the first and dgecond dnfestetions sgg ebunts

were nade on Saupled of 25 fewnles wf an sggecomplement index.

Thus . it was poesible Lo detéimine the ez&’fecr!:i‘vene;ﬁfé;;;c}f‘, the 48-hour

ovipositich pertod by eoumbing. the egg'z vémaindng tn the fewsles,
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The aVex*age number of aggs pey xemales for $er1es
1 was ?4-3 and :E‘oz‘ Series 2, 29« It ig. likely tha't the egg
count on he second se.m es of' females :«.s Lo because :?.1:.
was made af’selr :a.‘mmber were dead.. Basec’i on 'bhese flgures,
:L*L :Ls pmba’ble ﬁha't ﬁhe averaga egg cemplement of the Pemales

was upward of 35¢

Ta'ble I sbm:rs ‘the number of females :cecove.ced

following each fo%;wea.ght—h@ur mfesmmon T
aVerage egg 'géﬁ::plemen'bﬁ It ahovs "&h&t m:mc 5 *rm‘@"v‘ ’7'5 e
cent of the females .celeased in the cages qeye %er*me-red, '
‘t'h'-s incomplete z’eeovery eff'ered ‘a saurce 0f erior to ‘bhe
'experimem as amgk;ole. ﬂf me unreeov&;fed mdiw.duals » it

ig llkely ’sha’c' éome wex'e c‘tead bu’u unéoubtedly some had eXw ;
caped. The l:v.kelz,hooa fbf 'Lhese escapes seriously influending
%,he results is smallp a$ whea,t Juem aawflies tend to congre~
ga‘c.e along the margma and. & three—foo’s ‘bc:rdér was prov::.ded
around the test regwn of the nursery. _

For purpoges .of aomparison :4:1: :r.s agsumed thed: the
ave:c;age eége complemem of ﬁhe female papui'ﬁ;wn wes 30 ’
:ﬁ'igure wh:.ch is ceri:amly low. S:,nce bhis is a mmmmra, |
calculations made as to ¢ggs laid pe:; plo‘t '}?ill be, in .anl
probability, iower tﬁan ﬂ“&ﬁe aiagolﬁté ’vaia;ve"s but the figuves
ghould be eamparable. Table Iz ahmrs -!:he mhéwmnshlp
betiveen the number Qf eggs la:.d per plci; and the :percen’aage

cu’ct:mg datd.




TABLE T

.period and average egg complement gt time of recovery

f{ _ Number of females recovered per plot following 48-hour-infestation

Series 1

S

eries 2

Series 3

Nos of
Plot Female

]

Mean No. of Plot Females

No. o

.
Mean No., of

No. of

1

Plot Females Mean No. of

. No. Recovered Eggs/Female No. Recpvered Eggs/Female

No. Recovered Eggs/Female

Mated Pemales
4 20 - 2 . 21 7.5 1 20 16,0
7 12 - 20 ‘22 19.2 3 . 18 "20,2
10 21 - 29 20 3.3 18 19 23,2
15 18 - 3L 22 6.1 25 16 21,3
16 19 - .32 20 6.2 27 16 29.0
24 20 - 35 21 13.9 36 22 22,7
Mean "18 - Mean 21 9.2 Mean 18 21,9
Mean? 74 " Mean % 84 : Mean % 74 :
: Virgin Females " N
" 13 21 - 5 .20 T 4,0 6 14 16,1
17 12 - 11 21 15,2 8 23 Y 19,9
19 20 - 14 15 5.5 9 19 . 22,6
22 25 - 23 20 9.2 12 18 17.0
26 16 - 28 21 0.0 21 17 - - 31,0
34 22 - 33 20 9.8 30 19 23,1
Mean 19 - Mean 20 7.0 Mean 18 21,7
78 '

Mean % 77

- Mean %

- Mean % 73
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' TABLE II.

-Mean number of stems, mean percentage cutting,
and estimated number of eggs laid, per plot

: No. of Estimated No. . Percentage |,
Series Females Stems/Cage ‘Eggs Eggs/Stem  Stems Cut
2 . .  Mated 191 520 2.7 41,4
Virgin 202 - B75. 2.8 31.0
1
3 o o Mated l92 202 1.0 50.2
. Virgin 194 208 1.1 46,1

From Table II 1t appears that sufficlent eggs were

- laid by the female population to infest every stem. As it is

doubtful that all stems offered suitable oviposition sites,
it is assumed that a number contained more than one egg at
the end of the 48-hour periodo |

g Table II also indicates that virgin females laid
eggs‘as'neadily as did the mated females but fewer stems were.

' . . i
cute No explanation is offered for this phenomenon.

Cutting

Periodiec observations were made for nearly a month

following the last infestation and subsequent removal of cages

from the test plots. Signs of active cutting were first noted

\ . ,
on August 1ll. At this time the plots were trimmed and all the

stems in the intervening spaces. were removed to prevent tang-'

1

ling when cutting became generalo
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Percen%age cuLt:.ngg by plohs s waﬂ et :L mﬁéd om;

fugvst 19 ané!, 26. Cubting was eempleaed by Sep“cem‘ber 9 and
the stubg Were :Lz.f*tec?.u Eercentage cu mg Waé detem_.neé‘. in
each of‘ 'bhe fous row* pe:c test p.Lcs{. n;sr mmating the numbe:t' of
standing and cub stems, The s%ubs weve furbher sepamé sed as
to main stem or niller orgin fnd pementave cu%mg de:'ser«-
wined in eas:h caﬂseﬂ : tl?lms e@M g:s*ouf@ﬁ of s‘bub Were cbbained
from edich 1116’5, ﬂ’he m.entrp.by of each. gmun was mainbained
unbil emey'genee 0(?“11.(‘1"8(14

'I’h.e n:’elauwnsh:.p be’rWeen Lnfe&ha.mm‘z da*Le and
wime of cu*i;ﬁmg i given Por each p,to*t in Teble IITs Béga:c’da
losg of nf‘esi,amon dm.e approximately the same pemod of

s 8065 dﬁy‘ﬁj was Mequlred for. la:c‘vae *bo veach ‘ohe ¢utting
S'Lage; . ‘ s ‘

Tahle 'iZEI .:hoxqrs that 'crhz le a:np?' simately the same
length of -bmme was :Léqmrea fFor 'bhé lamrag o reach maturity,
later ovipositim fesvitcd in shgh'bly move rapid déveélop-
went » cowc:,c‘ient m{-.h noTe rapid rate o-f niam‘; meburlby.

The dm’ﬁﬁ- o cucbmg were tcsc cumberscme to be pre-
sénted in theiy eu*hlz'etm ﬁ’”"’able IIT g:dre;é the data by comw
plete phots bub gz.v'es no .malea&:.en of &ifferences within
Ploté s ﬁonsequeauly the mass of d.ata gaﬁhered on cubtbing
wagt subjedbed to &n analys::.s off “\ram anece 3 pfesmte& m Table
Iv. The ;aaaiysff.s contirmed aursery obsewa%wgs +that Thateher

was move gevercly cii‘u; théan Red Bobs, Thig différence provéd
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_TABLE III

- Percentage cutting by C. cinctus mated and virgin females in

individual plots on August 19, Aubust 26 and September 9, 1949%

Percentage cutting in plots

Percentage outting in plots

.. Date of Plot infested by mated females Plot infested by virgin females
Infestation No. Aug. 19 | Aug. 26 Sept. 9 No. Aug. 19 Aug. 26 Sept. 9
-June 25 4 50 50 © 46,6 13 40 35 44,2
T - 24 . 45 45 . - 50,8 19 40 40 . 42,8

7. 45 50 ° 58,9 17 - 20 50 T 52.4

10 35 35 48.3 22 35 30 37.2

15 15 30 33.1 26 35 55 46,9

. 16 45 60 63,1 34 30 45 59.0

. Mean 40 45 50.1 Mean 33 40 47.1

July 3 31 5 40 53,9 28 10 25 30.3

.. : . 35 - 4 40 61.5 33 8 20 © 28.4
29 ; 4 20 32.7 @ 14 1l 10 . 24,6 .

32 8 35 35,1 23 -5 15 3361

2 3 25 40,8 5 2 15 25.4

.20 0 - 5 12.7 11 4 20 47.5

Mean 4 28 39.4 Mean 5 S 18- 31l.6
July 9 1 5 35 ' 5365 6 23 - . 10 31.0 .

' . 256 3 35 40.7 8 1 40 56,0

3 0 45 - 56.4 21 0 25 54.8

36 0] 20 46,8 30 1 25 44,8

18 0 10 56,0 9 0 15 49.4

27 0 10 5l.4 12 0 25 ~ 43,5

- Mean 1l 26 50.8 1 25 46,6

Mean

Sy ® Percentage cut on August 19 and August 26 are estimates only, but
cutting on September 9 is by actual count at time stubs were lified. °

-Zz-
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to be »%atmstmall:y‘ gignificant. By cound P 14‘8’0 percént of
-:Lhe Thatcher, scems were oub, compaved. w:?.i.h 1ok pércent of
the Red Bmhs.

Af{,ew eubting had begu.u 1% tfas obvious *bhaﬁs some
replicates werd more seversly cut then others. The experis
ment was ,rep};icé;‘i:ea:four Clmed, with éé'{zﬁ plot éqnsi;imﬁing
two replicates of o pirticuler treatménkt. Thus two plots weve
requlred -l-,'u, réplicate a trestment four times. The btwo west
mx&é-in ea‘xéh @iﬁﬂ: rare move s}‘éve:eeiy ool than the two edst
rows of the seme plom Hence repliclaﬁeé L and 3 we;e mc)'re
severely cut: 'than 2 and 4. An actual. count rechaled the cutw
sing by a:'e;pluz%es %0, bet . Beplicate L. 50.2%; Replicabe 2 &
39.2%; Replma’ue 3 - 504 3%, Re:plicahe 1; = 39,15 This mavked
variathn.on ‘be’ow’een re:pla.cai:es inc"il_ca'bes‘ a pos:itidna’i lnfluence
a8 bo the plants infested within o plow; o date there 15 no
explangbion Tor thig

HEven more s?f;x*iking-is the éu%;ing gradient found
to exist within the plobs, Gousid.eri‘rig"- the Wes% vow of gach
ploi: as No, 1 énd m,ov,mg east in rotat:ccm ”bhe dverage cubbing '
by rows was found co "oe Row Lo~ 53»1%, Iiow 2 - 115 5%; Row 3 = ‘.,‘
Bl hhs " Row b < 35 1,1&"’" . 8ince in all cases Thatcher was the
‘Wes*b wow in. e&ch plot; s ‘the pom oicm effee'b of the vow m:Lhin
the plot . a8 showm abcve complica-ha& m'ber;preﬁation of the cube
ting dates ’I‘he gxeshon ariges as Jae he vela%we importance

of variety and vow popition with respeet 40 cu‘ctmg, Since




g

P A

ety

TABLE IV

Analysis of variance of percentage cufting by C. cinctus in wheat test plots

S. Sq. M. Sq. F.

Varisnce due to D. F.
Variety o o o o o 0 ece w4 .. 1. 3176.05 3176,05 91,95,
Replicates. ® [ . . L] - . » - ° 5 ¢ ’ 8935081 2978060 - 86 21
‘Brror I . . . © o o o o 3 103.64 54,55
- e Intemediate Total I e © o o o 7 . 12215.50

o Mating o el ce 6 4 e e . 4te W 1 1410.69 - 1410.69 2.99
Mating x Variety. . . . T | . 0.25 0.25
Error II . ¢ o o & e e e -6 2834.12 472.35
Intermediate Total II e o o o o 15 16460.56 ]
Stems . e e e ee e 1 8458,.67 8458.67 7.93"
Stems x Variety e e o o o o o s 1 .9'74.46 374.46 3.51
Stems x Mating . . e o o o 1 197.67 197.67 1.85:
Stems x Variety x Mating o o 1. 541.93 541,93 3.21
EI‘I’OI’ III L] o s o ° o. e ° e o ° ’ 12 1280.09 106067
Intermediate Total IIT . .. . 31 27113.38
Treatment . « o o ¢« & o v & . & 8 15468, 56 1933.57 2,35,
Treatment x Variety . . . . . . 8 4273,96 - 534.24 2,407~
Treatment X Mating . °o o . * o 8 6578003 822025 3970““‘
TI’eatment X Stems ° ) ' e o. e @ 8 ’ 2051069 253. 96 i l.l4
Treatment x Variety x Mating . 8 . 878.24 109.78 0.49
Treatment x Variety x Stems 8 0 1574,.36 196.80 0.88
Treatment x Mating x Stems . . 8 1170.97 146,37 0.66
Error IV o o L ) L] & L] ° L] L] o © . 200 44494.4‘7 222.47

. ° . ¢ . °© [ ° . . . K 287 1035850 66 3

Total . .

.. ®¥gignificance at the 1% point.

*Significance at the 5% point.

e

[ T
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the vouws wexé, not rendomized within each ;plt;'h ; it is recogs
nized that, the enalysis of the cubtbing data is subject Ho cor-
taln ceriticlsm.

Undeér field. conditions Red Bobs is less sevérely
cut “than are most other hollow sbemued bread vheat varieties,
i;:;eluriing Thatcher (18). Thus itis afssumad that the verietal
difference. Bs. shown in the work is real and is not eniirely
the regulbt of this vnexpected position ef:f‘ecgq.

Table IV indlceteés & signif:;b&nﬁ égfffareneg'iﬁ theé
percentage cﬁﬁting of maln s’-tems" a¥ compared with tillews..
The deta shoved 50.1% of the main stems were ews while only . -
39.3% of the tillérs were severed. This sis the usual Pleld
chservation snd 1 attributed to the fact that at the bime of
oviposition the méin gtems offered move suitable oviposition
gites. | _

Vo stetigticslly sigﬁii.‘iqam_ ‘d:z?‘fereméé ‘Hppeared
betireen treatments bub two *tﬁea%ﬁer;% ;‘n%;aréctions ére lmpors
tant. - Included in tréatments ave, détas of seeding, dates of
infestation end periods of caging, - ..

The treabménts used and “!;hea";rer’age percenbage
cutting by variéty ave given in Teble v," which shows that
cutting of both verieties was slgaificintly leks in those
plots sown May 18 ﬁhan:-’in plobs sown e:;;tir;e:é. earlier of laber.
This oceurred although the plants were of‘s"egg;ai age at bime

of infesbation,.




CemeS e T e IABLE ¥

?'Aﬁerage.percentage cutting of each variety accor&ing to treatment

' - : L ‘ : Age of Plant o
. Treatment No. of. Date of Date of Upon Infestation Percentage Cut

No. Days Caged Seeding Infestation (in days) Thatcher Red Bobs
1 18 May 5 June 25 52 48.9 45.2
2 2 - "5, A" 25, 52 - Bl.3 53.1

3 2 " 5 " o25 52" . 'B3.,0 - 53.8,

D4 2 "5 July 3 60 51,0 35,2%%

5 2 . " g5 "9 66 53,9 B4,4%%

6 . 18 S A LA 52 _ 33.0%%  34,0%

7 2 L - L 52 . | 39,0%%  23,4%F
-8 18 = '"21 g o 50 49,7 46.7
9 2 LA "9 50 _ 52.5 46,5

Minimum significant difference'='7,5%

L Significance at the 1% point.

-9z -
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T4 1§ also interesting to note iﬁ Teble ¥ that Red
Bobd plants beyond a cérbain stageraf maturdity seem elther bo
offer p less s’;ziif;ablé.ém:imnmenﬁ to the aeveiojging yérasi’ce
or inhibit oviposition, for less cubbing.oceurred in fthege Plobds
| Table VI g}io’rars ‘the sverage percentage cubting of

,"910'&".5 infested by virgin and mated females becording to treagbs
ment. ”hese date alse. show the ZLowe:m percentage of eu%mg in
plots sovn Hay !3, Théy :F'u rbhey inclmabe that Red Bobs plobs
60 &nd 66 days af as,e xrhen infested b;y vivgly females suFfered

less cu‘bt..ng;;.
, EMGnce-én:i Sexe' Batio

Sa:ﬁ; (19) 6escmbes ‘t:he cmﬂmﬁmns Found most sumﬁw
able for bregRing cin.apause in C. ginctug and these were dupll.»
coted. a8 vi%@selly as possible. ALl the stubs vele sepsarated
and the ‘x'e-;ts pemoved.,, Mol sandmj'mil wag placed in -the
bottom of pint "Vacp«i‘ép‘_’ Jary end the 's*t:u“n‘é- were digperged in
the containers in such a mgnper that individual stubs were
entirely surrounded by the molst s«:):r;f..2 ;Thel,jm*a were then
sealed with iubber vings to prevent ﬂmei‘s'_ﬁuré-: losg,: On Septe
ember 20 the contéiners weve placed in 4 vefrigerated room
held at 400 F.. They were transported to Borzeman, Monbana,
December 21, and’ the nexd day were pl a.cee‘n in 8 Ak Yoo, 7=,
80° T+, for post dia;pause developments

First emergence was nobted Janﬁary 19, four wesks

after the ghubs were ralsged o the hlgbmf temperatuve. The




TABLE VI

" Average percentage cutting in plots infested by mated
and virgin C. cinctus females according to treatment

_ . . Age of Plant ‘
No. of Date of Date of . Upon Infestation Percentage Cut

. Treatment
No. Days Caged Seeding Infestation (in days) Mated Virgin
1 - 18 May 5 June 25 . 52 47.9 46,2
2 2 w5 n 25 . 52 55,7 48,7
. B 2 "5 " 25 52 50,8 56.0_
4 .2 " 5 July 3 60 " 56,4 20,7%%
5 -2 "5 o 9 66 46.1 . 41.9_
6 18 - B £} " 3 52 | 36.5..  B0,5%%
7 2 "3 T 3 52 . 26,9%%  35,6%E
8 18 n ooy ". 9 . B0 - 47,9 48,4
9 2 "oy n 9 50  °  53.9 45,2

. Minimum significant difference = 7.5%

) *i Significancé at the 1% point,

-88-
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goil was #iTted from the &btubé and the rubbér rings were rémove& ‘
at thig bime, Rec:czrc‘ls of emergenée were taken every second day
until Jamary 3’:!5\.. On Februbry T each 'c_:cpntéi‘mg‘r vas again checked
for late _emerging adults "nui-: i%m*y fewr wére found. Following . '
this last observetion, ‘the ptibe vere split 'and the aduibs, absd .
within the stub, vere fexed snd Yecorded. A record yas &ldo
teken of %hdée, lervee which hed failed %o pupate dnd thoge whieh -
reve dead, . ] _
Fingl wesults showed 85% emergencs; 8% mérﬁsili”&y
and 7% Larvae. Generally, Thatcher showed a slightly lowér
percentige of wortality snd non-develoghng larvae than did Red
Bobes but the differences were small and. -pézf’ha:@é* not real. The
close relation;ship betieen 'i;é/nrperatm::é and raorabure conditions
to which the wmivbs were subjected mud ‘the bregking of diapivse
suggests that lack of uniformity in donditions was responsible
for these diserepencies: The poﬂﬁib;‘e;li%y of pobentisl differs
ences within indiﬁdﬁgl larvae existed but 4ime 4id not pérmit.
reconditioning the rem&ins‘.ng stube go tﬁe larvae were neglected
in sex ratilo dhalysis: The sex ratio doks pregented herein sre
thus baged on 85 percent’ of the -bata‘;i, pc;pul;a'ﬁiom :

Previous work &b Lethbridge had indicated 85 peruent
emergence wag exceptional; ' the usual emergence was clogé to
© 60 percent. Further, dats have been pccumuileted indicabing

thet the fﬁéx rgtio of a populabion based on 60 ‘pereent ewergence
£z
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is a good indicetion of the Bex ratio for the whole. Thus the
differsncés gccu:;:-g:zzg in the d’a‘:ta on sex rabio ave agfunéd o be
reals | |
abie v;tl; shows theA analysis of veriance of rumbers
of each sex eme.«:'gmg from the experimental plobs inf'e sted by

meked. fémales. I_'ne nwcqber of adults emérging from the two

varieties is shown to be significantly different. Because the

analyels ‘was hased on mubers of adults, this difference ig a
direct weflechion of ,-éhe leds extensive cubting in Red Boba.
Bimilarly the interaction, Treatment x Variébty, although. shown
to be significant .ii"_a not Important here as it is a divect re~
sult of differences in cubting.

. The sex rabtio of the populations emerging Ffrom

Thatcher ‘ana Eed Bobs are gignificantly diffevent as is

evl.denceci by *bhe h:r.ghly s:o,gmfmant mtefacat:on > Sex & Va.mety,

fry”

As shown in Teble VIII the populetion of T12 adults emergéd
from Thatther yielded a ratio of 2.20 males pex Temale; from
Red. Bobsg, 513 adul'bs emergecl with a ‘r'eﬁ,io o:ﬁ‘ 1.05 mal les per .

female. Even When the 15 percent of -uné‘.é;fed ivzd:lvv' duals were

added 'bo “blﬁe knowm popullationﬁ ueh & menner, #s o elw-mmate

*the d:.i?i'erence the same general trend eX.LS'tSv . -

Tab.!.e 1% shows that the progeny . GFf virgin female$
ils almost entbirely male, A few female<' are P eSem. and. 11;

14 possible that some of the unresoversd mated :E'gmales eaused,




TABLE VII

ﬂAnaiysis 6? varlance of number and sex of progeny from
wheat plots infested by mated C. cinctus females

S
El

- TQ =

‘_ Variance due to . . D. F, Se 34. Mo S, )
VAP etT v v e e e e e e e e e e e o 1. 138 138,0
Replicates . ¢ ¢ o o ¢ o o o o & . « o o 3 201 67.0
Error I ® L] [ ] .0 * - L] o * L] [ ] [ ] * 0! L] [ ] 3‘ : 25 805
~ Intermediate Total-I o o ¢ o ¢ 5 o o < 7 364
t Steﬁs [ . . s o . ° . . ° ° o o e o'o . 1 ' 10 10.0
© Stems x Varlety « + ¢ o o ¢ ¢ o 4 o4 1 . 4 4.0
: Error II ° ° ° e o . . o.o ; Y . ; . o‘ 6 19 ’ 5.1
: :Intgrmediate Total TI o ¢ o o o o o o o 15 397
N R I S S | 275 275.0
SeX X Variety * o 0 © e o o e e o 4 ¢ o ll’ 225 225.0
Sex X Stems e . [ ' * Y ® e o * ° . . ® 1‘ 6 ° 600
Sex x Varlety x Stems . » o« + ¢« & o ., 1 11 - 11.0
) Error III o e o e o e o o o e e o s o o _12‘ 54 298
, - Intprmediate Total IIT .+ o o o'0 o « o 51 948
) . Treatment ° e ] . © o ° ° o ° 3 ; e.; .. 8. 395 49.1 109’.
Treatment x Variety « o o« o o o o o o o 8 . 209 26,1 - B, 5%H
"Treatment ' x Stems ¢ o o o o o o o o o o 8 72 9.0 1.2
Treatment x Sex « o+ » o ¢ 5 o o o o e o 8 139 1704 263
Treatment x Varlebty x Stems « o o o o o 8 28 3¢5 0.5
-Treatment x Variety x Sex . . . . . . . '+ 8 - 47 5.9 0.8
Treatment x Sex x Stems « « o « o & o o 8 49 6,1 0.8
Treatment x Varlety x Stems x Sex . . o 8 21 2.6 0.4
Error IV o ¢ ¢ o % o o o o o o o o o o 192 1440 75
Total L] Ll L o * L] 1 ] * ° -] L ] * L] L 3 - [ ] [ ] 287 3346

- % Significance at 5% point. " Significance at 1% point.

—
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TABLE VIII

Number of C. cinctus and sex ratio of populations emerging .
from Thatcher “end Red Bobs stems infested by mated females

xl

o ' Variety
., Thatcher Red Bobs
: No. orf ‘ ) Noe. of
No. of Individuals . No. of Individuals.
Stubs Emerged CC - Stubs . Emerged

Total "go2 - 72 622 513
Males o 490 263
Females 222 coe ’ 250
Males - ’ ‘
Females 2,20 1.05

this aiscrepapay by laying fertilized eggs. within these test
piots. Howéver, the feﬁales mey be the result of tetraploidy
in the ovariaa tissue of the virgin females or the usual re-
duction division not occurring. Furthermore a largér number
of females emerged from the Red Bobs stubs, Tab;e IX. This

substantiates the premise that 1In aome mamnef Red Bobs tends

to produce a preponderance of females.

TABLE IX

Number of males and females in progeny of virgin C. cinctus
females according to variety of wheat md type of stem

Variety
. Thatcher Red Bobs
Na of Individuals from No., of Individusls from
Sex Main Stems Tillers Main Stems Tillers
Male 294 271 - 202 ' 243
_Female 2 - 3 10 | 7

L——
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W Discuggion

Of the six fagtors tested, only ma’cing and varieby

'appéareq ﬁo affect SBE& ratio of C. ginetug popul@twnm Qver

o7 pevcemb o? the pmgeny of v:.rgm J.Qmales were ma,ie:é.: Al—-
w;hovgh ‘bhe progeny o*" mated females show ed B preponderance of

males, it was much *;Less gxbrems, Thus, nating seems to be

' necéc: ar;;r m:a: ocﬁ:.h ua&eﬁ are o ba grmducczﬁ in é‘»ppmmma tel L;y

efluafv vmmbers.

7 'elci Qbsofvafswn had md;ca'heﬁ. rélatively congtam
gex ratlos Por go,gulat lone euerging i‘mm ‘the two varieties,
"L‘ha‘ocher pad Recl Bobsq Thése wers l‘l and 12 maled Per xem&ie s
rcspecti&?elyw Unéte.e the eondit:r.ons deser?bed the gex rablos
of populations eme;cglrvg from El?hatc:hez‘ &nd Red Bobs infegted-
by ma:l.eci femm.es ‘weré :L ano KEX] ms,peemve . _Malezxess i8
more pwenounceé«‘ m pepulatiens fram hoth varﬂétiefa out. the
samé rela“sive tz*ends n gex :cat;lo Bre pvesasm and & greater
propcmmovz of £emales in the popula.tmn ‘rédred from »;;e& Bobs
“was preﬁenm | g R | ‘ o
' Why ﬁhe incfeé:ée&f@wﬁi@é 'of‘ nales in "Ehe PLOs
geny of mited f‘eznales shmﬂ.d occur 18 1ot Immm.. o —grbstu#
lates ave presem?d *i;o ﬂccommt forp 'i;nia condv 4360 - F::‘;a:st 5
Lac.l of ' the wabed fémaJ.es Was pcrmlt ea to yrede on:ly cmc:e

*pr:_ov» +o théner ﬂﬂelease in the -Lest ::lo hs! ch:hsps o &hén

oné matmg clﬁl.m.ng the oviposition 133;:-3.06, is requirecft Fop
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adequate insemination. Sécond, vhile all the femeles were
obgerved to copulate it is not known if they wvere all ade-
quately inseminated. Had a numbér of the femeles velileved
to be mated received no sperwm their progeny would be largely
males.

. As m@n%ione& previouddly more males appeared in the
progeny of mated females than %as eﬁpeéted, 5ﬁt the sex ratbios
of sawflies déveloping in the éwo vari&éies éhowe& £he game
relationship as observed in the‘field.‘ Thus the Qariétal
influence noted iﬁ field work was re@éo&uce& under cpntroiled
conditions. The meqhanism thwougﬁ_wﬁich variety influences
the gex rétioloﬂ fﬁg developing papulémion cannot be definitely
establighed From this study. However, there is an indication
that differential worbality maylbe"reﬁponsible, in paxt, for
the varietsl differences in sex ratlo: Table IT shows thab |
the virgin femaies apparently laid éggs in both varieties as
readily 88 did the meted females yéﬁ E@Wer stems were cub.
This.indicétes that either some ofl%h; éggs laid Ey the
virgin femalés did not, heteh or some ofiﬁhe larvae did not
reach mamufityau ‘

MQcka&i(lﬁ) hgshshowﬁ‘tﬁét the Temsle.is diploid
and thé male haploid in chromosome content. The assumption

seems valid that females are derived from @iploid egrs and

B
males from héploia eggs. Except [or anomolous chromosone




«“35% PR
behavior it is expected that the haploid male. produéing egg
is unfertilized while the diploid fémale producing egg is
fertilized: The fertilized femsle ig ‘therefore able to PLO-
duce elther males or females but the virgin female would be
expected to produce males only: ‘Al'&hou% scue anomolous

Wi .

ehromosome behavior is indicated, Table IX showe the usual

-patbern of meles fyom unfertilized eggs: . -

. The date suggest that risles have léss resistance
to adverse environmental conditions than do females: Unw-
doubtedly & cerﬁéim proportion of the male producing eggs
laid ‘b;} elther virglo or meted females were deposited in’
stems not éffering an ideal envivonments If wales have less
resistance tofa&\'re:s:‘Se conditions, because virgin females laid
the larger .mﬁb@?'p‘f male producing &ges it would be expedted
thet corr,es’.pandingly Pewer of thae. 'lﬁrébgeny of virgin females
wcmid reach matuviity. Table VI sﬁiﬁpari\és this eoncept for
eutting was less ex’cgnsive in the ploke infested. by virgin
Females s /

| Of the two verieties tsed in this work fewer Red
Bobs stems were cﬁt;i as showa in Table Ve Perhaps the environ-

ment in Bed Dobs stems is less suitéble thah thet offered by

N, . [

Thateher stems. Consequently, mortality is higher emong the L

oo
individuals parasitizing Red Bobs and fewer stéms care cttb.

Of particular interest ig the fach that in Red Bobs stems 60
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s Com

and 66 days of age less cutbing iééurre& than Waslnoted in
corresponding T ”haaﬂner s tems and ﬁlso 1n ynunge% Bed Eobs

sbems. It seems that 'bhe, older Bed BOﬂb S“bem.,,. pmﬁdeﬁ, a

less suitable eavironment for development than did eny of . '
the other stems and that & largey proporbtion of the papuiaﬁion{
died prior to larval maturity. Thus it seems 1ikeiy that

dafie :‘i.a.l.\ mortality between sexes sccountd for the higher

proportion of females in populations reared from Red Bobs.

PART IX
STUDY OF INBIVIJ&AIS

g
et e e e L ..« _....
S A v e s a3

In the ezperiment deﬁcribed'ébave wach beds piat
wag infested with 25 females which provided sufficient pros
geny to give an evaluation of the interaction fex x Variety.
However, the Sex ratios caleulated for the populationd from
to two varieties were based on the offspring of over 0O
Témaled, .

There was noticesble variability in size, vigor ‘
and épgg complement anong these females: Undoubtedly there:
were other diffevences, one of vajch mightd have been fhe
inhevent capaemty 50 broduce offspring with different ratlos
of males %o_females. Should thig be the case the sex ratlos

of ‘the progeny of individual females could be expected to
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vary J.an e:{’cxeme maie}}:tess to emx'e,ne f‘ema,lenes.“ A second

Y

&1ff'r= ~encc mgh‘c have been the nenétency b0 seek oviposition

.
4

sites with cerbain specific . qualities. ILikely any given.
combinetion of favorable qualities would be found more often

in é*&ems':',‘ o a',sﬁ,ggle Vai*ie’ﬁy“ Should the two be dinterrelated

' 3 ' i .
i‘c m pro‘oa e that Tewales with 'an inherent female«pi‘oduciﬂg

14
Yoo »\1“

eapac.ltvr wov;!.d “ue 1l Go ovz.pos.nt in a parti culqr Vam.cu;y. Like~
wise cszcsz‘. ion }ay ma.Lcs»-pmﬂuuzle, :El‘émalas would adettr in
another vawleby. ‘lhe m{,exmcd:.ate coxtéi:f.tlou.. vhere the emergs
ing populamoa is e.vernly c?.lvmécl as bo sex, co*ulc. mcu:* in
wnany ways. .:ahnu.!.d Lhese qupposn. mnaﬁ bez correct; varia‘biii ¥
among females is aq'tual' v z‘espcnsible for sex ra'ti'o ﬁifferen’ces__.' ,
Where .one, gex :.rs produced @ip’axentally and females
lay egge béfore and after ma-biné J.'L i expected that time of
mating will influence the sex ratio lof’ the progeny (7}¢
an in@cteaus.te smap.:.‘y of szaewa is wyecelved by the Fenale or
if the sperm bye not “vma,?;lé op pm’bpezi’ly stored there will B
1ikely be a higlhez;*l proportion of; the uniparentally produced gh;‘:::-""
&‘6&; | Perther, should spetm suppfl.y or Btorage be .maaequate 2
Temdle progény wcmld be c;:pw’sed from only the fa.rs*c ég,gs la:i’.ﬁ;.

Ao, e&pcm ment was conclucueﬁ during the. suﬂhner o:P

1948 to sm&y Lhe iarogeruy o!" mammu remales.
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1

MATERTALS AND METHODS

s

- The twe wheat verieties, Red Bobs and Thatcher, were
used as host m,u,bcmail 4 Four rows of each were sown jn the

fvreo:_hou% on e.«ch of three dates; Me,y 11, 36 snd 21, Sub-

"

s

sequoni. 'mlaa h:mgw wete mede in Fiw wgalioa,' 'tcne«»wa:ce crocks
o provide, hogt mg:&e‘tmal ft}r. the late sunmer.

i Both vi:r:gin and mated females were used; emergendce

-
1]

and meating :bCJ.l“E.', bbtm.ncd in the manner described previocusly.
Waen femaie.a wem not undez'« obsewa,ﬁa,on %;hey wére rebained -
in the 21 = ?O wme shell vialsg. |
A small aspira:tos-:' vas used. for handling the insects.
When oviposition was desived, Jghe"i:emale“s selected was talen
from the vial and :placed?m" what appeared #0 be & sultable
stem and kept under conbinuael obgervabion. When an egg vas
depopited she was trmnsfewgza o a suiiba‘ale svem of the o hm" "
variety. Tn thils me:.nnér the same Pemble laid cggs alternately
in the two varie’cies-l. | . ' SR
Following oviposition, a label was attached to the
base of the s’uam “bea:t*.ﬂg, :Lnd."ormaﬁlon pe'r"’cment Lo ’cna 88, r
For m:p_Le 4 Sucm labe";‘.wea LEMWRBaG , ..L,ﬂ.d. eated that female
number forty-two was ma'ueél and that "Lhe ninth egg J.a:ufi by her
wag deposited ina,ﬁgsg ;Ba?b\s pher. ‘l’hé Ldgs 'w*ere eas .Lly d&gw
storyed ane';;,, ot Jcime permz‘;'tzte@ they 'wex‘*e e aaed by labe‘i lééc?

wooden sbaléss
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;A’s the stems were cut the stubs. were Lifted; in-
dividually pacﬂed iu mamst so:z.l in shell vigls, corked an&

‘placed in & 5° C. cabmet.

LKPEBEEN’I‘AL

g Lt o [y

Ova.gosn.’cion and Cubting : '

In this work.a dong serié,s* of eggs Trom each femdle

wag desived, First abt temptd to secure ovipogition by indis
vidual fema‘ies; were wside on June 20. These trisls continued
Cunbil Au,gus‘ﬁ éBq 'Rarely‘ did a f’smle o'vipc:éz‘:h iamne&ia-be]iy
verled widely, Fémalé No, 18 was observed to lay 14 eges in
© fwo hours: 1\‘.’0. 2.;,, 12 in the same léng}:h of times No. 25
.18.1(1 seven in three hours while oﬁhers .fefusmd o lay irre-
gpective of the time mlowed.
When .a; female 'w:-'rauld. nbf't oxz;iflcﬁi{; in one sﬁem, ‘ghe

wae transferved to another. Occasionally this induced ovi
poaibion but move often there was no résponﬁe. This modi-
fication in techn.igue mad.e it :L@Oﬁ;SLb“@ +o secure an aqual

'number of eggs in 'i:he twror Varle'[,1654 /

-

Tgble X .shovs the ova.pcsi’isién and’ cutting data
obtained from thée nine ;E’emales laying the grea:béé’n numbey of

eggs. These data, show that neairly a:LIL -bhe c*tems in which
L o
ov:.po..—,rb:.on vas feeorded weve cub. Oi‘ those whw ¢h were weub

1
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most were broken or otherwise damaged during the growing =
period. This indicates that in very few instances did a
" female puhcture a stem without depositing an egg. Hence
observation of the female 1s apparentiyran accurate method
of determining when and where an egg is laid.

Table X also shows that, on the average, mated
females laid more eggs than did virgin femaleso Why this
occurred ‘is not knowne.

TABLE X

Number of eggs laid by mated and virgin C. cinctus
females and number of stems of each variety cut

o

Female No. of Number of Stems Cut -
. No. -Eggs Lald Thatcher Red Bobs Total

Mated - 3 -, ,20 . 16. - . 11 . 27
o 4 - 18" 9 s 15
.18 . 14 a4 7 . "7 14

23 22 ] Sl g 20

25 '18 -10- 7 17

3 - 10 .6 4 10
Virgin 26 10 6 4 10
33 11 5 6 11

) ) 6

40 6

Emergence and Sex Ratlo

The stubs were retained in a 5° Ca temperature

cabinet from the latter part of September until the early

part of April 19499, They Were - then plaeed in 8 20 = 25°‘c0 '

4 -
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room for pogt-diapause éé‘velopment—. The soil wds sifted /
from the stubs and the emerging adults were kept in the ﬁ.alg@

Tablé XTI shows the emergence dabsa collected on the
progeny of fthe szx ma-t;éd females. Tyo intéréesting features
appear in Table XX, é'irét s The progeny of diﬁ.ferexit females
show varistion in compléteness of' energence, - Dnl;y two adults
emexged from 27 s'-ﬁu'”o all of which were cub “by the pwgeny
of Pemale No, 3. Comersely of the progeny of No. 18, 2
out of 14 émerged. '

Seccmd, a very -high percem;age of the progeny wag
‘male. A& the gmeabe*f' nropori;ion of femnal. es -rare bel:.eved. %o
develop from :L’ér’oili’zed egge it appears. that the expected .
num‘bef of fertili Aed etrgs Wéré not 1aid.¢ + Plncement of tlhe

spemamphére in Mac.cc:eeans ancviivoms is governed by &

number ‘of factors (0) Although morphologu.eal details of
" the £, cmcﬁus :feprcd‘u.cu:v Ve systym ha,ve notl been worked oub
it is possible -Lhat i,he ’expe‘rmen’cal Jce<3hm.que.; uded. prés

vented a&equate msemmauion of the i‘emale,

) AN

Th is ﬁqteworbhy that female::—s developed from eggs
1418 labe in the vespective sevies by feusles 18 and 23..
Becauge it is not 1&1161&1 whether the fé;naie' progeny developed
From fertilized céggs or were produced iniparentally, the

vole of ingemination and &perm storage ';(’_ém’a:ins obscure.
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Effect of variety and order of oviposlition on sex of
progeny of individual, mated C. cinctus females

- 42 -

TABLE XI

F.e m a 1 e N o.
3 4' 18 .- 23 . 25 35
Egg ‘
No. T RB T RB T RB:+ T RB © T RB T RB
1 - "M M g M -
2 - : - ‘ M M . F
3 - - M M - M - c -
4 - : - M M F
5 M - M - - -
6 - - - M No stub F
7 - N S M - M M
8 - : - M M o - -
9 - ; - . M -No stub M M
10 - Ce - M M M -
11 - ‘ - . M M M -
12 M . M
13 - A - - '
14 No'stuwb -~ - =, ' M. Sy M M
15 No stub - T M M
16 - . M -
17 - = -
18 - ' P -
19 - , -
20 - R M
21 - N " No stub
22 - - ' P
23 -
24 -
25 -
26 -
27 -
28 .-
29 - 1
- M = Male; F = Female.
T -

Thatcher; , RB = Red Bobs
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The emergence data on the progeny of three virgin
females are shown in Table XII but are too limited to be
conclusive. The presence of a female produced by a virgin
parent is noted.' This suggests that some of the females
listed in Table XI may have been produced uniparentally but“”
-an understénd;né of the role of mating in C. cinctus awaifs

detailed morphological and cytological study. .

TABLE XII

Affect of variety and order of oviposition on sex of
progeny of individual virgin C. cinctus females o

F e m a 1 e N o.
- 26 : © B3 - . 40
Egg - , :
Noo . T RB T RB T RB
1.. - e - M ) .
2 . - M t - v -
3 - Mo e e,
4 - - M
5 - ' - -,
6 M M -
7 "" ¥ b F
8 M - .
10 - -
11 -
M = Mdle; P = Female
T = Thatcher; RB = Red Bobs
Discussion

It was theoretically possible to compare the progeny’

of a female in two ways. First, the sex ratio of all her




/

. i

. ‘ /
sl ‘ /

I:'

progeny could be éombéréd with the sexl‘raﬁioé of progedy Qiﬁ’ ;
other Temales, Secono., ,bhe sex retz.o of the half of ﬁhe pm» ‘
geny, developing :’m onc vamety, cm:m ‘.be compared wmh st

of the second half developmg in the e-bher va:t*le‘cy. The former
wovlc‘i show. Whé*{;hex; &Ll W”eina'.ies prodﬁcéd pmgény' with the ‘ssém’—'*
sex 7"&1,10 apd; the latter i aa;y vari eﬁa‘l mﬂuence was e:a.ezﬂ;acl
on the offspmmg. '

Bract ially, these comparisons weve imposgible.

Fiost 5 'boo few females Jaid suf!’icménb egg hag, they el
developed .o adults, to permit sex rEtio comparisons to be
mede, Second, mubers veie furt?_aér reduced IoWin_g bo the low
emc—‘:::l:*llg.z,caz";t:er ;,‘ ll-T‘9:5 iaerceﬁt ':ffa;‘om ’l‘h&'h\ehéx‘*';éfndrsﬁgh pereent Trom

izéa Bobs. fﬂhira p l’che p‘rogény of mited feémalés showed a pré«»
pf:;n&exénée of, males, 81.3 fpe:c'cent from Thatcher and 85.7 per«

cent from. Red. Bobs, indicabing that some faeta:r' or fachops -

s .
¥ i

had. modn_i‘iea ﬁhe expected sex racies.

C ':: R :gro’blem of Q'b

T

fmggmwu}gosﬁ.twn saemed o be

I
v

one of ’sechm.qve for urbder f'z.eld cond.amonst females often :Lay
s.ll thew eggs pr:r.or to denth.  In the prer;en‘s sﬁudy vhere

'bhe fema.!.,ﬁ We*c'e hemdled_ and, tran&e:cred f‘mm s%em e s{:em, s

aa ‘a,vex*age ofi 1ess Jc_lan six eggs vasdan.é per femmle. e
s'auaies of Va rigtion amf:mg, the pmgepy of mda v;,é:ua.l emales
' 3%5 4‘ ' 'J' .

ra:fe tc be cend.ucmc.d uuccéssfully, “bechnr‘i.ques of handl.l,mg
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mist be improved fo secure almost complete oviposition under

eoni lsro,l.le& ccmdm LOnS .
Y .

Ey’cx?eme ndleness has not been observed in field
popula‘awns reared fr¥om these two vafzetléls. Thus 1t gppears
thab th.e experimental techniques of handling the parent
populatim ‘have ecani::m.bu’oed to the prependerance of males.
The mennexr n.n iv'hf.ch these ﬁechm_qUes nodified the sei yabios

is not lmomo

PART ITX
MAWUAT, TRANSFER OF EGGY

The Vbrlf: déséribei in :Péi:t I cmf’iagméa genergl,
field obse:vva.ti,oné that the sex réﬁios of poéulaﬁions are
morlified. by the‘ vériety in vhich developrent ocenrred. How-
ever, this study did not Showr -uhe merner in which this inf:menee 5y
operabed., L:.Lem.se the study descmbed in Paxrt II ghows the -
variebal, influence on sex ratio jou% the mode of action is nob
clorified, A further study was @nﬁerﬁa};@n to determine how
this varietal influence occurved..

It has b.eén shown that the female of the hymenop~

terous parasite, Tilphis popilliavors Rowher is capable of

fertilizing eges é,elecﬁ:i.vély at ':'b‘h.e% time of ovipogition;

the stimulus for fevtilization is appavently a function of
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the size of the hogt larvae (2,.3)y It is pogsible that
G cinchus Females also possess the sbillty to seléctively
fertilize the eggé as they ave 13,:?.&, Jthe gtimulus for .

ferpilization, by snalogy, must arise from the hokt stem.

. It has been suggested that fertilization of thé egg

during thé act of oviposition msy be influenced by theé stence

or grip the.femplé mpinbding on. the stem. Showld this be theé |

case, size and texture of the stem wouldMkely bé imporant

in determining vhether & haploid or diploid egg was deﬁcsitéd R -

with the stinrqlué Hfor ferbilization being provided by the
stemé in which oviposition ecclz:v_:éc’e‘éig A variety in which most
of the gtems "sfb'iéz_:iuia‘*&ed i’e—z*tilié'é.ﬁ:‘uon would thus be éxpeched
o sh‘tmfﬁs_n @rézﬁcbn&_eréﬁdé‘ of femsies in the offsPring; one

having féver stémsd vhich stimulsted fertilization would show

Fewer femiles, Cte et
- Thevé 18 & warked diffévencé in sizé of thé sbems

of the two varieties, Thatehey énd Red Bobs. It is Likely

that detectabls Gifferences in tekture alfo exigh, Thug it

1& possible that ‘these différences betieen varietich sccount
for the obsérved différences in gex vatio,

An &xpeinent was coniiucbed in 1949 46 determing
vhether mited C, c;‘:in’ciﬁgs females i move Périlized eggs

in one variety then' the other;

Tp——
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The nu-r*sery trag esta'bhshed on a plot adjacent to
l:he Sc:v.enee Se‘r*w.ce Laboraﬁory a% Tethbridge: » Albertd: It
wav divided :Ln“uo ‘wo Separaté unn.%é s Ghe infest&'tionéaploﬁ

in which the’ femie sawf.ﬁ.es were pemii.tc—z& to oviposit c,m.d.
the ﬁransfew*-«plot ::.ni,o stems of Whmh the egas wex‘e manua..ly
traﬂsi’erred.. ' o

'ﬂhe inf‘esi:awsimwplct consi.sﬁeﬁ. of 16 vows, 20 fed’s
long 5 sown 'zltemately %0 Thateliex' and hecl Bobs with 12 inch ,
spacing,s Four rows vere sown op. each of four dates, May 5 s
12, 19 and 6. These four seeéting dabes permitted & longer
pé’::'iod over iwim.ch £0 conduct the ghudys ' '

'. The transferaplot was eompmsed of 32 rows; 20 feet
long, sowm Bl ?sernateiy o Thabeher anc‘i Red Bobs‘ The spa,eing
uged was al eme’cely 12 #nd 2b incheds ‘:Ehe 2k :mcha, s;paces

beizween the ,e:ov&: trere used ag woz'k a:;*eas hen eggs we.ce being

i 1 :1.

D
hransfe.cz’ed In -Lh:,s plcrb e,:.g,b,t rows Vrere soﬂn on eaeh of

P . W o
ooty o b .:,

the above dates. |

’

The paren’c saufly populam,on esme from nhe Reging,

Saska-’ochewan areaa e ad.ul’es Werc-z emérged and the femsles

)

mated us:mg ‘Lhe ‘Lecl‘miques ﬁescm’bed prevlously. Infesta:bians ‘
were made cm fOu.!f' da’ses, July 1(- 6} 11 an& 13, mdivn.dual

e
f‘emale.a were mtrodueea into clmular seraen cagés 12 imhea

in dismeter and. 2& inches high w?dieh covered one rowr foob.

o
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u.qual numbers of mated females: wefe confined over ‘the “two
varieties, ; i o 3 S

Afﬁer h8 llou.;'s in the cages, she females wexe
removed, and al‘L “bhe %ems were s.pl:s, ‘.’i‘he eggs weres eovm:ead.
and ha.Lf of‘ them were artifn.c:.ally placed :m s’oems m eac:h
of ﬁhe o varieties, E S “;(p ,

The amtficm‘al introduction bf “the ' eges was aﬁcom»-
pli shed by use of & pair of 115 s curved dlssecﬁ,ng forc:epsg
a glass p:cob‘e and cellulase jbape, The nain‘ts of the ’ip‘rceps
vere rlulled S0 uhqay were about ldS‘le}.w A éi:_amete.c‘ : The tips

of thé :Corceps wers theri sharpened so ’uhal: trhén i:he fcs:r'e' DS

were clused s “Lhe. Lo 'bil.l)»o ﬁ'ormed. a sha;m blade s.hghtl*y 1

, . Sy v N

than two milln.meters in leng‘uh, SIS ‘[‘ \ Q
L ” 1|;q -

',mes‘;a sharpepea :mrceps Wev*e usecl "ho ;pﬁm.turéa the ¢

Y

stem wall: hhe.n. 'Lhe foveeps were alloved 0" open ; the: sﬁém \
splip vertmelly, - ugually this opening wa$ no*l: \marg"{;ﬁam ;an A\

inch :)_ong«. E(,‘he fox'cé;ps geted as e tracmors and held d;l;he %ﬁem \

opeEn 'Ihrough this opening the. egg vas* padged on %hé ﬁm:p :E’ \

s finely &raxm gla@s prcﬂae,s ’I‘he egg was gently oucheg&, Boy

$

{‘.he E.IlE.Ldé Jc\raifl of Lhe gtem Lbo wmch :;:h adhex_'ea.; "‘h,e ¥nba \

L e ¥ v

and ‘the fovceps were Lhen mbharaxm and ﬁhe 1nc::.sif:m\ sm J*éhe ¢ \
sten Was <*ea1ecl b;y wrapngu eel_..ulose 'r.a.pe abouﬁ -hhe\ s’téﬁa ‘kg:t :

b ] i
this pom m rec‘tuce mcmm déVelopment 8 0, 5 rperaé‘m sbe{% i

¥

’ \\ﬂs_
"A
l‘t

J.-.r

‘ Y

prop ona.ce solu’sion wad used 0 dz.s:mfect vhe ins tﬁ'ufaen“qﬁ;
i R .\ { - \\
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and to wash the exterior of the ﬁte._m prior to making the
incision.

Gomplete records of oﬂpa‘sz‘.‘bion P égg tranefer gnd
cutbing was taken. Following eut tting the gtubs were lifted,
trimed and placed in déne-ounce salve ’cﬁms £11led with moist
goil. The ting weve sesled with adhesigre tape to preévent
molsture loss snd were held in & 5° Cv. temperature roem for
109 daym They were then moved ﬁe a asc‘ €. room wntil emews
gence occu_ﬂred“ :Bga:’;’ore energence ,began the stubs were re-
moved fxom the sa"ve ting and vere plaged in 2L % 70 mm.
shell vials, This reduced the eianger of loging adults when

emergence records were taken.

EXPERTMENTAT,

Ovipogition

N

Tt vas planped to infést plots of both verieties
ovér a' four week v‘;@eric'c‘i begimiﬁg‘ June 20, . Infestation webe
t0 be madé twlcé weekly, on Mén&ags?s and Weaﬁesdays; and, the
;branéfem were o ’bé vgde Wednesdays and ﬁffi:daysa Owing 40
the glow de%rélopmén”c of the hogst maberial i; the nursery 1%
was not un’bﬂl J‘u,ly mtha‘c “the f:L.fS‘t infestabion vas made.

Su’bseauenu infestat 1o6g foitowed July 6, 1L and 13,

The Pemales were vemoved and the egss were trémsferved July 6, -

8, 13 and 15 réspectivély, By July §15 all the host materiel,
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irvegpechive oﬁ% Aceding date, whs too wature for Furthér ins
Fegthtions Owing o the condition of the nursery only ong
half of the originally panned Study was compléted, |

For the firgt inPestation, individusl femsles tYere

placed in cages doveilag ong vow fool of the parbicular variety.

Mozé “shan 20 stens Were pra,sers.% A é#ich cage and &ince évery
gtem 'had 4o be split and fe:caminéi, recovery of the eges was .
very time cécns‘_u.ﬁ:r;z;gﬁ For subsequent infestations all bub elghi "
shéns weére remevéa from the cagsd plb’ﬁég By weduding the
nunber of shems -dvailable for ovipodition the roubine work
or e'gg recovery ‘was gredtly reduced,

The number of femzlés 'av‘a.;?.léblef‘.ﬁ;ér infestotion
derbe varied from 11 to 15 but in sil 52 mated females were
us'e’&f A '-t:‘o-bél' of 614 epes was laoid by these females; of
\this m;mbe:e 502 We:r'e manuaily wazwsferre& fromite origlnel
ovipc:s::bion sme i;o oﬁher stems., S‘ome eg S we:n“é lost o
damage& Which aecmmﬂss for the dn.s::x'epency in numbex* beﬁween
total :!.ald a,nd these -bramsferredg - '

- 'I’he :m:’.’luence of vame'by and. infestation dste on

:r'a'be of ov:?.pos.yi.;t.tzh b,/ ma'bed, females e ahagm in 'l‘able fo‘

On +the everage each female lan,& abom; 12 ‘eggs aurinb the
l;8~hour ovipes;:bwn periods Thls is appmmmately *Lhe some

mean numbem of eé;gv as was o’b’cm, ed. m -E:he s'tu&y cand.ucl.ed. rm

‘1

]
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TABLE XIII

13

" Effect of variety and infestation défe'on number
' of eggs laid by mated C. cinctus females

R o V a r 1 e t. .7

Thatcher

Red Bobs

Date of No. of No. of _Mean No. of No. of No. of Mean No., of
Infestatian Females Eggs Laid _Eggs/Female Females Eggs Laid Eggs/Female
July 4 8- 48 6 7 88 13
July 6 5 48 _:10_ é_ 53 9
S guly 11 7 neE 10 K2 101 14
July 13 6 125 20 6 80 13
- Total 26 292 11.2 - 322 12.4

26

- TG =
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bulk populétions and is much higher than the meen numbér of

¢ggs laid vhen theé females were being hendled individuglly.

Egp ?ransfer and Stem Cutbing
The éggé'wewe ﬁrénsféQred from the originel svipved«
tion site te‘uniﬁfésﬁed shens 6f-%he same caléndar age using
the jechuique described abave, Az nearly as pos;;ble the | 4;’, [
eggs leid by eéch female were ﬁrépsfeyféd one hélf inko each
of the ﬁwo\varieties, The'éransﬁexs vere made immediately
followiné removal of the femalesgffem the cages. In sn effort':
o avold environmental variaﬁioﬁé stems uniform in éize and
stage of development weré selected, ,
Table'XiV shows that the percentage of brangferred
eggs ﬁaﬁching‘was-much less than\i; éxpected from normslly
ovipositéd eggs. - Thée erudeness of the tramsfer methods
probebly contyibubed to these &ifferenees. ihere is~alsoA
an indicabtion that the environment ﬁhé eggs encountered in
Red Bobs Stems is less sulteble “{:I_ia‘n in Thatcher stems, Wheve .
thgveggs werevtfansferred frdm‘mhgﬁcher'to Red Bobs or from .
Red Bobs to Red Bobs the peréentégé hateh was lower than when
the regiprdcal;ﬁﬁéﬁsféfs from Red Babs o Théﬁéher and Thaﬁeher_;f'
0 Thatéhér wefe migde, The low hétch‘obtaineé vas disappointe

ing and deta are inconclusive. .




TABLE XIV

Hatchability of C. cincfus eggs transferred from original ovipositién site

Eggs laid in Thatcher and transferred to

142 51 36 103 22

Thatcher Hed Bobs

Transfer No. of Eggs Percentage No., of Eggs Percentage
Date Transferred . Hatched Hatch Transferred Hatched Hatch
July 6 18 7 39 ‘ 24 . 4 16
July 8 21 9 43 . 24 b 21
July 13 28 6 21 - 29 4 .14
July 15 57 - 15 - 26 - b6 5 9
Total 124 37 - 30 133 18 14

Fggs laid in Red Bobs and transferred to

: ‘ Thatcher Red Bobs

Transfer - No. of Eggs Percentage Noe. of FEggs Percentage
Date Transferred Hatched Hatch Transferred Hatched Hatch
July 6 30 . 0 = 33 18 7 - 39

_July 8 25 . "~ 8 52 .15 3 20
July 13 46 23 50 37 8 22 -
July 15 41 10 24. - 33 4 12
Total 21

= Q0 -

i Eored
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' Dmergence and Sex Ratio

'

Emergence was first noted February 6 and emergence

Booww, .

vecords were made daily until Fe’bmary 18. On February 21,

¥

the remae:ming s-bubs ’crere split ancl Lhe adults which had fa:t.Led.

4

to emerge were sexed.

Dess than 10 ;percent of the trensferred eggs producezi

aduli,s, ﬂonsequently data on %he gex ratio of progeny of 1n-

d:.vldual femm.es yas so lim‘ced ﬁhat if offered little informa~ '

‘L:.on. 4 Ta'b,!.e by s,hows ‘cho summa:c:r.zed gex ratlo data on the
popula'c:v.on developmg from transfez*red eggs. \
The sex x'at.r.o of ‘che ropulat:.on developing from the
eges laid in ’J?he:bcher s’uems w 3.@.3 malea pér female, ’rhe '
compafable sex rat:.o for *bhe popula’clon develdping fx'om eggs
1&16. :m Red Bo‘bs :z.s 0057. Because these ratios colncide w"lth
'bhOSe of ‘field pcapulatn.ons there is an :Lndmcac_'.on thafs 'the
sex ratn.o o. a poPula’c:.on is nfluencea. mora by the s-hem in
th.ch 'the egg was laid than by the one in wh,:.ch develwpment
occm:“re@« _ | '
| - It 1s quest:.onable 13‘,‘ sex fam.as based on’ less 'bhah
. 10 percen’c ox ‘the population are re.l.n.able ind.:.ces of thcvae .
_ fo'r' ‘the Whole pop;zlabion for 1‘5 :o.s poss:.ble yhat only -i:.he most
viable eggs ha‘gched and. _only 'bhe mos{: vigorous individuals
reached a;dul*thoo;i; Conclusivé evidence for or against the

selective Pertilization hypothesis must ewait development of

teciifé‘g;';!:j_jques Pavoring ege hateh and population survivel.

S
’ 4
s
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TABLE XV

Sex of C. cinctus adults developing from transferred eggs

Eggs Transfer Date
Eggs Laid Transferred July 6 July 8 July 13 July 15

in: . %o M P M F - M F M 7
Thatcher  Thatcher 3 1 1 2 -1 3 2
Red Bobs 1 1 - - - - 1 =
Red Bobs Thatcher - 2 1 5 v 3.2 2 =
L Red Bobs 2 1 - 2 - 2 - -

" Discussion ;

N

The procedures used offer a méans for further study
of sex determination in C. cinctus. Refinements in techﬁique
are neceésary to assure adequate sﬁr#ival of the population
~but when these adjuspments are ﬁade the transfer methpd wiil '
ﬁermit initigtion of a number of studies previously impossible.
‘A greater percentage of'transferred eggs hatched in
Thatcher than in Red Bobs stems. Data are too limited to be
éonclusive but previous findings tﬁat Red Bobs stems provide

a less'suitable'environment for the.eggs than do Thatcher

stems are.supported.




" SUMMARY

Throughout this work two varietiés of bresd wheat,
) ‘I'hai;chen:;' and Bé& -Bo‘bs » were used as hoat ma’ce‘rial, The pérent ‘:
sa:Wfly :po;pula‘cloas* vere obtamed, near Reegz.na.,g Saska'bchewan. )
' | Dumng 19#8 “bulk pcpula’bwnp WQre used 'hc: 'hest the..
nfluence of g2 mzm'ber of factors on sex detemina’uion in C. -
einctus. ﬂwo of these :E‘ac*bors, Yariety and ma’c:mg » appearéd
of5 ma;;or a,mpmmence.‘ o : ‘J ,
F.:.eld. o’osema:bn.ons i,haﬁ; populations develbped in the
txro 'varie’cs.es had. widely dwergen sex ratlos ‘we,re confirmed,
uq&gar pqnt;;?lled- gonditions.- mele the game relative trends
prevaile_d 5 'tiie actuai 'se}:t' Ita'biéé ﬁ}ibﬁred & marked sin“.f‘s towaré :“
malenes.a s the values belng 2:1 ané; .4,3 males per female ins{,eaa. , |
o:E‘ t.he usual X ;L and 1 12 fcw ‘];hatehew md Red Bobs res;geebively o
Thus -.‘t;he VHHEKJ&]. .influence on sa;». .detemiﬁation and *bhe ulti«
mate, sex ratw :Ls very prcnounced, Y '. ‘. / |
Mab:mg was the second facnoi* wh:r.ch proved 'bo be 8,
major :Lnflueuce ;m ’UhlS ork, zflales cens‘un:bu’ce& over 97 yéfcém

of the nrogeny of virgm femaleso The origin of the smalll

number _cf _f'emaleé m"i:he popula’ciﬁn ig. no'i'. knowm I'I: .LS thaugh’c el

t

ﬁha”o -gome OF hese may have resulte& :’c’mm contammatwn of ‘hhe
o

plots by m.lcl oi' eScaped :E‘emales. Hmreverg supplementéry wcx*k
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the same sumer, whévein the progeny of individual females
was studied, showed conclusively thalb females eoulé be prc@ﬁce&
uniparentally.

The data indicate that a lowerepercemtage Of the
progeny of virgin females cut the stems, It is suggésﬁéé that
the male hag less ‘:c-'esiS‘cance to adverge environwental conditions.
Hence développzen't is retarded or é,ea*t‘.h oceurs depending upon
the degree of environmental re%istanqe. - '

Génerally.Red Bobs is cub leSs séverely ‘then Thatcher
vhich indicates higher mortality in the veriety. Likewise .
sawfly populations @eveloping im Red Bobs stems show & pree
ponderdnce of ﬁemaies, ;t ;s pﬁppose& that these ﬁWo obser«
vations sre velated througy_thelmgrﬁagiﬁy oceurring primarily
in the males. .

Doring 1948 en effort vwas also made to compare the
progeny of individual females under rigidly controlled condiw
tions. Dig%ieulty was encountére@ in securing oviposition and
owing to the. small proportion of %he.eggs ;aid.éit was impos- .
iible 4o gain é.%rue compgrigon of the sgx,raﬁ%éé oftﬁhe progeny.

In 19#9,5 technique was ﬁsé@ vhereby the eggs weve -
menually %raﬁgfgifed from the ériginal ovipoéitiqn sité v
other shbems' ,By.tﬁig‘preéedurerit was ﬁossible to tedt the
hypothesis that selective fertilization of ‘the eggs during
ovipogition acecounted for the diverse dex ratios of populdtions .

(

developing in different varieties. TIn this work a Turther
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indicatlon was gained that Red Bobs stems offer a le8s suite
able énv;i.rdnment for the eggs *'uhan do Thatcher shems; o loter
percerrsage of the eges developed Poliowing transfer o Rec't'.
Bobg gstems “chan b Thatcher stems. '

Owlng o' the Limited number of imogemy, conelus“iv:é
evidence on the selective ferbilizatisn hypotlzeé:?*-;s" is lacking.
There 1s an 111&4.«::&‘%:1021 s how‘ever s that the omginal hogt wvarieby -

has & bearing on %she ultinate éex watio of the populations
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