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o locality sesms oo reawvte for the sreciss of this genus,

Vhother it be the ioy wastes of Wm’bn}még the coral islands

of the Faelfic, or the upper slopes of the Himalayas, Hysius

is certain to be representsd, It cccurs from Tlervs del Fusge
o Stberila, from Sresnland fo Hew Zealard.”

= Y.he China

iiysing mttoni “hite, exdemic %o Hew Zealand is a wesber of an almost

cosmonolitan genus which shows remarikeble adaptation throughout the world,
Az it is the ouly Hysius speclies so for recorded from this country, some
attention to 1t is surely due, if for wo other reason,

There are, however, other valid reascns which prompted this study,
and theme are as follows, itelatively 1ittle work has besen carried out on
. tudtoni, there being only ope siudy (by Gurr, 1957) specificelly on this
insect; the lmmature sitages bave not been described; mo ildustrabions of anmy
of ¢he instars elther nyophal or inegisal have been published, except for
one pholomicrozraph by Blalr and Yorrison (1999) of a balsar-mounted imago,
but 1% is so distoried as to be unrecopniseble; the systematics of the |
insect has pot bees fully studled, for Usinger (1943) states that two species
may be mg&;@:wmaé; the mpeber of broods per year is not kuown, butb MHyers
(1526} states that there iz probebly rmore than one, An atteupt has been mede
to elucidate %&a sabject along these lives,

Further, the insect ocecurs in large wumbers aod is easily ecaught, which
two factors covtribute much to the sultability of the insect for study
material, Thus I, huttoni presents ample scope for a geveral study on the

biovonies of an animed,

AL COLLEGE
\s‘ MORTH, N.Z.
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- {a) Systesatics |
Hyaius uttoni White was desoribed in 1878 by Duchaunan Uhite from aduli

specinens collected by Hutton and Yakefield, FMution (1897) gave a brief des—
eription, sufficient to identlify imegines, in a list of Hemiptera thsa kaown in
Howr Zealand, 3 key to the Few Zenland Yypneid pewera and speciesn, is included

in bis paper, Uyers (1926), unable to identify four species of Niysius obher

than N, tmbtoni, sent speeimens to Dr. Bergroth for deseription, but the outcvome
does 1ot appear in the 1lterature, In 1045, however, Usinger on examining eleven
H. hutton] specimens, noted Wﬁi*&y *in colour and sven to some extent in
copprises a histsx’y of

structure that two species moy bs Tepresenied.” The paper
the tribe Orsiliini in Hew Zealand, and deseriptions of five new species including
Brachynysius convegus Usinger, which gemus he here also erscts,

(v) Biommies

Hyers (1995) in a general study on the biology of New Zealard Heteroptera,
gives, for N, hattoni, very brief notes on some host plants, and the final
sedysis, It was not until Gurz’s peper in 1957 that the 1ife history of the
inseot was published, He shoved that:
{1) there sre five aynphal insters, end plves the duration of oach;

(2} unlike other speoies of Hysius which oviposit in gress glumes or composite

Plowers, H. uttoni oviposites in the soil. Totsl fndividual egg produciion

by vive Pemales is given

{(3) newly emerged adults are pale buff in colour, but darken to full colour in

(¢} grestest activity coincides with the highest day Semperature; the bugs
conceal themselves under clode or debrls on the pround as soon as the zamgew
atare begins to fall io the evening

{5} rain induces sluggishness



{8) odulis overwinter at the bases of weeds and mg and under vegebeble
debris.

(¢} Disteibation
Bwidevce that I, hmtltoni cccurs throughout the Horith and Svuth Islands is
given by Hyers {1096 ), Usinger (1945) and Gurr (1957). A¥kon {1005} and
Rirkaldy {1908) bove both recorded it from the Qﬁaﬁm Islands whilst Woodward
(1954) recorded it from the Three Kinge Islands,

{1i) Zucerne and Red Clover: Awonget havmful insects op lucerse Hyers {1521)
mentions “Hys iﬁﬁ_%@tg‘k{mi{wz‘y common )" The bug veached vhenovenal mupbers on
Iucerve {near ’%siiing%an}({esgwia}zy io &ry paltches where thers were gaps iu the

erop, . bultont is also listed by Myers smonget harmPul insects on red clover,
"Perhaps the commpoest iassct im the ﬁéiﬁ, poth of lucerve and red clover, is
the ... plant bog Hyslos tutboni ... a close relative of the desivuctive chinch

‘bug of Horth Americe and of the Rutherglen bug of New South ¥ales.” Whilst in
Blonhein, the orops were more advanced, but the bug was comeon throughout, and,
agh there was no apparent domage, Yyers copsidered the continaal sucking by

the inmsects must be a factor of some importavce

{42) Wheat: Certain limes of wheat Prom North Otago asd South Canterbuxy
profuced "sticky dough” or "silmy glulen” when the flour was used for baking
{Horrison 1989, Blair svd Horrison 1940, Curr 1957 ). They fourd Heteroptera
present in lerge musbers in many wheat orops and in surrounding vegetabion,
Horrison (1959) caged samples of the most sbundant species of plant bug, Stenotus
bimotatus Fabr, ,

e buttoni end fndsona upcops (White) ivans, sepavately on devels
oping wheat crops at Lincoln Agricultural College. Wheat not confined with

- . insects was ot denagel. Hesulis from his experiments ave:

(1) A11 three plant bugs ceused bugged wheat and therefors sticky doush.
{2) Flant bugs caveing the demage 1w New Zealand ave differont from those




specins (mainly Lurysaster and Aelis speeics) ecausing similar damase in

varops and fsia.  , binotabus is cosmopcliten, butb f, hotboni and X, anceps

ara *’&ii‘é‘%‘s to fow Yealsnd,

{3) Beesuse the harmfnl syeciss in Tow Yealard are widely distributed, and uod
confined f0 Utapo or Canterbury where the trouble is wost prevalend, and
because the provortion of crops attacked o the guantity grown, is small, it
iz sapocpted that whest is not the normal or preferred Poud of the bups,

(4) Damage is rorve prone in cerdaiv wheat areas than in others, which suviests
thnt the twevalence of ceriain weeds, the clinatic conditions prevailing,
the time of riponing of wheat, or a combinstion of those Pactors, may be
closely linbed up with the :%:m&bzag
{5) Pemeged grains show a while, oval or round poteh with a central black swot,
the rostral puncture,

- Gurr {1657 states that damaged prains may be shrunken asd cubold im shape
as a resalt of prolovnged or maliiple feeding of the bugs. e explains that wheat
is attacked in the oilk ripe siape, a rrotsolytic srzyme being injected o facile
“itate ingestion of the plant Juices by m%i@. sbrormad behavicur of the gluten
“is caused by cugymatic residues io the grain., The following additiosm] fnformation
on the effect of bug feeding ou wheat in Hew Zealard was cootributed by Gurr:

{1) ©as 1itile as ow: per cent of buzued wheat used im the production of flour

bas mede it unsaiteble Por beling .... Dugged cheat may be used Por fiour without

affectin: its baking gualitles if at blending it is mized in gquantities of less
than one per cont with anefiected lises,”

{2} Bug damsge in Few realand does ot affect peymivation of wheat,

{8} Tre bugs live ov woels ot the odgos of crops, but as the weeds die at the

height of sumser, in the dry sublumid South Canterbury and Novth Olago regiouvs,

the bugs are foreed oubto the ripening wieat.
The writer noted the following difference betuvees whest bugs in Vow Zealned

andd bupgs attocking coresis in other countrics,
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{81L) Urueifers: Greatest econonic loos is caused by its davage to orucifer-
ous seedlings” « Gurr (10571, The reasou is thot the whole avea of the seodling

erop provides suitable bug bited, so thet deoaps is sod coulined o the edee

of the orov. Ladge sunbers feeding avound the vounp stems, suck mueh ssy fron

the plants shilch bthen wili: ape of conducting vessels ag o rosull of Peeding

puttbures proevendas rocovery by the plauvts,



“ses it appears lilely thot the New Jeelond wsilline founa
will mwove to be Just as uniqus, though possibly somewled
amaller, then thot of the Nawsiinn Iolaeds.”

Jeln Usinger

[

T R A g R U
T LA P,

T, tattont belongs to the twibe Orelllini (U t%’.i}; one of thyee tribes which
oomprise the sub-fomily Iygneinne. 4s well as the pevus fysius ?3&33&53 at least
twaody other gerers have been assigned to- the Ursiliini, The major divisivos of
the Panily Iyracides repvesented in Hew Jeslard are given below, and in particuler,

of the sub=fanily Iysaeinae,

Pamily Ifuoihn

Subefamily Lypaeines
Sub=-fanily fi@ﬁ&f@gas@ime
mvfa&ily Gpnisae
Sub=Family swgmmtifm

THGARTEAY

Tribe Iypaeini
Tribe Ursilliini
Tribe Metzorgini {exclusively Hesmijan)

F-8
Tho tribe Orsililinol is a fsxonomic catepory ard thorefore hes g desoviption,
the gevus Ursillus Dalles boelng the type gomus.
* 4 2. 5 G L o W R » D . 1 - oy ¥
( %tmgas%& ione ¢ 4'?7 3872 takes priority over Chamliopimme Dreddin, IBUF
~ which is & Junior s,gmm

%{&%mmzw ::%L:mﬁ‘, 1057 replaces Shyparochrominge uiz&m, B, the tyne
gevus Bhyparcehromas Geriis, 16830 falliing as & Junior homonys of dhyparoohromus
@ ?}3, ';E;a%«’iﬁq
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The Pow Sealsrd Orsiliind, comprising ¢light srecies reprstentisg four geooora,

are a8 followss

Hysiosg hwoouni White

Broohyrysias gonvesus UJsinger

Hufisona anceps {(White) dvans

oa, ; & 5y )
Zhypodes clavicornis (Fabr, ) ivans

Ghypodss serdenbus Usinysr

Bhwoodas nversi Usinger
shyrodes chinel Usingey
Bhypodes shoveriorsis Usinger

The geoara Blhyoodes M%éil Jludsona Yvans, and Drechymysius Usinger, ave endemie

to How Yealand, but ihe genus ’*‘fgﬁzwf $s cosmopoliten, Lainger {4g9s3) suyes-

*he Hew Zesland Orsililinl avs o g:emliaz* that wo relatives of the ondeniec
genera are hoown from elsewhere. [, hulloni, however, is allied to the
Hewailen Hysius bleekburni While am oo f‘ﬁ*gfsms backatroeni Dergroth from
Juan Permanoen, Che Dew pomas Drechynysius 18 apparevtly o remarkable offe
shoot from %y%m&l Hysins, ™




Lo

R AT LV &
gHaran 2
WW
/
ORI TIOUIANIS SYR AL
;i:’-?ﬂ,‘gwii g e G SRALT

fonger than broad, Tatio lesgth to width, 33133 slightly cowvcave
voentraliy, cotves dorsaily and laterally; blunt anteriorly, polinted
posteriorive Your to aizx paplliiform oleropylar processes surround
cephalic pols; no operculu: or pecudoperculum; oxternal choriouic surface
seulpbared in anterior third with Jonpitudinel grooves, «lwost converging
at cephalic pole. Zime: nean lengdh GF7 sm.; meswn wideh 4,86 mm,
Colour (soon after oviposition) strew yellow {(Ustwald series X, 2 1a)?,
darkor avea at cephalic pole maricold crange {Datwald serles IV, 4 vals

Souttmood (1055 ), on micropylsr apperatus, suprorited teo diviaions of the
Gaooorisnes |
{1) Tentatomomorpha = possessing nicronyles, but no operculum, althourh some groups
possgss a pseuflovercubun,
{2) Cimicomorphn = possessing pseudonicropyles and micropyles, and also possessing
an operculum,
Iypaeoidea belony to the Pentatowomorphs and do not possess an operculum.  Southe
wood also stated that the micropylar progessee wuwber three 1o siz in the Orsilliei

and from the litsrabwre showed thot they are papilliform ip Mysius, . hubtoni
eurs are i%; agreenent with these ecarlicr findings, The micropylar processes on
s _butbtoni egps were usueally regulerly spaced, altbough irregularitics ivn spaciog
did ocecur, Une to two days following oviposition, these wnrocesses heeamé faintly
wnite, and ricy 30 &aﬁeﬁziﬁg they 'i?eeaztﬁ distinotly white in ond view, Luring
focubation, the grooves or wrinkies in the chorion may extend, %he coclour of the
freshly laid eps has been deseribed by Gurr {1957} as “ersamypeuhite” and that of

Yysive coonosulus 581 by Uoinger (1942) as "almost water white or colourless and

* Ostwald {2051} Colour Stacdavds
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ghioing, with o emall ascant of yellow yolk at the avterior or microp lar end”,

e buttonl epps observed at the moment of oviposiiion were very pole asd were
elther (a) aloost water white, or {b) & very pale yollowioh orange. I both cuses
there was & small orange coloured reglowv at the copbalic pole. The (b) type of
eoiourisg probably resulted from reteotior of the egp within the ahdomer for a
Tonger veriod before oviposition, o view which ls supported by the faot that the
egus beooome yrogressively darker in colour durisog incubation.

Bpp Pimevsions
A total of 176 ggps were peasured under a Yeiss Jow vowver storgoscopic micron-

eope, using an oyeplece sonle. DBeoause of the shape of the epy, it was necossary
o toke three measuren

ents of Jength acd width oo sech egg. lost of the opus were
measured elther on the day of oviposition ar the following day, but it was found
that even after one week theve m no change io opg dimensions, ALl mossurenents
taken on individusl epss wre shown In Appendix IZe, and io Appeniiz TIb the sises
and wing form of some of the maternal parents are given
Jength

The mean length, .77 om, was obtained by sveraging the means of the three
measurenents taken on individual eggs, The distribution of egz length is shown in
Table 1, and graphically in Pig, %.

mBE 3

P

BT sk o3

LRSTRIBUTICON OF UGG HUGER ,
A1l meascrenents are in eyepieve scale divisions: one seale division = 0,065 ma

Class Toterval Epg Length (clasa) Frequency

2.5 1

10,0 i

11,0 10,8 - 41,2 25

13,5 12,3 - 147 28

3‘2- 53 33&; & - 120 ﬁ &i

12,5 12,8 - 12,7 38

13,5 2.8 = 13,8 44

33; 5 gf’i‘g 3 el 33" i

34,0 18,6 = 34,8 b
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Frequency
)
(&)

/O F

W eome == By macropterous vparent

Awm o mmeod By sub-brachypierous perent

by small varent

)
s By medium parent

el M7 ARG 23 716 12? f3 25 3-8 fel

s

Length in scale divisious

Big, 1

Distribution of ezg length

e
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The distribation was sot wormal, for thore wese tuo peals, one at 12 divisions,
and one at 13 divisions, It secmed that two populations were ifnvolved. From the
pleld, some adult speclmens collected were wacropberous, and some weve aube
prachypterous, A8 ecrs from both forms were included in the eggs messured, it was
decided ¥o investigabte the pussibility that a mecrvoptercus population laid eggs
differing in size from those of a sube-brachypterous population, The data on egg
length was reclassificd according to the form of the materval parent, The two
distributions obtalined are stwun in Table 2, and graphleally in Pig. 1L

Zipk 2

PREQUENCY DISTRIBUTIONS OF B0G TENGTI UMEN GRUUKUD ACCUUING TO WUl OF BATENAL
| TAINT

A11 measuremcnis are in eyevisce scale divisions: one seale division = 4,G%m

Freguencies
Class Interval Bgg leongth (olass)  Subebrachypterous  Vacropterous
' Yarent Farent
9.8 1
10,0 1
11,0 10,8 = 11,2 16 9
11,5 11,8 = 147 | 17 7
12,0 11.8 - 18,9 18 12
12,5 12,8 - 12,7 5 11
15,0 12,8 - 13,2 2 2
18,5 15,5 = 18,7 8

As the wing form of ome or two Permeles was unkoown there are slightly less
total epes than in Table 1, The epgs laid by the sub-brachyptercus females seemed
in the main, to be swaller than those laid by wmacvopterous Pemales, but the
latter's egrs still chowed a bimodal distribution which overlapred the sube |
brachynterous distribution, The means of the {co oalled) two pepulations differed

by one scale division or (88w, The sub~brachypterous population egus nean



iz
length and standard deviation woe, resrectively {in senle éﬁivisis’ms}s 1.5 and
.75, whereas the correspondivg ﬁ’i,g;§$es Pod agge 121d by the macroplerous females
were 32,0 and 035, The frial divisioo izﬁ%ﬁs sub-brachynberous and macropterous
populations on ege leugth, placed the former into o sepavate gPoup, but in the
jatter $he overiap mey be explained by supposiog a grester veriation in egg Ienghh
for this group. lHowever, this arbiivary division does not enxplein the total
Bimodal distribuiion and is unsatisfactory becouse some sube=brachyplercus females

1a3d large egos and sove macropterous females laid small egps.

inter, the author was able fo distingish thres populations, sach differing
in size, among I, huttopi adults (see Chopter 3). The medivm and small populations
included several different winged forms from macoroptercus to brachyplorous. From
the sizes of the fesales given in Appoodiz ITh, 1% is clear that the large popule
ation was shesot from the esperiment under consideration,

Aceoxdingly, the possibility that a medium sized populetion 1aid lsrgper epms
than & saaller population was lmvestigateds Uhere the size and form of the
Peiraje wos kuown, the epg data was re-clossifisd as in i’i‘a?}ia 3y and the resultieg
distributions ave shown g?&pﬁi&g‘ﬁy in Pig, 1,

TARLE B
PRECUSNCY DESTRISUTINS OF 160 THGUH WHEN GRIUPLD ACCORDING U SIu (9 BATEREAL

ﬁli measurenents are in eyeplece seale divisions: one scale division = 0, 053mm

| Freguencies
Class Iaterval  Egg Teaogib {class) Sl Favent Hediem Parent

N ki

: 6.0 1

11,0 30,8 -~ 14,8 25
12,0 11,8 - 32,2 e -6
figaﬁ i?s,s - figai? f’} f}
15,0 28,8 - 15,8 & 19
13,8 5.8 = 13,7 7
14,0 1.8 = 14,2 a
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The acgs lald by the soell population fell into o separate group frow those
1aid by the medium population, There was less overlap, and a more merked nodal
peak for each population, The means of the twe pop.lations differed by 1.4
seale Givisious or (0,088, The mesn and standerd deviation (in seale divisions)
of the small anl medium populations were, respectively, 11.4 and G.67, and 12,8
and 5,00

The division into two populations ecvording Yo size of adulés compured with
the grouping into teo populatiocns accordiug to wing form of adulis, gave a greater
differemce botween the population means, n lesser difference between their
stendord deviations, and & betler explanation of the bimodal graph for total eggs.

oidth

The mean width, 0,280 was oblained by averaging the means of the three
measuresents fahoen on individual egum. The date on egy width received the same
treatment as that ov egy longths The results are shown in Teble 4 and graphieally
in Pige 2.

TEBIL &
PREGLICY DISTRISUTION UF =66 WIDTH
411 measurerents are in eyepiece scale divisions: ove scale division = 0, 08Jme
Prequencies
Heclassified according Reclassified accord-
, to form ing %o sige
Class Ygp Width Total Sub~brachypbercus Hacropierous Small Medium
Interval (class) 1 rarent Q Parent {Puorent $Parent
3u8 B T3, 1 1 .
4.1 4y Oud 2 47 24 I8 30 2
4.4 Loty B 83 S0 35 57 %

[# %
o)
feke
i

5.0 Gy Ui, 1 4
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Total 4

By macrovterous parent

By sub-brachypterous parent
By small parent

By wmedium parent

38 4-0 4.2 4-4 46

¥idth in secale divisions

Fig. 2

Distribution of egg width
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1 oan metarocbane 4

widiite on pronoctun,

o e B £ o o, E b e
cotaticn. Hetasotun deavoid

BEE COTe 85 o0 manory

ransparente

Abdonen: shorter than head %fﬁz thorar hogether, 4383 s1ighily @i:ez than head,
Badly 8.0, E‘%sr:s & is*ﬁim%%ﬁd—@@ré 1 abdowivnal seent gloevd opesnincs iotere
ssrentally éiang;geﬁ batween segents four and flve, awd five and gis,
Fleuwrs mrrow, Flotienad, opacues Bight abdominal gegmmg,

Tarsis %wg;.:&egﬁaat@és distal segment longer than proximal, 1,08:0%,7 {hlx
barsus le

Slze:{vien fed):  Fean length Qodmnr mean width {head) St {aldouen)

A

Fead: brownish black, {Ootweld series TV, 2 pi)T; seven hesd stripes and
ecdysial sulure ‘zaé“ head, orappe {U.XI1, 0 :. ;3 giviog impression of
portions not dorkercd; eyes ved (G, JIV, 7 paj; astenme and rostrum
srey=black {La If, 2 1i,}; distal rootal segment black {U. series U,nk

Thorax: Troe anl pesc-nots brewnish black {U.IV, 4 pl), the undarkencd, mide
dorsal atrip, orange [$,XIT, 5 nal, letamotun basieslly orange as
abdomensy o narvow obligue lateral, black warkings extend leugth of
segrout.  bloura underkensd, as abdomsn, Vewtral thoray: suboowal
plates, ouly, derkened, vest ovanse, Tegs lighter thao head, grey-
black (Ge7Z, 1 1%js

4t eclosion, the nyrph i pele orasge is colour, but darkening ovcurs
graduaily over a perisd of sevesn howrs until definitive colouvation (as described

above j is assumed, 4 deseription of the eolour chauges occurring at intervals
Guring the derkeuing process is piven in Chapter 6,

+ Throushout the descriptions, Usheald’s {(3951) Colsur Standards are referved tu,
and seol refereree Lo abbreviated on the patters (LIV, 4 plk .



A1l messurements are in eyepioce seale dlvisious; ome seale division

L I

PTG Y PERST OTAC NIRDTE

= 0,005,

RN

= Gtanlard Doviation

Head

Inﬁzft Tength ‘j’ig[ih i“f’ia; gﬁm : Efng%‘a fostral Segnonts Aobennal Jegronts Roigngz;tlz Y{ngm P
widh 1 2 3 4 1 @ 3 4 | Uwped Ped  Unfod Yea| O
1 500 4,5 8.0 0.7 1,0 1,9 dur 3.5 2,0 1,0 3.0 1.8 2,7 o5 54 Alnd coxa
2 3.0 2,5 8.0 0.7 1,0 2,0 1,6 104 2 1,0 1.0 1.5 245 10,6 S ”
3 5.5 4,5 545 0.5 | 1.0 X 1.0 3.2 200 1,0 1,0 4,7 2.9 10,0 5e0 n
4 5,0 4.5, a5 07 1.0 1.7 2,0 1,5 2.0 1,0 Sao 1.6 207 11,0 540 “
5 2.0 4,5 503 o6 | 1.0 2,0 1.8 1.2 2.2 2,0 4.3 1.5 2.0 11,0 5.0 o
6 3,0 4,5 Bed 0,6 1.0 2.0 2.0 2,0 2.5 1,0 2,3 1.5 2,8 150 3,67 v
7 2,0 4.4 5.3 05 . | 1.0 2.1 1.5 1.9 2,0 1,0 1.0 1.5 9.8 12,0 5,0 »
B 8.7 4.5 3.0 8.7 1.0 .0 2.0 1.4 2.0 1.0 1.0 1.6 2.7 14,0 6.0 "
9 3,0 4,5 Bai 0.7 1,0 2.0 1.8 1.5 2.5 1,0 1.0 .5 2.0 14,5 Ga0 o
10 5,9 5.0 5.4 0.8 1.0 2,0 2,0 1.6 .2 1,0 1,0 1.6 500 19,5 Bal
1 5a5 4.2 .0 0.6 1,0 2,0 2.0 1.4 21 1.0 1.1 1.6 2.7 15,0 4,0 -
Hean 5.4 4.5 8.2 T2 | 1,0 2.0 2.9 1.4 21 1.0 1,0 ER: 2.8 1004 13,8 500 a2 | nimd coss
Bange | 8,0m8,0  4u3%5o0 | 5.0-5.5  Go50,8 | 1,0 2,701 1,5+2,0  1,0e1,7  2,0-2,5 1.0 2,000,7  L,0elF D wB0 | GuBeify5 4.0-6,0 o
$.D, 0,42 0,18 o2t (445 0 0,13 0,16 0020 0,20 0 0,015 0,071 016 0,06 4052 0 0,02
IR ]




a7
Abdomens besieally orunge {0, ¥TY, O pay; atdominal scent gland openings
darky three red @ IV, 8 pa} gpots occur on dorsumn, two laterally,

ard ong towards anus) amus black {0, sapies U, 0l

Hyephal Tostors {Flate 1 and Table 8)

lead: broader tham long, U.%418.03 ayes aprroximalely one fourth as wide as
interccular srace, 1.0:4,4, and approsioately obe thixd as long as
head, 1,0:5,0,  Zostrum extending beyond posterior coune, the first
segrent one half lengih of head, ©.5:5,0; total leugth almost half
leogth of body, D.5:110,8; segments ons o four 8, 5=0, 0«0, (=1,
sontevae obs and a third times ns long as width of head, 8,4:18,4; less
than half leogth of body, $,4:130.5; segmeuts one to four 1,0-1,7=1,8=8,5,

Zbhoraz: Promotunm slightly looger thas mesonotumy broader thap loug; broader
nosteriorly than anterlorly; sides straipht or slightly arcuate,
rounded posterioriy. Metanotum spprozimetely same longth as posovobtumg
black pigmeutation slightly exlended on first stage, two ssmi-luvar
patobes visible oo each slde, resching to one half to two thixds length
of metavoton, Dlack plomentation abssnt from varrow strip on midline
of pro-~ aod mesoncta, Pleuva of thorax, nerrow, flatteved, transparent,
Fevora lopger than tibies, 4:3; ftarsi fwo 391&%@&,’ moagessing bi-lobed
ampplloe; proximal sepuent shorter thoo distal, 1.0:3.¢ {hind toarsus ).

sbdomen: same Jength as head apd thorex togsther, 10:15; oue and a half
timos 88 wide 25 head, UpU30.4, Two distinet mid-dorsal sceut gland
openings iotersegrentally disposed betwsen segrents four and Pive,
asd £ive and six, Ilours wmorrow, flatiered, opagus, OSight abdominal
it sis ter i |

Gimes mean length 12800 seao witth {hesd) 0,40w: {sbdomen) L,8%m,

Apterior balf of body similor to Pivst stege execent that black
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BOLY BEADIAINTS OF MRCOND STan RO

£11 measevenents ove iv ecyepiooe seale divisisus; ons seals division = G,083mm, S.0. = Stendard Doviatlon

.
Insect | Heed Heed Totere Eyo Bye Rostxal Sopments Antennal Seanents Body Abdomon| dostrumn
Namber | Ieogih width ocular Uidth | Tength Tomrth  Widdh | exdonds fo
Width 1 2 3 4 1 3 5 a

1 5,8 8.5 2.5 1.0 1.6 2.5 2.6 %0 5.0 1,68 146 B Sud 20,7 40,0 |bind coxse

2 540 6.8 2,6 1.0 1,9 25 2.8 2,0 5,0 1.5 1.8 1,8 5.5 | s 2,0 »

s 4.5 Gt 43 1.0 .5 2% 2.8 2.0 X R 1.6 1.8 8.2 Cano - o

4 5.0 ,6.0 4,1 1,0 1.5 2.5 2,5 2,0 2,9 .5 ER: 2.8 S.1 1.0 0 0.8 |nid comes

5 5.2 6.5 4.5 1.0 1.5 2.5 2,8 1.8 N 1.5 146 1.8 . 8.5 21,0 0.0 "

6 4.5 Go4 4.2 1,0 1.5 2.5 2.7 20 27 1.7 1.8 1.8, 8.7 16,0 16 -

7 4,0 6.0 4.0 1.0 1.2 2.4 2.0 ) 2.5 1.6 1.8 2.7 . 80 17,5 8.0 |nltd coxes
'8 4.8 645 4,5 1.0 1.5 2,7 2.5 2,0 249 25 . 7 1,7 5.6 om0 100 ®

9 95 6.5 4.5 1,0 1.6 2.5 27 1,8 2.0 3.5 1.6 .8 3.0 20,5  30.5 n

10 4.5 6.5 £.5 1,0 1.9 2.5 2.0 2.0 27 1.4 1,7 1,8 St 19,0 0.0 "

5,0 8.4 4.4 1.0 1,55 2u5 2.5 2.0 2.8 1.6 1.7 1,8 203 105 $a8 | bid couae

Range | 4,005,0  6,0-0.8 | 2,0-%,6 1,0 | 1,8+1,90 2o8m3,7  BOeD8  LEeR0  5,9-3,0 1,4e0,8 1,61,3  L=1.9 5,087 1808 w3l
SuD,y 0,60 0,51 0,21 0 0,82 0,075 0,51 Ca 083 0u17 0,14 0,094 4 CB7 Cu25 1,4 08




vigmentation on wetarstun hus extarded, VTlews transperent to pais grey
ioeni, flattened,

Atdogen: vorsel sexface basically divdy orange (o IV, 8 pad, offset by

rawhiaes of rod and white; red spots arranged Izvepulerlys scent glamd

openings black; pleurs grey, Veutral swfave lachs serbiags ezcerd fow

lateral ved streals, hlach odres of two segwuds anderiopr o arus, and

L outiele, aAnue Black (0, X, 2 vols

e

wordions of viscers sbouing throug

Thizd liymmhol Inoter: (Flate 1 and Table V)

Head: nloost one third agein as bromd us long, 8.0ih.63 eyes a 1i8ile wore thanp

ore Tourth as wide as intercoulor spoce, J.4:358.3, aud a 1ittle move than

Hhird lenpth of hesl, i ”‘ 5,8, lhostrum resching :osterior s@:ﬁ:ae;
the Pirst segrent approgisstely two thivds lenpth of head, 3.8:15.03 toial
length approvinately hal? length of body, 11,80:85,.0; segoeuts one o fouw
Ga iy Doll, By | ;éfs%eﬁme lovper than width of head, 10;8: wot guite half
length of body, 10:35; sepments onz o four 2, 0el, el Iek, 4,

Thorsx: rromotum broader than lowy; broader tosteriorly than antericrly; strougly
covvex dorsallys sides siraipht, rounded anteriorly and posteriorly, Tronotam
longer than mesopotun, mesonotum longer than motavobunm, S:Z:d, & dark black
line pow pressnt across coutre of yronotum, Niack pimwpelation absent from
wrrow strln G nidlise of pro- ond mesouota. First sigos of wing pad
development appewy as slight, mounded, loterally disposed projeotiouns on
wosterior marging of mesc- awd metanota, but less obvious on metanctum,

Blaek plomentadion on setanotum further estended than in sceomd stape, oow
bicormuwte and ¢lmest reachling wonterlor of samrent. Ulews narrow,
Flattened, oratus.

sbdomen: slightly shovter than head and thorex fogether, 10,0:18,1; one thind

epalin as wide as boad, 31,0:8,%, Dorsal abdomingl scent plend openlass, and

vleura sz io Pirst stoge. »ighd obdouin

"%

1 sepents

£
5

Tarsl: oroviml segront to distal segmont, 1.5:2,8 (bind tarsush

B

Sizes Uesn length J,59mmy wean wisith {(head) G btwes {abdomon) D,74mm,



oy

TERL: 9
BOUY BEAGDUIEETI O8 G7Tng apk GE WS TG
A11 measuremends are in eyepiecé scale divisions: onbe acale division = 0,088, 31 = Stacdard Deviation
—
Ipsect | Head Head Inter- isye Bye : Body Abdomep | Batlo of length
nurber | Leogth yidth ooulps Width Longth Hostral Segnunts antennal Jzgrents Isngth Width ! Tond Hoatzrum
width 4 2 s s 1 . . 4 Abdomen $ plus ez:g nds
v ’ thorax
1 Ge O 8,0 5,0 168 2.0 3.0 5.0 2.5 3e6 Ce C el oS 57 24,9 13,0 18,0 12,0 hind coxee
2 5,0 8,0 5.0 a6 18 5.0 Y P 5> Se 2.0 e 2.0 el 24,0 10,0 :Li?;.o 18,5 hd
3 8.0 Te0 1, 50 1,5 2,0 3,0 3.0 2.5 Ny 2.0 20 B0 4.0 21.0 16,0 8.9 3350 "
4 5,0 7B 5.0 o4 2,0 303 30 2e 9 T 0 240 L& 2.0 T 4,0 20,0° 12.8‘ - - "
5 6e5 Ga O © Be5 L2 2.0 3e5 3,0 2.5 5.0 2.0 2.2 2.0 40 9640 11.0 - - @
6 5.8 8,0 540 1,5 2,0 3ol 2.8 25 Y 20 2,0 2,0 e 25.5?&» . 325 - ~ -“ -
7 a2 Be1 52 42 1.9 805 Rl 2.0 G0 2,0 20 2e0 4,0 £4,0 ) 14,0 1.0 Haid -
8 6a0 Ba 0 5e 8 1.8 2.8 3.5 ’5.0 2,0 Be8 2.0 2,0 2.2 4,0 24,0 11,0 18.0 12,0 hind coxag
9 447 7.8 5.0 1.4 1,9 Y a8 20 540 1.8 149 20 2,0 1860 11,0 LD 9.5 -
|10 [sR¢; G2 Seb 1,3 1.0 366 Seld 2et Je EAY Zed 21851 4.1 24,0 14,0 220 3500 A
Uean 5.6 8,0 e 4 2,0 83 3.0 Fad Hae8 2a 0 20 2ed oD 250 11,8 . 30,6 1043 bind co(‘ﬂ
2anpa | 4 7-6a5  Te8=8,1 | 5a0e85,5  1a0m1eB | 1a8w8e8 | B.0-8,68  HeBeBaB 2a0+8, 5 B Oniaf | 2.86-2,0  1,6-8,0 2.0-25  3.d-4.1 1825 A0l | Gaimd3.0 U Hmil3e5H
34Dy 0, 59 G, 11 Q21 0,16 Goid 0,28 022 Oy 2 028 0, 037 Gy 19 018 0,21 2,55 151, 1.6 .27




Coloars

Heads black {Us II, 2 pn); soven lwad stripes and colysial suture of head,
orange (Vs 2II, & pe); eyes dark red?® antsnbac, rostvum and underside
of bteed, lighter then dorsal surfece of head, brownish black
{0 IV, 2 vl

Thoraz: proe and mesonots and pigmentation on wmetarotasm, black. {0, II, 2 pnl;
a dense bLlack line scross cewire of pronotum; undarkened mid-dorssl
strin, oreoge (0. A1Z, 3 pej; recaivder of melavotun as ebdomen; pleura
pale grey (0. IV, 1 ea); vozes sod suleosal plates Black (U, ¥, 2 pu);
remainder of ventral %%maz; pale orange to grey (U, I%, 1 gel; legs
browoish black. (0. IV, 2 vl)k

sbdomen: white spots surrounded by wed {9, XII, 7 po) spots, extendivg alumost
length of segment, svre regulerly arrasged in a row across euch seyment,
Background colour, still oravge, is paler than these markings, Lorsal
pleura marked by one red {0, XIT, 7 pe) bar along centre of each
segment, whilst two parallel %& bars occour ventrally on each segment,
Dorsal scent gland openings black:; two light fawn areas apgprozimately
one segment in dismeter surround them; & dark lise on saech side of
anterior scent gland opeving, #nus black (0. II, 2 pn); two segments
imeediately anterior %o anus, blackensd on mid-ventral edges,

Fourth Hymobal Instar: (Plate 1 awnd Table &)

Head: wore than one third agsin as broad as long, 10.6:8.9; oyes almost one
third as wide as istevoculsr space, 2, 0:8,5; eye lengih approzivetely
three Pourths aptecculer length, 2.7:3.0 and approzimately ope third
Jength of head, 2,7:18.9. Hostrun extending to posterior coxane, arnd
resting, tartially, in a very shallow groove oo ventral surface of
head ond thorsx; the Dirst segoent o 1ittle over o thinds length of

heall, 4,8:0,07 ftotal length almost bhald Zé:,f‘:g;i%z af body, 1,515,853



a2
segments one o four 4.8«4,0-0, 03,0,  Antonnce alwost one avd s half
Yimes ag Jong as width of head, 14,.3:10,8; less thev helf langth of
body 14.5: 52,53 cogreuds one in four HVe=f,0=5, 00,8,

Fuorag: Fromotun broader then long) broader posteriorly than sotericrly;
giaas arcuate, rouried posteriorly; vostericr edue wmay be slightly
sinuate o straight: Tlattened dersovestrally, slightly conves
dorsally. Vesowmolun at niddle, four £Lfths longth of pronotum,

Sa8: 4683 poplerior nergin betwees hemelytral pads at alddle, arcuate.
Iengih of m@%ﬁa%@ Tlaterally %o biz of sesomotal wing pad, one half
as loug agaln as wesowotun at aiddle, 6,0:13,8, Ving pad developent
considerably advenced on $hird stese; mesopotal peds overlep metanstal
padls ezeopt at ivner bases and sides: exteniing uvouslly one thixd fo
one half length of first abdoninel semment. Vetanotun very shori at
:aiéﬁl«eg,’ black pigmentation extended over wing pads but sbeont at aiddle,
sbdomen: s1ightly shorter than head and thoray logether, 10.0:36.45 almost
one anl three fourdhe times widith of head, I7.4:10,0. Joent gland
openings and plewra 28 in earlier stoeges., IDight abdoninel seppents,
Size: Mean lovgth 2,05me; wean width {head) TW8%ma; {abdomen) 1,10,
. Colour: |

Heod: black (Ustwald series 3I, 2 vn); seven head stripes &vd sedysial
sature of head, pele orasge to yellow (. VI, 3 ic); eves brovaish red
{0s YIII, € pg); antescse black, white bawnds at jolints, distal half of
fourth seguent brown, Hostrua orangesbrown (0. X, 4 re), fourth
segrent black,

Thoraxrexcept Loy midedorsal sirip and portion of metenotan betusen wing pads,
bBlack (0. IZ, 2 pnl; durk bawd acrons centre of womotun densely black
{3, sevies o.uis varrow, pule orange {0, TL, & o) wid-dorsal sirip on
thoraxs tom oF thres similar coloured langitiwmise siripes on sesonotal

wing pads, ard one oo each retanoteld wing ved; ploura male grey,
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LIS O PLENT SInGT EID T

Al measurcnents ave 1o eyepisce senle divisioovo: one geale divisicn = B85, LD = Jtavdard Deviation

i‘:iﬁiﬁ ?e?aﬁh ﬁf_ﬁh iggf; frﬁ th eim iﬁiigt!q Hogtral tegue pto Antenral Uogwpts
width Tength 1 2 3 4 b4 o 4 3
1 6.5 10,0 G0 2.0 4,0 %G 5e 0 Ba5 Bat Celk Ta 5.0 La7 B
2 [sRs) 10,2 Ge 0 Lo e b ] 440 e el Se O Se 0 Tal JER
3 6,0 110 7.0 2,0 N S0l 5o 0 4,0 Se i Tl 350 4,0 Yl 5.5
4 8,0 11,0 7.0 2.0 8.5 860 Be 1} % B 3o =0 B 905 L0 Sl
5 8,0 iL,0 740 2,0 4,5 2o Qe 4.4 2ol 547 iRy 4,0 N R
¢ 8o 5 . 11,3 7ol 2o 2 5,0 L) 245 4,0 3003 £eD 208 2.0 5.2 5,9
7 7+ 0 11,0 7eC 2.0 B8 %0 5o 400 el 26D a7 85 8.5 5,5
B 7.0 10,8 Ged 202 %5 208 2,5 w8 4,0 P Be 5 205 5,0
g 8.2 10,0 €0 20 ) LN 4,0 Be& 0 Ry 2.0 2,0 fobb 5,0
10 Ted 1. 16,0 8e 0 % O 4,0 Dol 5.0 2.0 %3 te Bed ] : 8.5 2,0 Ba0
Hean ) 20,6 8.5 20 £ 247 4o8 4,0 3.0 40 9.7 545 50 Ged
feavge | 6,0-8,5 10, 0~12. 5 Go oo U Y Omiie 2 Bl O Sy Smie O g5, 0 Bo Bl Ba By B S Henlla? Lo ey D 303,06 Dy Ben g Comlig 03
5.0, 0,90 0u52 0, 50 G082 0,55 0,28 0,35 823 a0 0,30 0, 2 0,41 " Ol 0,55
Tosect | leogth of mescuotun Body Abdorsn Terpth of hind lep fatlo of leumth
Number | At olddle o tip of Temgth width Pewar Pibia Parsus 1 Pereus 2 Abcomen : fead plus Wing pods exdtend to | Dostrun exdenda o
wing pad thorax
1 505 500 50,0 16,0 7,0 7.0 2.0 80 14,0 16,0 ¥ segnent 1 hind coxae
2 4,0 %4 3245 19,6 70 8,0 1.9 B2 16,0 16.5 o "
5 4,0 B0 52,0 18,0 740 8.4 2.0 545 17,5 4.3 " o
4 5,0 6e0 28,0 15,0 70 8.0 %0 848 18,5 14,5 § segrent 1 "
5 4.8 Tl 41,0 17,0 7.0 8,0 D0l e 15,5 17,5 k segment 2 »
G 4,5 740 37,0 20,5 Ge5 8,0 2,0 BB 20,0 1747 % segront 1 mid comue .
7 3,0 [:1%:) 52,0 18,0 a0 2,0 Te D 345 18,0 0,0 2 segment 1 hind coxgw !
8 4,0 Geld 28,0 1845 740 768 2,0 BB 18, G 8.5 % segment 1 a
9 S0 508 525 18.0 7.0 Ted %0 53 18,5 16,7 segmant 1 "
10 %9 5,0 8105 17,5 7.5 Byl ol 800 15,8 ICed ‘ “ -
lean 58 6,0 52,5 17,4 740 8,0 200 Ba 16,0 3.4 & segment 1 bind cozae
dange | Ba0-deS  G.0-7a2 P8 16e20,8 | GoB=7.5  7,0-0,0 .pen, B85 | Alatmih 3amal
:&_1,‘ 0n51 0u75 5, 0O 1.62 a4 055 0,045 0,21 LD 1ol
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Fhoraz: Troustum sore than twice as broed al posterior as long, 35.7:7,03
sides shraisht, rouniled anterionly and Plaring posteriorly ‘o humeral
angies: posterior edpe may be siousie or straighd; flatlensd dorsoe
ventrally, alightly corver dorsally, ‘osonotun ot middle a Iittle
astorter thap pronotun, G,5:7.7; posterior wargin between hemelytral
pads st iddle, ercuate, Teugth of nescootun laterally o dip of
[r— wing pad, dwice as long as uesovobun at niddle, 185,936,5,
Hesorotal pads overlay metamotel pads, sXeopt at loner bases avd sides,
80 that $ips of both are level avd exdend, vmually, %o pusterior of 2nd ox
Znd abdominal sogment, fotanchun at widdlc short, one Ci0%h as loung
a8 mesonotun at widdle, 1,3:6,5, fegs: forefocora shovter thon
nidfemore, nidfenora shorter thao hindfemora, 7,437.0:170,0; foretibise
shorter than midtiblae, middibias shorder $han hindtibloe, T.7:7,8:10,9;
tarsl fwo=jointed, second segment longer than first; foretorsus one
shorter than nidiarsus one shorter fhen hindiorsas one, 3,0:9,8:58,03
foretarsus twoe louger than midtarsas two, but shorter than biodtarsus
Twn, 4,015,014, 8,

Abdomons appeoximately thres fourths len th of bead wrd thoraw togsther,
15,9:88. 13 one and a half tives width of head, 18:10.7. Two sid-dorsal
abdoninal scont gland openiogs intersegrentally dispossd bebweon segpents
four and five, aod five awd six; a davk line cecurs laberally on each
side of anterior scent gland., Uleurs sarvow, {lattensd, opague,. REight
abdominel sepments, the sipghdh tormun platelile, rojectiog slighily
bayondl ara,

Ventral sbdoven mele: Sternites seven ard eight devkeved on pideventral iios;

oxbernal genitalierot evident,

Yentral abdomen fewmale: Sternites sid, seven and eight darkenad on nideventral

rogion, sternite siz sometinmes darkened on ons border ouly? extermal
ponital rudiments evident as move heavily plgmented avea on pide-ventral

line of segments seveun and eight.
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almost travspaveny (U. series U, e); zegs daxk brown,

Abdomen: mainly a dirty ovange (0. X, 3 mejy ved (.31, 7 pe) markings;
meiyy bBove extended laterally to emwloss parts of the whitish or pale
grey background colour, resulting in a row of white spots with red
borders; such markings confined to posterior half of easch semwent,
Doraal ahdominal scent gland openings black; a darl line on sach side
of avterior opening (as in 5rd and Bh stages). A cireular ares,
reddish throughout radiates from anterior scent gland opening o widdle
of third segment antoriorly, and anterior of sizth segment posteriorly;
2 smaller brown-edged circular area extends from posterior scent gland
opening to amas, Vieura flattencd, each segment marked by cne red
{5, ¥II, 7 pe) bar dorsally, and two parellel red bars ventrally. Ventrs|
shdominal surface now marked similar to doraal surface, but sometimes
the red markings are ortentated lengtiwise across, and not along, the
segrents; anus black; segments siz to eight black ov ventral edges,

Pifth Hymohal Tnstar (Plate 1 and Table 0)
| Bead: more than half again as broad as long, 15,0:0,3 ; eyes a little move

than one fourth as wide as immmﬂw space, 2.2:‘?.@; lencth of sye
almost three Pourths antescular length, 5.1:14.5, and more than one third
lsngth of head, 3.1:8.3. Rostrum exteniing to posterior cozxans, and
resting, partially io a shallow groove un ventral suwface of head and
thorax; the first segmeot three fourths length of head, 6,0:8,85; total
length half length of body, 20:140; segrents one 10 four €,0 = 5,3 = 4,1 -
4,7, Antennce one and a half times as long as width of head, 319.4:13,0;
a little less thao half length of body, 19,4:40,73; segrents ove to four
He8 = 5o3 = 4,0 = 6,5,

ﬂélt&mgh the mean head width shown in Table © is 12,4 seale diwisions, the

figure of 13,7, the mean head width of 100 nymphs, used in the ealculation

of the growth ratio {see Table 10) is more accurate awnd is therefore used
in the description,
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A1l measurements are in eyepiece scale divisions: ome scele diviston = 3030w, 0h Stendoard Deviation
A————— N e
¢ lead Intere Eye Antee- I Provotus FPronotum Ianath of Mesony
Iossot gﬁh wiath oculsy ¢3ath | ocular Toungth Rostwal Sopuents Aotonnnl Sognoots Teppth |  Width —
Numbor Fidth length rostorfor At To tip o
P i 2 3 4 i 2 3 4 midilo wiog pag
iy 7,0 11,2 Fa0 leB L% ot 8,0 5.0 B8 4,5 4G 4a7 57 (i a7 a3 Va3 13,0
£ 7,0 12,0 75 Zad 3.8 3.0 Se2 5.0 4,0 4.6 4,0 4.7 Be7 G 7o 140 Cok T 2
g 8.0 18,0 8,2 2,0 4,5 3.0 6,0 Ge 0 448 5,0 38 5.8 4.0 Gel Ta0 G0 S0 35,0
ey To5 12,9 B0 ol 4.6 5.0 5a8 860 5.0 8.0 4.0 Ge6 4.0 ] 7e2 15,0 Cu¥ %8
s 9,0 12,0 3. G 20 | 440 29 8.0 6a0 4,0 5.0 40O 5.0 £,0 Zo) 7,0 155 Gald kR
g | 80 17,0 8,0 2,8 5.0 3.5 005 8,0 4.0 50 2.0 5a7 4,5 7.7 e 7.0 Gall 14,0
ey 11,8 18,0 B,5 3.0 8.7 Se8 8,0 D¢ B 2.5 4.5 4.0 5.0 2.5 [k} €0 15,0 (%3] 15,0
e 7.8 12,2 8,0 %l 4,8 3e3 G0 4.8 24 4.3 5458 5,0 4,0 G 8,0 15,0 70 14,0
g 9,0 12,0 Tad 298] 85,0 3.1 8,0 Ha0 4,0 Ge O Sa0 4,5 B Tel €,8 48,0 ¥ 1.7
30 8.5 18,0 2.0 2.0 5,8 Su5 5e8 4,0 2.0 4,0 3.5 8.0 2,0 Sa? 7.2 . D Gol 14,0
41 10,0 13.5 8.0 2.0 440 B3¢0 8.0 5,0 440 5,0 3.6 4.5 4,0 Ga 8 o7 10,0 Full 18,0
c121 10,8 12,8 8,3 21 440 2.9 645 5.5 4,5 4,0 4,0 | 58 4.4 63 Tl 1Ga 0 Gad 15,0
18 11,0 12,0 Zal 2.8 4 O 28 Ga 0 5.5 4.0 4.0 4.0 5o 0 4.0 Cal 70 ! 35.5 40 15,0
18 8.0, 12,0 I, 7.8 22 2,0 5,0 8,0 5,0 4,0 5,6 2,0 5.0 - 4,0 Bob 6.0 14,0 N 48,0
S48 6,0 12,2 8,0 201 4,0 3.0 ToO 5.8 3.9 449 s 5.0 L Gub, 7.0 1360 7.0 13,0
Laes 7.0, 11,8 Tl 22 4,0 2,9 58 Gl P8 4.8 4,0 4.6 - 4,0 6o5 6o 2 15,0 Bl 19,0
Tiap 6.5 1,2 745 28 4,0 2.0 [: ¢ 5,8 4,0 B0 L, 4,90 440 6%0 7.0 ; 10,6 < 2,0 13,0
faan 8.3 12.4 T8 B2 4,5 Set [se} Sed 4,1 4.7 368 Ded ‘4,0 6B Te0 18,7 595 18,3
Range | Ge0=13a5 2142w13,0 | 700-0e0 1828 | 4o0:5,8 2,9=3.5 | 5,2=7.0  £4408,0  5.5~8.0 00,0 | B00edaC 4,0u0, 0 HaOmded  GaDn747 | 608,00 38,5100 0 Soleityd  134,7=16,0
Sebe 1,76 0,65 0,60 G 85 062 Q, 367 0,40 [ ! e 35 0s 38 » 0,52 a0 O 68 CpdD Q7 e 75 1,01
Megopotum HMetanotum Tongth of Porsleg Tength of iddeg Tengih of Indleg Rostrim exbenis to Sex
L Width length ot : _ ! ¥
S middie Parur Tibia ! Tarsus 1 Tarsus 2| Pemur Tibia Tarsus 3 Tarsus 2| Peour Tibia Taraus 1 Tarsus 8
1 : 1&0 1,2 7.0 7.0 &2 4.0 7.0 ??ﬁ 8.5 8.8 18.0 Q;fj ] &.O - ‘ ¥ale
2| 14,6 1.5 6,0 7.0 2.0 4,0 7.0 8e0 20 4.0 30,0 3.0 oD %0 L .
‘3| 21,0 1.8 8,0 7.8 1,8 4.0 7,0 8.0 2¢O 4.0 12.G 11,5 BRE 2,0 Hind coxpe »
4| om0 1.1 8.0 80 2,0 2,0 90 Ba) 2,5 50 12,0 11,8 5,0 24,0 . Fenale
i B 20,0 1.2 7a 8,0 2,0 4,0 8,0 70 2,0 4,0 2,0 10,5 Sal (] e ' Yialo
8 21.5 1.0 8,0 Balt 2,0 2,0 9.0 8,0 2e0 4,9 12,5 12,0 400 4,8 - Tonale
V7 ons 1.8 7,0 7,0 2.0 4,0 7.5 7.0 2,0 4,0 10,0 11.0 S ld 2,0 Hind comas Tt
S .1 19,5 1.0 8,0 8,0 2.5 L 4,0 740 840 2,8 4,0 16,0 14,0 B 4,0 o ”
LD 48,5 1,9 8,0 7.5 2,0 4,0 9.0 Tell 2,0 4,0 9,5 10,8 3.0 2,2 " "
10 28,0 1.5 8,0 8,0 2,2 2.0 7.5 8o 0 2,0 4,0 pis Ay 13,5 5.0 4,5 Hid comoe Fermlo
1 o240 1.0 8,0 8.0 2,0 2,0 8,0 2.0 2.0 4,0 16,0 12,0 50 2,0 Hind oowoo ®
12 20,0 1,2 8,0 Be 0 a0 Z.G 8.0 8,0 2.0 5.8 10,5 11,0 8.0 0 T
13 19,0 1,2 e To5 2,0 2,0 8,0 Tod 2.0 4,0 10,0 10,5 3.0 de0 0 :
E il - X 1.2 7.0 7.8 2,0 5.8 8.0 o0 2.0 4,0 9,0 10,0 5.0 o o
18 2045 1,8 Te2 8,0 2,0 4,2 S0 8ol 2.0 548 10,0 11,4 Ga0 E] ° Tato
B8 | 200 1,2 8.5 7.0 2,0 4,0 8.0 8,0 2,0 58 0 300 2.8 4.0 e fonalc
~3_| 200 1.1 7D Tok 2,0 4,0 745 745 2.0 4,0 9,0 10,0 5.0 405 L Hale
:% 14'22:24‘0 1.3 Tod To7 20 ¢] 4. 0 ?.9 el D2 3‘3 10. 4] . 10,9 B O L0 ind conoo
3.D, - 1eC=1,8 GaDn8,0  7,0=8,3 | TaEmfy5  5,8=4,8 | 740=0,0 700,00  2,005,5 Su8u8y 0| 008, G,0=12,0 2,6m8,0 4y ety 3 ;
227 O 0,65 0,45 015 0,057 0,68 08 0,80 0,10 77 Q72 0,27 0,98 :
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baghpround more of o Llalsh or goeenish tinge, and white opots and zed
aurkines not as repulay,. Hideventrel marbiogs oun seupents siz $o

eight in Pemales, and gseven and elight in males, dark brown to black,

Prom the Poregoing deseriptious 1% is seen thot eech nymphal lnster is readily
distinpuished by aize, by charscteristie black pigmentation on the melanctusn in
the Pirst threo instars, and by wing pad development in the Pourth swd £ifth
gmatars {sos Plate 1), The shallow groove on the ventral surface of the thorax,
$n which the rostrus pertially vests, wes well developed iu the £ifth stepe, was
siight in the fourth stage, was very faintly visibls on soume third stape, but was
shsent in sccond avd first stape myphs, However, there was in all stages, 2
deeper rostral groove ou the urnderaide of i head.

It was noted that Pourth ard Pifth stape nymphs cavght in the lote subtums were
davker in colour, that is were a denser black on the head and thorex, and in some
pases the sbiomen was showing a blackish tinge at the sides,

Some maderial wes preserved in Cerle’s Pizative which was very satisPactory,

because speciveus, eves after several months, weve scavcely faded,

Propresaion in Growth

Dyar {as wentiovsd by Usinger, 1043) susested that ¥he polerotized »Jarts of
the insect body incresse in size in a pore or less vegular geometrical progression
duriag szmeeséi% insters, there being a growth factor for each species representing
the ifnerease in size at each mouli, TPrzibras {Irsibren and Moguser, 1512) bas
extended this reiveipls and gives a theoretical progressiocn factor of 1,95 {(the
ecube root of 2) for insecis im gereral,

Heedl widths of 100 uypphs of each inster were measured, The mymohs were taken
et random from samples caught at iassey Agricultursl College avd Fobowhilte, and,

i the case of the fourth amd £ITth zmm33 also Prom Marton and Havelock lorth,
Individual hesd width wensurements arve shown in Appendiz Tiin, The frequency

distributions of hesd width ave shown in Table 10, and praphicelly in Plre B



7

Head: bleck {Ostenld serles 1T, 2 pn) seven dorsal heed siripes and ecdynial
suture of head pale orange o pale prey (2,71 1 cal; eyes »eddish browo
{5, I9, 6 pl); ventral surface of head dark brown %o black exeept for
white bases of autevnse avd a light gmroy (0. seriss O, e) ares under
eyes; anbonves dark brovn alwost black, vhite bands ot Jololts of
seppents, 4istal balf of Tourth segpent lighier brown, Hostrum dazk
brown akmst black, foarth ssgment black,

Thorem: black (U, II, 8 pal, wot 2 decp black but denser on tips of wing padss
dark band noross centre of prowtun devsely black {0, series O, pl; in
places Lighter pinkish to pale grey {U. IT, 1 ¢a) merkings on wing peds;
narrow mid-dorsal, thoracio sedysial subure line, white to pole grey
{0, IT 3 en) - this etrip, wider in earlier instars, is heve mémed
0 a line; plewrs pale grey (0. I, 1 cal. legs: coBae and subeoxal
plates black {0, I¥, 2 pa); trochanters dark brown; femora éa;s«% héwa,
%ﬁ:“iég lighter brown prozimal tersal segpent dax® brown, distal farsal .
segrent blaeh,

Abdomen: To ncked eye appears grey-brown but on closer exanimation améz*s '
meinly ved; bachgrourd colour of dorsal segmeuts greyish blue
{0, I, 14 ge); white spots in & row across each seguent, each spob 7
surrounied by a red {0, XTI, 7 po) border; abdonivel scent gland
openings black (0. IZ, S po); o davk line on sach side of anterior scent
glands a dark edged eiveular azea, lighter in interior, evcircles
amderior scent gland opening and extends from segmoud four 30 segment
8ixs o sinmilar ooloured but sealler clvoulay ares extends fronm postericr
scent gldavd opening Bo pousy eigﬁ%ﬁ tergite Black (L. I, 2 pa)s plewsa

Plattensd, while to groy {(b. II, 1 ea), cach segrent warked by oue rved

{Co XTL 7 po) bar dovsally snd two pavallel red bars venlrelly. Ventral

susface of sbdoven similar in eolsur o dorsal surface excent thoh
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Head width in scale divisions
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Distribution of head width showing the five pymphal instars in

Nysius huttoni
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The Pive ivstore were shows $o be distluct, but dhers WES Gomne svarlapping
of the thirvd avd Tourth, eyt fourth and £10%h ilostovs, There wes move soresd in

0 ane peurth instor and greater srwesd in the £1f%h Lveter which exhibited s

| grimedel cusve. & sex differerce was e¥pected bocause in the adults, males are

g amalier then Permsles, but elearly morms than & sey diffevever is represented, For

;g ius coenomulus 2881, & birodal distribution in the Pifth uymphal stage was
gemgsmmi by Usinger {1942}, Although he could mot distingulsh their sex, he
attri&zw& the double pesk o a sex difference, fThe suthor vas able to distingaish
the sex of £ifth stage Mm nyrphs nod considers that the trisodsl curve may
irﬁ{eé%a thres populations. Thus for eges and nymphs, the distriocutiocons were vot
mﬁ, The preblen was Purther ifuvesticated in adults (sse Chapter 33

' A% this stege 1t was necossary to determine whether or not, o sex diffsrewce
m imvolved, secordingly, the body measuwvement data from Table 9 was divided
iﬂt@%ﬁ&% Por males and those Ffor females, and the mean measurscents for esch
m@iw%egm character in each sex, in shown in Toble 13, Invspection of this data
revesled that there were slight Aifferences bebtween the sexss in uost characters,
i‘fn elunidats this, analyses of variance weve carried cut on four maln charactsrs,
nomely head width, length of mesouotum ot middle, width of prosotun and width of
Wﬁz}m, and are pressuted in Tables 18 - 15, In %}ea%?zwiu”iz@ and length of |
eaemm at niddle there was vo sipgnificant differepnce betwoen the sexes, In
‘k~i}’§lié"th of provotun, a differerce botwees the seses, sigpificand at the five per ceut
~ lewel, was mxmtram, For widith of mesonotun, however, the Gifference though
mﬁr&%}k was vot significast. Thus is three out of four chovecters, and in pari-
,iwi&f head width {on which the graph in mes%:i.sa was drewo), mo sigpificant

- d1fferencea betwess the sexes could be demonsiwated, Therefore, the trimodal
k;‘m};}h has wothing to do with a sex differenve, and it seems logicnl %o conclude
;fﬁm threo populations, 4ifferine in sise, are represented. Turiher, io the
 Preserved maderial, fwo groups of Pifth singe nyrphs weve noted - shord plump ones,

which took on & greenish ebdomined tinge in Garle’s fizative, and larger » Somswhed
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SOpARTGy OF BOUY WGADURERETS OF WATS AND FUHATY FIPTH SPA00 OGS

¥orphological character Hean measurevent in scale divisions

Hales females

Head length Tal Be7
Head width 12.1 12,6
Interocular width 78 Eel
Eye width Ze2 Za3
Anteocular leogth 4.5 Lok
Bye length el 3e1
Rostral segrment 1 8,0 Be0
“ " 2 54 el

" N 3 41 G 8

i o 4 4,8 448
Antennal sepment 1 Ba7 Be B
¢ N 2 4,8 Be &

o " 3 4,0 4,1

B * 4 Bed Go7
Fronotunm length 6.9 Teid
Pronctun widéh 15,0 16,6
¥esonotur width at middle 68 o2
Hesonotum length to tip of wing pad 13,4 13,3
Hesonotum width 18,2 24,0
Hetanotum length led 1.2
Poreferur Fo? Yol
Foratibia Teb 7e8
Foredaraus 1 2ol Za D)
Poretarsus 2 4,0 440
Hidfemur 7o Be2
Hidtibia a8 79
Hidtarsus 1 LB Zel
¥idtarsus 2 4,0 De
Bindfemr G B 10,2
Hirdtibla 16,7 i1.1
Hindtarsas 1 340 2l
Hindtarsus 2 4o 2 465
“Pody length 41,0 e 2
tAbdomen width 1. 3 21,1

Mot included in Table §



TABLE 42

&2

ABATYSTS P VARTAMGS BOR MEAD SIDTIH

Source of Lagress of Hums of Hean . value . regaived tesult
Yariation Preedom Squares Square & Jei :
S@X&‘S :2 3;‘:}3 j.{\’{: (n. 9 4.‘.?“‘3}‘ 8.% ?E,E}g
Remainier 15 5,68 e 57
Total iz 6,70

Tanle 13

AMATYSTH 8 VARTANC: POL TERITH OF 3 SONOTUW AT MINDCIE

Source of Legrees of Sums of ¥eon ¥ value F., required Result
Variation Freedom Squares Square L5 el
Saxras 1 le44 1a44 2o 88 4454 B G ifa B
Reominder 15 753 0,55
Total 6 8,97

TEPLE 14

ANATESLS (8 VARTAN ol YWIUTH OF FROBOTUY AT TOSTERIOR

Source of Degress of Bums of Maan - Uy wvalue F, requi:x:’ec“i Hesult
Variation Preedon Squares Bquare 54 L
Sexas 1 10, 34 10, 34 $e 81 455 856 ®
Remainder 15 26,70 1.78
Total 16 57 04

PARLE 15

Z ADESTS OF VARTAIY PUR WIDTH F MESONOWUM

Zource of Degress of Sumg of Hean Fo value F, required Rasult
Varintion freecdon Souares Square 54 i
Sexes 1 13,480 15,48 Le¥i5 LeB4 B0 e Se
Rems ioder i5 BELTH 44 BB
Total 8 82,24
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By dividing the mean bead width for each lustar by that of the previocus iunstar,
the growth ratlo between any two successive iastars wes obtalved, The caleulation

of the mean growth ratio is set out in Table 16.

ATYPTD ey
TapIn 18

CATOUTATION OF $EAH GROUTH RATIU

Tostars Hoan Head Widths Growth Ratlos

ond Coed ; -

Tot it 3040

3d 822 1,30

aud Ged e

24 1067 430

Srd Ba 2 R

5¢h 15,1 .

4th 10,7 : 1a82

Hean growth ratio for nymphal stages, 1.31

Agult  Adultd” 185 1,10 |
5th - Bthot 12,1 , 1ol
Adult § 34,0 111
H5th @ 12,6

Overall mean growth ratio from first inster to adult 1,768

N EW R SN ST M AT WSS,

Uainger (1943 working on N, coemsulus nyurhs obtalned a mean growth ratio

of 1,38 which is near FPrzibram's theoretical progression factor of 1.2, with

H, buttoni, the woean growth ratio for the nywphal stages was 1.30 which is very
near Proibram's factor, Az the head widih measurersnts of adults wers also
avalleble, the growth ratio betwsen the fifth stage uymph and the adult was cale-
culated, Head width measwerents of 100 adulis are shown in Apperdix IXTh, As
the nymphs could be sexed in the £ifth atage, and because there wes & size diff-
erence betveen seres in the adult, the ratlo was ealculated for cech sex, The
headwidths of the £1fth stage nymphs used were those shown lu Table 1l. The ratios

obteined, 1,10 and 1,11 were also in reasonable sgreewent with Proibran's factor

and showed that there was the same relative incresse in growth g males and feunles,
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The overall mean growth ratio, from first instar to adult came to 1.256 correct
to three decimal places, and this almost eguals i?frzibrém's factor, The ratio
betueen the final oymphal instay and the adult should be included in the mean

" ratio because prowth does ocour bhetwaen these two instars,
epatud

The original description ia reproduced hevre:

Nysius huttonl white (1879), Ynt. Honthly Hag. 15 5 88

2
—

“Chovats, greyish-testaceous with grey pubescence arxl coarse fuscous yuncturess
head rather flosly punctuate, black, the vertex and the antenvae reddishebrown,
the outside of the Ist joint of the antennae, the &nd and Jrd towards the apex,
and the 4th darker; provotunm with a dransverse band near the front varging a
contral longitudinal band abbreviated before aml behind, the sides, and some
spots within the hind angles, irregularly black, as 13" elmost all the scutellum
axcept the extreme apex, Llyitra streaked wore or less with black, the extreme
froot margin and three spois move or less conflusnt ou the apival wargia,
always fusecous~black; merbrane whitish, spotted with fuscous at the base; lags
yellow-testaceous, spotted (especially the Permora) amd punctured with blacks
the 1st and 8nd Joints of the tarsi at the base, and the whole of the 3zd,
fusccus~black; body below black marked with yellow, Head sub=egual in length
to the rronotum, and with the eyes somewhat broader than the apex of the latter
the bucculae not reaching the base of the head, scarcely decreasing in height
backwards and suddenly ending, about equal to the l1st Joint of the rostrum;
rostrun reaphing the hind coxpe; ist jolot of the autenvas wuch, and the 2nd

2 little longer than the Jrd. Scutellun with a triradiate clevation 1o the
niddle, blytra sub-parallel at the base, then dilated and reflexed along the
front wargin, Iength, 3. -4mm, ; breadth, 1Hm,®

Although satisf‘actm“y for identificatinn purposes, the above deserintion does
vot conforn to present day standards, Accordiogly it 1z redescribed below., At
this Junciure, it is vecessary to axp‘laih that what is bow designated as N, huttoni
can be demonstrated to comprise three size groups, This matter is considered in
some detail in the second part of Chapter 3. from the sizes given in the original
description, there can be no doubt that it applies to the large pogpulatinz, and

accordingly, the redescription was made on that porulation,

Definitions of Terma Used

Heasurements of adults were taulen from specimens mounted on points, Antenoae,
rostrum and legs, were messured by tipping the insects so that the desired part

was o the horizootal plane, A1l other measuvements wors taken from directly above
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the insect, when it was in a normal hovizontal position as depleted in Tlate 3,
Ustoger (1942 said, “Specimens were measured by tipping the insects so that the
desired yorts were in the same plane”. Thus, as the Orsilline hoad is somewhat
declivous,; head length measured after Usinger's method would be longer than when
measured after the author's metkod, The latter wethod wes cousidered more pract-
icable, Levause the leugths of all parts could thea be added together 4o egual the
measurerent obtained for the total length of the imsect as defined DLelow, The
measurensnty used by Usinger have been followed, with sowe additious, and the
altoration in head length, Some of the terms used in the descriptions and Tables
are self-explaratory, but others needing further amplification ere defived bolow.

Ienmtn of head from posterior of head to tip of tylus (meesu ed from directly zbove
the ipsect,).

Width of head including eyes.

Antsocular lewrth meamursd from level of fiont merging of eyes to apex of tylus

(from directly above inscct, as in head length).

Zateroculor width is the shortest distance between Llurer wargine of eyes.
Autennee ard rostrum each ssgrent measured imdividually and then added together

for the total length,

onprth of wronotun on median 1ine.

length of mowbyane from apex of comsissws clavus to posterior of membrane,

Iength of wembrane bovond level of arices of coriz, measured from an imeginery

line drawn across these apices, to posterior of membraoce.

Length of membrane beyowd posterior of abdomen. Usinger measured this from the

dorsal surface, but the author found that imverting the specimen for this

weasursment gave greaster accuracy, 4s many mesbranes were vt c¢lear,

Zength of corlun on a straight line from basal articulstion at humersl angle to

outer apical angle.

Hidlth op ingect 1s the distance across broadest part of hemelytra,

Levnpth of insect measured in a single wlans froo apex of tylus to rosterior of

Ty ey pyrethin 5 3
membrate in macrooteisgs and sub~brachypterous foras, and 4o postericr of



abdomen in brachypterous forms,

The author included for following additional measurements

legs, each segwat measuwred irdividaally, total lenath of forewiis, and where

possible, total loupth of hindwing, and Jsuglh of hindwing exceedics nestorior of

abdomen.

Une mensurement, the wvoint of branching of the vein B + ¥, mentivned hy
Usinger was not tabon on i, hutboni because this point could not be readily
agscertainad.

Tha term macroptercus refers to lngsects in which the winge exceed the nousteric

of the abdumen, Iub=brachyoberous is a ierm taken frow YWoudward (19.‘3@}, argd refer:

to insects in which the gposterior of the wings is level with the rnosterior of the
abdomen, I have included in this group insects in which the wiogs scarcely exceed
the nosterior of the ebdowsvs hecause in possessing convex and strougly rourded

wings, they clearly belong here, The term brachvptercus refers to insseis in

which the rosterior of the wings does not reach the posterior of the abidomen.

Imogo redeserintion: (Flate 2 A and B, Plate 5 4 and B, and Table 17)

Head: aprrozizmetely two thirds brosder than long, 5.8:32.2; extending well
beyordd middle of firat antensal segrent; cwered by 4 fine pubssconces
eyes loss than half s wide as Interoculer space, 0,8:2,7; lengih of eye

ol o antooculor lengdh, 1,0:1.0, Bucculae scarcely deoreasing in

&

2l

height posteriorly and suddenly ending before posterior margin of head,
Rostrum extending to posterior coxse, and resting in w groove on under-
side of head, and partially in a shallow groove on ventral swrface of
thorax; first segmevt shoriter than head, 2.0:2.%2; segments one to four
Falim 1,8 = 1,7 = d,4e sutennae & 1ittle more than twice width of head,
751303 as long as head, vronotum and scutellum topether, 7,5:7.3;

gagrents one 0 four 1,2 = 2,8 = 1.7 - 2.1

Thoraz: Frouvotun almost oune third longer than head, 2,0:2,23 ap roximately as

broad anteriorly as long, 3.1:%.9; two thinds broader posteriorsly than



Hystus huttoni sdults, dorsal.

& racrootercus mele, large populstion; B mcm*ﬁm'ms ferale, larse populaiion
G sub=brachypterous female, medlum population; ¥ brachypteroas fema}ra, xed Lum
popalation; B sub=brachypterous male, small poy ulut?m- ? sub-brachyplercus
i‘mlé 'swzn thw _ 4 '

&

A 4 mm
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Sr————

Hvalas hutton] adults, lateral

P i

A =G as in Flate 25 0 sob=brachyoterous male, snall ropulation,

7

.

(A
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lonz, 4.9:12.9; sides stralght; posterior edge slightly convex; punctats,
hut sometimes omnly in paler, rosterior pa:;‘tior}. seatellum browder than
loug, S.732.2; with a trivediato clovation In the centre; sometimes very
gparcely runctate. Fromotun and soubellun covered by coutse halrs; but
in the femnle, only by o fime pubescence,

Hemolytra: scareely to slightly convex; excesdlog tip of gbdomen by one fourth
length of memhrane, 1,9:6,2; membrane ons seventh shorter than costal
margin of corium, 6.2:7,2; the portion of mesbrane posterior to level
ot apices of coria &‘g?;;{!l‘cxf.tfé&tﬁl'}' as long as the partlon anterior to
this, 958,05 costal marging straight but diverglog almost to apex of
scutellun and theﬁ arcuate, Three black blotches more or less eoonflusnt
along suture between corium an! membrane; emboliun distinct, 0,5 secale
divisions at grestest width; clavus and coriun cowered by a fine pubesc-
encemonhrene veloed and opagus, but sometises eclear, IHiniwings
slightly shorter than fore .ings, Y.6:175,83 usuully extendling o 1ittle
Leyond poasterior of abdwonen,

Iega: femora spotted, forefercra shorter than midferora, nidfewora shorter
than hindfenors, 3,713.5:14,06; foretibise shorter than midtibiae, midtibinse
shorter than hiodtiblac, 2.8:3,7:4,8; second tarsal seyment shortest,

0o 53 Fivst and third tarsal segrents of equal leogth on fore- and midlegs,
Je83 but first segrent longer than third on hind ftarsus, 1.3:0,0.

Female: larper 1o geveral, avnd in particular broader across hemelytra; ovie
pesitor olef't more than half length of abdomen,

Siges Vale: mean length 5,74 mm, ; mean width (bead) 0,06 mue; (bemelytra) 1,37m

Pemale: mean length 4,00 m; mean width (head) 0,84 wn, 3 (bewelytra)

Colour:
Head:black (Ostwald series II, 2 pn) sometimes completely, but usunlly mid

doraal surface lighter in colour to reddish brown (verying in extent);
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e es redidish brown (J, IV, 5 pl); antenvas yellowish brown (U.VILI,

4 lo) on first and second Segments, thind ard fourth segrents dark
brown (0, TV, 4 pl); rostram black (0. II, 2 puj.

Fronotum: has o densely black (0. series O, p) trarsverse bard ove third
total length Prom snterior margin; usaally black (U, II, & un) in
anterior hal? and meinly pels buff or dull straw yellow (U, IV, 2 ge)
in posterior helf, but sometimes completely blaclke Sculell. . black
(e TL, 2 pule

Honel

at waually pale buff or dull straw yellow (I IV, 2 go) but sometimes
varisgated with black; wentrawe varies from pale buff to cloudy white
to almost clear; three blsck blotehes along each corial satuwe,

Ieps: also pale buff, fewora spotted black, third tarsal segment dork browan
(0o IV, 4 p1),

Tlesiotypes, males and femalss (Untowslogy Division of tho 1 4. L.t ), Helson,

Jamary 108G, L, Gurr.

Ho short wing formg of the large population have been fowxd, A possible
explanation is that a reductioe in wing length may be aoccompanied by a reduction
- Lo wing width in which case the shorter winged individuals would be pleced in the
mediun population, IP lad % short wing Porma are fourd, then this description will
mead 0 be extended to include 211 forms,

The redescription should be compared with the deseription of §3rac$1’<ﬂwsi&s

Lonvezus Usingsr (1943) which is probebly the closest relative, aod the Drachynysiie
gomus degevivtion. The tewo speciles are wvery siniler except {for the wings. In both
spocies, the antennal proportions are aprrovinately the same, the ratio width of
sc;uballm o length of scutellum is approximately the same, and the avtennse are

as loug as head, promotun and scutellum together, However, wheo head length is
measured after Usinger's method, the latter ratio is altersd slightly in N, buttoni,

but then the lengths of head and pronotus become equal, Of the Brachvnysius hesd
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A A

gsinger (1845) said, "Head as in typleal Hysing .ee” Mo rostral pooportions ave
given for I, couvexus excent the {irst segment which is similar to that of
N, huttoni, as ave also the buccules. After conslderation of the variation

exhibited 1o N, huttoni (Chapter 5}, the validity of B. counvezus and of [rachynysius

are ﬂisausseﬁ.‘



Lt HE AU BT PARTATION TH Y, hubttook

Yrom exa~ination of 900 Pleld specimens wounted on points, and at least

another 1000 £ield speclnens preserved in Carle's fixative, it was obvious that
he rangs of varlation within the specles was grealts ZThres f’@ms, macropterous,

sub-brachyptercus avd brachypterous were wresent (see (late 2), &t first, an attempt
was made to detormine the influence of temperature dwing nymphal develorment on the
wing form expressed in the Imago, because work by wipglesworth (4952} on Lhodnius
orolixas Btgl, imdicated that high terperature favoured mﬂm*mtwy, ard low teaper—
ature, sub-hrachymtery,

Theve are a few Hewallan Orsilliine species which have relatively short wings,

but in almost overy case one form only, occurs {(Usinger, 10428}, Hessis {Trachyaysius
7y 3

whitel brachyptovous Usioger (1942), was made a separate sube-species beocsuse 1t had
a shorter winge It seewed likely that the three forms in ¥, huttoni were three

different forms of the same species, for two forms ccour in Cymus noveeselandise

Hoodward {1964 ) which belong$tn the subfanily Uyminee, and is also endemic to New
Zealard, iy interbreeding macropterous and sub~ brachypterous forms (both ways),
it was hopod %o elucidate this groblem,

The specimens also differsd in size., and there scemed to be three size groups.
Latar, it became clear, that if agy divisiops Ymm to be made, they would be oun
sizo and wot wing Porm, because all three forms occurred {u at least two of the
size groups. The three methods {putlived above) of studying the varlation withino

t buttoni are discussed separately.

(o) VARLATLUN IN JIHN: PO

Effect of Temperaturs on Hing Form

The three forms seemed t0 cccur mabturslly in boih semes., ¥igslesworth (1952)

showed with i, ~rolizus nymphs that o high tempovature (E‘AOU) in the fourth stage
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produced larger than novmal wing pads in the Tifth stage, vhercas a lov temper-
ature (3.8“{,’:} produced smaller than oovmal wing pods.  The optimum temperature for
nymphal developoent wes Een, decordingly, fourth stage nymohs of fH, huttoni
were subjected %o one of three temperature vanges, te test the possibility that
high teuperatwe favoursd macroptery, andl low terperature brachyptery. The temp-
eratures chosen were: hiph, 34% 5 in & coutrolled tesgerature cabiuet; low,
atolmun 9. 416,67 s g imun 3’;’-:33.0{;, in the shade of & baz"n in Decawber; vormal,
minimun Ce7=13e iﬁctla magimun 87 o 8edl, 496, in a greevhouse over a complete seasoun

(September to Harch)s

Results at Hizh Termeratures

The tymphs were kept in plass tubes, covered at one end by butter musiin and
atorped at the other with cotton wool plugs, 4 sprip of twin cress {Coronopus
Aidymus (T. ) Sm, ) was veplaced daily for food, Belative humidity was muintalned
by the presence of a bowl of water in the fenmpereture cablnet, Tilve nymphs were
placed in each tube, and goverally two tubas at.& time were tested. A total of
elaven tubes of nymphs wore suljocted to varying tewperatures, anl the resulis arve

shown in Table 18,

AR 18

FORMS 0P AVUTES URODUCKD SHEN MBUHS SURCRWD P00 HIGH i DATNRES
Tube Tamper- o Adults produced Hing Form Stages of Nymphs
Furboy ature, C Yales Females when oaught

1 34 2 p 3 subs-brachypterous Hth

2 34 4 » ¢ " Gth

5 % 2 2 k&4 -

" i macropterous -

4 Sl B 4 3 sub=brachypterous Srd

B by S 2 " " 4th

6 by S P 2 1 " v 4th

7 47 Died as nymphs -

8 44 Byuehs lived 2 days 4th

9 44 Hymphs 1lived 4 days 4th

0 41,7 1 macropterous 4th

S 41,7 Died as nymphs A -

f
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The stapes of the nympbs ubou the experiment wan set up (shown in the last column
of Table 12), weve confirmed by the wumbor of oxuvise left 1o the tubes, In the
first two tubes fogether, the nymphs which were thought to be at the fourth stagoe,
mast have been st the £irth staye, for there vere only seven exuvise (the remaining
nysohs dies without mﬁtiz@g‘}‘ The selsctiovu as fourth stape oymphs was sede by
nalred cye on vhat seamed to be an obvious slze difference, l.e. all the laruest
nyphs (Pifth stage) veve reroved, and those next size down were talen as Pourth
staye., There are three possible sxvlanations:

(1) that for B. hutlonl a temperature of 84°C favoured ndult cheracteristics to
the extent that a promature moult to the aduld ccourred from the fourth nymphal stage.
(2) that Pifth stape uymmhs differ in size according 4o sex

(8) that twe reces were reprosanted, each differing in aize.

An explavation of type (1) has never been revorted and seems doubtful,
especially when later replications uslug gemine fourth stage nymphs moulted first
to the £ifth stage. The second explanation was disproved by the production of both
soxes from these small Pifth stage nympbs. The third explanation, therefore, seemed
the most 1ikely,

Ho brachypterous forms were produceds The majority of adults yproduced were
sub-brachypiterous, At 41, '?aff/g;aee adult produced was macropterous, but there are
ne grouakis £or saying that at that terperature macroptery is favoured, OUn the
contrary, from the evidence from all adulis produced 1t was clear that high temper~
ature did not favour mucrogtery,

In the case of tubs 7, the tomperature was 47°C, but this rose to 51% on the
gecond day, ard was then reducod to 4z, Tue nyaphs died on the mn&a day, before
moulting. Thus the teuperatuwre range 47-51°C was definitely fatsl, and from the
ragsults of tubes =10, the temperature of a3%; wan probably also fatal, Tubes 8
and @ were of esvecial intercst. The nymphe in tube 8 survived only two days amd
441 not moulte There was one sprig of twin cress placed in the tube. Tube O had

tro srrigs of toin oress, The nymphe died oun the fourth day when the temperaturs
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tn the cobinet rose to 5770 (because of a sudden incresse in outside day tomper-
aturo J.  CurthEr soome moulted to the CiFth staps bafore death ceccwreds, Transpire

atine from a greater leafl surface to ftube I+ raised the relative homidlty

gufficiently to pevalt lowger swmvival, Therefore, the tesperature of 24°C was
very near the worer jhnlt of terperature toleorance, which fell between 447 and
507 for survival of fourth and Pifth stage nymubs, 2% high temperatares, relative
humidity becomes a vital factor to survival, and as the ayuohs died ofter woulting,

14 was veobably in the eritical rericd fmwediately follovwivg, ond hefove the exo-

akeleton had hoardened, that death sccurred, Fubes 10 and 11 from which ove adult

- , , - : . N -
was eoducad comprred with tubes G=-U, indicated that a temperature of 4,770 was
orobal:ly the wwer tenperature limit allowing growth snd mouliing fo the aldalt,

Conbrary to i, wrolixuy nyoshs (i lesworth 1959}, moulting at high phures

(38-22" ) in [, hultoui was not retarded, but rathor hosterod.
LA W TR Ao W

Heaulte at Vormal Tenmeratures

Lot iig

Pourth stage nymchs from the Pleld sere reared in glass tubes in o greorhouse,

ard the form of the adults vroduced are shown in Table 14,

TaLte 19
ESACEIS

P oenl o4y fiies VgL AT Tha
AL AN G Y LW MM VS ATIN et o YNNI BRI - OTR RS Dy TR TIEIE TR AR - SN WM ATUM mid T S ek e
Tube Adults produced Wiing form tage of aymphs
nuher Hales f@fa&&les when caught
i & submbractiyeterous 5th

2 3 a2 ¢ " Hth

3 i k) macrenterous Sth
B 2 sul~brachypterous Sth
4 1 4 K ** 4th
3 2 1 brachypterous ath

Trom the oumbur of ezuvise, 1t was ascerialned that in the fivst three tubes,

the wyrmhis were ot the £1L0th staze and vt the fourth stape when caughld. Aa the
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spme situation orose with the nyophs at high tewperatures, the thind explanation
offered, l.e. that two races, differing in size weve represented, is Purthex
supporicds. Yo the maked eye, both fowrth and Pifth stage nymphs appreared to be
greyish=broun or reddish-brown on the ahdomen, ’s?hiist earlier stages wore oratge.
However, microscopic ewanination showed that the so eai‘ie& fourth stage nymphs were
actunlly swoall £ifth stage uymphs (because of wing pod develorment) avd that fourth
and earlier stages were oragge-coloured on the abdomen,

In the normal t@zf@ésatwe group, the forms of all adults reared from egss in
the greenhouse for fecundity and 1ife cycle data and other ilnformation, have also
beon included, and are shovn in Table 20, However, the exreriment sumrarized in
Table 15, for which the starting meterial was mymphs at (about) the fouwrth stage,

was necessary for a camparison with the resalis from high apd low touperabure groups,

Taila 20

ANRORLS Pre o R S F TIOYLREaT OO
AILEER HANED AT HOAALNT TEE

thasher Hagropterous Hab=brachypterous  Brachypterous
of insadts males femalea Hales fanales Hales females
1at Gereration 24 2 i 16 4 1
2nd ¥ o6 3 1 a0 B 1 G
3rd 7 15 2 3 a 6 2
44h “ < P
Projenies of
cross saeries A 10 2 & 4
Projonies of ;
eroas series B 13 2 4 4 1 4
Total g0 11 5 38 24 & g

From the results shown in Tebles 18 snd 20 it is olear that the aub-brachypterou
forn was tho uwost comson form in both sexes, at morual tenpevatures, Of the macrope
tarous form there woere wore meles than Pemzles, but of the brachypterous form there

wore more females than males,



gesults at Toy Teuperatures
A ——————

Altogethor seven adulis were produced,twn a&ix—%macﬁyp'&emus fannlen, two
brachypterous fesales and thec broshypterous mﬂgs, The nideraige fermeratures
wore, mesimuo ‘if}af;‘i, amd minimen 19,570, The rangs of times for developmeat £rom
fourth stage to the adult were 38-40 days. Later, o sub-hractyptoroos females
wore reared ight through fom epgs at this terpersture range. o macronterous
forms were produced, There was a slight terdercy for the brachynterocus form to
inorease in provovbtiosn {ectzgfmreﬂ with the wormal temperature resultl, bul there

were insufficient nupbers to tumke any definite statement on this matter,

In conclusion, the evidence fﬁ*em the three termperature ranges ladlcated that
in N, huttoni
(1) sub-brachyptery is normally the most compon form of the species in both sexes
(2) subjection to hish tenperatures during the last two nymphal insters did not
favour macroptery, but tended to suppress 1%, awl also suppressed the b achypterous
form
{3) subjection to lov temperatures coused some incvease in the brachypterous form,
but suprzessed the saoropierous £orm,.
4s tho mmber of insects studied al the two extreres of teuperaturs were relatively
small (especially in the low terperature group), this covclusion is presented tent-
atively, and further work showld be undertaken,

Zxtremes of temperature c'iuz'é;ng nyaphal development appear w0 hove a slight
influence on wing form, wmalnly in suppressing the macropterous Porm; the sube
brachypterous form is probably the most common at all temperatures, Temperatuse
probably is 'mt a major factor in the determination of wing form in this apecies,

Jdhoen 1t was discovered that there vwere three size grouns in [, huttoni all
the insects included in this experiment LIQ axanined awd found to belong to the
medivn and gmall populations, Therefore, the abewe results and conclusions apply

culy to these two porulatlous,
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Crossing of Hacrooterous and Sub=brachyzterous Forms

Crosging was necessary to dotermine whethern oi:' mot the three forms were
merely different forms of oie amxl the sepme srTeciss, The imsects used wire called
the Cross Serles and are later referzed to as such in the section on Hionomics,.

As a preliminary, from field specimens, sub-brachypterous males wove pah*ed
with macropterous females, and vice versa, to see if they would copulate, If they
did not, then this simple test would have saved the tine required to rear vivgin
adults from nymphs. A1l peirs copulated freely, Ilater, individuals of both forms
were seen copulating in the field, and from exanination of pairs preserved in
copula it is clear that in the £leld all forms intercopulate in ull comblnations
as follown:-

nacroptercus male with maeropterous fenale

nacroptercus male with sub=brachypierous female

macrovterous male with brachypterous femsle

sub=brachypterous male with mecroptercus female

sub~brachypterous nale with sub-brachypterous f‘amalg

sub=-bhrachypterous male with brachypterous female

brachyptercas male with macroplerous fomale

brachyptorous mule with sub~brachypterous fenale

brachypterous male with brachycterous fomale

To simplify the experimaent, only wacropterous and sub~brachypterous forms
were crosgseds Virgiu adults were obtained by keepiop iadividual £ifth stage nyuohs
separate, Two series were set up, Cross Series 4; consisting of six palvs
(42 o 46), in which the females were sub=brachypterous (with the ezception of
Female A6 which was brachypterous) ard the males macropterous, Cross Series B,
cousisting of Pive pairs (B1 to 85}, in shich the femules were macr pterous aod
the mules sub-brachypterous, A

The eleven matings were all successful, for eggs were laid which later hatched,

and the progeny also mated and bred, All three wing forms were produced, but
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there wos a majority of the sub=brachynterous form (see lower rortion of Table 20),
Thore was no motlicesble veduction in fertility (hatchebllity) in either Cross
Saries 5 or Crosa leries D, in comparison with that for the norual breeding axypere
iments in which pailsring was random,

“hen it was discovered that there wore three size groups in Hi, huttoni (see
part (b) of this Chapter), the insects used in the above oxyerimont were examined
and found to fall mainly within the mediun sized population, [owewver, two or three
wore of the small 3o§u1:a.t10n, and male AC was of the large penulation,

The exrarimeut clearly demonutrated that the thvee forms are merbors of oue

and the sare specios, oodward (1059) showed that in the British coreid Hyrnus

o an .
mirifornis (Fallén), mecroptercus and brachypterous forms cccur in both sexes, but

the brachyvtercus forn is by far the commonsr (9% of those collected), The aprear
ance of oven two forms in the ome species is very rare amonget the Crsillini, there

being about two cases in the Hewaiian species (Nysius terrestris Usinger 1042 and

Hysius Jonsicollis Wlackburn), bub in both cases it is a sex difference, there

bolrg a somevhat shorter wing in the female, [i, huttoni appesrs to be unlgue amongst

the Orsillini, in occurring io three forms in both sexes,

VIsis o T GALSS O CUTBHOL o8 2V el QU HTIES

tteryoo~polynorphis: is common wsaong Hemiptera (Butler 1925, lyers 1920,
woodward 1952, 1954 and 1857, and Kisimoto 1957},  Although varying wing forms
appear to be rare among the Grsilliviythat this should =:nly to all such specien
does not necessarily follow. B. convexus is sub-brachypterous, and this is the
only form of that sreciea, Therefors !, huttoni seems to be unicus acony the
Orgliliinl in existing in thres forms., Purther, there are varying degrees of wing
roductivu between each form. Butler (1023 im speaking sbout Htal's terms macrop-

terous and brachyptorous, says
"eee much a nomenclature, however, very ioadecuately exyresses the true state
of affairs; for the abbreviation of the organs of £light may and does exist

in very varisus degrees in different species, and sowetimes 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
16 both sekes, but of the macropterous form there ﬁere more males than females,
and of the brachypterous form more females than maleé. The effect of high temper;
ature indicated by Wigglesworth (1952) did not apply in 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 wiug
form in this species,

Kisimoto (1956b) showed with the brown plint hopper Nilaparvata lugens Stgl,

that the degree of crowling as nymphs influenced the wing form expressed in the
adult. As the density (d) increased above 1 in the female and above 5 in the male,
the proportion of macropterous forms increased reaching almost 10073 when d = 20,
No brachypterous males were produced when d = 1, but a maximum of 71,45 when d = 5,
whereas in the female when d = 1, all adults produced were brachypterous, In the
case of N, huttoni, usually 5 nymphs were reared per tube, As 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 matier has still to be tested. The sub=brachypterous form was
also the most common form collected in the field (medium and small populations).
Kisimoto also showed that the ingestion of certain salt solutions inhibited the
appearance of the brachypterous form in both sexes in N, lugens,

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

the adult small brown planthopper, Delphacodes striatella Falian, (¥isimoto 1956¢ ).

Diapaused larvae produced the brachypterous form in both sexes, TFrown non=diapaused
larvae, scarcely any brachypterous males were produced, but brachyptercus females
could still be obtained, Transfer of the larvae from diapause conditlons to now
dlapause conditions caused aceeleration of nymphal development, but the percentage

emergence of the brachypterous male was still low,
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Two types of wing reduction, types (IV) and (V) mentloned by Butler (1098),

seen to anply to Ji. huttoni, thoush not to the sae doyree. Thess are:

s(IV) the whole hemielytron is much shortencd, with the mesbrone either disprop=
ortionately reduced or abgent altopether.... or (V) it is reduced to a strongly
convex 3cale .0 ©  ile stated that there was sowme modification of the prothorax
in brachypterous Torms, becsuse of the imperfect dewlopment of the nuscles
conceroed in flight, lo posss the question, as the abbreviated flight orgens are
of mo use for £lisht, why is the sbbreviation not carried further? larsen (1955)

reported for leps civeran 1., a less of the obility to fly in some insects amd

showed that this was due to a reduction of the Flight muscles, but that the wings
4id pot differ in siszs or share from those of {light~capable insects, Dutler
eugossts that reduction of the wings may result from liviag very close to the
ground, acd way 1limit dlstribation,

Tas several explanations of pleryro-noiymorphism have been advanced, and
usunlly a differeont one for each apecies studied, Therefore ong may conelude that
many factors are iowlwved, ard genetic factors should mot be owerlockeds. In some

speciss on2 form vredominates, c.ge Mo miriformls whereas in others, two forms

eltarrate with genson, s that both forms will always cccur and predomioste

.

alternately, . Jotostizs erratica T. (exonples from HUoodverd, 1952,

The o 18 some evidence that M, huttoni iz gradually underpoing permaceut
reduntion of Plight orpans acd loss of the ability to fly. Thus the polymorphiam
exhiblted nay be travsient {Ford 18853, The author has not scen the iusects
flying in the fisld, butl has seen sub=brachyplerous forms running guickly across
the smface of the grousd, flapplng the wings to retain balancs. Two mecropterous
inoeets wore observed fiying in the greenhouse, From the nercentages of each
Porm present in the pooulation stuldied, it would aprear that reduction from the
macrontercus form o the aub-brachypterous form hé;zs largely teken place. The
aext stare, lse. reductiso to the brachgfg:stemug fory has slveady begun, IF this

is o move to vormanent reduction of the wings, ove would cxpect more and more
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prachypievous forma iu succeeding geveratioug, There was a tendency in this
direction {sve Table 20,

tHowever, 1t ouy be avgued that all Porms will alwoys be rresent as thoy
represent the varistion in the specles, This is also the case in s “balanced
polyworphism” (Ford 3855). Richardson (1585 ) puts Porward a four dimensional
concert of a sypocles, which would seern ¥ suprort the sbove argusent, Ford def-
ined polymorphiisn a3 "the ccourrence togethaer in the same habitat of ¢w: or more
discontinuous forms of o species in such proiortions that the rarest of them cannot
be malntained by recurrent matation,” In ¥, huttoni 11 forms were pressnt Lio the
Jocalitices studisd, and there were Lntermediary grades, so that the forms are not
discontinuous, Therefore, by the zbove definition, this variation in wilog form
1s not polymorphimn, bul mevrely variation within the spocles. Thoday (1050)

working with Irosonhlls melunosaster, showed that even the maximm amount of

gene-flov (577) conrod trevent two suberopulaticna diverging unier divergent sele
ection pressures, Thus with time, the variztion in a species muy be oxpectsd to
increase,

Teaders in the field of polymorphisn are Fisher and Pord (1047) and Wright
(1348}, They maintain that many factors are iovolved. Thus to explain the mroblen
of wing varlation io I, hattoni, its population geretics should be studied, This

speciecs would mabe very sultable material for genetical stuly, because of the

variation yresant, not only is wing form, but also in colour and size,

ATATTUE B T

Body measuvenents were taken on 164 specimens, includlng both sexes, from 18
localiiles, To take a complete set of body measurewents, as was dome for the
redeseristicn of the imamp (see Table 17 pege 35) would have talen much time, and
been uoncecessary in this case, Six charaeteristice, which the author coisldered
0 be ths most aseful, v ve chosen. These worei~

bead width (incluling eyes)



H2
totnl wing length

body lenvth (to wing tin in meeropterous forms otherwise io posterior of

abdonen }

body lemgth (1o vesterior of abdomen)

width acroas hemelyira

longth of head plus pronotun,

The too measurements of body length were talken to counteract the tendoncy for
sub=brachypterous Porms to fall into a swmaller sise group for this character,

The loealitics from which the specimens came ave, in the North Islami: Faimnl,
Taumarunui, Horotiu, Vestshore, Havelock North, Maraskekaho, tlarton, Foxton,
Waitareve, Hokowhita and Massey Agrilcultural College; and in the South Island:
Blenheim, FMelson, Tusmarino, Seddon and Leefield,

The results are shown graphicelly in Figs, 4~7 for females, and in Pigs, &=il
for nales, 411 the vessuresents taken on individual insects, and also their
locality and form are shovn In Ayrendix IVa, PFrequenc; distributisues oo each
charaotey are shown in Avpendis IV,

£ trimodal gravh was obtained for headwiddh and wing length io both fowales
and males, and for width across the hemelytra o malez. Hix of the remainlng
granhs shoved bimodal distributions l.0. for boly length and length of head nlus
rromotum in bodh mozes, and for width soroes hemelytra aid body leppth (to poster-
for of abdomen) in fommles, The distribution of this laiter measuremcut in males
was monrodal.

Co all characters, bar the oune in males mentioned above, & small sizednpopul~
ation was shovm to be distinct, The Tact that half of the graphs are merely bi-
modal may be interproted as showling that thers was w clear distinctiso between
the medium, and large, size grow s, lovever, cluser study should be made of
Pigne § and €. In the graph of body lensth (to wing tip in macropierous f’oms)
in females, the amall ropuluation was shown to be distinet, but the second reak

showed groater smread and an overlavming of the medium and large alze groups., on



AL Lalas

30

wrreduency
-

Ry

d

-28 30 32 34 36 3-8 40 95105 (i*5 12:5 13'5 14'5 |55 |
34 37 40 43 46 49 52 |

\ .
33 .
(] Ml U

Hhie
Distributicn ¢f head width (solic linpe Distribution of body lenghh including
and ugper scale) and leosth of head «ings {(s0l1id line) and body lengtn to

plus pronotun, rosterior of abdomen,

20

s

ney

P4 %

TE 6

s

O

b

(S N
(o)

3.5 2

i L e .
: L, 1u 41 -,

Distribution of width across omalytesa, Distrizutios of wins lancth,

31 wmeasuresents in nioroow ey units,

65



301

N
O

Freguency

3 1 4 1 3

"3

33 35 37 39 4 95 1 12 13 14 15 16 17 18

L |

37 40 43 4-6 49 52 55

flg. & i, B

i

Distributico of hesd »idth (solid lione vistribatisa of boay lengih ivncludinz
and upper scale) znd leongth of head wings (s0lid line) soc body leusth to

.

plus pronotua. rostericy of abdomen,

ney

e

o3l

Fre
O

B

Distribution of wicth across hemelytr:

All measurevsents 1o wmicrometer units




83

the other hand, in the gravh of wldth across hernelytre in females, the large sise
group wag shown to Lo distimet, but the first peak stowed greater spvead and an
overlarsing of the oonll acd medium size gro ps. Thess tvo grarhs combined, there-
fora, point to three size groups, This comlusifm. is suprord:d Ly Pig. 10, o tri=
modal grach for width across the hemelytra in males, Therefore in the sumnation
of all the prephs the balance was moved to over half, l.e. 7 out of 18 (4 characters
out of ©) shoved three distinct ropulations,

In further support of the above conclusion are the following:

(1) head width, which is the criterion of sizme in entomology, showed the three
diatinot sise groups. '

(2} the binodal graph for the distribution of eg: length (Flse 1) for which the
best explanation was a small sized, and a wedium sized population, Further, from
the body measurenents of the fenales that 1laid the ‘egg;;s (see avrendixz ITh) it
becane clear that nove of the large sized group were present, which explains the
absence of the third peslt fa that case.

(3) The trimodal distribution which was obtai.nec;.. for headwidth mesaurenenlts of 5th
stage myrmha,

(4} The fart that 5th stage nymphs of the small population were nistaken for 4th
stare nyorhs of the medlum porulation in experiments on effect of teuperature on
wing foime.

The evidepce of three ponulations, thouph conclusive evoush in the sdults
alone, in several charocteristies, sas demonstrated not @fﬁy in this instor, bub
securualatively over geveral instars, ioclwiing the egu.

that

1% was further noted/throce forms ocourred in the snall and medium populations,
but in the largs ji.wpufla's;i.sjn only wacronterous forms have beeon oboervod, A
rossible oxulamation is that 4;.1 rodaction in ving leagth may bo accowmpanicd by a
reduckion ‘zr; wing width, in vhich case the shorter wingsd individusls would be
placed in the medilam pomulotion. ,!.5;e;gzresez~statives from sach size o ulation are

i1lustrated in Flates & end 3, which also derict the three Porms over the total



TABLE 21

Sige of Small M, buttoni Torulation

Hales : Females
length in ma, vidth across Tength in oo, #1dth across
hemelytra in ma, hemelytra io mm,
G &7 1e 08 2047 1420
e 33 1,89 2488 1. 30
268 1.18 Je 18 1,32
2,76 Q94 276 .22
26 00 1.20 Ze93 1e 30

Clenrly the small populstion {s smaller than B. copnvezus, which therefure, on
size, folls into the mediuvm X, buttoni ropulation and may be tdentlical to subm
hrachyptercus forms. |

As mentioned before (poge 39 ), except for wing form, the proportions of the

large N, huttoni rpopulation are very similar to those of B, counvezus, though

individual measurements are slightly larger, Iuo all three H, huttonl ropulatiouns
the prorvortions are similar, Sub-brachypterous forms of the mediws population
wvere found to conform to the B, couvezus deseripticon except for one ratic, that of
length of pronotum to length of head, This may be due to the different method of
measuring head length, Below, a comparison is made betwcen the two species on this
i‘&tm, using Usinger's wmethod of messuring head length, Usinger (1945) does not
lodlicete the size of the scale used, but in all probebility it was the same as that
used by him in desecribing lewailian Oraillini (Usinger 1942,

Be_convexus {one scals division = €l O55kan )
Tenpth of promotun to length of head ~
in scale division, 10 : 12
in me, G568 ¢ 5,86

Je _tuttonl sub-brachyptorous Torm, medium sized povuletion
{one scale division = O O6dmm)
Tength of pronotum to length of hoad -
in meale divisions, 8 ¢ 11 in some specimens, and 11 : 11 im others
tn mm- 0,567 3 0,893. and 0,693 : 0.693
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The comperison shows that there is wo difference between the two species in this
ratio, when the seawe r:;ethml of measuring is followed,
Thua, from the descriptlon, $. cotwexus agpears to be identical with sube

prachypterous forms of the medium H, buttoni pooulations PFurther, oll forms of

the medium population vere proved, by interbresding esperiments to be members of
one and the samo speciss (see pege 48 ). The author attempted to obtain the type
specimens of B, coiwexus so that a fival decision could be made, but these were unot
available, However, from the evidence to hand, there seems to be no justification

for makin: B, convexus a separate species from I, huttoni,

Hwen iff B. counvexus does rrove fo be a distinet species, (lee. after the
comparison of the tyre speclimens with . haitoni, and after location of live material
and trial ioterbreeding with M. Imtioni), there can be no doubt that the erscotion
of Brachynysius as a vew genus is not Jjustiffed, Usinger (1943), in a "koy to the
gerera and species of Orsillivi in How Zealand", gave the followiug cordensed deg-

eripticn of Brachynysius:

*Hemelytra distinctly couvvexs, costal marglos strongly rounded bheyond basal

fourth, Hembrame swmall, excecding level of splees of cork by less then

one-fourti the total length of membrane, without appareot velos
Brachyoysius copvexus
Ne HOU, BIEL S0, *

The sube-brachyptercus formns of Ne huttoni mm?om to the Brachynuysius gomis dege
eription, Usinger had seen only 14 specimens of this complex; 11 i, huttoni
srecimens (which would heve buen mucrovterous), end & subebrachypiercus specimens
which he described as @i, convezus., It seetms that he had in fact discovered two
extremes of i, buttonl which were so different that he separated them, o exomined
dead material and 4id not carry out breedlng experiments, The author exasined about
2,000 s;g,eeimrxs; and carried out breeding experimonts, The extremes went from
macroptory, boeyound sub-brachyptery to brachyptery, and there were all grades in
batween, /3 all Porms arpear to ocecur in the lecalitics sampled, this reprssents

simply variation within the specles, and thas is pot even a cline,
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It follows then, that Usioger's key %o the gemera and specica of Ursillini

{o New “ealard shoul!l be amerded so that Brachynysius is sunk, and liysiug ia

extended to include all forms (this would then fnclude the brachypterous forwm

here £irst recorded, and the sub-brachypterous form which was formerly designated

a8 Do COUVEXUS ),



SUMMARY OF SYSTEMATICS

1, The place of N, huttoni {togetber with the other New Zealund Ursillini)

withio the family Lygaeldse, is here reviewed.

42, The egyg is described and compared with the eges of allied fleteropters,

3, Egg dimensions were studied in some detail and tewdsd fo fall into two dist-
ributions covresnoxiing 4o two sisze groups, amell and medium, of the female parents.
4, The five gymphal instars ore described and illustrated. In addition to the

obvious diffevences in size, it is shown that/) gj%%xl instar is readily distloguished

by head wildth, and by characteristic black pigmontation on the metanctun in the
Pirst throe inatars, and by wing pad dewelopmest in the Pfourth awd £ifth inutars,

5.: The trimxial distribution for head width in the £ifth nymphal inster is cooe

‘s!.dereé! o 4i¥r3§,cate the presence of three populatinns, because a sex difference is

apparently mot lovlved,

| 8, The imapo i3 redescribed and illustrated,

7. There was slight evidence that in the medium amd small populetions, subjection
te high and low tesperatures durisg symphal aaﬁlopfaent supmwreases uaroptery in

- the adult and that im? temperatures may cause brachyptery to increass, but temper—

| ature 1s probably wot a mejor factor iu the determination of wing form in this

speciss,

Be It is shown by interbreeding experimentz io which sub=brachypterous forms were

erossed with macropterous forms (both ways) that the three wing forms are mecbers

of one ard the same specles, . huttoni is therefore unlgue smobgst the Ursililiai
in ccowrring in three forms in both sexes.

8. Shat is at gresent designated as H, huttoul, is shovn to comprise three popul-
ationg differing in size. In the medivm an? soall populations the subebrachyptercus

f‘om is the most comxon in both sexes, but in the large population, only the

macropierous form hag boen obearved,

‘ 10, 4&s Be_comvexus by description sprears to be identical with sub-brachypterous

forms of the medius M. huttoul ropulaticn, its status as a seperate sgecies is
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considered lovalld,

11. As sub-brachyptercus forms of I, huttonil, which were reared fiom macropterous

Porma, conform to the Brachyiysius gerus description, there ean be no doubt that
. Brachyuysiug should be sunk as aysonymouas with _i_"_é;;si{za. This would also follow from
10,
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SHCTION B BIGNAMICS

This section is presented in three main ports, fecundity (Chapter 4), life
oycle (Chapters 5 and 6) and field ecology (Chapter 7). Toe imsect material
atudied, except that dealt with ander field ecology, was reared and kept in a greep=

house (unless otharwise stated), and the method employed is indicated below,

Haterials and Methods

The aim was o maintain envicomental conditions as mear as possible to those
existing in the fisld, An open insectary would bave been {deal, but was ot avalle
able, an umheated gresnhouse was used, Its dimensions were -~ length 23 Peet, width
g feet, helight at centrs B feet, helight at sides 5 feet 4 inches, The siy wents,
three in the mof and three in the sides, vere kept wide open Suring syring, summer
ard early sutumn, but were two thixds closed during winter. The aspect was almost
due Yorth and South (a bearing of 3530) » 80 that the bench aloug the Vestern side
recelved the morning sunshine (i.e, across the greenhouse, the bench along the
Eastern side beilny sheded by that side ), whilst the opposite cecurred with the aft-
ernoon sunshines Although the roof and sides were whitewashed, which reduced the
maximm temperature by 2603}‘1, terperatures within the preechouse were expected to
ke higher than those ecawring ocutaide, Therefore, development of the ipsect in
the greenhouse was expected to be a 1ittle faster than normal, However, the mean
maxioun temperature of 108" recorded in the Pleld at ths surface of sand between
7th and 16th January 1956, was hipgher than that recorded in the greeuhouse (89°R)
during Jarmary, The mean minimum temperatures recorded over the same reriods, were,
for £ield and greenhouse respectively, 4777 and 57°F, fThe experimental insects
wore kepbt in glass tubes, eere provided with a regular and vo doubt excess food
supply, were rrotected from ratural enemics, and, except for changes in tesperature
and huaidity, were subjected to a comstant eovirowment (0.z. absonce of wind e
Thus the insects develoning in the greenhouse would have some advantages over

insects develoning in the £ield, but the fomperature differences would tend to have
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a counteracting effect, Trobably, development under both conditions did not
dirfer greatly. |

The insects were kept io plass tubes 6 in, x 1 in,, vovered at one end by
butter muslin cloth Pixed by a rubber band, and st&pg;ereé at the other end by a
gottor-wool pluge Food consisted of a sprig of twin eress which was renewed dally
(excopt in the case of adults kept over winiter, when it wae renocwed every three or
four dnys)e There wos one palr of adults per tube, However, several nymphs,
usually usually the whole of an ey batch, were placed in one tube, As some died

in the eaxly stages, there were gernerally three to six uyrphs reared per tube.
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CriaTeEn 4
PECUINITY

The definition of fecundity siveo by lush {1545), was followed, "e..focundity
is the potential capacity of the female to produce functional ova, regardless of
what haypens to then after they are produced ...". He also defines Pertility as
Peee the ability to producs living young or, in the case of poultry, to produce
egps which will start to develov...” Further he said, "The distinction between
fecurdity and Pertility is emsily 1llustrated in poultry where a hen may have high
fecundity, but her egzs moy be low in fertility or hatchability...”

From the Poregoing, it was clesr that batchability of the eggs should tot be
tocluded in this Chapter, which is therefors restricted 4o egp production,

Ovinosition and Ovirosition Stance

Ovirosition was observed several times. The female would move over ths cotton-
wool selectlog o site, or walting until she was ready to lay. Concurrently the
ovipositor was relessed aod moved from side to side. When the site was selected,
the typical ovipesition stance was adopted. The terminal abdominal segmeunts which
have consiaex*;zble latitude in movement, were flexed downwards on %o the cottonrwool,
and %hus the ovipositer vas inserted, Several thaes the abdomen was straightened
ard then flexed @mer&s again in a rythele rocking motion, indicating that
muscular exertios was required for passiog the egg. ZEven in the cotiovewusl the
ovipositor was moved from side to side befors the egg entered it. (Whother or not
this signified thet the egg was being rolled around in the genital chasber, as

reported for Rhopalimorphe bugs by Fenderyrast,(1952), is debatable), Wheu the

egg was actunlly being passed, the female ook a more firm grip of the substrate
with the tarsi, flexed the sbdomen dowmmmrds so that the ovipositor was at its full

denth, and even the posterior tip of the shdomen was slightly ilnscried, The




83
antennae wore flezed bachwards agailnst the head, the hindlege were placed behind
the abdomen, anl the mid- and foreleps supported the 5&3;; in front in an almost
upright position, The ey was held in the ovipe;aitor for one o two seconds and
could be seen through the thin reobranes which assumed the shape of the egue The
eps was squeezed out slowly, and when three quarters free, the ovircsitor was moved
to ome side, by which time the egz had been laid, The ovirositor was then withdraw
from the cottotewmol zmd., moved from side to saide two or three timss afler the egg
was 1aid, Similar oviposition hebits were reperted for the Rutherglen bug by Smith
(1927 ). After oviposition, the cephalic pole of the egg was wppermost, As I,
Huttoni lays eggs in the soill this orientation ensurss that the nymph cmerges upe
wards, head Poremost, onto the Iaoil surface. Eggs were lald aither singly or in
clusters, but in the latter case were not cemented bagéther. The largest rumber
1aid by one female in one day was nlnetecn, bﬁt es a cluster seldom exoeeded six

eges, these were laid in several clusters,

Afms and Seteup of the Fecundity Study

Prom the fecuniity study it wes hoped to determie
1, time elapsing betwean emargence and {irst ecopulation
2. tims elarsing betwoen emergence of female and layling of first egps, length of
evirosition period and post oviposition pericd
3. daily performance and thes total muwber of eggs 1:21d per femnle in a lifetime
d,rhythn if aoy, in egy laying
5, preferred time of day, if any, for oviposition
€s the effect of shading at certaln times 'ugzan«wipoait‘ion and any influscce this
may have on 5, |
7. the effects of prescnce, and absence, of the male upon ovipcsition as urder 2 - 4

8. adult lougevity

Many of the ezss were incubatsd and the nymphs reaved, to obtain ioformation

oo life history, but this is ocutside the scope of this Chapter, The study was
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corried out fully over two penerations and partially over the third generation,
Eggs were laid in the cottor~wool plugs. OCbservations were Gaily, aud when eggs
had been laid, the vumber were recorded and the cottorwool plug replaced, How~
ever, %o determine the time of day of oviposition, observations were at intervals
of two houra (between Sam and 6,30pm) for a reriod of two months, ii?bé results ér«e
presented for esch generation, firstly for aims 1 - 3 and 8, which are included
under the heading "Total Egg FProduction”, secondly for 4, rhythn, and finally for
5 and 8, Alm 7 is discussed throughout,

Parent Geweration

The foundation geueration (hereinafter known as the parent gemcration) were
obtained from £ifth stage nyuphs caught in the fleld, The nymphs were kept separate,
and after emergence as adults, 24 pairs were set-up, each palr in a glass tube.

- The adults eczorged in the second wesk of Harch, 1987 and probably represent the
laat generation of adults to emerge before wintsr, On}y,thme famales laid before
winter, Tairs 3, B, C, D and E were caught in the field as adults in mid March
1057, and palrs &, ¥ and 7 vwere caught late in May 1087. These have been included
in the pavent genemtion, but as they were not newly emerged for certain, thelr
ez laying results were kent Vsepam‘ta. The male of palr 23 died on 1lth Hay 1057,
and although mating hod cecurred, the oviposition of the female after winter was
completely in the sbsenve of 8 male, Therefore, the epg laying record of female
23 was also kent serorate. Iler egcs were fortile which showed that sperm can be

e ¥

stored over winter by the fomals,

First Generation

The adults used in this experiment were the offspring of the paveunt generation,
and were reared in the greevhouse from the first egy batches lald after winter (io
August) 1957, These emergsd as adults during the latter half of October and the
first week in Noverber, and were the firat geveration of the rew season, Until

the treatnents mentioned below were started, these edults were sexually
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uncontaninated, because as Pifth stage nymphs they had beon kept separate, Seven
pairs were set up. OUne female, known as the control female, was keost ummated to
deternine vhether or mot presence of the male was necessary for ovirosition, Two
females, kuowo as 1 cop and 1 copa, were each glven one copulation at the commence=
ment of ovisositisn, and then the males wore rewoved for good, This subsidiary
exporiment, from which 1t was hoped to detormime how long the females could store
sperm and continue to produce fertile egrs, was promptod by the results from fewmle
258, Two more ferwles known as Z2°' and &% were each given one copulation per week;
the males were renmoved from thelr presence between copulations, It was expected
that some definits oviposition pattern, through stimulation by the male, would
result, This particular subsidlary ezperiment was proupted by 1 copa which leid
18 egps on the day of copulation, but thereafter her ovipositicn was at a steady,

lowar, rate,

Second Generatlon

These were offapring of the first generation and emerged as adults duriog
January 1033, Individuszls were kept separate from fifth stage nymphs until the
experimental treatnent vas adniniatered, Three pairs were set up, and two females,
U' and UY remained umnated, BRecords were falesn over part ounly of the second gen~
eration egp=-laying, The reason was to check times of day of oviresitiocn against
those of the first generation which at the time of the investigation were ageing,
were irregular in laying aod were therefore probebly unrelisble, However, this
partial record from lst to 7th February 1058 was within the period of fastest

lifecycle and highest temperatures, ard was aexrected to show greatest ege produc-

tion,.

SUTAY BUdy ¢ SUDUCTE N

Table 22, reproduced from Curr (1057 ), swmurises all that is knosm about
fecundity in this sreciss, The last colusn has been added and was obtuined by

dividing column 3 by colunn 4,



TAIE 22

SeCUHDETY OF NIM. FEOsIs N, huttoni

7 Serial fo, Days after finel ecdysis NHo, of Oviposition Hean Ho., of
of mated that female oviposits eges laid period in egrs lald
bugs for first tive days per day
A 8 37 38 56
B 8 36 17 2.1
G 4 76 43 1.8
B 8 20 9 2.2
pi 3 134 30 4,5
B 8 i i L0
¢ 11 174 24 72
21 € 25 5 5¢ O
I 11 7 10 7.7
Mean 7' 76 20 3.9

The dally performance of seven pairs used in a prelimivary investigation are shown
in Appe!xii:{ Ve

Resuits for Parent Generation

The daily performance of each ferale, the mean mumber of egus laid per day,
and the date of evwrgeoce of each paln are shown, for those which laid before
winter, im Appendix VI, and for those which laid after winter, in Appendix VII,
Totals, oviposition peried, and other relevant data are summarised in Table 23.

Of the 24 fomales that emerged in the early autumn, only three (12,3%) laid
bef'ore winter, atd wone of these three survived the winter.

Eighteen females (75:) A1d not survive the winter, This figure includes the
three mentioned above. Six females {257) survived the winter and laid in the
spring, but pone of these laid before winiter. It is possible that the vumber sur-
riving winter may have been greater had the bugs been accustomed to "tube

couditisng™,
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THBIE 23

IR RN, £itr 4 v TAVE F oW a ITOP un VAT AT S
PO MDY 09 L an e G-l M unies
ok . .

@ = escaped, a = accidentally killeds The mean Yor days to flrst cosulition was
- gaten over all obzeorvabions, The last column way obtaloed by Jdividing the oumber
- of ezus lald by the ovisosliion period,

QCode Iuys after rimml ecdysis flo. of lowpevity OUviposition Uo., of days Mean fo.

Noe Pl P soas  of fadult poriod on which of egus
to first o first laid in days in daya each $laid= laid

copwlation oviposition Ho, of egy per dmy
batchas/g

o by . - ot 4ty

Those which 1aidl before winter 1957

8 15 18 7 5 3 1.4
18 13 65 50 28 18 De4
24 13 11 7% 5 S N . Be 4

Hoan 14 48 585 18 15 Dol
A 68 54 17 040
B a5 . =0 13 240
¢ 24 14 11 107
» ‘ 51 o 10 7 By

Mean " 41 ¢ a2 a2

Those which 1aild after winter 1997

5 g 146 82 20 24, o7 1,0

7 | 16:5°

9 7 158 114 297 145 42 T8
13 159 43 10565° 574 21 8.8
17 , 159 19 apg® 10 B 1e8
Yeoan 13 155 0% 2053 84 94 1.2

B 82 56 54 1.4

2 85 54 19 1,0

Moan #B9 5 7 1.2
28 161 85 215 52 8 1,6
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The mean mumber of days elarsing betweon the emcigence of an adult Pewale

and her Pirst ovirosition was 14 for those which laid béfoz*e winter, This was a
longer kime than that required by the spring amd ti;e surer zererations, but was
expectod bocause the lower temperatures in March would slow down developments 4
moan of elaven days aia;&seﬁ betwsen emergence as odults srd the first copulstion,
Thus males reached maturity three days earlier thap fesmsles o this generatlon,
fome femnlas which 41d nod lay before winter wese seen in copulation with thelr

matesS.

Besults for Females which Jaid bofore winter 1957

Par the throe females i1, 18 and '24 vhich laid befors winter 1007, the mean
aachor of epns 12id 1o a lifetime was 48 {(range 7 to 72), and the mean ovircsition
period wes 18 days (range O to 2 days). The mean lebgth of Pfemals adult 1ife was
50 days, The mean gumber of days on which females 1laid (or the mean number of
egg batohes per female) was 13, The mean mamber of epus laild per female ov any
day was 2.4,

Fermnles &, B, € and & which were not necessarily newly 6&%&&?‘@@, but could have
been any ages, showed for that vortion of thelr em~laying vecorded (which may or
woy wot howe besn a comslote record) a similarity to that of the thres femsles

described above,

Regulte for Females which laid after winter 1057

Poy Pfemales O, 7, ¢, 15 and 17 which survived the wionter, the mean tudber of
days elapsing hotwmeen erergenee of an adult femolde ard first oviposition was 156
days, snd thore was a differeuce of only U days betweca the earlicst and luatest
bc;::xz:‘mnee of first ovicosition, The mean vnumber of egms leld per fernle in a
lifetine was 68 {(zanpes 12 to 134}, and the meswn oviposition reriod was 64 daye
(range 10 to 143 doya), The mean length of female adult 1ife wes 203 days, The
wmean number of e batches laid f.se};‘ fenale wes 24, ard the mean oumber of ogps

laid vor female ver duy was (42 The rost-oviscsition porind was very short, did
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mot exceed tuo days, and indiecated that the ferales are capable of ovipositiosn to
the day of death, Females D and & (which, according to the ioterpretation of the
results must have been receotly emerged when cuught) were similsr to the above
gemales Lo all points of their egye=laying record. The same may be stated for the
recozd of female 23,which shows that absevce of the male during ﬁ}e ovivoaition |
periocd dues not curtall fecundity in the fomale. Female Y which lived in captivity

for five wonths d1d wot lay u single eusn,

Besulds Pfor Firat Geveration

The daily porformance of each formale, the pean tusber of epes laid pey day,
and the date of emergeace of each paly as adulis, sre shown in sppondix VILIL,
Total e&gg; rroduction, oviroaition perdod, and other releveont date are swanarised
io Table 24,

The mean numbor of days elapsing between the emergeuce of an edult female and
her first oviposition was '7, a figure whieh was considerably less than that for
the parent goneration loying before winter, The first copulstion was obeerved in
two cases
1. two days after the paL were put togethsr - the female lald three days after
that, and
2, five days after the msle (the later of the pair) emerged, and this colncided
with the day of first ovipesitiocs by the female,

As in the parent geveration, thess figures isdicated that naturity i the mele was
attained (as would be expected) in a similer or slightly shorter time than

maturity lo the femalc,
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@ = sapapad, o = acldendally killad, The mean for daoys to first oviposition was

takan over oll obusrvations.

] ooty DT AT 1 . R - I TR AT

% Code Days aftor Hoe of Iongevity Ovizosition WNo, of days Hean Ho, Fosie
Hoe fimal ecdysis epss of fadult eriod on which of epss {wirosition
to fivst laid in days in days  each @laid  laid veriod in
oviroaition daily days

e
o 7 11 59 a1 83 9,7 o
5 8 se7 185 157 T 26 5
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The moan surber of ezgs 1aid in a lifetime was 209 (range 109 - 387), and the
meab oviposition veriod was 72 days (range 21 - 137 days)e The mean length of
fomale adult life was &7 days, The mean number of days on which females lald, or
the mean nunber of egp batches laid per female per lifetime was &, The wean
mr«;bm of epszs laid per female on any day was 3.0 The mean posteoviposition
nerisd was 13 days, but the range was considerable (2 - 42 daysl.

The total egn productions for the contro? femnle and females I cop and 1 copa
were within the renge of those for the paired females, but thelr oviiositios periods
were longer than averace, This indicates that the male does have a stimulatory
effect on oviposition, and this 1 also evidenced in the figures for meayn rwber
of egps lald per day. |

ALl the Pigures sbown Pfor femnles 7' and 2" ave similer to the corresponding
figures for thw seven vairved females, which indicates that presence of the ‘male
for ag short o time as one day per week was sufficient to maintain wormal total
epy production, although dally performance viag stlaulated at each visit by

the male,

Results for Second Gersration

Poy the seventesen~day pericd recovded, the daily performance of gach female,
the mean mrher of exps lald per day, and the dates of emergence of the females
aro shown in Avpendis I¥, Tho data is sumnmarised in Table 85. The data is suniaad=-
ised in Table 25, The data for the umneted femnles is not kept separate in rtl:hi.s
cage os thely performance was similar $o that for maled fapales,

The mean ousber of days elapsiog betwsen erergence of an adult female and
first ovigosition was 7 days. The mean number of eups lald ver female weas IV
(rvanpge 19 = 114}, and the mean ovirosition reriod was 15 days. The mean nuber
of epg batches lald per female was 11, and the wean pumber of eges lald ter

I'e

female per day was e
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TARTE 958
PECHEDETY 08 SE0alTD GEERATION FUUAIRS

This was recorded over a 17 day period oaly, and mt for the complete life of the
gemeration, ¢ = eseaped,

-

Pemale . Days after fioe of wiposition pericd Ho. of days lMeen No, of
Code final ecdysis  eggs  in days (for the on which egus laid/day
Ho. to Pirst l2id@ period of obser— each female
oviposition vation only) 1aid
g 114 17 16 87
ne 10 76 17 16 ‘ 4,5
5" 19 6% 5. a3
5 8 49 14 12 Sa
gr 4 a7 13 7 2.1

Hean 7 57 13 i1 4,0

Discussion of Total Feo TProduction Hesults

As the parent geperation represented the last geperation 4o emerge as adults
at the close of the 19566=57 season, they provided information on the survival of
the bug over winter, PFurther, a cémparissn of the egy production of the females
surviving the winter with that of the Tirst gereration femsles of the new season,
ravealsd the Importunce to the covntinuance of the syecics of the overwintering
Zeneration,

The fermales of the parent generation that laid before the winter had a shorter
life, a shorter oviposition period and less egp production, than those of the
other generatiouns, Hone of them survived the winter, Apparvently, of the females,
only those emerging luts in the seasop, and which do ot lay before winter, have
sufficient youth and vigour to survive the winter; they are the sowrce of the
population in the wext season, The fact that the femnles £, &, U and & {cmaght
as sdults in the fisld) 141d before winter, but did rot survive the wister, and
that Pomales I and » (from the same source) did wot luy before winter, but survived

it and 1sid in the spring, suprorts this view, But the wionter tosk much out of



75

these fornles because their oviposition period was shorter and thelr ¢y produce
tion wus less than one third that of the first gemsration, On the other hanmd, in
order to survive the winter, thelr Jength of life was wore than Jdouble that of

the first generaticn fomales, JAnother difference was in post-oviposition period
which was 0 « 2 days in the perent generation, but 2 = 42 days {mean 15 days) im
the first generation, 4 feasible explunation is that as the overwlontering females
are the major source cf the porulation the following spring, there iz a becessity
for them to cveontinue to oviposit until dead, whercas the necessity is not as great
§n the firat generation, 4 the pumber of autunteemerging females actually
surviving winter is probably small, e.p. 2% 1in the parent geveration, this necess-
ity becomes more apnarett,

Woodeand {1952) proposed a classification of the main types of reproductive
cycle in the leteroptera. N, buttoni would bo placed fwto class 11 (1) (b) which
is as follows:

1T Species io whioh ovirosition is restricted to the wormer perts of the year,
(1) Species with lonp=lived, overwintering sdults (at least in one
gaveration).”
(1) Di= or rulti~voltine species with the adulis of the sarly pencration
o generafiems comparatively short~lived and those of the autunn,
overwintering gencration long-lived and ovipositing the following
8rringes.”
He further shated ﬁmt in this class either the yroduction of epy ruliments is
completely inhlbited until spring,or their development is intervupted or consider—

ably retarded during winter.‘ He showed that in Scolopostethus decoratues

(Lygeeidae ), the formation of small ég;; rudiments begine in autumn but is arrested
by the adverse conditionz of wioter, He sums up the situstion with the sentence
"Ia elither case, formation and laying of rive esss is doelayed until) sapring®, and
adds that, “4.. as far as is known, all Heterogtera which hibernate as edults do

so before produclop ripe egua’,
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As some of the parent generation sctually laild esgs in the autumn it was
goncluded that io H. buttont developrent of  ogg rudimontsbegins in sutunn, but
iz normally arveosted during winter, Here wzm the posaibility of avtump-emerging
forales ovipositing both before aml after winter, but pons of those which oviposited
before winter survived the winter, | The teoperatures in the greevhouss for Hareh
1957 were not recorded, but in Harch: 1958 the moxlmun and pinirmm temperatures were
respectively, 81° and 5277 wherees the correspordiing outside temperaturva were 79
and 4578, Probably the higher temperature in the greevhouse was the roason for
the autumn oviposition recorded,

Az the author caught a £ifth stoge uymph in the field in August, thore can
be no doubt that some fifth stupe nyn@ﬁs overwinter, emerge es adults in the spring,
ardt aid in the build-up of the new season population,

The greater total eg: production };«y each éuccee&ing generation was also ref=-
lected in the nean numher of egus 1aidwpez~ femule per day., These, for the parent
gereration laying bef’cm and ofter winter, the first,and the second generatiocsns,
wore respectivoly, 2.4 (range 1 - 9, 1.2 (raoge 1 - 6), 3.0 (range 2 - 16}, and
4,7 (rarge 1 = 16)s The comparsble €igure calculated from Gurr's dota cbtained
at lelson, was 3.9 (sso Table 22) and the ovipoaition period was late December
and Jomuery {personsl communication), This agrees with the figure for the secowd
geveration which oviposited during February, the warmest month at Falmerston Horth.
Phe flgure wes calculated by dividing the total nunber of eggs laid by the ovie
j;csition gez"isﬂ, for sach female, and obtalaing the mean value: this ls really the
mean mmber of soys laid per é’emle on any day ttroughout the oviposition period,
whether eggs wore laid every day or not, It may also be ealeuletad by using the

)
obtained would then represent the mean oumber of egps lald ver day by any female

ratio, total wmuber of eops laid, over nusmbey of egg batches, The figure thus

(exclucling;; days on which she did not layj. For the parent, fiz’st,arﬂ seonnd gener=
ations it was respectively, 5.5 (vefore winter), 2.5 (after winter), 5.9 and 4,8,

which is io sach case higher than the corresponding figure given sbove, However,
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, as this 1efers to the days only on which egis were lald, the suthor counsiders that
: it is of more wvalue than the figure which was acmily used (i order to draw a
comparison with Gurr's data) because emphasis should be placed upon m o=
formance,

Rron the partind second generation record which was over 17 days, it scomed
highly probable that their total egg production would have excoeded that of the
pirst gererotion, 4 comperison wus mode betwesn the three generationa by determine
ing vroduction over the first 17 days and over two other 17 day periocds, These are

shown in Table M. UF tho second goveration, excert for female §''', the period

recorded was over the Pirst 17 days (or less) of oviposition,

Fareut Generation

Code Ho, of Ho, of eppgs 1aid in o, of eggs laid betwoen
female first 17 days 9K 57 and
250X, 57
5 16 ‘ 43
9 is5- 24
13 24 3¢ (20,VIII - 18, IX)

25 P 38

Mrat Cenoration
' Mo, of eprs laid Ho, of eggs laid
bebweon DXL 57 botween Y.1.30
and 21.XIT ¥ ard 83,1.58

D* 55 = -
5 £58 a8 o
3° 81 13 -
o5t 45 30 9
U 58 54 77
H 75 80 9%
g 81 - -
Control 28 ' 22 39
4 cop p2i8 42 60
1 copa - 25 (18t poriod} 78
Second Ceneration
Gere 114
e 7%
5o 19
e 49

o o7
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In both the pavent and Pirst generations there was an increase in the mumber
of eggs laid per 17-day period as oviposition progressed, which imdicates a tompe
erature respobss, 4n exception wos the first geveration furing lecember, but this
may be accounted for by the cooler tenperature recorded durilng that mounth, The
rirst generation rroduced more than the parent generation over all pericds, The
production by the first generation in Jamary was similsr to that of the second
genaration in February, Gither the second pgemeration was then already producliog
at its peak, or & greater penk vos to be expected. Although February wes the
wornest mouth, the Cirst peneration by then were ageing, and laying irregularly,
anxl so produced few egun. The increase i production over succeeding geverations
may be attributed to increase in temperature, to acclinatisation, or both, but
temperétuz'e wes probably the mejor Pactor operative. The mean monthly maxiemez: and
minimum temperatures recorded in the greenhouse ” over the 1957=-58 season are shown
in Table 2,

TABLE 27

R AT Ao

TeEtGRATUSHS T8 Ty GRESITN Y 1987-680 SEASUN

Month of year s{ean mas imam Yean minimum

temperature in g, teupersture in %,
July 1987 73 51
August B85 41
Septevber S &4
Cotober lat=24th 88 44
(roof white~washed 24th) 94 45
Cetobar 25th-51st 80 49
Noverher &5 50
Decerber (18t waek) 652 50
Jamary 1058 (last weel) a9 57
Pebruary 89 57
Harch 81 52
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Gurr (1957) did not £ind a corzrelation between alr temperature and tie oumber
of epzs 12id, but his study was oot contimed long umuh o show seasommd trends,
amith (1097 ) working with the Rutherglen buy (a fysiug species } fourd a response,
in ovipoaition, to lteuperature changes, il also shioved that maturity in the
femnnle was reachad in 4 -~ O days, that the oviposition period wes 13 - &5 &qjﬂ,
that the memimum meber of egns lold per day was 25 - 45 ard the totals Jald were

138 = 435 eons,

Adult Tonpevity

Tre longevity of zdult focmles of He buttond is shown in Tebles 20 awmd 24,

Hoodward (1062) revorted that in the Mirid Stenodema lsevigntum (1) the males dle

off earlicr than the femwles, after the corulating period, awd Fendergrast (1952)
mmfteﬂ that in Ropalimorpha huags the males die sgon after the cormulation period.
vihen males of the warent geveration were st1ll alive after two months, it was
obvicus that the above zrinciple did wot apply to Ho huttounl males, and so the
longevity of the parent and Pirst gemeretion males was determined, The results

are presented in Table 28,

TABLE 28
Y R AUTE HAIES

Code Ho, of mabed pair Iongavity of male adult in days

Tarerd coneration 5 193
o 203

15 208

14 204

15 ' 214

17 207

18 ~ 208

23 &5

a4 G5

lican 1e4

Pirst gensration 5t 94
ool : 128

U 74

79

Mean o8
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It is ohviocus that the males lived as long as the Pemales, Consider firat
the parent genaration, Fale 24 died soon after his mate which laid epge before
winter, but male 18 lived fay longer than his made and survived well beyond the
winter, Fales 14 and 15 also well outlived their mates which 4id wet survive the
winter, Yales 5, 9, 13 and 17 llved a8 long as their mutes which did survive the
winter, loth mechors of pair O exhibited extreme longevity. The first peoeration
males also lived as loos as the females, Howevor, the maximun longevity of the
. Pirst geroration (4 - G months) and tha moan longovity (5 months ) wore considerably
| shorter than those of the porevt generstion (10 mooths and 6 - 7 months ). Copuls
ation oocurred throusbout adult life (with the excention of winter time ), uod palr

9 were seen in copulation a few days before tleir death,

[HITIEE TN BCC=LAY TG

Rhythm v Dusher of Buss Iaid per Day

In the mumbers @f‘egggs laid per day, Surr (1957) foubd no apparent rhythm,
¥row pezusal of the iedividunl daily performances shown in Appendices VI - VIII,
this seempd slsc to bs the case with the present stuly., lHowever, when the mean
mober of eggs 1aid per day was graphed, a simnle, peneral pattern, as shown in
Pigse 12, 13 and 14 was vevealed, Thore was a short peried of low productiocn,
followed by a falrly steady peak level of rroduction which tailed avmy to zero
towards the end of the females'! lives, Apard from this short rise and £211 at
sach srd of the oviposition period, the zroduction was falrly siteady end
urhythmical, Hach generation, howsver, showed slipht veriations to this general
mattorn. Yag production by the perent geveration females which laid before winter
beogan to decline reletively esarly, icdicating the curtailment of activity with ths
onset of wintor. For the parent generstion females which lald efter winter, the
pealk Jevel was interrupted by days on which 0o eugs wore lald, and these were wmore
frequent at both snds of the pesk naricd,

In the first gereration, egy production increased rapidly at first (probably
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due to the woarmeyr v:eattmr}, ardl then settled on a aboady level from mid-November
4o S3rd Decewber, The increase at that time was maintained untll wmid January when
a further irncrease in production was malotaived until the end of Jawuary. 4
decline set in, but, probably in response to the warmer Pebruary weather, a short
rise ip vroduction occcurred. This was not maivtained, mainly because of the age
of the femnlesi production then declined to zero,

Female 1 copa, which mcei.ved' only one copulation in her 1ife, showed a
diatinot patiern, She 1&1& sizteen egga on the day of the mpula{:ion)but thore=
after her production was at a steady, lower, rate of 1 - 8 epus per day, Female
1 cop which recieved the same treat ent, 4id pot respond in the same wey, but
followed the geverel pattern of the mated females, The egy production of female
%Y showed a distinet pattern {see Pig. 15) which demovstrated the stlmulutory effect
of presence of the male, Io seven out of vinme cases, the introduction of, and
corulation by, o male, resulbed in a morked increase 1o the number of e gs laid

either on that day or the following day, or on both days,

Bhothm 1o Durats of toe Tavioe

Although there was o ohythn in the mumber of eggs loid per day, the asuthor
found that, for imdlvidunl fewales, when the duration of bursts of egy layiog were
compared with the duration of the breaks botween the bursts, a definite rhythm
could be demonstrated. The folloving are definitions of terms used.

4 burst refers to the wumber of successlive days ob which oviposition occurved,

without interruption by a breal.

& bresk refers to that perind, betwoen two succersive barsts, during which

the fermale did not lag.

Short, wedium and long bursts are respectively, 1 - 4 days, 5 - 11 days and

12+ days,

Short, medium and loong breaks are respectively, 1 - 3 days, 5 -~ § days and

8 days.
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Parent Gencration

Of all the femmles in the three peuverations, fenmale 23 had the most perfect
rhythm (see Plg. 18) which $he author regards as the basic or ideal rhythm, as
her eny production wes not checked daily until eleven days of ovizosition had
elapsed, the histogram begins at that poivnt. 24s ovinosition progressed, there
was &n increase in the duration of bursts to a pealk, followed by a decline to shorg
bursts at the close of the ovircsitilon pericd. The reverse ocowrvad with the
breaks which were of two days duration at both ends of the oviposition pericd, but
were rveduced i ons days duration over the central or peak production pericd.

In detail, she did not lay in loug bursts, Por the longest was 8 days and the next
longest § days. There was one burst of 4 days, thres of 2 days and thres of 1 day.
She had nine breaks between burste of egg laying, five of which were of two days
duration and four of I days duration, Thus, geperally she would lay ob one or
two days, miss two days or ope day and then lay apgain on ove or two days,ete, In
fact of the perent geweration she was the most regulor layer, for there were no
estensive breaks as in most of the others except femnlesn 7 and 13 which were in
this way sinilar, ‘ |

Hoat of the females varied somewhet from the above basic rhytles, FPemales 18
and 24 which 1aid before winter, differed in thelr rhythe (Pigs. 16 and 17 ).  The
former 1laid her longest burst at the start of the ovirosition paricd, and there-
after the duration of buvrsts declined, whilst for the latter the longest bDurst
was in the middle of the ovirosition pericd, The duratlion of the breaks also
differed,

Gf the parent gererstion which laild after winter, females 5, 9 and I showed
sinilar rhythms (see Figs. 19, 20 and 21), ‘Thore was a long break of sbout one
week after the first burst of egps were laid, and then medium to long breaks of
g = 6 days between short bursis, from Hth - 27th September the durativa of the
bursts inoreased and that of the bresks decressed, Thereafter the reverse ocourred

and laylon became very widely spread, especially in the case of female 9, for
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which loog bresks of 7 = 9 days were recorded betwesn short bursts of 1 -~ 3 days,.
Thase throe conform o the basic rhythm.

Por fomales 7 and 13 (Fig. 92) bursts ot first were very short, but from the
outsot they lald more often, and their rhythn differed from that of ferales 5, 9
and L in the ccowrrence of very short breahks, From 87¢h Ausust female 15 bepan
to lay in sueccessively longer bursts, 1, 5, 4 and 7 days in duration, but then
escanad, A11 breaks wore £or one day only.

The rhytho for female ¥ (Fig. 25) differed again. Harl: in the oviiosition
period she lald short bursta which were vory widely spaced {breaks of § - 14 days),
‘Hext o breal of one day was followed by the ool of her ovirsosition, a medium
burst of § days from 16th = 21st Sevtenber., Prom then until death, sbe 1aid in
very short bursts, but the bresks did not increase in duration ao in the basic
rhythm,

Thus the rhythm for the wajorlty of the parent generation femoles resemblsd
the basic rhythm l.c. there was an increase in the duration of bursis and a
correstording decrease in the duration of breaks up to the widdls of the ovipose

ition movicd, affer which the reverse set in,

First Covezation

Four femnles showed a similay rhythun, three showed a distinet rhyths of their
own, and the fouwr fevalss for which the male was yresent for varying times also
ghowed different rhythos.

Femmloa D', B, 5 (Pigs. 24, 20 and 26) and O first laid two redium bursts
of from 5 - 11 days with a short bresk between. Iext was ‘a short burst of 9 = 8
daya, o mediun burst of § = 10 days and another short burst, all separated by
stort o mediun breaks, From this voint omwards the rhythms were different
hevause of diffavent loorevity, TFemels O cscaped bDofore this polnte Ferele Uf
laid thres more short bursts and then dlod, The rhythm of her bresks was similar

to the baslc rhythm in that they were longer at both ewds of the ovirositiocn nperied,
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Femals &' 1oid one more medium burst, and thes fowr wory short bursts which
indicated a physiolosical decline before death. The longest breaks occwred in

the centr: of her oviiosition poriod, Penale D' lived on for some time and lald

{o mediom bursts of § - € days duratlon, but with two short bursts between longer
pursts or groups of looger bursts, the l1aid ome very long burst of 24 days and

¢hen a series of malnly shord bursts, isath cccwrred after a long breal of 42

days, but the breabs during the oviposition rericud were all short excent the one
| bafore the longent buvst,

Pemale 83' had o rhythm of her own which is shown in Fig, 2V, First she laid
three short bursts of 2 days duration, followed by three wmedium bursts ard there-
eftor ten shori bursts until death, The duration of the breaks between bursts
- were vormally 1 - 3 days, but after the third medium burst the break was 5 days,

after tho féllcwit’;g short burst the break was four days, and towards the end of

the oviposition perilod there were long breaks, Uf the first gemeration rhythms
this was the closeat to the basle rhythn, That is the duration of Lursts

increased ard then decreased, and, apart from the Piret five short broaks, the
apz:casite was true of the breaks, 7The fact that female 23° vas a daughter of female
23, which produced the basic rhyihe, may be of significance,

Pemale U laid very regulsrly (see Fig. 95), DBreaks were very short, generally
of ove days duraticn excopt near the end of the oviyosition perlods. The bursts
ware alwost of uniform duration (which indicates steady production) except for
four vory short bursts which divide the ovirosition peried into seotiuvns,

The rhythnm shows in Pig. 20 for female I was markedly different from any
discussed thus far, Firat theore was a véry long burst of 26 days duration,
followed by four vory short bursts and then two long bursts of 15 and 11 days
duration, The duration of breaks betweon bursts was always one day, As her ovie
rosition reriod wes relatlively short, it would seem that she had "burpt® herself
out by laying in such long bursts,

The rhythn for the contrel femals (Piz, 50) wos not unlike that for ferwle



g9' sxcert that instead of tailing off ie short bursis it showed ome or two

jonger bursts towsrds the end of the oviposition porlod and then the usual short
pursts before death, Thus it was sorething like double tho rhythm for female 23,
1he effect of corplete abssnce of the male wes reflected, oot in long breaks, but
4n short bursts, This is in egreesend with the earlier finding that a looger

© oviposition reriod was required by this fomnle to mroduce a pormal totel number
of egus. Thus copulation is not o prerequisite for formatlon, and contimied prode-
mion,of ermB, as is the case in Zhorallmorphe bugs (Fomdergrast, 1952).

The rhythm for fewale 1 copa is shown in Pig. 31, It is similar to the basic

ghythme It is also similar fo that for the control female in the occcurrence of
mainly very short bursts, Thus presence of the nale for one comulation only,
seened Insufficient for egy vroduction in long bursts. It was also noted that

hias femele remained fertile for life. In her second to last egg batch, fertility

began to decline, for three epus out of six falled to hatch, and the two egus in
her last batch did vot hateh, This declive in fertility iz not lmportast bogouse

1% occurs at the very end of her life; her third~lost egg bateh coumprised nine

egps which all hatched, Thus from one copulation, sufficient sperm was stored by
the female to fertilise more than 100 eygs. Female 25 of the parent gewveration
also recained fertile for life, Her mete disd before winter 1987, but she sur-
vlvéii the winter, comsenced oviposition in August, and on 5th Jctober leid her
last epp which hatched, Thus, should 1t occour that meles faill to survive tho
wintor, here would be a mesns of coutimuance of the speciss, for evidently fexnles
can store srern overwinter in a vishle sitate. socdward {1052) showed that in

the autuun gereration of the Hirid I, erratica, fertilisation ccewrs in autusu,

the meles Failing to survive winder. From the greevhouse expericeut 1% could mot
be stated for certsin that this did not normally happen in N, huttouni. However,
&8 poirs in copuln were seen io the £ield in early syring, there can be no doubt
that males survive the winter, Haturity in the male therefore precedes maturity

in the foumnle (which fact was also found from the greenhouse exveriment) and
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copulation probebly stismlates avarian development,

The rhythn for female 1 corn is showno in Fig. 32 z«m incident (caused by an
aboormality over which the author hed wo control) occcurred, which caused a change
in her rhytho; this actually enhanced the giudy by myoviding information which
otherwise would mot have cowme to light, Un 9th February 19358, l.o. three guarters
the way through her oviyrosition poriod, a male was noticed iuv the tube with her,

A close exaripation of the tube rewealed that accasionally she had ovirosited on
the reper name-tag instead of in the site almost Invariably chosen by other females,
the cottormwool nlup. The presencs of nymphs in the tube indicated that the male
was her own son, reared in the tube, The rhythnm for the firast half of her ovie
rosltion wos similer to the rhythm for 1 copa, in that the bursis were short. The
male may bheve been pmaeﬁt ummaticed for several days, which would eccount for the
sufiden occurrance of medluan bursts, ﬁthexwise‘ they would have to be attributed

to the incresse in tomperature over labe January and February, [lowever, when the
rhythn for Pemals Z' i consideved, it soems f&iz'ly.certain tr';\.a% the Jonger bursts
in the secorsl half of female 1 cop's oviposition period can be attributed to the
suden appearance of the male, Thusg Plg, 32 compared with Pig. 31 demoustrates
the change in egp~laying rhythm coused by the swulden introduction of a male half-
way through the ovirosition reriocd, |

The check on fertility of the qus lald by 1 cop had t© be sbandoned, but as
herr es leld prior lo 9th February vwere fe::'tila she oust have utilised sperm
stored from the first eotgﬁlatism, until the cother male appeared, In the setting
up of fermles 1 cop and 1 copa {and alsc of some of the pairs) the females laid
c.rm or two egg batohes before the male was introduced, Yot some, If ot most, of
the erss laid om the day of first copulation,were fesrtile.

The rhythn for female 7', which recoived onc copulation zer week, is shown
in Pip, 33, Jhenever a copulstion occurred somewhere within a burst of epy-laying,
the duration of that burst was rrolongsds. A1l other bursts were very sbhort with

the excention of one of J days duration. A5 a copulation occurred on the ove day

¥
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preck Imediately preceding this burst, its duration mey also be atiributed to the
gtimulatory effect of copulation, '

In conclusion, the basic rhythm was not common in the first generation, Host
of the females began laying in fairly long bursts .arﬁ the longeot burat did oot
coincide with the middle of the ovirosition period except for females 5* and 3°,.
The duration of bursis decreased towerds the end of the ovirosition period. There
was generally no rhythm in the duration of breaks, which tended to remain constant,
Possibly the females had a spell by laylog one or two short bursts instead of
having longer breaks, The more favoursble climatie conditions existing &t the tﬁne
of the first generation oviposition peobably cbviated the short bursts and long
breaks which were charactoristic of the early oviposition vericd in the parent
gensration, Ageing would account for the decrease io duration of bursts towards
the end of the oviposition reriod in both generations, In the wmmber of eggs laid
rer day there wus, within certain bursis, an incrsase to a central peak and then
a decrease, However, this was not couslisbent, for often the peak number occurred
at the beglnning or end of a burat, lo differences between females of different
wing form could be éedected in either rhythm or production,

Second Generation

In the partlal fecundity record shown in Apperndix IX, females 5'°° and 17
shoved similar riyythms. Upposite ends of two long bursts sre shown, separated by
the minimws break of one day. 45 there was au increase in the duration of bursts
from the pareunt generaticn to the first goverstion, it ssemed likely thet some of
the bursts in the secowd gewneration would be at least of equal duration as the
longest in the first generation (nemely 25 and 24 days).

Females U' and U" which were ummated stowed & different rhytho, The bursts
were shorter, and for U" the breals were lomgor, This indicates that absence of
the male had a depresaing effect upon ovipositicn, This was also evidenced in

the control femnle and in Pemales 1 cop and 1 copa.



| Ranber of Uvarioles is ¥, huttoni

Perndergrast (10:57) reported seven lobes per testis for three specics of
Iyzacidac exanined, doodward (mentiored by Pemdergrast) showed that in most Het-
eropteran specles, the number of overioles was genevally the same ss, or else
within one of, the musber of testls follicles. Therefors ¥, huttoni may be
expeciad %o have § = 8 ovarinles per vvary (l.e. assu:ing seven follicles per
teatis is geveral for this .i’asni.}y}. The H, huttoni females studied rarely prode
uced the podential maximun, for batches of above 10 eges per dey wore not comnon
and d4id not cocur at all in the pavent gereration, Thers were two batches of 16
erug, ove of 17 axd ome of 18, Highest dally production tended to occour in the
centre of the oviposition pericd, whilst at both ends only omg half 4o one quarter

of the potential waximum production.cceourred,

TOME OF DAY OF OV GUTITON AlD i BRVECT OF UL UrOH THE SaMe

For lesava viriduls T,, Cutber (1951) showed that the min daily ovirosition
period was between noon and 4pm, and that shadiog of the bugs with a stwet of
peper at mid-day seemed bo stimulate ovipoaition. It was decided to determine for
N, huttonl the preferred time of day (if any) for aﬁgﬁgmmn, and, by shading in
the mornings (in an ondenvour to cause maximum ovigosition to cccur in the morning)

to determine whether or not shadiog stimulated oviposition,

Pareut Geweration

In the parewut generation which lald bofore winbter, the wumber of eggs laid
over an 15 day period were checkad at noon and 8 pme Totels for that period lald
in the moruing and afternoon wove, respectively, 61 egus and 98 eggs, There was
a definite prefevence for aftermoon oviposition; 35870 of the syns were oviposited
in the morning. There was no time before winter to determine the influence of
shadling wpon ovirosition.

¥ith the perent geveration which laid after winter, the effect of shading in
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the worpings upon ovirosition was tested over a 20-day pericd in September and
{etober, The ftubes were shaded by a sheet of nowspaper ou su%my mornings, but
not on overcast mornings because then the tubea were already in the shade, Over
the trlal period, 11 mornings were sunny and 17 were overcast. The numhor of eggs

laid in the moraning and afterwvoon by each femnle are shown in Table 29,

TaBLE 28

CUIPOCTTT A TS OF TARERT CNESATION WHEN STADED TR TN MORNTHG

Code Ho, Hoe of ems clusters laid Ho,_of epzs laid
of Femals Horning Aftarnoon Horning Afternoon
5 4 14 ' 10 30
9 1 iz 2 30
13 O B 0 11
23 11 9 19 19

) 8 A s 7 55
4 1i 7 56
Total 26 87 45 185

Temale 23 1ald a comsiderable number of eggs in the morning, but this did
not excesd the number laid in the afterncon, In the first four days w0 egus were
laid in the wornlng, and some fomales 414 vot lay iv the morning wotil six days
aftor the compmerncerent of morning shading, This may be interpreted as indicating
that morning shading did cause sowe apps o be 1aid in the morailng, but that at
least four days wore reguired f’sx’ the treatmsnt o teke dfect. Howevor, when the
percentage of eggs laid in the morning (23%) is compared with that for those which
1aid before winter, it is obvicus that shading had no effect upoun oviposition,

Mirst Gereration

On the first gemeration, & close check on oviposition sxtended over two monthsg
from 3rd Deccmber 1857 4o 10th Pebruary 1868, Up to 30th Januwary the bugs were

not shaded, Uhading in the morning was applied from Jlst Jamary to the end of
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the period. uring Lecesber, obuervations wore at Sem, Noon, 4.30pm, ard G.500m,
However, i:. oider to deternmive more accurately the 'preﬁ‘éﬁ'ef} time of day of ovi-
position, cbservations over the remainder of the nericd were at am, 0am, Foon,
2, 80pm, Lo dTymn and 8.30pme The wumber of eges lald between each obuervation by
each female are shown (for the whole period) in Appendix ¥. The totals 1aid by
sach female ot cach loterval are shown, for the noo-shaded poricsd in Table 50, and

for the mornlog shaded perixd in Table &1,

TLELE 50

OVENGBTITA THE s OF P GEMEUATION

The numbers in parventheses are the wumbers of egus lsid 1v December in the morning
and aftermoon before these periods were cach divided into two intervals,

Pime {Bam-Hoon ) " (Hoon=4e 50pa )
Interval 8.5 pm-tem  San-10an  10am-Noon Hoote2,30pm S SUprede S0pm 4 SUpm=8, 30um

2 Code Ho.

e | (7) | (s)
5" 16 10 7 1g 1 (%) 5 10
59 1 5 (&) () 2
25! 1 (s} g (81 5
u 12 e 7 4 w7 g 20
B 13 1 8 4 o (80) oo 2
o 5 (23) (13)
Control 2 2 (7 4 20 (20} 4 7
1 cop 6 (@) 45 o1 () g 3
1 copa 9 O 2T o (18) 44 19
7 4 13 BT (1) 4, 12
g 6 10 4 2
Total 57 g (76) gy T AL AT 67



89

TaBL 81

GUTCOSTTION THG OF PIoay GENERATION TN SHADSD 1IN 5 MOWNITG

Time pm. .
fatcrval €,30=-Bam Ba=-10am I0wa=fioon Hoon=2,30ms 2, 30pee4, 800 4o S0pm=0, 30pm
Female
Code No.
5t 5] a 1 8 8 0
23" 1
U 1 ¢ 2
Control 2 & 3 1 5 G
1 ocop 1 2 4 10 14 5
FA P24 4 B 9 8 1
Total i1 iz 7 30 35 6

From Table 350 it is scen that egas may be laid at any time of day, but with
an imorease to a peak just after mideday (Hoowe2.30mm) and thersafter a very
gradusl decline. Ia fact oviposition was Pairly steady from 10am through to early
evening, These inseclts differ fram higher animals in that groatest sctivity
coincides with warmest day temperasture. inmly 300 of total egys were lald in the
morning,

A seemingly lavge nuwmber of eges were lald overnight, mainly be fomales &Y,

U end 1L Further investigation showed that no egus were laid before 8Bus or after
shout 7.30m, Hence those recorded ss 1aid overnight would have beesn Iaid in the
eveolng, scon aftey 8,30mn.

From Table 31 1% is scen thet shadlng in the morning did not induce oviposition
in the morning, 1t iz possible that morning shading wsy ceuse an ivoresse in the
mwber of evgs laid imediately after noobs ‘ There was actually o decreass in ovi-
position in this period, and an increase botwsen 2,30pm avd 4.30mm. Unly 364 of
the total number of eggs were laid in the morolng, There can be wo doubt that

shadlng of the bugs 414 not stimulate oviposition,
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Sacond Gernoratlion

s the first peneration were ageing by Pebruary, o check was madc on the
secord! geveratisn over & I4-day pericd from lst =« 14th February, For the first
aix days vo shading was applied, on the nex!t four days shading was avplied betwsen
1dam and ioon, and on the last four days shading was applied betwoen Hoon and
% 30rm,  The total mumber of egus laid st the tlmes indiceted, over the whole
woriod, weret-

Ge S0pm = Bam a1
Bam =10am 21
10am = MNoon 30
Tioon « 2,30ma 61
2 30pm - 4,300 B9
4e30pm = G 80pm 41
A fefinite preference wes showm for afterucon oviposition; only S17 of the eggs
were laid in the morning., Sheding Aid not sbimlate oviposition, mor did it
gffect the number of eggs laild at any other time of day.

Hoth Orose Series 4 (sub=brachypterous females) and Cross deries B (macrop-

tercus Pemalen) also showed a preference for af'terncon ovipositicn acd a vegative

resyonzse €0 shading.

If'Pect of Uhanpes in Veathor upon Uvisesition

Cooler weather tended 4o inhibit ovipositisn, With the parent gencration
thers saemed o be a difference betusen an overcast day, and an overeast and cool
or rainy doy, for some agys were lald on the former type of days but vone on the
latter, The mazimum daily temperatures in the greeshouse from 34th Jawary to
8th Fehroary are shown in Arpendix X, The younger, Pirst generation females still
laid eggs on cold days, but the pushers were reduced, Yowever, vhen these females

aged, a eold day had more effect upon them,
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CUAISATY OF BECHDTEY

1o The act of oviposition and the avi;:ssitic;i} stance are described,

9, fesults are preseated for total eps rroduction, rhythm in egg laying, time of
day of ovipositicn awnl the effect of shading upon oviposition, as studled over
three successive penerations, Hecouvds of tlmes for maturatlion, length of ovi-
position poricd, unutsher of batches lald per fesale, nusber of ergs lald per day,
post oviposition poriod and longevity were alse kept.

%, It is shown that the last gouveration to emerge a8 adults in the autunn i3 the
ouly generation with sufficlent vigour to survive the winter. These oviposit for
the first $ime affter winter and ave the wmsjor gource of the wew spring population.
Bps modimenta begin to fornm in the autumn but their development is arrested by
wiater,

4, I order %o survive winter, the nutumm generation lived bwice as long as, but
had a shorter ovinosition period than, the spring gem;mﬁ@on. . The immaaéii ens
profdugtion by succeeding gensrations s accounted for by the more favoursble
elimatic conditions as the season progresses from the end of winter %o the height
of summer,

5« I4% is shown that males do wot dis sooun after copulation, but 1live as long as
the fomeles, and that copulation may ooccur at any time (excluding winter

6o It is shown in all gewerations 'ﬁmt: maturity in the male is reached a 1ittle
earlier than in the femwle, Ohservations show that this is also the case in the
field, The time interval differed in each geveration according o the environ-
mental conditions,

7. It is shown that in the mean munber of eggs lald per day, thers was in all
generations, a rise o a steady manimum level of preduction ardl then a decline
before death., Enviromsental corditions vrevailiaon affected the durstion of the
increasing, and the peal production pericd in cach generstion, but the decline
phage was mninly a reflection of ape,

B 1% i shown that a definite rhyths cen be demonastrated in the duration of
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pursts of egp=-laying and in the durstion of breaks batween bursts, In the parent
geveration the duratlon of bursts increased %o a peak ard them declined; the
oprosite was true of the bresks, In the first geveration most of the females bepan
laying in fairly Jonp bursts, but towards ithe end of the oviposition period the
duration of hurasts decreased; breaks were geverally short.

8. It is shown that presence of the male 18 not necessary for the formation of
epgs or the coutimed supply of thewm, JComplete absence of the wales or his presence
for only one copulation at the begluning of the oviposition periocd; had a 3light
depressivg effert upon ovirositiocn which was reflected in a different vhytha (short
bursts ), and a smaller musher of eyes laild zer day, from rormal, and & longer ovi-
vosition porisd to rroduce noymal totel egy production,

10, Fresence of the male for one cﬂ};ulatia:-n per weck caused an increase in the
peber of egps laid on the deys of copulation or the day imrediately following a
eopulation. The influewnce was also reflected in rhythm, in longer bursts.

i1.  Une comulation is sufficient o ferdilise a femele For life. It i3 also shown
that a femsle can carry viable sperm over wintor and remaio ferdils for a complete
ovizogition perlad afte: winter without further coutact with the male,

12, The ounbor of ovarioles ;:ex ovary is estimated at 6 -~ 8, However, the females
seldon ovizosited at the potentinl meximum of 12 -« 16 eyys per day, elthoush in
one casc 10 egrs were wviposited iu ome Jay.

13. 1%t i= shown for all geeverations stwi iod that there is a preference for after-
noon oviposition, Ffrom the first and second geverations and the Cross Series, it
is shown that groatest oviposition cccurs betwesn Noown and 2,30mm, There was a
gradusl incrsase in ovizosition from Bam - 10nm, then a wore rapid incresse to a
peak aftor mid=day, and therealter o gradual decline, olthough ovizosition
occurred at any tinme of day between 8am and 73w, it Aid vot cccwr ovutside those
times,

14, It is showwn for all gemeratiocus studled that shading 4id vot stimulate ovie
rosition, nor did it alter the sormel trevd of dally ovipositiso as stated abowve

(13,
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15, o differencs iu preferred time of dsy of oviposition, or response io shading
was shown in wocroptercus or sub-brachypterous females,
. It is shown that cool days couse a decrsese In, anxdd that eold days mey ivhibit,

ovipoaition,
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The eggs used in the preliminesy incubation sﬁu&y, ard those of some of the
parent gorveration, wore laid by females collected frowm the fleld, All other eggs
(unless otherwise sdated) weve laid by fenales reaz'e;d in the preenhouse, During
imubatiz)n,the eps, along with the cottorw-wool in which they wre lald, were
placed loto amall Jars 2° by 1% haviog soreweon 1ids, The 1ids were screved on

only lightly, so that some alr would probebly circulate,

Colour Changes of the Bgp as Incubatinn Trogresses

Freshly laid I, buttoni epgs ave somotimes an almost colouwrless white, some=
times a very pale orange (see page g), By the end of the day on which they were
laid, the egps are a pale orangs, The epes become progressively doarker in
intensity of colour as iecubation proceeds, '

A rapid determinetion of the colour changes was wads Ey ezamining on the ovs
day, euss at different stages iu incubation. 4 fresh egg, and eyps at 1, 5, U and
14 days wore cxamined under a Zeiss lowpower stergoscople wicroscope, using artife-
foinl lighting. Colours wore compared with Ustwnld's (1051) Colour Standards, and
where appliceble, the mrme alloted ¢t & colour was obieived from the British Horte

ifcultursl Colour Chart. The changes noted wore a3 folliows:

Epg fresh: Amber yellow (Ustwald series VILI, 2 ia) throughout; small avea at
{6—-8 hours |
cevhalic pole, deerer orange (Us X1I, 5 mal.
Ezps 1 day: Pale orange {0, VIfI, 3 ia} throughout; cephalie pole as sbove.,
8 dayn: Cadmium orange (. XIV, 8 pa),colour desper in cephalic half.
D days: saturn red (0. ¥IV, 5 pa) throughout; two red (U, XTI, 7 pe) lateral
spots, the eyes, ome fourth of total length from cephalic pole; two

red abdominal syots in similar positions near posterior pole,

14 deys: Toppy red (U. X1V, 6 pa) throughout; eye spots deepor red (0.X, 7 pe);




o red abdonminal srots aa at O days.

In the detailed deterivation of colour changes, a bateh of three egps laid
by & mated female were observed daily (2s neer as was poasiblae) from ovizosition
to eclosion, Fuarther, the ecolour chewges scowring in fwo 608 1ald by an
gremated fernle were alss deteimined, A3 both E;aitcrhzis wvera 1aid on the some day,

a day to doy comparizon of the colour changes occurring in bot: grours was diawn
un, “his in sbown on page 0. The ohservatious oo the irfertile egs coased when

the fertile eays habohed,

£ ra

Discussion of Zeo Lolour Changes

The racid deternivotion is in agreement with the corvesponding portion of the
detalled doterrdmiion on fortile emps, From them both, the following brief,
gerwral pattosu of colour changes during incubation, may be stated. OUn the third
day, the deweloning eyes may be secen through-the chorion ad two duep orange arots,
placed latezc-ventrally onc fourth of the totul lewnsth from the cephalic pole. By
the £ifth day, the eyes are dlstivctiy red, Un the ninth day bwo daxk arange
grods ahow dhrough the clorion, dorso-laterally io the reglon of the abdowmen. n
the tenth doy their wmber i douwled and by the eloveath day both pairs of abdom-
imal gpots bave fused, Iy the thirteenth day these becove yed abdoaionl streaks,

and & third, abdominal bloteh sipewrs nld-dorsalily. frior to huatehling, portions

of thoe mature embrys can be saen throuph the chorion with the nalked eyc. The oyes
are o deen vod, and the anteonse which are clearly sepmented, are pressed against
dhe wentrol surfoce of the body., The abdomen is atill rather a large orange blob
at this stoage.

The shove general patiern is in accordence with that noted by Usinger (1942)

. N - et e X N .
for H. voenusulus esog,nndd pendergrast (1052 for Bhomalimorpha oS
L A AL A ] I8 : th

,,,,,

the fourth day they were a dull orange=brown. o eye spots developed, and by the



CAYTY COLUR QIAIGES OOCUanTin TH PRHTIh. FoGS

Date of ovizosition 11th Decy 1857

st day,

2nd day,

ard day,

5th day,

Gth day,
8th doy,

9th day,

10tk day, Upoi 4 somewhat deeper orange

11th day, Spm: Basically merigeld orange {U. X1V, 4 pa); eye spots and abdoninal blotches

15th day, Mlam: Almost saturn red (G. XIV, 4 pa to § pal; two goranilum lake Ped {iw IV, 7 pa)

streaks, oo on sach side, nesr posterior pole; a third oranue-red blob betweep these

14%h day, Yams Saturo red (Ve X1V, B pa) throughout; eyes and ebdoainal siewaks peranlum luke

7rta, 114h Dec. 1957: Straw yeliow (Ustwald series i, 2 laj throw boot; derlaer
area at cephalic pole, maripeld orsnge (U, XIV, 4 pal.

spme Tewmn yellow (U IV, 2 pa) throughout; cephalic pole satuwrn red
(Ve M1V, 5 pal '

Sy if.iost. y straw yellow (. X, % la); darker area towsrds cephalio pole bus
reddish-orange apot showing through.

Oums Dafinitely oranss throughout, but still almost trovsparent) cephalic pole
to ope third of total Jongth, cedmium orange (Us XIV, 3 pa), bavig: s reddish
spot sko.iog throwghiy remainder lightor, lemoo yellow (ve »IV, 2 TG e

dpmp AB Ln Pifth day.

1dam: Cephalic pole saturn ved (U, XIV, § pal, grading through nardgeld orange
(9 2XV¥, 4 pa) for one third total length, to cadulws oregge {U. 31V, 5 pa), to
lomon yollow (0. XIV, 2 pa) at the posterior pole; a reddish apot showing
through mari.gold'orangc reglon,

oz Codmiva orange (0. XIV, 3 pa); two lateral poppy red (% 3IV, & po) spots,
the eyes,towards cephalle pole; ivo povpy rad blothhes towwads posterior pole.
Pore upiform in colour througtout, but of slightly lighter intensity at
posterior pole.

1~
H

7. XIT, 8 pe) throughout; eye spoto rod
(s 21T, 7 va); four red blotches near posterior pole, two togethor om esct 510

popay el (0. XIV, 6 pa); lateral abdominal blotches have fused to one larpe
blotch ou each side.

two; eyes almost geranium luke red,

red (U, 3IV, 7 pa); contral abdominal blotch poppy rod (. aIV, G pa).

16th day, 10am: As to fo.rteeoth day, Antennas also visiblo throush shell,

Cle

SoIY - GIOUR CHAIGES OCCURKING R TVEM (717 . o

vate of ovirooltion 11th Dec, 1037

P

8% oo, Tom, 444k Doce 1957 Alrveady a darker orus;e (stwald series XII, 4 p
than fertile cars; darker area towards cephallc jole; cophalic wolo p
merantun lare red (o, RIV, 7 el

cad oy, Sios Desicnlly as to 1st dayy devker ervea towarus cephalic pole mars

oranre (v, aTI, B po); ocephalio pole azelex pink (in %, G la),

Cuot Deep orange (Os X, 4 ne) almoat throughout, but moro intenec tow

cephalic role; cephalic pole mow this colour; wo apot chowlng thio.ut,
o4 day, Uumt Derker than fortilo egss, rars orange (6. 2TX, O iv) throyhoat,
but davker for one third of totnl length fromecerballc pole; vo zed o
shoving thoough in thlo reglooy ceptudic pole wo longer tod.
Gth day, 4rtu Basleally dark cranze (V. £IL, 4 po), othowice o8 in D406h dog.

8th day, 1lams As in sixth day, uniforn 1n coluue throusboul.

™

¥

Oth day, Ipm: Anteriar half dark orange (e RIL, & pe); posterior hull slightly
lighter araoge (0. ATIX, 5 pel). ToCuy, lovu
No spots showing through becsuse of ©o culbry:

unlfform than fertile epys

Lo ovelosment,

10tn day, Zpms Alas O, XII, O pe but darker at coshullc ole; o large marigold
orae {u, A¥¥, 4 &) spot showing throush whore an eye spot nornelly
wouls be, but much larger,

11t day, 3pms $t111 dork orange-brown (L. XII, 4 pc) larye orange blotch weoar
cephalic nole, as in tenth day,

2h oy, 1lum ds in sloventh day,

14th day, Sums As in eleventh day,

16¢h doy, 10am: Fo chango. :
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genth day a large orange spot, which was probably evidence of the rotting yolk,
appeared, Curr (1957) voted that unfertilized epgs vemain creusay-white in eolour,
Howover, in this batch, and in several other batches observed, the unfertilized
egne became & dull brown in one to two days, many of them having collapsed by

this time.

Aecuracy of the Method of Colour Desorintion

¥ayr M (1953 ) stress the importance of using colour standards, especially
in deseriptions, fAa the use of éuc:h are as yet relatively new in this field, a
note on the accuracy of the method as used here may ’x;e useful,

In some wleces there appesr to be lnconsistencies in the colours allotted on
say three r:cmacu*’t;iwr days, especially during the early s tages of incubation., For
instance in the detailed colour desoriptions of the fertile eprs, the same colour
was allotted on the Pirst and third days, but a different colour was allotted on
the seeond day. It is logleal to conclude that the colour for the second day
should mrobably have been the s&me i,e, straw yellow and not lemon yellow., In other
words, on such a small object, the daily colour differences are too fine, at least
over the first few days, to be exactly distinpulshed, Houwsver, over the whole
ifocubatlon period, the gereral colour change is shown satiafactorily by this method,
For exarpls, the colours recorded on the ist, 5th, 10th and 13th deys are progress-
fively darler, 'The apneerance of eyes and ebdoumival blotches enable further dist-
’imtiﬁn tw he made betwoen these days, Again, in the case of the undertilized

oggs, colours noted on different days are very oimilar and arve approximately of

the sane intensity.

Jaration of Incubnbion

Gury (1997}, from thiriy-seven ecns ab Helsen, obdained a mean incubation
period of U.d days, bubt raoging from eight to eleven days., In a prelininory study
at Falperston Hovdh during Jomary 1887, normal duration of incubation over the

Plrst thres woeks was eleven C’.ays)bw& over the final wwek was reduced to elght
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days {see Table 32) Clearly the egys of this insect show a merked res;onse to
notmal tesperature changes, and it vwes decided to follow the duration of incube

ation batch by batch anl ponth by month over a complete breeding seascu, 1BLH7-058,

Hormal chenges in Duration of Incubation throushout the Season

Incubation perlods recorded for egps laild by the parent geveration before
winter 1087 dre shown in Table 83, The Tirst epgs laid in the 1557-52 season
hatchad on 2nd Jeptember, From then owwards, egy hatches were checked in succession
ua%il the 12%h Mareh 1058, whewn the last ogg ilv the trial hatched, The results
are shown in Tables 54 - 3, Table 34 shows the incuhstion history of egys of the
parent genaration ssuiviving winter; Table 35 glves the data for egus of the fivat
gencraticn which succssded the paveant geperation in late Uctober and contlmued
until the end of Decenboer; Table 36 includes data from the second geveration and

the Cross Jories in Jonuary and Februsry, and from the thind geseration io Harch.
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TADTS 32

7 ﬁ-.,\r 23
L b d -z:n 3
>

= <o min

| Date of Ho, of fumber of evyzs hatching in the number  Io, of egus
Oviposition epps laid - of days indicated Pailing 4o hatch
7 & g 10 11 12 18
23 Dec, & 11 11 0
& dan, 57 - 3 -
7 - 4 —
7 10 9 1
8 3] 2 2 1
9 18 7 i1 i
10 12 y 5 6 1
ii 7 7 G
12 8 23 “ 4
13 15 ) 7 5 1 o
14 13 S 5 1 0
18 2 2 g
20 4 2 1 1
21 8 4] 0
22 4 2 1 1
23 & 4 2 0
5 0 6 24 40 35
Hormal incubation period 11 days
25 Jan 4 4 O
a8 3 3 O
27 : 14 iz 0
28 3 4 -
143 25 8

Sormal incubation nperiod 8 days
Fertility (hatchobllity) = 945
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gviposition ezge laid of days ilodicatsd failing to hatch
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-

21 Yar, 57 i1 i1 o
22 12 - 12 0
a5 - ] @ 0
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23 16
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Normal incubstion perted 15 days
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1 0
16 3 _ 12 0

1 € 3 15 58 49 8

formal incubation period 16 - 17 days
18 Apw,
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>

ro
238
2
j .9

3 ] -y

154 4 1

-~

Nermal incubation pericd 23 days
Pertility (hatchebility) = 95
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Date of

oviposition egs 1

Hurber of esoeos halching in the musber of days

pkex

Ho, of o

-

9 Auge 57 10
10 4
11 1
i2 - 2
13 1
p 2

i8 Aup,. 3,

oy

rid

21 4

25 Aug, 15
26 4
29 4

30 Aug,
31 7

[
~3
s

Formal incubation peried 24 - 26 8ays

2

3 6 4 &
108

g 1

1 58 8 B
Hormal iuncubation period 21 duys
10

2
3

U

3 40 2

-

Hormal incubation pericd 18 days

5
8 1
& 8

Mormal iocubation perind 16 « 17 days

2id indicated failing to
G 17 418 16 20 21 22 2% 84 95 26 hateh
53 3
004 2 G
1 O
1 i
ki G
&3 Iy
£ ES

(R v R Y

LaS

8

o

Tugher of esas hatehing 1o the nuvber of davs Lndicated

Ay 32 18 34 45 16 17 18 18 20
a g 4

2 1

5}
g 5 1
g 1
i1 2 g2 3

DI
o
el

g __6

703

2 31 58 22 7 6

5
Hormal incubatioriperied 13 daye

O

O N O



TRTE 34 (Cond, )

Date of
oviposition

;G:OQ Of
g ialid

s PR BT SR AL TG MM S SR

Rudher of oo hatehlsg in the number of days

i1 12 335 4

101a

tidlealad

i3 16 19

toe of egus
falliny to
tatah

13 Bep. S
14
185
16

23

24

T8 YRE

Gote 57

P S

o M g

10

17
16
25
Grand ¢oial

4

i %
3

iz 3

bx)

oo
o
3 &)
ameronemn

39

Tart T botcohes were by female U near the end of her 1life
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5] 4
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o 24
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e
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30 531 a7

9 4

Lormal incubatiow

S
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(28 3

Lx)
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&
b
2 4
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P sl
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o
v

g

N

nariod 16 days

fiormoel incubation periled 15 days

4 A

Wortility (batchebility) = 84.5:
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e

IHCUBATION & T OF s TATSD B WIgAT QR GAPION

pate of o, of Humbey of epgs hateohing in the wumber of  Ho, of egps

oviposition epgs laid days indicated failing to hateh
i2 18 14 15 18 417 18 19 20 21

28 Got, 57 8 2 0

08 3

o7

28 ) ¥ 2 3 ~ 1

29 18 _ 10 6 2 4

30 11 4

51 9 i
28 18 9 ‘

Hormal incubation period 17 days
4 Bov, £7 4 3
2 ,

1
3

3 iV 13

=~
[ 3 s I SN T

16 g 8 . 0

& 13 & 3
7 i8 7 10 1 0
8 26 24 O
8 26 4 9 2 1 o
10 13 1 2 O
i1 K 3 0
12 1 1 3

13 11 8 9 1
14 14 2 7 2 3 0

B - 4 3 4 10 P
19 8 8 0
21 4 1 1 2
22 N 20 9 £ O
23 8 s 2 1 G
24 20 At T | & 1
25 16 8 4 1 1 1 i
26 0 5 9 6 3 O
27 12 i 4 2 2 b5
a8 a1 7 7 28 2 G
29 2 2 G

6 20 76 121 84 10 7 19

Eormel ivcubation meriod 15 days

aded
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T:BLE 35 (Cont, )

e B S T, - [Rv— MAB e
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Date of fagber of  Number of eygs hatehling in the cumber of Ho, of eugs
ovivosition eyss Jald days itrdleated failing to hatech
12 313 14 15 16 37 38 19 20

) 3 1 3
Pag, 7 27 08 B2 5 2 35
a5 1115

b e
3
<

4 13 1

LR 2 B I A
:, o
a3 e o
o

Lo

fo e

P b

&

A

[

5 owr ouw

10 b5 i 03 é G
1 & 2 2 1

12 25’ 18 10

15 4 3

14 5 ‘ &

15 3

16 i _ 15

17 5

18 2

20 2

a2 9 2 7 : 0

537 7o 54

Hormal incabation periocd

7 oii 2

(.

\wﬂ
o)
1Y
o I

wa &g &
[XY

83
&

RO (RN
i
=
©
Fauds

Y
4%
v
- AR
A3
b
N

&

ne
-
[N

80 65

TBEIBRRY
G

5 9 3

8 14 2 1

3 4 1 1 G

31 & 318 1 i
Grard total :(L; o4l 59 21 4 2 1 —;177“

Hormal incubation period 13 days

Hatorability for first gereratlon = 83,
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THCUBATEON 3 ) UF 0GY ToTh BT SHCOND i THED GRuRRATIONG S CRUSS
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Hales

;ﬁe of Hoe of Humber of' egzs hatehing in the number of days lio, of eges
gviposition eggs laid indicated failing to
8 8 10 11 312 13 14 15 18 17 18 hateh
1 Jan, 50 11 i 4 05 0
g 8 1 4 2 1
3 5 12 2 0
4 5] 2 13
5 i 3 8
& 5 5 1 2 1
7 7 B 3 3 1
8 3 8B 3 03
9 3 8 5 6
10 5 5 1
i1 3 5 3
10 86 64 23 17 4 1
Hozmal incubation period 15 days
13 14 2 5 & 1 0
14 56 5 47 4 D
15 21 o2 8 G
16 54 2 786 4 1 &
18 10 & 4 0
i3] 12 75 0

2 80 98 23 9 1
Hormal incubatioo period 11 days

20 2 2 o
21 89 5 3 25 1
28 16 24 14 5 3 0
23 93 15 14 48 11 3 1
24 16 20 1

25 & 5 3
26 & & 3
o 3 % o
28 3 1 2
% 2 5 0
30 1 1 o
51 35 5B 0

ih 94 Gn o A3 44
Hormal incubation period 10 days
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Date of line of fuamher of egos hoatehing 1n the mumber of days Hoe of egus
geiregition egos laid indicated failing to
8 ¢ 10 11 12 15 14 1B 18 17 18 hateh

LA MR PR ST CEGR AR ORI S W MR A RS AR €PN AAANA v o

1 Peb, i a 4 0
2 < 7

e
(e

&n

%
4
8
7 ) 6 & 0
9 19 5
1 5

L G
O e G
L

e
| ase
b

73 41

Hormal incubation teriod 9 days
17 57 1 ©a9 ' 7
19 58 50 B
20 58 ‘ 5 56 ’ 14
26 1
27 4 1

] g 15 53 33

Normal iocubation period 12 days
11 Mar, 50 3 1 1 1
i2 1

Grand total 642 S

fatohability = 97
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Pate of iy OF Hadber of epps hatehling 1n the muber of duys
ovizonition ergs laid iodicate
b 1< T 18 18 S0 a1

e

e of egps
fuiling to
hateh

268 Sonte H7 8
29 ’ 1
30 | 1
9 vct. 1

o
5

10

=5 -5
A BB
T [
™3

[ 5] R
s s

b
hé:1
]
23

4
17 & 2 2
6

n3
bk
fa
)

22 19 7

e

vl
&
[}

&

25 3 2

3 Hov, & 4

79 £ 21 @1 18 5 3

Hatehability = 802



Discusaion of the Season's Tncubatisn lata

The data falls iuto naturel grows varying ino time é'gms from two-three deys
to ebout two months, but sach such group has a defiﬁite incubation veriode In
ghe preliminary study (Talle 52 _3, for eges lald bebegen 23rd Uecember 1086 and 231d
January 1857, the sormal inc.bation poriod was 131 days, and for egzgs laid duriog
the rest of Jomunry it was 8 days. j‘,:rurin;s, Hareh 1957 {Table $3) over a four day
group it inqreasa& to 15 days, from 25th Harch to 10th April it was 16 teo 17 days,
and by the last wook to April 4t wos as much as 23 days. Clearly there was a
change in iooubation period over the season esccording to monthly tempsrature, In
the 1957-58 season it wms hoped to.plet this trend accurately,

For ezps laid during the second week in sugust 1637 (see Tuble 34, the normal
ircubation period was 24-00 days, This decrcoased through 21 days, 19 days to
16=17 days for eizs lald at the snd of august. b gs 1aid io the flrst fortoight
of Heptechbsr batohed vormally in 15 days, but there wos an inerease to 16 dsya for
erzs laid during the remainder of thst month, Jotober egps hm‘::ev&e’z;‘:, showed a
decrease 1o 15 days. ¥ s of the £irst generetion (Table 35) 1uid during the last
vaak of {}embay) showe! a vormel Lucubation period of 317 deys, This increase was
the result of whitewmshiog the grecuhouse on 24th uctobor. Hogs lald during How
ember arxd the Pirst thwee weeks in Uecomber had a normal incubativn peciod of 15
days, but for the late Deccuber e pp it was reduced to 19 days,

Tn Table 5 the trend is adeqguately shown, over sumser and into autumo, the
end of the season, Lugs laild during the first eleven daya of Jenvary 1085 still
had a normal incubation peoriod of 15 days. For mid~Jemuary (11tb=30th) epus, it
had decreaged to 11 days, ard for the resainler of the Jamuary egys, to 10 days,
During the Pirst half of February, the height of the summer, the ninimum wodal
incubation peclocd of 9 days was reached and thereafter an increesse set in. Eight
days wes the shortest period recorded in Teble 58, but in Table 3% a period as
short as 7 days was recorded, Yor the remainder of February, normal incubation

lasted 12 doys, and in Hareh about 18 days.
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greenhouse vare recorded,
{page 76 ) The swmwution of the
Plize 34e

The duration of lscubation,

e%ma;gn 8 in tey w e, althoush

tfm dacroese and ineresse befove
of this eseson 18 well shown and

vortions which ave missing from

complete and shows that incubation peried normeldly variss from

the graphe
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1957=5: season, daily maximes and minlsun temporstures lo the

The mean menthly teuperatures were shown in Table 27

soasonal incabation data is shown graphically in

o8

or the changes in duretion of incubation with
not shown fully Yor the 1E=-37 seasou, do show
ard affer February, the warmest month, The end
it i3 really only the spring and early sumer
The grapgh for the 1807-58 sesason is

26 days to 9 days,

hs ﬁ@%ﬂ?@rﬁtm"@ increnses from aoying to summer, so the duration of incubetion

deera
A8 expected, the revorse iz true,

deoreages fvom sumser o aubumn,
Tho incresse in incubation
subor {ovar

cousod by whltewashing

e

the gresonhouse,

aossi, the shortest period colrncia iéé;-; with the hlghest temperature iu Pebruarye.

ii]("tﬂ_‘d tion period iscreasing as the tergperature

iou, shown at the end of Jotober - early Hove

that eszlier in Jetober) colncides with the decrease in temperature

. o,
There was an Lomediate drop of asbout 20785,

Towever, this foorsase in lncwbation period also colncides with o slight £latteving

of the minbnen temporature curve, so that

douht the most iewor

dotober -~ early Hoveaber group of

fenales (the Pivst pomeraticn
the longer incuvabion pericds.

Dececber i

early in Uecsrbar,

tant factor, was not ths only factor,

yrobably a reflsction of o decroase

t reductisa of maximen teuperature, no
Parthes, this late

aug are the firvst erps laid by vewly cusrged

i’omﬂ@@ el this wmoy also be o faptor conceroing

The flattening of the incubalion curve through to

“QQ‘\
in waxinum tenporature of 370

The effect is slight, nerely checking the dovmward trend of

the incubation gragh sud vot reversing it.

The veason for the sulden increwse in fucubation t

unlcnowri, but it

weve loying very irrepulariy at that stage.

mny be a reflection of the old age

oo in Sernterber is
of the vparveot gsosration whiech

Frobably also, the high nid-Gotober
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terperature would cause the reduction again to 15 days for the last euus by the

perent generation,

Fgviromoent of Parent and Incubation Period

To determine whother or mot ege layiog had comenced in the field, some adults

i34
were collected from the flold on 24th Jeptenber, and placed in the groervhouse.
The arrrmér_ was in the rositive, as epps wore laid on 26t Septenber, The incabaion
peviod of some of those egys was followed, and is of lotersst because it vas longer
than thet Por the parent peneration egns 1aid on the sume day., Therefore the
recovd of erus lald by these females wes kopnt separste and is shown in Teble 87,
Clearly the incabation poriod of these egrs follows the peneral trend already oude
lived. lowever, it started at 1D days at the end of Jertember, and during October
wes 38111 at o normsl of 17-18 doys which is, ob ove: age, 2 days longer than that
Por erps laid by the purent geueration, |

This result ls fntorpreded as indicating that tncubation f~ ioél may be influ-
enced by the maternal parvent, asrcording to her evvirounent, The females iwn the
greechouse were probably in a wermwr eovironment than females in the field at that
time of year. &8 the femsles from the field bhad recently been aroused from over-

winterin: guorders, photopericd wmay be a fector indirectly affecting incubation

of the epy, but temperature was vrobahly the major facter.

Puration of Tncubation ot Normal ILow Termeratures

Ag the incubation pericd showed such o nmarked resrsonse to wtwrual temperature
charnges, it was decided to deteinive the effect of lower termeratures. The coumre
encorent of ovi osition in the greonhouse Lo the early spring {Aumust) wos sbout
one month abesd of tho Piald event (Cerdembar ), Thorefore, by vleclug epus oute
8ide in the shade of o harn (near the greocvhouse) during Uetober, a teuperature
range lower thon that experlenced by eszs in the £isld, and yoi one thot was
certain to poupit development, wus obtained, The effect on the duration of iLocube-

aticn is shown io Teble 34,
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TEUHAT TN PeRTol OF  Gah DeVELOCDL, TN ARass 57 BAnN

o o e g R AR M A A LI BLIA eOR

Date of Hoe of fucubation lurber of egps hatching lo mumber  lo. of eggs

oviposition egzs 1aid reriod of : of days imlicated failing to
half of hatoh
bateh ia

greavhouse 80 41 42 43 44 45 46 49 51 52

29 Sepe 7 3 16 1% 2
9 Octe 5 19 108 1
11 s 17 1 P
12 9 17 6 1 2
14 4 18 2 1 1
15 3 17 5 0
16 5 18 5 0
17 4 19 g 1 1
18 5 17 : 5 2 0
19 & 15 o 5 1 0
21 7 19 5 4 0

54 Ave il 1 5 4 8 4 5 3 9 2 & 5

Hodal incubation periocd 44U days
Hatchability = 8%

bags - _20 91 95 96 97 90 52 33 35

6 Dec, 7 s 16 2 1 2 1
22 3 2 1
23 3 a5 G
26 5 2 4 31 G
27 & 1 86 2 G
1 7 & 4 2 1 3
Modal incubation pearicd 26 days
9 Jan, i as 13 10 8 0

¥odal incubation period 20 days
Hetchability (Dec, @ Jan) = 94,5/
*This bateh was incubated for 10 days in the greenhouse before bLeiny placed in

the barn on 8th Uctober, £11 other batehes were placed in the barn on the day
of ovirzosition,
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In most cases the e batches were halved, one half remalning in the greenhouse
for counparison (colunn 3)e A8 the temcerature in the shade increased from Ust-
ober to Jenuary so the incubation pericd decreased, For egus lald in Dctober,
Pecerbor ari Jamery, the modal incubation perlods were, respectively, 48 days,
a8 days apl 23 days, This was longer than the normal period for ezgs keyt in the
greenhouse by 91 days, 10 days and 7 days, regpectively,

buring Ootober, the aveveus masimum terporature in the greechouse was 987,

1557 to Bth January 1933 the meximum temperatuve under the shade of the burn \
ranged from 61°F « 79°P; om only thres days Aid it exceed 69°F (20,5°C) but this

was for only a wry shovt time of the day. The minlmum tesperature ranged from
25%p to 60°F, and on the same three days only, did it exceed 5470 (12%C).

The resulis indicate that the specles is vory adaptable to terperature changes,
Further, the bateh which was partially 1:’&@&%@& before rlacing et the lower temp—
erature is of special iunterest, becmuse it shoys that the sfg:ecie;s can survive a wide
temperature chnnge ccoeurring during embryonlc development, It hatched in a shorter
time than those sgus incubated entirely outside, Thus Gevelopment was asrely

slowed dovm Prom the moment of subjection to lower temperature,

mration of ITncubation at bxivemely High Temperatures

Thae variation in incubation vriod at the terperatures so far discussed is
great, and prompied this lovestigation into the urgper tewperature limit for Locube
aticn, & cablivet 204 3 20t x 204 was used iu which feaperature, malutained by
electric 1lighis, was controlled by a Bunvic thermostat, type 99 2, Relative
hunidity, which was fournd o be a vital Pactor at hixh terperatures, was maintained
by the nmethod described ov vage 116 . Tho experimeut wag regeated four times at
different teoporatures and the resulis are shown in Table 9. In column three a
comperizon with the rnormal ineubation pericd in the greenhouse was made for each

81’ 012?5



THaLE 39

SUAATTUR B TROURATION AT HIGH T2 ATURED

bate of tine of lorwmal incubation DHuober of egys hatohlng in the Uo. of eggs
ovirozition egms  poriod in green- mwber of days inmdicated failing to
house Se b 4 4o B 5] hatoh

el
Group 1 Usan tenperature HMe=35"C

a1 dJan 50 6 P10 days 5 1
22 ‘ i) 3 15 '3
A

adal incubation poriod 4«5 days
Hatehability = 975

- I 3
Groun D Hean temperature 88,3 C

87 Jan, 8 18 10 days 7 3 2

Hodal locubatlon perloed 3.5 days
Hadchability = 8-

ran e s ..
Groun & lean terperature 44,5 °C

6 Peb, 58 10 10 days & 8

Tocubation period 4 days
Hatebahility = 40"

1

. O
Group 4 Hean tenmperature 45,%2°C

12 Peb, 58 9 days 6

jav]
Y
Y

Hodal ivcubatiocn period 4 days
Hatchability = 907
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Group 1 shoved that at a temperature of $4-357C. (92-05F), the incubation
poriod was 4=5 doys. For the second group, laid on 27th Javuary, and kept at a
wmean temporsture of 38,57 (9778, the rodal incubation pericd was S,5 deys.
Group three, incubated at e higher mean tempevature (321%F, 44.3°%C) showed a high
mortality (47%), The guus were subjected to a wery high temperature of 4‘:‘?0(?;-5100.
over the fivst 15 hours, but this was reduced to arvroxisately 438, 5%, over the
repaiodeor of the poricd, The e;r;;s took four days to hatch, Helative humidity was
slightly le: 1% in this case because the cottonwonl containing the egus was not
darp whersas io the other three groups it was. ‘hether or not the high wortality
was caused by the very high sexly temperature or by the lower relative humidity,
is & matter of surmlse, aod probably both were cowerned, The implication is that
the conditions L)‘mvmlw for group thz*ee: were nsar the upper limit of toleravce.

The euss in group four iocubated at a mean tempe:*a’cum of 3453.40*, (45,9 x,),
hatehed in four days, 4s the hatcehability for group folr was 60, i% foliows that
the terperature of 11577 was oot at the upper 1imit of toleramee, Conpared with
‘group three it seews that either the high tomperature of 47°0, (136,672} over the
first few hours {in group three) was near ?{:hg uppey iimit of toleramee, or that

O

humidity is & vital foctor at 45,570, fumidity was possibly a factor at 56.5°0

causing o relatively low hatchability in group tuc.

Turation of Incubation at Extremely Tow Tenporatures

The egre of this goeciss have shown resarkable tolerance to tenperature
changes, The following experiment was designed to determine the lower 1limit of
temperature tolerance, Freshly lald egus were olaced 1o refripgevators at 5%,
(37.2°8) ams 6%, (43%2) for meriods of one month and two montha, FHowe of the egpas
hatched, However, this did not pecessarily wmean that the egss were dead and so

they were shifted into the greevhouse, Some of the eggs hatched, The results

are shown in Tables 40 and 41
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Tl 40

SOATU R Ul INCUBATLUN U

SEEOT O XTRIRTY 1o, T
fio, Of lioe of live of days to Total period . lioe of egus ercentags
ens cla;-,rg hatch after shif't from oviprosition failing to hatch
at 3C  to greonhouse 4o hatohing {(days) hatch
8 32 30 43 0 100
6 . 16 ' 48 8 17

T A TN Y N AR, Wi\ MR R T A e Y4 PO oISt

Table 40 shows that ewbryonic developmout was merely suspooded at 5°C, because
whon placed in the greenhouse in Hareh, incubstion was completed in 186 days which
is near the nomal incubation period for farch, The total pericd from ovirosition

to hatching was 48 days,

turation of the Cold Teriod as a letermining FPactor

The epgs held at the low terperatures for longer fhan one month were also
shifted into the greenhouse, but none of thém hatched after a‘ﬁu'the'f 35 to 62
days. At thils stoge, bolng mid~iay, the possibility arose that the vormal preen~
house terperature was now too low for developmont to vrocsed, and that these epus
may not hateh until the following season, To test this hypothasls, some of the
eros were left in the groovhouse until the J‘.’él.’i,owi.ag apring, but wone of theam
hatcheds lowever, to hasten the rrocess, some em:s were Tlaced in a temperature
cabiret controllsd at 7879 s @ nean daily summer feeperature, The results are those

stown in Table 41, Uone of the epwrs hatohed,

TaBL: 41

Y
e

FaTw UF HGGSE TULRIDOTED T DXTRIGOTY T00 TelfnaTUies PR BOm TIAN O OoNTH

e

No, of egus Qg_._cgf_da_;g_ﬁ Hoe of days Late of shift Oto fiae oOf Odays Hoe. of egus
3 Ca ©6C, 1in grecvhouse cablinet at 73°F at 73°F faillog to
hatoh
i 52 12th May 58 22 &
5 61 33 - 22 5
3 61 . 33 " 38 3
3 59 33 " 22 3
& 39 33 o 22 554
“The % falling to hateh from Teble 40

B T P —
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From Table 40 and 41 1t is clear that an exposure of egga o a7, for longer
than about 52 days (in this case 5G-01 deys) was fatal. The fact that oot all
egprs shovn in Table 40 batched indicates that 32 days ot 501 very near the
Iagver linlt of deuperature toloramce., lHowever, as the secord bateh of engs were
by o fernle Fnown to huve aboormally low fertility, the 1imil mey oot vecessarily
be a¥ 33 or 34 days, but mey be at any poliot between 53 and 0D days, Agaln,
bacause ism exmosura 0 60{:,&31‘ 59 days was fotal, it scems loglesl to conclude
that an esrosure to 5%C.would become fatal earlisr. There is, therefore, & limit

. o,—, R . i1
to the period of survival of erus at terperatures of B8C,amd less, The hypothesis

that normal deuperstures in iay ave too low to rermit embryonic developoent was

not disproved, bult the eins were dead before rewoval from the refrigerators.

Pate of late sutunm Boos in the field

The guostion arises, would egrs hateh if 1cid in the f’ie.m eariier in Sept-
evbor, anl later lo April? The results from Table 40 sugrests that they would,
althouh the incubation periocd would be drawn out, and in the case of late autumn
euas devalopment may be suspended until the following spring. %ield temperature
date for ralmerston Horth recorded at Grasslands Division of the Depsrtwent of
Selentific and Iwdustril Resesrch over the poriod July 1957 to Jume 1058 arve

shown in Taile 48,

RBTON NOATH 1057=38 H.4501H

Honth of yoar Hinimum on Sarth at 4" =
Lige, . ang

a, %, % ,gr S, °c, %,
July 1557 11e5 52,7 2,0 35,8 «1,7 50,4 HeT 45,8
August 14,8 57,4 Be 43,1 Gelt  F75 8,3 406, 8
Septecher 5,5 58,9 8,7 A0 2.2 BT BT 48,8
Ootoher 5.6 AORY 70 A48 Patd el 12,1 e d
foverbes 18,0 86,8 Gt 40,6 Bad 4361 18,0 59,1
Daeonbeor 10,8 887 Ty D08 Balt 83,7 6,2 61,2
January 1058 24,8 $ e e D ety ADL.H 15,5 65,5
Rebruary 2445 1.5 87,6 10,6 51,8 G0 6B
Harch 22.4 72,8 1885 1ide5 To2 4B, 1 15,5 58.6
April 17.¢ BB 5 PRETY- DN ¢ ted 34,7 19,5 54,5
Hay 18e70  BULE2 Ted 45,5 4.6 40,5 3.5 53,5
Juna 18,4 58,1 4.0 38,3 3.4 B2.7 Tl 4B

*Reoorded at 9 am
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Geimer (1U53) stated ",.. the hirhast terpercture at about noon is the bound=
ary betvesn ground and alr; startiog fron here the teoperature decrcases upwards
and dowovards,” The onrosite is true at nishis I huttoni svimszts in the soil,

apd as the carth teopooature in Table 40 was recorded at ¥ am, the winioum temper—

ature on grass is wore useful in this rroblewn,

Eggs would not survive June and July, but eggs (ir any) lald in auzust would

i

hateh bocause the duration of the minisum tomporature is for a rortion of the day
0!313]’.
Any emrs lald in May would probably be too late and would thevefore oot survive

s laid in April may hatch, but the oymphs mey €ind it herd to survive,

the two coldest montha, June aod July,

However, the orizisal guesticn is heardly Jjustified, bLacause evidonce from the
facundity stuly indicetes that some mechavism operades in the fernle to mwevent
ovizooition ton early or too late in the season, Thotoreriod swd temperature are
probably the coutrolling Pactors. In the 19D50=57 masén an egg vas laid in the
greechoune as late es 20rd April, This hatohed on 11th May, but the aymsh Ald not

sorvive the winter, The last eny was lald on lst Uay and this did not haotehe

) ]

Effect of Hlum i ity on Incubatioun

At L=t 'Wc.un?ug High Tempeiatures

sexrly att&*t’*tcs to hateh epgs ab .f%aﬁo {9:3‘5’3,} were unsuccessfule The egus

literally cooked and shrivelled. Cbvicusly relative bunidity is a vital factor

at high ftewperatures. Helative hamidity within the cabinet wes ralsed consider-
ably by two simple methods recomsended by Veterson (15409}, 4 sheet of blottiog
pager 127 x 47 sinoed to one wall, and with the lowsr portioun placed into a Tlask
of water, inoreascd the evaporative surface of that water. Subisequent eygy batches
were ploced into smaller jars (1" x /%) which were inverted and stood on a cloth
stretched over a tray contaluing water, In the case of groups ous, twn and four
(Peble 59} the level of water iu the tray vwas of sufficient beight to cause the
cotton-wool o becowe moistensd, Un the other hand, in the case of group three

the level was lower go that the cottorwool did vot take up moistws, The effect
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was marked, and compared with group tw would seem to iwdieate that the mean tem=
perature, 44, 50(?.5.3 aear the uprer limit of temperature tolersnce, Hovever, the
success of group four at 45, o°C.contradicts this view and emptasises the vital
role of bumidity,

A%+ MHarmel Temmeratures

Ho hunidity date were recordec’i ia the main iocubsation experiment at normal
tegpmatur&a bescause no sultable eguipoent weos availsble, lowever, the relative
mumidities recorded in the ficlkd at Grasslands Division of the Dezartment of
Scloutifle and Intustrisl Research, Palmerston North ovet the 1086-37 and 195758
geasons are shown graphieally in FPize 38. {4 similer result would be expected in
the preochuse )._“ It shoold be considered in con unction with the iccubation-teup-
srature sravh, Plge 34 From early sgoing to sumwer, duration of incubsation
decresses as tenperalure rises and es relative himidity decreasscs; the reverse
tokes plsce from summer o subunn, Loder matural conditions, the decresse in
relative humidity ie oot great, and at all- times relative tumididy was adequate;
therefore temperature 1ls the major Pactor opesrative,

Tater in tha 1857-050 sesason, some eups incubating at oormel tevperatures
within the greschouse were tested for survival under low relative humidity. The
actual humid ity attained was not deterdined, but the method ased is kuoun to pro=-
duce dry aire 4 literal asmpunt of anhydrous calciuwa chloride was zlaced in a
desiccator vhich was then left for ove day befove the expsriment bepen. This
experirent had some slight variations as follows: sowme ey batches were partially
ircubated at normal haenidiliy before belns placed in the desiccator; some batches
ware halved, one half being vplaced in the desiccator on the day of ovirosition,
the other half acting as a control; some baiches wore divided into three, one
third bein: o control, the othes two thizds poing into the desiccator on the day
of ovizosltive but one thicd having the Jor 1lids venoved; one complete batch was
placed ints the desicentor on the duy of oviosition. The results are shown in

Ta-la 48,
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Veriatiou in relative humidity at Falwersion horth

for the 1937-05 sesson (solid line} and the 1556=57

seascl,




Ho, of o, of Sus o, of days Mo, falling ARemarhs Control tortion of sane
ezes at wormal in desicontor o hatceh , hatch at normal
huidity branid ity
Ho. of  lice failing
eI to hatch
i) 7 4 1
2 7 4 O
2 LB 4 O
8 A
117 not hatching
4 O 13 3 1id on Jar)
5 o 13 3 o 15 3 3
5 9] 15 O 4 O
5 0 13 i 1id on jar)
: D] 0
3 a 13 3 oo 1id }
3 G 11 1 no 1id
23 z 2 A
50, 4% ot hatohing 117 not hatehing

Aswuming that hanidity ig a pecossary factor for develorpmoeut of these egus,

it was 2 aurorise to find that some hwmtcheds To explanation, it weas possible
that elthourts the Jor 1ids were lousely screwed on, the normal aiy they contalned
wns trapped in, amd therefore wot drieds Hence the remowal of jar lids,

The group that was partially incubated at normal humidity (shown in the first
three lives of the Taile) all hatched bar one. Compored with egus urder normal
coxx:litiarm‘s"; shown iu the right haw! side of the Table, there is wo difference, .
The percentage hateh is «lso in agrooment with the results from the main incubate
jon exporiment (Tables 59~38), It would seem that the ezss can imbibe sufficient
molatwre early io incubaticn 4o last them through the zericd in the desioeatbor,

un the other hand, when epns wore completely inculated in the desiccator




119
(see lower left of teble) the mortality was considerably higher; nomely 50,47,
In one case of two comrarcble batches, there in evidence of highor mortality when
the 1ids wore left oif the jJars, but the nunbers are too small to plece any value
on this fact, vhat is wore mortant, azonsiaezring{ the lower lett pordisn of the
Table asd o whole, is that at & vory low relative hunid 7.t‘/)uu.\ of the epss were
still able to hateh M{: arrmel terpevatures,  apparently there is sufficlent
molature in the ez at ovirosition to enudble complete embryonic develovment and
Emtehing... This water nay become "bournd™ to prevent loss through desiceations

sztremely Tow Temeratures

: o . Q.. )
formey of the eprs sublected to lovy perilods in the refrigorator at 6 C,and 37C,

woere shrivelled, %Thus eold, in addiitlun to suapeoiing rent and sventually
¥illing, nlso desiceated the erss, The author is not susoesting, however, that
2 g LA A TS i.:} ®

has the air beon koot homid, these egss would have survived the cold,

Commaxrison of Yerceanlage Hatch over : ali! Imuba sion Ixreriments

w

“he percentage hatenabllity (Fertility) of the egys hos beev indlcated in the
Tables throughout thisz section,

At Hovpel Temperatures

Hormally, hatohability (Pertility) was very high ren-ing from $1-05% as shown
by the prelininary experiment egys lald in Januavy 1957, 940 by the vorent gener-
atlon euns 1ald before wiunter :L}‘ﬁ Y3 by the firat geveration esys laid in
dotober, Moverber aud Legerber I ‘*ui 2+ 93 3 by the secowd poncration and cross series

egzza lald in damery, February axxl Hareh 158%, 9L, The parent generation eggs

lald after winter in Susust, Septevber and uc*::;ber 1957 had e slightly reduced
hatehability, 940 o ipgs laid in Cetober 3057 by feunles caught in the fleld at
thot tise vere found o have a similer reduction in hatchability to 80, iere
aguln is evidence of the ageiog vr detrimental effect of winter on the overwintering
fermale and there is egreement between the reaved females awdl the fewales from the

Tield, This may be a reflevtion of the age of the overwintered males,
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Beasent (1247 ) showed that Lo i, mrolixus eyus there is a decrease in the
number of micropyles with the age of the female and th@.f this accounted for ¢he
decrecss in fortility of the esgss; egus laid by an old female were sterile. This

situation did wot occur in [, huttoni because in the spring and suammer generations,

Pertility remained high eveu up %o the last ez batches by 0ld fesales,

humiﬂiéy “(QX‘};‘ air) wers found 4o have a lower hatotiability than both sunmer gener-
ations and early spring laid epgs, namely 65,8, Clearly hunidity is necessary

at mormal “ﬁ:@fﬁp@?‘&ﬁ&!‘eé, but because the reduction in hatchability was wot excessive,
the oinitgn relative hunidity reguircment oust be low.

At low Tesmeratures

For azrs lald duwring Uodober and incubated in the shade of the barn, hatohe
ability wos 8%, but for the Decomber and Jamiary ezgs it was 94,5 %% (learly a
reduction of terpevature (frow December $o Sotober ) ré‘{;arc'iad hatcha?}iii.‘;y in
addition to increasicg the incubation rerlods lowever, by Deeomber avd J aORATY,
the peneral increase in femperaturs even in the shade permitted normal hatchability.
Thus an catinmate of the lowest toupersture permitting the vormal 91=05 . hatchability
was obtained and was 18,670 .(1,0. the average of the wean maximws, 19.4°C and the

mean minimum, 11°C recorded in the barn in Degember

At ixtremely Tow Temperatures

is indicated earlier, deveio;mﬁt was very slow, but more probably suspended
by the terperatures 6%.and 3%, when returned to normal conditions, some of the
egga develoged, but hatehoability was reduced to .47, This demonstrates the
tremendous adeptability of the sygs of this species,

A% Exztremely Hich Termeratures

At high temperatures the perceuvtage hatoh depends on humidity, Vrovided thet
relative hunldity is not a limlting faector, esps may be incubated at & temperature
as high as é&.i?,oﬁ.(iiaob’j) without reduction in hatchability., Yhen relative
hanidity was vot adeguate, hatchability at %Di."z, vas a3 low as 40%, ard when m

. . . I o .
attompt was made o naiodaln husidity, hatchability at 34 °C,was Gl
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Z0il versus Cotton=wool as a Substratum for Iscubation

Laing o soall bateh of fPlve e:s8 in soll, it was foumd that they heltched ons
day ecorlier than the majority of epps lald in cotton=wool over the same period,
Therefore incubation werinds in the fiald may be a 1ittle shorier than those

recordad in the groevhouss,

Zelosion from the Hoo

N

4%t the completion of embryonic development the weture embryo liss motlonlsss
within the chorion until the cowmencement of hatehing, Howsver, heat from a
bright lisht a day before hatching is due will induce the enbryo to wrig:le
violently, X

The f‘imt m;ement was e woave of muscular cowbraction from posterior to ant-
erior. Shifting of the zed eys srols was readily woticed as the hezd was thrown
backwards and the body arched, These slow and comparatively weak muscular waves
covbirued for sbout three mimutes. During this periocd blgoﬁ rressure wes build
we in the head to facillitate bursting of the chorion, &%t the terminatiuo of a
body wave, a split was made in the chorion at the cephalic pole awmi a portion of
4he head momentarily avreared, On tho vext body wave the head bogan to energe
and the following wave forcsed the heod and vart of the thorax frec, There was a
conienl rrojection on the heaé wid-way bebwoen the eyes, With the vext forward
surge the anterior half of the boly emerged and began 4o wave from side to side,
almost froeing the embryo frowm the shell, lowsver, the embryﬁnic:s cuticle still
covarad the posterior half of the nyeph ard resained attached (by the posterior)
to the “zﬁoﬁtzt«." of the sheli,

The time elupsing from the Tirst splitting of the chorion until this stage
ranged frem £=3 minutes, The swelling on the head was then withdrewn flush with
the swroundiong head cutlcle. Its ooture sugcests that thils was the eggburster
whilch swalls up with blood pressure to split the chorion, and having accomplished

its task, was withdrawn, The chorionie split was ventral and extented from the
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cephalio tole down the nidline, a distance approximating the body width of the
nyaphe A somevhot similar process is described by Fendergrast (19523 in egps
of Rhovalimorpha burs (Fentatooidse ) but in those egus the split was covtinued to
the posterisr role, It is zousible that the (lrst 'segaﬁnt of the rostrunm, beling
forced ageirat the chorion wien the head is thrown back, =ids in splitting the
chorion, Sivee the aplit was ventral, the sovement of ths body at hatehing, wes
forwerds and dowrards,

The n};’ﬁrg;h lies motionless ot the mouth of the shell for 2-3,5 minutes., The
posterior half of the body was enclosed in o vembrane - the ewbryouic cuticle
(vigalesworth }193%3} of the "ioactive proayeph” (Tillyard 1926 Jo It enclosed ouly
the ahdonen on the dorsal side but extended further forward on the ventrel side
to enclosse the 1&3;;;:&: atdl dhe distul half of the rostrum and anteunae, wwodueing a
marnified a’;‘;f;:euz’ame or the *legleas la.aﬁa‘? (istoger, 1942 }; The antennee lie
folded unler the body, ose on each side of the rostrum avd perallel to it (sse
Plate 4 A apd B), .

After this first period of inactivity, wawes of musculsr coutraction began
agaln, com encing at the anus and ending at the head., The most wvoticeable part
of the movement was the throwing bachk of the head, archimg of the body, and a
simultansous movement of the rostrus avd anbennas awsy from the body. There was
aloo slight swaying of the bhody from side to side, On onebeat” /%;istse back was
arched, the antentee ard f’amiéggswem freed, ou the Fifth beat the mid-legs were
freed, and on the saventh beat the hind-leps wore freed, The range of times taken
to free the aprerdages were 1-0 minutes,

The nymoh, still atbeched by the posterior abdominal seguent 4o the emsbryonic
caticls (Ilate 4, C) eutered & second rotionless meriod for 29-3 minutes (except
for the ocousional £lick of an apverdage. The nymph attempted to walk away,
but the cuticle s8till belng plicble, this rortion verely stretched. svenbuslly
the oyuph broke free, the jposterior abdominal segront being drawn out to the

ezxtrere like a "$ail”, This contracted ¢ the normel shdominal shaye in a matter




& = 1y, batching.

FLATE 4
& pudisentary external genitalia of female £ifth stage

apmh - ventral, elishily posterior view {not to same scale)s
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of secowds., “hen complotely free the nyeebh stood motionless ou the empty eng
shell for 4 to 3 nloutes before moving away,

The total hatcehing time, taken from Picst selitting of the chorioun until
when the nyroh wag completely free was =11 minutes, To this could be added about
3 minutes of preliminary“bests” inside the shell., uUsioger (1042) rerorted a
hatoehlng tlne of ten minutes followed by a motionless period of tewn mimutes in

He Coenosuylius,

Tn sumarizime, the timés ard ranges (from seven obscrvations) were made up
as follows:
{a) Mom Pirst splittiog of chorion uotil nymph motionless in shell mouth

2 = 3 nimtes

.,

(L) Pirst motionless period 2 - 5,5 minutes
(e) "iox burstert ia rresent for | 4 - 5 minutes
(4) Time to free s rewiages 1 - 5 minutes
(o) second motionless period | 2 -~ 5 ninutes
() Time w free posterior abdeninal segment up to 1 miouts

Soretilnes before the firast inaciive pericd, the nymph comes sway completely
from the chorion but takes the lower portiovu of the embryonic cuticle with it
It st11l1 observes the ssme pericds of activity end iosctivity., lovever, wheun
freeing its surendages from this sheath, the mid-legs assist (whew fresd) by

rushing outverds and dowmords on the erbryonic cuticle,

(3

Discuasion ou kelosion and the bsbryonic Caticle

Soutine o {1056 ) stated thet where an orverculum or true sgy cap i8 present
(Cimicowrrha - gses page 9) the larva escapes throush it et ecluosion el does wnot
uplis the chorioun, but in the Tentatomororpha where there may or may wt be a
magulonerculan, the chorioo in both cases iz split irvepularly at eclosion, Andre

(1084} as meotinoed hy Souttwood says thot in the e of Jncoreltus Fascistus

Dellas, a rerresentative Tygoeid opyr, the chorion is split Lovegularly at ecdysis,
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Usinger (1942) deseribos he batehing of egys of I, cosnosulus  “Heloslon is

accorplished by o splitting of the chorion somevhiat irzegularly near the antarior
end of the e, formin: a {flap or 1lid which is forced oren as the enbrye expands®,
e conslders this the gereval pettern in Jresiliini,

In i, huttoni esis, the split was neat and mot irregular, the two sldes mersly
being farced apart os the nymph emerged. (sze Tlate 4, D), Yhe embryonic ecuticle
normally remained attached to the shell mouth, and this, srlayed cut, rreseoted
an irrepular surfoce.

Jouthwnod also stated that "The embryonic cuticle develors over the whole
surfece of the ebryo and ermvelops each arpenlage ée-g*arately; it is shed imedi-
ately after eolosion, Strictly it should be counsidersd as the cuticle (and sub-
sequently, exuviwi) of the first lorval Imstor, thus giving o total of six larval
instars in most Yeteroptera”, Tillyard (1':;;‘ 77 (eited by boutlmood, 1956
discussing Odonata, refers to the c;futicié as the prooymphal sheath and states that
the rronymrh reelly rerresents the first lozval instar, Gainger (1049) states
that in Orsillicl an eysz:yﬁnic membrame is cast when the enbrye quits the chorion,

In the case of I, huttoni voly the lower portion of the embryonic cuticle has
reen voted - the legs )cmmmmﬂ end rostruwn ore not egch enclosed senarately but
ace merely pliucd down urx?i.az" ite Ti co.ld wot )tmrei’f:;re) be termad an extra instar,
Although searehed forr, the amterior portion woas not fouud, oikes and Jig:lesworth
(1281) observed . mrolixus erps during embryonic pulsations awnd stated thet the
momhraoes are runturcd at the sane time as the cap is displaced, &n explanation
of the fate ui the ombryonic euticle in N, huttoni now becomes aprarent, It must
have been solit when the chorion was split, and it probably slipred backwards as
the nymph moved forwerdsyso that the anterior portion was at the mid-body level
argl the zostorlor yrticn collapsed, The process -by which the ayaph freed itself
Prom this stuge (Ylate 4, 4, B and ) has already beon described sbove, Heve then,
is amther fact showing that in N, buttoni the embryonic cuticle canvotl be

regarded as an additional inotar - nomely, that before the uymph corpletely emerges
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from the ez it has moved nert of its way out of $he awbryonic cuticle, There-~

fore ro povt of its mymeohal 1ife is spent entirely within the esbryooic caticle,

Time of Dav of Hatehing

The first esps lald by the parent generation aftter wivter hatched on 2rd
Sertember 1007, Iuring Sertecber, the najority of hatehings occwriwd betasen Sam
and woon, hut vone outbside the himes Paaard dime 48 alp temzerature iuvcreased
from Sertember o Jctober, more batehings Legan to ocour earlier thon Sam.but o
more in the afternoons,

imring a 10-day pericd from 10th to 24th December 057 awd from 7th to 11th
Jamary 1053, obsorvatisns were ot Sam, 1lam, woon and 4im, and the maber of sggs

% s * Al 2
which hotebed hetwoen those times were us follousiw
doin - Bam 73
Bowm = 1Gwn 153
10am ~ Hoon 46
Hoon =~ 4pm 26
Of the total hatehings 319 occcurved betwsen Ban and 10am. 48 a large oumber of
hatehings wove recoxded bebween 4am and 8am observations were externded later in
) ¥
the evening and earlier itn the worailng, and nroved that the hatehings ocourred
earlier #han Ses, but not in the eveniog, Thevefore 0% of the hatchings over the
-4 1 i~
reriod osceurred in the moralng.
It was declided to divide the dam - 1lan interval into dwo, snd so over a 21
2
Qay period from 14%h January 1008 o 4th Pebruary, observatious were at Sam, Dam,

10am, Moon and dume  The nusber of @3 that hotohed between these times was us

(RS

followg:=

5
e
M

doan - Gan

fub
~3
o

oy - Son

Barn = 10qia 74
1lam w Hoon 71
Hoon -  4mm 22

It 18 seen that the mumber of hatohings increased rapidly o & peak hetween Bawm

and Sam (when 3 of the hatehlngs occurred) then deeclived gradually to nid-day,
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after which it suddenly declived, In the worning U5 of the hatchiogs
geourved, Often many euss hatched betucen Bam and 8.15en, and this, together with
the fact that a lavge nusber hatohod shortly before Bam, indicates that at the

teight of sumer the oreferred tlue for eclusion wun about Ban,
) a7



EERY P THOUBATION JLaIdb

1.  Daily coleur changes in fertile oms are described and compered with those
in infertile egys. The former Levame progressively Jdarker as incubation jwog-

ressed and eventunlly the mature embryo become visibls through the chorien, but
the latier soun turned a dorl browo and eventoally collapsed, The employment of

eolour standands was found to be satlsfectory.
' , ) inversely
2. It is shown thal the duration of incubation over the season varies/ with nordal

tarperature changss, e.g. 95 days in sugust, 9 days iIn February awmd 83 days in Yay.
As it is alao shown {by using dey air) that the relative mumidity requirement for

incubation ot voymal temperatures is very low, and therefore wvot a limiting factor,

terperature 1is the vajor factor operative,

3

e T4 iz skown that the epps of this species are very reaistant to adverse cove
ditisns becausey-
(a) incubation neried at moimal Jow terperatures (in the shade ) wos 49 days
in Uotober=lovonber, 20 s}u,s in Decerber at 15.{’;0{3, au_z 2% days in
o QUEEY,
(1) in & controlled temperature cabitet at 45,2°C it was us shord as B.5-4 days
{c) exvosure to 6% awd 3621 for 32 days merely suspended develomment; when
roemoved to normal tesyperatures the epggs hatehed in the normal ﬁwnbez* of
dayyes,
4, Tt is shown that the urper 1limit of tenmperature tolerarnce deierds on relative
hupicity because when this was limiting the value was below 347 s when it was oot
quite adeguate hatchubllity was ouly 40: at 44, SOC, but when it vas adequate a
rmal ha’c:"iu:a?:ility of 90 was obiained ut 45,270,
S It is shown that the lower 1imit of tesperature tlerance derands on the
duration of the cold ericd. At tempeoratures of 6% = 8% the meximum neriod of
survival is bebween 35 aud 58 days,

6. Tvom a compurison of tempersitures iu the Pleld with the reaults of (8) above,

1% follows that should eny epes be 1lald 1o the field late in autusp they would mot
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wintow!

surglive winter. Howovery, from the fecundity sbtudy 1t 48 clear that some wmechanise
(in 211 probability stiwulated by vhoioreriod and lemperature; orebates Lo the
fennie o Trevent ovirzositiown either too late or too early in the sesson fur epus
1o davelon,

7. It iz showo that hatchability was pormally 93=Dl ., bul in the overwintering
generation it wus reduced to 80 In coutradistinction to . prolixus eg:a which
decrease in fertility with age of the wateroal parent, i, huttoni esus were highly
fertile up o the last bateh lanid by i:ha’ fomale.

e T4 is shoun thad eps incubated in s0ll terd 4o hateh 1o a shorter time than
eg;;ig incubated in cottor=wool. Theveforse incubation periods iun the field over the
height of sumser are likely to be slightly less than those demovnstrated in the
groonhiouse,

Yo Belosion from the eyg is deseribed,

In contrvadistinetion to the mﬁﬁ&i’ }:mmac}ure in egss of the Feutatomomorpha,
it 1z shown that iu N huttonl egys the cho;:'icn does nob czaliﬂt irregularly et
ecloaion,

Contrary to the geverslly beld bellef that the ewbryonic cuticle represents
the €irst Jarval instar, it is shown that this cenoot be so in fi buttonl.

10, T is shown thot hatehing, uwolike ovivousition, occurred almost entively in

the morning, with a vealr veriod between Sam and Pam,
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A8 the prelinioory incubation study had irdicated a marked reapomse o
monthly termerature chaoges, it seemed likely that each instar would show a
siniler responac,  fccordingly, the duration of each loster was rocorded for all
individuals reared ‘over the 195756 season, The naming of the pemrations was the
same as that used in the chapter ovn Fecundity., Four gererations were reaved

through %o the adult from egps, in the 1907-58 season.

Colour Changes Occurring after bolosion

S

vilmxrly obseMtiona were made under a microscope using a low power objective,
the scurce of {llumination belng deylight only. OColowrs were compared with

Ostwald's (10317 Colour Standards, |

Telosion occurred betwsen 8, 18em and é.éﬁan 9th December 1057,

R 10am:  Fals orange throughout; hoead a*“x:‘x thorax slightly paler,

(0stweld serics X 5la’, but more shiay than sbdomen (0. +, 41al, Tegs
arndl antenpae tinged with orange, but trassparent. Eyes bright red
(7a 21V, Tpaj.

10, 1Gam: Ceolouration as sbove excent for legs and antennae taking on a greyish
tinge (0. T, dec), though stil1l somewhat transparcunt, and tho appearance
of & wid-dorsal abdominal orange spot of alightly deeper intensity,
anterior to the anus,

11.10am: Grey tinge ov head and thorax (excent metathoraz ); legs and antennae
have lost their trauwsparency. Head and thorax orange-grey (. IV, 3iels
& Vaghaped rostion on midline of pro- and mescnote (which portisn does
ot é%m"ken), and the head stripes,orange a3 the abdomen. Iegs and antennse
light grey (0. Plate 2 series U, &), Abdomen now a dseper orange

{e ¥ 44a); the dorsal spot wow red {0.X,6 1al,
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To thoe naled eye, head ard thoraz arvesr brown. Ilead, thovax (exeept
retathoras ) legs and andennse grey=-brown (U, v, 91z}, but the mide
domsal V" and head markin s, orange. Hyes remaining red, Ablonen a
hright orarge (2. %, Sla)s  Two further dorsal syots present ncer the

netathoras, one on each side, All three srots now rod (J. %, 7a.c. ),

To the naked eys, black Just appearing on head ard thorax. Head and

thorar (exeept motuthorax ) brown {U. II, & 1i); mia.»um's:sal strip and
hoad stripos rot darkeniog. Iegs, antennse, and ”z‘ostrm gray-blach
(e series 4, L) Pourth segment of rostrus o darker black. Two black,
leteral oblique, stripes present on the medathorsx. ‘The unlerside of the
thorax rexalns orangg except the ocoxae andl sub-coxal plates - browne

The rostrum, though, davkens like the legs and antenqs

Abdomen: & desper orange (U, ¥ M, 5 nal Only the resterior red spot

on the abdomen vow visible (u. }‘ZI, & pela

wponlogs of two dorsal abdominal scent glards becone x;isible for the first
time at centre :;f’ edges of fourth and fifth,and £ifth and sizth segrents.
The edges of all segwments clesrly dmeer*rsib},s.

Head, nro=- and moso-thoraz, and lateral metanotal markings blackish

(oo IV, 4 pl), Hid=thoracie "V avd head sarkings still orange. Hyes
red. Iﬁg;a: antenne il roskrum grey-black, {uv. IT, 1 1i)e IDistal
rosteal seasent black (O, series o n). ibdomen and netathoray - samo
penxal coloar (G, YT, 5 mal. Two lateral red spols avesr, yossibly
parts of the viscera showlny throwsh, Une of the head narbkings oroves

to be tle ecdysial subure,

hiz is covsidered £l coln@,%m nyreoh aymonring half blacik=half orange
to the mbked eys, the time token for darkening being shout seven bours,
Hext moraing colours were aguin checkad but mwo further changes had oecourred,
ey ssveral observations the followlng have besn recorded for dime taken

o darken 4o full colour 5, 8, 7 and 8,5 hours; mean 7 hours,
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Colouz of other stases followins moulin

Afbor all moults the lusect was pale in colour, but darkening anld havdening
of the ezxvcuticle vos completed io several mours, Por exesple, the nowly ocmerged
second stase mmph was (like the first stage) pale orange in colour, but later,
black oigmentation appeared on the head am! im:‘aaz. The nevly emerged fifth stage
uymeh was crean in colour, then graduslly davkescd through green to greylsh-brown,
and finally & black on the heod ard thorex. The ofult turoced through the colours
creom, to green oa the head, buf? on the winge and pink on the appendoagss, to full

eolow,

Firat Teedling of Hymohs

On hatehing, a nymoh wes ploced on a spriy of 4win ovevs, It wallod actively
over the plant but did mot atterpt 4o feed in the first 10 minutes wftor hatehing
{(when the observation cossed)., vheo nydohs three hours old were given food they
imediately bogan o feed, some on the tips of fresh young Ztsévas, onthers on green
sced-casas, When food was offferud two hours from hatehing, feeding ocourred,

Thus the nymohs were sble 4o feed well before full colowration was assusned, The
tagerad tin of the roetium wes partially Loserted inte the plant tissue, and on
the leaves, the velns seamsed %0 be the site of ilssertion

The duvstisn of tho first feelding pveriod ranped from 14 - 18 ninutes; mean
316 wmimutes, S8fier about five mioules of feeding, the abdomen scamed o have
distended, amd so some wmeasursments were taken on gymphs which had pot fed and on
the game nyuphs boedistely afler the first feed, The poeat messwements over
three wrnmhs weres

unfed: body length O, 'um, ieng;th of ebdomen U Ztmrs

after fivst feed: body lensth 0,78m, length of abdoren 340w,

Gigpleaworsh (10347 showed thad e Trolixus mymphs can ingest slx %o telve times
their own weight of blood at o single wmeal, ardl dnt the abdomen i8 capoble of

epormous disteusion, Cwe M, buttonl nyooh exarcined fow hows alftor hatehing had
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ot fed, but the abdomen bad shortened imlicating partial desiccation, Tater in
the day it hed fed, Lorause the abdomen was distenled, This indicates that con=

H 4

suorption of o neal within a few hours of hatching is essential,

liormal Uhanges in luration of Nymrhal Jevelosment Throushout the Yeason
R TR TR ) ) D AT IR O e g W T R W @ A AEETE. et B S

The life-cicle of I, huttoni wvas etwlied by Curr (1957 ! at Nelson ar! Table

44 sumarising his results is recroduced from his paper,

TLBGLE 44

PURATION T a¥is UF DHEUBATTIOE ool A BYRU LT THOTRES oF 6, huttond

Hoe of opgs Tocubation perind in days
. : Hearn Hange
' &7 Jed Bl
Tngtar o, of nymphs aration of nymphal imstars (days)
' ’ Hean Range
ist Co24 : 6 5=7
Ol 1 5 . a7
dxd 3 17 14=13
4th & " 48 1= 17

Sth P 14 15-15

The wresent study was continuous over the 1057-L3 season and included the
first generation, the rrogeny of adults caught from the field in uUctobor, the
second to fourth generations, and the rrogenies of the croas series, uach batoh,
or nurt theresf, hatching on the same day was reared separatelve The month ind=
icated refera io all cases to the month in which the sszs batched, and therefore
the same batches can be traced from stane o stage through the Tables 45 - 49 to
give the duration of total unympbal development, The results for the full season,
for each instar are presented wmeparately, but the changes in duratinug of toal

nyephel devolsroeut of the season are presended later,

Duration of First Nymrhel Instar

The normal changes in duration of the first nymphal fostar are shoun in
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Teble 45, and grapbileally io "ip. 36,  iaccing Sevterder, the novmal Jduratin of
the instor was 18 dayvs.  In Uctober, before the 24th (when the preenhouse roof
wes vhitewashed) the mean 1i0e of the inster was .5 days, anl after the v4th
$d.3 days, In Hovesber, the wodal duration of tho instar was O Gays, in Decomber

1C days, in dJaruary =0 days, in februncy 2 days, 1o arch U days, and ia apeil

15 da,se The range in duvation of the inster was 1 - 15 days,.

Duration of Second liymphal Instar

The normal changes in duration of the second nymphal instor over the season
arc shovn in Toble 4€ and grephlically in Pig. 3€. A3 expected, a sinilar trend
wag sbown, as the rormal or modal duration of the instay was 5-7 days in Sectember,

4~3 days in Uotober, 7 days in November, 7 days in December, 5 days iu Javuary,
and 6 days in March, o fipures arve available for February, but that month would
nommally chow fho shoardest reriod, The renge in duretion of the imstar was 3-13

daya.  etween Cotober and Tovembor, the general lucrcase froir 4 or & days to 7

dava wns accounted for as the effect of whitewashing the greenhouse,

Jmration of Thind liymehel Instar

The pormal changes in duration of the thind nymphel instar over the season
are shovn in Talble 47 andl o Fige 3. The mommal or modal duration of the instar,
for nymohs which hatched in the month indloated, was 8 or © days in teptember,

6 o 7 days in Uetober, 7 days in Hoverber, 5 days iu December, 4 days in January,
el O days in Marche Agaln the 1es oose was a shortening of the instar length as
tre temperature increased frow early s;rlag to samser, and the reverse from

surpez t autunn, The duratios of the ifnstar ranged from 3 - 11 days,



154

Tabli 45
T S AR AR

ATLOH UGB PFnar mYEg flaT, THan

LT

Honth of : Hoe. of umber of nymphs moulting to Zud stase in the
hatching wyarhy ousher of days indicsoted
12 3 4 58 8 7 & 91213112 13 14 15 16 17
Serme 57 lo% vowration 16 11 82 2 4 2 2 i1
bormal duration 12 days
ti0%e ist gereration) 13 13 2 3 38 1
LLefore 24th )}
after 24th & 1 104 1
Hean duration before 24th 9,0 days, afber 24th 11,5 days
Fov. ist gereration  © 5 11
(a) 2 1 2
ond gerevation - 11 12 4482 5 4
Total 20 ’ 9 7 3 0® 2 9 8 5 o4 4
frmel duration ¥ days
Dec, Urd generation i8 _ I8 3 3 3 11
Hormal duration 10 days
Jan, G0 Ynd peneration 5 5 1 1

i
N
B
IS

i

EFrogeny of Oross deries B 18 7 B

Toogeny of Cross leries 4 7

RN S
25
&
Tk
[N

3rd gemsration 11 6 1 2.4
Total 41 2041 7 B o5 2 1
formoal deration 5 or © days
Fab, 4rd generation 3 1 1 1
Hormal duraticn 1 or 2 days
YMar, 4th generadion 4 i

i

20
(=4

irogeuy of Uross deriss

Frogeay of Cross dSevies &4 1
Total 4 i 2 1
Formsl duration & days

A, 4th pereration 1 3

Tration 15 davs

(o) = progeny of Pemales caught in fleld Sestorber 1057
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3 ey e SAUrY oSO EEI fATROL YT oo AT
SRURATIUN OF 50U KOE I, TH SR

WD e e BRI

outbh of
hatohing

LI TS - DR - A TR W TR e r -

&
3o
9
a
et

ist geveration
Lict, izt generebion

{al

Hov,

~

fnd generation

Dec, 20d gereration

'

Jan, 38 2od gereration

yrogeay of Cross Series B

wrogeny of Cross Deyies A

S govsration

Total

HMar, 4tk goneratisg

Hine OF
nymphis

e

myerhs moulting to third stage in the
nusbar of days indloated )
$ 4 5 6 7 8 10 11 12 13

Bugbiar of

5 1 T 1

Norpal duration H-7 days

19 i35 &5 1 1 1

Moreal Guration 4 o 8 days

2 o 1

i1 T2 1 8 3 1

foe
Y

18 12 1 4 05

tormal t{umii:ian Y dava

[y
b
S
F.L

15 12 12 &

Hormsal duration 7 dava

2 101

% 2 &8 4 8
G e 2 &
& 5 05

Tormal duration § devs

1

Duration 6 days

(a) = progeny of femnles caught in Pield Sentewber 1997
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Ko, of Iusber of nymphs woulting to foorth stages in
hatohing ;

I3
the nasher of deys indlcated
£ 7 8 g 10 a1

e 4 5
Sepe &Y Ist gemwration 5 i a 2

hormpl duration 8 or D days

3
ey
tuh

Oot, ist pgeveration 11 1 2 3 2

2

T

{(a) ‘ 3

Total 14 i 2 4 4 i i 1

Normel duration 6 or 7 davs

Hove ist B veration 2 1

i
1

2

{(a)

(Y
Iy
]
o
fd

fnd generation

fob

Total 2 10

WY
N
Lo
Y

Hormal duration 7 days
e, ond geoeration 47 P 7 4 2 1 1

tormpal duration 5 doys

Jan, 58 &nd pereration Z i i

wrogeay of Cruss Series B 10 3 ) 2

mrogsny of $ross Serivs 4 5 1 2 i 1
Jd gemoration k224 7 ¥ 1

Total 81 & 12 & 3

Hormal duration 4 days

Mar, Cross Yeries progeny ¢ 1 2

Hormal duration B days

speny of fewales caught 1o field Sevtember 1057
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Sya;y s .
sty 48

R e e Y

A o AT MO T, THaY

e e ekt i ks <

™ g W A g D e TN ey N ESE Ty s Ao . - PN

Ho. of Husmber of mpobs moultiog to fifth stage in
Monashs the nurber of days imdicated
o s . ——, & ) I A £ 3 10 43
Sete 7 1ot geseration 7 1 1 1 3 2 3
Cot, 1t goreration -1 P ° & 2 2 i
(o) ' ‘ o 1
Total | 21 1 9] 3 4 4 2. .0 2
fopmal duretlion in Senfenber anl Uotober V-5 days
tow, is% peneration & 1 1 2
{a) 2 2
AN
Dl g‘-’a*ﬁe‘*’aﬁmn 11 1 A P 3 i 2 3
Total 17 2 i .. 2 2 5 2 3

Hormal durstion 8 days

Dece 20 peneration 16 14 4 8 LB 1

~

Hormal duration & days

Jan, 58 2nd generatlon 3 2 i
prugeny of Uross neries ¥ 9 2 4 2 1
progeny of Crogs Sevies A 7 1 2 2 1 i

Ird genarabtion 13 & z 5 S
Total 32 3 8 & 4 2

Noraal duration =D days

Peba v genevation 1

Har, Cross Jeries progeny i 2 1

{) = twogeny of femnles eaught in £ield Hu. fenmber 1857
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tlorth off ioe of Humber of ayushs moulting to adult in the
hatohlng NS magbor of days imitlested
4 56 7 8 9 10 11 I 15 14 15

. g g

Sene U7 18t gereration 13 a 102 5 1 i1

Horrudl duration =31 davs

"y
Lo
s

'
W
[N
o

fi0ta ‘gt renerating

{‘.

231‘
Bt
\)
Y
py

A

[ 2 .
et - .

[T

03
ol
1>

{2
(RN
A
Las
bV
Lede
e
ok

Hormnd duration 19 dovs

How. ist geveration 9 101
(a) ‘ ' 3 A ]

Zrd gererabisn 9 : 1 g & 2
Total 14 105 6 4

Hormal duration 10 days

EET e Snd goneration 16 7 T o

formal duration 7 or 8 davs

i
Vi

Sl pereration b 3

;e

< Bfle

wropeny of Crons deries § 12 4 1 4 3 1 1

s
N

progeny of Cioss Jerles 4 7 G

3 gerarabion 15 4 i ¢ 03 108 1

=

N2 o

&a

3 07 18

&
.
T

B3
<
ol
i
[\t
Y

torae ! duration 7 davs

Huratiou 7 davs

caratlon 10=-15 days

{8} = progeny of fermles caught in field Sentesbor 1057
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_D_uration of Vourth Nymohal Instar

The normal changes in duration of the fourth ayamphal instar over the season
are shoem in Table 48 and Pip, 3¢, The modal duration of the instar {for nymphs
which hutehed in the mounth indicsted) was 7-8 days in September and tctober, 8
'days in lMoveuber, ¢ davs in Lecember, 4 or 5 days in the first three weoks of Jaon-
uary, & days in the last woeek of January, & days in February, and 7 days 1o March,

The duration of the instar ranged from 3~13 days,

Turation of Fifth Hysghal Instar

The normal changes in duration of the Tifth nymphal instar over the season
are shown iv Table 49 and lg. 3G, The zﬁoc'lal davation of the instar (for uymphs
which hatched in the mouth indicated) wasg 811 days in Septenber, 17 days in Oct=
obur, 10 days in Howerbor, 7 or 8 days in December, 7 days in Jamuery, 7 days in
Pebruary, and 10-13 days in iavch, The duration of the iostar ranged frowm 7-18

days,

Discussion on ymphal Develépoent

The nymphal development is surcaerized io Fig. 3¢ in which the duration of
each instar is plotted month by month asgainst mean monthly maximua and minimum
teaperatures recorded in the greenhouse, As expected, the duration of each imstar
deecreased as the temperature increased from September to Pebruary, and then
increased as the temperanture decveased from Februsry to April. The relative hum=
idity dats for Talmerston Horth, shown graphically im Fig, 35 should be considered
tn conjunctinn with this Pigure, FHowever, as relative humidity et normel teoper-
atures was shown (in Chaptar 5) to be adequate for ineabation, it is considered
also to te adequate for nymphal development, Thus the changes uoted, were due
wrinarily to changes in tenperature, |

with the excentlon of the £Ifth instar, the effect of whitewashing the roof
of the greevhouse on the 24th “otober, showed as o peak in the graphs in November #

marked in the first and second instars, The fifth instar graph did not contioue
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dowmwrards bub flattened out temorarily ot that polinte The vavinum tenperature
decreased by 2%, The greph for the first lnster showed a secownd peak in Decess=
ber. This was the cffect of the slipht decrease (of 5%2,3} in maximan temperature
early in December, There is also evideuce that the second instor was affected,
for thers was a flattenlvg-out of the grarh before the wormal dowmemrd trend
continued, There was no evidence of a response in the other instars. The fore-
zoiug irﬁiqa%es{:m.t the first i:w:: inntars (especially the first) are far more
sansitive tO teumerature changes than are later instars, A change of the order
of 80 (3;‘5’067) affacted the £1 st instar and a].sb the second instar sligbfly, but
not later instars, vhereas a chantge éi‘ 2% (110(3} affected all instars, but the
Pifth lustar (sr‘nig:h was the wost resistant) only slightly. The incubation period
was also affected by the drop of %% as shown by a flattening of the gragh in Dec-
euher (Pig. 34).

Table 50 whilch tabulates the duwration of cach instar wonth Ly mouth enebles
the compurison of wuyuwphal development at ?Péimeratsn Hoxrth with that at Helson
shown in Table 44 papge 152) which refers to develorment in mid-Degember 1950

(Gurr, persomal communication).

Iooyne T 10987-08 S-A000
» et .

AP o M — N,

PAATION oF RICCENSTVE DDaas AT

Toster lo. of Sent, Uot, Nove Peuv. dJan. Feb, Har, fApre  Season

aytanhs Modal duration of instar in days mean
ist 119 19 10 9 10 BB 2 5 13 7.6
omd 89 & 5 7 v 5 - 6 8,0
3rd a3 8,5 Ge5 7 5 4 - 8 Se5
ath 91 7 7 & & 4 8 7 Be 0
5th a3 11 10 10 8 7 7 19 7.7
Potal 44,5 BB,5 41 R U545 B3 38 56
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The total develormental pericd at Melsoo was 57 days, Consildaring fivst the
month of Deeccmber, obviously the two Tables ere mot in egreement, and only in the
cose of the second instar is there anythlng like egrecwent, The total of 35 deys
in Pebruary was recorded for nymphs which hatched late in February and which there—
fore developed mainly in Marehs hemce the discrepancy betwmeen totol and individual
instar voluos in g‘%‘ebssam. In no mouth does the Falmerston Horth data, which
covers & wide range of towpevature choapes, agree with the Uelson date, Thevefore,
soma factor other then envircunental differvencss was operating,

However, several fackors must be considered:s at Nelsos thore were insufficient
nurbhers in the last theee ilnstars which are most strongly different; at Nelson the
aymphs wore in an open inssotary whereas at Palmerston lovth they were in a greet-
house; the enviroreontal cosditlons of the two exgerirents wmay have differed; this
may be parely a food effect, as the I*?elso‘ﬁ nymphs were fed on shopherds purse, amd
the Falmerston lorth symphs on 4win cﬁ';ss; the two populations may be exhibiting
a geoprashlcal divfereuce, As the iusectsk' marked “Helson" ié Gurr's collection
are of the large populstion, it is highly yrobable that his results shown in Tabls
44 ave for the large population, The resulds shovm in Teble 50 are for the medium
and small pomdations,

Of oll fostars, tho second, third and fourth seemed eonsistently to be shores
in duration, %he fivst :E.néta.? ES eér;s iderably longer in duration, ezcept for the
- very warmest montha, and it was only in Jamusry, Pebruary and Harch that it was
shorter in duration than the fourth inster, The PLfth inatar vwes genorally the
longeat 1n dweation i'mjt on two occasions the duration of tha first iustar was
longer, lerve, again, is evidencs that the first instar is the wost mnalitive to
changes in terperature, The mean duration over all months {excluding April) showed
that the thixd instar slightly exXcceded the secowmd and fourth instars in durationg
The descending order of imsters for greatest duration was fifth, first, third, and
second ard fourth, The iﬁm;batian poriod was, in all cases, lnnge* than the

duration of any siogle nymphal instsrs In the Nelson pomulation the incubation
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period was shorter in duration than the last thrae instars, and the descenling
order of instars {for greatest duration) was thind, fourth, Pifth, Pirst, and
second, The variation (in duration) between instars, is greater in M. huttoni

than ¢hat shown by Smith (1997) for the Rutherglen bug,

pation of Total Hyowhal Develoooond

The duration of %0{:&1 oyerhal developmeut from hatehilng untll eporgence as
adults is shown in Pable 51 and grapbhically in Pig, &7. TFor comparison, the wean
incubation pericds are shown io column 5 and the suwmmation, that is the duration
of total developmont from ovirosition until crerpence as afulids is shown in
columnt 6, abd alse in Pigs 3V, Total ayuphal development and $he summotion of
ezbryonic and nymphal develomment both show (as sxpected) a sinilar resyonse to
nomal temperature changes over the season, as each stage separately, For nymphs
hatehing in Es‘ez:tembexz'? the mean duration of nymphal lif'e was 42 aa:,fs{; and when a
mean incubation period of 19 days (for sugubt and September) is added, the total
develomental period becomes 61 days, The longsst nymphal developmental zeriod
{in Sertember ) was 46 days, and the longe-t incubation pericd (August-September)
was 20 days - totalling 72 days, The shovrtest nymphal developmental period, 25
days was recorded for thoss hatehing in the last woek of January and which there=
fore developed alwost entizely in February, the warsest month, ‘When iocubation
poriod is included, the Pigure becomes 35 days, i.¢. helf of the longest time
recorded, Iy Haoreh, the pericds had increased to 41 days for nywphal, and 54
doys for total, develorment.

These two grasha should be compared with those for each nymphal instar (Flg,%6)
avd for incubation period (Fig. 34) beeause they all follow the same trend very
neatly oven to the two reversed temperature changes occowrring during the experiment,
The decrense in mazimun temperaturs of 20°F caused by whitewashing the greenhouss
wags shown 28 at increase in the total developmeuntal pericd, amd the effect of the
decrease in temperature of 3% in December was shown by & tesporary check in the

dowrmaxd trend, Although wot okserved ia ledividual insters after the secund,
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GARSET N O TORAT, MYIRAIAY, TTUE cERBAYINIC DEVL T MANT

5 nig
Hymphal Devglqmwnt = ffgw‘?s??r?ﬁm ~ 'E;r‘.‘:}lz
Honth of Hoe of HYean total Ho. WoR = Total Ho, of
hatohing chasryations of doys fron fncubaetion deys from
hatching to reriod ia  ovirosition
merganoe as days to emargence
- , adults S 28 adults
Sep, 57 . A3t gereration a2 49 194 81
et dst gereration 11 it } 5 54
Oct, tast week {(a) 3 6
Hove 1zt generation b 40
{a) & 41t 41 15 A
et generation 10 42
D@@g '
lat-12%h Ind geveration 21 . A2 15 3]
2tb=oist 20 geperation 7 82 13 45
Jan, 58  Frd geveration 3 N
progeny of Cross Yeries B i4 B¢ 27 12 39
progeny of (ross Series A 7 35
dan,
last week 5rd geveration 18 25 10 35
Peb, Jrd gonoration 3 32 g 49
Kar, 4th peveration 2 43 } 4l 18 54
progany of Crons Sexies B 3 40
Anl, 4th germaration 1 33 days for 3 insters
i 3 deys for § instars

* The figwes recorded here are only for nymehs which developed right through

to the adult, and hence differ slightly fron the totals shown in Table 8G,
+ Mean of a1l "pormal incubation perilod” fipures for August and 3eptembor,

{a) ¥ropeny of females caupht io flcld Sevteuber 1957,
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ita effect on the Cirat two was sufficierd to show in the total,
Tha duration of total nymphal develomment in males and femsles was checked

ardl Pourdl to be the same,

Duration of Hymohal Develomaent at Hormal Tow Tenmeratures

The myrmbs ased in this experiment hatched from the egys locvbated in the
opsu barn at low temeratuwres, As in the case of embryonlc development, nymphal
developiment was slower undler those conditions, The resulis sye shown in Table 52,
Unfortunately the number used waa small, and thorefore cousistency could wot be
confirmed, Yowever, those surviviog gave on indleation of the adaptability of the
ovrsh8s  The ﬁl:’.)ﬂfg%} izxiicéﬁsé is the month in which the ecos hatohed, Thus the fwo
afults which emergsd in aid-March had hatehed on 274h Juvunry nod so thels nymphal
devolopront was oninly in Pebruary and partly in Haveh, In comparison with Febe-
raary nymphs in the greeshouse the %otal’ pericd was about ¢0 days 19%)@:'; {33:53),
and in comparison with Horch nymphs, sbout 15 days longer, 59 :3&. Cugpared instar
by inster with nympha developing in the gréevhouse in iarch, it was found that the
Flrst instar wag prolonged; and the fourth instar slightly, whilst imsters 2, 3,
and 5§ wre of sivilsy duration, Compered with February uymphs in the greenhouse,
the duration of each instar was longer.

The dewslopment of the Tirst and third ifastars in the baro ino Lovesber took
much longer than the same aevelpgggent in any month in the greenhouse, and in Jan-
vary in the barn, The same gewneral tresd shown by the gleeubouse uymohs, that is
a decrease in the develoymental pericd from early spring to the height of summer
was indicated by these nvophs reared at the lower level of the noxmal temparature
Pangao.

The fect ’cé;at two mphs comrleted thelr dewvelotment o the Januory-Febiuary
roriod and thet one muwvived an far as the fifth abage in the Foverber-bocesber
~ertod {at a moan torperature of 15,8%) indicates that this wos veer the lower
level of adertability {or tolerance) of the srecios for complste develorment. The

addition of the incubation peviod for thoss hadching in Jamnuary (20 days) showed

e

that the total deveiommentsl pericd from ovirosiltion to emergence &8 adulis wes
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Inetar  Ho. of Dursation of iostar in deys  Hormal duratisn  Iocubation period

s nyophs moverbarn o GIEGDTY 1o Herch in days
dst & a2 1%, 15 Cote 49
“odl 1 7 Dac, 96
srd 2 2% 7

4
b

&b 1
- Bth 3

o
s e
10 T I 6+ o T

Total 2 adults 3, 48
pluas 25
74 = 85 days total development

Duration of firs:} 49 = ¢
3 instars -
Duration of first
T

4 inshars

74535 dayse This was longer than the longpst pericd (72 days) recoxdsd for the

;
&3 ot
sorlienh &

Augoeat) batoh in the grecnhouse. The uymph which hatebed in Hovenber
but died in the Firth stepe took longer to complete four instaws (70 days) than
the amrliest bateh in the greeshouse o caﬁ}glege total embryooie plus nymphsl Gove

elotment {72 days ), Tho addition of ihe Locubation poricd of 49 days 4o the

former, showod that the £ifth instor was reached after 129 days, thal is cwver four

months in developmeot, and the duratiocn of the final ioatar was still o come.

»

furetion of Mymohel levelovment nt axtresely iilgh Teuperatures

The oymrhz used were those hatotiing from the sgms incubuted at hish tewperaturs
in most cases the wynphs were dead by the wvest day, In the case of nymphs from
group une ogus (sce Table 3% page 112) four 1lived Por foar days, and two of them
moulted on the fourth day.

Althoush the duration of the first instar {4 dsys) wes shorter thoao that in
the greevhouse for Jamery (5 days), it was not shorter than that in the greevs

—_— R , A AR s
house for Vebruary (¥ daysle It seams that the terperature 34=35C either slows
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down c"ievela:méu‘%;, or retords moulting. wigulesworth (10562) reporied thot sbove
505 r‘acu.;.ltin;; was 51ightly rotarded in fouarth siage £, prolixus oympha, Hluee
Piret stoge I, buttoni aymphs soon died ot terperatures of 76,5°C acd above, it
15 cousidered that H4=357C ia the uprer limit of toleranmce. The experimeut showed
thnt first stose oymhs are less toleront of hich ferperature than ere the egnus.
The foct that desth colneided with the day of mouliiny in two cases indicates that
the nymphs, which wem shoving reasonable tolerance to desicoation, bocams very
suscaptible at that tine, Hithor relative bumidity, which was sufficient for
incubation and eclosion, or tenperature, or both ware unsuitsble for nymrhal devels-
opm.nt.

Bo nymrhs vwere reared frow epys ab high teoperatuves. However, for those
fourth and £i9th s dage ny.ﬁpim used in ddteruining the effect of high teuparaturs
en wing form in the sadult (Seotion fa'), Eie*‘ve}.c};%nem w8 ‘:mséerx'zﬁ considerably., The
upper 1imit of torperature toleramse i’cé:' fﬁwth ard £1f1h stage nymphs was 4-1—450"&*’)

but humidity, although welotaloed, mey wot \hagve beon adeguate,

Tolerange of Tourth and Fifth Ntace Hymphs fo bxbremely Yow Temperatures

48 the nymohs were sble to adapt themselves to a coosldevable range of temp=
eraturgs, an sbionpt wes mede 4o determive the lower level of temperature tolerance

23 e 3 5 b Q“. G‘! &
on fourth sdags nymphs, Hoes when exposed $o fomperatures of 370 and 6 C undersont

suspenaion of develorment, It vms considered that early nymphal stagees would wot
survive long unler such conlitions, Acvordinmgly, come fourth stage oyaphs woere
plaged in pglass tubes i o refrigerator at 6%, 4 srrig of wirewsed, (@olyponum
aviculare ! was reploced every three deays, Survival wes g.z;‘clalag@clg arxl some of the
nyrphs moulted to the f‘ﬁ‘th stago, lowe awvived to the aldult stage, so that the
wing form exsreased under au.é:h comitions refm?,né upkoown. Sarvival cericds arve
shown in Table 83,

That the oymohs survived moro than a few daﬁa at 6° indicates the extreme
tolerance of this species, The texperature of % rrovad to be balow the lower

limit of termorature tolevance, but from the survival poeriods, agvereatly not very
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LABYE 53
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Instar  Sumher of Humber of nyuphs surviving the number of days iludlecated

ryuphs feas than 36 35 40 42 48
4%k 18 5 3 - 2
§¢n , : 3 2 2

far below that wlee. Usinger (1942) stated "Somwe members of the tribe Orsillini
can flourish under almest any watural conditions,” This section oo bilononics has
coertainly shown that thi.a is true of I, huttonl, which expinins its wide digtrib-
ution in Yew dealand add outlying islands,

uta of the Tourth a‘bés;ge aympha which survived 40 days was large. Home of its
body measurements in aegie divisious, aret heml width 12; bouy length 38; abdome
inal width 243 length of mesonocbum to tip of wing pad, 7. llowever, there were
gc*:ae nymmhs reaching these dimeunsions (exae*:t for head width) amonzst those measured
in Section & (sec Table B page 28). Au it was lavper than the other nymphs in this
experiment, there is the yos«sibility that 6% way prevent moulting; hence attain—
ment of this mexinmun Sﬁ.,.ﬂ. Hmmwr this lsclated case is insuf’fmien'{: evidence
to make any deeislon, Fron wim; nad development there is po doubt that %his was
a Pourth stags nymph.

4s well an eventually killing the nywphs, the low temperature had desiocated
thet, One of the Pifth staze nymphs had besn stuck to the inalde of the glass
tube, The reglon of contact, the lef't dorsal sbdominal surface, ajpearved as

if romsted from "frost burn®.

Ganaral !1;030%* ation of ﬁii’th Stage Nynphe Hept ot 8 C.

Although dark, tme dowsal asbdominal surfece particulerly latervelly, and the
phewre, wd a disticet reddish or pinkish tinge, The thoraz, basically black,
had comslderable lighteor arvess of red and white blotches, The hoad stripes, orange

in younger nymphs, were white, but the rest of the head was black,
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Moulting

The losect smerged fm the 01d cuticle through the urﬂarkemd,miﬁ%oz‘sal
ﬁhoraoic strip and the eodysial suture of the head, The ecdysial suture {a term
fotroduced by Du Porte, 1057 ), extends, on the dorsal surface, from the centre of
the posterior of the head, forwards awd sideways %o lomediately anterior to the
eyes {sso llate 1), Iv the exuvium, the dorsal piriion of the head cuticle anter-
ior to this suture, was pushed forwards so that 1t was inside out, The mid-thoracic
gpilt was in the pro- and mesonota only, Fmergence Ffrom the old cuticle was mainly
forwards, It sesmod thet the thorax was burst open first, but emergence was wnot
through this as the split was too narrow, but rather the inssct moved forwards and
glightly upwards, t&mug,h the larger opening contributed to by both the thoras and
the head, Jometimes there was o shord lateral split posterior to sach eye, and
sunetimes the head on the éxuviwn was tﬁm&l, f.,0. the dorsal surface wes not turned
inside out, and the eedysia‘i subure was mt aplit fully fOrW;.IﬂS' These two facts
further suprort the above view on the method of emergence, The antevnse were flezed
backoards under the body before the commencement of moulting,

A pewly emerged adull remained motionless for five mimutes arnd then begen slow
movomenta, such as twitohiog the antennae and altering it%s position, but with
froguent rests. Nioe winutes after é&ergawe it became fully active. Two Pifth
stage nympba fed for two mloutes on the inner surface of the exuvium, no doubt for
1ilguid erd products of hilstolysis,

Wany exuvies were measured, and it waa found that in the measuremeuts taken,
namely length, breadth, headwidih, and lengihs of antennae and rostiums, there was
an increage in size at each ipstar, and a sige-range characteristic of each instar,

Headwidth of the exuviun was 3lightly greater than heed width of the uyuoph,

Time of day of Soulting

The 4imos at which moults ocourred over a 24~day period during J amzaz’y and

Pebruary were recoxded, aund the totals were:
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B S =~  Bam 5
Ba - 10zn Pt
10an - Moon &
Hoon = @30m 20

2G50~ (. S0pn 7
Houlting ccowrred at any time during daylight hours, and apart from the unaccount-
able decline betwoen 10mm and Noon, ocvcurred at a steady maximum rate from Eam=4. 30pm

Sex Hatlo

The @0z of all insecis reared was recordsd on emergence as adults, Monthly

totals Por each sax nre shown in Table 64,

AN

TARLE B4
SBX RATIC I THE ALUTE

¥onth of final ecdysis . Ho. of males’emerging Yo, of fevales emerging
etober . 5 | 2
Hoveuber 18 <]
Decenber 7 7
Jamary i i
February 12 20
Harch 0 2
Aoril 4 3
50 29

Over the season, the ratic of males to females was 1:l, lMowever, at the extreve
ewls of the season, i.e. October, Novewber, Mareh and April the ratio wes 2:3,
whilat over Decec:&;eé?, dJanuary and Pebruaary the proportions of the sexes emerging

wore almost equal, bub the females were in the majority (1:4.5)

Sexing as Hymphg

It was dlscovered that the nyuphs could bs sexed in the £ifth stage for, as

menticned in the desoription, rudimeats of the external genltalia were apparent in
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the Pemale (svs Plate ¢, B) but not in the male, Hioroscovic exarination was
necessary, In the adult Pemale (Flate 8, B and C) the f‘o;zr rostericr abdominal
segments do not lie straighit across on the ventral surface, but slant Forwsrds
into the ovisositor, 1In the female Fifth stage nymph these ablominel segments
show a tecdescy %o this "slanting’) aml densely derkemd areas ocour on the mide
ventral line of segment eight.  In the male uymph 28 fo the adult male (Flate 3,4
and i) tﬁe ahdominal éegmﬂ%s 1ic strailpght across oo the vestrsl surfoce,

This sexinog mebtiod wos d2s%ed at the end of the 1057-08 seascn, Fifteen
£404h adage nymﬁzs were caught in &m £iald late in Hay, Soven were identified as
fersles and put in a seyarate tube, and elizht as wales, As development is slow at
this $ine of year, the sxperiment wes hastered by placing the oymphs in a constant
hea@@zaﬁzma cubinet at ’?3?5?. Of the wvét‘a rnymocha dentified as females, one died
and siz beeame adult Pemsles, OFf the eight nymphs ldentified as males, two died
and slz produced afult males, Too results showed that the method wms 'vesry acourate
ol 1007 scovracy may be expected, n
The wymphs could also be sexed by neked eye &ith B80=-031 acouracy, the distine=

tion belng a dark stresl on the female abdomen.
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SRLARY OF BEnEBal, DEVL DT NT

1. It is shown that full colouration is attained by the first stage wynph seven
hours after eclosions i“éllowi.ng all moults, the lusect is pale, but assumes full
colouration in several hours.

2« It is shown that firut stage uymphs sre capable of feeding within two hours
of hatching: measureable distension of the abdomen occurss

‘8a It is sbown thet the duraticn of each uymphal ipstar, of total ixymg;h&l éevelw
opnant, and of total embryonic plus nymphal develoymant, varies iwversely with
normel denpoerature changes ovar the season, The mymphal fostars in descending
order of greatest Juration, are £ifth, flrst, third, avd second asd fourth.

4, It s showo that the first and second nymphal insters ave fer wore ssnsitive
to changes in t@mg:era‘%z@e’ than ave later ‘Losters, The a@mlmaﬁ of the former
was affected by o change in femperature of % {1.7°C), whoreas a change in teup=
eratuwrs of 20°0 (11%) affected the ﬁmé?imn of all imstars, but the PLfth slightly.
5, I% is shown that the lower limit of wsx:ﬁamtm tolerance for complete develw
orment is neor 6007 (15.6%C).

8, The nymphs of thls specles show remarlable tolerance to adverse corditicns:

(2) the Pastest total develormsutal pericd (imcluding incubation) during Jaoe
uarwFebruary at normal tempervatures was 55 days. At lower tewmperatures
obtained by shading(is a barn) developmeunt up to the end of the fourth
mymphal lostar took 128 doys during September-December,

(b) Pirst stage nymphs survived for four days at 34-357C and soms of thom
mouthed, Fourth and Fifth stege nymphs survived to adults at 41,7°C but
nob ot 4470, |

(¢} fourth stage nymphs survived up to 40 days at 8°C, and scwme of thes moulted
to the £ifth stace, to survive apother & days, This result indicates
that £ifth stage vympha would bo capable of surviving winter, The egg is
more resistant to extrenes of deuperabure and hwﬁi&ity than are the aywphs,
with the exception thet fourth and £Ifth stase uyephs aay be more

tolevant to low tenperatures,
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#ith the omset of autunn and the aporosch of winter, the last aprearance of
waoh instar was noted, Myers (1096 ) recorded that all stages were present in Haveh,
but thot in 4nril only the three older npmphal stages were present, The scasonal
cecurprence of the fi. buttoni porulation in the field at Talmerston Horth over the
1007-00 soason ls suwnarised in Fige 38, First stage nyomphs were last seeu in
Harel, 30 that the last enrs of the season were probobly laid esrly in March., The
last exg was lald in the greeohouse on 1st May 1957, and adults caught in the field
at the end of Apéil had esused laying, Very few second stage pymchs were present
by 11th April, but ope was sson as late as 7eh May, Third stage nymrhs were last
seen on 27th April, and fourth stage on 204h Hay. The £1fth staze scesed more
hardy, and two were caught as late as 3rd June were placed in the greechouse, Both
had moulted to adults by 19th, which indlested that £ifth s tage uymphs would become
adults by early wioter, However, on 144h fﬁi;gmst 1958 e £ifth stags nymph was
caught in the fleld, thus establishiog tk&iéatk. some £i0th 8 tage nyuchs oﬁmintaz’.

The adults scemed to decreuse in acti.vi%y by the erd of A;«;;ril, no copulating
oairs were found on 8th May, and thereafter hibernatltn seewmed to set in, Pewer
2dults were active ov the area, and their movement was very sluggish.

o $he 19056=00 ssason activity wus resused carly, for egus were laid sarly
in vevtombor, and by Snd Sctober the first three pymphal iostars wore preseut,

Fige 40 were celculated by allowing the soame developmounbal perlod as in the green~
houses. 48 expected, the season began earlicrn in the greenhouse, but it was signil=-
icant that in both greevhouse and £icld populstivns aproxivaiely ono wonth olapsed
betwesn firest comulation and Pirst oviposition. The dates of hatching and ewergence

es odults of tho first individusls in each geveration (in the greenhouse) were:

ist generation 2od Beptember 189857,  18th October 1957
2nd generation gfne Hovecber 1957, 2nd Jamuary 1958
Jrd peneratlon 25th January 1658, i7¢h February 18358

4t pooeratisn 8th ilarch 1858, 20th April 1958
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It seems coxdain that in the £ield there are four brvods or possibly four and a
helf brocds o7 & 6ason,

Hebitat anl Host Flaots

"Phe specles of Hymsius are noteworthy sunlovers" = Myers (1026). Gurr (1997)
stated thot huttoni prefers situations where vegelaltion is sparse and the
direct sunlight striles shrough to the ground, Althoush Gurr stated that the
grentest sotivity of the bug ovowrred arcurdl mid-day, it was voted that both unymphs
apd adults acek the' shade of plants during the warmest part of the day., Further,
whon sheltering, they move into the edge of thicker vegetation, he tonect lives
on, or very close to, tf&e& ground, and has often been cbserved unier ove-cight of
an inch of leaf litter and under small stones, To avold belng caught, they either
crouch close to the ground or wove into a-crack in the s0il. At night the lusects
‘a&zelter under leaf debris, Fourth aml Pifth stage nymphs whon molested exuded a
traosparent malodorous f£luid from the scent glands and anus, The aﬁwe is a
deseription of the spring and susmer habitata n

In sutunp, altbough bugs were still present in the same area, they wers move
slugeish and tended to shelter wore under grase straw, leaf 1itter, and at the base

of Drown Top (hgrostis ternuls Sibth) plants, Often durlng the warmer part of the

day they would move to the surface of %he soil or plant o bask in the sun,
The winter tobitat on the study erean was restricted almost ewtirvely to the

bases of Yorkshire Fog (Uolous  lanatus I, and Brown Top plants, The furmer plant

io tfty, hes heiry sheaths, and deald leaf litter at the bases of the stoss, and
thuas offers reasobable proteation to the inssct,

The host plants at Falmerston North togethor with an indication of thelr
importance to the inseot are sbown in Table 55, Twin cress, lucerve and ved clover
have been recorded before, but the others ave here recorded us hosts for the fivsg

time. Hyers {3521, 16596 ) reyorded lucerve, red elover and Cassinia leptophylla

Re Bze a8 bosts; Morrisen (1039) veyorted wheat; Foodward (1834) rerorted this

insect from the Three Kings Islendsz ovn prostrate ngaio (Myovorum laetum Forst, £, ).
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Chenonod fun triandrun Forate, Lisohyna sustrele (5, Cunn, ) Nlack, puka (Yeryta

sinelalrii (Hoold Yum. )y and on flow-ring kanuka (hrmtossg::emm sricoides); Gurr

{1697 } reyorted shepherds purse (Carsella burse~oagtoris (%), Hedil, ), Curnow's

curse {Calerdsinia caule*,cens HelleRa }s

TAGLE 55

twin cress, and cruciferous plants,

HOYT ITARTS OR fysius huttond

P

Totanicnl nome

Comron oo

Importance of lost

Corononus didymus

Bumes acetosells
Tolymomas avicalare

Zrifoliuwn dubium

Srergaloris camestris

Bilenn gallicn
Iricuetrells vapiliata

Trifolium revens

Trifoliwa pratense

edicaso setlva
buagnllis arvensis

Zolvia seasilis

Twin oresa
haep sorrel

Wirewesd

éﬁtw}siing clpver )

Sand spurrey
Gateh iy

a goss

¥hite olover
Red clover

Tucerne

Gearlet plipernel

finehungs weed

Tawm grosses and yoarzow

Hyponhaspis radicatn

Juncus biefonius

Tulous lanatus

Agrontiz fenuls

iolivg sepreirs

Fagoalum dilatatum

Oats ear
Toad rush
Yorkshire fog

Brovm top

Yereanial ryegrass

Yaspalun

Major spring and summer host
Hador spriop avd sawer host
Hajor goring and sweymer hont
HaJdor awring host

Hedor summer host

Hedium spring and suroer host
Hedium host

Hinor swmmer hosi

Hinor sumser host

¥loor swmer host

Hinor sunmoeyr host

Hodium summer and shelter host

Medium bosts

Sumner shelter host

Shelter hoot

¥ajor winter hosd

Hajor subwnn ard wintor hoot
Hinoy winter host

Hinor suatunn host

A AL AN A MY ‘ e



sudescence in N, hultond

In the fow detalled studles on the ecology of Heteruntera, the winter coudit-
ion assuned by thé insects have been paased off by such statements as “"odulis gver-
winter at the bases of ruahes’ﬂ"hiﬁsrmting adults”, or Yonly the adults survive
the winter™ (Putter 1923, Hyers 10961,

It is pererally understood that thess ifosecis become inactive during wioter
but no atterpts 4o determive the instensity of the "hibernation” Lave beon mafe,
The word hiberoate, defined in the Shorter ixford HEnglish Dictionary "o spend the
wlubor in some szpecml state suited to resist 1", i3 a very gouveral tora giving
no indicetion of the vature of that state, The teim dispouse was ifobtroduced by
theeler tn 188% 4 mean a vosbing stase (Tees, 1935), Iees Purtier clarifics the
definition by distinguisbiog between diaphuse and quiescence. “Ome insmct will
Gowalon without delay when beuperature (mﬁ pther coulitlons) ave * i'g’m spablet,
vhereas £ secord falls to develop or mmale«fly and Lrregularly, fhese states
ars regrectively qulsscence and dispsuse™, %i{’hemf‘om » fronm evidence interpreted

according to this Gefinition, the overwintering state in I, huttoni is cuiescence,

Heasonal ocbuet. dpration and awalkening Prom gulescence

In the height of quiescence, the adult iesects wore motlonless,wt woving so
puch as an enteonn unless disturbed, lHowever, this intense guiescencs was not
contimous over a £full day, but tenled to be broken over the warmer party of the
day. The most intense poriod was over Jute and July. Voodward (1952) stated:

“In hibernation a distinction is to be drewn betwsen physiologieal aotivity

of the insect and suppresasion of mitotic actlvity and growth geverally, as
inwolved, for szxasple, in gonad development, leither Hotostira wor
Stencdenn are completely inactlive except at very low teuperatures, and

toth cao be induced o walk, although rether sluggzishly, when disturbed
durling cold weather in their winter quarters,®

also
This seemad/t> be the case in N, hutioni. The lost brood of uymphs showed romerk-
able bardiness, and the fourth ard £i0¢h stage nymphs exhibited inectivity, which
yould hove lod on o quisscence io the overwlotering £ifth stepe uymphs,

Thore wos o gradual change from summer activity, through reduced avhumn
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activity, to mstriéied winter activity, followed by the reverse through late
winter to syring. Hhen the dates for the last appearance -oﬁ' each inatar {sce
Mipe 32 ave mrgpamd with the mean moonthly fleld temperatwres (Tuble 42 psge 145)
it iz geen that there wag increasing obility to withstand lovw temperatures, in
each succeeding inetar, These dates are sot, with slight variations from season
to sesson, oithor by the effect of temperature or thotoperisd on the female, or
by the direct effect of enviromment upon egge and nymphs, or most vrobably, by o
combination of both factwm. Tha ’ﬁ’ecmiil*ty study iodicatod that the females cease
ovizasition io the autumn before temperature becomes too low for the epus to develop.
This means that the full eyvle to the adult would be completed before wintews I
this mechanise in the female does not exist, or if for aty reason it was slightly
ivacourate, then mature would set the dstes, because only those e;;;gﬁ that ere pere
mitted o by the suwvircment, would éevalafp;

The first isstaer would persist untif.tt}m mintlmum temperature it ’c‘;m‘s tolalmess.té
was reached, iis development would be slowed down {soe G&mpterms), and it may show
partial oulescerce, If it did become guiescent it would wt moult o the second
stage, but fleld observations indicated that this 4id wt occurs Therefore, befove
quwmme sat in, the nymsh would moult to the secund stage which has a greater
tolerance to low temmerature, The second stege nymph would develon but would event-
aally become slugsish as its lower 1imit of tormporature tolerance approached,
wulsacence zzaﬁuld agaln be fprestalled by woulblng to the thinxd stoge. Jimilarly,
the fourth and £ifth iustare were exsressed. VYheun the Imago was reached, there
heing no further mpult or "by pasa® wove, the insect responded to the further
decroase in temperature by euntering guiescence, One case was mwisd where the fifth
-instar wag “beaten” by the eovirowent, and overwintered ac such,

The appearsuce of slugglshuess on very cold days, and a general shordening
of the pericd of activity on mormal deys, wes noticeable iv the sdults by mideipril

when aecond stage oyophs and sbove were still preseont,
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tulescence stance and interaity of culesceuce

grriedy

The legs were ﬁigﬁtlﬁj drown Lo usder the body sud the antennae were flexed
boeckanis along the sides of the heads This crouching stance, by reducing the
avea of body surfacr exposed, and by minimising cireulaticn of ailr under the body,
is mrobably a heet conserving reaction. Adults were often found in groups in the
erovwns of Yortuhire .i'cg andd Browm top, and this would tend to ralse the teampsrature
within the grass tufd, Uoodward (1952) stated that humldity ssemed important for
hibernation, and showst thet the relative humidity within a tuft of grass was
grenter than in the sir cutslide of i

The incect 4id nod $ake up o pusition and literally oot wove antil the wioter
was over, yat it zmt&bly ronained within the one grass tuft, During the less
intonse quicscent voriod {f.c. before and after June amd July) the inssots often
moved to the top of the grasses to bask in the sgoshine, acd may hove coonsuned
some Pouds However, during the coldest f;‘m{;meeks (nid Jure ~ mid July) the
mojority of dhe time was passed in a mtionléss& condition,

During Hay, the insects overwlinterisg in the greeshouse would move when diste
urbed, Luring early Juns some would be walking aboul on a warm day, During late
June anl July, the bugs becare completely innctivated at the lowsr tecperatures,
for exammle evon at 10am, when disturbed they would merely twiteh legs and antennae
for the briefost tossible time, but wom et oove in ml&‘ai&n to the mubstrate,
Tet by Spm, the tempevature in the greevhouse was rolsed mmfiéiemtly (on sunay
days) for the bugs to wall around, Cojuletion in the greentouse began in the
secotdd half of July, in the aftervcons., Iv the autums,copulation oocurred after
the cessatlion of oviposition, for the last copulation moted 1lvn the greoshouse was

on 6th Hay, 5 days nPier the last epy was laid,

Corulation
The male avproachos the Pomale Prow bohind, or from the side. Hounting is

sudder, the male olinging to the side of the female, in a head to hoad position,

o that B8 vontral surface is agailnst ber lateral surface., He holds hinself in
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this wosition, until the spnitalia e livkod, by olamping the wmid- and hind legs
round her body, the forelegs gripoing near the head, teamhile the female releases
tihe ovipositor from its proove. The wibile terninal sepments of both sezes are
turned upvards to facilifate linkoge. fu tho wale, tmy are burned throush almost
ninety deprees am“; flexed forvard, whilst in the femalo they are twroed only
s1lightly bmm*c'is\ f:he male 3o that the vweutral surfeces contact. The claspers of
the male clamp Clrmly pourd théavigf:}siimz' to glve strength to the linkage end the
acdeapus ia l‘inserte& in the ovipositor and can be seon pulsating within the ovie
positor, During this perisd the male antennse are £lexed dowu oovto the female head
mﬁ anbennoe; the feusle, by o slde $o side Jerbing wmotlon may atiempt to dlslodge
the males the mals Jray use a similer side to slde shaling to induce en unwilling
female to pernmit zmiaa. , .

vihen Linkage of the g}ﬁi!ﬂii& is satablished, the mele releases his leg gurip
and ploaces the tarsi on the ground, is the fewale walls forwerds, the ‘mele avings
throogh 180 degrees, his hind lsgs placed @én?mily along the pleurites of the
formanle ahr;inmri’pmba{;:l.y 4o Isssen ths straln Lawolved in such a pove, Thus the
pormel nosition for copulstion is asmsumed,  the partners faclvg in opposite direct-
ions, A vsu?mt%.ﬁiz han been noted: the mals hed rot turwad round so that he was
feolng away from the femnloy bub the two were standing side by side, moticnless,
yet definltely in comule,

Corulation does not apreer 4o interfers with locomobtory activity in the female
which offen drags the wmale along backwards, The male may agtively wall backwards,
or passively allow itsaelf to be dragred along, the Torelegs serving merely to keep
tha head off the pround, In one excerntioral case where the female hadl died whilst
the patr were in copuls, the male was walking forwards drag:ing the desd female

backwaﬁis;

/

mam short of the total durstinng because ofton the bozioning was uokvown, and when

the separation was betwsen observations, the last time they wore scen iu comula
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was taken ns the time of separation: G5 hours, 0,9 hours, 5 howrs and 4 hours,
Towevor, copalation may ocoupy a wmach shorter time as in:ﬁcatczc‘l hy the following
observationa: elght mimutes (twice), three mimtes (twice), end two minutes, Cope
ulation is repeated many $imes during the meason, sund io the case of mecropbercus
males the tips oﬁ‘. the hoemelytre often becone permorently turped up frow pressing

egolnst the female abdomen, Thilse bas also been reoported in Ounvesontias vikttatus

{(Pabr, ) by Hyers (1598) and in Bhopalimorcha bugs by Pendergrest (1052

Couriship

There arpoared o be v prolowged perisd of courtaship, a3 is understoed for
the higher vertebrates, Helther is it kwown whether the partuers have ever saen
one amwther before, nor will ever pair again other than by chance,

To the field, mpula%ian sogmed vef:;; sudden, and fron reared specizeuns this
was also the cese with males and f‘am&lﬁei which bad copulated before, Hut young
individuals, about to eopuléi‘be for the f'i:.éét?\ time showed preliminary movoments of
ezoitement, which ludicates an atitraction betwoen the sexes, and such may be dermed
courtshize Iy huttonl may therefore be contrasted with Rhopalimorrvhe specles in
which there is vo courtshis (Ferdergrast, 1952 ), lHowever, experience sscemed to |
affect courtahlp, for "exrerieoced” males would mount almost iwediately, and
courtshiz vould be brief or onesrilstant, Hoscrblatt and Aronson (1055) showed
that in male cots, trevicus sexual experience before casiration enshled normal
serund bohovicur wp to three and a half yesrs after the operation.

Purther, o bond appecrod to be maintolned between copulations hy the pairvs,
for during vinter or in the cool of the evening, they would of'ten remain side by
side or faci{zggg} ona another, waoteonee touching. 4% the extremes of the breeding
seascn, (;@w&:, am Apell and May) there seemod to be a reluctance to corulate
ard the ““mu'if'mhi};“ reriod was rrolonged. OCourtship behavicur is discussed urder
the following headings:

(1) Courtship between a newly emerped male and o newly emerged female,

{il) Courtehip betwesn a mule which had mated before and a newly ewerged female,
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(111) Courtship betwoen a male and a female which had both mated before,

(1) Couvtshin between a pewly smerped male and & bewly emeryed female

When first put together (In February) both adults hed emerged three or four
daye. Op sight of the male, the female stocd still and the aous began to zulsate,
Zhe rushed over to the mals, touched him, and then withdrew a short distance., The
male began fidpeting, rubbing the fore- and mid tarsi together, on oue side, The
female stood still, but the anus ves pulsating arproximately 160 times e miruts,
ezt the male twrned do face the feonlie, rubbing his frovt tarsi together, The
forale (whioh wes much larger than the male) ran up to the nale, touching of the
antenuas f‘allam&ﬁ__ and then the male walked right over the top of the femcla,
turned round 80 that he a:@pmaohéfi from bghind, and wmounted, The pulsation in the
fomale contimued when the union was ostablished, Thus copulation began five o
seven mirmtes after both were avare of the other's rressnoe.

In amther case, where ~’the male emez‘ge&*only the day before mtting together,
and the Pemsle three days before {also in February), the mals d1d pot mount,
Although the female did all she could to attract him by toueﬁing him and fionlly
by walking right over him, she only succeeded in stimulating fidgeting in the male
which walked past hor awl away, This would fvndicate that the mele was wot yet

mature,

(ii1) Courtship between a male which bad been mated bofore and a pevly emerged Pemale

The nale scemed to kwow that she was ot his previous mate, for he did not
go straight up %3 hor, but walked quite close to her several times, At times
milsations at the//’stig;: of the ovipcailor and apus could be seen {rom the doraal
surface of o brachypterous female. The male atterpted to wount, but the} femals
would ot mlea&e her ovirnaitor, Hezmt he sed Lils heoked clespers to work end
tricd o dig the oviposlior out »f 1ts proove, Several times he mannged 4o pull
it down from its groove but the female would as vigorously zull it away egalne

The male moved forwarda up the side of the female sheling her violently, and ran
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bis antennoe over her heod,but with o effect. Uhe shook him ofs e made three
rora brisf attemcts, even tried gonily caressing her with his antentne, and thes
violony action agaln,; but wes unsacoessful. 411 of this ook about ten nimtes

and is the most vigorous mele disnlay observed in this species,
Although ™ mating was mode Lo which the exporience of the individusls wos
the revarse, the rosult would. poobebly be simlloy to that in the second case of

(1) and eventually, the first case of {i).

(111) Courtshin hetwoen & male and a fomnle which hed both mated before

In vost cases the male rushed straight up to the female (when they were aware
of esach otherts ?msaaw} snd woutted stralzhd away. In oDe csse o male wpus observed
atberntling to ma;;fzt a female that wes already ip copula, but he woved sway on
diacovering the &ituatifm; This f‘m:‘timré.@:;mzs‘trateﬁ the shimence of couritshiy by

experisnced males.

SINZIARY OF PISTD BOUIOGY

le Tt is shown that the broeding season at PFalmeraton lHorth extevds from September
4o March inclusive, that ecorulation mey cccur at any time during the season, amd
that four o fouwr amd o half broods may be produced ner Season.

2. The flrst and last appearsnce of esaoch lostay are here recovded, and it is

shovm that £ifth stoge oyuohs as wll as adults overwinter, ?hiza confires the state
ment made in the swuacery ,c.?f Cheptar 6§, that £ifth s toze nymphs seemed carable of
surviviog winter. A

Ja  The sumnes » aubumn, 7141@ winter habitat of the bup are described.

4, Pifteen host plants are here first recorded for N, buttonl, ard the importence
of each to the bug is indlcated,

S. wuilescence in H, huttonl is described, It ls shown that the insect doss mot
remaio motionless gverwlnter, but way move to the surface of the grass tuft during
the warmest part of sunny days,

8o It is shown that the last brood, with the excestion of some £if'th sbage nympbhs,
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complete thelr development to the edult before winter, hach lnstar secems to
versist until its lovwer linit of temperature twleronce is alwost reached, when it
moults to the noxt atage which is more hardy,

Ve Gopulation is deseribed, #ith inexverilesced or immature adulis there is a
short cowrtshins period of from & ninutes fto 3 doys, Yhen tho meles sre mature abd

experienced, thoy becowa very vigorous to couulate and the courtship perled ia

brief or mbeexintant
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SECTION € - DTATR I TTUR

(FATTER 8

DLSYRINGTIO . LR M0ST0S TN N LEATAMD

Prom the literature avd available collections it was apparent that I, buttoni

is widely distributed io this country,

Distribution in the fouth Islond

Tiutton (1897 ) revorted the looalitles, Canterbury and Otego. MNyers (1998)
mentioned Blovheinm and Central Otago, whilst Usinger (1943) added Asbburton, Gurr
{1057 ) added NHelscu and North Canterbury to the list of South Island localities,

In addition, f‘mm a collection by lir, L, Gurr, the suthor wotes the following
localities morked on the specimens: Ruby Bay, Nelson, Tusmarino, Seddon, Isefield,
Yathopai Hiver, the delta of the Walrau Biver, and Rangiora. 4lso in this collect-
iocn iz ons specimen from Tadmor, collscted by de Timline, These were all collescted
in 1850, Further, tw siecivens marked "B}.Bmeim laeerne, 192:!_”, which are pro-
bably Myers® speclmens, are in this collsetion. By mapping all the Iocalities vow
recorded, a distribution mep of N, huttonl in the South Island (Fig, $9) was

drawn up.

Distribution in the North Island

Myers (1096) listed the i’?glovzmg Horth Island localitics: Te Paki, Raltala,
Thangarei, suckland, Uhakure, /,I{Iaatings, Ieving Vielllngton, and on the Tararua
Hange plantiful up to an altitude of X0 4,

The sutbor has collected H, hubtoni speclremns at tiesbshore, Havelock Iorth,
Takeopan, Marton, Hokowhitu, and Fassey Agriculturel lollege.

Dy, Cumber (personal communication) of Entomoloxy Hivision, DeSeleHs, in a
supvey of the Dosth Island grasslands inseots,fourd N, huttoni in the following

ditiopal areas: Greytown, Tausra, Masterton, Bannevirke, Forsewood, forangahau,
funterville, Haraakalbaho, Rangiyo, Taumerunal, Tolaga HBay, Opotiki, Uhakatave,

Kaimai, Norotiu, Morrinsvills, Pasroa, vhananeki,
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From on earlier collection by ioe Vumber, the author rmoies the Pollowing
localitios surked on she syeclmwos:  waltarers, Foxton, Falala, Xohl arwnara, and
aihla, T fics Curr's collection is one speclmen foon Utamaurie

4 wop shovlng tho distributiso of 3, huttonl in the North Islamd (ses Fig, 40)

has been doasn up From the above data,

Distribution o Cutlving Islanis

bByers furtber reporded this insect from Stephen Islard, loodward (1054) rec—

orded it from the Three Kimgs Islunds, whilat 41fken (1908) amd Kirkaldy (1908)

have both recorded it from the Chathenm Islands,

Distribution of Short ing Forms

Sub=braghypberous forms have besen collscted from Ralmal, Taumsrunul, Horotiu,
flovelocl: Horth, Yarton, Fuxton, Walbarere, ¥alhla, Hokowhilu, Massoy Apriculiural
College and Seddon,

Bractypterous forms have bc%en collected from Haraskakaho,Havelock Horth, Hartou,

7

Yoxton, Holkowhiltu and Hassey 1%g§£~i¢:ul1:ural Collage.

Plgtribution of the Sise Foyulations

The three porulations ocour at Palmerston Borth, but the laripe population seems
rare.  Accuwete distribution of these populaticms hes yet W be deterwined, However,
in coliections frow the Northern part of the Forth Island the large pomulation secemsd
to predominate, end in the collection from the South Islamd the large popalation
predoninated ot Helaon and leefield, whilst the mediws porualation predominated at
Seddom,

Distribation of Pour Une-tamed lysius dpecies mentioved by Myers

Myars (1096 mentioned four Hysius species, which are apparently still un-vamed,
Une species ho reported was very corxwn in the YWellington district, and was con

fined to tzuhinu (Cassinia lewtophylla). The sscond steciom was specially attached

to Raoull touulcaulls Hook, fa, @nd was collected on the Tararua and Riomutaks.
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Ranges from sea~level up to 4070 £t. and et szrthur's Fass up to 3800 £+, e

noted that adulis ccourred also on the fiowers of Avgelica woutona (Forst) Coclayne.

He further reported that a third spacles of Hyslus appeared to be purely sub-alpims
io distribution, and voted Arthur's Pass from 2000 £t. to 3570 £4,, lake Wuliat i:%:m
ond Gouland Yowns (2900 £t. ), 05 locelitics. o noted that it was very abum’imat

on ths flowers of Celnigis corimea (Forst. £.)s The fourth specles, "Uue undese—

cribed sp eeius, much smaller than the other described New Zealowl speciss, has been
found on Juncus at sshburton (Jouth Ysland) by Hr. Wb, fmith,”

This Pourth soecles may correszond to the small population,

It is clear that s buttoni has established itself successfully throughout
Wew foaland, The Faot that the remarksble variastion in size » Bhape, and wing length
(or fPoma) is mt confined to Telmerston Nortn, but is geverel, iudicotes that thils
speciss is still exlwting itaelf along lines different from those rejported slasewhere
in the Yiorld for this gemus. ‘

R

SARAATY OF LETHTRIBUTION

1o I% is shown that N, huttoni cccurs throughout New Zealard, The list of local-
itlss recorded for the insect is revieswed, and further additisos are here made,

T I% iz shown that a.;Ll three furms, macroptcrous, sub=brachyplerous, and brach-
yodorous are widely distributed,

e 50 Indicatiou of the distribulion of the three sige mpula‘tﬁms is given
Lontativoly,

4 - The distribution of the four ub~ntamed Hysios species weuticued by Hyers is

here roviewswd,

ALY
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AFLHUEX 1

SOUHGHTC TREOSTANCH

srucifercus Crons ‘

&0 atteryt was made to determine the d amage caused by Ne buttonl to crucif-
erous seedlings, Five crop plauts were tested, uvamely chou moellier, rape, swede,
goft turniy and hard twrenin, Vlenis were grown singly in pots, andi a aylos gauze
was used to came in the insscis. The insects were admitted at varying stages of
plont orowbh, fmra ATTOATEHNES oi’ the flrst two trus leaves o awpearamse of five
or »ix leaves. 58 & contrel, some plants were kent fres of the insect.

D«m"xge cecured on the five crop plants and even on well ssteblished plants
(4=5 ins. high)e The effect wes similar in eech case, The bugs showed a prefer-
ence Por the lesaves and leaf petioles, The velns of the loaves were tazped, and
cotwentrated feeding in the ote area caused distortion of the leaves, In ors case
where & vely wus a*a*soakaﬂ at about the centrs of a lasf, the upper portiocn of the
loof withered and died, but the low r porticn continued to grow, Thus the feeding
manctures Tryvented the flow of sar to the leef, ool probably wost of the sap from
the uyper pertion of the Ieaf wes tarced by the buge

The petiole, when aﬁtm s would csf%;et'z bacome twisted, erd the leaf and '
rotinle would wither amd c’iie. ,n the wetioles, tho ioner surface (Pacing the stem)
saemed to be preferred, Un a hard tarnip cfm't.ml plant, this surface was white
with more or less vorallel atripes, but Gn vlants pttacked by the bwz, rejeated
insertion of the rostrun msmt this patters. Jote bumps and holiows, producing a
lacerated effect, There feocdiug ;;amtares oecurted on the outer surface of the

patiole, the epiderwis was pushed iLn st the puncture mouth, This roushening effect
also coourzed on stlacked stems, but in the cootrol plasts the epidermis was swmooth,

In rege oaxnd soft turolpy scedllogs, contimed feeding by the bugs on the young
meristen sometimes resulted in the sprouting of fo.r or flve sgeondary meristewns,.
Un chaw wosllicr the damepe seens:d to be restricted mainly to the leaves,

Hone of the zbove effects occurred on €is control plants, These results were
rroduced by 1020 adalt iosects per plant, but the larger aympbs also seoemed cap-
sblis of causlop such Samage, ‘i‘hezrei’oré it iz shown thet shoeld this insset build
up in large ounbers it could become a sertous pest an crueiferous crops. Io the
Hapawatu, the losect did mot ocour io large mubers oun thesse field crops, and was
often b wesent at all, This is o doubi dus tw the faet that the vigorous
growtl: of grass and woeds ot the edge of the crop is ussuitable bug habitat, amd
that the peddock was nrobebly previously in pasture,

Yowever, in the South Ialand, ¥r, 5. lowe {persumal covmusication!} voted that
e hottoond cccurred in large nupbers sl was &mmg,in'* srede plants coe foolt in
he oht, ot sshburton iv 1958, Hany of the plante wer acfzually broken off at the
stems as o result of weakeuing through feeding }gumtuma.

dheat

H, hattoni is oot a rest of wheat or ceveal cwops io the Havavatu, because the
crons visited bhod a vigorous pgrowth of geess and woods at the edie. This being
unsaltable bug hebitael would be unlikely to herbour bups until the crup appeared.
This insect vwos vot found fn or arcund the careal crops visliod,

In ‘%;hf‘ Hanawabe, luweerse was found to be only a minor host for this species,
Although Hyers (1&'}"3} reparted considersble darage by the lusect to lucerre in

sallineing. thak yoan muat have boen Paveursble fo ab umsully larse huthd up of
tho [, hattoni pop;},,.tmm
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¥easurenents are in eye~piecs scale divialons; one scale division = 0, Wium,

1, 2 and 3 are the three measurements taken on sach egg ard m is the mean,

¥ = wacropberous. b = Sub-brachypterous,

B = Bractypterous

Code 1o, aize Fpg Laoaungth BEgg %idth
and form of
fenale 1 2 b ® 1 2 3 n
o 11,4 11,5 11,2 1L 3 4,0 4, G 4,0 40
N 5 12,0 1.4 14,8 951 465 bo i 4,5
small 11,0 11.0 11,0 12,0 41 4e3 4y 5 4.2
\ 1.8 1.5 110 11,0 4,8 #,0 4,0 4ol
b | 1.4 13,0 11,0 11a2 4e3  4e2 4 442
;’l f‘ :L. a iig 5 213 5 33. 3 4. 5 ) 4. 5 %. 5 %‘. 5
L 71.8 e 1ded 1.5 4,2 &, 2 4,5 e B
12,6 11,8 11,9 13,9 445 4,0 4,5 Lo B
' 118 11,58 33,2 1.5 e &3 Lg B 4,0 o
11,5 1305 13.5 1168 4,0 4o 2 4o 4ol
127 1.8 126 AR E £o B Lo o lh 4e 5
13.6 e 15 1.5 fo F 441 4y G F ey}
12,0 42,0 12,0 12,03 ) 4ol Lgl 4,5
11,5 18,0 11,5 11,7 he 53 405 40 403
12,0 13,0 11,0 7 3163 4,0 4,0 4o O 4,0
18,0 12,0 A9, 0 ig\. 8] 4,0 4,0 4e2 4o 0
11,8 14,5 12,0 1.8 4,0 3e8 4o %62
3.3 11,0 14,0 11,6 4o O 4o 0 4 B 4.2
1.0 11,0 11O 11,0 445 &48 4,5 4:5
31,7 11,5 11.5 11,5 4 Q 4,0 . 4,5 fo 2
11,5 11.6 138 11e5 4,5 4.5 4o 4,5
1t.Y 1i.5 11,5 11,95 4,0 4ed 4.0 40,0
1.0 11,8 11e8 13,9 4,5 4e2 4ot 405
12,0 120 Qe 12,0 45 4o 01 4,5 4.5
12U 12,0 12,0 12,0 445 4,5 4.0 e B
ﬁ.ga ‘j 320 2 12¢ Q 12; 1 4‘.5 ‘@. 5 4’. 5 %Q 5
31,5 11,5 11,5 14,5 4.2 4.1 4,0 L 0 |
12,0 11,9 12,0 12,0 4,0 4,0 4,0 4y O
13.0 11,0 11,0 13,0 4,7 4,7 4,7 4,7
1d.8 12,0 12,0 12,0 4,0 402 4,0 4,0
110 1,0 13,0 130 4,8 4ol 4o 4.4
11.5 11,0 11,0 34,3 4.1 404 425 4,2
13,5 11,8 11,5 1is4 4o 4e3 4,0 2,3
8 1.0 13,0 1308 1301 £e5 4,0 4od 4,3
14,0 9.8 1leb 11,8 S, 9 4,0 4 B 4.1
small 1162 ilad 13.7 1.4 4e5 Sald 4o 2 41
410 11,0 11,0 11,0 4B 4,5 40 408
1 11,0 11,0 13,0 11,0 4.8 4.2 4eR 4,4
S} 182 12,5 e B 4,9 43 4ol 42
12,5 128 18,5 12,8 4,0 4,03 4,0 4o}
3.8 12,0 12,0 12,0 4.0 4,0 4,0 A, O
e H 1101 139 11,4 e e D) 4o0) 4eB
180 3165 31,5 137 2,0 40 4.0 4,0
12.8 18,0 18,0 12,0 Sald 40 4,0 4,0
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by ek 11,2 1.0 1.2 Ga B - 2] 4,5 #s 5
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e 1.8 11,5 11.9 4,9 4y 1} 4o 4,2
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<
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I %
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18,1 130 1813 13.0 5e0 b Ao & 4,7

158 139 8.1 1363 4.7 4.4 4.5 do &
18,1 15,0 18,3 13,2 4.8 B0 47 48
g M 1840 15,8 1% 0 4,8 4.3 Ao Y 4.8
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3‘59 Q 35‘ ) .‘E{‘:. i) e . ‘ﬁ'-; %’3 4" 5 4" 5 4‘.4
15. “’ iSu ? . gvﬁq -3 15;5 “l » ’3 'gi‘o 8 '}‘06 ‘2’. ?
13,0 13.0 18,0 130 4 8 4ol Lo'l - a8

-
ne 1.0 14,83 . 1.9 1lel 448 4.5 4e5 4ol
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o AR 0 121 12,0 12.0 4,0 4ol 46D 4 8
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sunall e PRA 08 11,0 11,0 408 Ga2 Lok} 408
b 1.0 1Ae 2 10,9 119 4,8 4e 3 Lal Lo
A 1% 1 13,0 13,1 13,0 Yig 0 N de D Gl
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Hodiwm 15e0 12,0 1&eD 13,0 5e0 Ly d G2 +a 53
15 L 1842 G 1 Y 5e3 4,1 4,8
i1 15,0 15,0 15,0 139 2D 4o 9 4.3 4,9
iDaid a5 13,5 1365 4,5 Ge Lo 4,7
s 1 14,0 34,0 14,0 LB ) 4e 3 4,5
%, 0 13,0 130 13,0 ol Gad 56 4.8
5. G 13,0 A% D 135. a3 5.0 Dell 50
127 129 1285 12,7 3203 ded $e3 47
1ge i 1384 5 1365 134 449 ) 1a5 4e7
RIS 1ZeU 12.8 12,9 3.0 405 29 4,8
35,0 12,0 1&e U 128 g B 47 bad 4,7
186 130 14,0 1203 hel 445 4,6 4G
KFITRY 1308 1% 5 13.7 440 5,0 3] 4ol
1560 14,0 s 35D 4l 40 4e 48
- 23t i P 12.0 12.0 1o8 4,7 48 4.7 47
small 1.5 12,6 13 1245 4ol 4o 2 4.2 4e 2
& 12 5 18,7 128 12,7 % 2 441 fe2 42
A2 2.7 12,6 1249 57 fa2 4e O La 485
small 12413 18,1 125 186 Lo ! e85 43
o I 1248 12.8 18,0 1249 (e 1 Bed 4.8 4,8
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