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attention to it is surely doo# if -ror no other .reason .. 

•m,,,~,,..,,. are. however~ other valid rea.sons whteh nlr'll'.fflnci't.t=!Ci 

and theee are as follows.. Hela.tively little work has been carried out on 

only one study {by 1957) speeU'i.ca.lly on this 

( 1926 ) states that there i.:a probably more than one. An a:ttar:ript has been 

to eluaid.a:te the subject along these lines .. 

inaeot occurs in large numbers 

factors contribute !l:'P.l.Cb to the su.itabUity of the insect for 

study on 

1 

i(-:t::_Tfif':t~L Ct.JLLfGE 
NORTH~ N,Z. 



the D., t~,_.%,.!';. £0-r infbl'U'latir,np and the 'WSe of sorli:3 insect ma:te:ri:al, fa-om a 

t.Nl"Vey of tnsecta of' ~e.l.ande in tt~ l'.:to'rth I.sliul:l., to fo.,. T..E. ,-Joot.t.i-,~"d of 

t.ha UniwrsttiiJ of~ ,Joo~~1')Slau1 fCIC tnfo.l"!batfon on the aubf'amiliee of the lq5~eidae 

:represented ttJ Ili"ew ;;;;e~, anct to rRi;a!l g. o. C~,wbell of tbe ootu..ny t1t.."lf'£ rw 

the iitentli"lcatton of a mor;s,. 

Thanks ru~ alro am to Mr. n. l'.iralt0 for :photogra:pnte -.-rork tn the re~­

uotion of' the dx~tngs, to t~r._ J .. B,. van '!-'aflbtws for the tra11Slati.cm of ceri;af..n 

German li.1:et'A~.A.U~e" am to JiJz,s,. Ji.,W,. Warren rm: typing tbi,.~ theBis .. 

f'or tho clurs.tton of the study the autb.01· lifM ~J .. sted ft.r1anclally by a 

Wai" '.6urea.r-j; am tn 1957 by too. Shell Bchole:-i;t>shi,.p.. 



(a) .§~n~"tl~ 

!1.!!us bitten; White was descrUled in by Buena.nan \'ibite trom adult 

speetmens collected by Hutton am ?lakeftel4. fhtto:n {1897) gave a brW des­

eription~ alfTlotent- to taemt..~ imaglmSJ• in a list of ffemiptera tnen ~ 1.n 

to bis paper. ~& (1935), u~le to i&.mttry tour speetea ot Matus ofsher 

~~n :!,. ba'tto¢.• NDt apeotmem to :or. ~grotb tor d&sortrJt1on• but the outcome 

&,ea mt &~ lrt the lttera~. Ia 194..4'~ ~. Usi~ on aamtait,g elewn 

1f. b.Q.ttonl ap,$01.metm• mted ~ill~ ~1n .col.(rur aw. ~n to some extent ia 
/ 

~ that two speetee may be ~nt.ed. tt fb8 pe.per eomprlses & hlstcr,y of 

ts tri.be· OraUllnt I»· .,._ Zealam, ar.d deseriptlona of fl• mw apectea ifieludi:og 

Bn.elil!m,~ eo~us Uai:nger, lffilch gema he ~ also erect&. 

(b)Jli~ 

~· (1f:ta&) tn a ~al study ott the biol0gy or Bew Zeal.a.Di Hetercptera1> 

glw•• for ,L ,t»ttoa~:, very brier •tea en some boat: plaft'ts• and the f"t-1 

eett;,.ts.. It as aot untll ~• 3 paper tu 1951 -that tbe lite htst.ory of the 

~ . ._. pattlhbea. lie ~ t!Mitt 

(1) there are t!ff ~l t:nstara!t am gl~ tl!Je duration of' each; 

(2) ll'Dlllte other epeot.. ~ Fz!b;a whleb ~ett 1n gaaa glumea or composite 

flowers,. L f!gttc.of. wtpoattee i.n 'the soU. Total lt1i:U:vtaua1 egg ~ti.on 

by tttm f'emales b gl11en 

(~) mwl7 eme~ adul:ts are pale~ in~. but 4arken to tull colour in 

-.lve bou..~ 

(,) area.test aetf.rlty coi.oolde& wi.tn the hlghe$t day ~atm:-e; tbs 

eo~ themselves~ clode or debris QD the ~mas froOtt as the ~vr­

ature begins to fall tn tile ew11i.ng 

(5} rain tmuces sluggishnesa 
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{ o}. Distri.bi1ttou 

Bvtwn,ce tbat !, ... tuttont eecurs: ~'t tM Nn1"f.b am Is:taoos is 

a1;l1'en by m~tra }~ ,,,.._..,""..,,,. ) ancl ~ {:1957).. Altken {i9C5) am 

l{IJ?Jta:ldy (:1900} have N~OO tbs Chatham Islam.a ~Uat WO,::Klm~ 

(19!54) nee~ l" ~'the:?~ Kt~ tslacas. 

(a) E,oo~ic 19?,:~ 

(1) .~m §!!:! ~ f:lo~a Amo~t ~ul t~ta on lueerue U:,era ( 1921) 

anttcm •lr!b\t. ~~tt.?'!f.. { 'W:ey' ~ll ). fl The ·}Ng reached pbemmem.l wmbers on 

luceroe (neat" Welli13.gtou),, e~W~ lo dry pe.'tcheui ~ ~ were g~a la tbs 

·~ L huttont ls· ~ ltetea by ltym's am&llg8.t. ~ tnsecta on reel elover., 

~hape the ~•t tuseet tia tbe .field~ both or J.u.eerrie a1d reel clover~ ts 

the ...... plall~ bug !z!tu8 ~tto'!! .... a eloae rel:atlw of the d~tlve -hllleb 

... er Jrorth ~ am of tne Ra<tberglen bug of 1w Scmth Wales. ff · Whils't in 

•t.ct.telrait the .crops wen more -~. mat the bu& was fflMmlOD ~t. am. 
at~ ~ 1111W m apparent damage• ~rs oom~ the eontt~ sooktDg by 

'the ~ts_. be & t~ of SQBt ~ 

{it) WbeatJ ~ Uaes .,4 ~t ~ ~ 0-tago am South Canterbury 

~ •at:loky d~t or ~al!.iq gluten" wba1l the ~ wae used .tor bald.ng 

{lrm'rtaoa 19Z9• Blair and MQwtson 1949,. GUft" 19Ul ). ~y f0t1M Heteroptera 

~bl tn large ~ in -.n,y ~t ~ and in ~tug -vegetat·to.n. 

~n (1959) ~PG ~ha ot tti.,~ &bu.rout speele$ of plant hug._ Stemtue 

.l>taotatye Fehr •.• ?is ,)?ut~Dl .aoo ~n& a-oee~ {~1-) llftrle• ~at.ely on uevel­
cpteg wheat~ at Llmtiln Agricultural. College. Wheat mo~ oonfi.'f.leG wt'th 

lmecta wa& mt ~ Restllta from bis ezpertmeats are: 

(1) All ~ pla.tat bD.gs caused bugg~ wheat am tberai'ora stlcky uou,~1ri.. 

(1) Plant bugs ~lrsg the ~e in New 7;i$alanl are dir.fel.'ent from these 
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in 

oot 

it 

is of the 

the olimatic conditions preva11ing;9 

(5) .Lia!~teil gra.i:na eh.ow e. whtte. oval or roi"'m patch. with a ce?1tral black spot, 

the rostral punctt.L-re., 

Gu.rr (1957) states tba~ damaged grains may be sh..-runken cuboid in sbape 

as a resul. t of: prolonged or mu.1 tiple t'eedlr,g of' the bugs. ~laioo that wheat 

tb.e grain,. The :tollow1ng e.Mttioml information 

be used for flour witt10Ut 

if at of' less 

but as the the 

1:1orth. 

the are :forced onto 

it1 other 



the 

and 

stems:, 

vesools 

to the 

f;I 

◊f 

the 



•aty r,4'l~­

tbe family ~,V,flHf•n 

Orslllini 

3u1~tamily Lygootaae 
filih-:f areiily rie tcarogastrimEii'" 
f:lub-fdily G31nime 
Soo-f'mnily J,fegalorotime +,i,, 

Tribe !-t;ts.aein1 
Trtbe Oreilli.nt 
Tri.be Uetr-4gini. (eY..clustwly ua111~;1.£.<;1,u 

Too tribe OrsU11ni a 1':r>.'l'.!'n,~~,, 

""'°''"'"'' Orstllus I:~ -

divtsicms of 



8 

LJ~'«.&..:u,u ~lll1ni a~e so peculie.t> that no relatives of too en:lemlo 
genera. are koown from elsewhe.,.·•·tle. .button however, is allied to the 
Jim"1aU.an Jii:3J.us ~J.S.C~Jlrpi. baeJF..s 

:Fe1~e~. '1'11.e mw 
shoot typical .tlys~~• 



I 

Longer than broad~ ratio length t,.., width., 3:1; slightly coTI(>,ave 

vCl'lttally, convea- ein,~'1.\ ard laterally; blunt ante:d.orly, I,"Oi.nted 

poatet:lorly. to sh pe:pillif'orm micropylar f.i!'OOeeses surroutil 

oepha1tc ; oo oy~lun or .t-ai~.te>J:ie:ret e:xte,·nal ehorionie surface 

soulpturai in anterior th'trd. with lon.::!itudiool grooves:, ctlt.10at oonwrging 

at eephaltc pole,. :i-51.oo; mean length 0. 77 rrm .. ; mean t11iith mm., 

Colour (soon after ovtpositiofl} s1;rQw ;yellow (Ostwa.16 series 

darker area at oopbiil.io )!:'Clo ma.t·!gold orafli.r:e (Osti.mld aeries 4 pa). 

ro ooot'OU!um - I> 

po,~l8S a :p8etlt10pet'C'clrum., 

(2) CimloomoX1:>ha - posaeas1ng pseooooie~l$s run mtero1,yles11 and also possessing 

Lygaeoidea belong to the Penta:tomomozr;ha am do mt possess an operoulum.. So>..1tb­

vmoo also stated that the micropylar proce~ number three to sh tn the OrsUlini1 

am from the literatt:o:>e s~ that they are papilltf'orm in ?t:l@ius.. n. butto~ 

mierepylar pz~aees on 

N. huttonl ·were uaually re~'Uhlrly spa.coo. although irregularities ln spe.oing 

did ocour,. to two days following ovipoaition:, these r~essea became faintly 

wh1tejj prior to batohtng -they booat'ae diatiootly white in em view., !JUring 

freshly laid 



J.V 

either (a) f\~J{)S1. '."taW'.¥7 w!:'.l.tte:t ·or (b) ~ vocy pa14' yellowteh ort,.n&"t1., In i»th caooa 

~ fflM3 a ~1 Oi?'ange ool.ou1t>etl. Z\'l_glon at ·the cepoolte r.,ole. '1)he (b) typa of 

.~aouri.-ug pi."O'bah!y l!f'eS'.altet¼ .. f'l"Om re~ntf.~.t> 01\ the egg ritbin ttae ab<.'iooef' f:()r a. 

longer pert.oo. before ,<>vtt>0attton, a~ wht.oh .ts ~101'~ tw· th& fi\et t r1at. ·the 

eoos hecnme prr,~slvely da.tker ta ,~l~ duri:og i.mubatton.. 

A tetal ~ 176 egg3 wmte ~d umw a Y,eias lett ~r G-l'\1)A)SOOpi:c mtel.\')s­

-cope., u_sing an eyevteee scale. lleowse 0:f the $~pe o.f too e~1# lt ffllS t1eoo~ 

m ta.ke ttwee ~~nts f4' ~1.1gth a\-;it \rUith on. ~h ,e~ Host ~ the ~ ~ 

~a &i t•l" Q;n tt~ day of' ·,ovl:pQsi.tton W." the ~llowi:~ day~ but lt ~ toum 

tba-t u:ve:o ~ one -week. ~ wue, m eba.~ in e~ tl!Daid.oM. All maa.sureui®nta 

tatten <ftt tnf.ttvlauel e~ .are e~ t.ii Al,11j!0ulb na. artt to Appen:lh: Ilb the stws 

$.tll wtog ~ or sotm of tM ,mater-qal pa"t"ents el$ stven 

2be meoo lengtb., 0.7? -, ~ (l'b:ta.tned by ~a.gtng too means of the three 

me~un:;im.n'tl) trAken on. looivl&ial e.~.. Tm a:tstri.butiotJ ~ egg ltJ~h is aoown tn 

fable 1~ -~~ piapblcally in :irtg., :t. 

--... ·-· ____________________________________ .,... __ 

l!.O 
11.5 
11. 0 
1t1. 5 
:tt}. O 
:r.s .•. 5 
14. 0 

ij. 5 
10. 0 

10.e - 1.:1.. 2 
:t:1,.3 - 11. 7 
11.a - 12~2 
12. s .. 1a.7 
12"8 - !5"102 
! .5*5 - 13,/1 
13 .. H - 14~2 

1 
1 



30 

• • • • 

/0 

10·8 

Total 

macropterous parent 

• O• • • • • •O 
• 

o • • • • • O :6 y small :pa:r'e rit 

••----•• By medium parent 

I 

/\ 
I \ 

IJ.. · 1 
Length in scale divisions 

Fig,. 1 

Distribution of egg length 

13· 8 14-·I 
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t};rach3r>t.erous. As er.·;:s from bot.h f'o :m$ were h10luded 1n the eg-,.gs m-eaaure<1, it was 

decid-ed to in~tigate the p ..;ssibUity that a «'.acropte.rous pop..1la.ti.ot1 laid eggs 

1-ength was 1"00lassttted · aoeordilJg to the 'f\'lJrm of the ma.terool parent., '!'he ~VG 

dt;stributioas. obtai:ned are shown in Table 2.,. a'l'il ~apld.oolly in Pig. 1.,. 

9.5 
10 .. 0 

::i :1. fi 10. e - :t!l..2 

11.5 11.3 - :11..'f 

'.12..., 0 11 .. 8 - 12. 2 

l2.5 12 .. ,5 ... 1!aa '1 

1..,. 0 12..8 - ~ .. 2 

13. 5 15. 5 - ~ . 7 

14,..0 13.,e ... 14.2 

F!'Etqu.enoiea 

ru b~""OOS 
Parent 

1 

1 

16 

17 
18 

5 

2 

W~oropterouo 
l?~nt 

Q 

7 

12 

11 

00 

8 

2 

As too wi.ttg f"o~ of om or two f:eme..l~a \'11-as unkoown tile.re ~.re slightly lees 

total ecr~ than in T~ble 1. Too eggs laid by the &'Ub-broohypteroua females seemed 

in the tia1.n;, to be srm11er t han thooo laid by maeropterou$ female$ , but the 

h.ttel:"1 s e gns still sht:n1etl a btmodtil dtstri 'bu.t'i.on tih!ch ove1 .. lappoo tflfl su'b­

brncnypterous dtstt--ibuti1)U. '?he ioonm of the {no called) two r..opu.ltit i.ons d if'f'er ed 
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length 

total 

tn si.nall r,opu.1.attons 

the 

female 'WaS ln:x.>1m> tile egg data. was re-elasen?iad as in Table 5, and the resul.tlng 

dtstributiooo are sl~ gra:pbioally in lri.g., 1. 

11,.0 
11.fi 
::ui.o 
:12.,5 

0 

9,o5 
10,.0 
- 11.. 
- 1:t,.,7 

:t1.,8 - ~ .. 2 
12,..3 - 12.7 

- k':j,.3 
1::'S.,3 - 1.3..7 

2 

Frequencies 
,.~ ..... ,.. Pa..'""&n't ti!'edium ve.,..,.>'l,-f'• 

1 
1 

2 
8 

l9 
? 
2 
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:lhe eege laid by the smell y,opu.lati t'H'.t fell into .'l- $~parate g!'OU'p fl'Ot.1 t~{!)'OO 

J;atd by the medium pop:alatton. Thez-e wa.o; less overlap., anil a !1X.U'e mark.eel modal 

pe&k- £or each ~ti.on. Thtl mean.~ of' the two pop .. ilations dlffere<1 by j . 4 

scale rltvlstom 01" ( ~ '..,IOO!m.c.!a The mean a~1d ataoo.aro devia:ti on ( i n scale di'Vi.sions) 

aro o.st. 
The d i vtaton toto · .,yo pcrpulat i ocJS aot.--01-tli.ng to- sise of &1ulta CQI'~ with 

difference bet!Peoo tbe .~latton r~ns$- a leaser di.f:f'e:t>t:n1ee be~n tooir 

:ataoo&rd de:si:ria.tiot:1S~ a.at a, better explanation of ·the b irnoda1 gra"?h .for ix>tal eggs. 

med~Dte ta~'Ot) on i1x.1itridua1 e ggs,. fhe data on egg vri.iltb received the eame 

tree~ nt as thfA.t on esg length. ifhe results are St)O.lln in Ta.b1e 4 and ~ phtedly 

---------...... ------------------------·-

Claes 
tfl'teTVal 

5.,8 

4..1. 

4,.4 

4. 7 

5-0 
~ ...... 

E~ Vldtb ·lfotal. 
class) 

r-teola$aif"too aecQlili.ng 
to f'O!'m 

& .olaaaif ioo accord .. 
ing to Slee 

~ braehypteroo.s ~ten.ms ~l MeiU.\iffll 
i Parent ~ ?an.nn i :Parent t-P-erem. 

------------------· -•••-,_• ..... illll .... •---)11_._, -· _, __ ,.., ___ ,._"'111!1',-.• -·• -•-· ·--• ... ·.t-•---·•·• •-·-• ..... .'ill-•-· ,,_ ... 

5. ~,-3.9 

·1-.. 0--'l• ?, 

4.S-..4. 5 

4. 6 .... .!f ,. B 

4.9--5♦. 1 

---:.. ..... -- . ' 'lo t •! 

l 

47 

~"1 

j {5 

4 

1 

6 

1 

36 

~ 

24 

'2 

1 

50 2 

ff/ a-; 

7 14 

:1 2 

- -- l!i1 
·, l! I fl ' . ~ ... ,...., 



80 

70 

60 

so 
; I>) 
•O 
'o 
~ 40 

io' ' 
(l) 

•H 
·P'l 

30 

20 

10 
• 

4·0 

••---.. • Total 

X- - -)(. · By raacr0pterous parent 

A-• - • 4 By sub-brachypt9rous parent 

o• • • • •O By small parent 

By medium parent 

4-6 5·0 
Width in scale divisions 

Fig. 2 

Distribution of egg width 



I 

~ l 

2 mru 



tiro;mish , 

eodysia.1 suture of' 

not 

{' v. ; :l 

:l li),. 

t 

f'o'.l?' ari.i five :i, 

Eight abdomiool segments. 

(head 

seriee rv, 4 

heooi> 

eyes red 

lt.); t:listfll 

than 

in c+o'.}.our" but 
until definitive 

of' 



SU 

TiU)iJ:. !J 

l,11 measurements al"e in eyepiece aool.e dtv1si.ooo;; om scale division = o. 0:15:~1:1. s.D. = Jtan!!ard Dovi1:1tion 

------ -
Insect Hal.Id Head Inter- Bye Eye Rostral Segioonts Antennal flegr,.onte 

Dody 1\1:idomen ~1ostr\.un 

No, length Width oc"Ular Width :i.angth lcn,:;th 1iitlth extenc1s 
width 1 2 5 4 :l. :?. 5 4 Unfed ?cu Un£'ol\. Ped to 

-- ---- -- --
1 30 0 4.5 3.0 0.7 1.0 1. 7 j. Vi :l •. 5 2.n 1.0 1. 0 :t.G 2.7 9.fj 5. hit1d coxai 

2 3..0 4.5 5.0 o.·1 1.0 2.0 1.,(l 1.4 ~;. 0 1.0 -:. (J j.5 2.5 10.c :;. 0 n 

3 ::s.5 4. 5 3.5 0.5 :i.o 2.,0 J.,e. , ,, 
J,. 1;.,,. 2.0 :1.,0 :1. 0 1 ,, -• { 2.9 :w.o s.o n 

,, 
4 5.,0 4 .• 5 ., :-:s~5 0.7 1.0 :!.7 2.0 .1 ~~ _.,.; 2.0 :1.;) : .• o :1.G 2.7 11.,0 5.0 II . 
5 4.0 4.n 3.3 o.e :1.0 2.0 :1.s 1.2 ,q f'\ 

L., • .::, 1. ~) :t. :J :1,5 2.0. 11.0 5.0 " 
6 3.0 4.5 3.4 o.5 1.0 ?,.O 2.0 1.0 2.5 1 .• ~·. '-' :l.1) ::1.5 !¼8 u,.o ,J.O' " 

'. 
7 4.0 4.4 5.5 0,.5 1.0 2..1 :1 '" .o 1.7 2.0 :1.0 1.0 1.5 :1.0 a ... 1:t. 0 !3'.0 " 
B 5..7 4.5 5.0 0.'l 1.0 2.0 2.0 l.4 2~ 0 1.0 1.0 :l .• 6 2.7 14-oO o .. o f\ 

9 ~.o 4.5 3.1 0.7 1.0 2.0 1.8 1.G 2.5 1.0 :1.0 :t.5 :-1. 0 M,.5 c.o " 

10 5.'7 5.0 Sv4 0.8 1 .. 0 2.0 2.0 :1,.6 ~.2 :1.0 :1.0 1.6 ;"1.,0 12.3 u.o " 
11 3.5 4.2 s.o 0.6 :l.,O ~.o 2.0 1.4 2.:1 1.0 1.1 :1.6 ::..7 13.0 -1.0 " 

Uean 3.4 4.5 5.2 0.64 1.0 2.0 :l.9 1.4 2.i :1.0 1.0 1.G 2_.e :10.4 1.~-•:!- fj.O !.i1,1,•i- h!.:xl oc~rn 

lmnge s.o-.4.o 4.2--5.0 3. 0-5.,5 0.5-0.8 1.0 1.7-2.1 :1.5-2.0 1.0-1.7 2,.0-2..5 1.0 1. 0-2. :L,r,,....1.7 .-. .. ,,t rt 
L •• ..-..,.:uv 0.0-1.1.n 4.o..c;.o ,, 

s.n. 0,.4,2 0.:1.s 0.21 0,.45 0 0.13 0.16 0.20 0.20 0 0.015 0.071 0,.:lG ()..CC (i_G:1 0 0.02 

- - -- -



, 

om 

one half 

..t1nnteoo.e ooo an:i a thu.-cl 

half of bodys 

) e:pots occur on 

one 

total 

17 

as 

e.s long as 

alroost 

posteriorly anteriorly: sides straight or slightly areua:ttJ, 

bi-lobed 

Abdomr:m: ~ 

abdood.na.l 

( ) 

.!:',nterior half' of body similar to black 



-

Ioseot Head !!eoo Intel'-
Number length Width oculel• 

¥a.dth 

1 5.8 6.5 4.5 

2 5.0 e.e 4.6 

3 4.,5 e.? 4.3 

4 5.0 ,e.o 4., :t 

5 5.2 e.5 4.5 

6 4.5 G.4 4.2 

7 4.0 e.o 4.0 

8 4.8 6.5 4.5 

9 5.5 6.5 4.5 

10 4.5 6.5 4.5 

!!lean l>,.0 6.4 4.4 

Range 4. 0-.5.0 6.C1.G0 6 4. o-~.e 

S.D. 0.60 0.21 0.21 

1!.~}D.,; 6 

4-1_0.DY .t¥;~:;,JI£b4{~Qrl'8 01? ~R\QO?f~ 

J1ll 1n:iaalll'eln9ota are to eyepiece scale div'!.sbus; one scale division = 0,.00&:ni. S.D. = ::Jterrlurd Dovl.utl.on 

I 

Eye E;ye Rostral &.lgmenta 
l!Jidth 1.cngth 

:t 2 a 

1.0 1.6 2.0 ~1.6 2.0 

1.0 :J.9 2.5 2.8 2.0 

1.0 :!.5 2.,5 2.8 2.0 

:1 .. 0 :1 .. 5 2.5 2.,5 :?oO 

1.0 1.3 2.5 !}.8 :i.a 

:1.0 :1..5 2.5 f:..7 2.0 

1.0 1.2 2.4 2.0 1.9 

1.0 1.5 2.7 2.5 2.0 

1.0 1.6 2.5 :?..'7 1.13 

1.0 1.9 2.5 2.0 2.0 

:1.0 :1.55 t.5 2.5 2.0 

1.0 :1. ;:;..1.0 z.,~2,.7 ~,. 0-2.a :t.8--:>,..0 

0 0.22 o.ws O.B1 0.008 

-

4 :1 

s.o 1,.G 

5.0 1.5 

2.9 :i.c 
,, 

2~9 1.5 

2.7 :t.5 

2.7 :1. 'l 

2.5 :i..e 

2.9 1.6 

3.,0 j.~ 

2.? 1,.4 

2.6 3.6 

~.::;-;5.0 1.4-:t.3 

0.:J.7 0.14 

-

--
Antennal :,e!')'.;"Jents 

2 3 

3.a :t.9 

1.e 1.8 

1.e :t.e 

::1.0 1.8 . 
. :i.ro :1.8 

:1.e :i .. s 

1.e 1.7 

1.7 1.7 

:1.,G 1.e 

1.7 :i.a 

. 1.7 :1.0 

l.,6-1.3 1.'l-:1.i) 

. 0. O'J4 0. Gf/7 

' 

--

4 

"' u. 

3. 

3. 

3 • 

3. 

3. 

3. 

3. 

3. 

5. 

. , ,, . 
~':. Q.., 

o. 

4 

5 

2 

1 

5 

7 

0 

0 

4 

3 

)o 'l 

25 

B~! J.,tidooon I :lostru,:1 
rernth W!.dtil l,:::t.:mli:: to 

:::n .• ~1 

lfl.:3 

li).C! 

10:.0 

2:l~O 

;10.0 

17.5 

2a.o 

2Q.5 

:19.0 

10~5 

:1.~~32 

:1i,<!4 

10.0 )t'lind coxae 

::·.o I " 
- l .. 

:,:to 1.,id c-0!roo 

o.o I " 
1:r;o 

s.o I hind co:iroo 

10..0 " 
:JO.ti I " 
10.0 I " 

t).O I hitrl co:tuo 

D-~1 

o.oo 
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to 

fleail: -
U.:ttlfi more than 

tbe first 

~-oateriorly. T>roootum 

u.bse nt :from 

on met.imot11Ill 

) 
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'£1\1,l:g 7 

!"ll'AGJ:: HI!.il!l:3 

.1,11 ireasurements &"'13 in eyepiece scnlo iliv!si.ons; ooo om:~1c di.vial.on= o.cor,irn:i. :,1.:,. "' ::Jtamard Deviation 

Insect Head Head Inter- Bye Bye Dody .Abdo!OOP l1at'l.o of length 
number Length Width oculu:£.• Wi.dtb length Rostlral :Jei:µ,ots t,ntennal ~kJeF<mts length WW.th: Heail 1':ostrum 

width Abc1orneti i plus ez:terilo 
1 2 3 4 l :! f; 4 thorax to 

1 0.0 8.,0 5.0 :1.6 !~.o 3.0 [5.0 2.5 5.6 !:\.O n '"\ ::i.5 't>.7 24.0 ~o 1~.o 12.0 hi.n:l GOl(d-,:, ... ,, 
2 is.o o.o n.o 1.a :1.8 5.0 3.0 :;>,.5 3.1 !~.o.O !?..O 2.0 3.4 24.0 10..0 12.0 :1t1.5 ti 

3 6.0 7.9 ~;. 0 1.5 2.0 3.0 3.0 ~!.5 3.0 2.0 2.0 ~o 4.0 21.0 10.0 e.o :15.0 " I 

4 s.o 7.0 5.0 1.4 2.0 3.5 a.o ~~5 ;:;.o :?,.O :1.8 2.0 4.0 20.0 1:1.0 - - " 

5 6.5 u.o 5.5 :1.2 2.0 3.5 ;:i.o 2.5 5.0 f~O 2.2 2.0 4.0 :ie.o 11.0 - - " 

6 5.8 a.o 5.0 1.5 2.0 :3. :t 2.8 2.5 a.o 2.0 2.0 2.0 ,i.o j!,1.5 - - --
7 5.2 e.1 5.2 ::1.2 1.9 3.5 2.8 2.0 3.0 2.0 2.0 ~:.o 4...,0 24.0 14.0 12.0 :l:;J.O -
8 s.o 8.,0 5.2 :1. ~l 2.2 3.5 3.0 2.0 5.5 2.0 r~.o 2.2 4.0 24.0 :11.0 :12.0 :rn.o httxl co:r:._e 

9 4.7 7.8 5.0 1.4 :1.9 .::;.o 3.2 2.0 s.o 1.0 1.9 ~:.o 4.0 18.,0 1::t.0 G-.;} 9.5 " 

10 6.0 a.1 5.5 :1.3 1.9 5.6 :;.1 2.4 3-5 2.0 J?.~) ~:.B 4.1 24.0 14.0 :,.13-0 1~~ .. a .. 

lkao 5.G a.o 5.1 :!.4 2.0 3.3 .5.0 2.3 Zl.,:'1 2.0 !?,. () 2 .. 1 3.9 25.0 11.8 , :JO.cl :1::.l hio:l COXIIII 

Range 4. 7-6.5 '7.8-8.,1 5. 0-5.,5 1. Q,-l.,6 :1. &-~1. !::? 3. 0-3.,6 ~!.8-S. 2· 2.0-2.5 ::\,o-i.e ::t.8-2.0 1.e-2.fj ~:. 0-{;. 5 S,.4-4.1 :IB-25 10-14: e.1:;..15.0 'J.13-13.5 

s.n. o.oo 0.:11 0.21 0..:16 0.11 0.25 O.j.2 O,.!M 0.25 0.057 0.10 0.10 0.21 2.55 1.51, :1.00 1.w --
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OolOtl!;! 

Heacb black ar.d. eodysi.al sutw:e -
of' head, lighter than dorsal black 

pigmentatiorl on 

a dense black line across centre of proootum; uooarkenE!d mid-dorsal 

strip, orange ); rema.irrl.er- of metaro't."Um as abdomen; pleura 

, i ea); co:zae a:i:rl sul.Jco:irul platea b1a.ak 

) .. 
almost 

tban these rae.rldngs. Dorsal 

ser_pent• whilst two parallel red bars ocour ventrally on eaon segment .. 

Dorsal scent gland. opentngs black; two light £'.awn areas am:.roxirnate ly 

one segment in diameter surrouoo toom; a dark li.oo on each side of 

anterior ooent gland opeoi-ng. J1rns bl.eek (o .. II, 2 pn); two segments 

mrediately anterior to a:n1.1s,,. blackened on mid-ventral edges. 

J:ou:rtb ~bal In~tar:i (Plate :1 aoo Table 8) 

Head: more than one third again a.a broad as long, 10,.6;6,,9; oyea al.roost ooo 

5; eye leogth. appro::idr:iately 

lirn.gtb. of 

u; total 



a 

times as ; less. thatJ 

dorsally. 

meeoootal 

at mtdill.e. 

black 

on 



8 

1111 llllefill'.ll'OfJOnts m:e in eyepieoo soole di.visiorm: ooo ooule di.vision "' 0.ct.:,,"m. J.~i. "' .,tartlru.•d .0,~vfot.ion - --·-
IllOOCt fi ead !Toad Inter-- !!;j/0 .t'\nte- J,ye :Hoatral !:ttlfJncnts llntemial L:c.ecectu 
Number Length Width ooulur "i1iath ocular Length 

width length 1 2 :-i ,1 1 2 . , t;: • ,I 

--- ~ 

1 6.5 10.0 G.O 2.0 4.0 2.G 5.0 5.5 s.,_,, ~:. ~} :o..7 :1.0 ~.'l " r .l.J 

2 o.o 10.2 c;.o ~1.0 .a.5 :~~.5 :,. ) -1.0 ~ i:. :l 5. 0 s.o ~;:. J 3,..:!. ~/0 

3 G0 0 :a.o 7.0 2.0 4.3 ?oD 5.'J .i.a .s.J ;1.e :1.0 4.0 <I '"/ ;J.5 '·""' 
e.o 11.0 7.0 2.0 3.5 i,.o r:. ·") 4:.:1 .. , ,·, 9, f'~ :·.6 :1.5 ~~.o (').J. 4 ,,,. ,, ,,. , .... v 

5 a.o 1:1 .. 0 7.0 2.0 4.5 2.tt tl.O 4.4 ::-oO ,.7 8. i) 4.0 i.c 5.9 

6 e.5 :11.3 7.V 2.2 5.0 ::i.o 4.0 4.0 ~}.0 .:. :; ~:.!5 ,:..o ~.2 5.7 

7 7.0 11.0 7.0 2.0 3.5 :1.0 5. ,) 4.0 ::,.:) /:.:) ~!. 'l 3.5 s.c 5.5 

8 7.0 :to.a O.4 ') ., .,. .. ~ 5,.5 2.5 -11. 0 3.8 " 1.0 1:~4 ,,, .. 3" ·" 1~. !) 5.0 

9 0.2 10..0 e.o 2.0 3.5 2.5 4.0 ;;.8 "':-.\n .... ~ .... ;-1.0 2-.5 5.0 ;fi.8 5.0 

10 7.5 I,, 10.0 e.o 2.0 4.O ~).8 s.o 4.0 3.3 s.o ~:\ 5 3.5 ~.o 5.0 

!Jean 6.9 10.e 6.5 2.0 5.9 2.7 4.8 4.0 ;3.0 4.,0 :-?.7 :i.5 a.o G.3 

Ra~ 6. O..e.,5 :10.0-11.3 G.0-7.U f&.0-~}.2 5.!>-5.0 2.s-;;.o 4.0-5.0 i.0-1-•. 1, a.D-:;.,3 5.5-4.7 2.~J.·J 3.0-,J0 0 11.B-0.G 5. C.,.[~1) 

s.D,. 0.90 0.52 0.50 0.002 a_5;; 0.25 0.M O.f.5 0.:10 0.30 O.:?.·~~ 0.4:1 "' 0.51 0.5:5 
---i..-_,,., ____ ---·-... ---

Ioseot T.eefilh of meaor.ottm Dody Abdol'!¥an r.ength of hind les Hatio of lemth 
Number At tnlddle 'l'o tip of teogth l'lliith Femur T1bta Tarsus 1 T~2 Abe.omen ; Head plus i'ifl'-:1 J?ndB O:tterd to 3o!iU."tll:) oxteooa to 

wing pad thorrur 

1 5.5 5.0 50.0 16.0 7.0 7.0 2.0 5.0 14.0 :w.o oegnent 1 htn:1 coxae 

2 4.0 !). 'l 59...,5 w.o r.o a.o :I.I) 3.4 :!6.0 :t6.!) " " 
5 4.0 6.0 52.0 :w.o '7.0 a.4 2 .. 0 5.5 :17.,5 :M.5 " " 
4 ~o 6.0 28.0 :15.0 7.,0 a.o ri.o s.5 :lj. 5 ;M.5 i se~nent 1 " 
5 4.2 7.2 31.,0 17.0 7.0 9.0 2.1 fi.2 :I3.5 :17.5 if segrrent 2 " 
($ 4.5 7.O 57.0 20.5 0.5 o.o 2.0 3.5 20.0 17.J i se~nt 1 Ci td coit.ue 
7 5.0 6.5 52,.0 w.o 7.0 n.o r:.o 3.r, 16.0 :J<:1.0 ; segment 1 i 

hln:.: co:m<J 

8 4.,0 e.1 38o0 w.5 '7.0 7.8 2.,0 3.5 j9.0 lG.G 11 ee@l!811t 1 n 

9 S.D 5.5 32.5 :16.0 7.0 17.3 2..,:) 5.3 1'(\ .• fi :tC.) segment l I} 

10 5.9 5.0 3:1,.5 17.5 7.5 6 '\ ~·!~O 3.0 1!5- :ic.:J " ; I) 
• ,J 

__,;__ 

Mean 5.8 e.o 32.5 17.4 'l.O a.o 2.0 3.3 .:16.J :tt.:.,1 semoont :I. bitil coxae 
Hange 5.D-4.5 5.0-7. 2 f!f.~38 :!.5-20.5 6.!3-7.5 '7. o-o. 0 :1.0--2,.1 3.(~;;4-5 :t:_:.,. f)- ~ t) .6-J:.: 
s.u. 0.51 0. '75 5.00 :1.e2 0.24 o.m,; 0.(}:+5 0.2:l " :,.~·;t"; '. -··-·•-· 



ao 

at 

both ru:'e :lmel atrl 

appro:!!;iroa:tely three four-tbs len:th 

1.; om am a bl!llt times width 

f'ive!I 

the eighth. 

of seven e 

middle 

head 

bead, 

foretibfaa 

one 

tt:nea.~ togethel."' ~ 

mid-dorsal 

ltoo; 

urea oo mid-ventral 



almost tran~ut ( ,j,. series tJ. e ) ; W[,}"il dark bt·own. 

Al,d~~~ ma.inly a dirty 01.•ar}Be ( 0 . . :z , .3 nc;; ted (o .. :xrr~ 1 p<~) mru."'k h1gs; . 

1> 

Ll'lai".W t:in'W mrteooed 1.u.terally to er:iclose t~:-to of the wb1tiah. or pal(t 

grey bacl<.grou.nd colo-,;.r ~ resulting tn a. 1"0\:'1 of' 1!te spots with red 

boi,de:t>s; such t'.l!U'kt1~ conftmd to 110-ster iot .. &a'lf' Qf each SG(91!ant. 

Dorsal $bdocatna1 scent gland openings b~k ; n dark ltoo on eooh side 

or· aote:i. .. ·ior opening (as in :3rd atil 5ttt .s.~g$8). A ctroulm.- area. 

raucttsh ~.1t radiates from aotert.or scent gl,e.nf..l oper1tng to middle 

O]Jening to a:ru.';J;.. P le-ura flatte,ned. e-aoh aegme-nt m.tU.~k:ed by om red 

(o. XII~ 1 ix-) bu- tlc:ma.l'.?y2, and two paralle·l red bai•s vent.rally. Ventral 

abdomtool mu-'faee flOW marlred -similar to ~·sal sUit"faoe• but some-times 

the red ma.r1d:ngs .are- orlentat.e,1 lengthWtee &cross, and oot along, the 

se~nta; anus blae1q se~nts silt te eight black on ventral: edges .. 

tham one 1'ourth G.s wtde as luterooul.ar space~ Z.2:V. 9j length~· aye 

a'hnost t~e f:0>.u"thtll a..nte~ length:;, 3. 1c: 4.,5_ mm :n».t"e th.an ooo thb.--d 

thoru; the :fim't se~nt three fourths length of' head~ 6,.0; H41!i; total 

1$ngth bolf length of: booyp- 20:40; ise~nts one to few.- 6,.0 .... 5,,.5 - 4.1 -

4.7. Antennae one and a tia~ time& as long as width of' beta.di; 19.4:13. 0; 

a little less thaa 'half 1.engtb of body:-, 19.4: "'• O; segu;e:ttts one to four 

~4lthougb t.be mean head width stwwn in Tt\ble 9 is :12.4 seal.e di.visions,, the 
f'l~'UJ:'e of 1.,. 0~ tlle· mean he.ail wtdth of 100 ~hs:;- uood in t:tle ealc.llatlon 
of the growth ratio (see TIAbl.e 1-0) ts more $COU1t"at-e and 1£1 therefore ·u.sed 
tu the defM'..ri.ptton. 



l~filTl:, 9 :·~ 

t,11 rneo.aurements are 1n eyepiece rro&le divtat:,no: ot1t1 scale diviolon = o. •));;i:'<:1. .:,. ,ttm::acd Dcvi.ation 

--·· --- - _, ... ,... ... =---- ___ .. 
·-· - ·-------........... 

Imeot ,lend Head It1ter- 1Sye Arrt.e- Eye J:''.1."0noto,ta I'ronotum ~~~~ 
V/idth oculor ,nuth ocular J:ength 11ostro.l li0l:).:l0nl:a i~ntcn~)u1 ,,;c~::;:cnt::: !.ength ! riW.tl1 

l1\llllbOl' Ieogth 
\iidth length l'or::rterf.ol:' kl: To ttr> 0 

:1 2 8 4- :t -~ 5 4 rnio:.:lo Y1tng r~ ,, --- -· ----- _ _...._ .... _ ... ----·•>"<-• ~,, ..... _ .. ~ .... _, ....... ...,. .. _ ... __ , -~-
1 7.0 1:1.2 ·7.0 :i.e 4.5 5.:1 e.o 5.0 ::s.5 4.S 4.0 4.'7 S.'7 n.o f;,.? 1-0,,.8 ?.O 1.,.0 

2 7.0 12.0 7.,5 2.1 3,,.8 :;.o 5 .. 2 5.0 -1.,0 4.6 4.0 4.7 3.7 c.o 7,.0 1•l•O G.,:t :i:.:i.0 

5 a.o 13.,0 8.2 2.0 4.5 5,,0 6.,0 6.0 4.5 5.0 3.8 5.5 4.0 G.1 ':'•O ~o.o o.o :10.0 

4- 7.5 12.9 a.o ? ... 1 4.6 5.0 5h8 5.,0 5.0 5.0 4,.0 5.6 4.0 ;,;.e 7.2 :!.U,.O C.7 1•:,.5 

5 9.0 12,;. 0 0..0 2.0 4.0 2.s 6.,0 s.o 4.0 5.,0 •'lo◊ 5..0 4.0 7.0 '7.0 ::?,~}.5 (i.,5 ::r3,..5 

6 a..o 13.0 a.o 2.8 5.,0 5.5 0.5 e.o 4.0 5.,0 4.0 5,,7 4.5 7.7 fj., :17.0 C40 :t."!•O 
. ., 11.5 :15. 0 f3o5 :;.o 5.'1 3.2 s_o 5.5 4-.5 4.5 ,.1,.0 5.0 4.5 f.,5 e.o · 15. 0 c..5 :rn.o 

8 7.5 12.2 a.o 2.1 4.8 5.3 6,.0 4.fl ,i.4 4.0 3.5 5.0 4.0 o.s e.o :1!5.0 'l.:J <J,~ .. o 
9;,o 12.,0 7.5 2.2 5.,0 S.:l 6.,0 5-0 4.0 5.0 3.0 4 .. 5 3.5 7" 6.8 113..0 ~'i.7 1l.7 9 . ,-., 
9.,5 1:i.,O 9.0 2.0 5,,8 3.5 B.e 4.0 4.0 4.0 3"" 6.0 ,1,,0 0,.7 ?',.!Z :J.ts.o 0.0 :l-<1.0 10 • ;:J 

11 10..0 13.,5 9.0 2.0 4.0 3.0 e.o 5.0 4.0 :l.O S.6 4..5 .,,,:o n .. ~~ C.7 :lD,O '7. 0 w.o 
12 10..8 1?,.8 S.5 2.1 4.0 2.,9 s.5 5.!i 4.5 4.,0 4. .• 0 ' 5,,.6 4.4- a.;:; '7.5 1('1.0 5,.,5 15.0 
15 1$.0 12.0 7 .. 1 2,,8 4.0 2.9 6,,0 5.5 4.,0 4.0 4.0 '5.0 4-.0 c.5- ,.o I :i.J.5' <;.o 1a.o 
14 6;.0, 12.0 ·1 7.,8 2.2 4.0 a.o e.o 5.-0 4.,0 5,,0 4.0 5.0 4.0 e.4, o.o 1 .. ~:.CJ ,,., r; 

115.0 •' ♦ -'i 

15 e;.o :12.2 a.o 2~1 4.0 S.0 7.0 5.5 3 ... 5 4.9 3 <) 5.0 4.'2 6.5. 7.0 '16.2 7.0 :l•?t.O . ., 
l& ?.;O. 11.,B 7;.2 2.2 4.0 2.9 5.5 r,. :t 5.,8 4.8 4.0 '1 .. 6 4.0 6 .. 5 e.2 1G.O f),n<l 12.0 
'rl 6.5 :1:l .. 4' 7.5 2 .. 2 4.,0 2.9 6.0 5.,5 4 .. 0 5-0 4.0 4.0 4.0 6.,,p '7.0 . 15,,5 7.0 :i::i.o ------

!lean 8,,3 12 .. 4 '1.9 2~2 4.5 3.1 e.o B.:l 4.1 4..7 13,.8 ~).1 4.0 e.ir·, 'l.O :t~.i c.5 :ta.5 
Racge e.0-1:1.5 :11.2-13.0 '7.0-9. 0 1.,:1-2.a 4.0-5.8 2.s-a,.5 50 2-'i'.O 4,.()-.fj,.0 ;, .. 5-5.0 "-.0-:5,.0 3.0--2 .• C' .~.~~ .• o ~.r,-~1.5 6.0-.7.;'l 6.0-B.,0. :.'.i5. 5-:10. . .).:i-,,,.0 1:1.7-16.0 
S.D. :1.76 0..65 0,,60 o..~ 0..62 0.. :19'7 0,,40 0~5:1 0.56 Oal:iB • 0.32 .:1.-00 0.. f:6 •J.4$ 0,.;fl I :1 .. ::2 i::.n, 1.01 --· 

l'.ength of Foreleg "" '1ler, !.enGth o.f' m.n.U.og no~ eltb.m:le to [aaect Meaoootum !,fetanotum LeOIJt!l <;>f '··,.a -> 
fiea lfumbor , Ylidtll length at i 

mtadle !?emur iibia ! Tarsus 1 Tarsus 2 Pemur Tibia 'l'arsuo :!. Tarsus 2 Feml.lr Tibia Tar,1Uo , Tarsue 2 
" '' 

1 ~o 1.2 7.0 7;,0 2.2 4,,0 '7.0 'l,.5 3~5 3.8 10.0 9.,8 :::.o 4.0 ... J!ale 
''"c2 14.6 1.5 6.0 '7.0 2.0 4.0 7.0 8~0 2.0 4.0 10.0 .11.0 ~; .• o 4.0 ' - .,. 

~ 2:1..0 1.8 a.a 7.8 1.,8 4.0 7,.0 8.,,0 2.0 4,.0 :1::.c 1:1.5 :3.0 4.0 m.oo ClOlCOO 
., 

. 4. 25.0 1.1 a.o 8.,0 2,.0 4.0 9.0 B •. o 2.5 S.,8 11.0 1:1,.8 ll,.O 4.0 It .l!'emole 
' 5 20.0 1.2 '7 .. 0 a.o 2 .. 0 4.,0 s.o 7.0 z.o 4.0 o.o 10.5 5.0 4 .• 5 " J::!alo 

6 21.5 :1.,0 s.o 8.4 2.0 4.0 9.0 e.o 2.5 4.0 11,.0 1~.o 1.0 -;;.a - Fame.lo 
7 20,,5 ;J...8 '7,.0 7.0 2.0 4.0 7.5 7.0 2.0 4.0 10.0 11.0 5.0 4.0 iuna ~ liclo 
B :19.5 1.0 a.o a.o 2.5 4.10 7.0 8.,0 2.5 4.0 10.0 1:1.,0 5.0 4.0 " rt 

0 18.5 1 .. 2 a.o 7 .. 5 2.0 4.0 o.o 'l.O 2.0 4.0 9.5 10..5 ::i.o -1.•J n " 10 23;.0 :!.3 8.0 a.o 2.2 4.0 7.5 a.o 2.0 4.0 10.0 11.5 s.o •1.5 lllid: ~ Fe:·)etlo 
11 24.0 1.0 e.o a.o 2.0 4;.0 a .. o o.o 2 .• 0 4.0 :JO.,O 12.0 5.0 ~.o II1~ 00:l!M 
12 20.0 :1.2 a.o s.o 2.0 :J;.8 8.0 H.O 2.0 s .. a 10.5 11.0 5.0 ,!.O . " <'I 

1:5 :m.o 1,.2 'l.O 7.5 2.0 4.0 s..o '7.8 2.0 .i.o 10.0 10.5 5.0 4.D ;o ,, 
14 17.2 1.2 7.0 7.8 2,,0 S.8 s.o '7 •. o 2.0 4,.0 9.o :10.0 ~,.O 4.::1 " r, 

~ 20,.5 1.8 7.2 a.o 2.,0 4.2 a.o e. 1 2.0 3.8 10.0 11.4 ~.o 4.5 .. f.1;;lo 
16 20.0 1.2 e.5 7.0 2.0 4.0 a.o a.o 2.0 3.,8 10.0 :10.0 2.G ,s.o 1" F0oolo 

...??_ ro.o :1.1 '7.0 7o4 2.0 4.0 7.5 7.5 2.0 ~J,.O 9.0 10.0 f,..O 4 .• 5 " !5(!1.lc, I 

laao - . --------
'lange 

:m.o 1.3 '7.4 7.7 2.0 4.,0 'l.'f) 7.8 2.2 Bell 10.0 10,,9 :1.0 4.2 nt.n:l co:m<l 
3.D. 

14.s-24.0 :J.. o-.:1.s a.o..a.o ?.O-S.4 1.a-.2.5 3.8--4.2 '7. 0...!:). 0 1.0-0. 0 2.0 .. 5.5 s.8-4.o o. 0-12. o o.a-:12. o 2.0-4.0 4..0-4.fJ 
2.27 0.Zl 0.65 0.45 0.15 o.ob'? o.Ga 0.54 o.::io 0.10 0.7'7 0.72 o.w o.na i 



a 

not as rag,A.ar .. 

:f"E:.."melea, aw seven 

or tinge, nnd 

to 

in males, 

deseriptkms it i.s seen tl:1at each nympba1 1nstar ia readily 

a.tstinguished by sbse~ by cllaraoter!stic black p~leotation cM1 the metaootum in 

the fh•st three imtarai, by wing pad de'in'ilOJ?mefit in t..t,e fourth and f'iftb 

wtars ( see 1 ). The ahallo;,,1 groove on the ventral surface or> the thorax, 

in which the rostrum r.,artially rests, was well developed it'.! tba fifth s~ie., was 

slight tn the fourth stage, wrul ve-~ fai:ntly visible on some third but was 

aboont' tn aeoooo. a.m first stage ~hs,, !Iooever:i there 'WaS in all atages:& a 

aeepe:i> rostral groe,ve O't1 the urderside of' tbe beada 

?twas ooten that fourth aw fifth stage nymphs caught io the late au:tumn were 

~r i.n colour, toot is ~eere a denser blaok on the head o.m tbora.1'~ am in some 

cases 'the abdomen was soowi.nt3 a blookiah tinse at the sides. 

Soma mate1~1a1 ,ms preaeirved io Gerle• a f'ixatiw which was wry satiaf>ootory, 

because sp,oinensi> even after several montns, ~ aaareely f>adec., 

l?ro.&1'!!!sion !~ .~rpftb 

lJyaz (as mentl.oood b9 Ustnger't 1942) suggested t.llat -the eolet·otized ;arts of 

the tnsee't body inm.."ease in sue tn a moo:"e or less regular ge01netriool progressi<>D 

tlur1ng suooessive !tll!i.tars, there being a ~n :factor for each s1::ecies rer;resenting 

the inCJrease in -eize at ea.en moult.. :Prztbra.,n {:J:·ntbr~ aoo J>•!JO.!J,l.lj;:>t;.1,<.. ) bas 

extended this I.A"'1ooiple ancl giws a theoretical p:rogl'ession factor of 26 { tbe 

eube root of 2) for tnooats in ger.iera.l,. 

Head widths or r~hs of each instar were ms~ 

at X'an:lom: Stl:Bples caught e.t h1al:19e!V Agricultural vv ... ...-~,/N',U 

in the ease of the .t.,.ourtb. and instars:, abo 

rneas1:lt'i~8lf~n1:a are SOO\lll in Itrlivttlual 



scclymial 

joints o~ 

h?r,~:::-fljfu,wn dark 

; ln 

Alxloolew- :fu mked eye appears grey-brmm but on eloser e:a.mination appeat"a 

mi.lily ~; bao~ound colour of dorsal segments g:r,eyiah blue 

{o. !Ii, .1-4 ge); whlte SJ?G~ in a r0\V ooroas each eegnent, each spot 

mrrouriled by a. reel (o. :KI.lit ? p:,) bol.'iler; ~,1tne.l scent glat:d 

openlllgs bloolt {o. ll:Jt 2 po); a derk line on eaeb side of aotw:·tor scent 

]:'?OSterlor 

2 pn}; pleura 

W grey (o. J. ca), each 801:m'll':,!'li'; Hll'°.i.Jt.-l<cr'U 000 red 

7 ) b&r dorsally arid two 
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Head width in scale divisions 

Distribution of' head vridth showing the five nymphal instars in 
Nysius huttoni 
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to be 

the 

trtmo&ll ~ 

smaller toon •"''-I="'"""" elearly more than a StUf 

tfualus coeoosul~ ,..;:..l.w • 
a bi~l d.istribut1on in the ft?th QVt!l'fJttaJ. ~ 

aemonstrateil by ( 

attributed the dOtlble peak to a sex i.U.ff:erer.ce9 1.'he author was able w diatl-ngutsh 

the aex .o-r f'if-th stage !~.,.;~'t?,~~qP.! r:r-,yrg_phs aoo ooooiders tf'..a.t the t:r,;·,,J:iOdal curve may 

At th.ts stage it ~a neoessa:.r:;1 to tl-.ete;t'm!OO whether or rot. a sax ditf'er&rlCe 

was lnwlved.,. l~ecordingly • the body msa.sw:'ffl'nemt data from i'able D was divtaed 

~lY head w1d:th, length of' meso~tum at mi&lle~ wtath o'f: l)Z"C)n::>'t:U~-i:1 

meaotlO'tum:it am ru:e- p..-re&entad t.n Tooles 12 - 15.., In beadwidtb 

,;esorotum at mi&11e there was m at.gnifioant dtf'f'erenee between the se~es. 'In 

width of pro~tum:t a dtffareooe bet!i'een the sexes~ 1:d:.gnif'wa.nt at the ft:wj cent 

dtf'fereneee bett:ereen the sexes oould be demonotra:ted. Therefore, tti.e trimodal 

in the 

:preserved ma.te:rial" t".JO 'l'f?'f,1 w,., of' t>if'th s't!:tge J'rt>l'"""'f'•"' we:r."'e fJOteil - short v., .. 1.11c• oneB, 

i!m.lch. took OTl !"i greetlish a:tx10!l~!U:1!::1J. 
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Morphologiclll 000..raoter :Mean meaaurei:rent in sea.le divisions 
Males Fem.ales ----------------------~---~·-------------

Head length 
Head width 
Interocular width 
Eye width 
Anteocular length 
Eye length 
Rostral segraent 1 

u H 2 
« r1 3. 
rt n 4 

Antenna1 segment 1 
It r, 2 
fl !l 3 
!l tt 4 

1~'?'000-tum length 
Pronotum width 
!(esonotum width at middle 
Mesonotum length to ti.p of' wtog pad 
Mesoootum wtdth 
11.ete.ootur:n letitJth 
Fore:f"emu?' 
Poretibia 
Foretarsus 1 
Foretarsu.s 2 
M1.afemur 
Midtibia 
Midtareus 1 
lU.d tarsu.s 2 
m.ro..f'emur 
Hlrottbia 
Hloo:taraus :1 
Hind.tarsus 2 

4Booy length 
~Abdomen width 

ti•Not included in Tab le 9 

7.9 s.7 
12.1 12.6 
7.8 d. :l. 
2~2 2 • .5 
4.5 4.4 
5. j s. :1. 
a.o e.o 
5.4 5. :t 
4.1 4. 2 
.4.8 4-.6 
5. 7 ~.9 
4.9 5.3 
4.0 4.1 
6.4 6.? 
6.9 ·1.0 

15.0 16,.6 
6.8 6.2 

15.4 13.i 
19 .. 2 21.• .. • 
1.4 1.2 
7.2 7.6 
7.5 7 .. 8 
2.1 2.0 
4.0 4.0 
7.6 H.2 
7.6 7,.9 
2.2 2.1 
4.0 5.9 
s.v 10.2 

10.? 1:1. j_ 

5.0 3.:1 
4.2 4.2 

41.0 w.2 
llJ.5 21.1 



'1'!\.DT.B :12 ._,___. .. 

·•◄--·-------,----.. ----·---·----· _____ ,, _____ ,. _____ , -··-------------~--~----------

Source of 
·Vf.il"fo.tion 

Degre{'7S of 
Preedom 

Bums of 
Squares 

Mean 
Square 

F. value F. required 
5; :1;:f 

---~--------·-----------------------------------------
Saxe$ 
Rema i o::1er 
Total 

:t 
:15 
:te 

:t.ce 
5.6~1 
6.70 

:1. 00 
0.?fl 

----------------------------~~....,.,--.... , .. _______ _ 

Source of 
Variation 

Degrees of 
Preedom 

Sums of 
Squa-r·ee 

F. ?'e(JUired Result 
5;:; :t,s;; 

-----------------------~- , __ .,.,,,_ e ■ .....__-.... --~-

Sexes 
Remaiooer 
'l'otal 

:1.44 
? • !5.3 
8.97 

Tf;}}!E 14 

1.44 
0.5:} 

At>!f;i.X!:W:l 01,-' Vi\llILHK:1:: PU!l tatTH O? :FRONO'fl.JM" .t'\2: r-o~➔TltRI(JR 
.......... _ !Ii .. ............ ~ - ~--·· • - •••.• ... ... ,., ..... ...,.._..,.. ... _________ . ..,__.,._., ______ ~------------------------------

Sou...""Oe of Degrees of Sums of' Mean F,. va1ua F. regutrec1 ttesult 
Variation Freedom Squares Square 59~ l;il, 
...................... -- . -,~-- • • m II • • .. _,..,_,.._ 

Sexea 1 10.:;4 10.M 5.81 4.54: 8. f:j{j t~· 

Remainder 15 26.70 :1 .• '78 
Total 16 3'1.04 -- . . .. .... ..... -- - - .. . . . ,.,_ ................ -

--------~--..,,.------·----------------------·-----
&>Ul"'Ce of Deg:re<ta 0£ Suma of Mean F. value B'. required Result 
Variation Freedom Squares Square aJ'; :t}i ... ·----- -· --- -
Sexea 1 :ia.4-o :1.S.49 2.95 
R.ernain:le:r 15 68.7;5 4.58 
Total 1.6 8~? .. 24 
-·- ... ..... , -~ . .. -"" ,...~.....___,._,__.._ ...... ~---·--.... -.- ......... ...,. 



Dy divkli.ng the mean head width f'or eaeh inntar by that or the previous instar, 

the growth ratio between any two successive tnstars wns obtained. The calculation 

of the man grCiltth ratio is set out in Table 16. 

2nd. 
:lst 

5th 
wi 

Ad.ult --5th 

1,.30 

Mean growth ratio 'for nympbal stages, ::i.31 

i~dult~ :13.5 1.10 -~·...,_- - 1.1:1. 5thd" :1.2 .. 3 

Adult~ 14.0 1.11 
;..::-. 

5-th i 12:a 

0V\3ru11 mean grmrt.h ratio from f'irst instar to adult 1. 266 

Usingex (1042 wor!d.og on :N1 c~e~~~i~ nymphs obtained a. mean i,..;;rowth ratio 

of :l.5B which is near Frzibr&1!'s theoretical rr0g.i:-eosioo £actor of' :1..2r .• '--.Jith 

r~, huttq~\., the mean growth ratio for the n.,y"mphal stages wt~s :1,..3G which is ver:1 

aw.ilah1e, the growth ratio beti,~en the ft.fth atage nymph and the adult was cal-

oulc .. te<.1. Head width measu:i:-er:ients or 100 adults &."'e shown in .Appertltx. IITh. As 

the nymphs could be ee~od in'·the ftrth stage, an;t because there was a size diff'­

ereooe between sexes 1n the adiut., the ratio was oalculat.ed -f!or each sa,."(. 1l'he 

heafuvidt!is of the ftf'th stage tzymphs used were those shmm io Toole :1.1. The ratios 

Qbta.tnoo, 1.10 arrl .1.11 ·were aloo in reasooohlc ngreement with ri.,.gibl'o.n's :f'ootor 

and showed that tho.re W'af.1 the snme 1:elativa i.t1CrHw3e in growth f.u males a.oo 1 .. emales, 
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The overall mean growth ratio, fl"Orn first instal• to adult oame to l.266 correct 

to three decimal placeo, a.m this almost equals Przlbram• s factor. The ratio 

btttween the fimtl oymphal t.nstar arlC:1 the adult should be included in the mean 

ratio because growth does occur be~len these two i.nstars. 

The ortgtnal deecription is rep;;'od:.100tl here: 

?~i~.~J!!~ White (1B'79), 1,:nt. !lontf.1.ly Uag. 1£ : t>S 

"Obovat..e, greyish-testaceous with grey pubeE'>Cence and ooru.."ac .fu.scous 1:~ootu.rea; 
head rather rtooly vunctuate, black, the ve1~tox am the antennae reddish-brown, 
too outside or the 1st joint of the antennae, the 2n.'l am ~:cd 1;,tn'llll\ls the apex, 
and the 4th darl(er; IJ!'OOOturn with a t.."""anErverse band ooar th{~ front margin, a 
centrul longi tu<l tna.1 baoo abbreviate,1 befo:i:.-e anl behind., the aides, am oor.:ie 
spots within the M.oo a.nglr:is, irregularly black, as ts almost all the &.."'Utellurn 
exoopt the e:ttrei~ o.r:,~x.. Elytra st:ceaked rore or leas with black, the extreme 
.front margin arrl three si::ots more or less conf'luent on the apical margin• 
always f'uscous-blnc!k; me1nbrane whitish,. spotted with f'uacous at the buse; legs 
.;yellow-testaooous, s:i,:ott.etl (especially the fem:ra) am :i;-,uoo'turecl with black; 
the :1st aoo 2r~1 joints of? th.e tarsi at the base,. aria the wool.a of' the 3rd.it 
fuscot.xa-black; body below black marked vrtth. yellow. Head sub-equal in. length 
to the proootum, am with the eyes somewhat broader than the apex of' the latter 
the buccul.ae not reaching the ba.ae of the head, ecarcely deereasirJg in height 
ba.ckwa.~ and sudt1emly ending, abou.t egual to the 1st joint of' the rostrum; 
1--osmx11 reaching the hirrl eoxo.e; 1st joint of the antennae much~ and the 200 
a little lot)[~l."' than the &·a. Scutelluril with a trf.radiate elevation ln the 
middle. 1'.!:l;ytra a.uh-parallel at the base, t~n dilated and re:flexoo along the 
f'ront i~u-gtn. T..ength, 3}-4mn.; breac1th, 1~ n 

~"llthough aatisf'actory for identification purposes, the above clee1CTlption does 

oot conform to present day standards. Aocordtogly i. t ts redeooribed below. At 

this juncture,. it i5 necesaary to explain that -what i.s oow designated a.a N. huttoni 

ean be dernonstrated to corm;,rLse three size groups. This 100.tter is considered in 

esome detall ln the second part of' Chapter 3. i!'rom the sizes giwn in the origiool 

desod.:ptton, there oan lie no iloubt toot it applies t.o the large population, aoo 

00"('.JO!'clingly, the redescrlptton vms made on that J?OrJU.lo.tion. 

Def"lnl ti.one of' Te1'.'l!IS U ~hl. 

1.feaaurementa of' adults were taken from sr.:ectr:iens mounted on points. Antennae:) 

~oetrum a.oo legs, wei-e mee.sut'ed by tipping the insects ao tht\t the desired part 

was in the ho1'izm.'l'tal plane. All other r.lElam.n.'ements wer·e taken from directly above 
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the insect, when it was in a no:nno.l ho!."izonta.1 p::>s'Ltion as d0p.tcted in l::late 3. 

Usioger (1n4}1) sa'ic1, ns11ec;irneos were meastL."".'ed by tipping the in:30cts so tht'l.t the 

desired pa.-cta were tn the stm1e y;lnne 11 ~ Thus, as the Orslll!rie ht.1a.d is somewhat 

deoliwus, head. length mea.au..~d a.fter Usinger'a method would be longer than when 

measu.rec1 after tho authort s methoc1. The latt-er method was cotlSider·ed more pract­

icable, because the lengths of all pa.:rts could than be added together to equal the 

measurertcnt obtairied for the total length of the ineect a.s deftn0d tielow. The 

meaaurar::~mts u,sed by Us!nger t.ave been f'o11o-.ved, with some additions, and the 

alteration in head length. SOtre of the terms used in the descriptions and Tables 

are selr-e:xrJ1ariators, but othern neectin16 t"urtt1er amplification are defit:l::Jd below. 

Ie9s:t~ ~£'., t~ from paate:rlor of' head to tip of tylus (mee.aU: ed from directly above 

the ln.aect,J. 

Vitdth or- he~ ioolul!.tng eyes .. 

Ante,?cular lenatQ meruti.u.'c?d ft-om level of' :f'J:ont margh1s of eyes to apex of tylus 

(f'lx.?m db'ectl,y above insect, as in head length). 

Interoeula.l'_'.~ \'ri.d_!tl le the shm:test diatanoe between inner margli:.1e of eyes, 

.Ante, • .,!!TJae 2.ta.,.£f..~tr':!_ffi each oog;:1ent meaaured i.ooivi.dually and then added t~getber 

for the total length .. 

_le,!!t;th qt,~!}Rtur:! 01:1 modi.an line. 

j~ngt,h .9.t..r'~:x.:,~~ from apex of comm!ssu:n:e olavus to posterior o:r wembrare .. 

~Eg~h !~L~r;!L~.2~.Y-~k.!£L1J.f. ~pi~..!.-~ £0£!§':, meH:latll'ed from an 3r.ID.glrW"Y 

line drawn across these a:pi.cea, to poatar1.or of membrane,. 

l~ngth...2~1:Jb~a.r~ be~ooo JX>~te1·1:;~~-2f.~domen. Usinger t.-"ieasured this f'rom the 

<lor.•sal surface., but the autl1or :round that i:nverti.ng the speoir.;en fo1' this 

menm .. u'e;-,1t:mt gave &"?>eater aoeur'ncy, as many men'll)r-aries "i7e.r'e oot clear • 

.l.e..m:rt~1 of .ci~ on a straight line from basal articu.lution at humeral angle to 

outer aplcal angle. 

j'iidt~ .t:?f jpsect ls the a i.atanee across broade1;;1t part of herne~lytra. 

lan£r.tt1...2f_lnooet meaStl..'t"Gd in a single plaoo :r1:.·orc ~.1.r,e:x of t-.1lua to ;:onterioI" of 

membrane in rnaero:p-tm. ~;;.1$ an:.1 suh-brachypteroua f'o:r~1is, and to postertor ..:if 



abdomen in bracbypteroua :f"orms. 

The author.· tr.eluded fm• ro !lowing adc1 it i.<rn.'l l meaaur·errents 

abdomen • .,....._ Ill,-

Usir.rgcr vms not t.a!:cu on ,rl• ... ~!,t6,>,I'!! because thts point eot1lcl not be readily 

asc!"7.rta inod. 

'i:he term 1;:iae~>::_OUf!! refe:r?s to tn .. 9<:mt.s in which the wings excet3d the r,iosterl~ 

of the abdomen. 11~..::,bI.:.,~t~~ is r:1. term ta.ken frotn Wo,'.'.ldward (1954 ), and refer~ 

to tnsects ln which the r.:oateri.or of' tt~ w1ngs ia lewl with the r;ostel~io1· of' the 

abdomorit, I ht'\.VO !riclm1et:l in thin gt•1.:mp insects in which tt:i.e wtnga aca:i.'Cely exceed 

the y;-oated.01.' of. the abdomens Lecause in r..,osaeos!ng convex and strongl1y rouooed 

wi.ngs, they clea,--:ly belonu; be:i:-e. The term .Q.TaCh,ZP~~~ refers to insects in 

which the roate:.:·t.or of' the wings does not reooh the posted.or of the uh<..iomen .. 

height posteriorly axil suddenly end tng bef'ore poateri·Jr mtu-gin of head. 

Rostrum exterding to r,.oaforior 000!'.He~ aoo resting in a groow cm uo:ler­

sid.e of head, and r..artially in a shallow groove on ventral surf'aco of 

broad a.nte.1:iorly a.a long, 3.1:~.9; two thirds broader p.:rnte:i.--torly than 



' 
.. A r~acro,terous male, 'large J?Opulution; B macro:pt,01:--.:;1..us re~r,ale, l:!U'ge 1::opulatt.:;n; 

q sub-bro.chypterous f'emale• med.tum l)Ol?Ulatt,:;n; :D trncll:}'1?te.1:·ous female, necl tum 
·1:io~~t;irm; FJ sub-bre..Ct\Y"i:>te.t>ou.s male, small pop:.:.lnt5. :in; 'i!' sut-braohypteroua 
£"9ma1~~ ?, m.!',tll1: ~t Wf-.11 

A 4 mm B 

C 
D 

~ 



;r,vqt~ hutt_o_11t adults~ lateral 

A - C M in Plat(;) 2; :i) sub-bre.c~pterous ma.le, sn::o.11 ror;.u.1;::..tbn. 

A 

B 

C 

2m.m 



long , 1-. 0 :~~.D; sf.des straight; r:osterlor ic:dge sHr;htly convex; punctate, 

but eoroottrnes only in !.11:ller, rosterior 1,--0:::tion. ;;cu.tellum b J."Onder than 

long, ~-'S. ~: 2. ~1; -v1i th u h,tx·,;.c_l iato olcvo.tion tn t~1 centr·e; ~l::Jmettm.ea very 

sparce1y ruootate. Pronotum arrl. soutellum cover.-eu by c1~::..':'a(~ hairs, but 

in tho f'emnle,. only by n fioo 111.lbeac:0oc·o • 

.Il_eroolytra: scarcely to slightl y convex; eZCl.~e--J i.ng tip of clJdomen by one i'o:_irth 

l e ngth oiJ toombrerne, :J. t",:6,,:,~; membrane ore seventh shorter than costal 

mDrgin of col'.•f.u.-;1, G. '..'.! :'l.!.1; the portion of' roombra.ne p--.>st.er· ior to le~,1 

o l' apiccs of' coria ar,proxtr:,ately us long as the port i on a nter ior to 

thia, ~1. ~!;5. O; costa l m...'U'gins straight but dlverglng al1-r;,:.:rnt to apex of 

scutelhrn arrl then arcuate. Three block blotches more or les.J confluent 

along suture between cor-ium an:! rne!lf:lrane; emboliurn d tstinct, o. 5 scale 

div-tsiom3 ut greatest wtdth; clavus t:'l.nc1 cor f.urn oover·ed by a fine pubesc­

ence;mot:ff)rane veined aoo opa que , but sometimes clear• Hin:.lvrings 

1Jlightly sf1orte2~ than f'or.e ,lngs , U. 6 :it).6; usui:;.lly extei:x:U.og a. little 

beyooo por,te:r.tor of abdomen. 

.Tf:.S~ 'femora spotted, :f'c.>refegio:ca shorte: thi!.n mi.c.1f01,JOra, mta:fe,nm:a shorter 

than hioofemora, :.i. 0 :5.5: 4.6; roretibiae shorter than rnidtihfoe, midti.bia~ 

shorter tho.n hioo.tibiao, ~;.8:j. ~,: 4.B; aecoo:l tm.·Bal sennent, srortest, 

O. f5; f'i:cBt arid third tarsal segnents of e qual l 0ngth on fore- a.rrl m.id.legsi 

o. e; but fi.rs-t aegr:ent fongeT than third on hind tnx·sua 0 '.1.3: o. u. 

r.1ei:na.1e: l ar ge.r in gerei:al, anl in :parti..ct..lar br-oade1~ across hemelytr&; ovi-

1;:x)Sl t.or cleft r:10:t--e tJum half length of abdoroon. 

Sioos Male: mean length ~:, .. 74 r.m.; mean width (bead) 0.13G mm.; (hemt~lytra) 1.57rm 

F'emnle: r.iean lo rigth -1.. O') rrm; me an width ( heas.l ) o. 94 m:,. ; ( herae lytra) 

1.6'1 m:n. 

Colour: 

~:black (Ostwald ser ies I!, 2 po) sor.netlmes cornplet.ely, but usw1l1y mid 

dorsa l surface 1 lghter to colour to :reddish brown ( v,...i..ryi.ng ln extent); 
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e,Jea reddish brown ( o. T\f, 5 pl); antennae yellor,ish brovrn ( o. V1!I1t 

;1, lo) on first al'1(1 second segments, thtrc1 and fo:.,.rth se@nents l1ark 

brown (o. TV:, 4 pl); rostrum black (O. n, 2 pn). 

£!:2.~: bM a den..'¾3ly black {G. series v, p) transverse barrl ooo third 

rmte:d.or- hal.f aoo ITl<.-">.i.nly pale bu.ff or dull straw yellow ( o. IV, 2 go) 

in posterior half, but sometimes comr,letely blat:?k• SoutelL: · bla.ek 

to almost clear; three black blotches along each om•i.al s:.,ttU'Eh 

.!:3..1,~s: ulso r..ale buf'f',, fe,uol"'a sr:ottod black:, third tarsal seg-,Tient clru:'k brown 

{o. IV, 4 pl). 

No short wing forms of' the large po:pul.ati.on have: been found. ;\ p:msible 

Qplanation i.s that ~ reduction in wing lentz.th may be accompanied by a reduetton 

, ln wtng width io which ease tbe shcn::·ter wtnged iroi.vtdua.ls vrould be pleced tn the 

medium JX>pi.1lati/.m.. If later, short wing forms are :rouril., tiwn this deet~ripti.on will 

med to be exteooed to tnclude all forms. 

Too red~scrlption shoa.lll be cor11pa .. ""'ec1 with the deooription of !F~i\);ll£f.:i~ 

oon~ Using•,::>r (1~)45) which is 1_'.)l:·obabl,v the elot'l~Jst relative., and the ~h,Yn~~ 

scute11Ui.7 to length of scutelli.m1 la approximately the ~re, aoo the antennae are 

as lorig as head, proootum and soutelluro t1Jgeth0r. However, when heai1 length ts 

tnef1Surer1 after Uainger' s rr:ethod., ihe latter ratio is altered slightly in li•. f~ttonj, 1 
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Fro1:1 exa·:tootion of 900 field speetmenB mount.ed on p,ints., t:\t:d nt least 

another :WOO .fi.eld srecu:1ens preservec1 tn Ca.rle't, f'ixative, it wo.s obvious that 

tl-ie rangn of' vartatlon within the sr.Jecies was gx·eat. Three forms:> nl9.Cropterous, 

was made to det:.,:;nd.r-a th(7 inf'luence of ten:ir-0ratw:,e c.1u:r-1.ng nymphal oovelorment on the 

wi.r,g f'om ex:pressed in the in:ago, beco.uoo ·work by f, irmleev,-\Jrth ( 1952) on J~.~~~ 

l?ro1ixus St~hi, in:11.cate<l. that high temr.erature favoured. n1f\croptecy~ aoo low temper-

'l'11e1>e t\:t'e a fe'\/'E Bawni.i.a.n Orsilli.na s::-ecies whtch have re1atively short wingn, 

but in almost c..--nrery case om form only, occurs {U singor, 1D42 ). ~ili~.j ~.U"a.Ch,"t,t:;I~i4S 

whitei.."broohyptc'.:r;o\15 Usinger ( 1942 J. was made a &-"':para.ta aub-ar;eoi.es becaune :i.t had 

a shorter wing. It aeooied likely that the three foims in N. huttoni v;-ere three 

c1if'feront forroo of' tba same S)?ecief1~ for twr> .fo!'4!S oeom· it'l ~~~~r~ 

WoodvJard {:1Dt>4 J v1i1ich belongSto --the subf'a::,ily Gymtnae., and is also eo:1emic to New 

Zealarrl. ;:_v interbreeding maoropterous and sub- broohypteroua f01-ma (both ways), 

it was hop.:,1d to elucidate this problem. 

~!.'he $pecimens also di.i'fm:-ed. in si~1, and. there seemed to be three size groups. 

size a:rid not wing form, because all three fonw ocCtL~d in at least two of the 

sbe gr<>tws. The three rethods (outlined above) o:f stu:1ying the varw.tion with.in 

N. hut~ are diseuased separately. 

J;f'f'ect of' Tenn:.ero.tuz•e on t'lin;) Form 
"Cf • Q .. L 1w 

't'f10 three forms ooer!led to oo<n.lr no.tu.rally in both se:i:-es,. Wigglcm1orth (.1952) 

st10\mcl ·with ;.i. -,~):t.'Oli:ln:.IB n-;,mDhs toot a frl,_.~_h ter;VF,rq,ature (34°c ). in too fourth sts.o/" 
_,_,__ )IIZ.. ➔~-- >J J~ .ki_ ._.$;,"'_, ~~-
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proc1UC(,~ larr,er· than 001-rilUl ~,tng IJ<..'\ds in the £'1..fth stage, nhe:ceas a 10\r ternrer­

atw:e ( :w0c) produ.c.od S\:?laller than oo::wHl winrc; rxlla. '.b'.he optfo: um tempe1Y1ture for 

~(·cot'dingly, fourth stari,e ny'f!l7jhs of" N. hutt.oni 
... t. ....... • ·- --

high ter..:'rperattU:·c favoured m:a.croptecy, an.l low ter:.JI~ratu:ee hrachypt.ery. 7'he temp­

o eratm·as chosen wer-e: high, 34 c, in a controlled war_peratur-e oa.bioot; low, 

11 - C ,1_-«r:; G·-<),, l .t7 ""O,., i th ~ , -t:, b .t ~- •1 J miD:l.Ul!...lffl .;). ~ J . .J. "-'• max li:-llXD -\ -,.,.t. 1.,, n e Sdacie 0.L U ai·n .t.n .lleCtc.'llT,iJCr; OOX'tlla •JI 

minimum c.7-:10.~:ft~ mo.x1murn 2'7.8-M.4°c, in a g,:eenhouse over a complete season 

Resul-ta at JI1qh Temoeratu:res 

The nymphs were kept in glass tubes., cow~ed at ore end by butter fl'JU$lin aoo 

sto:;;,1;ied at the other with cotton wool ·plugs. !1 sprie of twin or'ess (Cororppus 

d1d,limt18 (r,. ) Dm. ) w€'~'il :repluccd daily fm."' f'ooci. Helatiw humidity was maintained 

placed in ea-:.~h tube, arr1 generally two tubes at a tiroo were tested., A total of' 

eleven tubes o:r. nymphs v:ere sub;)octea to varying t,ernperaturea 11 axil the :rosul ts are 

TAB!E 18 

- .. -~ 
Tube Temper-o Adults p:c•oduoed i'"iing 111orm Stage of NJ'l'.ilpb.s 
.NumbCl" a.ture., C :Males Pemales when caught 

1 54, 2 1 soo•.:brachypterous 5th 
2 M 4 n tt 5th 
3 M 2 tf n -n 1 mooropterous -
4 3•1-35 4 5 eub-brachypterous 3rd 
5 1.:6.:1 2 $1 51 4th 
6 :36.5 2 1 II n 4th 
7 47 Died l:\S nymphs -
8 44 Nym-rJha lived 2 daya 4th 
9 44 Nymphs lived .4 days 4th 

10 4:1 .. 7 1 rnacronterous 4th <• 

11 4::1.17 Died. as nymphs .. 



The stages of the n1imphs when the exper·iment vro.n aet up (a.t-iown tn the l~.st column 

of Tat:le :m)~ 1:~re roni'irmed L;; the nurnbm:• of cxuviae left in the tubes. In the 

first tvrv tubas tog;ether, the nymphs which ware thought to be at the fourth etag<:J, 

mu.st have b,~cn l"~t the fifth star;e, .for there v1ere only seven ex,lviae { the remai.ulng 

naked 1::ye on what oo~icied to be nn obvtou ... ~ stoo dtfi'erei:100, '1.e. ull the largest 

nj1mphs (fifth stage) were rer:ioved, ~ux1 those next size d~m V',ere taken as :t'ou..-rth 

stage. There are tm.·ee possi.ble :'::,~lanti.tfooo: 

(:t) 

the extefit that a prornat,ure mou.1t to the adult occurred :fi::'Om the fourth. nymphal. stage. 

(2) that :f'ifth star~e nymph5 di.ffer in size according to sex 

(5) tha.t tv.o races were t-eprt1sented6 ea.eh differing in aize. 

An exple.nutlon or type (:1.) has oover been ra;r;orted and seems doubtful, 

especially when later :replications using genu.ioo f'ourth. stage n.:;,"ll1phs moulted f'irst 

to the f i.f'th stage. 1.rhe second explanation was disr;~u . by the product ton of' both 

sexee front these small fifth stage r>ymphs. The thL'<'d axplar.ati.on, therefore, seemed 

the roost likely., 

No 'bra.chyptel."OUS forms vlfere produced. The majority of adults produced were 

. o. t~ . 
sub-broohypt.erous. .P. t 4:.1.? C/ ooo adult produced was macroptei"Ous, but there are 

no gro,.,mds for saying that at that t.ern1X:,rature mac1-01)t.ex·s ts f'axtOUred. On the 

eontrary, f'rom the evidence f:,.om all adults :pt'Oduced it W'dS clear that high tetnJ?6r­

atu..~ cl id not favour IDLter'0:,,1tery. 

In the case or tube 7, the temrK!ra.ture was 47°c, but this z·ooo to 5:t0c on the 

second da,y, mil ,vas tben rediJ.CtK1 to 45°c. ffhe nyr,1ph0 dieu on tho third day, bef'ore 

moultln1:;. ThWJ the temtX:n:atu,:o range 47-f:r:t0c was definitely fatal, arid from the 

rosults or tt;ibes B-10, the te111I,-'-<ii:'atu...---e or 4-3°(; v.n".a probably also fatal. 'l'ubes 8 

a.oo. 0 were of esr,ecirtl i.nt.erost. Th.e. nymphs in tube 6 survived only mu c'.l'lys atxl 

t1 !il not mo,ilt. There was ore 51:rig of~ twin Cl'eSS placed in the tube. Tube 9 had 
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atioe from a gr'tmter lea.? sut'fci.c-o in tuhe :/ raised the reJ.uti.ve h1)Ji1idlt/ 

sufficiently b) fe,:ui t lo;r:gu2 w.ti'.viva1. '.rhe:,::"'8fo1:'0, th1:J Ulr;J[.le:r.·ature of 44°G was 

vex·y 11e.:,ar t!ie w.::(:)l" lini t of te1:1_)er·ature tolr::2anco, whlci1 f'e-11 between 44(t aoo 

skeleton had b,:l.'f}en:xl, thr,t death oo<'Ur.·red. tubes :10 atl(J. :tl f't'(li,l whi.ch one adult 

was ·;:-,t•o,'iuf's:~d cor:1pn:red r,ittl tubes G-D, iooict'}.t,.,cd that a t.emperatu.:re of 4:t.'?
0 c was 

hesults at No~.l 'J'ern"':,cratures 
-'-"---.-.~~~-. .-c•., ~-

f'out·-th stage nsimE.:hs f"J.·om the fielt'l ,¥\1j:-e 1:eat'E.."d. in gla.E,s tuJ.:iea in a g:t.'BonhotlBE'l, 

.1 1:.1r.il the :f"onn C>f' tt10 adu.l tc, prc)dOOfc~l ure shown ln Table :w. 
1 

I 
l 

g:J. 1.~·; '~Je 1tL}~; ·L~r.~ .. ~ -~L~~.£1~~:';..t~ ;i1r~-r:.~-!;JS~ 
~-~ .... ~-"""'·-~--~ __ ,_, __ .....,, __ . ...,.__,._"""',....,,_,....,. .. _.,..,,,,.,.,-. ..... - _,_,,,.,. ............... _. __ ~;; .............. ,_, _ _..,, __ ·---- ,_. 4-·-·- _,,,, - - ..,__ -~--
Tube 
numher 

1 

2 

" 
4 

fi 

/,clu.1 ts p:1-:-r..)(1.uced 
};!ales feu1ales 

2 

1 "' .l. 

4 

2 1. 

\iing :form 

!:Iub-brach~;:pterooo 
'I fl-

macropterous 

suii-brachyJ)t.e:i:·ou.s 
,, fl 

b :r.:'f:lch;Y:::)t.t'}l! ·oue 

~Jtage oi' nymphs 
when caught 

5th 

5th 
5th 

5th 

4th 

4-th 
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greyi.st1-b.r0Nt1 or reikUsh-hrow·n on the abdomen, whtlst earlier stages wore orange. 

ttom,rer, fjicro1c,copio exerninatir.m shovred that the so cal1ed fo;.irth stnl£>aoe nymphs were 

actually small fifth stage nymphs (because of wing :pncl dev-elopmant) ao1 that fourth 

and earH.e:r star__ses were orange-c~loured on the abcirnmn. 

In the oo:::n1tll te1~rperatw:·e w.:oup, too forms of a.11 adults ~a.red from. eggs tn 

tne greemour:.te for f'ecuooity anu. life cycle data an:.1 other information, have al.so 

boon tnclui.':l1?d, aoo are shown in Table 20. Ho,r;ewr, the ~reriment summarized in 

Table :10, for ~ilich the starting m.!:.\ti:1.rial waa nym_phs at (about} the fo,u·th stage• 

:tfuri.lher 
or tnooc-ts 

l:Ia.o:eoptero'...l.s 
males females 

Sm.b-brachyy;1terou.s 
Uil\les females 

nrooi1ypt.er-ou.s 
Males females _______________ ,.. ___ .. ________ . --·------··-· ... -·--•-1•--·-··-..--.-" .... _______ , --.-.-· _,,,_ . .__, --·-·-

1st Gener.·ation 

2n:1 tt 

3rd n 

4th l! 

l?rojenies of 
cross aeries i\ 

Projmlles of 
oroas series B 

Total 

24 

26 

'.l5 

2 

10 

:l5 

90 

5 

2 

1:1 

1 

1 

5 

16 

10 

2 

2 

4 

4 

4 

5 

6 

4 

:l. 

2 

1 

:t 

6 

2 

9 _ ....... .......,..._,....,...~_, -· ---•-t--•---:.~-~-----·......,,~,--------------
------ -----•-,•-••--~---............, , r • __ _.,__.. ... _,., •-..,•-~•-~•i..,.._ . .,,._,__,~- ..,_......,_,.,, __ _ 

From the z·osulta shown in Tables :19 and 20 it i.a olea.r that the sub-braohypterou. 

form~ the most comnon :fo11n in both t!3exesit at normal temperatw."es. 0£ the mac:cop­

tel:'oua .fo:nn the1:e Were more mr-;;J.ee than fer,£.J.cs, but of the bracn::rpte:il:'OUS f:vl."fn there 



iOOI'eO:.Se in IJl:'OJX>:t,,tiou ( comr.){}.r-ed with the 1'.lOI'faal 1::emperature :r11;:1aul t } , but the.rt."½ 

were insufficient rn.stibe.rs to makfi~ any definite ata:tement on this matter., 

Cooolusions 

In conclusion, the evidence f:ror.:'1 the three temperature ranges triH .. eated that 

(1) sub-brnoh.:rptery is ooz'mally the most com.110n i"orm of' the species in both sexes 

(2) subjecttcm to hlgh temperatu::res du.ring the last two nymphal tn::YU.U's did not 

favour 1n::1.e:::opte.r.y, but teooea to suppress it, attl alao suppressed the h: oohypter.ous 

(3) suhji:;mtion to 10171 temperatu:r."ee OO.U$ed soroo tooraaoo in the brachypte2.~ous form, 

hl.lt suppressed the too.cropte . ous £>01,n. 

As the ffiJ!.,'Vor of insects stuc1iocl at the two e;xtrer.ies of tem;:verature vrere relatively 

small (.es-r_:x,~·ially in the low tenperature group)., this conclusion if; praoon~"'li tent­

ative 1y., and f'urthe:c vrork shou]J.i be u.n.iertaken,. 

influence oo vring f'orm, mainly ln suppressing the macro.c,teroas form; the sub-

probably is oot a ma.jm: facto:c in the oetern1ina.tbn of' wtog :form in this species. 

the insects in..:ludetl iri thb expe.1:·t.•uent \,-er·e examtood and found to belong to the 

med.lum and nmall popuk.tions.. 1'heref'ore, the r1bQln'.~ results arx1 conclusions apply 

only to the t'~ tw10 populu t 1<:ms. 
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the Cross E:lerics , .. ma lli.""'B latex- referred to as such in the section ou Hiooomios. 

As a prelimitinry, from f1elo a:pecimens., sub-brachyptorous nm.lee wr;ro paired 

with mac:i:-or,terous f"er!lales, and vice versa, t.o see tf they would copulate. 1.f they 

did not, then this simple test ·would have saved the time required to rear virgin 

adults f'rom eyurphs.. 1n1 pairs copulated freely. tater, lo:Uvlduals of both forms 

-we1-e seen oopu.1.nt.inri in the field, and f;.•om exarr1inatton of pairs preserved tn 

copula it 1.s clear that in the fteld all forin~i tnteroopu.late in all combin..~tions 

as :follows:-

ma.cropterous ma.le wt th maeropterous female 

rr"8cropt.erous male w1 th sub-brachypteroue t"emale 

1:oocrop-t:erous male with brach.ypterous f'emale 

sub-b1•a.chypterocls male lrlth ma.cropte:rous :female 

sub-bracnypterous m~le with sub-broohypterous f'ema.l.e 

sub-brachypterous mti.le with bra.c~ .. ypterou,a female 

brachY,Pt{l!ro:1s male with maox:opteroua female 

To sir.J?li.fy the exrx,riront, only macropte:i:·ous am aub-brachypter·ous forms 

wer'e crossed. Virgin adults were obtained by koeptng in:1ivldu.2.l fifth stage n_ymphs 

(A1 to i:1() ). in which the :females were sub-braotrypterous (with the exception of' 

t'"emale 1.\6 whiGh was bt·achypterou.a) and too mo.lee macropter.'Oua. Cross Seri{:is 1}, 

consisting of :t .. i.ve pairs (:a1 to B5), in which the fe:nalos were ma.er .;.:pte;;·ous aod 

the mules s!lb.-brachypterous. 

The eleven matings W:'.l!'e all aucoossf'ul 11 for eggs were laid whf.oh later hatched, 

and the p:i:'ogen;;1 also mated aoo bred. ,All tb:ree wine 
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there v~-as a 111c~)ori ty of' the sub-brach.vrte1 ·ou.s fon.n ( sea lower por-t i/m of Tab le 20). 

Thel"e waa no notic-eablo reduction in :ferttli ty (hatchabllit.y) in eith.;rc Cross 

Series ii or Cross :leries D ~ ln comr,orisoo with th.:-1t for the norfU:.1.l b4'eed1.ng OXI:.er­

tmenta tn whteh pa iring was random. 

i'' hen lt .las discoverec1 thet there ·;yore throe aizo groups in 1:!,,._ Jl~~ (see 

pert (b ) of tbis Ct11c1.p ter), the iP.oocts used in th{-1- above ox·~xj1.•!1~nt -..~re Mam toed 

aril t'our:d to fall mainly ',vithtn the med1.uc1 sized rxipulatlon. Eowew1· , two or three 

'7'be exped.x:rent cleru:-ly dei:1otlStt'atei.l that the ~ee f·orms a..---e r1cmbers of one 

aro the oa'ne s-1::>ecios. ,, 00(1\'1<' .• rd ( 1G!W) shov•t.--d that in the tl!."'ltish co:reid .Mirm~ 

mtriform.'1! (Fult.e'n), maoropte:rous an:1 b:t·twh,ypterou.a .forms occur in both seses, bLtt 

the braohy-pter ous fom is by far tho oorurr.omr (9t6 of those collected). The e.pr-ear­

ance of even h 'P..> :forms io the ooo species ts very ra...'1'"8 a:.."!lOnget the Orsilltni.., there 

belng about h.--o oases lo the HawaUa1.1 species (Nyslus terr,:estt:_i,._s i:sioger :'tU42 a.oc1 

??.IS..!~ J:qo1~l.c!'.?llls l!lookburn)• bu": in bot h oases it is a oe% tltf.ference, there 

be1l'l! 1-.1 so:newbnt shorter wing lo the female. N, huttoru appears to be unique amongst 

the Gn:!1.llini., in occurring t o th.:ree f'orms ln both sexes. 

'I: ter-ygo-polyrnorph ism is COlllllOn ~'lt:nong Eemip tera (Hutler :H):?.3, r:tyers 1~'.J2f:i- 1 

'tfoodward :19!:.'.J • 1954 nm 19f>'7, e.nd rnstmoto :1.957 ). 1'\l though varying wing f'orma 

am::enr to be rare among the Orsllllni, that this sbould e:,:,ul .1 to all such species 

c1oea not OOC(~sao.rlly fo Uov1. lk_~~ is su'b-brachypterous, n.rii this la the 

Orsi11lni. in exi~1ttng 1.n thl"'ee :forms. J,'urth,.~r, there are varytng degrees of wing 

reduct;bn be·tv,"e(HJ eooh form. 11utler ( '.!823 ) in spea?,:ing ahou.t :Jtkb.•e tel"'t'lS macrop-

"••• such a oomenclutm·e, hrnrmver, very in&ler,i~ately e:q,rt1ssas the true state 

of' affab,i:1; for the nbbreviat ton ai' the ot·g1:.1.ns of flight may an:1 .:lo(;s exlst 

1.n V'(")r:y varL)us d.egrees i.n dif'ferent s·pe.'}ies, and sometimes even in the same •• ." 
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Further, he mentions that in many species of Lygaeidae, both forms exist in each 

sex, though seldom equally commonly. In the N. huttoni population studied, the 

majority of males and females were sub-brachypterous. The three forms occurred 

in both sexes, but of the macropterous f'orm there were more males than females, 

and of the brachypterous form more females than males. 'rhe effect of high temper­

ature indicatec1 by Wigglesworth (1952) did not apply ln the case of N. huttoni, 

but the effect of low temperature was that brachypterous forms tended to increase. 

However, temperature is probably not a major factor in the determination of wing 

form in this species. 

Klsimoto (:l.956b) showed with the brown pl::nt hopper Nilapary:ata l,qgens st&l, 

that the degree of crovro.ing as nymphs influenced the wing form expressed in the 

adult. As the density (d) increased above 1 in the female aoo. above 5 in the male, 

the propo1·tion of macropterous forms increased reaching almost 100;~ when d = 20. 

No brachypterous males were produced when a = 1, but a maximum of 7:1 .• 4;'& when d = 5, 

whereas in the female v.rhen d = 1, all adults producecl were brachypterous. In the 

case of N. huttoni, usually 5 nymphs were reared per tube. Jis the sub-brachypterous 

form was produced in the greatest proportion, it is possible that a density of 5 

was optimum for the production of that form. However, as no other densities were 

investigated this matter has still to be tested. The sub-brachypterous form was 

also the most common form collected in the ~ield (medium and small populations). 

Kisimoto also showed that the ingestion of certain salt solutions inhibited the 

ap-pearance of the brachypterous :rorm in both sexes in N. lugens. 

Diapause in the fourth larval instar has been shown to influence the form of 

the adult small brown planthop-per, DelJ2hacodes striatella Fal1en, (Kisimoto 1956c). 

Diapaused larvae proc1uced the brachypterous form in both sexes. From non-diapaused 

larvae, scarcely any brach;ypte:i:·ous males were produced, but brachypterous f'emales 

could still be obtained. Transfer of the larvae from diapause conditions to non­

diapause conditions caused acceleration of nymphal development, but the percentage 

emergence of the brachypterous male vras still low. 
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Two t.YI)es of' vt1·\:1 redu.ctbn, types (rv) mil (V) n1ent!oned by Butler (19}·:3), 

seem to appl,y to Jit...~t.~\., tl'iOi..lf~h not tu the oo.L:iC <1egre-e. 1.i:l:l1;'¼00 a..-r>t.,; 

"(IV) the iihole hemie1ytr-::in is much shortered, v1ith the msrobra.oe eitt:lf>.r- disprop­

ortionately rec1,,iced or absent altoeether •• •• or (V) U ts reduced to a strongly 

convel; scale ••• 0 He stated. tb .. at there wao si::>1!Xl modif lcatL>n ot' the )?l--Othor.ax 

in broohypterou.s :fm.'!00, booause of the ~ri'"ect d.evelopment of the ri..'tUSOlea 

c.oncnrned in flight,. He posos the question, as the abbrevtated flight; organs &'a 

-of no uoo f-or flight, why 1s t!:e abbreviation not carried fw:ther? J..a.'l"Sen (1955) 

rep::.rted i"or l!~U~.cioo:i::_~ L.,, a loM of the nbil1ty t.o f'ly in some insects am 

showed that this wa.s due to a reduction of' the fii.ght muscles, but that the wings 

did not c1iff'ei' in sioo or share from those of' .f'light-ca-1cable insects. riutler 

-eug;1,eats tbat t'etluctlon of the Vi!ngn v.iB.y result fi--om li.vi.tig ve-::..~y close to tr>.(;: 

grouoo, :o.oo mtiy li.rnit distribution. 

'11hus several eJtplanati..::ins o-f r)'terygo-r::,olyro(.}rphis.,;.i have boon rulvatlC"',ed, am 

usually a different ore f:or each spooiea studi.E..td. 'l1h(m,fox:e r)no may ooooM.e that 

many r~ictors ru:>e involved, ar.(1 genetic f'oot,ors sho,_ild oot he overlookec1. :tn some 

speoias ore fon:1 r,redominates:, e.g. 1,: ..... ~U.:i!:e.?.~ wf:iel"e<".ls in others, two f'orma 

al'ter'nate 1r1tth J::tn1son, s-.--> that both forms will a.lwEi,ys occur- am 1,,redominute 

alterno.teJs, e.g .. ~l!.HJ:<:'B...,,1?2~:~ttt;a 1.,. (exrurr_ples fi'OO'I noodm:i.rtl~ 1852 ) .. 

Ti1e e ls S(J['le evidence that J'L•- ~.1.'t:lll.! is grru:1uall.y uncl.erJ?:oing 1::;erms.."U':ent 

reoootion of flight organa and loss i>f" the abili-ty to fly. ?hus the polymor.1?hiam 

exhtbtted t~11J.y tK:l t.ransier1t (!-l'oro :l9(i5 ).. 'J.:he author ha.a oot seen the inoocta 

flying in the fieJ.t1., hut has seen suh-b:i:.~achypte:rous forms rmmir1g quickly across 

the s1.u'f'an:! of the grour.d~ f1a1/pinf.~ the wtn.r::,5 tr.; ret1'1tn balaooe. T-go roo.c.r:opteroua 

tneects wore ob::'3erved flyinr.; tn tho greenhouse. From the I.iel'eei1ta.ges of each 

form present in the po:pulv.th.m atu,Hoo, it \"1oultl apcea.r that reduction f':t:'0(,.1 the 

macn:r;~;tt'r.'.'Ot..!.a ftn:111 to the suh-bre.cll,yptel'OUS f'or't'.l h:1s lru'gely taken ;pl,:tee. The 

ne.."'itt state, i.~. redi.ietLrn to the bract,yr;,terou.1:1 fm:"tl has alreru:1,:; begun. I.t .... this 

ls a move tr; permanent reduction of the wings, on,3 would expect more ar,1 more 
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t,raonypt;er'oua for.us tn a·a.cceedinrr, ger;erati•ms. r.rhel•a zra,:; a tendency in this 

represent the VcU'u,.tion in tbe spooies. :l'hls is also the case in a 0 bnlaooed 

coooett or a s:r;:ecies, whlch would ooorn to supr,ort the abovo e.rgun1ent. Fol"'c1 def-

toed polymo?:·r-,hism :).s ''the oocurTenc..-e 1;ogether in the aam3 habttat of tw 01· more 

di.seonti.ntJ:;::.h.Uil fonns or i:i srectos tn such pro,c_.orttonrs th ... "1.t the :rarest of them cannot 

be r-:lainta.i.ned by recurrent mutation." In N. hutto-nl all roms were p:r.'esent in the ...... :we:_,. • 

looalltiee stuiHBCl, tin..1 there were intertoodie.::.'Y grades, su tbat the forms are not 

dlsoont:i.nuo~s. The1.•ef'm•e, by the above defini.tion, th.is -variation in wing form 

eetton pF.--esm.1res. Thu.a with tirno, the variation i.n u species i~y be oxpected to 

11.,cilers i.n the f'telcl of :;;io1yrnorpM.srn are Fisher am Foro (104'7) &nd v~rtght 

( 1D4f:3 ). 1Phey ma.int:,.tn that m_.,.r;y f'actor's are i.nvolve<l. ':thus to e:.irpln.in the problem 

of wing variatiDn in Ii• .• ~to}~J, tts r.;0pulntton gen.::itics shoulo. be st>.Jdiec1.. Thia 

variatkm ·t1resont, not only in wing :f'orm, but also in colour and size. 

Body measux-e~nts were taken on :164 S:FeCi.rl!fn:is, ir.cl\ldinr; boi,h sexes, i"rom 16 

looaH.-aes. 'l'o t.-ike a complete set of body meaau.,.""eroonts, as w-as dom for the 

redcscri;.,tfon oi' the ima1;,;p (see Table :1.7 page ~,s) v,-ould have taken much time, aru 

been um:occsnnr::1 in t:ita oa.se. m.x charaoteri.stics, t7hlch the auth,n· co.,sidered 



totnl wlnt.~ length 

body length ( to wtns tip in m~:crc)p tero!J!J :r.oi.'T .. 1i1 othe:crd.1:.1e to 'P'J2tcerlor of 

abdrn.1(.m ) 

boity length ( to ~osterior· of abdocicn} 

width across hemelyt...t--a 

length o:r head plus p:eonotum , 

The tcro mon.surerrents of body length v,,ere tekon to counteract the terrlcroy for 

sub-brac!\'),'t)UH' OU.."5 f'orms to fall ioto a sraal.1er size group fOl." this chru·l:l0t0r. 

The localities from whtcb the specimens oaroo a\'8, in the Nox·th Isla.rd.: Katmai, 

'l'auma.:r.·utmi, Horotiu 11 hestshoro, Havelock llorth,, Maruekalmho, Marton:> Poxton, 

Waitarere, Holn:ri,hitu ar1d Massey Agclcultural College; e.rrl in the South tslund: 

Blenheim, Vielson, '1\.>.at'.'mrin,o, Seddon atrl J'.eefield. 

'?be :t:'1'::SUl ts are shown graphically in Fig$. 4-7 for f'emales, a11d. in Pigs. L"'-11 

for males. :;ll the rnen.sux-emEH'lts taken on ir.rilvidual tnsects~ and also tboir 

localitj arrJ f'orm are sl"lO'l'm ln /\p:_-.codlz IVa.. Frequeoo./ distrihutbns f'oI: euch 

cha:-r.11ct.e:c ur e shO\'ln tri A!)!.Y-': OC1 b IVI:!. 

A trioodnl i:rrap h was obtained f'or headwldth arrl wing length in both feroalea 

an:1 males, D.oJ. f ·Ol" width across the hemel;yt.ra in malea. ~lb of' the remaining 

gra,:9bn i:iho\'roD. bi.'00<.lLu. distributions i. e . for bouy l e ng th and length C>.f hoaD plus 

pronoturn in both sozes, ei!'KJ fox- width uc.r'OSG bemelytra a rii body J.onf~th ( to poster­

ior o:f abdon)frn) ln fOl!lfJ.los. The distrtbut L ,n of this latter mtluSi.4~mrnt tn malee 

was mo nor:xxl a l. 

On an cha."'.:'acters., bar the ooo tn males mentioned above, [, small sl200.popul­

ntt0n was showt, to be distinct. rrhe fo.ct that half of the graph.a al'e merel,1 bi.­

modal r.10.y be inter1:tr1)ted as fihowtng that there was oo clear distinctt:::.:n b ,,tv1t'len 

the rI1t.1oium, a n<l l .::n:·ge, slzo grou,B. Hov,ever, eL>se:r study should be mrii:k1 of 

Vtga. 5 and 6. In the r.,i.·ar h or hooy leni:th ( to wing tip in rnacropte:cou."! foY1Ds) 

in fe\'J'.ales, the srnall y.opulation was ahm.m to be disttr.,ct, but; tb~ secoril :rcak 
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group wns Hhown to bo disti.ne:t., hut the first peoJ.-: shovrod greater opt"!:lud ao:1 an 

ove!'lap;:/1.ng of t.h.e :-:;cv..i.11 an:1 r'"lediur:1 size gro ps. Th.coo two g;rar.he corobinc:<l:,. there-

f ..,..,., .,,.,,~i~1+ to ti,=~ "'i"""' Cf'r:V'lu~·q ,pt,t.c -~o"""'.Ju,.:i_,·_:n ts """n.· __ :_·01~"-:.<';,-1 liy •i'i~r~ :10 .............. _ o,_,:.,, 1_,V-l" .i,.<;,v O ,:,<., if- .,J~.. _f< C> "-· U\.-•- _, .,_,..,._~, V ~ I. !,'.,... _, U. i,.._·,; 

mo:lu 1 graph for i"Tidth across the hen::-elytru l.n males. Thcr-ef'oro i.n the sw,t~l<"ltion 

out oi' 0) showed theoo distinct r..opulati.ons. 

In further supt:iol"t o:f the nbove conclu.sion are the .foUowit'lg! 

(1) heaa. width, whieh i:,:; tho critericm of si::::e in eotomolog,..-, sl:icwied the three 

distinct tJWl.1 grout'S• 

( 2) the bimodal gri,q:.h for the cHstributlon of e&\ length (Fig. 1) for which the 

best ~xplanttti-:m we.a u small sized, am n medium sized pcrr,-iulatioo. Further, from 

the bod;g rJe&f:'lUI'e!'1(mts of. the fern.tles that laid the em_,;e (soe Ap£,(H~lb.:: Uh) 1.t 

bec£aoo olear that 0000 or the large sized group were present, which ex?luins the 

absence of the th1.rc1 :peak tn that C'.ttae. 

(5) The t rtmodal di.str·ibuti.on which was obtained. f'or hea&rldth mcasw::\':',tJunts of 5th 

stage D.>'1nphs. 

(4) 'I'h.e f'ar:t that 5th sti.1ge n~ptw of the a.mall population were 1.'.listf.1k1;.m f1Jr 4th 

st:-4~0 n.:,im[.iht1 o!~ t.he medium population !n exr..e-rttooots on ef':rect or ter:)perature on 

'!'he evic1eoce of three -po::;;uln.tiona, though conclusive eoouEh in thE: adults 

plai:x-~d i.n tho medium IY-..,pulation. ;::epresentatives from e,::;.ch size po: ul.o.tion are 

l11.tuit,.7atetl tn l'lntos :~ unc1 :;, whkh also dcr•kt the three fox11m ovm: the total 
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li ldtb across 
hemelytra in tool .. 

1.20 

1.30 

1.52 

1.22 

1.~0 

Clearly the sraall popo.l.:,t1on is smaller th.:.-m n. coove1ms, which therefore• on 

sue,. f'alls into the medium r!,i hut_to~~ populatfon am may be identieo.1 to sub-

brachypteroua fo:i:'fflS. 

As rnenttoood before (page 39 ), except ~or wing form, the pro;:iortiona of the 

large ~{. ht\tt,q,r_!l l)O"pul.fition are very similar to th.oee o,r :a. oo~ua, though 

f.mividua.l measuremanta are sligbtly large~. In all three Ji• huttofl1.: pc.rpu.'t-".ittons 

the proportlona are similar. fJub-brachJ'pterous toms of the medium pop..u..'1.tion 

1re:re foum to conf•orm to the B. conve,:us deseripticm exoopt for one 1-atio, that of 

length of :pronotum to length of head. This may be due to the diff'erent method o:f 

l'!Mu:1surtng head length. Below, a comparl.aon ta made between the tvro ar-ectee on tbis 

ratio, u.aing Uatnger' s method of' measuring head length. Uainger (1943) does not 

too.tcate the size o:r the ace.le used,. but i.tl all 1.)l'Obability it was the same as that 

USed by him in describing Hawaiian Orstllini (Usinger 1942). 

length or proootum to length of head -

in scale l'.livi.nton, 10 1 12 

in m:n. o.iso : o.c~ 

:n. hu.ttoni mlb-brachypteroue foim, mecUurn sized polrU,latton 

(one scale divfaion = O. oo;:~,iml) 

J£~~h or J?!'Or..otur.a to length of' bean -
in ftCale c1iv-isiona, 9 : 11 in some e:r;ooimena,. and. :1.1 : 11 tn others 

!Ti mm- °' 56'7 ? 9,-693- am. 0..693 : o.693 
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!he oompar!aon t\hetw that th~~a is no di.f'f'erence between the two species in this 

rs.ti<>, \li·hen the same method of 1;.1easurin;3 is :follovred.. 

Thus, f1"0ffi the deooripti1:>n, 11--~>r~q appears to be identical with mm­

t,raehypteroua :forms of the med tun N. huttoni population. Fu....~her, a11 forms of 

the medium population v,ere proved, by interbreeding experiments to be toombers of 

one and the same s;:;:ectes (see page 48 ). The author att.empted to obtain trie tyr;e 

apectmerm of ~ ao tbat a. final deci.slon could be made, but thea(1 were not 

awd.lnble. However,. 1"1"001 the evidoooe to harrl, tbere 8eef!l8 to be oo justif'ioatlon 

Even tr 11. eommxus does prove to be a distinct spectes 1 { i.e. arter the 

comparison of the type ar.ecimens with.!.• hut-toni:, and after location of' live material 

and trtal 1.ntel"breedtng with 1!• ... hutto.!!!), there can be no dou.bt that the erection 

ef' 11.~h;z:n;[sius aa a tlefi.v genus ts not justi£ioo. tH,inger (1943),, i.n a 0 key to tha 

genera am species of: Orsillint in !J.ew Zeal.an:l", gave the following eorrlenaed des­

eriptton of ].r~wzmstus: 

ii:riemelytl"a distinctly convex. costal mnrgins strongly roun:1.ec:i bt1yoo'J basal 
t"ow.~th. Mernbraoo Sr!k"l.11:, exceeding level of apic<-3S of: coria by less tb..an 
one-fo·J.ltth the total let'lgth of: m..<:mbraoo, wtthout apparent veins 

ortpt!f..:,n. Ustnger h..~1 seen only :14 srecirfl'.·ms of this complex; 11 ·r.1, hu~~-l!..~ 

Bt:,ecit:iene { t1hkh wouL:1 hn:ve b,:,:en mt'Lcropt.erous),, o.nd 3 sub-brach,vpterous specimens 

\'rhioh he c1escrtbed as n. oonvrurus. It seems that he had in :fa<.•t discovered two ... ......,_ ,,, __ 
extremes c)f' l!!.J!:1.!to-qt wili.ch were so d.ifferent that he se:r.::a1·att.....a tbom. He e:xrunined 

dead material and dld not ea..-rry out breeding e-Xj?eriments. The author exnrnined about 

2,0:)0 speciroons, and cai:Tied out breeding exreriments. The extremes v.1ent from 

tnaeropt.el'Y, beyorx:1 sub-hrachypter-y to brachyptery, an:1 there \7ere all grades in 

betvreer.-,. l,3 an forms a:rr·(~a.t· to ocow.~ tn the localities sru.npled, th.ifi.> represents 

stmply va.:d.ation within the s:r.iecies, arid thus i:.:1 not even a elinc .. 



It follows tl~n, that Usi.oger1 a key to the ge1:-:era arrl species of ()rsilllni 

t.n Mew :-~ealard ehouli! be arr:errlcd so that ~~ ls ounk, and tl~si.~ ta 

extencled -oo incluii.e all f'o:rms ( this 'WOultl then tncloi:Le too brnchypterous :form 

here first recm:-ood, antl the sub-brachypte:rous form which -r1aa for:::ie-rly dosiguated 

as n. convexu.s ). 



SUMMARY OF SYSTEMA 'rICS 

1. The pla{ie of Ji• ~~to~ ( together with the other New Zealand Orsil1ini) 

wt.thin the :fe'\ffiily Lygaeidae, is here .revtewed. 

a. The ef,g ia described am oorrrpa:eed with the egu;s o:r allied fleteroriterr.t. 
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5. Egg uirtiensi.ona ·were studied in some detail arid tended to fall i.nt.o h'r"v dist­

ributions oor.-res:porili.1~ to too sh10 g2."0ups,. ame.11 an.1 medlwi, of" the female parents. 

4. The five nympha.1 inst,a.rs n..T'e deacrib(}d an.l illustrated. In audition to tbe 
each 

obvioua cH.ff'o:i:-e.rnct;:):::i in size, it is shown that/nyf;l}.-:,h&l instar ts readily distinguished 

by head wtdth, aoo by chara.cte:::·tsti.c black pi~ntation on the metanoturn f.n tbe 

5. The tri.moa1::il dtsti~ibutlon f,::,:r. heed wi.ath !.n the :fiftn tzymphEtl instar la con-

stdered to !n:1icate the pr-esenoo of three 1x,:pul.atbns, be-c~ause a se:ic difference ls 

apparently not involved. 

6. The imago tD redescribed and illustrated. 

7. There was slight evidence that in the mediurft a.nc1 small porulattons, aubjeetton 

to hlgh ru:rl 101:1 temgeraturea dw."'ing nymph.sJ. davalopnent suppresses t00.er-optery tn 

the adu.1.t anc1 thnt lavv temperat-ures may cause bi•achypteey to ino:t--ease, but temper­

ature is pz•ohubly not a major .factor tn the determtnatton of' wing form in this 

epectee. 

a. It is shown by interbreeding exped.roonts it1 whloh sub-bracbypter·ous forms were 

eroesed with ffilitCl'O!,rteroU$ forms (both ways) tha.t the three wing f'orms are rrier..'lhers 

or ont-: arrl the s~ sr..eotes.. N. huttoni ts therefore unV:,ue c,moogst the Orstllini 

in ooow:-.i:·ing in tWt~o forms in both sexes. 

attone diff'ed.ng in au~. In the medium um fln'l11 _p.:rpulati.011~1 the sub-b1•ru:~hypterous 

form ta the most corwon in both se::s:es, but in the large 1'X)r.All.atton, ooly tba 

mae.r-opte:i".)LW form has boen observed. 
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oomWered. tnvp.lttl. 

11. As aub-brachypterous :fornm of !1t. .huttoni., whlch wm::'19 re-a.red from maeropterollS 

forms, oont'o:t::-rn t.o 1,;he ~;·acq,zrcrsius genus desc::·iption, there can be no doubt that 

~E1l;'11Z:Sius should be sunk as ayooriymot.lB with J!Y.sius. This VtOuld also follow f'.i::'Om 

10. 
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Thi.a section is presented in three main purts, fecurrli.ty (Chapter 4), li:fe 

oyela {Chapters 5 and 6) a.oo field ecology (Chapter 7 ). The tnseot raater·fa.1 

studied,. e~cept that dealt with u.nder field ecology, was rearec1 and kept in a green­

house (unless otrie1"¥,ise stated), and the method employed ts irdioated below • 

.Materials a.rd .Metho<l.s 

The aim was to maintain environmental oooottiot'ls as near as possible to tboae 

ex!stiug in the field,. An open tnseotary would haw been ideal, but was oot avail­

able. 1m unheated greenhouse was used. Its dwrJSiooo vit1re - length 2a feet, width 

9 f'eet, height at centre B .feet,. height at sides 5 f'eet 4 tooht:1a. The sb vents, 

three in tho roof and three in the aides, VX9.P.e kept wide or::en during sr-:ri.ng, sunmer 

am early autumn,. but 'Were two tbirds closod durtng winter. The aspect was al.moat 

due Nox·th 2>.nd Sou.th (a benrlng of' 555° ), so that the benoh along the t';estern stde 

reoet.ved the morning sunshi:ne ( 1.0. ac.t'Ooo the greenhouse, the bench along the 

Eastern sid,e being she.&lc1 by that side), t"Jhi.lst the opposite occurred with the aft­

ernoon sW1Shioo. Although the roof' and. sides were whitewashed, whloh reduced the 

maxL"!!tlm Wfl'.lf..iCTature by 20°F!, te..rriperatUTea within the greenhouse were expected to 

be higher than those oocw.Ti.ng OL.rtaide. Theref'-oi:-e, development of the insect in 

the greenhouae was e:x-1:eoted to be a ltttle fast.er than noo:mal. However, the mean 

rnaxinn.io ternpera.ture of 100°1-~ recorded in the f'ield at the surf'ace o:f saoo between 

7th auc.1 18th J arnmry :1.958, was higher tha.o that recorded in the greenhouse ( 89°R) 

durt.ng J arruary. The mean mlnimum temr.,iera:tures :recorded over the sai.re per1.oc1s • v.rere, 

f'or rteld and greenh()UOO respectively,, 417°1.1\ arrl ffl°x!. The exy..ertmerital insects 

\"Je!'e kept in glans tubes, \'...ere _provided with a regular and oo doubt excess food 

supply, were ·piutected from natural er,emies, aoo, ~capt for ohariges in temperatut"e 

and humidity, were subjected to a oonst.a.nt envi.r·m'lnent (o.g. absenoe of; wind)., 

Thus the tooc-cts deveJ.o::)ing 1n the greerihomw "'muld have 001'.W aavantagee ovez-

lnsects uevelo!)ing in the fi.eld., but the to~ei."atLU;'(.:i dif'f'ereuces viould tenl to have 



a eounterooting effect. T:>robably, develop:r£1nt under both conditions did oot 

41.t"f'er greatly. 
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'l'he imieots ·r-1ere kept tn glass tubes 6 in. x 1 in., oovered at one end by 

butter rauali.n cloth f'i.xed by a rubber bare, and stopr:ered at the oi}her eoo by a 

cotton-wool plug. Food consisted of a sprig of' twin crese which was renewed dally 

(except in the caoo of' adults kept 0'178.t' winter, when it wa.a rorx:,wed, every three 01· 

tour days). Thero was ooo. pair of' a.<':lul ts ~ tube. nowever, sevHral nymphs, 

usually usually the whole of an egg batch, ~re pla(,-ed in one tube. As SO?OO died 

f.n the aa:i:·ly at.ages, ·there were generally three to sf.:x nymphs rt:.➔ared per tuba. 
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FECUNDITY 

~inltlon of I"~lt;!;x 

The def"1.n1tion of' fecundity given by Lush {:1945), was followed, 1
'- ••• feow:idity 

ts the potentinl capacity of the female to produce f'unetfona.1 O'lm, regardless of' 

'What har::;.ens t.o then at'ter they are r;rodoooci ••• n .. He also defines fertility as 

.-... the ability to proc.1uee living young or, in the oase of' poult..ry, to prodU(Je 

eggs which wtll start to develop ••• n Further he said, "The di.s.tlooti.oo between 

fecundity ar.d fertility la easily illustrated. 1n poultry where a hen 100.y have blgh 

teeurxli:cy, but her esisa r.iay be 10"."l i.n fertility or batchabtlity •.•• " 

l'TOm the t"oregoi.ng, i.t was clear that hat.oh.ability of the eggs should oot be 

included io this Chapter, which is thei."'et"ora :restricted to egg prot1uction. 

MFO~!Y.Pn atrl O~f:.n9sition_Stnnce 

wi.1X).Sition was oboorwd several times. :i.'he female would move over the cotton­

wool selecting n site, or md.tlng until she was ready to lay. Concurrently the 

ovi.r-.osttor was releaoou and moved f.r'Om side ,to side. When the site was selected• 

the tY,pical ovf.1xmitif.m stance was adopted. Tho termlnal. abdoc.qinal sef¢'1.ents whteh 

ha\"8 oonaic1e?·able lati.tuae in movement, were :flexed dowmmrdrs on to the ootton-'M:)01, 

atrl. thus the ovtr..ositor v;as inserted. Several ti.mes the abdomen \faS straightened 

s.ril then flexed dovrav,ards again f.n a rJthm.lc rocking motion• t.ooieatlng that 

rwscular exertton we.a required for passing the ee",g. Ev-,:1n in the ootton-wool the 

ovi.positor 1ro.s moved from side to side before too egg entered it. (Whether or not 

this signtrloo that the egg was being rolled arouoo in the genital obai;iber,. as 

reported ror Rh£Pt~limor;ehp. bugs by f'errlergraat.(:l95~), is debatable). Woon th.e 

egg was actually being passed, the fema.le took a more :f'im grip of the substrate 

with too tarsi, tlexed the abdomen dow~ eo that the ovi;posttor was at lts full 

depth, am GWn tbe :posterior tip of the abdomen W'c:W slightly io.."°rtet1. The 



antennae were flexed boolnrta.1.·,Js against the head, the hiod.lega were pl,-iood behind 

the abdomen, e.n1 the rli.d- aoo. forelegs supported the body tn front in an almost 

u.pright posi.tion. The egg was held tn the ovtpoai.t-.or for one or two oocortls aoo. 

could be ooen through the thin r:1emranes wn:teh assumc.>d the shape of the eg_g. The 

egg was squeezed out almvly, arrl when three quarters free, the ovi:positor wru1 moved 

to ooo sfih;,, by which time the egg had been laid. The ovi:r;-ositor was then withdrawi 

trom the rotto~ol a.nl moved from side to side two or three tii:nt:ts after th.a egg 

was laid~ S!m1.la.r- ovt.position hnblts. we.re reported. f."or the Rutherglen bug by Smith 

(1927 ). 1\fter ovtposition~ the oephalic pole of the egg was uppgrmost. As 11• 

Huttont lays eggs ln the soil tht.:s orientation ensures tha.t the nymph emerges up­

we..-.""OS» head foremost, onto the soil sw:face. 1':g,gs were laid either singly or in 

olustel:'s, but in the latter case were not cemented together. 'l'h~ largest uumber 

laid by one .female in one day was nineteen, but es a olu..•1rter seldom exoeaded au: 

eggs• these were laid tn sewral clusters. 

Aim::? ao.:~.Set-qp of the ]"soun1.H.!:J: .5!t-Jd_y 

From the fec,utxl i t;v ~udy it was tlO'J.)Gd to determioo 

1. time ela.IJSing between emerget'lee anl f'irst co:pulation 

2. tim9 ela:psing hetweeu emergenoe ot: :fe1nale and la.ying of' ft.rat eggs, length of' 

oviposltion pa:t·iod and r..ost ovtpoaltion period. 

3. daily performance and. the total nuni.)er of aggs laid -per female in a ltfattme 

4.rhj,-thm if any, tn egg l.aying 

5. prefen·ed time of' day,. if any, f'or ovipositlon 

6. the ef'fect of shatling at certain times upon ovtpoattioo and any tnelueooe this 

may have on 5. 

7. the ef'fects of' pi-escnee, aoo absence., of the male upon ovipositton as Wl(1er 2 - 4 

a. &dul t longevt t:y 

Many- of' the egge 'V#"el"'e incubated arrl the nymphs reared, to obtain information 

on life history, but tM.a is outaido the sco-r;e of this t.'1iap1;er. !£'he study was 
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carrted out M.ly over two generations am partially over the third generation. 

Eggs were laid 1.n the ootton-wo-01 pluc;s. Obeervat1ons were daily :i and when eggs 

had been laid, the number v-.Aere 1'ecorc1ed and the cotton,,,o\>wol plug replnced. Hovr 

ever, to determine the ttme· of day of ovtponi.tion, observations vrere at interval.a 

of two hours. (between Brun and G.30[.tn) f'or a period. of two months. The results a....""e 

presented for each gereratton, fLT'Btly f'or aims 1 - 5 am 8, wilt.oh are inoludac'1 

urrler the headtng "Total r;gg :l?rodootiori1', aecoooly for 4, rhythm., and finally f'or 

5 and 6. A 1.m 7 ls discussed throughout. 

Parent ~rerotion 

The foundation generation (hereina.f'ter knmvn as the parent geooratton) 'Wl:}l'e 

obtained from :fifth stage nymphs caught t.n the t'1eld. The t'lyaq?ha were kept separate, 

am after emergence as adults, 24 pairs 'W'Sre set-up, each pair 1n a glass tube. 

The adults emerged in the second week of March, 1957 and probably represent the 

last generation o-r a.dul ts to emerge be:fore winter. Only three females laf.d before 

winter. Pairs .i\, B, c, D am lS: were caught in the t'°ield as adults in mid March 

1957, am pairs X, Y o.oo. :-:::; v..ere caught late in ?bzy 195?. These have been tnolud.ed 

in the pa.."'"'l!nt generation:. but ~ they were oot nevfly emerged for certain, their 

egg leying reaults ,vere kept sepu..·•·a:te. The male or pair 25 died on ijth May 195'/,, 

and a1though mating hril. oeoun"ed, the ovtroi,d.tion of' the female after winter was 

cor~;letely i.n the absence of a. mule. Therefore, the egg laying .record o.f female 

23 we.a also kept oo:rurate. Her eg;t,s were .rerttle which sbt:Jwed that SJ?el'l.11 ea.n be 

stored over winter by the -female. 

_First Genero.tion -
The adults used tn this e.xreriroont were tbe of.f'spi·ing of the parent generation, 

and ware :reared in the greenhouse from the f irat egg batches la.id after winter ( ln 

August} :1.957. l'J.'ht'Kle ernerged as adults during the latter half o.f October and the 

first vmek 1.n nowr:iber, aoo were the first generation o:f the new season. Until 

the tree:tm-.:mte n:entioned belov: were started, these adults were sexually 
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uncotrta.rntna.t.ed, beca.uae as fifth stage nymphs they hacl been kept se2::arute. Seven 

pairs ,rore set up. Ooo ~emale, known as the control female, wu.s ke!Jt unmated to 

&,ter·e1lne whethe1· or oot present.-.e of th.e male wa~ necessary for ovtrJOsi tion. 'i\w 

females, kncr.m as 1 cop um 1 copa , were eooh given one oopulatt.on at the COC'xrience­

ment r:)f ovi.'rositt:m, mrl then the mL":.les VJere z-eraowd for good. Thia suhsicU.a.ry 

exp:trlrrieot,f'rom which it was hoped to detcr.nir.ie hair long too females could store 

S!J&'-"ffi arid continue to y.ll:oduce ferttle e m~s, was p:romptoc1 by the results from .female 

ro. 'n'ffl more fer1ale3 knovm ns z• ao:1 ~\u wez:-e each given one oopulution per week; 

the males were removed f•rom the.tr presence between copulattoM. It W"dS ~ ._:,-eeted 

that SOL~ definite ovip,,:,sitton pattern, th...~!.lfj.l stimulation by the male, ,·rould 

result. 'l1his particular subaiil.la.ry- ex?,triment was prompted by 1 COI.>f.'I. which la1c1 

16 eggs on the day of copulation, but thereafter her ovip:m!tion was at a steady, 

lower, rate. 

These were offsprtng of the firat generation a txl emerged as adults dtu:lng 

January 1£>58. Irrlivldu ~ls were kep t separate from f"lf'th stage 1:wmphs until the 

e:iq:Jeri.roontal treatment \"!aS administered. Tb.r.>ee r,e.t.rs were set up. ttt:ld two females, 

U1 aoo uu remained unnated. Records were take n over port only of' the second gen­

eration agg-layt.og. The reason was to chec~k times of day of' ovir,,ost tion nga.lnat 

those or the first ~nerati.<)n which at the time of the tnvesttgation were ~"{elng11 

\Tere irr-egular in laying aoo were therof'ore probably unreliable. Hov10ver, thts 

partial reeoru from 1st to 17th Februru.--y 1t)L'i8 was within the 1-:ert.od of f'a.ateot 

lU'ee:;cle arrl higb:1st temperatu...~s,e.nl wtl\S e:rr,eeted to show greatest egg produc­

ti.on. 

Table 22, reproduced from G-urr { 1957 ) , au:mlU!'ioos all that is kno,sn about 

f'ee,'Un:1i ty in this s:r;:ectes. The last colurr,n ha.a been added arid was obt~tned by 

dlvi.dtng column 3 by column 4. 



Serial No. 
of mated 

bugs 

Days after final eedysis 
that f'&.:nale ovtposits 

for first time 

No. of 
eggs laid 

Ovipoaition 
r;eriod in 

days 

Me..'ln :t-io. of 
eggs laid 
per day ----------~......._-,-~ .. -~-· -- ......... _..,,__._, .... _____ --~·~ .. --- -

A 8 191 38 3.6 

B 8 M 17 2.:1 

C 4 76 43 1.8 

D 8 20 9 2.2 

E 3 1M 30 4.5 

F 8 1 :1. 1.0 

G :t.1 174 24 7.2 

n 6 25 5 s.o 
I :t.1 77 10 7.7 ... I ■--• 

Kean 7 76 20 3 .. 0 

The dally perform.a.nee of seven pairs used in a preliminary- investigation are shown 

ln Appendbt V • 

Ji!sul ts f'or Parent Geooration 

The datly performance of each f'emale, the mean number of eggs laid per day, 

and the da.1:41 o'f ernorgeooe o-f> eaeh paf.l; are shown, for those 'Which laid bef'ore 

winter, tn Apper.ldu VI, and tor those which laid af'ter winter. to Appendix VII. 

Totals, oviposition pertoo., and other relevant data &"e sur.mna.riaed. ln Table 25. 

Of the 24 f'emales that emerged i.n the early autumn:, only threa (12. aJ;) laid 

betore winter, arrl ooue of these three survived the winter • 

. t±:ighteen females (7~%) di<.1 not survtve the winter. This ~igure includes the 

three rnentioood above. SU f'emalei~ (2~'.) survived the winter aoo. laid in the 

spring, but none of theoo laid bef'o.re win+.-er. It itl possible thut the number aur­

vtving w1.ntet' may have been greater tu,,.a the hugs boon aecll$to&Jd to ntube 
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e = esoa:.r;ed, a ~ aoeidentaU.y k1.11ec1. The mean :tor c1a,ya to first OO;':.ULd:L:,n Wt\S 

ta.lren <:tver· all ob!"lo:r.vationr.-s. ~.:he last column wn.l:'l obtr.1l01;1J hy lH.vidi.ne tt1.<3 m.irnber 

of eggn b.kl by the ovtr;onition period. 

t:; ft,:st 
ropul.ai;ion 

t.o f h·:,t 
ovipos l tlon 

No. or 
eggs 
laid 

Those vvh1ch lai.:1 bef'ore winter 19i17 

8 15 1B 7 

18 66 

1.Dngevity 
o.f $adult 
in daya 

0'viposition 
period 
tn da_ye 

5 

2E 

Ho. of days 
on which 
ea.ch Jlaid= 
Wo. of' e,m~ 
batches/i 

!lean No. 
of' eggs 
laid 

:i;::er day 

•-•2 .. A,.. ___ , __ ..,,. ___ ,_,..__:l ........ 1 ______ , __ ,.l.L,_. ____ 7]_.,._ JY!_ ______ ~.;.....-·-·--·...l~ -· .. _;5_d 

1, 

C 

6H 

39 

24-

~se whi..ch h1id after:• ·winter :1.9!J7 

s .... s :146 B•? .. , 
7 

9 ? '\1~1.!. ~,d .• j:i,4 

13 j59 43 

82 

30 

:t4 

20:l 44 

1638 

'2Sf7 :t45 

:lf.166 fJ7 

1? 

j5 

:1:1. 

'Zl 

42 

!~:1 

54 

1.n 

o.a 
o.s 
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The mean number of days ela1:,sing be-ti.won the emri1•genc,e of nn H.:lult female 

aril her first ovlrositbn was :l4 for tho~.e which laid hefore -wtnter.. Thin was a 

mates. 

Po:::~ the three females ::i, :1.8 t;i.nl 2tt which latd bc~f'oro win'ter 10/Yl, the roc~ao 

number of eggs lui.d in a li.feti.c10 .,7us. 48 (re.nge 'l to '72), at:rl the mean ovi:posit!.on 

50 da.;"8. Tbc meau nurribor of days on 1/Jhf.eh females laid { or the menr1 number of 

egg batches per f'eriale) was 13. The r~mn numbtu~ of' epJJS laid r,er fei.na.le on e.ny 

Fem.f:i.leG -'I, 1'1, C an.l l:. vthkh were not necessarily newly enierged• but could have 

been. acy age:;;, sh0'1','1';1d for thnt rortion of' tmtr et;~''.;-layinr..; recorded (which may or 

may not hiwc 'bet3l1 a com~:::lote reoo:t·d) a nimtlari ty to that o!: the three fe\'18.les 

days, 0x1d there 11~s a aiff'erer.ice of only 0 MJS betwoen the efu•l:test a.ril la.test 
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flOt 6$0000 tr;o days, and ir.dicate<l th.at the females a..-re ca..r"':".ablc of ovipositi,m to 

the day of' death. r-~emales D and :-,, ( whi.eh, accoi"ding to the interpretation of' the 

reeul t,a mt.L'!it htnre b.;_~en reooutly emerged when C8.%-ht) were s im!lar to the above 

temalea tn all :points or their eg,£:?:•laying recoi-c1. ·the same may be stat.oo for the 

~z·u of' female 2-5, vrhich sho·,YS tha.t abset1Ct': of' the male du.ring too ovii,0ai tlon 

period cbcs not curtail fecundity i.n the fe!llfllc,. Female \ whtch li.veJ in ca-ptivity 

tor five monthn did not ley u single egr;. 

Results for Ptes:t Get:~;;:ation ... ,. ~ ............. , ................... ..... 

atrl the date of emergence of ee..c~h pair as adults, ar:e shown i.n flJ?P)tilb VIII. 

in Table 24. 

The mean ntm.1ber of' days elnpsing be'h'.ieen the et.oorgenoe of an ~rlult female aoo 

her t'L'l"'St ovipositit:;n waa 7, a figm~e \Slh.ioh vms considerably less than that for 

the :pa..1"t:H:tt generation 1.oyin,g b1:~fore winter. The first co:pul:,,tion was observed tn 

l. two days 11.f'ter the pall~ were put togeth<~r - tt:e :female laid three days after 

that, aoo 

2 •. five days after the male ( the later of the pat~) emerged,. and this coincided 

with the day of firet ovtpositi.on by the female. 

As lo the 1m.rer.rt gerieration. these :figu'(·es itrli.cated that maturity in the male was 

attai.ood (a:-"3 v~uulc1 be e:xreeted) in a similar or slightly shorfor ti.me than 

maturity in the fer.u:uc., 

/ 
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e :;:; esc~tj;:X.)(1, n = ac:ldentally kille;d. The r:iean for days to f't·st ovi:poDit1on was 

taken ovc-r 1,1.ll ok1e.t·vations, 

t Code Days ,g.fter 
Ho. f'irk"l.1 eeoysis 

to fi:cst 
ovf.po-::-1itlon 

' 5 
t 

0 

Moon 

Control 

1 cop 

1 COPf'l. 

Mean 

7 

5 
2 
r, 
t 

8 

:l:1 

7 

No. of 
eggs 
laicl 

1:11 

i.3ffl 

jj:1 

j!f3 

~!04 

3C.~() 

:ti);~ 
• I 

~>.0? 

:l.78 

longavi ty 
of Jadult 

in do.ya 

t;·t:, 
sJc., 

185 

6j 

9,i.1-

jt4 

7G 
.-.,J'!J .,., 

Dvt:·:ositto·n No. of' oaya 
'fA::r>iod on v,hich 
in days each ~ laid 

4:1 3~ ,c_) 

:1:-r? 104-

!:12 55 

8G 40 

j_ f.l:) G4 
f-~r'/ ,,, ~n O& 

21 ~~o 
,,_,_._.,..,. . •. ~.~.....-•-s, 

Ff! 

70 

1:!5 

5!;{~ 

nq 
! r.., 

:101 

1CO 

17 

52 

07 

78 

69 

54 

:rn 

Hean No. 
of eggs 
laid 
dally 

~.1 
n Ct ,~,.. i.,,) 

~·1. :t 

j.4 

;?.9 

4.:; 

tJ..9 

;-ost­
Gvi.y;os it io o 
1,-ex•iod in 

days 

2 

42 

3 

4. 

- ...... --.---.......,___ 
?t. () j.'3 

fj 
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mean ovirosttion reriod. wao 7~1 duys (range ~l. - :157 c'l.aya ). The mean length o~ 

female :xi.ult life wtlS f!'I days. '.l'he mean number of' days on which females laW, or 

the mean number of' egg batches lam per :female per lifetime 't7'as 5:-:i. The mean 

ped.oa. r,us 1.3 &1.ys,. but the range wus conside:;.'al,1e (2 

The total egg 1)..-roductions for the contro 1 .fema.le ~1tx.i f'eimlt~S :i cop and 1 co-pa 

were longer than nvarar;c. This i.l.x1ica.te-a that the male does ti .. .ave a stimulatory 

ef'f'ect on ovt,:JOSitton, and ttli.s ta a.loo evi.c1encod in the :figtlr(7)S for mean number 

of eggs laid :r,,er day .. 

All the :figures shown for .fer:mJ.ea }~ 1 am Z"' are similar' to tt-ie corresp:,ooi.ng 

figures £or too seven !)aired :females, which irrlioates that ·presence of the male 

tor as sho:r-t; a. time as one d.cy per week v.a.s sufficient to maintain nonee,1 total 

egg proc1uction, althougt1 daily pert'ormance was stimulated at each visit by 

the mle. 

the mei1.n t'l'Jmher of" (.'lggs lnid per day, !',OO the date of emergence of' the females 

are shown in l'.J.Tli:.m:ib IX. 'l'he data ie sum;;,1t:irisetl in Table 25. The data i~~ surrna:z."­

tsed in Table 25. The data for the urrna.ted females ia oot kor\t se;:arate ln thts 

case o.s their perforrtianoe was similw.' to that for mated females. 

The roeo.n number of da.ya eltx;:lSi.ng between ec:iergence of an adult female ancl 

first ovir:osition wus '1 &:..:JS. The mean number of e'":gs laid rer female was f:fl 

( range 10 - 114), aril tho ffifJan ovir,osi tion ::-;-ertod was 15 d2.ys. '!'he mr:;1a11 rrumber 

of egg t:,atches laid per female wus :u,. and the mean number of er3gs la.id y:er 
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i !bis was rooorded over a 17 day periad only, and oot too: the complete 11..fe of' the 
generation. e = escapedo 

61ft 

r,re 
'" 
51t 

rr 
U" 
......_ 

l!ea.n 

Days a.f'ter 
fi.1:1tll acdysi.a 
to first 
ovtr..osit ion 

10 

6 

4 

7 

No. of Oviposition period 
eggs tn days (for tb.e 
laid period or obser­

vation only) 

114 17 

76 1'7 

19 f, e 

4.9 14 

2fl :13 

No. of days 
on which 
each f'ernale 
laid 

16 

16 

5 

12 

7 __ ,.. ___ ,_ -----~' . "'1.:PI ....... .,.,_ _ _,....,,,_..,.,,_ot!t'- ... - . 
?Jl 1.5 11 

,......_,,..!Ill . .... ,...,.__.....,..,.,...~ ....... _ ... 

Mean No. or 
eggs li:dd/day 

e.7 
4.5 

D. :-) 

~'). 5 

2.1 
_,.,..,._,._,._,,,. 

4.0 
' 

,.,.,...,._.. .. _ ... .-. 

tis the parent es,neration represented tb,e l...'¼St geooration to emerge as ad.ulta 

at the close o:r the '.!900-!')'7 season, they provided inf'ormation on the S.U-1'.--Vi.val of 

the bug ovo-1"' wtnter. Further, a comr...arison of too eg~ pro<luetkm of' the females 

survivin~2; the winter with that of the first gen.'lratioo :females of too new season, 

re-waled the tm:pol't-:1.nce to the eonttnuaooe of the sr;:ecies of the overm.ntering 

6enera.tton. 

The females of the parent geooration that laid be.t'ore the winter had a shorter 

llfe, a shorter ovipositbn :r;ieriod anr.1 lesa egg production., than thoae of the 

other t-enerations. Hooo of th.em survtwd the winte.t~ • .A:pr,.arently, of' the females, 

only those emergi.ng late in the season, arx.1 which do oot lay before winter, have 

SuffietEmt youth aoo vigour to m.uvive the wi.nte:z.·; they a..-re the sot..rc0 of the 

!X)pU.lation in the next seaaon. The fact that the f"e?W-les A .. , J:l, C ar.K.1 ,:·, (caught 

as adultt.:i in the field) lrdd before wtrrrer, but did oot survive tbfJ' winter·, and 

that f'oma1es I:i and :..-, (from the sam.-:, SOtU"C:e) did mt lay before winter, but survived 

··",. ,.~ 
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tmso f"emnlea booaune their ovi.posttton J7.erlod was sho:t·ter and their eg,p; produc­

tf.on was lerm tbnn one third that of' tho f'i.rst geroration. On the other ham, ln 

ort.'ier tn i3u.t.-Vlve the v;iot.or, their length o.f' 11.fe w-as moro than double that of 

the ff.rot gtnieratio n renal.es. .,\ oothe:.-.· dU"f'erence was in post-0viposition pertod 

which was O - ~1 duys in the parent ge·oor ati.on, but 2 - 42 days (mean 1~i dl:lys) ln 

too first gene.r·ati oo. i'> feasible e:irpl1:1ootioo ts that as the overwloted.ng :females 

are tho TTk'ljor solil'ce of' too popt1ll1.U.on tt-x.--, following epring,;, there is a recessity 

tor them to cernt'lnoo to ovlposlt until detb.l, whereas the neeei:-1si ty ls n:>t a.s great 

t.n the firat goooration. As th.e numbel" of' autumn-emerging females actually 

surviving wint.er is t)l;'Obobly sn1a.ll, e. g. :arr·· in the parent gener·attoo, tills necess-

1 ty becomes more 6.P'fA.."'e nt. 

Wuofr.w..ro ( 1952 ) pl"Oposed. a classti'ication of the main types of :ceprod ootlve 

cs,c,le tn the Uete;:•optera. .li.~ hutts.!l! 1'-iould bo ·plaooci into o1aarJ Il (:t) (b) which 

ts la.$ f"ol lows: 

"II b1:eotes ln which ovtpo1.!ltton ls :r.est:d.cfod to the wurnaer parts of the year., 

(1) S,;:ecias with long-livec.1, overwinter i ng a.t:lu1te (at least f..n one 

gener.·ation) . 0 

(h) Di.- or r::1ultt-volttr..e species with the adults of' the early g,--eoora:tton 

or generations 00!'.1f...aTatlvely sllor·t-ltvod aril those of' th,~ autl.V!ln• 

overwi.k'ltcring gerErati.on long-lived are ovipoaiting the following 

He further sated that ta this class either the r:roouctlon or egg rudiments ts 

completely toh:lbi.ted until sprint~,(,:.." their tlevelopneo-t ls interrupted O!' oonstder­

ably r etarded du:d.ns winter. J!e showed that t.n ~:topostet!!t~ deeo.ratus 

(Lyga.otdne ) , the formation of small O,f!_,g rwH.ments begins in autumn but is arrested 

by the oo.verse c-onelitfons of winter. He sums up the aituattoo with the sentence 

"In either case., formation arrl layl.ng of ripe e 2.Ea ls doL'\Y(,"CJ. until api""ingu , an.1 

adds that, "• .. as f'ar as is known, ctll Hetero_r,; tera which hibernate as oou.lts do 

oo before pr(>c1ootric ripe epgs". 
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As some or the parent generation actually lat.a e.,:(gs in the autumn it was 

c,ooolucl.ed that in li'!.._liutto.E,t dewlop1..v.:mt of egg rudlmoms.begins in autumn, but 

ls l'lOl"Tllally arrosted during winter. Here was the posstb!lity of autumn-et>Erging 

, tema,les ovipositlng both before an:l a:tte:r: winter, but non:: of those which ovi.posited 

before winter aurvi.Vt-:id the vrtntor. The tem.peratures in the greenhouoo for March 

19B7 were not recoIXloo.., but tn Barch 1858 the maximum am mtninum tem;peratUI'Ss were 

0 0 0 respectively, 8:1 anc1 5~~ 1". whereas the oorres:pmning outside temperaturoa were 72 

and 4r:P·s. Probably too higher temper·ature t.n the greenhouse was the reason f'or 

the autumn ovipoaition recorded. 

As the author caught a fifth str,ge a.ymph in too field in August, there ean 

be oo doubt that some fi.f'th stage D.YllIPhs overwinter, emerge as adult,s in the sr.irtog, 

am aid in the bu.t.ia-u.v of the oow season population. 

The greater total egg production by each auooeediog generation was a.loo ref­

loott.."tl in tba mean number of eggs laid per female J.Jel' day. These, for tho parent 

gen~ration laying before ao::1 af"ter winter, the flrst.,a.oo. the seoooo genere.ttons, 

Wt'l're respectively, 2 .. 4· (range 1 - 9), :t.2 (range 1 - 6), :-s.o (range 1- 16), am 

4. O (range 1 - 16 ). The compa.l'.'able figure calculated froot Gurr' s d£),ta ob.Wood 

at !reloon, wa.e 5.9 (000 Table 22) and tbe ovi.poatt1on pc,riod tW:l.8 late December 

arrl Jo..nuo.ry (:pex·sonal oor!IIlUntootion). Thio agrees with tbt, .figure fr.Yr the seoorrl 

geoorn.tion wh!ch oviJ?Ostted during lreb:r•uary, tho wru.,neet nx:>nth at Pal..."VJerston North. 

Too f 1gu.."""e \"ms calculated by eU.vid ing the total nu.'l'lber of eggs le.id by tile ovi­

r,oaition ·period, for eoob. .female> and ob'tc'l..ir}tng tho mean value: this la t"Bally the 

moo.n ~r of ernr• latif per female on any day throughout too ov1positixin period, 

whether eg,r0.s w;;re laid ever--:1 day or not. It may also be -C'..alcu.lo.ta"l by uoing the 

ratto., total number of e;:gs laid., over: number of egg batches. Th<3- figure thus 

obtalned would then represent the 11:E"...an number of er;gs ~ -per day by any :feuiale 

(excluding cl.8.ys on vlhich she did not lay). For the parent• ftrat
1

aa1 seoord gemz­

attons it was resr:ectlvely, 5.5 (before winter), 2.5 (after wtnter ), 5.9 ard 4.8, 

which is .in each caoo higher than the coi•resr...on:1lng figur'e given a.bow. However, 



75 

i as this Iefers to the days onl,v on which ergs wex-e laid, the author considers that 

t.t is or more value than the i'igm:-e which was actually u&~c1 ( ln ru·der to draw a 

comparison wtth Gur.rts d.'lta) bi::oause emphasis should be :plnced UI"JOn Ja.:z:!!!tl per­

ttormance. 

From too partial seooo:1 generation rE,c01'd which was owr 1'1 days, it seerted 

highly ·p:robe.hle that their total er.,g production would have e..itoeerlca that of the 

first geoo'.l?!:l,tton. A c~.rt.non tms made bct,r,reen the three generations by determin­

tng p:-:·oduction OW!.' the first :1.7 &1ys an:1 over ti.m othm· 1'7 day iiei·i.oils. ;.r.haoo a re 

shown in Table ro. {)f tho se~"Ol'.lfl gpneratton,, exoEn:t :ror female 511 
•, the period 

recorded wns avel~ too first 17 day-s (or leas) of oviposittoo. 

Code !,To. of 
f'emale 

5 
9 

13 
!ZS 

D' 
5' 
3' 

}?J)f 

u 
H 

Gontr.ol 
1 cop 
1 copa 

Secom C¥13ooratton 

No. of' eega la.id in 
ft.rat 17 days 

16 
:t5 
~,4 
24 

61 
45 
53 
75 
8:J. 
28 
f,)9 

:1:t4 
76 
19 
49 

~n ~ 
----------•-.. --.-~ ........ - • .., f 

No. of" eggs 1atd between 
9.IX. fll ard 

25~:Jl 

~ 
24 
M (29.VIII - 16. IX) 
38 

No. of eg_r!a laid 
between t:. m m 

art1 2:l..XIL r-17 

38 
1!3 
50 
f;4, 
60 

22 
42 

No. of eggs laid 
between 7. :t.58 

and ?..5. 1. 58 

tfl 

9 
7? 
93 

39 
60 

2f:5 (:1.st period) 75 
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to both the pa.""6nt and :rtrst generations there W"cl.S an iooreaee in the f'JUmber 

of e@'.,gs laid per 17-das :period as oviposition progressed, which f.rilieates a temp­

eratw:·a response. Jl\n exception vn,;s ti~ first geooration furlng :cee~..mb£'.r, bu.t this 

may be accounted for by the cooler temperature recorded du.ring that month. The 

ttrst ~nert\tloo y,,roduced more than the parent generation over all periods. 1rbe 

. production by the ff.rat generation in January was similar to that of tho aeoooo 

genetration in February. Either the secoro geooration \7'0.S then alreaily p:r.'OOUCing 

at tts peak, or a greo.te:t peak v,n.s to be ex,r:;ecwcl. Although Febru.ary was the 

~st month, tbe :f'irat geoorntion by then mre ageing, and leying irt"egularly, 

a.t'Xl so :produood few e11~;;t1,., The i.nc:::-eaoo tn proclu.ctton over succeeding generations 

may be attributed to itJC,roase in tempcratu...r-e, to acolLw.ti.sation, or both11 but 

t.emperatw:·e was :;;:robably the r.:iajor f'a.ctor operative. The mean monthly max~:1 am 

minimum tenF,Jeraturea recorded in the greenbouoo Ot"er the 1.957-58 sea.s.?n are shown 

Month of year Mean w.ttimum 
0 tern:r..era.ture in F .. 

Mean mtnimmn 
teu'!!)erature in <\-,, --------------------------~-----=--•-·-·· --------

July ,:1957 

August 

September 
October fat-f?Ath 

(roof ,mtt&,,,washed 24th) 
October 25tti-5:1:.lt 

November 
December (:tst woek) 

J arru.<l.t..7 19f:\8 ( '.last vreek) 

February 

March 

'13 

85 

91 

98l 94 
80 

85 

89 

89 

81 

50 

50 

lfl 

;J'J 

52 
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Gu:.Pr (1U57) did not find a cozTelatton hat.men air temperature and. th{; number 

of e[;.':'3 l::.d.d, but his stud,y wa.B not oantinu.ed loP.g onolli~h to show seasonal L'""e-rus. 

Smith (18~rr) wm::king wtth the R.utherglen bug (a p;i-st~ species) f'ot..lo:1 a. res1,'0nae, 

!.n ovtposi-Hon, to w.rff)el'ature ot.).!l.ngca. He also srlO'iiBd that rr..iatw·ity in the 

that the mw::irll:1 n.r.lbor of eggs lo.id per c1ay was 25 - 45 mil tl~ totals lald were 

'.l'r<e lo~ .. ty of 0i.lult fee-ales of .fi.•-~ll\ is shown i.n Tables 2c', an::l 24•. 

il·.;odwaro (1Dt32) r.e:(X>:rted that in t,he :Mi.rid .fi~'.l.~~~1t!! (L) the ~~las d!e 

of'f earliei· than the f'emules, after the oo.r.;.ulD.tion peri.oc1, und Fendergr.·ast (1952) 

:reported thl\t in Rh:)Ffl.].imrpha hues too mal.ee die soon after the copulation period. 

When wiles of the parent genereti-::.in were still altve after t;t<;o moot.ha II t t was 

obvious that the above y:iriooiple did not e.prly to 1~ ma.le.a, atX1 so the 

longevity of' tti-"1 parent aoo fi.!·st generation males was determined. 'I'he rem.uts 

are present.ea i.n 'f nble ~B. 

Goo.e tfo. or me.tea pa.i:i:' 

5 
9 

15 
14 
15 
17 
:1.8 
25 
24 

Hean 

5' 
259 

u 
ll 
0 

I.ongevt ty of' male .mlul t in days 

193 
295 
200 
!-1CM-
214 
2CJ1 
200 
65 
65 

184 

94 
125 
74 
79 
1-)7 _______ ,_. .. ,,__,..,. ........ _ __.....,.,. ... ..,,,. .... ~~---~•:,,t,.•~.,,~-~ 
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It is obvious that the maloa lived us long as tbt1 f'er.aal~s. Consider f'trst 

the parent genarution. r.ta.le 24 died so-;:m after his mate whi.cb la.id er~a before 

winter, but mal.e 18 H.ved fax• l0-ng0r than his mate aoo survivoo well beyooo the 

wtnteir. Males 14 and 15 a.loo \'"311 outlived toolr mates which did. oot survtve the 

winter·. l:fales 5~ 9, 1.5 and :l.7 lived .os long as thetr rnatea which did su:r'Vlve the 

winter. noth memb(n"S of 1mu• 9 e:8:hlbite(l extreme longevity.. The fh'st geooratton 

males aloo lived ns long an the females. How'eV(ir, too ma.'it imU::1 longevt ty of' the 

ftrst l?J8 ooretbn { 4 - G months) ::i.r:d the U'iGan lo ng,Jvity ( :.--1 months) wore cor..s tderabzy 

-sho:i.tter than those of th.0 r>0.rent generation (10 months anJ. 6 - 7 months). 

a.tion oocm'1:re(l th1->oughout adult life ( wtth the e¼ceptton of. wi.t1te:t tlm )., am patr 

9 were seen in copulation a tew days before tha-tr c1eath. 

In the numbers of eggs laid per day, Gw:T { 19t'17 ) f'ouoo no apr.-arent rhythm., 

From perusal of the iooivWual daily performances shown ln ..1-i.r,perrliooa VI - VIII,. 

thts seemed EL1so to bo the case with the present study. However, when the mean 

number of egga laL::1 1.;er c~' was graptl6{),_ a. simple, general. pattern, aa sbrnvn i.o 

Flt~ 12j 13 and :3..4 was revealed. There· ,vas a. shol~t i:-.ed.od of low :producti.on;­

follooed by a -fatrly steady peak level oi" !'1'oduction which tailed f:Nm.Y to zero 

each erii of the aviposltion p:,ri.od,. the production was fo.irly steady and 

unrhytbmi.cal. B~ch generation, howavnr, aho'ired slight v-ar-iat-ions to thta general 

r.,a.ttex·rl. i,;gg production by the rJC:rent ger):3ration females which la.id hefoz>e winter 

began to decline relativoly onrly, htliaa.tin[; tho <.iurta.Ut::--~nt of actiYity with the 

frequent o.t both ems of thtl peak pc!:ck..d. 

In the first gene:t.·ation, egg; j;rodu.ct1on increased rapidly at first (probably 
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to 23rd. Dece,nber.. 'I'he increase at that time was mai.ntaiood untll mW -JanunI"'J when 

a further tnci--ease i.n production was maintained until the eoo of .January. A 

aecllne set tn, but8 7;;robubly in :resr_:onoo to the warmer F'ebrua:ry v~m.thi:n"', a short 

riae in ::rr.oduct'Lm occurred.. This wns oot \:1!1intahledJ mainly becau.se of' the tage 

of the females, production then decllued to zero. 

Fet:iale :1 cope., whicb. recetved only one copulo.tion in her life, sho-.ved a 

distioot pattorn,. She lai.<1 sixteen eggs on t~1 day of the oopulation~but there­

after' her prodi-1cttou ,;ms at a steady~ lower~ rate of 1 - 8 eggs per day. Fe•:nale 

1 cop which recforved the same t:roa-t ent, did rot respond in the Sfll.'!e way, but 

fol1o.re<1 the general pattern oi' the rJD.ted femal.cs. The egg procluotbn of' female 

~;:;• shmred a distinct pattern (aee Pig. j5) whiqh demonstrated tho stimulntory effect 

of presence of the r:iale. Io seven out of nine oases, tht1 irrvrodu.ctfon of, arrl 

oo;::ulntl.on by, a male, resulted in a roarket:1 it1C4--ease in the number ot: e,:gs lutd 

either on thut ua;v or the '.following day:> ox, on both days. 

A 1 though thel:."e was no rhyth'l in the rumber of' eggs la id -per day, the author 

f'ound that, f'ar tnr:Uvidunl f'et".'.8.les, when the duration of bursts of egg laying wore 

compared with the duration of the breaks between the bursts, a det'lnite I'hythm 

could be der:1ons.trated. '\'he following are definitions of te:lil'.IS used .. 

A burst re-fers to ttJe number of sucoesatve days on which oviposltion occurred, 

without interruption by a break .. 

A break re:fers to that r.,er-'f.,:x1, between two succe,·,etve bursts, during which 

the female did not la)t. 

Short, medium am long bursts are res:recttve1y, 1 - 4 days, 5 - 1:! days and 

3hort, medium and long breaks are respectively, 1 - 2 days, ~1 - L'i days am 
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Parent Generation --
Of all tho females 1n the t.tn.-ee genero.ttooo, .femnle 25 had tho most perfect 

rhythm (se,~ i?t.g. 18) which too author I-egards ae t{):3 basic or ideal rhytt.r.1i. As 

her egg production WG.S rot cbedwd daily until eleven days of ovtr.:csttiori had 

elapsed, the histograr1 begins at that point. A!J ovir.:osttion 1;.:rogressod, there 

we.a an i.ooroase tn the durntion or bursts to u tieak, fol1cmed by a decU.oo to short 

breaks '>'<'hi.eh were of two days duration at both ends of the ovty: ... osition r..er1od. but 

were reduced to om &i.yis duratton over the central or peak production p,.:irlod, .. 

ln deta.il, ehe did oot lay in long burata, f'cn." the longest was 8 days am the l'JeXt 

longaet 5 days. There was one burst of 4 days, t~ of' 2 days and three o-r 1 day. 

Sha had nine breaks between bursts of' egg laying, five of' which we1" or two days 

duration and four of 1 days dura.tl<:in. Th.us, geoora11y she would. lay on ooo or 

two days, mtss two d.a.ys 1)?" one dt!J.J arx:I. then 183 again on one or twu days, ete. In 

tact of the pe..rent generation she was the most :roguli.1r layex•, tor there were no 

extensive breaks as tu most of the others except females 7 aoo 15 which v,ere in 

Hoot of the :females varied aorewhat fI'O!.:a tile above baste r:iyttwi.,. Females 18 

aoo 24 which ltiid be~oi-e winter, d.ifi'ered i.n th.eh- rhythm (Ftgs. :16 and 17 ). The 

former laid h0r lonr!eat burst at the at&~ of' the ov1:r,osi.tion r;e,rtoa, and tbere­

af'tor the auration of' bursta declined, wh.1.l.at fur the latter t.tie longest burst 

was ln the middle of the orlronition pei:·ioo.. The duration of the breaks also 

d t.rf'e rec1. 

t}f the J?a?'ent. generation which laid at'ter winter~ f'ewales 51 9 an:l D showed 

aimllar rhythrrm (see Figs .. 10!J ~JO and 21). 'l'hore v;as a long bl"Etak of about one 

week after too fl.rat h1.lI'st of eggs were laid, and then rnootum to long breaks of 

8 - 6 da.ys 'between short bursts. Prom £)th - 2?ti1 f.::eptember the duratbn of" the 

bu.rats fri0i-eaood aud. that of th,,., breaks decree.sad. Thereaf'ter the reverse occurred 

nod ley1.n1; beoame va'X'y widely spreru:1, es:r:eotally tn the case of female 9, for 
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'f/hlch long b.r:en.ka of 7 - 9 d~ys were reco:cde<l between short bursts of' l. - 3 a.as,s. 

These three conf'o:r.'m to the basic rhytrirn,. 

l"or fumnles 7 anJ. 13 (~;,1g. !'Z2) bursts at first we.re very short, but from the 

outaot they lo.id mm•e of'ten, arxJ their rhythn <lit'fered from tb .. '}.t of fenales 5=> 9 

and D tn the oocw:Tence of: vox.·y short breaks. rwm 2'7th AUft-ust f'emale 15 began 

to lny tn suecensively long;;~r bm'Sts;i :1, 3, 4 aril. '7 days in duration, but then 

esco:poc1,. /'.11 breaks were for one do.y only. 

The rhythm f'or female ;,~ (Fig. 23) oi.ff'ered oguin.. J.Garl./ in the ovi;.,ositton 

period she le.id ~boi--t bursts vrhich '>"'lere vor,y wide 1:1 s;;,ucotl ( breaks of 3 - 14 days). 

·next n. break of' one: day was follcmed by the -peak oi' hG:t:' ovt?Qaltton, a medium 

burst of ti ll.a.ys f'ror .. :1 :!6th - 21st ~'.Jer.'teuber.. From then until death., abe L'li.d in 

very aho:i:·-t; bu:c·sts, but tht"l breuJr,.n a id not tncz-ea~ie in duration an in the baste 

rhythm. 

1.t'hus the rhyth,n f'm:- the rna.,'jori.ty of the parent gent1:i:'at!oo femt,.les resembled 

the batic rh:y'tt-ir!i t.e., thel"e was a.r1 increase in the duration of bursts and a 

corresroril:l.ng dec::i."'~➔Me in the dtn•o_t:crn of bre:lks up to the middle of the ovi1X)s­

itton :period, af"ter which the reverse set tn. 

_rirst Ceooration 

Fo1.i.r :reooles showed a simil.')!' rh;;,,thm, three showed a distinct rbythm o~ their 

own, o..nc1 the fow. .. f'e,::iales for which the !!W.le was r~esent :ror varying times also 

ah~vect d if'ferent rhythms., 

Fernalen D' tt r,• , ~9 (1:'lllgs. 24 11 25 ar.id 26) and U fu•st laid two (".lediurn bursts 

of fi"Ot!l fi - :i:l ur,..ys with a short h:r-ealr between. No:irt l'TaS 'a short burst of ~) - 3 

CU:'.l,y"S~ o. medium burst of' 5 - :10 dn.;ys and another short burst, all separated by 

sho:i:·t t.o nod i.U"J bree.l,s., From this roirlt onwn1"ds the rhytb.'Ilf:I were difterent 

beco.us.o of different J.oogevity. I!1erna.le O escaped !),,fore this JY;iint. .Per:ale D' 

laid three t-::01:--e short bursts arx:1 then dtod., The rhythrr1 of' h{.~r breaks was sim!la.r 

to the busio rhythn in that thoy were longer at both ems of the ovir,oHitio·n period. 
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,ema.le 5' laid one roro r:ledlum bur·st, tun then ±'our var·:; eho:·t bursts which 

lndtca-1·ea. u physiolor;i.eal cl.ecline before death. 1lhe longest breaks oc-cutred in 

the oentr•,, of' her ovt1 .. -0sition por'i.od. Pem,:i.le :)• lived on for s,,n.1e tioo and laid 

l.n medium burs ta of f.5- - 6 du.ya duration, but with two short bursts tJetween longer 

t,ursts or g2'.'0U})13 of longer bursts. :lho laicl one very long bw·st of 24 d~,rs an:l 

then a series or Dainly short bw.·sts. l.:eath occu.tTe<l after a lon8 breaJ~ of 42 

days, but the hreuks durtng the ovi.position y;cwiod were all short exce},t the one 

be.fore the longe,,t bu.rst. 

Female 23' twit a rhythm of' her own which is sho .. 1n in 1;'ig. ff?. First she la.id 

three short bw."'sts of 2 da,ys duration, follmred by three 1:.ieclium bu.r·:Jts arrl there­

after ten abort bursts until death. The duration of the breaks between bursts 

were normally :l - i.'!1 days, but af'ter the third medium bw.:-st the hrea~ was 5 days, 

after tho following sho:rt burst tb.e break vi.es four days, am towards the er.ii of' 

the ovir:,csitton :pe:d.od there \"Jere long b;i:-eaks. ()f the first gel10l.'t:l.ti0n x•hytbms 

this wus tho e1c~se;:1t tc tho husk rn,y-4,,bii. Thut is the duration of' b!Jl•sts 

increaseo a.rd then decrc,aooc.1., u°'1• apru:t .from the first five short In-oaks, the 

opr,os1te was tr...w Qf' the breaks. The fact tht-:1.t fet:ia.le 2V waa a daughter of female 

2:5, which produced the basic rhythr1, may be of' stgnti'icaooe. 

I<'emale i..i lald very regulfirly (see Fig. BS). Erne.ks were very short, generally 

of one days duration e:.;:oopt ooar the end of the ovt;_::0sition perfod. Th.e bursts 

were almost of unifon,,1 duration ( which ind icntes steady proouotiCJn) exce:pt :f'or 

f'our very short bursts which dlvide the ovirosition :period into seoti.ons. 

Too rhythm shown in Pig. 29 :for female H wuS markedly dif'f'ereot from any 

discussed thus fru• •. Fi.rat there wa.a a very long burst of 26 days durationi> 

follc.macl by four vnry short bursts and then ~-o long bu.rats of' 1B t\OO. :1.1 days 

duration. The dw.·ation of breaks between bursts was al-ways one day. As her ovi­

r,oaition y::!(lriod vra.s relatively sbortit it would seen that she had 11 bw·nt1• herself' 

out by luying in such long bursts. 

The rhythm :for the eot1trol f&.n.:."l.le (Fite:. :-so) wus not unlike that fc,r fen.ale 
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18• eXCept tha.t instees:l of' taUing of:£' in short bursts it showed om or two 

~r bursts tovm .... """tla the end of the ovtposi.tion period irnd then the usual short 

Thun it was eotnethi.n,:{ li.ke double tho rhythm f'o:t' feeiale ?,3'., 

absence of' the r;U;,le Vlf'....S reflected~ not in lot'¥,: b:r·ea!re, but 

tn short bt1.i.~ts. This is i.o e.greer:J:}nt wlth the earlier fioobg that o. longer 

OYtposition period v:a.a rec:iutrec1 by thw t•cmnle to j'.)l'oduee a nor?"..ul total number 

ot eggs. ?hua copul.D.ti.on lm oot a. prerequisite for formation, a.r:d continued pI."Ot'.1-

uctton,of eg__qBt· as i.s the ease in Rhopalimorpha bugs (h:ioo.er~·ast, j05~l). 

The rhythm for feimal.0 :1. copa 1.s sho-wn in Flg. 5:1., It i.H similar to the basio 

J'bytbm. !t is a.loo similar· to that f'or the control female in the oeeurrence of" 

utnl.y very short bw."'ate., Thu.'3 presence of the nnle for one copulation only, 

teemed insuffioiont f'm..• egg prouuctton ln long bursts. It was also noted that 

this fe!!l!?.le reroo.i.nt..""<l fertile for life. In her second to last egg batch• fertility 

began to c1eoline:t :for throe eggs out of' su failed t.o h-3,tcht aoo the ~u eggs in 

her last batch di.cl not hatch. l'hia declioo ln f'e.--tility .ls not important f:>O{l.[:.1.L"¼) 

lt occurs at the very end oi.' her ltfe; her third-1,ist egg batch comprised nloo 

eggs which a.11 batched. Tht.:ls fl."Om one copulation, sufficient sperm was stored by 

the femi?i.le to fertilise mo:c-e than 100 eggs. Female 23 oi' the parent generation 

also re<:5'.lained fs:rtile fat:• life. Her mate died before winteL' :l.957, but she ~ur­

vived the \;rint..ar, eomnenced ovlpoeitton in August, am on 5th Dctober laid her 

last 6f::g which hatched,. Thust show.d it oocu.r that 1'00.les fnil to survive tho 

winter, here ,"10ctlt1 ho a rooa.na of conttnuunee or too species, for evidently females 

can store sr.err.J. ovexwtntor in a viable state. ·,ioodward ( :1052) rJhowed that in 

the autumn generation of the M.iri.d U1 e~at~, fertilisation occurs in autumnt 

the maleo £'.ailing to aurvi,re wintt.,r. Prom the greenhouse e:.tperk:ent it could oot 

be state<l for cert,~in that this ctid not 001tw.lly ruxppen in rr, hu~to.tti• However, 

as po.u·a in C,'Ofc'Ula were seen in the field in early sr:-ring, there can be oo doubt 

that males su:rvtve too ,'linter. Eaturtty in the male therefore precedes maturity 

1.n the fcrn..~J.e ( which fact was a.loo fouoo from the g....-eenhouae expe:d.rre ot) aoo 
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c,o-pl11.ntion probr:bly stb1Ulates 

The rh;;-tf:tt:1 f'or female :1 cop is shown in B'ig. 52. An tooi.dent (cau.ood. by a.n 

abro::"maUty over which too author had no control) occurred• which caused a change 

tn her i·hythm; this actually enhanced the study by providing information wht.ch 

otherwise Houltl not have came to 1 lght. On 9th February :105U, t. e. th:t-ee quru:•u,rs 

the vay thr·ough her ovi1)0si.tioo period, a male was noticed tn the tl.lbe with her. 

A close e:i!a::~tnation of the tu.be revealed that aocastonally she had oviy:os!ted. on 

the par,:er nn..i-ne-ta.g instead of in the site almost tnvarfo.bly c~hoaen by other females, 

the cotton-wool plug. The presence of nymphs in the tube ind ice.tad that the ma.le 

was her own oon~ re-ru."'Od tn the tube. The rhythrn f'or the first half of' her ovi­

r;osttton wns similar to the rhythm !'or :1 co:pa, tn that the bursts were short. The 

nmle may hE.ve boon pz:e!k·mt unnoticed f'or several days, which would &mount :ror the 

sudden occurrence of? !!)3(1 tum blll .. sta. Othertvise they would have to be a tt.ributecl 

to the i.nc:reaso tn temperature over late J rrf'JU/:il'y um February. n~ieve:i:·, when the 

rbythr.i for fen-ia.le ?:.' ta considered, it aoerJ"I..S f"aix·ly certain that the longer bt.l.I'Sts 

tn the secor--il halt· of' foolale 1 cop's ovtpoisiti.on period ee.n be attributoo. to the 

SU:.'den apr.-ea.raooe of· the male. Thus Fi,_'!,. ,52 comr:ared with Pig. 31 dernoru~tratea 

the change in egg-:JD.ytng rtcythm caused by the suddtit·.1 introduction of: a m.c1le halt"­

way through the ovtrosi.tton r,e:d.od. 

The cheek on fertilit".f o.f the eggs laid by 1 cop had to be aban::1.oned~ but as 

het· a::gs lald :;;;1:ior fo 9th February ·were f'e,:·ttle she must have utilised sperm 

stol:'ed from the first oopulatic.m, until the other male appeared. In the setting 

up of' females :1 cop nrrl 1 oo:pa ( aoo also o:f some of the pairs ) the fer.'18.les la id 

ooo Ol" t-.-m egg batches bef'ore the mo.le was introduced. Yet oome, if not moat, of 
. .. 

the tlf~~s lald on the day of first copule.tion,werc fertile. 

The I'hytbm for female ~:•, which received one copulation :r,e!' week, ts shown 

in F'ig. ;53., ,iheD,?ver a copuJ.:ition ocCU'·red soroow!-'.iere within a burst of egg-laying, 

the dm"'ation of that burst vros rr-01.onged. All othe1' bursts were very i:,!lort with 

the exci2r,?ti,::m of• one of 1} &.1..ys dut•ation. As a copulntion occur:r.'ed on the one day 
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1,reruc ltmedtate·ly preceding this bt.tt·st, ita duration may also be attributed to the 

attmul~:1.tory eff'ect of' copulation. 

In cotr.lusi.on, the baste rhythm was rot ooi:rnon tn the f'lrst gene:!'atton. Moat 

ot tho females began layf.ng tn fairly long bursts am the longent burst did oot 

ooiootde with the mic.:ldlo of the ovt.r,osi. tion pe<'iod e.xcept :f"or females a• a.n'l 3'. 

The duration of burs.ts decreased towe.rds the em of too ovtr,osttion period. Thm."e 

ns generally no rhythr1 lo the duration of breaks,, which tended. to remain coostant. 

Possibly the teu,.ales bad .a spell by laying one or t»io ahort bursts imtead of 

having longer break.a. The more favourt'lhle olf.me.ti.e coootttona ext.sting n t the ti.me 

of the first genei~atton ovtr..osi tion JJl"Obclbly obviated the short bursts and long 

breaks . -which were chnractcristi.c of the ea..t'ly ovtposttion ~••tad tn the parent 

generation. Agetng would acc..-ount for the decrease in duratton of bursts towards 

the end of t.he ovt:poat.tton rer!.od in both gererati.ons. In the number of e r,,ga laid 

. :per day there. rc:1.B., within certain bursts, an increase to a. central ~ak am then 

a de-.i,raa.se. ~er., this was not eonelstent, -Eor: aft.en ·too peak cumber ooourred 

at the begtnning or em of' a burst. Mo differeooes bet-M,en females or- dt.f'.ferent 

ring form r .. oulc} be detected in either rhythm or p?.."'Oductton. 

In the r~tal feeumity record sho'Jn in Appem.ix n, females 5' • • and H" 

sh.Gmed stmlll'lr rbythma. Oppoa1te eoo.e. of two long bursts are shown~ sefW:--ated by 

the mini.muvl break cf ooo day. As then, was an i'oorease in the duration of' bursts 

fi"om the pa.rent geooration to the ft.rat gaoore.tion.,. it seemed llkely that some ot> 

tbe bursts :tn too secom geoorati.on would be at least of equal duration as the 

longest in the ff.rst. generation (namezy 28 am 24 days). 

Fe!OO.lea L • and tJ!t which were unnated stnW:rl a different rhythP.:1. 'fhe bursts 

ftt'e short.ex·• 8.tl(.1 for un the breaks were longor. Thi..s ioolcates that absence of 

the male he.d a depressing etteet upon ovixx>si tii:,n. Thia was also evidenced in 

the control farno.le aril in females 1 cop aoo 1 copa. 



flunber o~ Ovarioles in N. huttonl 

Fende,:'graat (10!.:17) :r.:-eported seven lobes per- testis for three species of 

t.vga.eidae exa1!lined. r~ood:ward (mentior.ied by Pendergrast) showed that ln mor.1t Het­

eropteren species, the number of ovarioles was generally the same as, or else 

Therefore -~-t-h .... u_t,~t<:tfil may be 

e.spectr'.ld to have G - 8 ovarioles pez:· ovary ( i.e. a.ssu.:;lng seven follicles per 

testit5 ts general fot· this family). The N. huttont. females studied rarely prod­

uced the potential ma::droum, for batches of shove 10 egi_;;s per day '\rJCre not COOJoon 

am did oot occur at all tn the parent geoorat1.on. 'l'here were tw,, batches of 16 

eggs, one of 17 aro om of> 19. lilgheet daily production teoc1ed to ooctlr in the 

oont.."'e of the ovtposttfon period, whilst at both eoos only oni.,3 ho.lf to one quarter 

of the potential ma>rimt.JL'l proc1u~:too, OOOUITed. 

i:1or ~zara vi.X'~ L., Cumber (:1.951) ahowed that the ma.in daily ovi:r,,oai.tlon 

per1oo was between moo_ and 4pn, arii that shru:liog of' the bugs with a sheet o~ 

par,er at mid-day seemed to eti.mulate ovipositi.on. It was decided to deterr;d .. ne -tor 

N. huttont the Dt'eferred tirr.ie of day ( if aoy) fo"l: oviposition9 am, by ehadiog tn 

the mornin,cis (in nu endewto<.J' to cause maximum ov!:poaition to occur in the morning) 

to ooti<Jrmine whether or not shading stt..'UUh,ted ovtpoai.tioo. 

Parent Gerie1.,ution 
- -- 1 --. .... 

In the parent generation which laid bafore winter, the number of eggs laid 

over an :1b day period· wr~re checked at noon aoo 6 pm. Tate.la for that period laid 

in the mor·ning and e.fte.i:noon VPare, respi~tively; 6:t egt,;;a and 98 eggs. There was 

a def'inite :pre.ference for afterooon ovipositloo; $) of the egr_;s were ovi.1;0eited 

in the morning. There was oo ttme before winter to determine the influence ot: 

sbailing U...''X:m ovt;:::0si. tion. 

:a.th tr~ !Jfu"'ent generation ,1h1oh lal<l nf'tGr winter, the effect of ehrullng in 



the morntngs u.r"On oviposi tL'1n vra.s tested over a 2U-d~ pertoo in September and 

the trlal pert.,:xl, ::t1. oorni.ngs were sunn.y ao:1 1'7 were ove:roaet.. The number o~ eggs 

laid in the morning an:1 afternoon by each f"eraale are shown tn Table 2rl,. 

CodeN00 

o~ Female 

9 

15 

25 

i:f!i of' eSi elus~rs latd 
Morning Afternoon ..,.,_,.,.. ______ - -- ·"' -- •• 1111 h 

4 14 
:l 12 

0 5 

11 9 

6 :1.6 

4 11 

Iilo. of eggs laid 
Morning Afternoon ........ -.,~ . ......,...._... 

10 30 

2 50 

0 11. 

:1.9 19 

7 S5 

7 ,re 
., 

..,,.. II ---~-------•~---•---•-- _, _,_.., __ )' __ ,__,...~_,.._ . .......,.,..,.._,,,.._.,~,----

Total 67 45 165 

Female 23 laid a considerable number· of ege:s .Jn too morning, but this did 

not exceed the nu.'!lber laid tn too af'ternoon. In the first f'our days fJO eggs were 

latd tn the morning:t and somo females cUd not lay in the morning until six days 

that morning shading did oause some eggs to be laid iu the morning, but that at 

peroontage of e&..,'18 laid in the morning (22ft) is compared with toot tor those which 

On the i"irst generation, a close check on ovi.poslti.ori exteooed over two months 

f'rom 3nl ll(:;ICK1mher 195'7 to 1oth Februa1-y :1958. Up to 30th Janua.r-:>y the bugs were 

oot shaded. f.;hadi.ng in the morning was ar-,,plied .from 31st January to the end or 
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aowever, L 01:i.\01· to determine more acm.J.l•atelx the preferred time or ili:--1y or ovt.-

The tltlmber or egp;s laicl between each oh:-iervati.(m by 

$alth female are shown (ror the whole pe:r.1-x1) in Appen-J u x. "£he totals lald by 

The nurube:ro in parentheses are the nut'li}ers ot eggs la1d in Deoember in the morning 
aoo tli'teroor>n bef'ore these 1,;eriods were each divided into t,,,10 intervals .. 

~ ... --.. -~ 
Time (Bern-Noon) (Hoon-4.30[.m) 
Interval & • .3'}¥:fn-H.f;.m f:lam-1(~ :t(>am-Noon Hoon-2,.::SOpm 2. :m•~·;-4. SO_pm 4'. 50pn-6. 501.:m -- . ..... , - .. , -· ·- .,,._~......,.. ............ .... --- .......... ___ ..,._.,,_,_.., -
~C-ode ~·, . . . .r.o. 

pt (7) (3) 

5' w :10 
(7) 

:12 19 (44) 
23 10 

5' 1 2 
(4) (G) 2 

25' :l {3) 
1 2 

(51) 
1 5 

u 12 6 
(7) 

8 37 (57) 
9 20 

H 1:1 :i. (13) 
7 ';fl 

(60) 2:; 2 

u 2 
(13) (19) 

Control ,; 2 
(7) 10 20 

(20) 
16 7 .... 

1 cop 6 
(9) 

13 21 (23) 
18 8 

1 oopa 2 1 
(6) 

11 22 (13) 
15 19 

.;!:: • 4 13 1:1 
( :t ) 14 12 

60 6 10 4 2 

Total 22 
('16) 

8:f. 169 
(277) 121 ff! ............. _.°'_"'~ 
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ovtrti:::rr-run T11£;s OF 1i~ntf.f! (}e~~!~f,'.ATI<iN ,,]te;ri E:lfiAllill rN T; E 'MO!l'NIHG 
"•-•••- f . ,_ '"'1::'lr,, ,.... ..,..,.,..., •• ,a • -~~•---:;........,.__..._ _ _,...,........,. 

.........--.· - ....... »rlt - -- ._.,,_ __ ,~.,~ ~~~~;;.-,. ... ~"""""" ......,.....,._ , ..... -· ......... ,,.~ .. --~--· ----

'time PM· 
Inte1.-ival 6., sn-aam 8ar--a.i-:1.0am :tOill.~:Noon Noor.i-3. .. 5C~t1 ~1. 3C,..~4. 30;:'..;ra 4-., 30pn-6., l'SOJ,xn 

5• 6 2 :t 8 8 0 ~· 1 

u 1 0 8 

Control 2 4 3 1 5 0 

1 cop ,i 2 4 10 14 5 .L . 
z• .. , ,.,., 4 9 9 8 1 . . .,.. .. ......,, . -·- .. 1Qi5 ___ ,.... ........ lrMVA ...... ' . 

Total :1.1 12 17 30 35 6 - - --~ ----· -~,_.,----~ 

From 'fable 50 lt is seen that eggs may be laid at any time of day, but with 

an !noreasa tt.;i a peak juat after mid-day (Noon-2. ~Opm) and thereafter a very 

gradual deelioo. In foot ov1.position was fairly steady f"~ 10am through to early 

ewntng.. ''.l."hese tnsoota differ from higher animals- in that greatest activity 

eotootd.es with warmest day temperatu:ce.. dnly 5(f; of -total eggs were laid in the 

morning .. 

A seemingly l.ru.*ge ooi::iber or eggs ivcrsre la1cl owrnight, mainly be females 51
, 

U atX:1 n.. Further inveatlgation shf.:r,goa that no eggs were laid before 8am or af'ter 

abou.t 7.50:,..rn. Hence theee reooroed e,g la.ta overnight would have been laid !.n the 

n:'Offl Table 31 it is ooen that shading in the morntng cii<:1 not i.tx1uoe oviposition 

ln the morntng. It ta -possible that mori1ing shad!r.ig may cause ar.i increase in the 

number of' e.?,gs laid i.rrrfiediately after noon. There was actually a dect>eaae i.n ovi­

postti.on in this period,. and an increase- bet-.w,er1 }:., ('.1C'Jfll1l and 4 .. ~<S()pm. Only &j~&r, of' 

the total number of e~s were la.id in the morning. Th.ere ean be no doubt that 

she.eling of too bugs did not stimulate oviposttton. 
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t1,s. the ftrst generation wure ageing by Febru.ru:·y,, o. check was made on the 

second genei~atbn owr a j4-f1a,y 1:eriod from 1st - 14th Febroory. Por the first 

6.5(,~ - 8£1e :tl 

3run -10am 21 

10am - .Noon :,o 

noon - 2.3(\:;m 61 

2.30pm - 4.:50.i;m 59 

4.5(.pn - 6.30p-n 41 

A deflnlte preference was shown f'or afternoon ovipos1tion; only 51J'. of' the eggs 

ware lai.o in the morning. Shading did oot stiP...n.uate ovi.rJOsition, nor did it 

erf'ect the_~ number of eggs laid at any other ti.me of day. 

Both Cros..,q [iariee i, ( sub-brachypterous females) and 0:ross :3eries 11 (m.acrop­

terol.l3 ramalea) also showed a preference i"or afternoon oviposition aoo. a negative 

resr.:onse to sbru.:lirig. 

Cooler weather teoooo to inhibtt ovl:posith>n. With the parent generation 

theres ee!'l'J-:.d to be a difference between s.n ovcrctist day~ &.nd an ovcroast and cool 

or rniny day, for eooe eggs were laid on the fon~r type of' days but none on the 

lo:ttar. The mturimum daily 1:ertll?f'..ratures in the gl'eeohouse from 14th Je.t1t.Ul.1•y to 

Bth 1f\~br,my are shown in Apf,endix _,'4 The youn5"0r!t f'irst generation females still 
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1. The act or Oir!Jx>sl tion ru:n the mrir,osi ti.on stance a.re described., 

2. Heaults are i,t·ceentt..'-d for total egg y:,roduction, rhythm in <:igg laying, time of 

day of ovi_r;oaition and the ef'fect of ahaiiing upon ovi:positlon,, as studied ove1: 

three successive generations., ::<eco1·cts of times for maturation, length of ovi­

position 'fY)t'ioc1, nu.rnbex· of bntchce latd per fesmle, ntllJiber of eggs laid 1:er day, 

post ovtr.:0s i ti.on i:-"i'.)riod aoc1 longevity uere also kept.. 

3. It is shown that the last ~neration to emerge ws adults in the autumn is the 

only generation zJith suff'icieot vigour to su...rytve tbe winter. Tbs.n'ie oviposi.t for 

the fir.st ti.me tu"te:i.:· wint0r a.rd are the major source of the 001t1 srring population .. 

Egg rudiments bezln to f,-:ix,n in the autumn but tJwtr dewlor.,ment is arresteti by 

winter. 

4. In order to sw:vive ·winter, the autLU!ltl geOOl.,ation lived twice ae long as, but 

had a shorter· ovir;:ositton period tru:.n, the sr:~1ng geoorat;on,. . '.rhe increased eff.i..1 

px·oduotlon by al1l~(.>eec1ing generations L."l acoountecl for by the mo:r.-e favourable 

ellmatic conditions as the season pro_gret?;ses from the end of winter to the height 

of summer. 

5.. It is shovm that ft.ll;tlea do not dte aom1 after copulation, but liw es lot1g as 

the :fem.ales, am ttk'1.t copulation may ooeur at any ti'Ile (e:xcluil.ing ,vtnter J. 

e,. It i.B shown in all geueratlons that ro;;a.turity tn the ma.le is reacru.'ld a little 

earlier than in the fet.nale.. Observations show that this b also the ease in tbe 

fleld. The time interval dif'f'ered in each generation according to the envlron­

ioontal coootttc.H1s. 

7., It is shovin toot in the mean number o:r ep-,.,c;;;s lo.id per day, there waa in all 

geneTatioos, a. 1 .. ise to a ateaily m.."¼...~tm~n level of p:·oouctton arx.1 ther1 a decline 

before death. Hmrirorelental conditions :vrev-aUing af'f'ected the duration of' tbe 

1001~0.asing, and the :peak production period. in oach ster1eration,, bu.t the decline 

pha30 ?m~1 mP.ti.nly a ro:flection of' age. 

8. It it:; sh.own that a definite rcythm can be dcrnoru..;trated in the duration of 
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b{Jrsts of egg-la.yin,r_; nnd i.n the <.1u:rattot1 of' breaks 'th1tween bursts.. In the parent 

generation the duration of bursts increaood to a !Jef\k nn::1 them declined; the 

opposite waa true'.) of the breaks. In the f'lr-st gaooratton most of' the fl~u.os began 

laying tri fo.1.:rly long bursts, but tovro..r.c1s the end or the ovi.r,os!tion ri1:n:iod the 

duration of' bursts dam.--eaood; b:eeaks were geoora.11y short. 

9. It is shown that presence of the male is not necessary- for. the .for:·matior1 of' 

ep-,ge or too eor.tiruoo supply of' them. Complete absence of the male or hi.s presence 

for only one copulation at too begtrming of the ovi..position porioo, had a l'ilight 

depressing efi'tkt upon ovir,ostti.00 whioh wns J."eflected in a dU"t'erent rhythm (short 

bursts), am a smaller· number· of a~,:gs la.id per day, from normal, aoo a lon&--er ovt­

rositi,'.)n per:t:xl. to procluce no:r.,ool total egg proouction. 

100 J:reaeooc of t~1 male for one copulation per week caused an increase in the 

number of eggs laid on the days of copula:t.lon or the day immediately following a. 

copulation. Too influence was a.loo reflected in rhythm, i? lonr,,:er bw:'Sta. 

:11. Ooo copulation is su:r"'ficient to fertilise a female for lif'e. It V3 e.loo shown 

that a fern.::.ue can carry viable s,perm over ·winter· and. reL'l81n fertile for a complete 

ovl:.::osttion per·too af'to1· winter with.out further contact with the male. 

12. The rrumbex· of' ovar:toles :;:ier ove_ry is estimated at 6 - 8.,. ficnrover, the t'ernales 

seldom ovtr:osit.:xl at the potentir1l iP.0.ximum of 1~1 - 16 egis per day, although in 

one ease 10 egcr,:3 were ovi;r,,-r.>stted 1n ooo tay. 

13.. It is ~,hown for all geoarations stui1i,:1d that there is a p:referet!CO for tarter­

noon ov1;;:osit1.ori. f?rom the first arxl second geooratlons aru the Cross Se:x.-tes# it 

ls shavm that greatest ovir,ositt:m occurs between No,on arid 2.50pn.. There was a 

gradu:"'l increase in orlr:-0si.tton from 8am - lOam, then a more rapid incree.ae to a 

peak after mid-<lrv-. and thoreafte.t· a gailual decline. i"llthough oviposition 

occur:i:-ed at o.rr.J tirne of day between 8am and 7.5():.m, it cUd not occw:· outsiil.a those 

times., 

14. It is sho,m f'or all generati.ono studied thut shading did oot atimub;te ovi­

roaition, nor dicl it alter· tbe oorw1l t.:i:-erxJ of daily ovir,osi tb:'J W3 stated above 

(13 ). 
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:115. Ho dlf'fereooe in pre:feITed ti.me of r1ay of ovi:positbn, or res;;onae to shading 

was sho-}m in tnc."1.Cropter-ous or sub-hrad1;11_)te1·ous fer:1ales. 

:16. It ts ahown that cool c1ays cause a c1ooreo.se tn, ar"i:! that oolJ Day~i rnay inhibit, 

ovipos i tton .. 
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The eggs us~d tn tho prelirnir..ory incubation stUL'ly, an:'l. thoM ~ some of the 

parent geoora'ti.on, were laid by females eollecta'l frorn the field. All other eggs 

(unless othe:.:-uloo stated) troi:'e l.a.ld by 1"eeales reared in the greenhouse. Ii:Jring 

tnoubatfon1the eggs, alot;i.;J: with the cotton-w-001 in which they w,re laid, were 

placed lnto srooll jai:s ~~" by 1 '' having screw-on lida. 'J~he lids were screr.ff!.la on 

only lightly, so that some air would. probably c-i.:roula.te. 

F-reshly laid ~11 bu:ttof!.~ eggs ax-e sometimes an almost colourless whtte, some­

times a very pale o.range {see page 9 ). By the eoo of the day on which they were 

laid, the egge are a. pale orange. 'l'he eggs become progressively darker in 

intensity of colour E<..8 incubation ixr·oeeeds. 

i\ rapid dete.1-r,1treti<.n1 of the colour changes was made by examining on the one 

14 days wore c,,x-ami.noo uruer a %et1::,s l()Wl;Ol?ror stereoscopic microscope, u..-sing artif­

icial lighting. Colours vrere oornpa..-red with Ostl.«Ja.ld' s (l.051) Col.our ::;tandards, noo 

where ap:p1ico.ble, too O£ina 1"\llotod to a colouz· w1:1.S obtaiood fro:.n the :British nort­

ieu.ltU-"P&l Colour Chart. The changes oat.ad wnre as fol1.0"\'ISt 

EJ:W; fresh: .Amber yallovr (Dst\1ald aeries VTH, 2 ia) throughout; small area at ra-a hours) 
oe-phalic 11010, ooe::-er orange {O. XII, 5 na). 

!f'~s '.1.:, ~: Pale orange ( o. VI.tr, 5 ta) throughout; oepb.alic pole as above. 

5 clays: Cadmium orange (o. XIV., 3 pa.), colour deeper in eephaH.c halr. 

Ji._~i fla.torn red (o. XIV, 5 pa) throughout; two red (U. XII, 7 po) lateral 

s:i-;:ots, the eyes, ooo t•o:..irth of total length f'rou:i cephalic pole; uo 

red abdominal SJ:Ot!3 in similar ;positions near poeta:rlor pole. 

~4 .. da~: 1-·oppy red (o .. XIV, 6 pa) throughout; eye srota decr,-nr reel (o.:x, 7 pe); 
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In the tleta:llod det,e1".·iin.o.tiot1 of colour changes, a batch of ttu.-ue eggs laid 

The ra:9ic1 deten;1in ..... ti.oo iH 'ln agreement with the cm:,-.-esronding portton of: the 

detatled ckrto:rnimtion on f\~:·tile eggs. Eron them both, the following brief, 

general pt-:i.tta:,·n or colour changei:1 ouri.ng incubatton, nv..1.y be stated,. Un the thi-TU 

placc--d la.:te:i:-o-venti..~a11y one fourth of> the totul length :from the cephalic pole,. By 

the fi.f·tb dt1.y, tho e_yes are distlnc'J.y red. On the nlnti, da;y two ill.i.rk orange 

ar.ots ohow through tbe cb.o:i:•ion, dorso-late:r•fa11y in too I-aglon of the abdomen.. On 

the tenth duy their rrurab(:r ta doubled o.rrl by the o1oventh day both patrs of abdom­

ln..al s-pots have i\werJ.. By the thirteenth dt."!.Y thcfie becorne red nbdo,ninnl. streaks, 

an(!. fa tl1trc'\,. abc1ornirn.:1l blotch &£ yx1,,.cr:s mid-clorsa.11y,. I Tbr to bHtcl1ing, r.,ortions 

the ventral s~U:fuce of' the hrx1y. '/he abc1o,:JCD is still ratbf.Jr a lal·i,:i;e orange blob 

'1:he a.bow gererul pattern ts tn accor>tleoce with that noted by \falnf~r (:1.942) 

the fourth day the,y were a 1:lull ora.nge-brom-:i. no eyH erJOts developed., ant:1 hy the 



D,HIY cor.:.xm (.1U!lv.:.S OCCU!IlI1G IH I•~.'Jn'If,; fiJGS 

Date or ovi:;-.-ostt1on 11th Dec• :1957 

1st d,1y, 7rm, 11th Dec. :!957: Straw yellow (uatwald aeries x, 2 la) tl1r0u1;:t,o,.:t; (1:,1·1•·,~r· 

m-ea. at oophulic pole0 mru:-igo:la oruti;;,o (u. JiIV, 4 pa). 

2nd day~ [JJ:.mU J-':n:, . .m yellow (,;. ;,rr0 2 pa) ttiroU[,llOu.tJ oephalio pole aatu:::-n t'Cu 

( o. UV D ;'i pa). 

3rd docfq ~1-01 i'.,lostjy straw yello-;,; (:.,. x, ~: lu); dro:lcer- aron t'.J\'t1'1.t'C1t1 oepl'>..::tlio 1xilo tw.a 

reddish-orange apot :sllo17ing ttiroctgh. 

5th day. Ooo: Definitely orange tfwoughout, but at11l almost t1.·m1Sporent; L"OIJbclic ;;ole 

to ooo tht.I'l.1 or total laogtt,oa.drnf.001 ora?l[le (d. XIV, 3 r.,a), havlO[: a roddicl., 

spot sbo .. inG tllrow_;;t,; re1:iuLn,lei• lightor• le~m yellow (,_;. ;-.rv, :'.:l f;U). 

Gtl1 day, •lJ_:w: 110 i.n fi±'tii day. 

8th day• 11am: Gephulk r-,C.:le saturn ~ ( o. XIV• 5 -pa)• grading tlll'ough 1,.--u.u.-lgold ox•ange 

(o. ::tr\', 4 pu) for ooo tbl.rd to·tal leogth, to ca.J.,ii.w:i oro!l{,"3 (u. xrv, ;s pa), to 

lomon yollOF1 (v. :.;rv, 2 pa) at too pooterf.or r,ole; a re&Jlnh :ip:>t ahowlog 

through marl.gold oranget reglon. 

9th aay, 2!x,:J: Cadmium orange (o. xrv. 3 po.); tlro lateral poppy red (o • .xrv, 6 rJU) 1.1pota, 

the eyes/tovtards 001?ha.l1c pole; too poppy red blotb.hea towurda J.JOSter!ro' vole. 

tiore ao'r.t'orn in colour tlu-ougLout. but of' slightly lighte!' intensity at 

r,oateri.or p:ile. 

!Otti duy, !!p1ll .-, somewhat ooorf>r orunr_;e I:). XII# ~ po) tJl.!'Otl/::hout; eyu a~'10t:o rod 

(u • . :.II, 7 na); f'our red blotcliea l'lt:lar poatertoi· pole. two together <>n <:me<·. :::;W,:. 

1::.th &,y, 5pm lladoally mar~ild orange {v. Y.T.V, 4 pa); eye s;?Ots mu aJ::,doi:.1!.eal bl.itctico 

r:'°PI-~ re~~ ( o. XIV• G po.); lat,m.u. abdo111inal b lotolles fu.v.:, f'useu to ooo lurc'.l 

blotch on each side. 

:15th day, :t:tnm: Almc>st saturn rod (O. :,IV, 4 po. to 5 pa); two geranium fol.'<l re<:! (;;. 1,I'l, 7 pa) 

ati--eaks, one on each aide, near r)Oeter·l.or pole; a thbd o:rnnge-a~~<t b'lob between these 

t.ro; eyes alr.Pst geranium lake nid. 

l4t\) dey, 9am: Sa.t=n re<l ( 0 •. uv, 5 pa) tb.roll(.lhout1 eyes e.nd a.bdoml.n..'11 1,rti-ealw i::;ei·uuiuro l.uke 

re<l (0 • .',IV, 7 r,-a); central abdool.nal blotob J...'Ol?PY rod (._. •. ,IV, Ci 171.l.). 

16tb day, :!Oom: Aa lo fo .r~nth day. l\ntennoo aloo vtstbfo thl'<Jllf_;b o!Jell ... 

00 
.J.•U.Y · c..r,:.uri cn,m;,;s OCCUl•:1-LnG ::W _J];):';_,~'J.T ; 

Date oC cJvl:<,nlUon 11th Dec-• :lD!Ji' 

~nt d:·:.'t ~•:•:i, :11th :Joe. 10,571 Already a dur·kcr· oruDJl (,.etr,,,ld serias XII, ,:!- p 

')1,::.n f.'erttlc c~<TOl darker ax'i!la to,•iarvs c-c;:i!1alic 1ole; cophalic p:,lo p. 

(~JrnnhlP.l lt'J"c rod (o. XIV, 7 pa). 

. ·,1'.\ cl,,,:• [,;.0'1: Dt,uicnlly a.a tn 1st day; dill:'kt,1' ~trea t:>trmlls ccpl1£111c r,olc =a 

oro.11D1 (c. ;-,T.I, 5 po)J oephali.o pole azalea pink (,J. X, 0 la). 

:.r',~. C .. .,.-, ::;.,:i: Dc,iz, orun30 (o. x, 4 nc) a1.,x,at, throu,rgJOutD but mo:;."O tntenec tow, 

NJ?bfaH.c L ole; C'e).)hall.o :pole o:>w this colour; oo n:.ot cl10\7:ln£:. th1 ,-; .:,::h, 

'.it:. duJ, Oum: Durkor than f'c:,rtilo e~;;3:a, nara ,:iraneo (O. ),II. :j ;,cj th.t·o,,;".[1·;,..st, 

but d&rkar tor one th1rd or total loruth f1u1 oer,tmU.,.' po:le; rx:i ,:c:.:., o, 

aoo:,tog thro'-¼,"fl !.n thto rc131>:;n; ,:ei;hcl.ie p:>lo no 1'.:.n:::;cr 1-0.J • 

Gth day, 4pn, Bas1oally darl: orun;;o (c,, .:.r:t, ,1, x;c) 0 oti,o~·wioo !l!'l i.n i''Lft!\ ,lr.:,1. 
' 

8th da;y, 13.am, As in ntxth ce.:,, t.mU.'pn1 i,; cobtll? tl.TOu,c;bou~,. 

Dt!i da,y, 2pm: Antedor half dark oraogo ( ·.,. :°'Lt, ,;, pc); ro:.,tertor !1nlf sli.;ht],y 

llr;htnr craoge (o. XIII, 3 re). Toc;u;;, le-:~, '..m!i'm~J t:,.rn1 fertUo ogga 

no spoto !!howi,:on tln'ougb because or co cd,r;/.o:·,k :.(ov•.'1.,,-c:m:rnt. 

10t!, da:,, :,~: 1llt!!>J o. XII, ~ pc but darker nt co:fo,Uc :-ok; c. lar.gu r.nrlgolJ 

or,:w::o (u. 1.IV, ,.t :i;:e.) spot showing tbro~_;h ,~t,orc cm <;Jyo s1-0t norr.ially 

,,o•~l:.' to, but mu.ch largor. 

:l ~t· i'lt\,·, 3rm: :,ti.11 dilrk orange-brown (Li. xu, 4 pc) lar~ orange blotch oonr 

ccr,hnlk :;:olo• ao to tenth d&,y. 

J.:,t,1 Gt\'i, 1:1.um As to olownth de,y. 

'4th day• 9anu .Ila tn eleventh day. 

16th day• 10Mi: ZC<0 ohanr;o. 
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tenth day a large orange sriat, which ·wns probably evidence of' the rotting yolk, 

: awea:.."'ed. Gur.r (1957) noted t.'1at unf'ertili.zed eggs J:•ematn crell::c,y--white tn colour. 

nawe-ver, in this batch, and i.n aevoral othe1· batches obse1.ved, the um'ertiliv..ed 

eggs became a dull brown i.n ono to too do.ys, many of them having collapsed. by 

this tLwd 

J:_ocuragy g,t .:tri.c.J~~ .2..f' .C!.2J.E..u.r. r~s~p;:!nt~ 

U.a,yr ~ ( :f Gf.{",) st.."'eSS tho importance of using colour staooa..TXls, especially 

f.n descriptions. :1s the use of suc~h are as yet relatively C'l:N, in this field,- a 

note on the OOC'Ur'aey o.r the oothod t3.s used hnre may- be u.aeiul. 

In tJome pla~s there appero: to be ino.)nsistencies in the colot.ll'S allotted on 

say three cor-JSecutive days, es:pecta11.y iluring the esrl,y s. ta.gee of iooubation. For 

instance in the detailed colour deaori.pttons of the fertile er-,.gs, the same colour 

was allotted on the first and thuu. days,- but a di.ff'e:rent colour \"/00 allotted oo 

the secoo..'l. day. It is logical to conclude tha.t the oolour '.for 'the secooo a.a.y 

shouli1 p!"s")bably huve beon the same i.e. straw yellcw, aril no-t lemon yellow. In other 

words, on such a atnull object, the daily colour dtfferences. are too f'tne, at least 

over the first "few da.ys, to be exactly distinguished.., I!oweVt~r·, over the ·whole 

iooubat'l.on :rxir·lod, the general colollt' chango i.s shown satiaf'actor-i.ly by this method. 

For OXatn:J.,;1e, the colour-s reoortled on the :1st, 5th, loth and 15th days 0.t."'"'e progress­

ively dl:1rker. '.P!:le a:p,:;eara.nce of eyes and abd(jmi.nal blotches enable fu:rther dlst­

iootio-n to be made between these da,ya. Again, in the case of the uni'erti.lbed 

eggs, colours noted on c1iff'ereot days a.re very sirniltil' lm:1 a.re a:;-prc>ximately 0£ 

the sar.:;e intenaU:.:,. 

~atton or ~ 

Gurr (:1DW), from thirty-seven e~~gs at Nelson, obtained u r:1mw incubation 

period of' :3. f.i dcys, but rangi.og f'rom eight to eleven d.a.ys.. In a p..-r>elioinaz'Y study 

at I-alt~rieton I'ior·th dm:ing J n.rrv.;.1t-y :mm, oo,ruiL-,.l dunit!on of' incubation ovct> the 

ff.rst tb.:ree weks was eleven claysJbut over the fitul \'ft9ek v:;1:1s reduced to eight 
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aays (see Tahle .'.:\2). Clen.rly the eggs of th!n lru1ect staw n t'Jal"ked. res2_xmae to 

normal tert1pe2:·ature cho.ngee, and tt ?/c'..S deoi&~d to follow the duratton of' incub­

ation batch hy batch anl (.'}(}nth by 1~1cmth oVBr a cooplct..e breeding sea.sou, '.iD~W-58. 

Incubation r~:riods recorded for eggs laid by the paI'ent geoorati.on before 

wtnte:::· 1957 &""'e shown in Table ~i:5., The first eggs laid in the :i957-r~3 seaaon 

batched on ;-;nu Se}::•tembet>. l:i'rom then omraros 11 egg batches we!'e checked in su.ccea.sion 

until tho 12th l!ia.."""Ch 19513• when the last egg i.n the trio.1 hatched. The} results 

are aho,m in Tablas 34 - ~3.. Table 34 shows the incubation hi13tors of eggs of the 

J?0rent generatioi1 sui-viving wi.ntor; Table 35 givea the data fo.r-:: eggs of the f'i.I•st 

gen::ira.ttcn which succeec1ed th6 parent genaz:atton to late Uctoher arid continued 

until the end of Decembo1:>; Table 36 itxtlw:les data from the seooncl generation aod 

the Cross Seeiea in Janun..t·y anJ lrebruar:r, and f'x:om the thL.-d gericr•ation tn H&"'Ch. 
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. :u~ f LlIH,",S;Y i:i'DJ IY 0;1 DK :VB1:.':i.'IuN T :~:.~IUD ~"--·. _,., __________ ,.,..... ·--
-----·-----~-···---.. .-.--<,. ... ,-,,,..,. ... ,..,~ ..... ....,, __ -.~~ .. , _____ - _ .. - _,.-. _____ , -"'··--·- - - --- ________ ,., ____ _ 

Dat.e o:r 
Of'iposltion 

-
23 Deo. 

6 Jan. 

7 

7 

8 

9 

10 

11 

12 

1.'3 

14 

1.9 

20 

2:1. 

22 

2~ 

25 Jan 

26 

27 

!?.8 

l ..... .,,,l 

~Jtj 

57 

1Io. of' Hi . .imbc~: of et1.gs hatching in the number 
er:w; laid of <lays imicated 

7 . 8 9 10 :11 12 15 

11 

i) 

4 

·:w 9 

~· .) 2 2 

~8 7 1.1 

i"'.' ,;; 5 (j 

7 ? 

~ ~; 

1 '' _,:, 7 - 5 1 

13 3 9 :1. 

<) ,~ 0 
,:., 

4 2 1 

6 6 

4 ., l. '-' 

6 4 2 

3 0 6 24 40 53 

Nonna.1 inc1..tbation period. 11 days 

4 

14 14 

5 4 ___ .....__ _ _.....,,.._ 

143 25 

Normal iricuhation :pe:d.od 8 days 

1.rerttltty (hutchabtltty) = 9%s 

Ho. of egi;s 
failing to hatch 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 --
8 
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Date of Ho. of 
Ov1p()sitiun eg;gs laid 

1:h11rhe.t' of er~gs hatch lng in the nu.".'Jber 
of' days io:Uoated 

:no .. of.' eggs 
f'aillng to hatch 

~l4 

22 

2S 

24 

2B 

1 Apr. 

2 

6 

7 

14 

16 

:i:1 

:1.2 

9 

7 

~ :~£i 

20 

:l.t 

8 

•I ,!l 
,,1._ 

8 

6 

6 

2 

12 13 14 15 :IG :17 1D 2.5 -----·-·-·---·------------·----·-·----------....----1 ---
12 

9 

!'formal inc1.1hation p0rlod. 1,:3 days 

6 ;:'> C) 
,.~j :l:! 

;'i 8 n 
,., 
~) :1 4 ~j 

j_ ,, 
0 13 

8 :1 

1 ,a: 
ti 

1 :t.5 

5 C ,) 

;; 1 

2 

1 4. 

Normal incubatton perif,;d 23 da_ys 

l"ertllity (hatchabi.lit,y) 1::: Df.i.i 

1 

1 

1 

1 

4 

:! 

0 

0 

0 

0 

0 

0 

:1. 

1 

0 

0 

0 

0 

2 

1 



Date of rh.,. of 
ovi::_XJsi tlon e1..k~::S laid 

9 Aug. 

10 

11 

12 

~ 

14-

W .Aui;:;. 

20 

21 

25 

25 J1ug. 

26 

29 

50 Jmg. 

51 

2 Sep. 

3 

5 

7 

8 

9 

10 

11 

:12 

r-11 :1.0 

4 

1 
<') .·, 

1 

~] 

3 
.,., 
l,.1ii;,.J 

4 

7 

:1.5 

9. 

4 

7 

7 

:15 

5 

~5 
,., 
() 

3 

14 

13 

:l1 

:16 

Jiu,.Y,ber oi' e,-:":s ha.tch-tng ir1 the number of da_ys 
indicated 

10 1'7 18 :19 80 21 22 ~;5 24 ~~3 20 

t) j 

j_ j q ,., 

:i. 

:1 

1 
,, , . ____ ..,._ ....... Q_j._,_ 

-L . .'?..~ .. _4 ~~ 
Nomu.1.l incubation pe:r-tod 24 - 26 &ya 

5 6 4 1 

1 2 
,., 1 _.;. 

',·· .,.,. 
8 n 5 t) 

Normal iooubo.ticin period 21 d,iys 

:1.0 

2 

-LJ.Q..._JL 
Normal i.tJCu!mt1on p::n1 iod 19 days 

6 

Normal ioc-ubation reriod 16 - 17 days 

<1 ,:, 
r, 
,::, tl. 

2 1 

5 
') " 1 _, ,) 

c; :, 1 

1 :1 2 2 1 
... 6 5 ,:., 

rl 5 

g q, --·---··------ --·~---
2 1 ;52 22 7 6 --
liormal incubatiorrrtierloo 1., "'ll\Y~ 

101 

Ho. of' eggs 
f'ailing to 

hatch 

0 

:1 

0 

1 

8 

1 

4, 

5 

0 

t 

2 

0 

7 

0 

0 

2 

0 

7 

0 

1 
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Date of' Ho. of' Hur:1Ler of eo r:.'.:1 hntchj;'.);;_ i n Hte nnr;1her o~ i'.1ays No. eif' eggs 
ovir..>0s i t.t,..m 0;:w,s L-;. id in:lle:1?..t,.::: ,::i falling to 

j 1 12 :la 1.4 15 16 :1? 1b 19 20 batoh ---......... ~-·,-·---•··------· ....... ~---...- --.......-.-------------.....-----.. -. ...... - - --• ..... - ~.--·- .-----...._.._..._ 
13 ~I}• fJ~, 4 

1.4 :tr· u 

15 :tO 

1!:- Jt 

17 ?,~) 

18 10 

19 '1 

20 ') 

21 ,~) 

22 5 

25 ◄ ,:· 
.i,0 

24 tB 

25 10 

26 C ... , 
Zl G 

29 1c, 
30 

,,,. ,., 

j Oct. f''/1 :L'I 

3 ~ 

4 C 
t: :! <J 

6 <) 
~ : 

8 .• u 

10 4-

:1f\ p 
C, 

17 

3 

4 3 

2 

7 

2 

2 

g 

:1 

15 

4 

.. 
J 

:l 

1 

:,ormal ioc,,.ubatian :io::toa :tB <lays 

5 

4 

2 

" .) 

.,:·-, _ ,___,.::.:...._......,.,..__r __ 

9 1~} 7 1 

11o:n&:.l lncubati.on ~:doo 1!5 da.ys 

G 

() ,_, 

~ruoo total :Jl.7-
T..e.s t 3 batches were, by :l"ernale 9 near the errl of her lH'e 

·eertUi ty ( h.ntctu'lt,Hi. t:'!) :::: 84. ;~:,, 

0 

0 

0 

1 

0 

4 

0 

j _ 

1 

3 

0 

2 

1 

0 

3 

0 

() 

0 

0 

() 

0 

0 

() 

0 
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ItiCU1)J1i·I(J!J .f:' ~·::X~J~i (ffV 1:i.i}::1 l/\ID l\Y t11ft~{)"l' (~f:..~'<ft!~:'.t\fJ'IOtl ---~~,-~-- _ __,.., .. .......,...-..-..,_.... ___________ . _____ , _____ ......, __ .......--------... --_,-.. __,_,,.__ - - - - - ..... -·--- __ ___..,.,,, _____ . __ , ____ - - ..,._ .. ,......___,_ ..... ~~-~-"'-------
Date of r1o. of 
on.position eggs laid 

Number of eg,gs hatching in the number o:f.' 
days l?X:1 i.catod 

:i.2 :t5. 14 15 16 17 18 19 :10 21 

No. of eggs 
failing to hatch 

1,.,____...,_..., _____ _,,, _________ ,_. -·-•--j--.---·-- .,. ·-·-·-
25 Oot. 57 q 2 0 .:, 

26 5 

'Z1 1 <) 
"-' 

28 ,~ t) 3 1 ., " 
29 :18 10 6 2 0 

30 :l:1. 4 7 0 

51 'l ,._,,?.,.,,,. •• ,.. ~ ..... 2 

2•:; ... 18 9 ... - ·-----
No1:m0.l incubation r,-ertod 17 a.~1ys 

1 Nov,. 57 4 3 1 
2 <) .. :1. 1 

3 :17 j,5 4 0 

4 '7 7 .. 0 

5 16 1:3 8 0 

e 15 6 4. 5 

7 18 7 :10 1 0 

8 26 24 2 0 

9 ~~ 14 9 2 1 0 

10 13 11 ,, 
C; 0 

u 3 5 0 

12 1 :1 0 

15 11 8 2 .1 

14 1c1 !;- 2 7 2 ~; 0 

18 4 ::J 4, 10 2 

19 8 8 0 

21. 4 :1 1 2 

22 35 20 9 4 0 

23 6 0 2 '.I () 

24 20 ., 15 1 ~ I'\ .... <J 
,.,, 

25 1G e 4. 1 :t. 1 1 

26 26 8 9 6 5 0 

'2:7 1".> j_ l;t 2 ,; 3 • ~ /,.,J ,:., 

28 ?.:!. ? 7 .. , ~, " 0 ,., .. , C, 

29 n 2 0 .:·1 -~-----~ 6 ~13 76 12:t 64 10 7 12 2 1 

No1'm.O.l tnc,mation y:iii::rLxl 1:J days 



l)ate of dumber· of !fur;1bei.' ot• eyga hatching in the number of 
ovi1:osition Of'f!,S laid days ixrliC!J.tecl 

No. of eggs 
falling to hatch 

U ~ U ~ ~ ~ W W 00 
... _... • n --•;•- :nr- --.. -• • "" .. .., .. _,,__~_,...._,_ • .,,, --•-•--¥--·--•·~----... ----

2 Dec. l"ll '.t1.'l 

3 ~~5 

4 31 

5 6 

6 6 

7 

9 .·,Q 
\.K.) 

10 fa 

ij_ G 

12 22 
' 

1S 4 

14 5 

:15 6 

16 14.-

:17 r-
,) 

18 '? c, 

20 2 

22 g 

3;.i 

24 4) ,:, 

25 

re 3 

'i>:7 

28 80 

29 8 

50 (, 

5l -·~ 
U-ra:ril. v..:itnl -~ 

:i. "" -I'" n 3 2 V ,1..D ... ~--

:11 1 ~, 
--··· J 

4 2 

·1 :15 :!1 

i £j 

5 

:1 
C• D •1 1 5 5 1 {) ,J- ..,_ 

.. 2 <,; 
.i ,:, 

2 2 :!. 

Hl 10 

3 
,r.,, .. 

.,J, 

I'< 
,J 2 1 

:lD 5 :1 

:; j 

1 ;I. 

2 

- ... ~_,_,,___?_,, ____ "_. _,,__, ... ·-••· ...... _______ 
1·· 57 72 5j •• J.? :J.1: _ _l~--1-~) . ~--

Normal incubation period 1--· _n days 

7 :11 2 

~; 

:tZ 2~~ :t 2 
<) 

"' 4 

!58 

E)fi 5 ,·, 
,_-J 

:! 4 2 

tJ. :t j_ 

:1 2 j_ 

5 1Ll-1 ,'39 21 4 2 1 

k'iormt1l iricuba:tion period :'J.3 days 

nu t.ohab tl i ty .for first geooration ::: 93;., 

0 

0 

1 

0 

10 

0 

1 

0 

1 

0 

0 

:1. 

0 

0 

0 

0 

1 

8 

1 

0 



INCUBt,TI0N ;-;,<Li;:, (j(J' !·.Gt~~-; hill) £,Y 8/.•;uur-ID AN1) '1'H!:{D G.r:fl}~RA'fi:J~;:i /).\'fl) CR;};~;, 
:!J~lill}~) --

Date of no. of U't.lfr.ber of' eg;,:s hatchtng in the number o:f days I'lf)e of' eggs 
Oviposi. tion e.q,gs Ls.id 

1 Jan. 

2 

5 

4 

5 

6 

7 
8 

9 

10 

11 

13 

14 
15 

16 

18 

19 

20 

21 

22 

23 

24 

25 

30 

31 

5f3 

5 

14 

56 

?.l 

54 

10 

:1.2 

2 

62 

46 

93 

t3 

8 

"' t.) 

3 

ind teated 
u 9 10 11 :1'' .;;; :13 14 :1.5 

·- -~.---· 
1 4 f} 

1. 4-
.. .., <) 
.I C.".; ,:...: 

j 3 .. _,. 

15 :1 5 
!' 
.J r· ,) :t 

4 jfi 3 i) 

8 :18 J 3 

'" '"' 25 5 6 

5 ,-
,.) 1 

04 2S :17 , ...... 
Normal ireubatiJn pt>..rlod 15 days 

2 3 8 1 

5 47 4. 

1j 2 '\ e., 

2 7 1,6 4 i 

6 4 

7 5 
_,,,_..._...,. - J .. 1....,, ,, ........ 
.,g_ 30 98 :.t; 9 1 

Normal incubation pertod 11 days 

55 

24 

15 14-

2 

3 

1.4-

49 

:10 

8 

1 

2 5 

5 3 

:11 3 

20 1 

:\ , .. 

1 

:ifi 04 SB 3d 14 
N~i 

0

iooJ}aiiot1r.;0:d.od :to days 

16 17 :w 
_._.... ... _ 

2 

,, ,, 1 

4 

fa.tltng 
hatch 

··--------
0 

1 

0 

1 

0 

() 

0 

4 

0 

0 

0 

1 

0 

1 

0 

2 

0 

0 

0 

to 



Date of' lb., of 
Ovi.pos it 2/) r1 o0ggs laid 

1 Feb., f~f"I 
t 1C.l 4 

2 (J 
V 

~ 9. 
V 

4 9 

5 :1 

7 6 

9 :w 
:t1. 
j.3 8 

17 57 

19 38 

20 fj8 

26 

'2:/ 

:12 

Grand to'tal. ~ 

ih:c1lwr of e,,r,;s hatc~1inr::: in the nur.nb,Jr of days 
in.:11.cated 

8 9 jO 11 12 15 14 15 16 37 j8 

4 

6 

j j 

6 

1 

(j 

6 

8 

Normal incubation t:eriod 9 days 

j ~'.9 

50 

1 

4 :I 
-- - ....... ,,_ t ct J l l -~ 

33 35 

Nm.'l11al lrJC•ubati.on p€!d.od 1r1 days 

1 1 

:t 

No., or eggs 
falling to 

tatch 

0 

:l 

0 

0 

:11 

0 

7 

8 

14 

1 

fi8 -
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Pate of ,,o. of 11ui:ibe ,,, of G;~S hatching i.n the number of' days f~o. of' eggs 
ovipori i. t bn ()i.'1-'7$ 

•,.~:..,;, laid lo:11.cated f.'t,iling to 
16 3.7 1B :.19 20 """' ,:,.( h.a.t.oh -- .._.. ___ ..... _, __ --~ 

26 Sept. [17 6 

29 :1 

30 1 

9 Oct. 1 

10 5 ;j 0 

11 5 3 0 

12 ~ 3 ~ 0 

14 5 ?. 1 2 

:t.5 3 2 3. 

16 4 :-, j_ 

17 4 <) 
rJ 2 () 

18 6 :!. 5 

19 :5 :l :I. 1 

21 6 2 4 

22 j.() ? 3 0 

25 ~ ~, ~ 0 

24 j!1 :!5 0 

25 ?. c, 2 :t 

i'J ifov. 
,. 
,.) 4 1 

----"'"'--~--~ 

79 D 21 !?1. 1f.1 3 :I. 10 - ~~-~·--- -
Eatehab ili ty e bO,.; 
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The data f'oJ.ls into natural groix;_::,,.9 varytnr, in time a_p.an :f'r'vm two-three de.ys 

to about tvm months rt bu.t each auch group has 1-1 dafinl t.e tr.cube.tion yx:r1oct. In 

the rest of Jr1.DU8.l"',Y it was 8 Jays. j_:rurin:-', .Mar-ch "'J9ti'7 (Table 33) ovr,n: a four day 

grotrp it inc~reasect to :l ;J days, from 25th t~arch to 1Cth 11:pril it wa..cs :l.6 to 17 <lays, 

change in incubation period over the season ooeord ing to monthly tempor-at1.1re. In 

the :!D~'J'7-t;H season it was hoped to plot this trencl. accurnt..ely. 

18-:17 dnys for ef,,;gs laid at the eoo of' AugufJt,. }:_; gs laid in the first fortoight 

o.f t~epoonber hatoh.ed c.io:t:nir;.lly in :15 d.ays; · but thero was an ioorcc:se to 16 duys for 

VJe;:'Jk o:f Cctob,n7 ah.owe,: a nornlttl i.ne\lb.,1tion p:,:,.·ind of 17 tlo.:1s. This i.ncrease-J was 

the .l"Osult or ·~1hite;'lashing the g:i:>ecnhou.se on ~7,4th uctob,:,1·. E. gs laid during Nov--

In 'fable ;50 the trend ts ndoqu.ately al.\O\'ltl, over summer· and into au.tumo, the 

end of the season. Lggs laid during the f i.J.'st eleven da_ys of.' J £11.uar:y 191:id sti.11 

ha.d cLem~0as011 to 11 days, and fm::· the romainJer o:t the Jam.1.e...r·y eggs, to 10 daye. 

During the first halt' of' 1,'eb:unry:, the hei.ght o.f the summe:e" the miuir.m.im modal 

1.ncubatl.:::,n ped.od of 9 clays was reach(.-'d and thereafter an incre1,rne set lo. Eight 

short as 7 da_ys was recorded. F'or the re:rm. trikn." of' PebrtU.Lt~.;i,, OOJ:'mal. i.rn:•ubatton 

lasted :12 d.1:..wss and in Hurch abou.t j8 days. 
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Seasonal variation in duration of incubation of 
l~ys~::::_~ hutton-b e::.;;::s. 

Arrow indicates 1.-rhen greenhouse V!as vrhitewashed. 
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,:.,1J.::''iiY{ the :1DU7-tk: f,)(,,emon1 daily mrorimum arii mlntrnum ter,w:i:cat.ur<1s in the 

g"l'eerihnme ,10re reco.t·dod., The mean monthly ternpe.raturos were shm0·n in '.l'able ;fl 

(pa~) 76 ). r:·110 sw:nnt1tbn of the ::seasonel i,.1(:,ii:ati.00 &.:.:t;a is ::;horm graphkally in 

T:10 a.m·atton o:f' lncu:bo.tion, o:,:, thD chf,ng~1s in duration of' 1.ncubati::;n -.ri th 

l,hangee in tecc_,:::,,:_:rc.ri.tu: c, althou~:;h not shovm f'tilly f'or the :1,();';,f,-,;$7 sea..'"k)n, (lo show 

the aec11 ot-.Ec o.nd it1Creene bef or'El n.nd after ?ebrMry, the \'7;~nnt1st month., \"h<~ errl 

of thi.o ooasoo is ,.re n shown ati(l it b reany only the s~:it1g and early surnroor 

t>ortlonH which t:t.l"e rnif,;s:tng :tr·or:1 the gra1~1., ?'he grrrp,½ f'or the :195?-E~.3 season is 

complete Ltnd showri that incubation period no:r.'IDE1lly v-..u•i.es f1·om ,:0 days to 9 days .. 

As tern":eraturo increases fi'O.'JI Sflfing to sunr.ie1~, so the du.ration of' tooubotion 

deer-09.5es, the shortest period cotncid in;;; with the hlghest temperature in 1?ebrruu:j7 .. 

,As oxr,-ectet\ the J'<=}Vo::,·se ts true, 1ncubut;ion r.ertod ii,rn:.'eas:lng as the terrrp0ratu.r.'e 

The iflel'el::\lile in ir1euhutton pe:,·ioL,, shown at the end o:f' October - early :Nov­

emh:r (ovo1: thHt enrli.er in Uct-:'.Jb0r) coincides with tht~ decrease in ter:31;,erature 

ca1J.Sed h,y 1:,hitewu.::shing the greeoho,..l.Se. 'mere 'li'ra.s an ir;'!t1edfote dror.; of about ::1,0°rf., 

Howewr 17 this ioor,~ase in ineubt~tion p,7:rivd also coincides with n slight flattening 

of the r:1inimu:n tef::il.Y.Jl':at.ra·e curw, ao th-:1.t roduet't;r1 of tna:&imurn tewpe1:atUI'e,, no 

i"en,ales ( the f'U:'Gt 1.:,00::,ratioo f'omalt;s) and this rnn..y a.1so be u factor concerning 

the longer b1c~Lltati.Dn f'".J:<:'iocll:i. 100 flattening of the incubation curve th1:'0ugh to 

fJeeer;:;b01:' ln :pl'Obc.,bly a l"'ef'loction of' tl deCI'l:':aHo in maximum tet'.lpo2·0.ture of' ;:,Op 

early ln lk:CFJmbor. 'J.'he ef·f"ect is slight, r.1Gr£,ly checking the d.owmtan1 trend t>f 

the iticub0.tbn graph i~nd not ~nin1:-oing i.t,. 

'.the reasi:.m :Pot" tho suD.deo inc:i.«erdKl in incubation t'6 ·iod in :::kr;:tamb0~· ts 

rn:iknorn1, but it r:ii,y be ti. reflcetion of' the old age of the parent ~~n'Jratton v1hieh 

'\WJre l::.Jini: 'fM;,,'Y irrt--eguhir1y at that stage. ; :rnbahl:;,- also, the high rni.6-Dctober 
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t,en.iperatu.re wuuld. muse the i:eductton again to :15 days -for the :tast e 1rJ:(S uy· the 

parent gJr.eratt,:;n., 

To cietermine whether· or rot egg laying hntl oorw,ienced in t!lc field, some adults 

were coHected from the fiolfl on ~14,th 3eptembe1:·, atrl pL".lce<l tn the greenhouse. 

was eti.11 at a OOX'r!lH.1 of :1.'7-:10 days which is~ on uve, age, ;-? days longe:r." thc1.n that 

f'or erg.s lr.d.d b~r the r~.u:-ent ~ooratton. 

'f:hfa :r:·esult ls intz.;rpt-et,-;;d as i.t'l(1icating that toc'Uhation y;,r;criod may be influ­

enced by the rnateJ:·nal r,•arent, at"'CfJrt1ing to her onviromient. The fnmales in the 

greenhouso ·wfire probably i.n a Weil'lnor eoviroomnt than females in the field at that 

ti.m,J or yetJI. J1s the femiotles from the field had recently been aroused :from ove:r:­

wi.nte:d.nc: qm:.rters:, photoperiot'l may be a f'actor tritu~ectl_y affecting incuhattoo 

ehanges, it was decil1ed to detmr,iinc the ef'f'ect of lower ten,r.,01."utures. The corr.rn-

00(;1 month ru1eoo cf trio field event (;:eptembar ). '1:hore:fore, by flaciug eggs out-
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-------------- .... ~~ ., ..... __ , .... .... ... ~~---,_._ _________ ....... ,__,_~.--...... _,_,,_...,.. -- ,,..,, .. ,. ........ .. _., ___ ......... _ ..,._._..,... .. . , ____ ... _., .. .... ._ --... ----
Date of Ho. of Incub.ation fo..1tuber or e ggs hatching in numlx~r 

of days i~licated ovi:;:?o:J1tion Cff,..gn 1z~i.d r ... 7ri<:)d or 
half9 of' 
bntch tn 
greenhouse 50 41 4-2 43 44- 4-G 46 49 5:1 52 

29 Sep. :JI 3 

9 Cc1:. r· 
-.) 

11 ~ 

12 9 

14- 4. 

15 3 

16 ;j 

17 4'··-

18 5 

19 f) 

21 7 

M 

6 Dec. !W {j 

22 3 

23 3 

26 5 

w 6 

1fil 

16 

10 

17 

17 

:1.8 

1'7 

16 

19 

17 

19 

19 

Av.jQ 1 

5 

.. , 
::. 1 

5 

j 

5 

1 5 

1 

6 :t. 

2 :! 

Mo:ial iooubatioo )?el'iod 40 dc-i.ys 

Hntchahi.lity i::, B~},:, 

2 :l 2 

2 

1 

----------
174.tl212 --.--~...-

t:odal ir.ie\.u:m ti.on reriod 26 da;y'tl 

}fodal tneuba ti,on period 20 days 

Ho.tehubility (Dec. •'::'. Jan) = 94-.~ ,; 

Ho. of eggs 
failing to 

he.t,oh 

1 

2 

1 

0 

0 

l 

0 

:t 

1 

0 

0 

0 

0 

ltThls butch was itiC\.ill<'ited fm., 10 cl.a.ya in the greenh0>,,J..$e before bet~ pla.c.ed in 

the burn on 9th votob~~r. A 11 othe:,: batches v~re p laced in the barn on the day 

of' oviposition.. 
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In most ct1aes the egg bat;ches vrere hf\lve<l, one half romalninz in the greenhouse 

greenhouse by 51 cla_ys, :10 dnys D.n:1 7 ck.l.yg, resreettvely. 

}Jurinr;,· Octobe2.', the avet'E\~~ m,.-:,;;;tmu.'l'I ter1pora-euro in the g:reerhouse We.is 98°P, 

durtnc lJecoG,b•::r mPP, an:1 dur·ing ,fo.nuc1.ry 8\;-°P. Du3•ing the pi,.3r•iod. 13th December 

195'7 fo 6th J anunry :H)rn3 the maxi.mum temper·atui>e under tho ahacle of tho barn 

ranged. fr'Olr1 G1°P - 72°fi'; on only' three days did. i.t exceed 6ti°.P (20.5°c) but thts 

was for· only a. ~);,;•y short tii.'c-ie of the day. The minimum tem1:ieratuxe ranged from 

45°F to 0,;j)p, and on the same three days only, did tt exceed 54°P (:12°c). 

The reau.lte in:1lcate that the species is vor-J ac1aptable to tempere.t1J..t.--e changes • 
.. 

Furth,tr, the batch which was r.,artially incubated before :placing at the lo\r1er temp-

erature is of s:r:eci.al inter-est, because tt shows that the species can survive a wide 

temperature ciha:1ge occurr:tng during embryonic developnent. It hatched in a shorter 

ti.mo than thoi:.e eg.Es lt)Gubuted entirely out.side. '.l.'hu.s develor..ment was merely 

'rho variation in incubation .r·iod at tht? tm11poratures so far di.scuased is 

att,.:m. A cabinet 2ft ::,; ~:ft .x lli.'t wus used in whtch ter,iperatur:e, maintained by 

electric lights., 'lff:tS oontrolloo by n &lnvic the:c-wDstat,, type 'i'~i 2. Relative 

humidity, which ·,,o,s founl to be a vi t.al factor at high t..en'[)e1:aturos, was mainta.iood 

OOmpl!.!'ta<::,n with the rxn"'l.nal incubation pe:·iod in the greenhouse was lrede for each 

group. 



D8.te of 
ovl.r;os i. t ion 

21. Jan GG 

23 

'Z7 Jan. i:i8 

12 Feb. 58 

tfo,. of° 
eggs 

6 

1., 
l, 

:1.2 

10 

no1·;:Ml incubation 
1:eriod in green­

house 

r'.lurnbe:r of eggs hatching i.n the 
nudber or days indicated 

:::i.5 4 4.,.5 5 

0-tO duys 5 

13 

_J_5_··-·-·-·-··--·~ 
J;0t'lal lt>.cubation !).':Tiod 4.-5 clays 
Ha tchab i1 i ty :: Wt; 

10 days 7 S 

Modal imubat1.on period 3. 5 days 
Ha.tctR • .bi.1ity e mr,,,: 

l;) days 

rncubation pe:d.od 4 days 
Hatohablli.ty = 4q:, 

4 

6 

Hodal incubation :pe:t·iod 4 days 
Hatchahillty = 9Cf.". 

2 1 

1:1.2 

No,. of eggs 
f'ailtng to 

hatch 

1 

0 

0 -
1 

2 

6 

j_ 
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pe:d.od was 4-:5 days. }:'or- the second group, laid on 2'1th January, and kept at a 

mean tem£,--er·a.tul-e or 3{3,.,'3°\.:• (97°.F~), the tJOCla.1 ineubt:i.tton pcrir-.,o was ~-s. :} duys • . . 
Q 0 

Group three, incubated at o. highei' mean terr.perature (:.U1 ·~, 44 .. 5 CJ shorred a hi..$ 

mortality (fF• ,). '.i'he e.i?/t,S were subjected ti, a ~ry high temperatu.:t~e of 4'7°C:-51°c. 

aver the firot 1.:.'i hours, but this was reduced to arr-ro.ximately 43,. ~:?c. over the 

rtlfnair:rl0t· of the r,:.:1·iod. The eggs took four days to hatch. Relative h!.lll'liuity was 

slightly le~,s in this eaae because the cotton-wo,:;1. c-or1t..<ain!ng the eggs was not 

damp vmereas in the other three g...--oups tt w1:1.S. ,d'.lether or not the high mortality 

was ca.usea. by the very high early temperatm·e or by the lower relative humid.tty, 

is a matter· of surmise, and ·probably both vrere e,~nccrooc1. 1'he implication is that 

the oorx."H.ti.ons prevailin:;r, for group three were near the u.p.f.'X9I' limit of tolerance. 

The eggs t.n groui? f'our incubated at a rneat'l tempe::·a.tur.e of' ns.4°.!i~ (45.2°c..,), 

hat.chk..xl in four days. i'>a the hatchability :for groi.xp four was fKr., it :fo11ows that 

0 too terrrpetatm.--e of :lj,5· 1'~ was not at the upr::e~ limit of tole:n1.nce. Compared with 

· gt'Oup threo i.t si.?e,ms that either the high tetnperature or 47°c. (1:i.f;.c
0

~~) over• the 

first few hour2 ( in gr-011p tl:u:ee) z,as near the u_priar limit of tolermice, or th.at 

humidity is a vital f0.etor at 43.f?Go flumiult:/ wa.a FJE.:islbly a factor at 36.3°G 

eaustng a relati.Vl'Jly low hatcha.bilit.y in group two. 

The ernia of" this 01::iecie:is have shown re::10.rkable tole:raooe to temperature 

changes. The fol'!owing exr.eriment was designed to determf.r>e the lower limit of 

tempei.·atut'f:l tole:..~anoo. I•'reshly laid e2:gs were placed in refrigerators at i?c., 

(5'1.4°11\) ana. (-.i°C. (45°3•!) fox· r,0riods of one month and two months. None of' the eggs 

hatched. Ho-reve-r, this did not necessarily rneun that the eggs were dead and. so 

they were shit'tetl into the greenhouse. Somo of' the eggs hatched. The results 

ax-e shown in Tables 4.0 and 4:l. 



no. of 
0 g[~S 

! io. ot 
aa.yg 

at ~i C 

:·ro. of days to 
hatch after sb.tet 
to greonhouHe 

:1G 

Total ycm~iod 
from ovir os'i.tlon 
ro hatching (daya) 

48 

Ho. of cgss 
f'aillng to 

hatch 

0 

114 

} Ol:"'COnta.ge 
hatch 

100 

Table 40 sho\7S that embryonic development \'lllS me.rely susrco.1t,0. at 3°C,because 

when 1-,laced in the greenhouse in hlarch., incubation was eompleted in t6 days which 

is near the nort.ll"~l tncubati<.rn period for ;;~arc11. The total -perix1 from oviposltion 

lluratlon of the Oo!,d Period aa a Detezntn!:_~ Factor 

'.i:'he e ggs held at the low ten:tpt1.t·atures !"or longer than ore month ,vere also 

shifted into the greenhallSe, but 0000 of' them hatched af'ter a furthe1· &'S to 62 

do.yo. i',t th1s nt,age, betng mid-:)1a.y., the pos:!libility arose that the t:Y.)r"mal green­

house temi;,e:·ature was row too 1ow tor develoy..-m.,nt to proce;.xi, aoo. tht:.\t these eggs 

mey mt hatch unttl the foUowit'lf;. season. To test this hYfotho.sts~ oome of the 

erss ,rore left in the gr-aoohou.~e until th<.~ fol1on tng apritic , but oo~:;; of them 

siiotm lo 1'able ,n. rfooo 01 .. the erms hatched,. 

TAJ1L2 41 

No. of e ggs Ng, of davs at No. oi' days r:.atc of' shift to 'No. of days llo. of eggs 
3°c. 6°c. it; greenhouse ~ablnet at 7~?}j" at '15°P f'aillng to 

hatch ---------------------------------·-------------5>1' ~m . ~ -, 12-t11 May 58 22 1-
' ; ~ ~ ~} 

f5 61 35 ft 22 5 
5 6:1 33 t! 58 3 
5 ~)9 3;3 n Sl')r'; 3 .(,,J~ 

':I'; 59 s ,. 
:12 3 .. , J 

11'The s fulling to h.ltch .rrom Table 40 



:ll"l--om 'l'able 4-0 ao::l 4,'.1 lt is clear thnt an e:ir,rosure of eggs to t1'\:.for longer 

than liliout Zi~), days ( in this eaoo 5:.1-C:l da;:rs) was fatal. '1'he :fact that not all 

lmver lunlt of ternperatu..re tolt1r-ance. :ioweve:.r, as thc.1 second batch. o:r ep,f:;S were 

by u fer'lf:.10 'kno,:;n to h:.tVt: ahnorrnally low fcrtll'U:y, the li.11it m.s.y oot necessarily 

be at 3.'3 01' 34- days, but rmw be nt any :r:oint between 5..'1 arr.1 fiD duya. Agaix,, 

beco.uso nn e:rip.)su::~e to G0c. for ;)9 days. v;as .fntal, t t Deems logloe-,1 to ,·onclu<le 

that an ex:r<>Sure to 3°G.would become f'atal er.rli(s'Z'e '.rhe1·e is, theref.o:re, a 1imlt 

to the :r.~;1·iod of si.u'Vi.vul of e/;gs ut tempe:caturtrn of e0c. ai::rl less. The hyr.:othests 

that no1,-,1al ter::ir:et'a.turen tn mw are too lo'l:l to pi:l1'r.1it ~rnhryunic develorrient was 

embe:r, and later ir1 1,pril? The .r.esul ts fl'Ol!l 'J'.able 4/) auf~;eats· that they vrou1d:, 

althoUi_~:h tt:e tncubtitfon :;:.eriod would be dr•avm out, and in the case of late autumn 

eggs deV'flloµoont ma.y be susperiled until the fo11o-r-ling a:pring. ?'1.eld t.empe:cature 

data for TaJ1nez·ston North 1-eoorcled at Gra.s~laoos Dlviston of the Department of 

Selentifi.o ar,d Industrial Research o'\l'ar the r•eri.od July 10D'7 to Jun<::, :lDGt-1 are 

shown in '.l?cl: le 42. 

Month or ye·r.i.r 

July 18:}7 J:1.5 f)?.. 7 ?.O 
Augu.gt :14-. 0 Pl1. ~¾ €). !;} 

Septenber 
,.Ii ,~~ ,... 

.l ~J• ~) t:B,.9 tt.7 
October 1G~O EJ.r\ ;', J~...,. LJ 7.0 
liovembei· 1D.,O (~(;. 3 ~J. ~~ 

Deoornber jC '~ v ••. , 66.7 ~10., :5 
January 1DfJfJ ~?ij.(;: ?:).D :l~'l,. 1J. 
February 24.::s '/:j. 8 1t1. ;~, 
March 2;)..4 7~·~. :) :1-~~- 5 
April 1?,.0 G~ .. e 7 ': " . 
May 1f). '.) 5G.,8 '7. :"> 
June :1.3,.4 ;3{J,.1 4,.::'.I 
*-.Recorded at 9 a.in 

;;~). <3 
4.5. :t. 

• r1 

,14.8 
4\J,.G 
;}().8 

~.)'1. :5 
tYl .f3 
ti?. 5 
,:~1. 7 
4:,i,.5 
5U.:3 

Minimum on 
grass 

c
0 

o~;\ 
., l."'" 

-j. () ~10.4 
;) .. CJ c•ry r <'),. 0 

3 .. ?. ;:{1.7 
:::.a ;~7. :i 
G. ;1 45.5 
G., ;; 113. '1 
~/v () 4D.5 

10.6 5:1. ~l 
7. ~J 4b.u 
J.,. fj 34,. 7 
4.G .:1().5 
t).4 52.7 

t). 7 
8,.0 
tt. 9 

12.0 
:i!5. 0 
:m. ~ 
1r.1. f5 
2(). () 

15.:·) ., ... :·· 
..1.1:1. ;:) 

::tn.t> 
7.7 

4:-1.3 
4G.9 
~1Vt>E3 
!j3. 4 
59.1 

C5.3 
GB.·) 
3)9. (3 

54-,,5 
!30.3 
45.r1 
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ary betvi-e{1t1 f~uun:1 nnd a:tr; starting :fron he:-ce the tenpcratu.re '1ecr.eaoos up;va.rds 

N. huttont ovioosits in the· son, ______,..,.,_...,.~- .... 

hatch bec~:.:;e the duration of the mtnifi-!lll'l tarrrp,satu:re is for a corti.on of the day 

Any eg,;s laid tn t{ay would prohAbly be too late arx:l would therefore not survive 

the two coldest morrt.hs, June a.rid July. 

H01rever, thli .. origin.9.l C;.'OOStbn is h~uxlly justified, beeauae evidence from the 

fecn.mcU ty stut.1y iriH.catas toot some rnecbiantsm operates in the fer:"..:ile to prevent 

1>robnhly the oontrollinr~ f'ootor-a. In the jJ)OO-;:l'l season an egg was laid in the 

1:.1': E'f~YJ1Jt!81Y H:\6h_ Tempara~ ... S. 

l~.,rly attertrpts to ht'l..tch er;i,~a at; M0 c. (05°F.) wore uosucce$Sf'i1.l. The eggs 

literally eookeo atn shrivelled. Obvlousl.y relative hu..,1idi.ty is t, vital factor 

at htgh tempt.,nitures. Relative humld.tty within the cabinet was :r:aisec1 consider­

ably by WJO ail::iple methods reoorm:i~mdr~d by Teterson (1S48 ). J\ sheet of blotting 

1,,a:p:,r 12,,. x 4.fl p.inood to one wall, anl wt th the lowt~r r,ort'lon _plaet->el into a i'lask 

of wa:te~l'.', ioorear:100 the evaporative surface of' that water.. \,ubsequent eg,.i batohea 

-were plf:,ced tnt1., smuller jars ( 1" x :\ n) which were inverted aud stood on a. cloth 

sttetcheu ovor a tray containing water. ::tt-i the case of groups one, t-;1,,,:-, and f'our 

('xahlo i'5SJ) the level t)f' v,ator in the tray vma of suf'ficient height to cause the 

cotton-••wool to beoon.1e mni..steno<l. on the othe1· ham, in the ca•.;e of !:,l:'01.rp three 

the level was lower.• so that the cotton-wool did not take up troistur-e. The effect 
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was marked, an:1 oompa.:t-ed. with group ~ 1rould seem to iootca.te that the rnean tem­

perature, tlJ!.3°c, b near t.ho upptff limit of temperature tolerance,, sfo,•1ever, the 

f .P t 4" ')0 c·· ...._ ' i t t:hi i. 1 t 1 
• th ital success o · group .a.ou.r a 0 0 ., ,.cor11..rau c a ~ s v Er.'.. e,na amp 1as·i...11es e v 

role of humidity. 

At J:hrnm.1 Tercrneratures 

Ho humttlt ty dat,n were recorded i.n tho rn,.."1.in incubation exped.ment at normal 

tempe:tnturea because m suitable equ.trment was ava.Ltuble. no·,,ever·, the relative 

htmiiditiee reoo:rc1ed in the field at GrMslaoos Division of the De·p,':l..1.-tm.:mt of' 

Sci.antif'ic aril Inclustri.al Resea.t-oh, 1·a:ia}rston North ove1'" the :J95fl-::,7 and :19!N-58 

the g:i::-eeoh,.mse )._ It shoo.ld be oonaidt:re(l in COt\. unctton 1r1ith the incubation-temp-

decreases till terrrpcr·atw::-e :d.ses and as relattva hurui.<l.ity cJecreasea; the reverse 

takes place f:l':-om aumui:ir to autunm. l.; rrle:t· nit tural cond t t ir.ms, the dec1-ease in 

I'elut!.W) humidity is oot great, ao.:1 at all- times relative humidity was ac1eH}.uate; 

the:r-ef'o:re tem:;.e1:ature fa the majo1· factor ope:r:ative. 

within too greenhouse ·were tested for s.n"Vival ur;:.1er low· 1,elative humidity. The 

actual humkd.ty attained ~·ms not clet.erL·,ined, b1.1t the method ust.~cl i;;; koorm to pro-

desiccator which 1:ras tber.l lef't fm: one day be~:f'bi-e the e::irpertment began.. This 

experiment hD . .d SOl'.'11,J slight vari.aticno as fo1lows: none e5-t1, batcher.; were -r2rtia.lly 

incubated nt nor.-mu.1 htllnlc1ity be:f:oro betn.;_:; placed in the desiceatm:·; sorn~) batches 

the otbe,.: half acting as a cont:ol; ,:30me b,.vtohc::i \Tt}Z'e divided i.nto three, one 
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No. of 
eggs 

5 

2 

2 -
9 -
4 

5 

23 -

I !o. of cL;~ s 
at oorr::ial 
humidity 

'7 

'7 

8 

,o. of: days 
in de.sict".aft:,r 

4-

4 

4 

1:1;'· not hatching 

:15 

0 

50. 4; not ha·tchtng 

.:'Io. .f'a.il ing 
b hutct·; 

1 

0 

0 -
....1 

1 

:1 

-1. 

.Renarks 

lid on jar) 
) 

oo lid 

lid on jar) 
) 

00 lid ) 

Cont...-rol r,ortton 
batch at normal 

1.18 

or sarne 

h~!_i,i t;L ·-·--____ _ 

Ho. of Ho. failing 

3 1 

4 0 

2 0 

...2 
11/ not hatching 

Asl'Jln1.013 that humidity is a necessary factor -for c.1eirelor.JITl(mt of these $f!',f?:S# 

that althowji tt1e jo.!' lids ~re lousely screwed on, the 00:.:r,1;11 air they contained 

The grou:r;, that wns partia.11y' incubated at oormal humlOity (shown in the :t"i.rst 

three lines of' the 'fa: le) all hatched bar one. Compv..reil with Sgft,S under normal 

coooltionsit sho;.:m :tn the right hanl side of the Table, the:r.'e is no dif':rerence •. 

The :percent.ace ho.tci1 ts alS:10 in agrorn.r,ent with th,:i resu.1te from the ma.in tooubat­

i.on ex:po:dnent (Tables 3?.-;'£ ). It would se1:..'ID t.hat the e:;;;;s can imbibe suf'fleient 
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the li.:is wm."e le-ft off the ,:1ars!t but the nurn.he• 'S are too small to :place any value 

Tables thl'Ou.ghout thi:?, sectfoll. 

a.tton e:_r,.c;s laid before winter WS?, 0iti; by the ftrst e,er.,eration eg_,J,s laid in 

October, Hovembor and 'iR.-Cembct' :19!:/l :r 9:.t -; by- the secooo ~.J'l:OOrnti:";n and cross aeri.es 

aguin is eviuoncc of the a&,-eing er dctrinental efi'ect. of wi.ntm: on the ovenvinteri.ng 

f'e,:1Ille and there is agreement between the reared f'ernalet, 1;1rd the :fewales :f'rom the 

fiel.tl., This may bo a reflet~tion of the age of the ove:r'l.'lititered !::tc,les .. 
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number- of ntoropyles wi.th the age of the :!'emale and that this a.cc,'QLmted for the 

decreaoo in fex·tiltty of the eg.,;~s; egr~s laid by a.n old :female were sterile. This 

situation did not occu.z· in J:I-.)~t.;!&q,~ becnllSe ln the spring a.ru s-un-.mer geoor'.atton..c;, 

£ertilit3 reoained high even u:p to the le.st e.?:~ batches by old females • 

. i'.;ggs incubated at no:nnal tempe:n1tm>es, but at o. very low level of ralattve 

humid it.;,' _(c1ry air) viero found fo have a lo-rrer hatL1'!iability than both suril!1"-ier gcreI­

atfons and earl,y spring laid eggs, ~l.Y 69.6: ~ Clearly hurnic1it,y ls necesanry 

at oormal tempen.itures, but because the reduction in hatehnbili.ty was r10t excessive, 

the mi.nimum. relative huc,idity :requu-c·ment mt.Wt be low .. 

rerluctton of tempe.ratu.re (f:eom )Jecer!lher.' fo Jct.obeT) z-etard.ed hato!1ahility in 

the ,geoor·al i?lCr0ase in ter;xpe:i:at~ e~m in the shade rxn·mitted OOI'!nal hatcf.Uibility. 

Thus an estimate of the lo'iJGst tor,,'!)erature 1;0:nnitttrig the normal 9:1.-Df): ootchabiltty 

was obtained an:1 vms :15.6(\: .( i.e. the awr81,.3e of the mean maximum, 18.4°c and the 

mean minimum~ :1.:1°c recot'ded in the be.rn i.n Deoember ). 

/\.e irrltcated ea.rUer, devolt)I)ment was ver:y slow., but more r,,robably sus:r..ended 

by the temper·o.tu.,.""'es e0 c .. and ·iPc. When returned to oorma1 mndi.tloos, some of the 

eggs develor.:ed., but hatehub11ity was reduced to !'.iB.4(,. This demonstrates the 

tremendous adtq_)tahility of the ew-:;s o.f this s:r;aciea .. 

At high ternptn."atures th,-:1 peroentr.ige hatch der:eo:ls on humiility. rrovided that 

relative hurn.idit.y is oot a limitinr;~ factor, e_::,,gs may be ittcubu:te<l at a temperature 

as high as 4fi.2°G, (113°1'~) without redootfon in hatchability. i;hen relative 

humWi t,y was mt ndequate., hatchability o.t 44°G. wtc1s a..~ low as 4,q-.·~, at-ii -v-1hen oo 
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Lsing e small ·batch of' five e,::,)l in e-0tl, it was .founJ. that they tw..tched one 

recordec1 in the greonhouse,. 

At the complettou of embryontc e.evelo-.prr.ent tile mature emb:r:-yo lies r.10tfonless 

v.'ithin the chorion until the (.'lOO!!nencement o~ hatching. However, heat ft"Om a 

bright llr:ht a day before hi.."t.tching is due will induce the err.bryo to 1b'l~ig,gle 

violently .. 

'l'he :f'i.r~1t movement was a ffl!.Ve of muscular contraction from posterior to ant­

er.ior. 8hlf''bing of' the toed eye sy.,ots wa.s .readily ooticetl as. tho he:id was tlll'own 

'bae~1:U"d.B and the body arched. These slow and comt2m·atively weak muscular waves 

C()ntlr,u!l:.xl :for about throe minutes. In.iring this period blood '.PZ'eSSUl'e) was built 

up tn the head to f'acilttatc bu:i?sttng of' the chorion. J}t the te.rmioottrn of a 

hotly mw0, a spltt \"JaB r..w.e in the chorion nt the oophalie IX,ile ,·un a p;;-rtion of' 

the he.:.ul mor,iente.x·i.ly i:xpr:,enrod. ,Jn tho ~t body wave the head began to emerge 

almost f'!•oe'i..ng the embryo from the shell. However, the er.tibryonii.:, cuticle still 

ooverecl the r:osterior hn.J.f of the nymph and remained attached (b.:1 the :post,,."):cior) 

to tho "1:nout;hH of' the sho11., 

The time elupsing from the f'irst splitting of' the chorion until this etage 

ranged from ~1-5 minutes., The s,.,-elling on the head was then witho:cawn flush with 

whloh mv,;ills ur with blo0'd presaux-e t,o split the chorion, and having accompliahed 

its task, was wi.thdrawn. The chorionic s·plit was ventral anii cxtencl:ed from the 
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ce~1alio y.olc down the mtdltne, a dtata.ooe appro:xLnattnr~ the body width of> tho 

of .HhoT;aJi;::nrpha bur;n {':-entato,.,itlne) but in tt1ot:m eggs the s:;::_ilit wa.s oontlnued to 

the p-.;;ste,·tor role. It is :p)sslble that the ftrst sek,,.:;roont oi .. the rostrum, being 

forced against the chorion when the head in th.rm::n back, aids in s;H.tting the 

chorion. Since the split 1,•1ru3 ventrali the n..-.over..ont of too body at hti.tching, was 

•·. 
The n.YID'i_'.:Jl lies moti.onlesa ut the mouth of' the shell for t)..3. 5 minutes. Tho 

posterio:t' half of the body was eoolosod in a r.r.embre.ne - the et'!lbcyonic cuticle 

(Wf.g.,qleswor·th
1
1.H59) of' the n iooctiv-e pronympb.1t (Tillyar.u ,19~>.6 ). :rt eo:~losed only 

the a.½dorJefl on the dorsal s.ide but extaoo.ed furthe.r forward on too wmtral stde 

to enclose the ler~a and the dlst1:1l half of the rostl.""'t.lm and antern1o.e, p:t"oducing a 

mumrnif'ied e.1.1:eru:'a1l<..,"'e oz.· the »legless la!-va0 (listngez:, 1942). The antennae lie 

folded under the booy, one on each side qf' the rostrum ao:J. -parallel to it (aee 

:Plate 4 A an:1 H )'> 

After this first :r;ertod of tnnctiiri.ty, waves of muscular contraction began 

again, com cnJCing at the anus arrl ending at the hea.d •. The most noticeable part 

o:f the movement wu.s the throwing back of the heoo, arching of: the bcx:1y • and a 

simultaneous movetront of the rostrum a.rx:J antennae o:,m:.w from the body. The:rn wa.s 
as 

also slight svrd.ying nf the body .£'::·om side fo side. On one "beatn/tbe back was 

arched, the antenr>.J:J.e ar:iJ forelegs were freed.,, on the fifth beat the mtcl-le.ga 'lr'lere 

freed, and on the seventh beat the h!nJ-legs ,--m1"e freed. The range of timea taken 

Thc-3 nyt:1ph, still attached. by the posterior- abdominal segment to the embryonte 

cuticle (r-lnt.,e 4:, c) entered a second -c:10tionless r:e:d.ou for 2-3 minutes (except 

fo1· the ocoosional f'ltok of an a;,-::.en:1age ). The ns,17rph ntter:lpted to walk at.rcl8". 

but the cuticle still b0lnr; pltd,lo, thin r:ortion e·ie:r:-ely stretched. ;!;Ventually 



/, - D,, hatchtn,g;.. 1~ rudimentary e%toroo.1 &>enita.lia of female- fiftll stage 
0::,-1:rf:h - ventI·al, sli!];htly posteric.1r vi.f.n:r ( n::,t to 8UDe scale)., 
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shell for 4 to 5 minutos befo:re r.:l('JVi,n;~ a.my. 

The total lmtching ttme# taken from fL:-f:.t splitting of the chm·lo11 W'ltil 

when tht? i1j,1mph was comy•letely f'ree was 9-1:J, minutes. To this ctluld be added about 

3 minutes of preli.min:U":/11beats" instae tr.e shell. iJsinger (1042) ro;:orted a 

hatching ti.me ot' ten minutes fol1owed by a. rootionless r,eriod of: ten mirutes io 

N. coonosu.lus • .,_,,.._._,...... ___ .,.___ 

In swrl!TU.ll'fa lng, the times arrl ranges (f1.'0m seven obai..'l"Vations) were mo.de u_p 

(a) }'\'Om fi..1;St splitting o.f' cho:ci.on uotil nymr,'h motionless lt'l shell mouth 

2 - 3 minutes 
' 

(b) Pirst motionlens perbd 

:r - 5 minutes 

up to 1 minute 

Sometimes before the first tr.active r...er.iod, the nymph cornea &tay completely 

from the chorion but ta..'ires the lower 1)0rtion of the embryonic cuticle wi.th it. 

It still observes the aarne :pe~·iods of activity anu inactivity. !Tov..ever, when 

.freeing tts expr;eooages i'rom this sl10ath 11 the mid-legs assist (when freed) by 

rushin;7. ou.trruros arid dowtl'.va1.'da on the err>.bryonte cuticle. 

prn:ludor.x:1rculurr,, the cho:d.on in both cases is s:r,lit irregularly at ecJ.osior,. Atrlre 
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Usinger (:H-)4~1) desoril'Cs -he hatchtng of' c ~:;s of!;!, coe~1!,~lus . J •"'i;cl0ston Ls 

aco,r.,pli.si10r;_ by 0. 2plitting of the chor·lon aotoowhilt in:-egultu·ly near the anterior 

errl of the e _\~ , fo:rmit"lf~ a flap or· lid which is fo~·ced oren as tho eobi~yo exr,aman. 

ne oonalde:rs this tho f!,Bre1 n1 pittern in Orsil l ini. 

In B.,_.lli:!.,ttonl e c;3~s, the apUt was neo.t arr1 oot irregulnr, the two atdes merely 

belng f~:t"C'EJd ffr.;art a."1 the n:_ymz;h e•"(~rgcd. (a-'.je F late 4, D ). 'i'he embryonic cuticle 

ncrrmany rer:1ai.ned attached to the shell mouth, anc1 this, splas'<'~d out, rzesented 

an 1.rr-cguJ.Lu.~ aurfo.ce. 

:'3outtr.vo,x1 o.lso stated that \'t '].'he erabryonk cuticle develops over the 1-vhole 

f4urface of' the embryo and erM~lops euch a T1:eO::lagt~ separately; i.t is shed i.tllnedi­

ately a.f'tff,• eolo~-im1. Std.ctly 1.t nhoulil. be confli.derea as the cuticle (an.'! sub­

sequently, e~uviur:1) of' the fi:cst larval tnst...<\I', thus gi.vtng n total of' six larval 

i.nstars tn most Hcter·optere.t'. Tillya.:ro ( 10n) (etted by fouU.i\.vO'.xi, :rnbc) 

discussing oi:io oota:i ref'ers tr.; the cuticle a.s the prooymphal sheath mxl states that 

the 11ro nynrd1 really rer,reoonts the first la.--va1 inf3tar. Cslnge:c (1042) states 

-thn.t tn OrsUlini an ovbryonic membraoo ls ca.st t1hen the e\"~ryo qui.t8 the chorion. 

In the caoo o:f' Ji•- .t~to.Q_i only the lowor portion of the embx·,yoni,' cut icle has 

b,~en ootc{l - the legs /lntenno.e and r:ost:i:um ore oot eqch enclosed sepuratel,y but 

a:ce 1oorely pL ;; cd ck.>wn un::!.e!' it. It oo _ld tut Jther-ei'oro) be tenood an e..xtrs. tnstar. 

1\1 though senrcrn.,~1 for, the anterior y.;ortio n t'le.B not foutd. :YU-'.<:rn a.rd ,J 47,n lesworth 

(1931) olJt;erwd b. ~r2r_(!;l;.~-~ eg;E3 clurin_g embryonic pulsations aoo stated that the 

roon:.l )raoos are l'U[)tured at the same time as the caF ls dis1>lacad. f\ n eltplanatloo 

of the fat.e ot' tbe mobryonic cutlcle in l!!. ,h.}!tton! now beoornea a~1.rent. It must 

huve been ff&-li.t when the chorion was spltt, and it piubably sli·py.-ecl. b~wkl:1-ards as 

the n~'l."IJi;h rnovu<1 forN1:.;rc1s,so that the antdri.or po:ction was at the mid-body level 

a.ril tho p:,::;fo:c'Lo::· 1 ·-•Ttion collapoed. The proce~1i1 by which the n.ymph f't-eed itself 

fl"'Om thi5 stage (' lato 4., ;\., n mi.l C) has already b f,(;)O described above. Her e then, 

1s t.1nuther ff.\Ct stio,·1ing that in N. _quttp..!!! the ombr:;onic cuticle canoot be 

regarded an an add i ti:n1ul irmtr-.u· - 1'l.':urely, thn.t before the nyrnrh completely eme11es 



125 

frOm the egg it has rrt0wid ro.:rt of' tts ,•1as ;)ut Di' tl1e embryonic cutlele. 'l'here­

fore oo pm:t of' its nyrophr:il life ts fff>3t1t entL.T>ely v:rithin the en!'Jryonie cuticle. 

Time of Dav of 1 futcM.nP 
~.,__,,,, - -• ! a ,___, ..... -- I •-,: 

?he f'irst e;;gfJ 1nlt1 by the. r-arent generation after winte1:· hatehed on t3nd. 

trom .der,tomher to .:Jctober, mo:i.'.'e h.atehingH uegan to occur ear·lier· thun 9am.but no 

rore in the D..f'tern)on:,1. 

4:;:rn f.:Sa'::1 73 

B~l!l 10uin :1tK"i 

10am Noon 46 

Noon 41.:m 26 

Of the total hatchings 51?· ooou.rred betvroen aam and 1Cam. 1'H3 a large rn.1rrtber of' 

hatchings were recorded between 4fn1 and 8ar:1 ot1se::::vations were e:s:ter.cled latex: in 

the evening artl e£-u·lier in the rror·ni.ng, an.t proved that the hatchings ocour·red 

It vrae decld.ed to c1i.vicle the dam - :tUo::l intex'V.:1.1 into t,ru, and sci ove:::- a 21 

f'oUows:-

41::rn 8au t42 

Barn - Som :1.70 

9atn :!Oorn. 7·:1 

1(~'arn Nr::,on '11 

!·k:101'.1 4'[::tTI 22 

It ls seen that the ni . ..1mber of he.tchings increased ra.111.dly to a 1,"CaJr tetvieen 3am 

and Drn'.1 (when .3'.3· of the hatchings oc:cw:Tec1) then declined &'1'adual1y to ni.d-<lay ~ 



a.fter ,ihi.eh it SUt1denly decUned. In the mornin[J 0.;:1; · r,f the hD.tching::~ 

ocemTeC1._ Ct'ton many e:,;gs hutched between 8ar;1 aro 8., 15a:·1, and this, tc;,gether with 

the fact that a large nwi1ber hattihed shm:·tly hefo.ce l;Jam, iDLitca:b:.~8 toot at the 

tieJ,iJht of• S\l!nr.:ier the pref'en:red t-1::ie :for ~=closion \'TWJ about 8ara.. 



:t.. DaUy colour chlmgcs in fHrttle Oi_J\S i1re deucrlhoo and com-pa.<'ed with those 

resooc1 n.nd 0ve1}b;,:.tlJy tho ,"'£.1.c,tu.,.."'e eooryo l:ee~.me vintble· throl.lf,11 the cho:d.on, but 

the latte:: <'liJ-:>::, turned a dark b.i-:·ovm and evon1iua1ly colJar,soo,. 'fhe employment of 

colour staoon.:r.:tls wa.r-1 fOll.r".J to be aatiafuctory. 
inversely 

It is._ shown that tbe du.\~atbn of incubation oV(~:c the seasr.m va:rfoEV wt th normal 

tarrrpern.tu:r-o changes, e. c;. 2G days in AuguHt, 9 da,ys in 1-'ebn.lary e.nl.1 3.'3 days tn May. 

J.\s it is f11.s-.:, ~;hown (by using m.:y a.tr) that the relative humtdity requ.h'erooot f'or 

dltl-;ns because:-

(b) in a controlled tempe:cutu:i."'e ca.btnt~t at 4J}. :,:{'c it '1re.s l16 short as 3. ~S-4 da,ys 

(o) e~r:onu.:i:·e to rP, i:u:iI ::/jc for 32 d;.,.gs 1,~rely susr.:eooed develo!;'.lf:ient; when 

4. It is sl10\·r<1 that the ur::er limit of ter;_lf,erature tole:t'£c:rioe dereu:la on relative 

htlffik:1.t:/ because 1t1hen this was limitit\'5 the vt1lue was below 34°c, when it wa.s not 

quite adeqLu.1.t0 i1atr:h.ability was only 4Q:; at 44.3°c, bat when it \";Jf:l.S adequate a 

OOr'l1l.':1.l hatcb,<;;_bt.lity of 90, 'lt,--as obfained nt 45. 2°Go 

5-. It h, sh,)vm thttt the lower lL'nit of' tei:rpc,:·a.ture tolerance dey;errJs on the 

i::.h.1:ratkln of. the cold t<:::riod. /;t tempc1°aturerJ of' 6°U - ::?o the ;llt.12:iJnutn pe:cioc1 of 

0. I':tom a compurison of" temperatL\l·es i.n the field with the results rsf (5) above, 

1.t foJ1ows that ehoald nny et;~~s be 1£d.d in the fieli:I w:t::c in autumn they wotlld oot 
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survi:ve ·r,i nt.er. However, :f'.::orn the i'ecu.rili ty s tu.d_y 1 t is c le"'1r tiicd: srnne 1necbanisr:, 

de_crease in f'ertility with age of' the r;ia-1ternnl y-..,2,.rent, l:h,_Jl~?J2l 0g::3e we1."'C highl,v 

ferttle up tJJ the last·butch Latu hy the :rcrnt1le. 

8. It in shown the.1.t eggs incubated tn ooil tend to hatch lo a slY.Jrte:r ti.me than 

egr~s inct.tl,u·ted in cotton--wt)•.,1. There:t'ore incubation rx'lrlocis in the field (>Ver the 

height of sw11.rnt:H:/·a.re ltkely to be slightly lest; tha.n those dem< .. mstratecl in the 

greenhouse .. 

9,. Ec1<mion from tho egg is deserih:¥1. 

In oonb:ad i.stinction to the OO!'tnfal :procedure in eggs of the Fentatornorr.;QX'I.,;ha, 

it ts s.hs::)rm that in N. hutton! egtJl the cbori.r .. rn Joe~ not cplit irregular·.ly at 

c~closion. 

Ocrntrary to the ©::trer.ally held belief' that the embryonic cuticle z-epr:-eeents 



1;s the preli.'I!itlf'_.ry incubation stully b.i:1d hdica.ted a marked TesrXJooe to 

monthly tempm::-e.tra~e chnoges, it seemed likely that ea.oh instar would show a 
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ioo.1.vUh.uil~ reared \over the 195'7-f:,8 sea.son.. The nar.21ing of the r:.-ene:::·attons was the 

sar:le as that used in the chapter on Fecundity,. Pour geoo:ea.tions were :roa...""'8d 

thr,')ugh t,.') the adult f".L"OITI. eggsit in the 19tl7-f>B season .. 

Hourly observations were made mil.er /l. mi.crcscop-3 usiog a low rxw1er objective:, 

the acrtu·oo of lllumiootion batng d.ayllgb.t only. Colours were compal"'!'.JU with 

Ostwe.ld' s ( 1931) Co lour :3tanc1.a'!'ds. 

Ee1os ion OOOU1. ... red betv¥'een 8. t5e.m an:1 G.,45&'.il 9th December"' 1.G!Jl. 

9,. itm: :rs.le ora.og,.::l throughout; h0ad arrl thornx slightly paler, 

( Ostwald series X 5:ta), but mo:i."e shiny than abdomen ( 0. ;, 11 41a ),. T.ega 

at'.X.1 nntenoo.e ti.aged with orange, but trariSpurent. Eyes bright red 

:t0,.1U:uri: Golouratfon as above e;g:oo_pt :for legs and antennae taking on a greyta.h 

ting:o (o. rt, 1e c), though still somewhat transparent, and the ap1:ieo.rance 

of' a rota-cto!'sal abdomtool ot~ange SJ::.ot of a lightly dee:r;e:r. lntena tty, 

ante:.:ior to the anus. 

:1:1.10a.m: G,1.-ey tlnge on head an:1 thora..'-! (except r.ietathora:x); legs aoo antennae 

ha~➔ lost their trar.lSpo.reooy. Head arrl thorax orange-grey {,J., IV, 51e ). 

1~ V-shaped r..o:ction on mi.dlirse of p1YJ- and meaonota (1.mich IX>rtion does 

not darken), aoo the head strtx;es,orange as the abdomen., legs am antennae 



12 .. '.10rc1~ 1I'o the oo.1,ed eyta, head and thorrui: a::-fOe.r hrrs-m.. i Ie~ thorax ( e:xoe·pt 

oot1:\thor~) legs and anteone.e grey-bx'OVffl (fJ. TV, ~>,jg), but the mid-

Tl:ro further df>rsal ai,oto preaent nco.r the 

f:,. :tt;p:n: . To the nakec1 eye, blac}: jl.mt- ap;_1Cf.i.tinc on heud and thorax. H.oad an::l 
; . 

Pourth segaent of r,.,stru:n a darker blac}-.,.. 

li:::tuE'al obllqu.e, st·ipes present on tho metnthoz·air. 'I'he un-J.e:csict.e of' the 

The i::·ootrurn, tho:.~h, darkens like the legs and antenr:ac,. 

:,_ponings of tt,o dorsal abdominal scent glaros become visible £'01· the f'irat 

tir;ie a.t centre of e.dg,en of f'ourth and fifth,and fifth and. ai.Xth se~nts. 

Too edgea of all segments clet~ly dlscernible .. 

C. 1V, 4 pl)., Mic-thorootc t'V"' ~rn:1 head markin,gs stilJ. or0.nge., •.:;yes 
,, 

:t-ed.. Leg$, ent.ennae uril roet:r'uti grey-b1.ack, ( u. 1.1, :l li )., Distal 

to be tho eodyH i.al sut·..xre. 

'f:his is ot:rnsi.dt:.•·ea ful:l coloi.i!'' tbe nyerph 2..:p;:xm.ring hr1.lf blac~(-hal£ orange 

to the t1z::1ke<l eye, · the.~ ti.r.:lt3 taken fox· cJarkentn~:; being a.bout seven ht:>u..?S., 

-m1.:' sev,:r·al oboorvatit:H:s the fo11owi.ns have been racm."ded for ti.me _taken 
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ltf"·l:-,m.· all r..rou.lts the insect wa.s f_)l-":.le in colour, but darkening an.:1 ru.n:'dening 

seoood stage n.::,1rrph was ( like the f u•st stage) pale orange in colour., but lat.er, 

cr.rev.m, to green on 'the head, buff on t.hc wtngs arxJ pink on trio app:1trlr.i.ges, to full 

colom·. 

j!1rat l~~}i,lli3_of Jtygrphs 
·, 

w.-nec1i.atel_y bog.:.i.n ~ f'ce,J, acme on the ti:ps··or f:r-esh young leaV1:,s, others on gr.aeo 

'i'hllr:'l the nym_;;;hs we:ee nhlG to feed well before .full ooloU1.1 atiot1 was aasurae(l. The 

ta:1:ex:ed ti;i of the roetrum wan Ilf.1!1:ta.11.y i.oot~r.·ted into the plant tissue, am on 

the leavos., th.e vetr.s saeined tc, be the sHe of insertion.. 

16 minutes. ~ifter about f'ive minutes of feedtng, the abdoroon s<.1~;tacl1 to have 

<:Ustero.ed, rn:.id so socoo iootisuremente were taken on nymphs wh1.cb held not fed a.n:.1 on 

unfed! 
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rot fec1, but the ai.,cbc-:en bi•1.d. sbo!'torieu in::l icn.ting r::artw.1 desiccation. Later in 

the da;_y it ho.d fed _, b:.:eauoo the abc1omon w·as utsteo:1od. 'i.'his irillcates Umt con­

sumptton of u !'!~al ~1 tl:11.n e. few hours of hatching is essential. 
\ 

:ist 24 

~>.oo 17 

!3:rtl 3 

4tJ-1 2 

5th 2 

I~ubation :-_-:;e:.~ lod in day-a 
'Hean Hange 

J.5 8-11 

Du:n-1.tion of nymphnl inntar.a (da;s,a) 
k-':erm 1-mnge 

6 

::1'7 

14 

14-:W 

1~:1.7 

13-:15 

The fst'eOOl:'lt study was contt~us over the :1G5?-~Jl:3 season ar:rl included the 

f'irst g,-erieration, the r·:t."Ogeoy o-r adults c::n.1,ght :r, ... "Orn the field in uct.:>hc:e, the 

seec-:iod t o f'ouz.~th generatLitis, arx:1 the f'l"Ogenies o.f the cross seriea. ,::aci:1 baton, 

icawd refe :.:·a in till eases t.o the month in which the er;gs hatched, atid therefore 

gt'lre the dUJ:·atton of total nyropht,l develor::ment. 'l'he results for the full season, 

f'm: each irmtar are r;reoon~;ec1 re-parately, bu't, the chaf~:~es in durn.tion of total 
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1.n Gct.ober, before the 24th (\ihen the greenhouse I'Oof 

16 da.,s. '.!:he range in du..1·atbn of the instar was 1 - 15 da:;a. 

S.'he OOI'IDfal c!"1.anget.1 in cluration 0£ thtl secon.1 nympha.1 i.nstD.r over · the aeason 

arc sho-wn i,n Table 46 am gruphioally in I .. ig. 36. As expected, a. nirn:ifor trerrl 

ffll.8 s b,J\~n, as ttu-, norr:ial or modal du.rathm of the i.n."ltru: was 5-7 deyn in Bcz;tember, 
'·· 

dayiJ wo.s ~ccou.rrtecl f'or ns th{'l ef'fec t \)f whitowr>...s~.ing the greenhouse. 

Tho oorrnal changes lo duration of the thirtl r.iymphF,l i.nstar ovor tbe season 

:ror n:,,1rz:r,ho which hat.ch{.,-d to the month indicated, was 8 01· D days in :.,:e-pternber • 

6 or 7 tla,_vs ln Ut!tr..:.ber·, 7 days in November,, :i days in Deoembar-, 4 c1a;:1s in J e.nuary, 

and IJ dcys in 11a rch.. Again the ros_·.oooc was a shortening of the inst..u..: length as 

.. 



Month of' 
hstc!·iing 

Sep. fJl 

Nov. 

1st ge;-ieration) 
( LofOY'e ~::4th) ) 

fli'te:c 24th 

:'1st gereration 

(a) 
'· 

2nd ge oera ti<.rn 

Total 

:~~1 gc f'i.'H'.'a,t fo n 

?'kl.,. of 
n;ymy,hs 

16 

4 

f) 

4 

:1.1 -
20 -
16 

Jl'l.O. DE! :;-oi:1 gcrexuti.on f:, 
I-rogeny of Dross deries n :1.B 

7: r--.:;geo,y of Cross ~tart.es .A 7 

3:i;u ger~i·ation 

!-otal 

Irogeny or Cross :::ieries Ii 

Totul 

4,th £;-ereration 

11 

1 

2 

1 
4 -
:t 

154 

,-:unber oi' nymphs t.".l:Oult.lng to !;lnc star:)-.""! tn the 
number of days i.n:l. teated 

1 2 5 4 5 6 7 8 9 :lO 11 :l.2 13 :14 t5 '.!6 l.7 

:t 1 2 

:l 3 1 

1 1 '.i 

5 

1 1 

fkn:nw.l §\g'p:~J.e..!L.~. ~.X.I:! ~---.. 
1 8 :-s 

~&ie.n_1Q_£fil:.~ 

1 1 

5 :1. 1 
<\ .,, 7 5 ::1. 2 :l i 

1 1 5 :1 1 

.. LJL._1, __ _?~--·-
2 10 11 7 0 3 2 1 
~~~ 

1 

1 

1 j 

:l 
b, l -.:::r. ,,,,..,----.--~--.,__. 

.:1 3 1 j_ 

1 

J 1 

1 
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3J:P....t1t'\Iuf! OJ? ti:.\)l_;lt) lX:·GiY~- l.V:.Js n·-r {l'Af, ..__....,....,.....,._....., _____ ..... ..-.~...,.,...--..---t~ ....,____,..,.___~.,,y---•----r-------------- '""---·-... ---. .---....... ,--,--- ~ _.........,~-----
\'ont!1 of 
hutching 

Sep,. 5't 1st gererat ton 

ftnc1 generation 

Dec. 

Jan. !:SH '.~~DC\ gem:ratton 

'fll'Off;)t1Y of Gross t3er1es 

y:1.~ogeny ;;}f CrusH f$e1•ies 

3rd gooo::ation 

'J:Ot.."U 

/lQ. of 
DJ-lffiI_'.lb s 

B 

.A 

j_() 

2 

11 

15 

2 

9 

(1 

8 
l 11!1 ' 
25 --

1 

2 

<) ,.., 

1 " ,:; 

~;t 
.. 1 

:t 7 

nynr,:hs !:'JOu.l t 1 ng 
nU!'1ibe,;· of u ays 

5 6 '1 8 

1 1 1, 

3 1 1 

1 

1 2 1 

:1 1 

3 1 3 

5 

r,:. ~, 
~qH :,t~-----
:u ') e., 4 

........... 

:t 

(a) = :i;,rogeny of females oaught in .field. &3-uteniber lliff/ 

to thh"d stago in the 
in': "'.Cttted 
0 10 11 12 15 

1 

1 

1 

1 2 1 



,~ ._:-~t.,'ft(Ji -J~? Trrs rrYr~·~ 'i~,-.?~ :~:~ ~'\ _.,._......--~-·-----~--·--- ~ ,( ... --·-----·----•, --.,-;, ,, .... ,. ,.,..></,., .»◄ ... ,>«1,..,,...~ ... --·--·--··-__,.., _______ ,_ ..,,.~ ___ • ....,.._...,.......,_., ____ .,_,, __ - -

of 
hatch i, n;::; 

Oct. 

Jo.n. C'k:1 

(a) 

Total 

(a) 

~r.-il gone.tT,tion 

·p1-ogcny of G:t"OE'>S Series ~ 

-;_,rogeny o:r Ct"tO&S Sez• ic-;·e t, ., 

3i·d geoorat ion 

'I'ota.1. 

No. of' fa.r:}l:)er of nym;phc; aoul ting to focirth stage in 

1:1 

3 

1 

13 

:l.6 

0 ,~ 

..,..,...,_ 

..lt) 

5 

:JA. 

31 

b.r., the Dt.« ·,b~,:c· of oass ttrllc-"'1t,0d 
3 4 5 U 7 8 U W ll 

:1. 

j 2 2 :t 1 1 

:1 2 

1 :1 

1 

1 1 2 8 1 
-· ~ 

2 1 2 :iO 1 

4 2 :t 1 

j_ ::t 

3 i) r;:, ,,_, 

1 ,~ ... j_ ,!, .t 

7 6 1 
- __ , __ ......... ..,....,,..~ 

8 12 5 3 

2 1 1 

(a) = progeny of fe1r .... "lles caught in field Se:,tember 1D5'l 
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:.:u '~:/i':i''.':1}: u.:.· .; i: R'Tll ':-1Y:FILT, I~.l:c'l\1l? "'"""""' ______ , __ <'_ ·J_,_.,,,,~-.-._,,_,,_, ·- - .. - .. ..-. - -----~~,..,,.,_.·- - .. -~-~ --·--"--1' - ·-.,,..,., ..,,...., .. -· ~"r ... ._._.. _________ , _ _......._" ___ ....,._ .. """'--~·"-··----.-·----, .... .....,..., __ __ 

~~(J;'}t~.~ ~jf 
ha.tc';,ttn;:; 

Dec .. 

1st ~re ··ation 

(a) 
·,. 

Total 

'.!.st gene.rut ion 

{a) 

Total 

2n-3 generation 

progeny of' Cross &:irioa .A 

3rd generation 

Total 

Ho., of NUtabo:c oi' n;r..r.)hS t:v.)u.lting to .fii,tb stage in 
trc n,x::bcr of a.iws iritlicnted 

1 1. :t 

:1:1 1 

4 1 :1. ., 
L> 

"' 0 
J:.C ,., 

:!t j " 2 :1 1 ?. 3 ./,. 

16 :t 4 6 :1. 

5 2 :1 

9 2 4 2 1 

7 1 2 2 1 1 

15 5 t~, ;0 3 :::, 

52 :l.O !-3 8 4 2 ....... _...,,,.,, .,,._, . .....___.._....-...-,..........__.......,. 

:l. 

1 2 1 
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~ :0 ~-:i:/1:I /t·~ di:' 1 ~ I"ft"'f: : ~ t[i.-E ff. : , I J ,:/1: · fl -~----~.-----_..... __ -·~ --·------...,.,._...--~ - - -· _.,._ .~~-- -- --· __ ,......,,.-.. - --.- ·--· _.,. __ -·•" .. -.~ ... ---- -· ...,......,,, ___ ·•-· _.,.,__ ~ .. - -.. - --..-

Month or· 
h.n.tchtng 

Oct. 

Hov. 

:lst reneratbn 

(u) 

Tot.al 

'· 
tat ge:)3l"'att:in 

(n) 

Total 

no. of 
r,yrrt:.)11s 

2 

,., 
;(,.< 

•;!, ,J 

9 

12 

4 " • •• I 

,, ,,, 

~1 

j 1 

ot' nyt;1:rJi.<i moulting to adult in the 
number· of i.'kl._ys in.U .. c~.t.ed 

0 ? i3 I) 10 :.t:L :J;l 1~') 14-

5 1. 1 :1 

:l 6 

1 1 

·t 1 

:1. 1. :t 

:, 2 4 ~~ 

~~ 

:1 4 :t 

2 2 

4 ;; 

1 :1. 

1.5 

1 
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The mrmal chat1ges in duration of the fo , • .rth nymphal tnstnr ovm:.· the season 

a.re shonn tn Table 48 arrl 1?1.g. :;c. 'l'he f!Odel c!.ura.tlon of the instar (for nl'ttlPhs 

which hatched in the month in:Uct-:rted ) was 7-8 uays ln Se ptember arrl Uotober, 8 

days t.n l'fover::iber , f.: days tn December, -'.', or 5 days in the first three weeks of Jan­

uar,v , 5 fuiy s in the last woek . of' J n:1Ut,ry, 3 days i.o Februru.1 y :,- arrl 7 days 1.n March. 

'.l'he duration o~ tho irmtar r~wged from 3-1:3 clays. 

''.the oonnal ohc.'1.ngcs in duration of the fti'th nympbal im:rtar over the season 

e.re shown in Table 49 anl Pig. t.i6. The modtil du.ration of tm instar {for nymphs 
·,. 

whieh hH .. tched in the .MOnth in:1ica.ted.) -wa:l B-11 days in ~pternber, :ID days tn Oct-

.February, arrl 1.0-15 da.ys in riarch. The 'duration or tho iDstar t·angecl. f"r•t:,u.1 7-1.S 

duys. 

'l'he oymphal. develorment is SUODarized in E'tg., 36 ln which the duration of 

e:wh instru:· i5 plotted. month by month against mean monthly maximul11 noo mini.mum 

tamperature0 recorded tn the greenhouse. As expected, the duration of each lnatar 

decr ea2f-1d as the temperature increased from Se:ptembe.r to February., and then 

loc1·eased OS: the t.emperaturo deorec\sed from February to April. The relative hum­

idity data for :t~al.rnerston r~orth 5 sh:JWU graphioally ln Fig. S5 shoulil be ooriaidered 

in conjunction vrith thiH figure. Eowev,il" i, as relative humidity et normal t.emper­

atares ·waa sho"..,·m { in Chapter 5) to be a<leq,..ate for· tnc:iliation, it i.s considered 

also -ro be adequate for uyr,.,phal dev<::,lo-r;t..1ent. 'I.'hus the changes noted, ware due 

· . .' tth the e:l!cer,tion of' the f'ifth in.star, the effect of whitewashing the root: 

of' the g:t'f:~€nmo,.1m:1 on the ~}1-til ,.,-ctober, Hhowed a.a a peak in the grapba in November, 

na.rkt.>c1. tn tht~ first an:J oocc:md i.m➔tars. The fifth inatar graph di.d not continue 
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oownwonls hut flattered o~tt tem.:;.ora.rily s.t that point. 'l'he L;irud.1m.m1 t.errrperatw:~e 

early in I)ecemb0z·. 'there ts al!:.-o evidence that the aeo::m .. i. instar was a.f'f'eototl, 

for the:t"e was a flnttenit)f,-Out of' the graph before the no:rl1'.al downward trend 

continued. :i.'here was no evideoo~ of a rnspomie in the other toet..<U?a. :rhe fore­

going irittoatesthat the first two int3'tc."U'S (especially the first) are far more 

sensi tivc to tet;,[;e!.·atut-e changes than are lat.ex· lnatars. ,\ change of the order 

of :f'J.,, (:1.'7°G) affectecl the fi st iostnr and. aJ..oo the second tnstar slightly, but 

not lat..'7r instars 11 lYhereas a change or 20°1? ( 11°0) a.ffectad all instars, but the 

ftfth instar (which was the most resietant) only slightly. The ioouba.ti,:)O period 

was also ttffected by the drop of ~PP as sho'Nn by a flattening of the grar~ in Deo­

erwer (Fig. M ). 

Table 50 whleh tabulates the duratiop of each trotar month by month ernables 

the cortrptirison of' tr<_;mphal developnent a.t Pah1erstoo Hor•th wttb.-. that at Helson 

shown 1t1 Table 44, page 1.52) '\:.~hich rof'ers to develor,ment tn t'.li.d-Deoember :HJ5O 

(Gux·r:, r,ei•aonal comnn.:tni.C'ation ). 

:I.st 

2nd 

3rd 

4th 

5th 

Total 

No. of:' 
nymphs 

119 

82 

85 

9:t 

QN 
v,J 
., ............ 

Sert.. Oct., Nov,. lkw. Jan., :?ab. 
Modal duration of instar in days 

12 10 9 10 5.5 2 

f.: n 7 ? 5 

8.f, 6.t.i 7 5 4 -
7 7 P. 6 4 5 

11 10 10 8 7 7 

5 :1.5 

6 

8 

7 

1') ,,. 

Sea.son 
mean 

7.6 

6.0 

6.5 

e.o 

7.1 .. ____ ,......,.........,_#!,....._,_.~.~...-- ..... ~ -~--....--......... - ---· -
1-1 A i ... 
... ~ .... .t·~ ~) 38o5 4:.1 IJ.!io ~v 2fi.5 i'5 38 36 

........... .,~ .-.:....-;.,.-1.-,..........-,,... ..... _~.,.,,....__.~fl/ll/Ut .. ,_........, __ ,, ___ , ___ -~-- ....... ~ .. ----.. ---··--..wt 
' 
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The tot.nl dew1.or~ntal 1:ie!'iod at nelson wns 57 da,,;s. Cooaldcring fh•at tile 

month of Deccr:'lber~ obvic>u.sly the ti10 Tables !JZ'e not in agreement, ao:1 only tn the 

cuse of the second inst&· ts there anything like agreooient. 'l'hc tot.o.1 of ~,,.:~ deye 

in February vras 1.-eco.z:tled £'01~ nymphs which hatched late in Fabl"'U.~J and. vJhich there~ 

fore oaveloµw. rn.:."!.inly in Ma.rch; hent,.""e tho df.acrerr,-ane;y bet',veen total !:.i.rtl imividual 

tustar ,valu'D8 in Pebi~~Jo In no month does th<:1 i"@J.r:ierst1.::m !brth data, which 

cove:<:· :1 D, ·wide ra nf.JO oi' tetaper-a turo choages, ag;.,ree w! th the We lsr..; n a.a ro. The ref ore, 

aoak'J factor other than emrirorrnenta.1 difi'ereoces was o:pera.ting. 

However, &r<rol'a.1 factors r,11.mt he ooosider·eo.i at Nelson there were i.muf'f'ietent 

tiurnbera in the lS\St tt.c:ee tnst8l:'5 which are rooet strongly different; at nelson the 

~s Vi/ere in a:n open inseo"ta.rlJ wherea2 at J?al.-ro.eraton North they 1.re1-e in a green­

house; the envtro~ntal corottbr.s of the two exr.erirneuts may h,,,ive d.Lf'fered; thts 

may be 1),1.rely a fooc1 effect, a..'1 the Nelaon nymphs v.iere fed on she-pherds pw.•se~ and 

the J''a]mo!'ntr:ro north nymph:., on 'b.trin cress; the two populations may be exhibiting 

a goorp:a7:hto..,.1 c1U'ference~ As the !nseots roarked t•Nelson" in Gu.i.""T' a ool.lectior1 

a.-re of' the largG 11opi.tle.ttoo, tt b higtily r,robable tr.at his results st10"un in Tabla 

44 ore ftrt· the w'ge povulo.tion,. The results shO".im in Table ~30 a..~ for the medium 

aoo small p,...rpuJ~:-,.M.m1s. 

Of' a.11 imtro:s, the rocooo, thtro a.oo fow.--th eeer&"3d coi'lSi.stently to be sho1."'bes 

in du:t•atio'f'l.., 1'he f'u:-st i.oot~ \"lt..a eonai.derably lor-5.!Jer iJ'l dtll'atton0 except £'or the 

· very ·wa .. -r.mest months,' am it was only in Jt\l1W:U.'Y, Fehru&-y an:1 Uarch that i.t. was 

shorter· in duxatlon tbl:.\n the fourth ioote.l. .... ,. Tlle fifth in..•irtar was generally the 

longest in ch.D:>att.on but on two oct~ionu the duration of th,3 fir.·st irtt3tar \'J"a.S 

longer,. Here, again, it, evir1.enoo th.at too f'i.,·st tru..~tar ls too most ooooitive to 

chtmges in W!'tf,e:\:·ature. The mean duration over all months (excluding Aprtl) showei 

that too thi.r;:l 'il:wtar sllghtly exceeded the second and f'o;.11:·th inatars i.n duration. 

Th.:-; deseemin1i or.der of iootars for greatest dut"atton was fifth., first, third, and 

second H.ril fot:iJ.."th.. 'l'be incubation period was, in all c.a.ser1, longer than the 

duration 0£ any single nyrnph.:'ll instar. In tb.e Nelson po-;-'ulutton the incubation 
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period was shorter in duration than the ln.nt three in.stars., arrl the deaceo.1.ing 

ort1er of' ioot.a:rs (for greatest c1uration) waa thL.""dit fourth, fifth, first, am 

seeon:1. The var-la ti.on ( in cl.ut•atton) between lnstars, is greater tn ]!_button! 

tr-.an that shoYm by :~rnlth ( :1H27) for the Rutherglen bog. 

The clu,x•at.ion of total nym::hal develo:r.1.00nt fror,, hatcbtng until erz..:,rgence a.e 

adults is ahov1n in t.l'able 5:1 aro gra.pb.tcally in Pig. 37. f'or comp,.~im.m, the mean 

incubation pe1:-iods Cl.l"C shown io column 5 aa:1 the 5'1.Gl!lation, that ia the dur>ation 

of. total devel.opocmt from ovir,osition until emergeOCG as adults is sb.own in 

column e, atil also 'ln ll"ig. 5?. Total nymphal developnent and the sur:mntion of 

emb.ryon1c artl tzympb.:'11 devolo~nt both show (as aXJ.JeOt.ed) a similar res1.:011se to 

nozwu tempe;~•atu...v-e changes over the ooason~ as e,1ch stage sepa!"ately. For nymphs 

hatching in Seriter,,iber~ the mean du.t-a.tion' ,of nymphal life was 42 da.ys, and when a. 

mean incubation peritxl of' 19 days (for iu..t(fuSt and. September) is added, the tota.1 

develoy .. mental period becomes 61 d..<iys. The longest nymphal developmental :feriod 

( tn September) v.ro.s 46 deys, and. the longe.·,t incubation period (August-September) 

was 2G days - totalling 72 days. The shorteat nymphul devtllopnental -period., 25 

days was recor--Jed for thooo hatching in the last wcr.Yk of January am which there­

fore developed almost entirely i.n Febl .... .l£l.t'Y • the fflU"::iest month. When treubati.on 

re:d.od is i.ooluoed, trc fi.gure hccor.1es 3B days, i.e. half' of' the longest time 

recorded.. By M'.n.rch, the }?8ri.ocl1J had increased to 41 days f'or nyrnptw.1, aro !54-

daye for total, dove lor,~nent.. 

These too g:ro?hn should be c~red wt th those for each rzymphal i.nstar (Fip-,,. re) 

am f'or i.ncuba.tion pei.·iod (Fig. 34-) because t~y. all follow the same trerx.1 very 

neatly oven t,;i the two r<evecood temperatw."6 charlb-re~ ocmu:·ring clm·'i.ng the experiment. 

The decx-eiIBe in rt:!3Ximum temperature of 2d'1f caused by wh!te--NMhing the greenhouse 

was shown as an incre::.\.';18 in the total c1.evelopnental r..ie:d.od, and the effect of the 

decrease in temperatur-e of' 3°r? in r.ecember wos shown by a temporary cneok in the 

dmvma..~ trend. Although not ciboorirod !n tooividual ins.tars afte:r· the 000000, 



Sep. '57 . 1st generation 

Oct. .:tst gene;,~ation 

Oct. 1.B.st week (a) 

Nov. 

:oeo. 

fat ~:rnez'.1tion 

{ a) 

5Jrrl gerieratton 

1st-:lf.-'th 200 generation . 

Jan .. m 
prcge ny of C:msa Series H 

progeny of Gross Series A 

Jan,, 
last v:eek firo gemeration 

5rcl gooe!:ation 

Mar. "1th generation 

progeny of Cross Sei·ies B 

Apl. 

3 

2 

11 

7 

3 

:i.4 

7 

2 

5 

:1 

1 

42 

59 

SJ 

4,0J 
41 4-1 

42 

41 

25 

} 

15 

13 

12 

:10 

9 

15 

35 days for 3 iooters 

::56 dcya for .5 instars 

61 

54 

35 

54 

to the adult, arii heme dtf>fet' sltghtly from the totals sho>.;fn in Table 50,. 
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its effect on th..~ first, tv!"..J was suf':f'i.ctent tl> shov; in the total,. 

'I'he dw:.·ation of total nympha.l development tn mt'l.len an:1 farnci.les wn.."> chocked 

arx1 found to be the sai::1e. 

'?he n;ymphs uned in thls e::q:e-z:·faient h.:itchec1 from the eggs 1001.ll:n,ted in the 

Unf'ortm1£i.rely the number uoolt waa small, and thorefo:t.>e oonsis.tenoy oould not be 

o;ympbs,. Tht) IDOT:rj:b ind ku ted is the month 1:..r, tth kh the er-,ge hate bed. Thus the two 
·•. 

ru·st tnst . .a.r mill proloTlf~cd~ arx1 the fourth iootat" slightly, whilst 1.ootare 2:, s, 

tt1e duration of eacti tnstar was longer. 

The dewlor.ment of' the first and third tostars in the barn in Hovernber took 

much lonl'.;,"e!' than the same d.eveloµ-oont tu any month in tbe greenhouse, axid tn Jan­

uzry in the b;;irn. The same general trend shown by the greeooouse nymptia 11 that is 

a decrease in the develorxneotal per·iod from early spri.ru.z_ to the height of aun:iroor 

was iridioated by these nym1)1s reared at the lower level of th~ OOl"'L.'\al temperature 

range. 

Th..9 fact that two rrj!nphs comr:lete<l the 1r ciev,::: J .. .opnent tu the J arru.nry-Febl.'\1.8.!'y 

-;period and that om su.rviv-0d as far as the flf'th stage tn tl':s Hoven:iber-Dece:;.·:ber 

lOV<.,1. or alU:\'.:tc>.M.lity (or toler1J.nce) o.f the species for compl.Gte devolor.:inent.. The 

addition of' t!te it1Ctibation :r-s:11.·ioil for those batching in Janue.1:-y (20 days) 5hrnired 

that the total dev01r:,r-:meote.1 r,-eri.od f::om ovt_r:osi.t'ion to emergence aH adults was 



Instat.., No. af 
nyvJJ;,'flS 

Jltl.Y'ati.on of lmtar in days 

:1st l: 

~,00 1 

.3rd 2 

4th :1 

fith "' ., 

Tot..al ..-i adults ✓_; 

Drn:a t ion of 
3 instars 

Dui:ati.on of 
L!: ins-tars 

first} LLg ,-r; 
~ 'D, 

f'irstJ 
79 

11-, j9 

7 

7 

:12 

59., 48 

plus 26 ----

37 

Normal cbratbn 

5 

8 

7 

12 -

14-5 

Incubation :periocl 
in days 

but cU'".x1 in the flf'th stage took longe:c to oorn-plets four :i.nsta.rs (7D da._ys) tban 

elor,ment (7?. d?1..ys). Tho addition of tho t.ncubat!on I>01"'ioci of 4.9 days fo the 

f;'OZ'\::le!' ~ sbowod that the t'if't!1. itlSUlr was reached a.!'te:c 12i'3 aaya, thi-lt is OV'tll:'.' f'our 

r:nonHm in development, a.nu tJ->.e f.lurution of the f'ina1 instar was still tf:) come. 

In nest cases the TrJM1.'lhs were dead h.Y the ooxt day. In the case of nym·_rhs frout 

Altht>w3h the t1ru.~ation of' the first it1strJX' ( 4 days) was shorter than that in 

the greenhouse for Janu.z.iry (5 days-), lt was not shorter ttan that in the green--­

b.ouoo for l"o!)ru.e.r·y ( ~: days),. It a<1aras tt.r,t too ter.y.:eratu.i.""B 3~1,-;15°0 either slow·s 
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r 

so
0
c mo•..i.lting ~.13 1::11.ightly :r:-etru:'dad in f'o\.ll:'th at~ge Jb JZU.JJL:r.t-¥! nymphs.. ~~i.oce 

firet utnge 1!.t..Jl\!Ltw. nympha soon died at ternpera:tures of' 36,. ti°c aoo a.bow, it 

ts nonstc1e:::·ed t!iot 34-~;ti°c ta the uprer lil:\it of tolerar,ce,. The 011:perL!'OOnt shov,oo 

The fact tbnt death ootnc!ded with tlio <m,y of mou.ltin,1 i.n t.w cases irrlicates that 

{'0,.1.rth unc1 :Cifth stage ny-.;;phs used i.n de'termtning the e:ffeot of high t.e,nperatu.re 

on wing f'o:t"r.l in the tidult (&:.1otion /:t ), ,leveloµ:oont rms h.nstencd c"Onsi.deru.bly. The 

upp:ir limit of' teurpeI'atu..~ tolet'aooe fot' ;f.'o-;u~th aoo. f'ifth stage n;ympl·1$ was 4.-1-43°1') 

but humidit,y, nlthough mo..i.ntained, may not hRve been £>ilequate. 

As the ~s ,vore ubln to adapt themoolves to a constae1•e.ble rango of' temp• 

oruturos, an att.::wipt zm.s mru.1e to determine the lor,'Or lave 1 of teL"lf.>erature toleraooe 

oo i'ourth stage n,ymphB. r:2.gs when e:tp)sed to wnr,-e:::·atures of r/'c and e0 c uroer-1'16nt 

EH.iD1?Cnaion of develoyment. It ,,,,as consldorec't that early oymph.ul stagee 110,~ld rot 

ai..u:vtve long 1.1.nler such c<.>ri!ltbn.'3. AccordingJ..y 9 sorno fo\J.rth stage nyt:1phs we~ 

plt:1.etxl in glass tuhea tn a l"efri,~~ra.tor at 6°G. 1) a~)rig of wire-weed, (, .?~·.YHOQ~ 

nymphs moulted t:) the fu'th stage. None survived fo the adult otuge, si:> that the 

shown in Tab le b.'3. 

That the nymphs survived oore than J?.t few· daya at e0 c iriii.cates the extreme 

t(1lernnce of thls stieci0s. Th~, temr.:,erature Dr c0c provod to be below the lower 
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Inst&' Number of Numbr.u:· of n.yutr.lba ~;urvlving the nunber of' days tnilioated 
nymphs tees than ro re 40 42 48 

.....,........,,._,,._ • • • I J • ■ .. I • f I l _, .......,..,........,._ ■-- ,.,... - a••-------------------
4th :l.6 5 2 

2 2 2 --·---------------·---·---------
far bels:;v:· ttw.t wtlue,. Usinger (1942) SU!',ted 11 Some members of the tribe Orsi.lltni 

eon flou:d.sh un:ler al.wat acy natural cone! ltbns. 11 This section on bionomtos has 

certainly shown that thia is ~ of N, hu!!~!!.!, wh.ich ex[)l.ains its wit:1e distrib­

uti,)n in New ;,:;ea.land a1xl 00.tlyln.c;: i.alams. 

uoo of' the i't>urth stage rJY'fi'[)hs which aurvlvecl 40 d.a,ys ,:ras large. Som:i of" its 

body measurements tn ooale u.iviai.ona, are; head width :1.2; bocw length 52; abdom­

ln.<,.l width 24; length of mesonotum to tip of ·atng pad!' 7. However, .tha::·e v,rere 
., 

oo-rne nyf':.lphs reoohtng these dimeoolons (e:xcerJt ±'or head Wi.dtl1). amongst those measured 
<~ .... 

in i::ection ,,, (ooe Tr-...ble 8 page ~ ). /\fJ tt wae large:::· thfan the other nJlll!?hs in this 

ozporiroont, th.are i.s the ty.)Mtb1.ltty that e0c may pi"'eveut moulting; hence attatn­

r11ent of thla mrurtinurn size. However thls ioolat..ed. oa.ae is inauf'f'foient evWcn:ii:..~ 

to make e.rry deeis'.l.)0. :&'rom wiQg pad devebpnent there is no doubt that thla '11/aS 

a. f'ourth sta,se nymph., 

l1s well us eventually killing the O.)-mphs, the low ter:rperatuxe had dGsiocated 

tt-iem. Goo or the f'tfth stage nymr..hs had been stuck to too inside of thf.) glass 

tube. The region of oonta.ct, the left dorsal abdominal surface, 8.:EJ.~ared as 

.Although dark, the do:r.se.1 abc1ominal surface 1.x:i.rtle:..1.la.rly :U:,terally, and th1;t 

bad ronaiue:rable lighter areas of red and, white blotches., The head stripes, orange 

in younger n,ymphs, were white, hut the rest of' the head \IDS bl.a.ck. 
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The inooot emer.i:s-ed from the old cut tole through the underkened, mid-dorsal 

thoracic strtp and the eoclysial suture of• the bead. The eoc1ysial suture {a. term 

introduood by Du '.Porte, :10~7 ), extends, on the dorsal surface, from the centre of 

too posterior of the head, forward.a aw sideways to ln.mediately anterior to the 

eyes (seo·\·lo.te 1). In the exuv-tum 11 the do1.·sal p,lrtion o.r tbe heacl outlcle anter­

ior to thta autl.ll'e, waa pushed forwards so that it waa iooiae out. The mta.-thoracto 

spilt wa.a in the pro- and mesooota only. Emergeooe from the 018 cuticle was mainly 

for.-mros. It se~'fflled that the thorax wae burst open :fu·st, bu.t erne1•gem.,"e was not 

throu.gn thta as 'the split was too narrow. but rather the insect rt10V&d fo:i:wardm and 

sllghtly ~15:> through th~ larger opening oontrtbuted to by both the thorax and. 

the head., [looatimea there .-r1.1a a short lateral split posterior to eooh. eye, and 
., 

sometimes the head on the ezuvium was no~l, t..e. the dorsal sw:-tace was. not turned 
·~ 

inside out, and the ecdysial suture was oot split fully f'orwards. These two f'aots 

further aupr,ort the above view on the tWJthod of' emerf!':looe.. the antennae Wtlt"e :flexed 

A newly emei•gcd adult remained motionless for flve minutes am then began slow 

r:iovomonts, euch as 'tiii'tohi.ng the antennae and alte1'ing its position, bu,t with 

f'coquent rests. :Niru1 rot.nu.res .s.f'ter emargeoce it booamo fu.lly aottve.. Two fif'tb. 

stage nymphs fed for t-i.10 mtnutes on the tnner eu...srfa.ce of' the e.xuvium, no doubt for 

liquid er.d products ,~t• h1.stolysts. 

}!any exuviaa were measured, e.oo it we.a fouoo that tu the measurements taken11 

tlcll:'OOly length, b:re.adth, head;,;,tdth, and lengths of antennae and rostrums, there waa 

an iooreese tn sb.e a.t ea.oh i.oistar, mil a size-range otJaraotertatte of eacn instar, 

Hee.dtrtdth of the exuvi.um was slightly great.et' than head width of' the nymph. 

11he times et whtoh moults OOCW-'red ove1' a 24-day period during January and 



6. 5')}:'£1 - 8am 5 

8a.r:i .. :tOa:::} :?5 

10arn - Noon 8 

noon - r:. 50pn 20 

:1. 50pm - 4-. 50,t:m 19 

4. 5Gp::i - iio SOp:n 7 
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tr.o:ilting occw:·:red at any time dtJring daylight hours, and apart f'rotn the unaccount-

Sex Ratio 

The oox of all tnsecte reared WM reoord.ed on emergeooe as &lults. Nfonthl.y 

totals ~or ea.oh sex are shown 1.n Table 54. 

Month of ft.ool oodyt3ia 

Octob&r 

tiowtnbar 

Deoornbe-r 

January 

Febroocy 

March 

5 

12 

7 

11 

:1.1 

0 

4 -

2 

6 

7 

:11 

20 

2 

1 -
50 49 - -

Ove:c too season, the ro.tlo ot: mt1les to females \-fflB 1:1. However• at the extreoo 

enas of the season, i.e. October II Now~be:r.·, Ma.roll and April the ratio v;aa 8: :t, 

whtlat over :DeooClber, J arioos.y an:l Feb:l."Ual."y the propoi"tions of the sexes emerging 

ware a.1.'UOst equal, but the f'e1.'la.1ea wore in the majority { 1t 1 .. 5 ),. 

It VJaS disoo'\'lerel'.l tba.t the t!Jmpha could be sexed in too fifth stage for, as 

menttomi:1 in too desori.pti.on, rudiments of' the external gonf.talla were a-m::.arent ln 
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the te!00.-1.a (81'.:l~r I)late 4, E) but not ln the male. Miorooooptc e::rn.n:tmtion was 

neceesar:1.. In the adult female (}•late 0, B a.rxl C) tho four posterior abdominal 

segments do not lie s-traight ael"OSS on the ventral eu:rfacet but slant ! .. onro.rda 

1.nto tbe ovi~x,-sltor. In the female ftft:, stage nymph these ahdomlne.1 oogment.q 

show a ten1ency to this r;slantinftj ani densely darkeD'id aNas ocmu: on the mid­

ventrnl line of segment eight., .. ln the 11'..ale nymph as to the adult ma.le {:f.~lata 5~ 

an:.1 D) the _abdominal oot;p:ents lie straight ooroes on the ventTa.1 surfnoe,. 

This ~tog met'.:od Wt'½S tested at too em of the 1957-:Je season. Fift.een 

fitth atage eymphi:.. were caught in tr.ta f'tald. lafo in ~!a;v. Seven were identif'ied as 

females noo put in a ser:a.rate tube, and eight as males. As develoµrent is slow at 

this tit:)..-;; of: year,,. __ the experiment was ha.atened by pl.aolng the nymphs 1n a constant 

·cei.&p0t·ature cabinet at tt3°,1. Of' the oove11 ~pbs ixlentlfied as females. one died 

am ab became adult females. o:r the eight. nymphs identified. as m;-;1lesi, two died 

am six -p:t"'OC1uce.d adult rttales. The ~iUlt.~, ~howed that too toothed ,ms very accurate 

Tbe riJ•tt!_phs could also be sexed by Mked eye with 60-9~{; aceurooy11 tne diattno­

ttor: betog a. dark streak on the fems.le abdomen. 
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:t.. It ts ahovrn that t\111 colouration is attained by the first stage nyrr,pn ~n 

hours after ooloaicn:i. i:"o11owi.nrr all moults, the tnsect is po.le, but as$U1Th.'3s :ru.11 

colouratlou tn several bow.-s. 

of hatching: measureable distension of the abdomen occux·s.. 

to changes in tetl{)eratw.->e than a....~ li:\tnr 'lnotr.;;rs,. The developwnt of the fo1'f00r 

was aff'ooted by a c~.angr~ iu temp.s:::·ature of. :f'p (1,.7°G ), -vvhereaa a or...ange in tec'lp­

eratu:,:e of ro0 ·t,' (1:1.0 c) afi"eotad the dur·sI1.(;m of all toota:l'.'fl~ ~u-t the f'tt'"th sllght~y. 

5,, It, ts shO\rn that the lower 11.mlt of tootpera.ture tolerance tor.· complete dewl-

opnent i:~. r.,.:ar arf>f~ ( 15.o0 c ). 

8c, The nyar.t.'Jh.s 0£' thls species sho•,y remarlmble tolerance to adverse coooittons: 

(a.) the fastest total develop:neotal r..:e1·t.od ( iool~i.ng lnoubatton) dw:ing Ja.n­

ual'J""'February at normal temperatures was 55 days. At lov,er temperatures 

obtained by ehadtng(tn a baro) develop:oont up to the eoo of' the f'ourth. 

~;hal iostar took 128 do.ys durtr .. g September-December. 

(b) first stage n;ymphs gurvtved t~or fo,~u.~ daya at 54-315°C und l30t'.ie of them 

rooultied. Fou~-:-th and fifth ato.ge ~hs 8U.'t"Vived to adults a.t 41.7°c but 

t,o the fifth stage, to survive o.ootheir O ~ya. This result tooteates 

that fifth sta_go nympha 110u.ld bo ca-,r: .. 'il.'ble of survtvi?¥l winter. The egg 1s 

more resistant to er.tremes of te,~1;;,era.ture and buroidtty than are tho ?lj'IDPhs 1 

with the exoeytion that fo1.1rth and fifth Sta,/;e n.71r.Iph11 ooy be oo~e 
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,1 l th the onset of autumn -<11n1 ttt.:~ ar.-IJ:r.'oach of wtnt,e~,, the last uppearaooe of 

each tootar wes roted. Myers ( :l'J~-:1.3) reco:i:'Cled ttuit all stl~1es were :present to Uaroh, 

but thnt in A:p.rtl only the th..""'ee older nyi;-:iphnl stages -were preoent. 'l'he eeaaonal 

oocur1-ence or the n. huttont 'OOT,u.lation i.o tllo field ut f.-'aJ.roorston North over the 
.. • -·· --- .i.; ~ 

Maro!i, so that the last e;J'.JS of the season were p.cobolily laid oarly i..n March. The 

last egg ~a latd ln tt'k1 greent.i0u.ae on 1st tia.y :l.G:n. and adults caught in the :tield 

by :11th .A:pril, but o1ne ,;.vas seen as late as 7th :May. Thl:ro. stage nymphs were last 

aeon ou 2'7th April, and t\n.1rth stage on ~?0th May~ 'l'he ftfth st.age seemed nDre 

hardy, and two we~ eo.ught as late es 3rd June were placed in the greermouse. Doth 

!W.d rou..lted to adults by 19th, whi.ch in:Ur,ated that f'if'th stage nymphs would become 

adults by eo.r1y winter. lbwever, on 14th Au,t;;1U.st 1958 a :fifth stage nymph was 

caught in tl::1e field, thus ostabltshi.ng thb\.t. aooo fifth m ta.ge rzymphs overwinter • 
..... 

The adults seemed to decrease tn ootivity by the end of' April, no copulating 

:-airs were f'oc.md on 8th May• ar.tl thereafter hibaroa.tiAm seei:ned to set in. li1ewer 

.nilults were active on the area, aod. their roovement was very slw.J&J.sb,. 

The du.tes of f'irBt a,-;_;r.iearnooe of the second anc1 thW nympbal ins-tars shown in 

Pig.. 5d \.Vere ca.lculatl;:o by allowior. the srune d.evelor.,tooutal :pe:d.oc:1 aa in the g1'9en­

hou.Se. Aa e:-r.pf..."Cted, thG season began earlier.· in too gi."'eenhouse, but. it was signt.r­

ionnt toot tn both greenhouse artl field r,;opul!:..U:: .. ms a1,.'J.l:t:"O::d .. ,:l£Ltely ooo month elapsed 

be~:.i(m ftrst ro::ulation and first ovi:posttton. Tba dates of' ru-i.tchir4~ aoo emergence 

e.s od.ul t.~ of thn first in::1ivirJuo.ls in each generation ( in the greenhouse) VJ'e!"(H 

1st ~ne:ration 

~:rd geoo:t"ation 

4-th geoorei.tt)n 

n200 November 19ffi ~ 

Bt-h tdarcb 1U56, 

16th October 1957 

2nd J 8.tlWil"y :l.9f;;H 
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It seen;is eeri:ain that in t.he field there are four bi:-oods or possibly four and a 

half brood.a Iie!' s en.son. 

stated that Jl• ... ~tte_m.: p:t•ef'ers situntloos where wgotation 13 spurse and the 

tl1roct sunlight strikes th.s""OJJfJh to the gr'Ou.00 0 Although G-ur-r stated tb.at the 

g:1:~n.te~;t aottvt ty of the bug ooourrod lll."ol1TX1 mid-day, it was roted that both nymphs 

and adults seek: the shac'le of plants -during the warmeet -pa!'t of th!:,;, day. :&urther., 

wben .sooltertng, tmy move into the edg,e of thicker '11egetati.on. The 1.nnec-t lives 

Ul1 i.ooh of leaf li.tter aoo. under small stcmes. To avoid being caught~ they either 

orouch olooo ro the grou.nd or nove into a ,e1~ack in the soil.. At night the insects 

shelter uruer leaf. D.ab.::•i.s. Fourth am fifth stage nymphs when rnolasted t~xuiled a 

t..-v>aoo-f,arent malodorous fluid f'rom the see~~ glaoos and arr..1S0 The above is a 

deaorlptbn of the spring am summer habitat; 

sluggish am tended to shelter more uooer graas straw, leaf' litter, aoo at the base 

of Drown Top (A.€a"9~~ta ~~~ Sibth) plants. Often dw.•ing the waxmet· part of the 

day they wulil move to the .surf·aoe of too soil oi" plant to bask in the aun.. 

·rhe ,rlnter hl'lbitat on the stUf1y nrefi WAS I"esu•icted almost enth"'"'ely t,~ the 

The fo:tffiGr plant 

is tufty, has hr.ix•y sheaths, ana dead lent lt.tt..er at the bases of the st.e.ttis, au1 

thus ot"fers reasonohle protection to the insect. 

~oo host pl,•::rntz at Fa.lmers.ton North toget'oor wi.th an indication of their 

hnva been recorded before, but the otheZ'e m"e here reco:.t·<led as hosts for the first 

time., .Myer.·s ( W21 jl :1.0i'f,) rerorted loc«eroo ~ 1..-ed clover end qaasinia l~p-tp;Pi;\Y:1'41 

1~ 'Hr. as t+,aats; lforri.son ( 1!,;159) re:p'..)I"ted wneat; Woodward ( 1S.fi4) rerorted this 
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Chencnxx1iu:ri tt--1:.4..~r1.~;i:,i £;'erst., J~i_s,},"J~~ ~u~E:e;.~ U,. Gunn.) )Hade, J:Uka Q:terr1?:::: 

stnclatrii (H('.)oic·J :ium .. ). am on :flow,··ring kanuka (TJi~PtoSR:;Z.J,~~!£2_~); (~urr 

TABU~ 55 -- . . .... 
HO~{T r :rJ\J:7.i?S 00 N,w:a !us hu.ttoni 
_..,.,_.. • .. - p .. 

------•---· ,_..._ .. , ... - -- ..,, .... ZllP -----~- -~,...__- ,._ M!':'11. ----~-,e ...... _.., _______ ,,. __ ___,.......,..._,,.,,....,,..__,_ 
TJotanlco.1 O['JTJe 

!'U .. ~t.!¾...Ef.!ll ica 

Trt.:'iuetre.11.a 1:)a-ni.lJ.ata .... .. ii ..... \ ................... ~ff ..... __ _ 

Tri.f'olium rei:ena .............................. __ _ 
sand spurrey 

Gatch :rl.y 

a moss 

White olover 

Red clover 

Lucerne 

Ooohunga. weed 

Yorkshire fug 

Drown top 

I'aspalum 

litajor syi;cing end aun::-er host 

Major surmier host 

Medium host 

Mtror sur:mer host 

liiinor SUl'1!'00r boat 

M.tror aumrrier ho.st 

Minor summor host 

Summer shelter host 

1:ihe 1 ter hoet 

Minor winter host 

&!i.oor autumn host 
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In the f<:1',? detailed stt.1diea on the ecology of Hete:::-o:pteta, the winfor condit­

ion aast.l'!ned by tb.t:, insects have been 1,assed off by auch statements as "P.dulta owr­

winter at the baaea of ru.ahes11 ,"hi.bertiatir1g adults0
, or nonly the oou.lts 9W.'Vive 

the wintern (Hutter :1~~1, M,y-el"B :l926 ). 

It ia gt'loorally un.1erst,00(1 that these ine-e0ts become tna.ctive during winter 

hut uo e:t~t~ts tx,· ootermi.oo the ir:Stensity of the "hi.bel"l'W.ti.onf< he.We 'been made. 

The -word hibe:r.·nate, oof'tooc1 in tho Shox·ter (i.xf"oro l'}ngli.sh Diotiooor.9 nto S:t?eni the 

d.e.ftn:£.tion by 1;1i.sti.nguisbtou between ltia~we artl qulesceooe., a•ooo inooct will 

d.o'Vf;311'.'):{? ~71.t,hc,ut dela,y ivhen te~rrperatu.i.--e (nn:1 other oortlitions) ore 'fa.vo }rahle' 1> 

m:iex·aas a secor.d futls t,o 1..1.ewlop or gro~ .. nbvly and bTegu.larly. Theoo states 

are NS}7JCtiwly q1.descet10e r;l.OO dtapml00 1
\, 'l'heref'o:re, .from evidence i.nte:cpreted 

DCCQro!ng to this oofiniti:,:m, t:be overvri.nteririg state in 11, .. h4tW.!ll ls quiescence. 

!n the height of quiescence, too adult insects ,,;ere oottonless., oot rrovf.ng so 

much as an a.manna urlleas disturbed. fiowever, this intense quiescet10e was not 

conttruous owr a £'1111 day~ but teoo.ed to be broken ove1· the warmer part of the 

c1a;y,. The most intense pe:d.od. \w1.a over Juoo and Jaly. W0vd.1artl (:i.952) etatec1t 

t"In hibernation a diettootfon is to be drawn beween phyatologieal activity 
of the insect and suppression of' mitotic aotivtty a.rd growth generally., as 
involved, fur example, tn gpnru:1 develo1::mE:1nt. Neither .t&:tA.st~ nor 
~~~r~fr4 are ooror>letely inacttve except at very low tempe:r.'atures., am 
both o.an be 1.nc!uced to walk, although rather slug,1ishly, 'When distu:i:·bet.'1 
<luring eold 17ea.tti..er in their wlnte>...,, quarters., 0 

also 
'!'his ooemed/ fo be the case in !.,_h~~"R.21• The lust brood of rYJmphs sho\<,-ed I'e'r.!lf.l.I'k-

ab le harclineasi> run the fo .. -.rth a.rd fUth stage nympr.i.a e:irhibtted ioootivit.:r, v+htch. 

t/01.1.111 have led on to qutesceooe ln the ov;~rntnter·ing fifth st..<::ge O'Jtnphs. 

'.'i:ho:ee -vr.:,.s a grru:.1ual cba.oge f-:,.•001 suror~r acttvi. ty, through :r:educe..>d autumn 
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acttvtty., fo restt'icted winter aottvtty, fol1owed by the :reverse tm"Ough late 

winter to s:c:ring. t\'hen the dates for the last aprearemce of each toot.-'.1!' (see 

D'f.g. 38) ara co~ with tlw mean ooothly f'ield teCTf)Ol.'aturea (Table 42 page :l.15) 

it is St'lon that there was increasing wt.lf.ty to ,.11.thataoo low te1npe-i;•atures, tn 

ea.ob su.cceedlng 1notnr. Those elates ca.-e set~ with alight w.iriatione fi'Ofll sea.son 

to season, either by the effect of -remperature or phot_operi.od on the female, or 

by the direct effect o.f envi!4Cl-ITTent upon eggs and ~ha, or ooot i~ohably ~ by a 

oombi.ootion of' both ftwtors. The Fecuooity study loo.ieated. that the f'emal(~S ceaae 

ovtpoattton tn the e.utumn bef'ore t-emr1erature becomes too l<m f,)r the eggs to develop. 

Thls means tht:1t the full cyula to tba ooult oould be completed. het'ore wtnt<tr·. If 

thta meohantarn tn '·the "femnle doe~ tlOt e:ttat, or tr for any reason it was slightly 

ina.ocurate, than nature would aet the dates, beoauoo only those egge toot are per­

mitted to by the etwu•<.;c1oont, would develop. 

The fLr>st instur would 1.iereiat untti'-the mint.mum temperatw:--e tt can tolero.~ 

was reoohed., its developrent woulcl be slowed\Iown (see Chapter 6), atx.l it may show 

parti.a.1 quiescence. If' tt did beoor.ne quiescent. it \roulil rot mult tr, the secooo. 

stage., but field obsei-vati.ons irx.Uooted that thla did oot occur. Therefore, befo.t'O 

qutesoence oot ini the Djlm;;)b wuld moult to the second. .stage vmich has a greater 

tolerance t.o low temperature. The eeoooo stage ~.JlllPh would develop but v10U1d event­

ually hecooo alug~itsh as its lower lirnit of temper.·ature tolsra:ooo ~J!f.t'Ooohaa. 

,:Juieooonoe would e.gai.n be fo:t--esta11ed by tl'.¥:>ul.ttn~ to the thLT\i stage. Simtl.e .. rl,y, 

the foorth and f"t.f'th ln.'3tal'.'a were ~yresood. 1;:hen the imago w•..ls reaohed, there 

&CX'eaee in temperature by entering quiescence. Ouo ease -was ootl.:1d where the ftf'th 

The a;.1~e of' slu.t,,m1sht1et\a on very colil days, and a general shortening 

of the- rerioii of activity on oo:nnal deya:t was ooti.ceable io the adults by mld-.Aprt.1 

when seoooo stage oympb.s aoo above were still present. 
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The legs o.';ere tightzy dravm in uriler the body m:ld the antennt1.e were flexed 

ln:i.ckwa..--us along the st.dee of' too hee.(1,. 1l'hts e-rooohing stance, by reducing tile 

ru:-ea oi' body aur:fucn e:!l'],:oaed, arid by mtni.lnising d.rcu.1,,-...tlon of' air under the body, 

is :probahlj a ht;ot o:.inserving reat""tiotl.. Adults were often found in groups. in the 

cn:.'O\'?ns of !'ork::JhU'O f'og an'l B1~own top, and. thl~; would tend to mbe the temperature 

wi.thto the ·g.."'n$s tu.ft. rioocb'~ard (:1052) eta.tea that humidity s.semed im,P,Ort..a.nt f'o:r 

hiberootton, a.rd sho",!red that tbe relative hUl'.'Jld!.ty vn.thin a tuft of gra.sia was 

The b1f5ect di.cl oot take up a p.:>sttion a.0(1 lit.erally not move until the winter 

,'IO.S OVi:J1r:, yet it pn>bably t'e1:1ained within the om gra;;3s tuft., During the less 

intense qu!osoont r-e:rtod (t.e. oo:foro a.rxl. 'art.er Ju.oo ar.d ,;.huy) the tnaects often 

r:10Ved to the top of' tho gra.gsee to bnsk in the sunshi!1G, .ard mr:~y h,ive. om.1sumed 

SC-Aile food. However, during too coldetlt ;~~ waeks (mW .June - ,mid July) the 

majority or"' the time was :r.:ittl:3sed in a ODtionless ooooitioo. 

Du:ring lmy, the insects over'i?rltJtertng in the greemhoi.1.'3e would roove when dist-

June a.rrl July, the buga became completely inactivated at the row,~r ter:~·atures, 

:t'or eXatl'B?le evon at 10am, vmen distut'bc~ they ooul.£1 merely twitch legs atil antennae 

fot' the briefe.st r,omstllle time:, but vrould rot row 1.n relation to the subsu•t1te. 

·ret by 5.-(m,. the tem,t,et'atw:-e tn the greenhouse y,1ae ruiaed suf"ficte1:1tly (on smnoy 

days) :ror the bugs to walk arourld. Co:,;;:u.L.:,.ti.on in the greenhow.'ie began tn the 

ooor.>nd W:-1.lf of July, in the af'terooooo. In the auturoo _,c.o;,u.1nt1.on oocw.Ted after 

tbe ooseutlon of ovtr,o.slticrn, for the1 la.et copulation roted iJl tt1e g,:eeohou.se -wo.s 

mx1don,, the mfale cllnt:!l"liJ to the aide oi' the ferrkile, to e\. heed to head r;osition, 

-=.io that his ventl"ttl i~u.rfaco ls o.gutnst b!:,l" lateral BW..°'fat.,"'e• He nolds himself in 



tim ovir,osttor fi"'om its groove,. The ltt)bile terminal oo_@OOnts of' both ae:ees are 

turood tlpl!mI.\is to facilitate ltnk~ge,. In too male$ tt-ey are ·!;urned through almoet 

slightly tm';~Js the nmle so that ttw ventral surfeoos contact. The CW'l};:ers of 

the male c~ firt:lly roun:1 the oviposi.t..01· to give strength to tho linknge,e.rrl the 

aodeagwg is inoorte.:1 tn the O'llipositor and can be seen pulsatlng within the ovi-

the t!.1c1.l-:a; the t:1ale m£-i:f use a atmilar aide to aide she.klng to bilu.ce a.n unwilling ~. 

female to -pen,ri.t union. 

~:,'hen linkage of the g-1:mitalia. in established,, the me.le releases hts leg g1.--tp 

aoo 1_:il:;~00:i the ta..-nai on the gi."Om:~1.. M3 th~ ferl'W.le we.Ur .... ~ f'oz'\'/,,\X't:ls, the male swings 

tht'OL1gh :180 degrees,. his hi.t'.x:1 legs planed IOO(OOnt.arily along too pl.0u.rites of the 

fewale abcor:;x.m,p.1-"0bably to le!!ioon ths strain tnvolvt.:".!t:1 i.n such a r.ir.>Vi'.:?,. Thus the 

norrool fX:isltion ro,c cc:rpul.atton ts ru1at.tmed, the partners f"aoi;r;g in O'.t,,.POsite direct­

ions. A vro::-1.aticm b.-:'J.G 'l:x~(-m noted.: the ma.le had rot turnc,d rouril. so that he m..1S 

facing ai.'-18.y fu)m the f.et"',EJJe1 but too two were standing :;;ide by siile., m,-.,,tionless, 

yet def'i.ntt/Jl.Y tn 001-.ulf, .. 

or 1~~stwly allt.Yl.'1 itself to be d:!'.'a.gged a.long, tha ro:relegs serving merely to keep 

tb:l head off' the grouncl. In one exooptbr'.al·oase 'Where the fe;:1€1le h.:~1 died ,mil.st 

the rair were in copula.., the inale was walking fol'\<Jarus drar&?J,ng t..he dead female 
i 

backwards, 
I 

~'.lntion rormally continuos for sever!Al houra. The to1lowi.nr, ti.mes noted. 
/ 

were sb.,~t or tbe tota.1 duration because ot'ter1 the horsinni.n,;1, was unkoovm, and when 

the ser.-arntioo Ym.s between obeervationa, the la.st time they wero eeen in copula 
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Tio"i!/OVOJ,'_, corl.llo.ti.on may occupy a &d.ch shorter tune tts in:Ucatec1 by the following 

ob~0:i:vo.tions: eight mirutee (twice), three minutes ( tm.ce ), an:J two minuwe. Cop-

mt:lloS the tlps of the t.iomel_ytra of'ten beoor:io 1J0:1-roo.rently turnoci. up fl"Om J_;)t'es.::1iog 

o.gnimt the fer;iale rux.lornon.. 

Tbere appeared ti:; be oo prolonged p!:3,'!'ird 0£ oourtshi:p, as te uooer.stood for 

the bf.gher vertebrates. Noithe:.e is it koown whether· the partners have ev(n." seen 
,. . 

one a(nther before, 001~ will eve:r pair ago.in other than by chance. 

In too field!) copu.lation seerr;ed very .sudden, at:Jd ft'OOl reared sr.ecimem th.ls 

wes i:1.loo the rer.;e wttb males a.trl female~ which had oopu.le. ted before., J:i.ut young 
·,:; 

indtvtauals, ab<>ut to oopu.late for too f'irat,\ time ahowe<1 prelimioory movements of 

ezoitement, ~Jhi.oh ltldi.catea an attrootioo between the sexes, and such may be termed 

eourtsM.r,,. ~..Q!!! 1ooy toorefore be contrasted >Yi:tb Eho~~lWJg~ s1.,;eoies in 

which there 1.:l no CO·;ll.'tahi[.i (Penc1ergr'ast3 195;~ )., lkr,;eve:i·l> e:q:iet'UHlOO seemed to 

sa"tw.i.1 be bn,rim.u· up to three oxx1 ri half yeill:'B iif'ter the oriera t icm. 

I:>'i.u'...toor, a bom. !Il·ppeDlX:)(;1 b be r;m.lntuined between oopu.lattons by the pa.tI-a, 

for dU!'i.ng t'llnter or in the cool of' the evening, they vtould of•t,en remain side by 
i 

aide or f'aci ng 'one aootri .. e:t·, cmte nP.ae touching. At t..~ · eottl'ames of' the brGed ing 

season, (~1t, and il::urtl aoo Jl..ay) there ooon:.ecl. fo be a relootaooe fo oor;u.late 

the fo 1 J :.Yi,i ug heatUnr;i;a : 

(t) Courtsh!.1> be~en a newly emerged m11le am n. newly emerged femaleQ 

(ii) tk>u::-tshi:p between a male which had ma.tad before am a 00v1ly emerged female. 
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( lU) Courtship between a male a.Eld a. f'cmala whi.c1"1. had botn mated before. 

fihen first P,Ut togefu~r (in I;tebI:'Ua.I'y) both adults had em:lrged tbree or four 

c1ays. Oo sight of the male, the female stood mtill arrl the arus began to pulsate. 

She rtlShed over to the me.le, toc.J.1d1Eid him, aoo then withdraw a ohort c.tstnooe. The 

male beg~\n fidgettoi;t, rubbing too fore- and. mi.d tarsi togeth.et~i> on one sid.e. Too 

female st::,od still, but the aous ,18.6 pulsating a;_:ir;rox~tely :1DO twee a minute. 

Ne::rt the male turned to ~ace the ~1'.te, 1--..mbtng his front te.1'.'si together •. The 

fer::i.o.le ( wM.oh ti'\aS much larger than the mo.lo) ran up to the mo.le_, touching of the 

antennae fu 11ooodt am tten tbe male vro11rod right over the top of the femnle, 
·•. 

turned roun:l so that he a.pproaohed from b(#hind, an'1 mounted. The r,ulsation in too 

feroale continued vmen t~ union was establi.-ahed. 'fhus oopulatton began fiv-e to 

In aoothe:;:- ca.ae9 whe:r-e the male emerged'~only the day be:fore 1,utttng to gather, 

and the female t~e <1a.ys before (also in February), the taale did oot rooun-t. 

Although the female did all she oould to attract htm by touching him and finally 

by walking t'¼,.tht over him, she only succeeded in stimulating f'id_geting in the male 

which. walked J?f.;.St her and ;:r,110.y. 11'b.ta '\1-,ould 1n:1ioate tt>.at the nw.le we.a oot yet 

mature., 

I 

t,10 straight up ti::~ he!', but walked quite close fo hel" never.al times. At times 
j 

rulsatic,na at the 'tip of the ovf.1)'.)sitm:· atrl a.nus eo:J.ld be seen :f'rom th$ dorsal - / ,_ . 

surff.4ce nf ti/4oohy1}tarou..<z :femaleo Too male atterrrptad t.o mount, bu.t th.a female 

r,oulcl oot release her- mrtr.oottoro Nezt he oot hi2 hooked clasri;::e.ra to work a.nd 

trioc1 m dig the crvtrosltor out •.)f its g:!Y..}OWo Several times he rr,anag-ed to pull 

it d.1wn from it.a f{l.'oove but the fernnle would aa vigoroualy pull it Wi7!J.Y again. 



his a.ntenoo.e ovnr he1.·\head., but with no et"'feo1.~. ::•!flc shook him o.,·f • He mo.do three 

violent action ft_gntn; but m:;...~ urist.1.Cocasful. /111 .of thts took abc,ut ten mirutu::] 

o.rrl is the moat vigo:coL13 tnnle display observed in this apoctes,. 

tha reva:r·se, t!w1 r0at.1lt \~?Ouu.1. _pi::'Obably be alml~u:· to that tn the secon:1 ease of 

In moot eases the male rushed stl'aight up to the female (when they ware a.ware 

of ea.ch other's :r,reeence) anc.1 tOOtmted. stt•aight amw. In ooo case a. fflll.le w-as observed 

a:tten11.Jt1rig t.o mount a fer,iale that was already in copula., but he moved e.way on 

dlacovortng the sit.uati<.>n. This :rm~ther d.e,:onetratecl the nlioonce of rou.rtship by 

1. It is al:C.wm that the bret."Cltng season at l 1aln'lel'Ston Horth extems from September 

to Mo.roh incluatve,. that corulatit>O ruay occur a.t any time cluri.1¥J the sea.son_. am 

thn t foul'' to i'o,Jr e.oo. a ha.U broods may be produced r:ior sea.son. 

2. Thf~ f'trut a:n.1 last a;:,pearanoo of ea.oh tMtos are ti.ere recorded, arrl it ts 

sl~ln that fifth stnge nymphs oo VJOll a.a adults OWI".rlnter. Thi.a o,;;>r.1fi.rros the stat& 

ment ma.de in the sumrr>.D.t'y of' Cl.1.0.pter 6, that fifth a w.ge nymphs set.~ cay,able of 

surviving wtnt.er .. '! 
5o The aumroei', autur11n, r winte:1.· habitat o.f the bug are described.. 

Fti'teen bost pl.:."lntsi m.'e here first record.ed for n. huttoni.:r, arrl the importance 
-• ltil "5 •~.,• ~u••• 

of eac!J to the bug is i.l'ldioatoo.. 

5. Quiescence in .r1.t. hu.1£.toJl! is desc:c.'i.becl. It ts ehown that the insect does oot 

re-me.to ootionles3 overwinter, bu.t may move to the surface of the grass tuft dUl"ing 

6. It is shown that the last brood~ with the exce:_:,twn of .eome f'U'th stage nymphs, 
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complete their developnent to the adult before wintai"'• :&;ach ioetF..ir seems to 

rersint unttl i.te lower lir1tt of temy;eratw:--:1 tol.o:rn.noe is alt'X>ot reoohcc1, when i.t 

moo.1ts to the n.~1;;;t stage whi.eh is more han1y. 

7. Copulation ts Jcec-.clbetl. ;;tth ine~ped.et".,ood or L'nt:m.tu.1.~e adults there ts a 

sbort cou:.rtsh1.p re:d.od of from fl ntruros to 3 M.:fS. When the malos f.ll:'e mature aoo. 

c::rperienced, tb.oy beoouo 001.~v vigo:mus to couJ.late em:::. the courtahtp r.:eriod ia 

Lrief or. mn-ez i~tant. 
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SGC:HON G - DISTHIBIJ'rION 

Fl'Om the li.t,er.a.tw:-e arrl available oolleoti.oris it was ar.ir,:nrent that _N. huttonl 

is widely di.Gtrtbufad in this count.t'Y• 

_D1.s't.fJJ{!-!!!on in the South Islatxl 

Hutton (1&'17) 1-e;:orted the loooltttes. Cant.a:rbury aoo Otsgo. Myers (:1.926) 

mentwood Burnheim arrl Centi·a.l ota.go, whilst Usi.nge1 .. (1..94-5) added Ashburwno G-urr 

(1Df:l7) added Maloon artl North Co.nte1'bury to the list of' South Islaril loooliti.eso 

In addition, ,:f'rom a collection by Mr. t. Gurr, the author rotes the f'ollo-;ving 
·, 

'Ua.thopai Hive:r·, tho delta of the \iuiraa River 11 and Rangiora. Also lo this collect­

ion is on:, s:r,ecimen from fadmor, collected by J. Ttmlin., These were all collected 

bably Myers• s1.:eoi.mens,, are to thls oolleotion. By ma:pping a.11 the localities oo.v 

recoi'ded, a. distribution ma;;, of N. huttoul in the South Isl.am (Fi~. 59) 'Wf18 
..,,. • ..,.., a.w..--. · 

\ 
Myers (:I.HOO) listed the frlowing .North :tslaro looaU.tiosi Te Paid., Ka.ttata, 

Whangnrei., (\uokla.n:1~ Ghalrum 11 !-'tastings, 1.evin, VielU.ngton, and on the Tara.."'UB. 

P.angc plentiful '7 to an altitude of 5000 i't. 

The author hHa collooted N'. huttonl specimeoo nt ~,es1tshora,. Havelock North., 

Talmpau, Marton6 Hokovm.itu, and liaaooy 1\gricultural College. 

Dr. Cumber (peroono.1 communication) of I::ntomology Piviston, D.Ei.I.R., ln a 

survey of' too Not·th Islluxl grasslands insects, found N. J:'--4t:toaj; in i;he following 

efJd.itioool a._,:"f.'H.'iO: Greytown, Taueru, Masterton, De.nt'lenrh~ke, Norsewi-.xxl, 1orangahau!I 

Hunterville, Maraekalmho, Hangi:;o, Taumai.urui, Tolaga. Hay:> 0-potiki, \'ihakataoo,_ 

Kaimfi.i, 1:iorotiu, 1,ioTrinevtlla, l:'aeroa, Ylha.na.nek1. 
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1oo 

on1ea it £rom too ~l:hree Kinf~"S Islar.us, whilat Alfken (1tH)5) am Ki.rk.aldy (1900) 

have both recorctc<l t t f'rom too Chatham Islands .. 

;Jul:.l-braohypterooo forms h.:"\ve b1:.1en coll,aot.etJ. from Katmai., Tmlmf..U-llr>..ui, Horotiu.. 

Ho:vol()Ct North, !1a.rton, Foxton, Hai1'arere, Fnlnt.a, Hokowhitu, :MasseJ i\.gricultural 

Coll0ge arrl. Se-(1oon. 

Broohypterous foi"Uls have b~n e,-ollected from Maraekt-1.kaho,Hawlock tlo1·th, Harton, 
) 

The th.1"00 porulatt.ona OCCU!.' at '.Pal3erston J:!orth, but the large populntton seems 

in oollootiona fron the No1"'the:rn ptu-:-t of' too f(orth Island the 1£.u>&,e ro,;.uJ.ati.on ooeoi:ad 

to preoominlrte, and in tha oolleotfon from the South Islam the large r.:opulation 
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Ra.nge.s from ooe.-level ...:.p to 40)0 ft .. ao:1 at l!rthur' s Faas up to 5800 ft., Ha 

ootml tlmt adults oocut--recl aleo on tha flowers oi' ;;'.}.~~j.~ .£._iOntn.na (lilo1'st) Cockayne. 

criboo spe,et.Ba, i:mch sme.ller t.~n the other· described New i;eo.lo.nd sr;ecies, has been 

f'o~n:1 on ? .. u.f£~- at ..i~shhu.rton (::wth Isla,xlJ by r·{r. w.,l. ~:mi.th,.'' 

T.!1ts fourth .s.r~tee:1 ma,y correay.;ond to the aooll r,opulAti.01'li, 

!t is c1enr· thlt }if hu1it2,E! has establishe<l. itself suc.oesafully throu.:,rthout 

New L:mtlat:id.. i"he "raot that the remarkal,l.e va:r:·i.atio:~ in si.oo, shape, ~n:1 wing length 

(or fonn) ts mt QOt1fined to ralttiei·st.on North, but is general~ i.t-.tlic.ates that thls 
\ ' 

sreoies is still ~pting itself" along liooe different from those rep..,rted elsewhere 

in the World for thls genus., 

1., !t is shown th.fat ~ ooours throughou.t New lea.lam. '?he list of looal­

i tle$ recorded f'ol.' the tnsect ia reviewed_, and f'urther addtti.ons are here made. 

;,n inJ.lootton of' the diot:dbuti.'.'JO of' the three s12.e 1";:;pulatfons ts gf.ven 

\' .\,,' 1·1• 
'-·- ~ ,. .. ' 



trHei.trag zu.r Insectenfaunn der Neuseelarrlbc-hon Inseln. 

AI:IT».-LE:, F. (:l9M): · "!fotes on the _BiolOE<.Jf of Onco-ooltus fasciatl.lS (Dallas )11
, 

;t~ St.. Co.,lh.,!Lit-~:£.k~UJ.t 75-fJl 

n.,:r:· .. (:1955): ncollectit:ig 1Teporing run :.Preaervtng Insects'\1 1Mpp 
:':.v.Jioooe Service, ~~ntomology Div. Dept. Agric •. Go.138da. 

Hl'J,1!i}, !.D. 8i ;;;O 1:.n-Y.Jti, rJa ( 1940 )~ uwh"."".t Diseases at1d In..<3ect :Pests", 
!!_c!, tiy ~t-1.'•~~4v-~~x.:.. ~ .... Jtw,,, ~G-4;2 

:BUT!.J!li,. A.I::. (:W25): e,A !:H.ology- oi' the :Brittsh 1Iemipt.era - Hetero-pteran 
G!J6pp. n. F. ~ G. w i toomy, I,oroon. 

··-, 

GAtltt0N, H.t~. ( 1Sf36J: ,tA method of tllustr~tion for Zoological par.ersn. Asen. of 
British Zo,:,1o,;~sts T.or~lon, ffir,r-,. :f'tgs. 

I 

•, .... 
{1g;:;-.A-): 0 A new apeotes of J~l:i!.lt~:ffrom West Af>.l:~iea". t:nto~:l0101sts~ 

67i21?,Q 

QJ~'i1LR, .H. 11. ( 1951): 11 The Introductio o tnto New :;~eala.rrl. of !.!.t.oroJZf~nm-.:?:!.~~~ 
WalL (t:ieelionidne:Hyrn.) Egg 'Parastte of the Green Vegetable Bug,.~?! 
.:!.ki£1Y-.le ~ O·entato,:iidae )lt. w,~;,,, J ._ ~i1 'l:e.£n.:.~,L"°.a.. Ji : 30-i!f'l 

l).;:;y;\G01 c. (:tum): r'Observation aur les punaises lles ee11eales en Suisse". !!ill• 
!!<¥.:\\h f'!2F~?;;J..~4-:l.~,. :Hot seen, but 1n Ft .. A.E., M.16:0:L. 

w:~;)-~s, E.i,i:. (1B57): "The Comparative f1f.ol'I:hology or the Insect Heaan. A~J. 
Hevi.ew of' Bntonnlon,1 !3-: 5.:S-llO. ~~·..,...,·~~.,,., .... ~ ,hlf#<...,........,_.._....l.,.,..,.,. 

(:1D3G ): "11 new speo!ea of Jt~"'!.i~ from '1:rumv.n1a am Nows on the 
Bcooomtc ~:ortance of the G·enIDn. Ey.Jl. eJlt&. lt~~-._.,.. _ _::z.1 p7~ 

(:1f'.i4,5): arrwtlct :Pests rux1 their Contr-.:,ii' P• £13 De:pmt:..rant of L\grioul­
tu..~, Tasmania. 178pp .. 

1i"IGE\I3J, f~P,. t'-c p;_H-ID, l:].B. (1947): mroo sp!"et:1d of a. gene in natural coroittons i.n 
a colony of the ooth LmY:LcJ:'--:.mi~ L. « He.r:q<l~..J.L~~~~ 

r.oooon. 



M11Y:n, Ji;., L!.1\I:sU::Y, J.;;.G~ l:1 U,3tmJ.~R, R.I,. (1.955): t'Hethod.s and :Prit)Olples of 
Systema.ti.c Zoo logy11

• 32E3'pp. M<:Gr,aw-Hill Dook Company, Ioc~~ !'faff York. 

,,:Q'l.?L-0!11 r,. (:lfi59 h nsu..~ys of the Insect :Festa of Wheat Gro7x11 in Cante:.dl1.iry 
a.n1 North Otago during the Surnr.oors of 1936-37 arrl l~J5"1-58" • 
. !!• )~.,~d•_..§2 6....!.e.£l!,,. .!?..QJ :'142-55. 

11Y1:.;Ft;,:;~ J .c~. rt ( 1'i:l21J: ;•rnseot Pests o:f Iuooroo and Cl(.>ver". ~w!.-:. . .4.m.:!£• 
25: jf~29 ~----.:; . .--

(1926): ''Biolo,3ical Notes on New Zealarx1 !t.~t.eropt..erau. 
J.~.!, _f'lo t 4j-9=-5:1i .. 

HR!~:ITrTAH, A.:G. ( :1.967 ): 111'h.e 1.~uadratie iielation tn Differential G:t:'Owthrr. ~~.:~ 
:l.80{ 400? ) : :1.293 .. 

rfJ'I:I:AY.,, G.H.F. (1940): rrrrot:es on the Preparation of Parers for Publlootion in the 
Journ,'fl of Hygiene arrl F'exa,:!;i.tolog,ytt. !:.¥:¥i~lo;r_y ..§?..LJ.:-56. 

o:s·•·1s1/17.JJ # r;. 1 :lv;·i): 11f£he Ost<>-.m.ld Co. lour Alb,_,mR ao..i. °Co bur Boieu(:e 11 Part 1.. 
Wi~ '& Newton r .. tJd. , rooooo.. ,, 

I 
1?~1'lD:~I{H:1i1.S1t, J.u .• {:'!uJ;12): nstuotes on the'lH.ology of :rente.tomid l3t1t3s o:f the Genus 

BhoualirrrJt-Pho.. Danas {Hete1."'0ptera ). .!J::!ns..!. .Ro_i • ...J,&~Jl•.f.~_€.!Q:_~. 
~-~ 

PETERSON. A. ( 1949 h "'A Manual of Entot?Dlogica.1 Equipnent and 1ifethods". Pts. I 
l~ l..l.'.. 24-pp. 160 :Plate3. Ect.:ranls Brotriers, Ioo. , Mlehi.gan. 

H~I.HRAH" II. & If;:'.iGUS.~R, F 0 (1912h "'ifa.ohstunsmessungen an &'pbodl'Otnantla bi.ooulata 
Durm.,I.Laoi6e urii Masse'~. ~..£~ Ef.m!iek., Mech, O?zgan. ,.5'4: 00()...'?~i. Not 
seen; mentioned by Uainger :1-94?,. 

RICfU;Hl.iSl.Jl'T, L.J1.. ( :l.953 h 1t Toward a Concept o:t• Hr:,eoies". ]..t~. Set, Rev,. :11_3P, 9: 

~;.a. 

H081~NB.LifI'T ~ J • S., & AROW.:F.)N, r,. R. ( 1H58 ): mrt1e DeOline o'C Sexual Behaviotn" i.n 1':>!lle 
Oat.a afte:r. Castration with specW refereme t,o the i-ole of fJJ:'!.or Se:xua.1 
ll-;x:i;:eriemeit. .U.~~ vol, !,!I part 4i, _ 28f:i-.538. 

1:JJ(Y\~', H., (1929 h 11An Entoirologioa.1 Tour in Kurdistan!\ .[gj;,.):fop. Maui, !!!:t.§~].. 
Not seen$ but in R.A.E., A:17, 442. 

f:liilf.;r.J;mR, R. (19f:i4): "Recherches sur la morphoger.eee et le :poJsn:orphtsme a.lot.res 
ohcz les Ortn.optl,res (frylli.desrr. ,Ann,. Set ... N~~Ao..9.la ¥5l~il:_:lli_5-7i.Q• 
Not seen; revlewed in IH.ologf.cal Abstracts j,955; 216DO. 



-----· _ ~--- ( :1.9r);3) ~ "flew Gemra aoo ~.tf,ecios of Ilh.J1:1~:rochrominae f"l.'Ottt ?,law Zealam 
{rreteroptera : Lygooi.dae )1

'.. ~, Cant,i Al!:!!--6.i§JJ....~9:1-~}1B. 

-·-- ,. ..... (1954): 11Now .Records aoo. Deaor!:ptlooo of: Remi.r,,tere-. ... rfeteroptera f'rom 
the Three Kings Ialan:laH. ~!§Ct A,t!'Jt• ;t7a2t:.t_.._M~, 4(41:_, 215-:?~5. 

______ ( 195'7): uA new Sr..ooi~a of P~!.~ Fi.eber (Ifum. , lH.ri..c1,::ce) from 
ife\>1 (}ui.l1ean,. ¥._nt. ¥>-E!.J~,Q~,.\:!l.-~Q .. 

BHICH:l', :::;..· (194Bh rion the Holea of Directed and Random cna11gea tn Gene Frequency 
in t.fte C'~netica of' F011uu.\t~.ooort • ]:.~ lu~i.£g__)I Q..ll?.L.!Lt ,t!rJ-~~• 

t~\~Qiti.eu, ,';. (1~':.l~2): n:Beitraf,,e zur Kenntnis der Schadltngsfauna Klelnasiena II. 
Ueber die 1Jeziehuogen dez- C--etretdewame 1'1~£..L~JE.\?.Ol:8. r:ut" zu 
btoti.13t1~0 Um,',131tt'aktoreth (t~bst Bemerhungen"1fiier deren prakti.aohe 
Ve:t'\lrer•tbA~.tt. ) ~~-~1'\6vt,,. E~ xq l:Ng,! ]..).:., 16,1.;--1,27. Not seen, bu.t tn 
H. A,. t:..• , !30:. 489 .. 

\ 



i\n ;;d:tm:r .. pt was n',at1e to de-u~.r.;~iir.'{'l the dot:~~ caused by N. huttooi to ai.•uoi:f'­
erous ~ad.lings. Piv'e crop plants were tested, nruooly ehou moollier, rare, swede, 
soft tul'>!)i:,1 and haI"'J t-\,,u-nt:... ! l~mta were grown singly in pots, and a nylon gauze 
was used to cru..-;e in the insects. The tn.oocts were admitted at varying stages of' 
plo.nt growth., froril ar,fx¾U'~,noo of too ftrst two truf;; leaves fo at,peara.nce or five 
or si..X leo..·;ros. As ~~ C".mtrol, some r,lants we11e kc1,t f'ree of. the in.qect. 

Tu.:im,~W · occ-..n~red on the fi5r€i cr,:,p -plants arxl even on 1,73 ll e~ta.bl is.hed plants 
( t.}-fi i.rm. high). The effect wnB s imi.hU: in ea.ch crule. 1:.t:he bugs showed o. prefer­
ence tor tt:.d lea,.ms r.1:nd. laaf i;:-.etio1es. The veins or the leaves were ta;,r:ed, and. 
oonce11trat.ea: f'eedine tn the one area caused distortion ot' the leaves. In one case 
-whez·e a m-J'!..!f was attc.cked o.t about the centr.-e 0£ a. leaf'• the up:r;.-er porli-.:-,m of the 
100..f' withered and d:ioo., but the low· r portion continued to grow. Thus the feed.tog 
pu.n.cttu'es p.r::'r~111.H1~-,:l 1;he fl0w of St'.t;,:i to tbe !euf, e.o1 probably most of the eci,p t"rool 
the u:;-:r.er 1:;ortion of the leaf v<JUS tar,~.ed by tbe bu,g. 

The petiole, wben attacke<:1, would often hec,;)me twisted, e.rrl the leaf and . 
y.JOtt0J.e ·wottld withtl::'.' and die. Gn the :tiet.lole$, tr:fl int-:61' SLU"face (facing the stem) 
seemed to t)e i;a~ete~·red. 1)0 a hnrd turnt]? e<:>ntr"Ol plaut, thio su:rf'ooe was white 
·with more or· le3e -par~,J.1el .i:itrtp0e1> but do plants attacked by the bug, re1:.eated 
insertion of' the :rost1~ur.1 ups.et this 1mtterri·-,,tuto bumps and hol.lows, p:;:'Oilu.ei.ng a 
lacerated et"fect. :;;hero fe1Jd.iug punctures occ-..i...""".rl:'!d on the oute.r· surface of' the 
petiole:> the eI;iiler,.Jis 1."?t~s -pu::,heil tn at the punotm>e mouth. This r",xighening eff'ect 
also ocou.r·r.-ed on attacked atems 6 but in the oont.l·ol plc .. nts the epi.derr.:li.s ~H:\S smooth. 

In ra.1:e oxii ooft t"urnip seoo:lJ.ogs, oonti.nued feeding by the bugs on the young 
meril':ltem sometimes resulted in the sprouting of fo.,r or ftve seoorrlary mertstems. 
On ,Jhau rooelli.cr the damage seemed t;o be rest.d.cted ma.inly to the leaves., 

None or"' the above m...,.fects oi:•clLT'l'ed on t!;e control plants. 'J'nese 1'Bau.lts were 
r,roduced by 10 ... 20 adult i.1IDeCta per r:;lant g 'but the large.:· n~mphs also seemed cap­
able of caustog such damage. 'I'her•efore i.t i.s shown that shoala thi.$ i.nsect bu.ild 
up in 1arrse nttrribers 1.t coulc1 becorne a oorbus pest ~ crucife:rous crops.. Io the 
M.aridwatu.~ the insect did. riot occ-\ll' 1n ·1.t:i.!'ge numbers on tbeae field er.ops, am was 
oft,,n not. r.a.->eoont at all. '1:hts ts no doubt c1u3 to the fact that too vig:o:r.ous 
gro;;rb~~ Qf graes and 'i'.ioeJa ut the edge of the Ct'O'fl h~ unsuitable bug !:'.a.tiitat, anl 
the.t the p0ildook Y1as probably previously in ·p3.Sture. 

However,. in the ;;;nuth Ialarrl, J/i.r. A. Ii')'\"'~ (personal OOfftYJU.nicatt:)n} noted that 
II!.~uttont oocurrod. in large nur.:lbera an:1 -was dt1IDagin,:;, $l!'"'a<1~ plants <.no foot io 
· he Qt1t;-ai Ashburtr.n.1 in :i.D5H. Many of' the plant$ w~re act'..ta1.1y brokGn o.t'f' at the 
stems as ii. :l."'esult of weakening through feeding puootures. 

li~~ is rnt a 1--0st of Vlh(-m..t or cet'eal c~:-ops in the .Ma\'la.\vatu, booause the 
C1.'ops vistted had ct vigorous gro-,vth of gre.ss and W-Jciis at the et1t;e. '1:his being 
unsutts.blo bug habitat ,.~ould be unlikely to horbout' bug!-J until too C!'<)P apfeared,. 
5.'hi.s inrJoot wns rot fou.rrl in oz· ,.i...'"O'J.ni tho cereal crops vtsttoo,. 
!.ti.Cet'OO ~---,. ,...,.,,_ 

In the Hamw£l.tut lucer.rkr wtU¼ f'outld to be only 
Al though 1:1;1ie:cs ( :19!?:1. J rep::i:i:·te1..'i. cons tderable darr-age 
W~\liv.1.,;,¼.,.,n_ 4,h.s,,• ,.,,..-.'A V...iff"' h·- J..,;....,i;;;_ ,-,...,.~1,,,.,. .a... 
,·c;...;,..-....1.t..i,.:'>i.•·• ... •iJ:; t .. !l.Z.v J-..,.._\....i. i,;.l\..t.M"ti L tlvo ,,1...,<yU -"·:.vu-..u.-·SJJ .. _t,;. ·w 
the 1!, mt!£?_r1\ ]X>µi),E~tion. 

a minor host for: this er:ecies., 
by the tosect to luce.roa in 
an urr~u:tll~" 1a"f'ge ~.1ll!~ u.p ~f 



rteaaureroont:a are tn eye-pie01.'l acale di vis tons; ,ooo sea.lei di.vision = o. 003ull:l., 
:3., 2 aiil 3 are the three measurements takeri on each egg am m ls the mean. 

rh. = macroptercru.s. :S'b = Sub-brachy:pteroua., "B = Brachypte.rous 

Code 1:b,. am 
a.tid tom of 1 

:r"!. ~ • I'! f5 t ~ 

5 

!as. wta~ 2 
m 1 2 5 lll 

f'ei.:rus _,_,_tt,i -----· -------.. -----·-·----·-·-· -·. ~,, .. ,,.,,ll_ ., .............. ,..,.... .............. ~.-, ...... ___,_ ____ _ 

D 

f.YJJ.a.11 

Sb 

9 

small 

11.4, 
1:t.5 

·',\\\. :, 1. 0 
. 11 .• 0 

'.l:!.fi 
·jj.,.O 
:J:t.t, 

. :rn.o 
'J::!.,.S. 

,. ,1 \· 
.!.;:c,p) 

:1.2.7 
:l:t .• 6 
12.0 
11.5 
1.:1.0 
:12.0 
:ti..s 
l :l., j 
-:~1. 0 
~1.r, 
:11.;) 
1:1.7 
12.c 
1}J.O 
1.2.0 
12_.(; 
1::1..5 
12.0 
:11.0 
i1.8 
:Ij_0 0 
1j..,5 
:1'1.B 

11.0 
11.0 
j1 .. 2 
:1.:1 .. 0 
1.:1. () 
12.0 
12.:1 
:l:l.,O 
n .• fi 
'.;1.6 
jz.o 
:11.8 

11.5 
:tfi. 0 
1:1 .. 0 
:':l., () 
:t:1.0 
11.5 

n .. a 
1.:1 .. 5 
:1 :1. CT 
zrn.e 
:t:i.. ;) 
·12 .. 0 
:1!'.:~0 
t1.Q 
12.0 
11.5 
1:1.0 
11..0 
11.5 
:.11.6 
li.5 
:11,.S 
12.0 
12.0 
:12.a 
:11.!3 
11.9 
:1.1,, 0 
12.0 
j:1.0 
11.5 
:1.:t.i 

t:1.0 
1:1.2 
·.:1.2 
::11.0 
:11.0 
12.~ 
:t2.8 
:l:1.,5 
:12.0 
n..1 
3.1,5 
12.0 

jj.,,2 
'.1:t,.4 
:a.o 
1:1. 0 
1:1.0 
:tt.-5 
j :t. ~) 
11.s 
11.2 
11 .. 6 
:12 .. s 
1j.fj 
:12.0 
11.5 
11.0 
:U?,. G 
1:a.o 
11.0 
11..0 
11.5 
11. fi 
:t:1.5 
1:1 .• a 
1~?.0 
12.0 
12.0 
:1 :1. 5 
12.0 
1:1.,.0 
12.0 
:u .• o 
1:t .• 0 
1:1..,,fi 

1:1.:-s 
1:1.5 
lj._7 
1:1.0 
:u.o :1,. ti 
:1.2. t1 
:1.1.1 
12.0 
11.5 
:a.5 
:1.2.0 

11.5 
:11.6 
:t:1.0 
:t1,.0 
:!::t. ~1 
11.5 
:11.5 
11,.9 
11.5 
jj,,5 

:1:1..5 
i.2.0 
11.7 

•,; :!::I.ti 
. :i:R.o 
1.1:e 
11.G 
11.0 
11.5 
:11.5 
11.5 
::t:1 .. 9 
12..0 
12.0 
12.1 
:11.5 
12,0 
11.0 
12.0 
:11.0 
11..3 
11.4 

1j.:1 
142 
1:1.-4 
11.0 
11.0 
12.2 
12 .. 6 
11.2 
:.1.2.0 
11,.4 
:.U.7 
12.0 

4-.0 
4,.5 
4.1 
4,.2 
4-.3 
4.5 
4 .. 2 
4.5 
4.fi 
4.0 
A ~-­

--:t;.1.) 

,;t_. 0 
4.5 
4.fi 
r....,.O 
•t,0 
4,0 
4,0 
4, fi 
4.0 
4,5 
4.0 
4,.5 
4.,,5 
4.,5 
4.5 
4,.2 
4.0 
4,'7 
4.0 
4,.5 
4.1 
4 .. 1 

4,5 
5.9 
4.5 
4,5 
4.8 
4,.2 
4.0 
4.:t 
4.0 
,J,,5 
4.,0 
.1,. 0 

4,0 
4.5 
4.:5 
4,0 
4.2 
4.5 
4 .. 2 
4._0 
4,.,5 
4-.2 
4.& 
·!.1 
4.b 
4,u 
4,0 
4.-0 
3.6 
4-1-.o 
4.6 
4.0 . 
4.5 
4, l 
4.2 
4,0 
4,5 
4.5 
4.,:t 
4.0 
4 .. 7 
4.2 
4 .. 1 
4.1 
4.1 

4.0 
4-.0 
5,.5 
4.,5 
4.2 
4.2 
4.0 
4.0 
4.0 
4-.5 
4,.0 
4.0 

4..,0 
4.5 
4.:; 
4,. 0 
4.2 
4.5 
4.5 
4.5 
4.0 
4-,. 1 
4.5 
4,..0 
4.!:i 
4...-0 
4.0 
4.2 
4,,.0 
·'-h,5 
4,f} 
4 •. 5 
4.5 
4.0 
4.5 
4 .• 5 
4.,.0 
4.5 
4.0 
4-,0 
4.7 
4.0 
4,6 
-<1,.5 
4.0 

4.4 
4.5 
4..,2 
4.0 
4.~3 
4.1 
4, 0 
4.0 
4.0 
4.0 
4.0. 
4.0 

4.,0 
4.,.5 
4.2 
4. 1 
4-.. 2 
a. I" we~ 

4.5 
4.S 
4.3 
4.1 
4.5 
4. 0 
4.5 
4.3 
4-.0 
4.0 
5.9 
4.2 
4.5 
4.2 
4.5 
4.0 
4.5 
4.5 
4.5 
4.5 
4.1 
4.,0 
4.7 
4-0 
4 .. 4 
4. 2 
4., 1 

4-.~ 
4.1 
4, 1 
4.~ 
4.4 ,.2 
4,.0 
4.0 
4.,0 
4.3 
4,.0 
4.0 



1~1 '\·.-t~rmrx '.t ~ ( a l_!Q~!!:L) -·"· .. - • - • 1 I 
... -~---~---.,.,,._,.....,,_ .. __ ................ .-.,...-.....-1-iil _,_ . ..........,.._. ...... """'t--. ~...,._ _____ ,...,. wttra.·•~---.._,...,...__,,u, . 

Dode !b. stze 
1~ g ;;r L n et t h E Yf 1 .§.JL.t1 aoo form of e 6 a ................ .-.~- ..-,._.... -

f»emale 1 2 Q ........ 'tn • -........, ........ - ....... --1 . .,..,,,...,.. --.--~~ ....... ~ ·- ....... 19, I • • I ........ w, . ' ' 

5 :it.9 12.0 1~~.o :12.0 4..8 4,.e 4.5 4.6 
n.o n .. o :11. 0 t1.o ,J:. rj ~ .. ,'.) 4.0 4.2 

small 10.0 10.0 10.0 10.0 tJ.O 4,. 0 4,. 0 4. 0 
11.,0 :!.:I..O a.o t1.o l),.O i:f. (/ 4.0 ,1. 0 

Sb 
.-t:t.? 1:1 .. 2 :ll .. O 11.2 4 .• 5 4.!:', 4-5 4.5 
9.5 :J.6 9.5 9 C' 4 .• 5 4.'7 4.2 4.5 .a 

•i:t..O 1:1.2 1:l. G :1'.!.f:l 4.0 4.0 4.;3 4.2 
:t:1.0· :1 :1., t; 1:.l.O 11.0 4.0 4.0 4.0 4.0 

18 j3.,1 15.,) j$.1 13.1 ~ 1; 
-· <.) 

4.5 4.7 4.6 
1:1. 1 :15. :l 1._~.1 13.1 ~l.5 4.5 4.7 4.6 

small 13,. :J 11)1 1 ..,. ·~ 13.G 15.2 4.5 4 .• ~} 4.5 4.,5 
:1:3 .. '.l :11:-.0 13,.(J 13.0 5.0 4. 5 4. t} 4.f 

JI{ :f.~. 3. 1:3.5 1.'3. 4 1~,.5 -i .. 5 4.t"5 4.6 4.5 
13.~ :15. 0 1.,'5. i 1!-5. :t ~ t"J 4 .. 4 4.5 4. ti ~-' :t.S. :t~ Ui.O 13.:L 1'• "' 4.8 fi.O 4,..7 4.,8 Vfl ... 
,j .f, 1 '•-. ., ~t ,, :t:'.i,.O :.t.t,. 0 ,i.o 4 .• 9 4.9 4.,9 ..... .c:., •. t.. •·l.•• . 
1'">. ;.. 

✓ ·• J 12.~i 1?..:S :1Z.3 4.5 4.5 4.,5 4 .. o 
:!.5,.0 ::'l:3.0 :1.~~~. ',) :1~::o ~) ,i. 5 4 l~ 

• <J 4 .. 3 4.4 
15. :;, 1:3 .. 2 15.,3 13 .. -~~ 4.8 4-.. 8 ,1,,.6 4.1/ 
15.0 :t...~.o ::l.5.,0 :1,.~n 4-,. 5 4,.!:5 4.-.'7 4,.o 

~,jj 

D' 1:1. (: :t42 :l1 .. ~l :11,..,1 4,.5 4.2 4.5 4.4 
Sfi'l:al1 .. 1 t- 3.., , .. :!'.1,.0 1:1.e .. ~_ 4.2 4.,5 -- 4.5 4.,4, ,i ...... c) , .. .,. -~~ 

Sb -~,, n 
,(, ...... ·.,• ::t2.r) 1?-.0 12.0 4.0 4. :t 4..5 4.2 

rt ,) :1:1 .. 0 :1:1.0 '.!.:l..:1. :t1.o 4.5 4.4 4,.1 4.3 
s.:.m11 -i---r r, 10.9 1:L.O :tl .. O 4,.9 (" f'! 4-.t~ 4.8 ,.;,-~.g --· ... )..__-...., 

Sb jJ;(to ti.(J 10.9 :l.1.0 4.,2 4,.5 1.2 4.5 
25 1'.";.,0. :t.::i.o 15.1 1.'.5.0 :s.o n.o 4.,.5 4.,B 

:t .. 5.1 :V.1. 0 j_;:},.2 13,. :1. 4.2 4. 7 4,.1 4,.5 
Medium 15.i) 1::,.0 :!..Z,.D 1½'3.0 s. () 4. :-s ·'l.2 4-.5 

15.1 1~.2 13-.1 :1.Z,.1 t.o 5.3 ;!,.1 ,i.s 
M :15.0 u.o 1[4,.0 1!?.D 4.9 4.9 ~.9 4.9 

,.,,_ ... ,,. 
.1;.1 • .J 15..6 1~.5 :1.:S.~j 4.r.· .:, f;..0 ~ .. 11 4.7 
j,4,.0 14.0 14,.O 14-.0 4. 5 4.5 it. fj .1. ·~ ... ,) 
jtl,. :l. 14.0 14.0 14.0 4,.:3 4.5 4.5 4.5 
t.::s.o J.i1.0 13.0 1:3.0 4,.8 4.,'j 5.0 4.8 
:Ui. 0 13.0 1:;i,.i) "'"~ ft ...J.t:,.!. •,J ·o :.) .. . , 5.0 s.o ~,. 0 
:i2.17 12..9 :1~U'5 12.7 5.0 ;i_1 .1,.0 4.7 
:15.1 13.f> :13.,,G 15.4, 4.9 4.8 .1,,.5 4.7 
:t2.0 :12.0 12.8 :12.,9 5.0 4..,6 4.9 4.8 
:i&.. () :12.0 :l.3.0 12.6 .1,. 5 ,t.7 4.8 4. 7 
:1:1. () JS.O :1.4,. 0 :t3.3 e .., "'•.) 4,.5 4.8 4.6 
:l.5. \1 13.B 1:1.s 15.7 4,.0 5.0 4.5 4.5 
j,.3. ') 11.0 j5,.[:i .,. jt: .-... .-,. ;;:, 4.8 l.'.i.O 4.,n 4.8 

23• :11.5 :!.;.'3. 0 12.0 11.a 4.7 ,1.a 4.7 4.7 
sma.11 '.12.;) 12,.5 12. fj :'.!2.5 4. 1 4.2 4.2 4.2 

}l:, J~;. 5 12.7 12.s 12.7 4.2 4.1 .. 1.2 4,.2 

J\2 :12.7 12.6 ~ .. , (' 
,.J,..(,19~ ~-~1. 7 4.2 4.9 4.5 4.5 

&roll 12.0 '.12.1 12.f) :12.:l ,.. r.:: .... ...; 4.4 4.5 4.5 
Sb 12.8 :12.a .15.0 :12.9 '.3.0 5.(J 4.5 4.8 



-----,--••----•-•-n•-•---........__.,..... . ., ..... " ,... •~-,.,,-~u,_,_.._..,._.,,,,_,.,, ___ • ----=-
Head 1'.1rn.igth 13od·£ Le◄~th l~i.l..lth of ding 1'1/ir.g+ 1.oootion 
~:Wth IIea.d. plus To-:,;;{og-~"''°To eoo Uemelytra length Form 
----·-· ... J ... ·:1 ..... '0..,00.....,_t...,:u:.._rn ...... __ t_¼t .. •:; ___ ab ___ ... :Ql_OJ'; ... ~t.,;e~---• ..... • .. -- ..... ..,,..,,__.~,,,,..~~,.,.,..,_--.. --_, _ 

3._7 
:;. 7 
~.a 
5.,5 
3.?3 
5,.t); 

3 .. 5 
3.'7 
~). 2 
3-2 
:1 .. 3 
3 .. D 
5.,4 
3.2 
3.5 
5,. 5 
3. 5 
i.2 
~).4 
5.,4 
5,.G 
3.4 
3.9 
!)., ~') 
4 .. 0 
[i,.8 
;,.7 
!5.,ri 
3.8 
r.),e4 
5.5 
::).4 
5.6 
;,;.e 
5.5 
5,.4· 
3.,9 
3,.2 
~ ... fj 

5.4 
~:). n 
5,.15 
::s.e 
?}.5 
5.9 
5.8 

fl,.0 
:\,.6 
t). f{ 

!).3 
,.1.5 

4, .. 9 
,',,.7 
~.o 
4.7 
~·:.8 

4.5 
4.,0 
5 .. 0 
,, C' 
4',;set.J 

4.6 
1).,0 
r,. o 
5. tJ 

4.,,6 
4.0 
5. 0 
4.0 
-1., 0 
5.0 
4-.2 
'1.3 
t!,. () 
£:\,,0 
4.,5 
4,.0 
4.7 
0.0 
-t.6 

1~). t!) 
:l7 0 i: 
:W.4· 
14• .. 5 
:l.7.5 
1!~h1 f> 
15.{) 
:i.;,s,. 9 
::1.1.1 
1:1.a 
12.,0 

'-,.;1.:t.8 
12.2 
12.0 
:t:i .. 9 
:tS.,4 
12,.0 
:10,.3 
11.0 
:12 .. 0 
15.,2 
:13,.G 
:tG.E3 
:l~~.5 
14,~•s 
14 .. 0 
12 .. 4.­
:M.2 
:1.f;.1 
15.5 
1~1,.,5 
:18.4 
15,.0 
14.3 
:1.1.e 
'.1:t. 7 
:rn.o 
:11.,4 
12.5 
:12. fJ 
:14,.5 
:lr!,.6 
12.1 
1:1 .. 7 
j4_ . .,Q 

:t5,.D 

:us.o 
j,1 .. 3 
:1::; .. 1 
jJl .. 9 
14.~ 
11,.8 
j,!'j .. () 

15.4 
11.? 
10.e 
1.2.0 
:l.:t,.B 
:1.1..2 
j::J..O 
:ti.5 
12.,'l 
12.0 

D.7 
10..7 
:1~. 0 
::12,.!3 
:12. S 
14 .• 3 

14.5 
:14 .. 0 
13.3 
:L5 .. 4 
:!3.,9 
:12 .. 0 
1!~.5 
:l2. :!. 
14.0 
12.:3 
10,.9 
:J :l."/ 
:1.~1 .. 8 
11. 4-
:.1 :1.,. 5 
1:1. 5 
"1 ,;;J, <) 
..tif.J♦ c.~ 

1.::J.H 
::!2.7 
~1 :1. 7 
14.,7 
iz •. e, 

6.,5 
C.,9 
6.4 
c.o 
7.,--, 
(';,. 7 
6.0 
fj.7 
6.5 
f:i .. 5 
5.4 
5.3 
f».4 
:::._ I".\:-· .., . .., 
:.i.,7 
5.,8 
5.Q 
~}.ci. 
!3.6 
t':. r..; 
119V 

6.0 
!;.£:, 
e.B 
!.'1.<l 
o.4 
'7. 0 
f>.9 
6.,4 
n.4 
r,.5 
f).9 
b .. 6 
e.2 
G.8 
5.,1 
G.5 
G.5 
·~-.5 
;'.).8 
(j. () 

fi. 4 
e.o 
5.8 
5.'7 
ei.2 
tl,.1 

10.0 
:::1.6 
:w.2 
:.LCJ., 0 
:12.0 

D,.0 
10.0 

9,.0 
H .. O 
7.8 

8,.0 
797 
'7.,!) 
a.o 
e.t 
7.6 
•7 .. 0 
7,.0 
'1., () 

10 .. 0 

1-:J,.8 
'l.7 

10.~ 

si.~3 
:to.2 

8.0 
t5~8 
9,.0 
u.o 
'7 .. 6 
7.,7 

10.0 
?.2 
a.o 
E1. 9 
9.5 

g.7 
7.,0 
n .. o 
9.,0 

-Sb 

Sb 
flb 
f !b 

tlokowh!tu 

{1 

II 

" 
ll 

l! 

t1 

fl 

II 

1i 

II 

El 

fl 

ff 

,, 
n 

JI 

:Massey Agric. College 
!t 

l\su..1maz-ut1U i 
II 

\'I 

II 

.Katmai 
l~o::rton 

fl 

"'All meusurerrents s.re in d.crometer units; one unit = 0.2~:n 
+ M. = t11.~:ropte:rous. Gb = fiub-brachypteroi.lS. n = Drooh,YJ,')teroua. 



t:ength 1~~.Y~.r~~~!,. 'l'lidth of 
Bead plus To (!Jing To end I!emelytra 

-.~it"~ 
!.en<1,th 

Wing 
F-orra 

Lccattoo 

:f:i:'Oootum tin ar.il.omen --•---•· _____ , ... , .......... -· --·4-· .......,_...,.....,. ___ II .... $f E ,,,,._•------~ ------~ .. - .......... ~~___,,,_ ..... ~-► ............ --. ~---

3.8 
;3. f{ 
3.6 
~ "'· ""'•'.1 
~'J.9 
3.9 
4.0 
4.0 
5.9 
-i.o 
4.0 
4.0 
4. 1 
4.0 
4.0 
5.8 
4.2 
4-.0 
5.6 
3.9 
5,.6 
5.8 
~1.9 
3.13 
3.6 
::;.n ~,.7 
3,.8 
3.8 
0.0 
f.:,.7 
3.7 
4. 0 
3.G 
3.13 
3.7 
:.1.6 
3,.8 
z.s 
!lales 
-;r7;--
,,__,. 4$ 

5.5 
5.0 
3.? 
5.2 
;'}. :1 
3.2 
::s.5 
.3.3 
:-s.o 
5.4 
5.5 
5.0 
s.o 
5.0 

4.8 
4.2 
j.O 
n.4. 
4.5 
s.o 
~).6 
ti. f~ 
5.0 
5.0 
4:.7 
s.o 
fj.fj 
::>.B 
s.o 
;;..O 
:3-. 2 
G.O 
6.0 
4.'l 
4.0 
5.0 
r..o 
4~.9 
r~.4 
5-2 
4.'l 
5,.0 
5.2 
!;,.. 1 
4.8 
4.,4 
r,.o 
,}.? 

4.(! 
-1.0 
,1.s 
.:;,.8 

:.s.1 
4.€3 
,t. 5 

4 .• ~; 
z,.c~ 
;~1. !) 
4.3 
4,.a 
:i-.o 
4.8 

:1.9 
4.,0 
4.0 

:t'(. 2 
:i0,.3 
16.9 
17.f) 
:lt3. 2 
16.8 
w.o 
tG.'7 
:l.6.5 
,d t·, ~. 
-~J.t):. tJ 

:16.8 
16.7 
16.0 
fl.9 
:w.o 
16.0 
:!.f>.7 
14.4 
:1.5.9 
15.9 
:!5.4 
:i5.9 
15,.2 
15. r~ 
15.7 
:16. :1 
14.3 
15..8 
:14. 7 
16.6 
15.3 
i.4.5 
j6.6 
14,.f} 
!5.5 
1:1. j 

--: , .. ;, ,.., 
- ~- 0- •·· 

..> ··= r-... 
• t1 .• ,,. 

:1?11 IJ 

1:1.. $; 
:iC\,6 
t:t.o 
14 .. j 

1:L.8 
12.7 
14,.0 
1,1 .. e 
j_t.).3 
l:l,.O 
1:). ~) 

t3.5 
:1.:1 .• 6 
14.0 
:L;. ::; 
:ts.;> 
15.9 
:l.5.0 
1t}.2 
14,.,8 
15.4 
14.'7 
:15.2 
1fi.O 
14,.8 
1!" 0 .. ..;;. ~ .. 
:t4-.2 
16.0 

, :l4.8 
:14.~: 
14.,0 
:l2.7 
14.9 
15.9 
14.1 
:i.3.U 
:1;3.1) 
j_;,. 5 
'.14.tJ 
:14.4· 
15.6 
15.E) 
:15.7 
:!Ai.H 
:15.6 
:1.3. j, 
:14.6 
:12,.7 
:t3.3 
:12.4 

1,j1<t 3 
; ~:·:.e\ 
;i~:., ~; 

11.2 
:l-0.6 
n.o 
12.e, 
:12,rB 
:J0.8 
:12,.4· 
:12.8 
:10.3 
:11.0 
o.9 

6.0 
4 .. 8 
;,'1.7 
7.0 
G.9 
7.0 
'l. 0 
e.a 
6,.9 
7.3 
'l. (} 
7.2 
7.0 
'1 .o 
'7.5 
G.6 
?.3 
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2.£3 
5.,5 
!1. 1 
:::. .• 5 
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1:);. 5 
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