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CHAPTER 1 

INTRODUCTION 

The New Zealand Acrididae have received considerable 

study over the past decade. Bigelow (1967) has revised their 

taxonomy; Batche1er (1967), Hudson (1970) and Mason (1971) 
have studied some of the more inaccessible alpine species; 

,Northcroft (1967) has consi'dered some of the aspects of the 

life histories of two of the three lowland speCies, namely 

campestris and Phau1acridium margina1e. 

A certain amount of interest pertaining to the zoo

geography and evolution of the New Zealand acridids was 

generated by Bigelow (op. cit.). This author pointed out 

that the unique feature of the New Zealand acridids '\\Tas tha,t 

twelve of the fifteen species were confined to alpine 

regions, and that of the three remaining species, 

]:. margina1e and Lo migratoria were not 'endemic but 

probably post-Pleistocene immigrants. P. and the 

Australian E. vittatum are closely related but there is 

evidence to .s1,.lggest that these two species are reproductively 

'isolated' (Dr K.H.L. ,C.S.IoR.O., Canberra,pers. 'com.) ,. 

l01v, (019. ci t.) found that ]:. margina1e showed great 

variability in certain traits (colour and markings, size and 

shape of the pronotum and tegmina and in the presence or 

ab.sence of the fir.st and second ,transverse sulci of the 

pronotum) when tlli~en from different geographic regions but 

determined no particular patten~ in the variation of these 

trai.ts. 

Because of the occurrence of trait variability between 

different geographic populations and also the significant 

degree of biological divergence between Australian and Nelv 

Zealand Phau1acridium, a study was initiated to examine the 

degree of genetic compatabi1ity in hybrids of parents from 

different geographic regiops. From these breeding experiments 

it became apparent that the egg diapause present 1,\Tou1d take 

some time to terminate. With the hatching of a few 
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individuals from May 1970 onward, the second major problem 

arose: the rearing of early instar nymphs. These two 

problems revealed the need to know more about the biology and 

life history stages of this grasshopper, before attempting 

crossing experiments. 

It had been generally assumed that f. marginale had a 

univoltine life cycle, overwintering in the egg stage and 

present in the field as a free living individual during the 

warmer seasons only. Northcroft (op. cite) had revealed the 

outlines of this life cycle but little was known about the 

type of egg diapause and the factors needed for its termina

tion, about embryonic development, or about the rate of 

development of all instars and the requirements for satis

factory rearing in the laboratory. 

Very little is known still of the life history stages 

'of fo marginale outside the Canterbury region, although pilot 

experiments suggest that in other regions the basic outline 

is similar. No drastic differences have been observed 

between the different geographic populations in egg 

colouration, m.unber of nymphal ins tars , or ,,,,ring structure. 

Clark (1967) has observed that five nymphal instars occur in 

,!:. vittatum, one more than in ,!:. mar..zinale, and that the 

proportion of individuals wi th func tional l",rings could be as 

high as 60-70% in populations inhabiting forest margins and 

gardens while brachypterous (reduced wings) adul were never 

less than 75% (and in some cases made.up 99%) of populations 

in pastures. This degree of dimorphism .vas never observed in 

P. marginale populations. No macropterous individuals were 

found in the Christchurch area but three macropterous males, 

two from Lake Waikaremoana (North Island) and one from the 

Hurunui River above Lake Sumner (South Island) were found 

during the period 1970 t 01973. It may be significant tha,t 

both of these areas were grasslands bordered by native forest. 

The infestation level of f. vittatum can reach 

considerable numbers in Australia, especially since the wide

spread practice of introducing Trifolium subterraneum (L.) 

into natural pasteurs (Clark, oPe cit.). Casual observation 

during this study suggested that f. rarely or never 

reaches the infestation levels observed in f. vittatum, the 

distribution in marginale being sparse with occasional 
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isolated pockets reaching higher densities. 

Diapause is an adaptation to an adverse climate but 

may not be a direct result of an adaptation to survive cold 

temperatures (Masaki, 1960i Salt, 1961). Masaki (1965) 
revealed a physiological cline in the intensity of' diapause 

in the Emma field cricket such that the intensity increased 

with decreasing latitude (and increasing temperature). 

Dumb1eton (1967) stated that the incidence of winter diapause 

in the New Zealand insect fauna was extremely low when 

compared with the insect fauna of temperate regions in the 

northern hemisphere, but in the three orthopteran families 

of Acrididae, Tettigoniidae and Gry11idae which include 

roughly 26 species in New Zealand (Johns, 1970) probably 23 
of these species exhibit diapatise. The acridid b. migratoria 

(Shumakov and Yakhimovich, 1950, cited by Uvarov, 1966 ) and 

the field cricket commodus (Bigelow and Cochaux, 

19(2) produce both diapause and non-diapause eggs, In the 

tettigonids, (XiEhidium) bi1ineatum and Q(2f) 
semivittatum both have free living life history stages in the 

field that coincide with those of E. margina1e and not with 

those of • camEestris. This strongly suggests an egg 

diapause. 'iVi thin the gry11ids it appears that all the 

Pterol'lemobiuE!. species diapause as well (M. McIntyre, pers. 

com.). These orthoptera11. families seem to be an exception to 

Dumb1eton 1 s (opo cit.) statement. Dumb1eto11. (1970) hints 

that the lack of diapause in New Zealand insects is biological 

evidence suggesting the Nelv Zealand Pleistocene· climate was 

less severe than those of comparable latitude in the northern 

hemisphere .. As pointed out above diapause is not necessarily 

an adaptation to very low temperatures, and there is evidence 

for believing that an intense obligatory diapause, rather 

than s imply cold hardiness, is an adaptation that has aris'en 

in areas without severe, cold winters. An obligatory 

diapause may be primarily an adaptation to unfavourab1y low 

moisture availability conditions. 

Late ins tars and adult E. margina1e were initially 

collected in the field from four geographically isolated 

areas throughout New Zealand (two of these in Canterbury). 

These were Te Anau, CanterburY (Christchurch and in the 

Canterbury foothills near Cass) and the Ure1.,era National 
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Park. With the change of emphasis from a breeding program to 

an ~bservation of the life history stages concentration was 

limited to ~. marginale from the Christchurch area only. 
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CHAPTER 2 

FIELD OBSERVATIONS 

2 , 1 STUDY AREAS 

Five main study areas were selected for the 1970-71. 

summer season. Two of these were located on the fringes of 

Victoria Park while the other three were on the property of 

The Isaac Construction Co. Ltd. (Fig. i), Field observations 

were made regularly from August 1970 to May 1971. Before 

August 1970 a few visits ,"ere made to these areas on hot 

sunny days, to check for the presence of any ~. 

individuals. 

(elevation a.s.l. :::: 290 m.) 

This north facing slope had a gradient angle of about 

300
, was exposed to wind and sun, but protected some\'rhat from 

the cold south and south-west winds by the bulk of the spur. 
2 The area examined was about 750 m. It lvas ungrazed and 

consisted of ranl.;: grass, clover, tussock, bracken fern 

(Pteridium esculentrun) and some bushes of Nuehlenbeckia sp. 

Victoria Park Region II (elevation a.s.l. :::: 290 m.) 

. This region was located at the top edge, or southern 

corner, of the park. The slope faced north-west a:nd was 

protected from the east and north by a ridge and a mature 

pine plantation. Winds from the south were blocked by the 

bulk of the hill. The gradient was slightly steeper than 

that of region I. Both region I and II were warm slopes. 

Igaac's Region I (elevation a.s.l. = 30.5 m.) (Plate 1) 

An old creek bank formed a slight rise (about 1 m.) 

against the surrounding flat paddock. The bank faced 

towards the north-west and ran for about 45 m. Mature gorse 

bushes (about 1.5 m. high) sheltered the area from all wind 

but remained open enough to receive all incident radiant 

energy. The area was grazed by sheep so the grass was close. 
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cropped rather than rank. 

Isaac 1 s Region II (elevation a.sQl o = 30.5 m.) (Plate 2) 

A 30.5 m. section of a high river stop bank was marked 

out. The width of the region ,,,as about 9 m., stretching from 

a vehicle track edge to the apex of the embanlanent. The 

north-west side of the embankment was covered with rank grass 

interspersed with irregular patches of bare ground consisting 

of sand and stones. The south-east side of the embankment, 

which was covered with a dense growth of gorse (Ulex 

europaeus) and broom (Sarothamnus scoparius) was not included 

in the area. Although not as protected from cold w'inds as 

region I, the 10 0 slope was exposed to all incident radiant 

energy. 

Isaac's Region III (elevation a.s~l. = 30.5 m.) 

This was a small area about 9 m. in diameter. The 

vegetation was patchy and sparse. Apart from two small gorSe 

bushes. the main vegeta ti ve forms ,,,ere exotic grasses suoh as 

cats ear, sheep sorrel, mouse eared ohiokweed and olover.(see 

ohapter 5.1 for generio and speoific names), The bare ground 

was sandy and stony. Only two !:. marginale nymphs appeared 

·in this area at anyone time. The main purpose for stud3r.ing 

this region was to obtain temperature records (Table I, 

, appendix) • 

2.2 POPULATION COUNTS AND SEASONAL TRENDS 

Estimates of the grasshopper population were made by 

direot oounts of individuals. This type of sampling appeared 

adequate sinoe all regions had oomparatively low population 

density. The ins tar stage oould easily bereoognised with 

some praotioe, and by reference to a sample of preserved 

speoimens carried into the field. 

Northoroft (1967) determined that there were four instar 

stages, before the adult stage. The pronotum length data 

oompiled by Northoroft indioated that eaoh instar oould be 

separated out roughly into the following size ranges: 



Plate 1. Isaacls region I habitat; fo r·eground. 





Plate 2. Isaac I S region II habitat; einbanlunent foreground 

up to the automobile •. 
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Fig. 1 

Mid-Canterbury, showing the location of the study 

areas (enlarged). A. Isaacfs region Ii B. Isaac's region 

IIi C. Isaac's region III; D. Victoria Park region Ii 

E. Victoria Park region II; F. and G. other important areas 

on Summit Road; H. Birdlings Flat. 

7 
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Pronotum size 
Instal' range (m.m. ) Mean (m.m. ) 

I < 1 .0 0.8 

II > 1 .0, <1.53 1 .3 

III > 1,,53 2.33 1 .9 wing reversal 

IV > 2.33 2.7 wing reversal 

Adult > 204 elytra cover 

Most individuals appeared to be clumped around the average 

value, and the instal's could be identified by field inspect

ion. First and second instal's could be distinguished only 

by size while third and fourth instal's showed wing reversal 

as well as size differences. The adults were easily 

recognised by the way in which the elytra completely covered 

the wings (Plates 3 and.4). 

A reasonably P. marginale population density was 

built up in only three of the five regions described above. 

These were Isaac's, I and II and Victoria Park 

II (Fig. 2) while only a few individuals appeared in the 

remaining two areas (Tables 1 and 2) 0 

Several other areas were observed prior to December 

1970 in which no f. nymphs appeared. Towards. the 

end of the field observations three other areas were fOLmd in 

which f. marginale was present at much I' densities. 

These areas served as reservoirs for adults required in the 

labora tory fo I' their eggs. Two of these latter areas ,\Tere 

found on the summit road ( • 1 and Plate 5) while the third 

was located on Birdlings Flat at the extreme north end of the 

beach and at the base of the peninsula cliffs. 

Cowlting grasshoppers was most easily achieved on 

fine, still days, especial in rank grass or when looking 

for the small nymphs. The Christchurch locality is subject 

to quite strong easterly winds during the summer period. A 

lengthy time period could elapse before the combination of 

fine warm weather and little or no wind coincided, In a 

strong wind not only is there too much movement of 

vegetation, but the human sense is somewhat dampened; 

to achieve an accurate count a keen sense of both s and 

sound is important in localisation of individual grasshoppers. 



Plate J. Field identification of early instars. 

Position and shape of elytra and wings .(outlined) 

aids in field identificationi 

A I ins tar 

B II instar 

C III ins tar 



A 

B 

Red __ ........, 

mite 

c 



Pia te 4·. Field identification of late instars. 

Posi tion and shape of elytra and ,'lings (outlined) 

aids in field identification. 

A IV ins tar 

B Adult instar 



A 

B 



Plate 5. Su~nit Road habitat. Vegetation cropped by 

sheep and cattle. 
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Fig. 2 

Nlmlbers of ,E. recorded during 1970-1971 
season in the three main field regions. 

® First pairs observed. 
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Table 1 NUMBERS OF f. margina1e 
DURING 1970-71 FROM VICTORIA PARK REGION I 

Instar I II III IV ~ <.j? Adu1 t cfcf Totals 

Date 

21 :9=70 

19:10:70 

10: 11 : 70 

30:11:70 

Table 2 

Instar 

Date 

9: 11 : 70 

18:11:70 

25:11 :70 

10: 11 :'70 

11:5:10 

2 

18 

4 

I 

1 

1 

NUMBERS OF P. 
,DURING 1970-71 FROM 

II I1I IV 

1 

2 

1 1 

1 

margina1e 
ISAAC REGION 

? 9 Adu1 t de! 

'2 

19 

5 
1 

Totals 

0 

1 

2 

3 

0 

The areas observed during 1970-1971 did prove to have 

low densities of f. margina1e so that sample sizes were often 

unfortunately small. In one sense, low densities were 

probably an advantage, for an attempt at direct counting of 

numbers of the different stages in a high density area, namely 

Bird1ings Flat, proved to be very difficult. The mobility of 

f. margina1e, even under excellent observation 'conditions, 

leads to a considerable problem when individual instars are 

to b.e recognised and recorped accurately. In high densi ty 

areas a direct field count would not have been attempted. 

Daily temperature readings. were taken for different 
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periods from August 1970 to January 1971 at Isaac1s Re on 

III. One probe of the Cambridge Recorder (-1.5°C to 60°C) was 

placed on the grass surface (grass temperature) while the 

second was placed 2 • .5 cm. beneath the soil surfaQe. The 

minimum grass and minimum soil temperatures for days in 

August, September and October (Table I, appendix) were 

plotted in a Model I regression (Soka1 and Rohlf 1969, p.408) 

such that grass temperature was the independent variable (X) 

and soil temperature the dependent variable (Y). From the 

regression equation the mean values for soil temperature 

(2 • .5 cm. depth) could be estimated from known mean grass 

temperatures (Table 3). 
The field temperature recordings were made because of 

the low percentage hatches of eggs, obtained after certain 

1abora treatments (see chapter 4,,2). Eggs had died when 

treated at _6°c and still had a 10\v percentage hatch after 

treatment at 6°c. It appeared that the former was too low 

and that the latter was too high. An intermediate tempera~ 

ture (3.3 0
C) was chosen as a further treatment and this was 

comparable ,'lith s orne of the mean field temperatures. 

Mr A .. K~ BrO\\rn, of Meteorological Services, Christchurch 

Airport, kindly gave access to past meteorological records 

from Hare'l'lood (see Table 3). It was from these records that 

the estimates for the mean minimum soil temperature ,'we.re 

derived. 

Grass and soil tures vary widely with locality 

(Mr A.K. BrO\vn, pel's. com.) but the estimates derived 

(Table 3) would represent conservative minimum soil tempera

tures as the original field data was taken at a sheltered 

locality. It has been assumed,in this work that deviations 

from a linear regression lv-ere not important wi thin the 

affected temperature limits. 

Egg pods of !> are laid within 2 • .5 cm. of 

the soil surface, this depth probably be limited by the 

fema1e~ ability to extend the abdomen (Uvarov, 1966), The 

digging process had been described by Northcroft (op. cit.). 

This description compares with that outlined by Uvarov (op. 

cit.). No eggs were located in the field .. Observations on 

depth of egg-pods were made in the laboratory and these 

results were assumed to reflect the field behaviour. 



Table 3 

March 1970 

April 

May 

Jillle 

July 

August 

September 

October 

November 

March 1971 

April 

May 

June 

July 

August 

September 

October 

, November 

March 1972 . 

April 

May 

Jillle 

July 

August 

September 

12 

ESTIMATED 1v:IEAN SOIL TEMPERATURES (degrees 
celsius, 2.5 cm. depth) FOR CHRISTCHURCH AREA 
IN RELATION TO OTHER DATA RECORDED AT HAREWOOD. 

Recording time 0900 hrs, Latitude 43°29'S, 
Longitude 172 0 32 1E. 

Soil 
10 cm. depth 

daily at 
0900 hrs. 

1409 

11 .2 

6.8 

4.7 

3 9 

5.2 

7.8 

10.9 

.15.6 

14.9 

11 ,,6 

9,,3 

6.6 

4.3 

5.7 

7.2 

11 4 

14.7 

15.5 

11 .1 

6 .. 6 

3.0 

3.7 

3 .. 6 

7 .. 5 

Y = 0.92 X + 0.99 

Means 
Estimated Minimum minimum 
soil Y grass 

10" 1 

5.0 4.4 

2.5 1..6 

0.9 -0.1 

-0.5 -1. 6 

0.9 -0.1 

2.4 L6 

4,,9 4.3 

6.5 6.0 

8.2 7.9 

5.3 4.7 

4,,5 3,,8 

2.3 1.4 

-0.5 -1..6 

105 0.6 

1 Q 6 . 0.8 

3.0 2.2 

6.9 6,,4 

8.7 8.4 

4 .. 9 4 .. 2 

0.8 -0.2 

-1 .. 1 -2 .. 3 
'0.4 -0.6 

-L3 -2.5 

2,,3 1.4 

Air 

15.2 

13.1 

7.9 

6.9 

6.8 

8 .. 1 

10.3 

12.;3 
14 .. q. 

15" 7 
12.2 

:10.4 

7.8 

5.7 

7.8 

10.0 

12,,0 

13 .. 9 

16<)5 

13.2 

8 .. 5 

5,,2 

6 .. 1 

5 .. 9 

11 .. 3 

Minimum 
grass 

during 
month 

4.1 

-1 .9 

-6.8 

-6.1 

-8.2 

-7.8 

-7.2 

-3.9 

1 .8 

-0.9 

-0.6 

-4,,0 . 

-6.1 

-7.2 

-6.5 

-7.7 
-qoO 

'I .0 

-1 .. 2 

-5.6 

-7.3 

-6.7 

-5.6 

-7.3 

-4 .. 9 
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The estimated mean minimum soil temperatures (Table 3) 

show that the eggs in the field are subjected to a series of 

minimums that average just above OOC over the five months May 

through September. This data gives a probable minimum value 

for cold temperature treatments that CQuld be used in diapause 

termination in the laboratory. It would also give some idea 

as to the lower level of cold tolerance by the eggs; it could 

be predicted that E,. marginale eggs can withstand cold temp

eratures of near OOC for long periods (up to 90 days) and 

much lower temperatures (_10°C to -15°C) for short durations 

of one or two days. This is borne out by some laboratory 

experiments (see chapter 402). 

The mean soil temperature would lie behveen that of the 

mean minimum grass and mean air temperatures, roughly less 

than 6°c. Soil temperatures tend to fluctuate less than air 

temperatures; thus eggs would experience long periods each 

day at this temperature (6°C). Alternating low and high 

laboratory temperatures actually extend the length of diapause 

relative to that time required for diapause termination at 

constant lmv temperature (Andrewartha, 19L~3; altern.ate days at 

25°C and 6.5 0 C,25°C and 10°C, 25°C and 13.3°C. Church and 

Salt, 1952; alternate at 25°C and _5°C for 16 hours and 8 

hours), Soil field conditions in the Christchurch region 

would seldom reach 25°C during the cold months of June, July 

and A ugu.s to 

2.3 EXTERNAL PARASITIC MITES 

Small red mites were co~nonly found attached externally 

to • marginale (see front plate). A sample of E, •. marginale 

collected in the field 18 January 1971, was examined for mites 

after being preserved in arthropod fixative (70% alcohol 

.glacial acetic acid : glycerine, 20: 1 : 1) (see Table 4). 

Dr R. Emberson of Lincoln College, Canterbury, New 

Zealand, had examined a sample of mite specimens collected off 

Canterbury alpine acridid species by Mason (1971) and had 

tentatively placed them in the family Erythraeidae and the 

genus Erythrites Southcott, 1961. Dr E~berson (pers$ com.) 

kindly examined a sample of the mites tween from P. marginale 

and placed them within the same grouping as above. All the 
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mites that he looked at had three pairs of legs only. The 

mites were thus larval forms and until a definite link is 

established between these and the adult form~ Dr Emberson's 

classification must remain tentative. 

Females tend to be more heavily parasitised than males~ 

a trend that was observed by both Mason (op. cit.) and 

Batcheler (1967) on the New Zealand alpine acridids. The 

sample was taken relatively late in the season and so the 

adults appear to be more heavily parasitised. Casual 

observation indicated that infestations were heavy (perhaps 

greater than 50%) among early instars in the early part of the 

season. This may mean that parasitism of ~q marginale by this 

mite may correspond with the peak population wave of the 

grasshopper. Individuals hatching later in the season may 

experience less parasitism than their earlier hatching peers. 

Red mites were not observed attached to either the 

tettigonid nymphs Con.ocephalus ) bilineatum or the 

pteronemobius nymphs in the field regions studied. Boththese 

orthopterans were present in the field at about the same time 

as p. margina1e. 

2.4 DISCUSSION 

Isolated pockets of the first instar nymphs of 

P. appeared in the field from September on. The 

main. ,vave of hatchi:tlg nymphs appeared during the first half 

of 'November. Individuals that hatch earlier than this 

probably have le.ss chance of survival as both September and' 

October are prone to reversion periods of cold ltwinter ll 

\veather. 

The earliest adult (a female, see Table 1) was 

observed on 19 October. The elytra of this individual were 

fully intact, a feature common to adults that have recently 

moulted. Earlier, casual observation'had indicated that the 

elytra and wings, especial of females, become tattered, 

worn and sometimes missing toward the end of the mating 

season (Batcheler, 1967). This female may have overwintered 

as a late ins tar and emerged as an adult during a ,,,arm spell 

in August or September. 

If ~. marginale often ove~vintered as late instars 



Table 4 DEGREE OF PARASITISM BY RED MITES OF DIFFERENT 
STAGES OF P. marginale 
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Instar Stage N P % Number of mites/grasshopper 

Adults <? 2 12 10 83 .. 3 2, 2, 2, 6, 5, 2, 

d'cr 11 6 54.5 3, 2 , 1 , 1 , 1 , 1 . 

IV 
~~ 

21 5 23.8 2 , 2, 1 , 1 , 1 • 

12 1 8,0 2 .• 

III ~9 21 4 19.0 1 , 1 , 1 , 1 . 
deJ 11 1 10.0 2. 

II ~2 1 0 

deJ 4 

I 1 

Total 99 55 19 34.5 

db'l 38 8 21 .0 

Sample collected 18:I:71 

N = number of R· . examined. 

P = numb.er of P. ~inale parasitised. 

% percentage parasitised. 

Table 5 MOST FREQUENT ATTACHMENT SITES OF MITES 

Elytra, undersurface 

Wings, upper surface 

lower surface 

Abdomen segment I. 

Hind leg, base of femur 

Others 

Number·· of mites 

21 

1 

1 

7 

7 
13 

3, 2, 1 , 1 . 
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then these would be quite obvious during warm weather in 

August and September. Late instars and adults of Sigaus 

campestris and adults of Locusta migratoria L. were very 

active on warm days during these months. During early 

September 1970 many §. campestris were observed in the study 

areas but the general impression gained from the 1970-1971 

field work was that the number of §. campestris gradually 

dwindled throughout the season. In Isaac1s region I, 65 
§. campestris were counted on 8 September but only a few 

.were left in the area by mid F~bruary. 

Samples of f. marginale nymphs were collected from 

November on and examined in the laboratory. No early instar 

nymphs of §. campestris appeared in these samples until the 

20 January 1972 (Northcroft, 1967). At this time three 

S. campestris n}~phs were found in the field. The earliest 

instars at this stage were a few II but mainly 

III and IV. The pronotum margin of §. campestris nYmphs is 

very distinctive from that of ins tars I and II in 

f. (Northcroft, Ope cit.). The absence of these 

early instars from February on suggested that late hatching 

is infreq~ent in !:.. marginale a:n.d overivintering as late 

ins tars is not important in maintaining the population 

·through descending seasons, as it is in the Ne'v Zealand 

alpine grasshoppers (Batcheler op. cit.; Blow, 1967; 

Nason, 1971). 
Adults ,,,,ere observed copulating relatively late in the 

season. The earliest pairs were noted in mid January, 

suggesting that the late stage of sexual maturation prevents 

the early laying of viable eggs and therefore the chance of 

a second generation within the ,same breeding season. 

Table 6 EARLY INSTARS OF Sigaus campestris 

Pronotum Femur Instar, after 
Nymph length (mm. ) length (mm. ) Northcroft, 1967 

1 . Fawn colour 1.40 4.67 II 

2. Fawn strip on 
dorsal surface, 
green on sides 0.80 3.00 I 

3. Grey, no carinae 
stripes 1 .33 4.20 II 
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CHAPTER 3 

EGGS: THEIR COLLECTION, STATISTICS AND DIAPAUSE 

3.1 COLLECTION AND INCUBATION 

Glass petri dishes (9.0 cm. diameter) were used for 

oviposition. The petri dish was filled with moist perlite to 

a depth of 5 cm. Usually, only one petri dish was placed in 

each cage. If a petri dish was left in a cage for three or 

more days the perlite was moistened with ivater at least every 

third day. Perli te ivas used because it w'as readily available 

and easy to work ivi tho No other materials were tried. 

The egg pods were washed out from the perlite with a, 

sieve that had a fine enough mesh to hold the perlite and egg 

pods while water passed through. The egg pod ivas removed and 

the perlite discarded. The egg pod was dissected within 48 

hours of being collected as the foam coat tended to harden 

with time, making pod dissection more difficult. 

Eggs were dissected from the pod under the binocular 

microscope with the aid of two pairs of fine medical forceps 

(number 4 and 5) and then transferred ivi th, a number 33 sable 

hair water colour paint brush. Eggs punctured'during this 

procedure 'vere dis carded. After a little practice eggs were 

seldom punc tured. The eggs ivere labelled in their batches in 

the petri dishes according to, 

(i) the type of cross; 

(ii) the date at ivhich the oviposi tion dish \vas 

introduced into the cage and the hours lapsed before removal; 

(iii) the number of eggs in the batch and 

(iv) any further details necessary for recognition. 

An example, c X C 

24:4:70-72 

Eggs 36 

All the eggs were incubated at 25.0 ± 0.5°C until 

required for further treatment. Those not dissected from 

the pods inunediately, were stored at this temperature until 

required. 



All eggs were plated out on a plaster of paris 

surface in 805 cm diameter plastic petri dishes. Plated 

eggs were checked at least once a fortnight and water was 

added to moisten the plaster of paris if it was too dry. 
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Death of any eggs resulted in a rapid accumulation of 

mould and fungi. Neighbouring eggs were'seldom (if ever) 

attacked by fungal growths if they were still viable 

(Andrewartha, 1943). Eggs with fungal growths were however, 

removed immediately. 

3.2 SODIUM HYPOCHLORITE TREATMENT (NaOel) 

The chorion on ~. marginale eggs is thick enough to 

prevent normal observation of the embryo with the naked eye 

or with the binocular microscope. Eggs with the chorion 

intact had to be placed under water and observed through the 

binocular microscope ... vi th a strong light source placed below 

the eggs and directed up into the field of view. A rough 

idea of the embryonic stage could be gained in this way. 

Since embryonic development was important in describ 

ing the effect of various treatments, most eggs were washed 

in a 5% solution of sodium hypochlorite (Slifer, 19L~5). 

Removal of the chorion made the embryo within quite visible 

to the human eye (but photography of the embryo was not 

successful). The eggs were placed in small poly-thene tubes 

with a wire lnesh melted into the bottom end (acquired from 

D~ P.C. Mason), The tube and the eggs were placed into the 

sodium hypochlorite solution (for about 2 to 4 minutes) and 

then removed into a stream of tap ,vater for 20 to 30 seconds. 

The eggs were checked under the binocular microscope to see 

whether enough chorion had been removed and, if satisfactory, 

placed in distilled ';vater for a short time (about 5 minutes). 

If too much chorion ... vas still present, these eggs were 

subjected to further sodium hypochlorite treatment. It was 

found that no more than 20 eggs c,ould be handled effectively 

at a single time. Numbers less than 20 allowed individual 

attention of eggs. A small drop of detergent broke the 

surface tension and allowed the eggs to sink into the solution 

rather than float on the surface. 

Removal of the chorion seemed to have no noticeable 



effect on egg development (Slifer, op. cit.). 

A bleaching technique developed by Hokama 

and Judson (1963) was attempted but did not remove the 

chorion to the same extent as Slifer's method. 

3.3 MENSURATION AND ANALYSIS OF DATA 
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Morphological measurements used in the study were made 

using an eyepiece micrometer in an Olympus Model X stereo

scopic microscope. 

Temperature recordings required over a period of time 

were made with a Cambridge thermograph (field) and a Cassella/ 

London thermograph in the laboratory. Some temperature 

measurements were .made in fahrenheit degrees but these were 

converted to degrees celsius in most cases. 

The re ration rate of eggs was measured with a Braun 

V85 respirometer. Eggs of a known age were placed in a 15 

mI. flask that connected to a micromanometer. 1varburg's 

(1926) "direct method", .cited by Umbreit, Burris and Stauffer 

(1964), was used to measure re ion rates in which 

oxygen uptake was measured by carbon dioxide absorption in 

10% KOH solution. Small 2 cm!1 'fans' of analytic grade 

filter paper were used to increase the surface area of th~ 

potassil.UTI hydroxide solution. All experiments were rill1. at 

25.00 ± 0.05°C, with one flask and manometer used as a 

thermobarometer. The flask constant, k, of the empty flask 

was determined from a nomograph and the correction factor, 

llk, 'vas taken from Table 13 of Umbrei t et. a1. The same 

pair (of flask and micromanometer) were maintained during the 

course of experiments. 

Statistical methods used in this thesis were taken 

either from Sokal and Rohlf (1969) or from Siegal (1956). 

Measurements were processed on either a CANOLA-164p electronic 

desk calculator or on the University of Canterbury I.B.M. 

360/44 computer (128K bytes capacity). All programs used 

were selected from the Department of Zoology Standard Program 

Library. 
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3.4 EGG STATISTICS 

a. 

The morphology of the egg pod and eggs of ~. marginale 

has been described by Northcroft (1967). Egg pods displayed 

a great variation i~ size and shape during this work. They 

were either straight or bow'-shaped with a large or small 

apical plug. Pods were laid anywhere within the oviposition 

tray and then could be either vertical or at an angle to the 

horizontal. Pods were se~dom found deposited to the 

perlite surface. Abnormal bundles of eggs were sometimes 

found in the cages, on walls and plant leaves. These were 

attributed to virgin females (Smith, 1969; see chapter 4.3). 
Eggs also shDlved variation in colour and 

Northcroft (op. cit.) described the colour as opaque and 

uniformly orange-brown. In this thesis newly laid eggs were 

often a very pale yelIDl'T but would darken 1vi thin 12 to !.t·8 

hours. This darkening was probably due to continued egg 

development after oviposition (Uvarov, 1966) and not simply 

of the egg. It was found that eggs 1'lOuld dissolve 

completely in sodium hypochlorite if treated wi thin fi·ve days 

of oviposition. This was probably due to the incomplete 

development of the serosa membrane and the hlfo membranes that 

it secretes after its OlVn formation (Slifer, 19L~5; Uvarov, 

OPe cit.). Slifer stated that removal of th£ chorion could 

be achieved in Melanoplus (Thomas) after the 

serosa had formed and secreted an outer chitinous membrane on 

the sixth to seventh day of incubation at 25°C. Po 

eggs dissected out from female corpses would collapse within 

a few days of being plated out on 

dissolve in sodium hypochlorite. 

All eggs, from different 

to be essentially of the same dimens 

ter of paris and would 

regions, appeared 

No striking 

colour, or texture differences were observed from 

casual observation so egg measurements were not taken from 

all regions. The following data were derived from samples 

of Canterbury eggs: 

egg we 

egg length 

egg width 
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volume of water displaced by 
20 eggs OQ1 mI. 

It is, however, quite probable that size differences in eggs 

from different geographic regions do occur, just as the 

differences, determined below, exist for eggs per pod from 

parents of different geographic regions. 

b. Eggs per female 

At the start of this project adults from different 

geographical populations had been collected in the hope that 

these could be reared in the laboratorYQ Crosses were to have 

been set up so that certain physiological and morphological 

characteristics (such as embryonic diapause, embryonic 

morphology and hybrid viability) could have been studied~ 

The grasshoppers could not be reared successfully at this 

stage and so some comparisons lv-ere made on the eggs and egg 

pods of each geographic region. 

Four main areas were studied at first, but eggs were 

also collected from adults from other geographic regions 

during the study. The following abbreviations are used 

throughout this thesis for the four main geographic regions. 

Other areas sampled during the study were not abbreviated. 

The abbreviations sho>v- the parental type of the cross, the 

female being stated first: 

Te Anau 

Canterbury 

Thomas River 

Whatapo Bay 

Te x Te 

C x C 

Th x Th 

W x W 

Longitude, latitude and elevation for these areas are shown 

in Table 8 and Fig. J. 
About 60 ~. marginale were collected from Cheviot 

Downs Station, located between the Takitimu Mts. and the 

Mararoa River, in the Te Anau-Manapouri area. Only 46 of 

these were alive two days later when they were set up in the 

laboratory (Table 7). 
Canterbury sample s ,,,ere taken from Banks Peninsula. 

Initially, grasshoppers were taken from a rank grass region, 

bordered by a ploughed fire break, located above the Sign of 

the Takahe. Later on other areas were found along Dyers 

Pass Road and the Summi t Road (Table 7). 
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Fig. 3 

J>.fap of Nelv Zealand locating the geographic regions 

from which P. margiYlale 'vere obtained. 
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Tabla 7 EGG· COLLECTION Al,i} EGGS Plm n:HALE FRO)! PAIlTICIJLAIl CROSSES 

'fe ,\nau 

Collected Janllnry 1970. Female Llfiult 13 Male adult 7 
juvenile 1J Juvenile 0 

Date 23: 1 26:1 3D: 1 3:2 6~J 10.2 ! 3.2 17:2 20:2 21j :2 27.2 13: J 52 days total 

N (ell"lJ"s) 24 36 53 21 2B 17 21 21 22 11 251; total 

N ( CtlJl1ul£>s) 6 7 7 7 7 7 , , 10 total 

Eims/re~111e 25.4 

Em~s/ Camale/day 0,1,87 

Canterbury 

Collected various c!UC£>5. 

Do,to 23:1 26: 1 30,1 ') :.~ 6.? 10:2 13.2 17,2 20:R 2 11:2 27:2 3:' 17.3 24.3 27.3 6: 1, 

N (emrs) 0 15 "7 56 69 52 50 1,6 59 51, 20 

N (remaIn) J 8 !l 11) 10 10 10 11) 11 11 12 

Egr;s/ rOllla le 31,1 

E(msjf'cmalc/dny 0.359 

Thomas fllver 

Collected 21 January 1970 Femalo adult 2J 

DElta ;!o: I JO: 1 J:2 0:2 
N ("grrs ) 135 115 eo 83 

N (remales) 12 12 12 12 

E~I:"/f"m"le 22.5 

Er:;r,,/remalo/day " O.1J70 

'. '. 

Date 

N (elmS) 

N ( females) 

El:ffs / female 

'WI,,> tapa aui 
Collected ~ April 1970 

10:/, 111: I, 17: /1 21 :4 

291 93 117 52 

8.9 
Ege;s/remale/day 0.)56, 

N (er:e:a) 
N (females) 

Te X C (1970) 

Total 

Days 2B 

Eggs 64 
Females l; 

Eggs/remale 16 

Number of' eggs 
Nwnber of females 

juvenile 22 

10:2 1):2 17 :2 20:2 211; 2 

31 22 1111 25 2(. 

11 12 12 12 18 

28:/1 1:5 25 totttl 

27 11 571 tot"l 

6il total 

To x Cass 

Total 

Days 28 
Eggs 13 

Femal"s 4 

Eggs/female :3.25 

19 10 35 a .6 
.1 11 

Male adult 25 
Juvenile 6 

27:2 J:) 6:J 10:) 

51 22 5 7 

17 15 15 

Hule" 51 

C x Cass 

Tot"l 

Days 28 

Eggs 5) 
l·"prnalefj 5 

Eggs/female 10.6 

IQ,I, 171/1 211,4 87 total 

22 10 5 593 total 

19 total 

118. total 

586 to tnl· 

~6 total 
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A second area within the Canterbury province was 

Thomas River. Grasshoppers were collected from a grazed 

pasture adjacent to the West Coast road (route 73) and near 

the Thomas River (Table 7). Some batches of adults w'ere also 

collected from Cass, about 12 miles further north-west on 

route 73 from the T~omas River (Fig. 3). 

Whatapo Bay is located on the eastern shore of Lake 

Waikaremoana, Urewera National Park in the North Island. The 

grasshoppers were found on a flat area that was intermittent

ly covered with mat plants such as Trifolium sp. The soil 

was made up of a coarse white sand. About 150 grasshoppers, 

including 2 males, plus 9 tettigonids and two males of 

Sigaus piliferus were collected here on the 4 April, 1970. 

Forty-eight hours later, 38 E. had died; the 

surviving 115 were distributed evenly among three cages in 

the laboratory at Canterbury (Table 7). 
It is interesting to note that the t'\V'o male 

S. piliferus appeared ,to be quite active in the laboratory 

cages until their death about 120 days after capture. The 

longhorned grasshoppers captured from Whatapo Bay gradually 

died off, the last one surviving for about the same length of 

time as the S. All P. had died off 

within 30 days. The lower mortality the tettigonids 

and S. piliferu!? may mean that these species could be kept in 

captivity more successfully lhan !:. 
Some hybrid crosses were set up with IV instar females 

from Te Anau and Cante Very little was gained from 

these crosses, for at this stage, the problems of cl,iapause 

termination and grasshopper rearing had not been solved 

(Table 7). 
No attempt was made to relate egg production with 

geographic origin of s, as many of the relevant factors 

could not be controlled. The age of females was seldom known. 

The time at which females were taken from the field differed 

great and seasonal differences between areas, such as 

Canterbury and Wllatopo Bay were marked. The age structure 

of the Canterbury population appeared to be more advanced 

than that of Whatapo Bay; juveniles were still obvious on 

6 April in the latter population. The availability of food 

would probably effect egg production (Clark, 1967) making 



comparisons of dubious value (in many areas around Christ

church the vegetation dries off by late January). 

Individuals from the Te Anau and Whatapo Bay regions may 

have experienced greater difficulty in adapting to the 

laboratory climate than the locally captured grasshoppers. 

25 

The number of eggs per female was fairly simi1ar·for 

Te Anau, Canterbury and Thomas River samples, but each of 

these was markedly different from that of the '>lhatapo Bay 

population. However, if data on eggs per female is divided 

by the number of days required for their production (within 

the laboratory) the neW statistic, of eggs per female per 

day, revealed less dissimilarity. Under the conditions at 

which these statistics were obtained, that of eggs per female 

per day probably contains the least bias. It is sufficient 

to comment here that egg production is not drastically 

different in each geographic population (but may be 

significantly different) and that these statistics represent 

a minimum value for f.ecundity. This value may be useful for 

future comparisons. 

c •. ~ per pod. 

The number of eggs dissected from each egg pod, taken 

from a particular cross, were recorded (Table II, appendix). 

Each group, including t1vo from Cru1. terbury, were labelled A 

to :m and lvere tested in pairs against one another for 

significant differences. The Kruska1-1va11is one-way analysis 

of variance by ranks was used (Siegel, 1956). The Kruska1-
2 . 

Wallis statistic, H, can be compared with that of X (Table 

Comparison of sMap1es A, Band C show no significant 

difference from the null hypothesis. Each of these samples 

was taken from the Canterbury region so these results might 

well be expected. However, the interesting comparisons are 

those involving ei ther D or E. 'Vi th one exception, the Chi 

square values are significantly different from the null 

hypothesis, especially when compared with group D (Whatapo 

Bay). The single exception is that of Whatapo Bay taken with 

Te Anau. The average nl~ber of eggs per pod in both these 

samples were higher than those for Canterbury (Table 8). 

The explanation for the significant differences coul.d 



Table 8 HEAN r-nJMBER OF EGGS PER POD FOR PARTIctJLAR CROSSES AND 
ASSOCIATED REGIONAL COORDINATES 

Cross 

A. C x C 

Jan-Mal'cll 1970 

B. C x C 

Jan-Murch 1971 

C. Th x Tll 

Jan-Hnrch 1970 

D. ~f x W 

April 1970 

E. Te x Te 

Jan-Fcb 1970 

Palmerston North 

,.1 rlJl- Ji'ph 19T' 

PnlnlC'rston Nortll x C 

Jan-Feb 1972 

C x Palmerston North 

Jan-Feb '1972 

Number 
of' pods 

60 

61 

2,) 

20 

7 

Nean 
eBgs/pod 

9.650 

9.215 

9.689 

11.R')') 

9.')50 

10.286 ; 

Elevation 
a.s.l. (m) 

') ')2 

') ,)2 

875 

')00 

Longitude 
E 

171 0 421 

26 

Latitude 
S 

Tnble 9 KRUSKAL-'i1ALLIS TEST. SA,"'!PLES A TO l~ CONPAPED. CI-~I-SQUARE 

VALUU:S ARE GIV1m IN TOP HALF OF, NATRIX AND TIlE LEVEL OF 
SIGNIFICANCE GIVEN IN BO'ITOl'I HALF. REJECTION AT OR BELOW 
p 0.05 

A B C D E 

A 2.199') 0.0 21.9'176 5.288,) 

B 1010 to 20% n. 8. 1.80,)0 36.1899 , 1~.11197 

C > 99% n.8. 10% to 20% n.s. 16.7397 II • lIlt/It 

D < 0.1% < 0.1% < 0.1% 2.612') 

E 2% to 5% 0.1% to 1% 2% to 5% 10'% to 201~ n. s. 

n.s. not signif'icant. 
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be one resulting from either I technical' causes or 'natural' 

causes. Since the laboratory population was set up in a 

Canterbury climate, those populations taken from the 

Canterbury area may have been less adversely affected by the 

transition from field to laboratory conditions than those 

populations from outside the Canterbury region. This is the 

ftechnica1' cause suggested above. Such a factor may not be 

important with most animals. However, with the early 

1ab?ratory populations of ~. margina1e the high death rate 

and low life expectancy, pointed to a strong selective force 

in operation in the laboratory. This later proved to be an 

absence of certain climatic conditions (see chapter 5). With 

the development of a successful rearing tecmlique that 

provided a largely unique environment (in terms of its origin 

within the cage as opposed to factors from '\vithout) the above 

breeding experiments could be repeated and any significant 

differences could more reliably be termed I natura1 t causes. 

The above argument notwithstanp.ing, natural causeS 

probably have contributed significantly to the geographic 

differences found in the eggs per pod statistics. No 

apparent selective advantage for, say, more eggs per pod in 

Whatapo Bay populations, springs to mind; it may be a 

.divergence in this trait resulting from geographic isolation 

of these breeding populations. All that can be said at this 

pO.int is there is a significant difference between each of 

the three regional populations and that the mean number of 

eggs per pod in descending order, for each region was 

Whatapo Bay, Te Anau and Canterbury~ Although these three 

regi ons are 1a -ti tudina11 y qui t e s epara t e, re gi ons B, D and E 

shm., common affinities in altitude (472 m. to 875 m.) and 

probably in their winter climate. 

3.5 EGG DIAPAUSE 

a. Morphological evidence 

It has been generally assumed that R. margina1e over

wintered in the egg stage. An absence of P. margina1e 

individuals of any stage throughout the ,.,inter months and the 

appearance of nymphs only during early spring and adults only 

during late summer and autumn have contributed to this 
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assumption. Northcroft (1967) had recorded this trend from 

field work and managed to hatch some eggs, after several 

months, when they had been subjected to a brief cold spell. 

Eggs kept at room temperature did not hatch until a few 

months after the treated eggs. 

Early on in ~his study the embryos \V'ere observed 

within the eggs while they developed. Clearing with sodium 

hypochlorite enhanced this observation. The embryos became 

visible after six to eight days, the eye pigment being 

prominant by about the twelfth day after laying. Between 12 

and 20 days, no further 'development was observed. .This ,vas 

assumed to be the period at which a diapause was initiated 

(see Fig. 6 chapter 3.6). 

Of all eggs incubated at 25°C only seven hatched 

without any treatment being supplied (Table 10). One egg 

hatched after receiving avery short cold treatment and 

eight other eggs broke diapause while under experimental 

conditions in the Bra1.!ll V85 respirometer. 

Five eggs alone revealed an almost compJ_ete lack of 

the diapause condition (see discussion, chapter 3 Q 6) in that 

they hatched in about 30 days. The rest of the eggs (Table 

10) shmvedother types of hatching behaviour; all took a 

longer period than the expected 30 days (10 days anatrepsis -

20 days ka ta trepsis) . The 74,' 179 and 269 day cases would 

have been in the diapause condition during most of this time. 

No explanation was offered for the 26 April 1971, Canterbury 

eggs. This batch had entered diapause betw'een days 12 and 

16. When the second peak was observed (see Fig. 4). in the 

respiration rate the 25 eggs were treated with sodium 

hypochlorite and it was found that eight of the 25 embryos 

had terminated diapause. It was possible that the eight 

eggs concerned, came from the same female. Whether the 

breaking of diapause was simply spontaneous or affected by 

experimental conditions was not 'known. 

b. Physiological evidence 

An attempt was made to determine more accurately 'the 

time of diapause initiation by measuring egg respiration. 

Large numbers of eggs could not be obtained at this stage so 

a series of readings were made on different batches of eggs. 
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Table 10 EGGS THAT HATCHED WITHOUT APPARENT TREATMENT 

Number Date of Days before 
of eggs Batch hatch hatching 

1 W x w, 14:4:70, Egg 89 12:5:70 28 + 2 

1 W x w, 14:4:70, Egg 89 13: 5: 70 29 ± 2 

2 11 x w, 17:4:70, Egg 45 19: 5: 70 32 + 2 

1 C x c, 14:4:71, 20:5:71 36 .± 2 

1 Th x Th, 6:3:70, Egg 4 19: 5: 70 74 ± 2 

1 Th x Th, 27:2:70, Egg 1 1 2.5:8:70 179 .± 2 

1 Th X Th, 10: 2 :70., Egg a 
2 days @ 40 F 6: 11 : 70 269 .± 2 

8 C x C, 26:4:71, Egg 25 
Broke diapause 2 : 6: 71 37 ± 0~5 

either 17:6 or 20:6 while in 
Braun V85 respirometer 40 0.5 

An attempt was made to keep the number of eggs used in each 

run at 25, but owing to death and accident, the number used 

'vas sometimes less than this. 

Bodine, 1929, cited by Uvarov(1966) found that the 

rate .of .oxygen oonsumption of eggs that developed without a 

diapause gradually increased. Boell (1935) found that in 

diapausing eggs of ME!lanoplusdifferentialis, the· shape of 

the oxygen consumption curve was such that it reached a 
o maximrun 011 day 20 at 2.5 C then dropped toa lmver diapause 

level, which confirmed part of Bodine f s earlier ,vork· (as 

cited by Boell). This peak coinoided with the cessation of 

morphogenesis (Boell, op •. cit.). The same trends were 

observed in. the respiratory metabolism of the eggs of 

Gryllus-veletis (Rakshpal, 1962a) a'non-diapausing species, 

and of G. pennsylvanicus (Rakshpal, 1962b) adiapausing 

species, of field crickets. MacFarlane and Drummond (1970) 

used this peaking of oxygen consumption prior to the initia

tion of egg diapause, to follow this physiological trait in 

the reciprocal orosses between the Australian crickets 

Teleogryllus oceanicus (Le Guillou) andT. conunodus (Walker). 

These crickets are non-diapausing and diapausing respectively. 



Oxygen consumption was measured as microlitres per 

egg per hour. The results certainly did not point to a 

single time at w'hich diapause commenced and morphogenesis 

ceased, neither for a particular batch of eggs (Fig. 4) nor 

for the pooled results (Fig.,5). It appears that the time 

of diapause initiation in this species is quite variable, 

ranging from 12 to 24 days. Particular egg batches showed 

one or hlO main peaks of oxygen consumption before dropping 

back to a low diapause level (0.100 ul per egg per hour) 0 

Although the plotted points are too few in number to reveal 

a pattern, it may be speculated that two types of eggs occur: 

those that enter diapause after 12 days and those that enter 

after 20 days. Further experiments might resolve this point. 

It is clear from the oxygen uptake levels of the eight 

eggs which brok~ diapause (or were diapause free), about day 

20 and day 24 (see Fig. 4), that with the resumption of 

morphogenesis during the stage of katatrepsis, this level is 

many times that of the diapause leveL 

3.6 DISCUSSION 

No serious attempt was made to study the morphology 

of embryonic development. The embryo lvas observed ,vithin the 

egg and sketches of the crucial stages made (Fig. 6). Photo-

·graphyproved to be difficult because of the thickness of the 

membranes (white and yellow cuticle) and the lack of 

definition of the embryo within the egg (Messrs J. Burnip and 

F.E. McGregor, pers_ com.). An appreciation of the time of 

. diapa1-lse requires some knOl\rledge of the embryonic development, 

so a brief outline of this development will be given. 

Embryonic development in P. marginale seems to follow 

the general acridid pattern as 'determined by various workers 

(Slifer, 1932; Roonwal, 1937; Steele, 1941; Shulov and Pener, 

1959, and a good account for gryllids is given by Brookes, 

1952). Observation was made of the two stages of 

blastokinesis; a term derived from the embryological work on 

Xiphidium (now Conocephalus) by Wheeler (1893)., As the 

defining of these terms is of historic interest the following 

excerpt has been quoted from Wheeler, op. cit., (p.68). 

IIFrequently the germ-band, when newly formed, lies 



Plate 6. Braun V85 respirometer. 

A Thermobarometer 

B Water trough 

C 15 mI. flask 

D Micromanometer 

Photo H.A. Best 
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Fig. 4 

Respiration rates of particular egg batches over the 

first 28 days. Carbon dioxide absorbed in KOH solution. 
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. 5 

Respiration s during pre-diapause and diapause of 

P. marginale eggs. on dioxide absorbed in KOH solutiono 

T1.vo points (labelled) show respiration rate after diapause 

termination. 
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Fig. 6 

Main stages of embryogenesis in P. 

All eggs are sketched ;vith the anterior end up. 

been incubated at 25°C. 

A & B, Cass x Cass 

3:2:70 

Eggs 24 

Diapause positions of two embryos, 45 

oviposition. 

C & D, W x W 

10:4:70 

Eggs 88 

C Diapause free, 21 days old, embryo 

. completed revolution. 

just 

33 

had 

after 

D Diapause free, 22 days old, embryo has enclosed yolk. 
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nearer the 100lier than the upper pole -----.. The usual move

ments are very simple; from a position of rest on the ventral 

surface of the egg, the germ-band moves through an arc till 

its body is completely inverted. Then it rests and again 

passes back through the same arc to its original position on 

the ventral yolk. These movements may be compared to the 

single vibration ofa pendulum. The ascending movement I 

shall designate as anatrepsis, the descending as katatrepSiS, 

the intervening resting stage as the diapause. The general 

term blastokinesis may be used to include all the oscillatory 

movements of the germ-band." 

Andrewartha (1952) pointed out that the term blastokinesis 

was readily accepted by embryologists but the term diapause 

gained favour only among physiologists. These embryological 

terms are used for discussion in this thesis. Diapause is 

used in the physiological sense only. 

,At revolution, which is the initiation of katatrepsis, 

the embryo revolved around the inside of the posterior pole 

(Fig. 6). The duration of this stage 1liaS not observed 

accurately but from casual observation it appeared that the 

1800 revolution seldom took more than 24 hours, at 25°C 

(Roonwal, Ope cit., determined that for the African migratory 

'locust this stage took 18 hours at 33°C) and often had been 

completed wi thin a few' hours. The period before revolution 

is kn01vn as ana trepsis. It is at the end of this section of 

morphogenesis that diapause occurs in this species. 

Katatrepsis occurs after anatrepsis, once diapause has 

terminated. This latter stage was characterised by engulf

ment of the yolk by the embryo accompanied by vigorous 

rhythmic movements and considerable morphologioal develop

ment. Katatrepsis lasted for about 20 days at 25°C (Table 

11 ) • 

Table 11 

Region 

Whatapo 

Thomas 

Canterbury 

Te Anau 

AVERAGE LENGTH OF TIME FOR KATATREPSIS 

Number of eggs in sample 

39 

51 

14 

2 

Days before hatching 

22.9 

22.9 

20.5 

21 .0 
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Egg diapause, in f. marginale (Canterbury) was shown 

to occur near the end of anatrepsis. This was borne out by 

simple observation of the embryo within the egg and by the 

determination of a maxima in oxygen uptake between days 12 

and 24, after oviposition. The oxygen uptake was also 

measured in some eggs that had broken diapause and this was 

found to be several times that of the diapause level. 

Diapause l'laS initiated about the same time for eggs from the 

three other geographic regions, Whatapo Bay, Thomas River 

and Te Anau. In these latter cases diapause initiation was 

determined by the stage of cessation of morphogen.esis. 

An obligative diapause exists in the eggs of 

P. At this stage of the life history a prolonged 

arrest of growth supervenes, irrespective of· the envirolunent. 

Th6 degree of obligative diapause is exemplified by the lack 

of spontaneous or diapause free hatchings. These totalled 

only five in all of the several thousand eggs handled. 

Other hatchings without treatment were considered as 

irregular but may have resulted from diapause termination in 

each case (see Table 10). The treatments for diapause 

termination are discussed in chapter four. 
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CHAPTER 4 

TREATMENTS FOR DIAPAUSE TERMINATION 

4.1 XYLOL TREATMENT. 

The obligative diapause in the eggs of the grasshopper 

M. differentialis was broken by washing them in xylol 

'(Slifer, 19~6) or in mineral oil (Slifer, 19.58). The success 

of this technique does not appear to have been duplicated on 

any other acridids so far. 

A few eggs of .E. marginale '''ere subjected to the xylol 

trea tmen t us ed by Slifer (1 946) • The eggs were w'ashed in .5% 

sodimn hypochlorite and then washed in running tap water for 

a few minutes. The eggs were dried on filter paper and 

lowered into the xylol solution. The eggs were regularly 

swirled round in the xylol. Aften"ards the eggs were washed 

in tap water for 30 minutes and then stood in distilled water 

for 30 minutes before being dried and plated out on plaster 

of paris. 

All eggs were incubated at 2.5°C until 11 March~ 1971. 

None of the eggs (Table 12) had hatched by this date, a 

period of nearly 370 days. 

This treatment had no immediately apparent effect on 

the eggs for they all remained turgid and viable (probably) 

in that none lost their 'live' appearance or vrere attacked 

by fungi (Andrewartha, 1943), The eggs remained in the late 

anatrepsis position. 

4.2 TEMPERATURE TREATMENT 

a. Introduction and Methods 

No specific work had been done previously on the egg 

diapause of .E. marginale. Northcroft (1967) subjected two 

egg pods to temperatures of _8°C to .5°C for 33 to 34 days and 

when these were returned to an incubator held at 66°F to 780 F 

they hatched in July and September whereas some control 

batches that were laid in April-March did not hatch until 
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Table 12 EGGS OF f. SUBJECTED TO 
XYLOL TREATMENT. 

Date of Time length 
Egg Batch treatment of treatment 

C x C, 3:2:70, Egg 20 4:3:70 15 min. 

C x C, 3:2:70, Egg 24 4:3:70 30 min. 

C x C, 23:1:70, Egg 8 4:3:70 30 min. 

Te x Te, 6:2:70, Egg 22 18: 3: 70 45 min. 

C x C, 6:2:70, Egg 30 18:3:70 45 min. 

C x C, 6:2:70, Egg 29 untreated. 

C x C, 10: 2: 70, Egg 40 18: 3: 70 45 min. 

three months after this date, in November. 

The incubation terr.perature selected was largely 

govern.ed by the type of incubator available. Among the first. 

° treatments selected 'vas a temperature of -7 C. The icebox of 

a 9 cu. ft refrigerator served as an incubator. 

A Gallenkamp (Cooled incubator) ,'laS used for the 

treatments of 3.3°C and _1°C. By placing the Gallenkamp in 

a temperature control room at about 15°C the Gallenkamp could 

be held at a temperature of :3.3 ± 0.5
0

C. 

° The incubator that held the eggs at 25 ± 0.5 Chad 

been made by the Zoology Department1s technical staff. A 

temperature control room held at 30 ± 2°C was used for the 

° single treatment above 25 C. 

All eggs 'vere held at 25°C for the first 25 days after 

oviposition so that morphogenesis during anatrepsis could 

run to completion. The eggs were then placed in the required 

treatment. Initially only small batches (10) of eggs were 

removed after different time lengths. Once a relatively 

successful treatment temperature had been found during the 

1969-1970 season (see Fig. 7A) a much larger experiment was 

planned and executed during the 1970-1971 season (Table 16). 

Constant cold treatment! -7 ± 3°C: Nearly 200 eggs taken 

from four different geographic regions were used in this 

treatment (Table 13). 
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About 130 eggs were held 

at this temperature for 370 days ( e 14), 

Constant treatment, 30 .± 2°C. A batch of Whatapo Bay eggs 

were ke for 335 days at this temperature (Table 15). 

Constant cold treatment, - 1.0 + 0.50C. The Gallenkamp was 

held at this treatment for some time to see if this 

temperature had any significant effect on egg hatching (Fig. 

7B) . 

° Constant cold treatment, 3.3 + 0.5 .C. This temperature was 

selected (38°F) for three main reasons. tly, a temperat-

. ° ° ure of about 0 to 5 C had been used by many workers for 

termination of diapause in orthopteran eggs derived from 

temperate climates (Church and Salt, 1952, used 5°C; 

Richards and Warloff, 1954, used OoC and Rakshpal, 1962c, 

used 6-7°C) and secondly, the early runs had indicated that 

_7°C .ias too lo.v and that 25°C was too high for diapause 

termination. The third reason 'vas that this temperature 

would probably approximate the average temperature experienced 

in the field during the winter of Canterbu~r!s temperate 

climate (see Table 3) . 

. b. Results 

Those eggs which hatched within 40 days of the end of 

a cold treatment >v-ere coUnted as having terminated 

as a result of the treatment; the other eggs 1v-ere not 

considered 1:;0 have terminated diapause. At 25°C and JOoC. 

diapause was not terminated, except for a fel'; spontaneous 

hatches (Table 10) at 25°C. The very low temperature of 

° -7 C 'vas too low, and resulted ,in the death of all eggs 

subjected here. A small proportion of eggs terminated 

diapause after treatment at _1.00C, but the greatest success 

resulted from treatments at 3.3
0

C (Fig. 7A). 

In the second experiment using the temperature of 

3.30C (1970-.1971 season) over 750 eggs were subjected to 11 

different time lengths ranging from 30 days up to 130 days, 

at 10 day intervals (Table 16). In this experiment the age 

of eggs was known to within 24 hours of oviposition. 



Table 13 

Cross 

Te x Te 

Th x Th 

Cass 

C x C 

Total 

Table 14 

Cross 

Cass 

Th x Th 

Te x Te 

Te x C 

Total 

Table 15 

Cross 

w x W 

PERIOD OF TREATMENT FOR EGGS AT -7 + 3°C 

Number of eggs Number of days 

53 34 

60 35 All eggs died when 

28· 34 returned 
0· 

to 25 c. 
56 30 

197 

PERIOD OF TREATMENT FOR EGGS AT 25.0 + 0.5 0 C 

Number of :eggs . Nwnber of days 

51 401 

45 405 No hatches "Ivere 

21 401 recorded within 

12 398 this time. 

129 

PERIOD OF TREATMENT FOR EGGS AT 30 

Number of eggs 

29 

Original batch 

contained 54 

Number of days 

335 No hatches were 

recorded within 

this time. 

39 
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Fig. 7A 

Percentage hatch of 1969-1970 season E. marginale 
o eggs after treatments at 3.3 ± 0.5 C. Samples consisted of 

ten eggs unless otherwise indicated. 

Whatapo 0 

Canterbury a 

Thomas River -

Te Anau @ 

Fig. 7B 

Percentage hatch of 1969-1970 season R. margin~ 
o eggs after treatments at -1 ,0 ± 0.5 C. Samples consisted 

of ten eggs unless othendse indica ted. 

Canterbury d 

Thomas River • 
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Fig. 8 

Percentage hatch of 1970-1971 season f. 
o eggs after treatment at 363 ± 0.5 C, Sample sizes 

50 and 100 eggs (see Table 16), 

41 
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Table 16 NUMBER OF EGGS TREATED AND NUMBER Ol~ EGGS HATCHED AFTER 
PARTICULAR PERIODS AT 3,3 ± a.soc IN 1970-1971 SEASON. 

- ,-----------.~ ... 
Days of' cold treatment 

Date of 30 40 50 60 70 80 90 100 110 120 130 Total 
oviposition used 

t·Iarch 3 5 10 5 20 10 10 10 20 20 '110 

4 10 10 10 10 10 50 

5 10 10 10 23 10 5 5 7'3 
6 10 10 10 10 20 60 

7 7 - 7 
11 10 10 10 10 -10 50 

12 10 10 10 10 10 50 

13 10 9 19 

15 -10 ,5 10 10 10 10 '10 65 

16 10 10 10 30 

17 10 10 10 10 10 50 

18 10 10 "0 10 10 50 

April 2 10 20 10 .5 20 1 J 78 

3 .5 5 5 10 10 -10 .5 5 8 6} 

Totals 50 50 50 100 100 103 100 56 50 50 116 755 
Actual number of' hatches Total 

hatched 

_ March _ :J 0 0, ,0 ,1 5. 7 '17 16 47 

4 0 0 2 8 9 19 

,5 , 1 :J 4 16 7 4 3 ')8 

6 0 ') 7 6 14 ')0 

7 7 7 

11 0 2 1~ 7 8 21 

12 0 :) :) 7 8 21 

13 4 7 11 

15 0 2 1 9 7 6 26 

16 ' 4 4 7 1.5 

17 0 0 10 7 .5 22 

18 1 2 4 8 8 ' 23 

April 2 .5 7 ,5 15 13 46 

::I 1 0 0 'J :; 8 :) II .5 29 

Total hatch 2 2 7 19 27 72 71 40 ~8 40 '37 355 

--_ ............. 
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1+ 3 

Fi.g. 9 

Linear regressions of percentage hatch (angular 

transforma tiOll) on stage of season at which eggs \·.'ere laid. 

Test for II significance" of the gradient, i'rom Simpson, Roe 

and Le1vontin (1960) p. 237, 

;?:80 days at 3.3°C t(7)::: 1.09; p> .2, <.4,not significant. 

Confidence limits for constant 

Upper 60.3233 Lower - 53 .• 1 '779 

Li.mit for gradient 

Upper -0.1695 Lower = 0.'7656 

Y ;:;; O'26X + 56· 75 -------_ ... _-_ ..... __ . 
Whole table t(7) 1.38; p>.2, < ,l.j·1l1.0t Sif.,'11i.ficant. 

Confidence linli ts f01; constant 

Upper Lower 32 ~1212 

L:Lmi. t for gradient 

Upper -0. 78 Lower - 0.8628 

£" X + 36'30 
~ 60 days ::: 1.0L~; p>.2,<.h, not sigr .. ificant. 

Confidence limits for constant 

Upper 16.73l~1 L01ver ::: 1 .lj·lj·80 

IAmit for gradie:nt 

Upper - -0.h585 Lower - 1 .It-41-j 

_.-1_ ::: O,/-I5X+ 9'10 



4.3 DISCUSSION 

The temperature of 3.3°C was the first successful 

temperature at which a high frequency of diapause eggs could 

have this condition terminated. The temperature treatments 

at _1 oC could terminate diapause, but the percentage hatch 

'vas still much Imver for comparable days of treatment (Fig. 

7A and Fig. 7B). 

The 1969-1970 treatment at 3.30 C revealed a gradual 

increase in percentage hatch from 45 to 85 days at this 

temperature. The graph is characterised by sudden changes. in 

hatching frequency. These are probably due to the small size 

of each sample and the suspected individual variation in 

either single eggs or eggs from different pods. 

In the 1970-1971 treatment at 3.3
0

C there is a marked 

change in hatching frequency about days 70 to 80.(27% to 72% 

hatch, Fig. 8). At treatments less than 70 days the percent

age hatch gradually decreases while at treatments above 80 

days the percentage hatch levels out at about 72%. The 

significant period of change at this constant temperature 

trea tment 'vas that bet"lveen 70 and 80 days. It appears that 

the diapause processes are terminated, on an average, at 

.about this time length in Canterbury eggs; morphogenesis is 

reinitiated on return to 250 C. 

This type of experiment does n.ot measure either the 

intensity of diapause or the optimwn temperature for diapause 

termination in a species with an intense obligatory diapause. 

From casual observation a similar temperature treatment on 

some eggs from Palmerston N9rth E. marginale parents, 

required 120 to 130 days before diapause was terminated. In 

this case the optimal temperature for diapause termination 

may have been above or below that of eggs from Canterbury 

popUlations. In either case diapause termination may be 

slower if the biochemical processes concerned are highly 

specific for a certain temperature range. Andrewartha (1952) 

revealed how these different optimal temperatures existed in 

races of Austroicetes by subjecting eggs to identical time 

periods at different temperatures. 

The period over which eggs were collected in the 

1970-1971 run, covered the most important egg laying period 

of the season for E. marginale. Few eggs were produced by 



females brought into the laboratory before 3 March or after 

3 April during this season. This pattern of the egg laying 

od does vary locally (see Table 7, Canterbury). In some 

areas which may receive more radiant energy in the 

season, casual observation s~ggests that the stages of 

E. marginal~ are more advanced than in adjacent, but less 

favoured areas (Clark, 1967). 
The average percentage hatch for ,eggs laid later in 

the season, tended to increase slightly. To examine this 

more closely, the data in Table 16 was divided ~:rito three groups, 

that for treatments of 60 days and less, that for 80 days and 

greater and that for all treatments ( • 9). Bartletts 

three-group method for model II regression (Sokal and Rohlf, 

1969) with 95% confidence levels given for the gradient and 

Y intercept, was applied to each of the groups in turn 

(angular transformation was applied to the percentage hatches). 

These trends were not very marked (see Fig. 9) but they 

may be the result of one or several different factors. It 

may be that there is a greater chance of a female being 

fertilised as the season advances, thus eggs laid later are 

more likel:y to be fertile. Smith (1969) observed that virgin 

females of Melanoplus in solitary conditions. 

produced a strikingly abnormal egg pod with fewer eggs than 

normal.' This type of pod was produced by!:.. marginale 

(casual observation about 1 abnormal. for every 20 normal egg..:.. 

pods). . It was aSS1Jmed that these \Vere from virgin females 

and since only normal e were collected it was also 

assumed that these were produced by fertilised females. This 

accepted, 'w'ould 'tend to decrease the importance of the above 

proposal as a cause of r percentage hatch with the 

advancement of the season. 

It is more like 

is caused by fluc 

that an increase in percentage hatch 

in some environmental factor such 

as day length or food supply •. If the above behaviour is more 

than simple chance fertilisation or chance fluctuations in 

environmental factors there may be a heredity factor 

concerned with synchronising egg hatching. There is a 

greater chance that ·laid early in the season will 

experience a longer period of cold incubation (see Table 3) 

than those towards the end of the season. If eggs laid 
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early in the season entered a more intense diapause than 

those towards the end, and assuming that the length of cold 

incubation is significantly longer in the former case (and 

hence shorter in the latter) then this would tend to 

normalise the period of diapause termination to a greater 

degree than if diapause intensity was not affected in this 

way. 

In extending the above hypothesis, it may be argued 

further, that since all eggs placed into the constant 

incubation at 3.30 C were the same age (25 days) any genes 

involved would have to be concerned with the linking of 

environmental stimuli (especially early seasonal affects), 

via the female (nymph or adult) to egg formation. A similar 

phenomena was observed by Burdick, 1937, cited by Church and 

Sal t (1952), that of a decrease in the average length of dia

pause ~n later laid eggs of Melanoplus 

Church and Salt found that in M. II mean 

diapause duration l1 de~reased because there were relatively 

fewer diapause eggs later in the season and that the length 

.of diapause in the diapause eggs did not decrease. This is 

contrary to'what may be the case in this thesis. Unlike 

~. bivittatus, no non-diapause eggs, of any important 

frequency (8 in 2000 eggs handled) were found in R. mar~irtale 

populations studied. Non-diapause eggs reached a TIlaximum 

level of 43% of eggs laid by ~. bivi ttatus. in one particular 

season (Church and Salt, op. cit.) 

The method of collection of eggs with respect to the 

stage of the season, in this thesis, was similar to that of 

Rakshpal (1962c) who found that in the eggs of the North 

American field cricket pennsylvanicus those laid by 

early developing females (eggs laid early in the season) had 

a more intense diapause than eggs produced later in the 

season by later developing females. Eggs of early developing 

females started to terminate diapause after 80 days \v-hile 

those of later developing females terminated diapause upwards 

of 28 days (all groups incubated at 280 C). Rakshpal (op. 

cit.) pointed out that this implies that the general 

physiological condition of the mother affects the eggs and 

cites similar cases for a variety of insects. In insect 

species that have a facultative diapause there are many 



recorded cases of environmental-physiological affects 

(Wigglesworth, 1965; Chapman, 1969) but in those species 

with an obligate diapause such as occurs in E. marginale 

these external affects may not assume the same importance 

in synchronising post-diapause morphogenesis. 

G. pennsylvanicus has a less intense diapause than 

,E. marginale. 

47 

In less intensely diapausing species such mechanisms 

would prevent the premature hatching of eggs laid early in 

the season (Rakshpal, Ope cit.) while in each particular 

species these different mechanisms tend to synchronise egg 

hatching in" the following season. 
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CHAPTER 5 

REARING OF GRASSHOPPERS 

5.1 FOOD 

During the early rearing attempts, dandelion leaves, 

Taraxacum officinale were collected and placed in glass 

phials, the phial opening being bunged up with cotton wool 

to prevent water from leaking out or nymphs from climbing in 

and drowning. 

Sheep nuts and wheat germ were also added to the diet. 

Water was provided in a phial plugged with cotton wool. 

Later on, potted plants were used. In this case 

small plots of soil and vegetation were transplanted into 

flower pots. The s w'ere chosens 0 that several s es 

were available, especially rosette-forming and matt plants 

(Clark, 1967). Plant species present were, 

Dandelion, 

Broadleafplantain, 

'Clover, 

Cats ear, 

Sheep sorr,el, 

:r.1osses, 

TaraxacmTI officinale 

Plantago lanceolata 

Trifolium sp. 

Hypochaeri~ radicata(L) 

Rumex 

Papillaria sp. 

Polytrichmli sp. 

Mouse eared chickweed, CerastiL~ 

Muehlenbecl<:ia sp. 

The first three species, especially Plantag~, were supplied 

for most of the time during this, study. When present, 

Muehlenbeckia was consumed rapidly but this plant was not 

so easily obtained from the field. 

As few as ten adult E. margin~le, within a few days, 

could cut back to ground level any prolific growths of 

Plantago or dandelion plants. This rapid reduction of the 

plotted plants required their renewal roughly once a week as 

well as additional leaves in s phials. 
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5.2 CAGES 

A succession of cage types were tried. At first, 

cages were placed in rooms such that the cage environment 'vas 

simply an extension of that of the room. Success in rearing 

of E. marginale was finally achieved when the environment was 

controlled within the cage itself. The factors that enabled 

successful laboratory rearing w'ere probably a combination of 

many, but among the important ones were: a fresh supply of 

food, a relative humidity of about 50%, radiant energy, 

fluctuating temperatures and a,continuous and strong flow of 

air. 

Acetate cages. These were modified from the type used by 

Hunter-Jones (1966) cited by Mason (1971). A 20 em diameter 

biscui t tin, ''lith a gauze floor, was extended to a height of 

30 cm by a tight-fit acetate cylinder. A lid fitted with 

a nylon stocking sleeve enclosed the cage. 

Plastic lunch boxes. Dimensions, 10 cm x 10 cm x 11 cm 

The detachabie lid had a hole, about 3 cm diameter, 

cut out, of it and covered with copper gauze of a sui table 

mesh. 

Dimensions 18 cm x 18 cm x 18 cm. Three sides 

were covered with a fine copper gauze and the fourth 'vas 

fitted with a muslin sleeve. The floor was covered with a 

piece of hardboard and the top was fashioned into a hinged 

perspex lid that could be screw'ed down. 

Glass confe.ctionary_j~£..§.. Dimensions 10 cm x 10 cm x .15 cm. 

A rubber bung with inlet and outlet glass tubes 

occupied a 2.5 cm diameter ho~e drilled through the screw 

lid of the jar. A steady stream of compressed air could be 

'passed through one or several of these jars connected in 

series. The relative hunlidity could be ccntrolled by adding 

in series an airstone submerged in water. Plant food types 

were grown in 5 cm of perlite on the jar floor. 

Galvanised iron cages. Dimensions, 43 cm x 43 cm x 25.5 cm 

The basic plan for this cage was adapted from those 

described by Clark (1967) in which adults and nymphs of the 

closely related Australian species P. vittatum were reared 

successfully (Fig. 10). 

The 24 gauge galvanised iron sheeting was selected 

for ease of' construction. The bottom of the cage ivalls 
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had a 1.3 cm lip bent in at a right angle so that the floor 

section could sit in the bottom when the four walls were 

bent and held into shape. Pop rivets sealed all joined 

es, preventing small nymphs from escaping. Air holes 

were cut out of the sides and floor (variable number) and 

covered with a wire gauze of a suitable mesh. A 11.5 cm 

diameter hole was also cut out of the floor section and into 

which would sit a plastic flower pot. At the top of the 

cage four pieces of 1" x t, wood edging were screwed into 

each of the four walls. This gave added rigidity to the 

cage as well as support for a 43 cm x 43 cm square of 

ordinary window glass. The gap between the glass sheet and 

the wooden supports was sealed with II Ske11eruptl foam seal 

(tJ' x til). The whole cage was mounted on two wooden supports, 

high enough to allow the flower pots used, to hang freely 

from the cage floor. 

The cage floor was kept clean, except for a few dry 

twigs. Glass phials for food and water could be pushed 

through holes in the wire gauze. 

Later, with the successful rearing of nymphs, a 1ight

bulb socket 'vas fixed into the floor of the cage. 

5 . 3 REARING METHODS AND Nl'11PH DEVELOPMENT 

Adults had been kept in cage types mentioned above 

and·p1aced in different environments. An attempt was made to 

rear adults in a growth room held at a constant temperature 

of 24.0 + 1.5°C, with a. day-night regime of 16-8 hours. The 

humidity was kept high by placing trays of water around 

the cages (up to 80 to 90 percent relative humidity). Under 

these conditions the vegetation in the flower pots maintained 

a luxuriant growth but the adult grasshoppers would nearly 

all die within ten days. 

Those adults reared in the cages on the laboratory 

benches would live longer than those in the growth room. 

The relative humidity here was about 45%, but no direct 

sunlight fell on the cages. Nymphs reared on the laboratory 

benches survived for about the ~ame time as those reared in 

the growth room (about 7 to 10 days). The only difference 

appeared to be the degree of dehydration of the corpses in 

each group; those corpses taken from the laboratory bench 
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Galvanised iron cage used for rearing grasshoppers. 
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were severely dehydrated while those from the growth rooms 

seldom showed this condition. 

Finally, the cages were placed outdoors (on the roof 

of the Zoology building). Adults were kept here qui 

successfully and with almost,no mortality. The disadvantage 

here was that the females tended to lay fewer eggs, in the 

same time period, than those on the laboratory benches or in 

the grO\vth rooms. It would appear that the females lay their 

eggs at a much greater rate if conditions are such that they 

will survive for only a few more days, than under normal 

field conditions. This behaviour was of great benefit to 

the author but tended to result in a severe depletion of the 

source populations. Large numbers of eggs that were of the 

same age were collected from adults taken weekly. from the 

field, and maintained on the laboratory benches or in the 

growth room. 

The above three trials led to the final and success-

ful attempt at laboratory These trials indicated 

.that neither a high (gr'O\vth room) nor a low (outSide cages) 

relative humidity value was of overriding importance. The 

outside cages were exposed to fluctuations in relative 

humidity (30% to 60%) but probably more important here were 

fluctuations in temperatures and air disturbances. A cage 

with these last two agents \vas set up in the li3:boratory. 

The galvanised iron cages had a 40w bulb placed in 

the cage floor which, when set at a day-ni regime of 

12-12 hours gave a maximum temperature of 32,2 0 C and a 

minum of 21 .1 °C, respecti A .1 .3 cm plastic hose from 

the compressed air tap provided a vigorous floVl of air. c::A 

few adults survived for over two weeks under these conditions. 

The next step was the successful rearing of adults, from 

eggs, and with a relatively low nymph mortality. Such a 

set up may not be necessary for the rearing of f. marginale 

in other laboratories, but at Canterbury all other methods 

failed. It may have been a combination of the dry Canterbury 

climate and the affect of the building's central heating 

system that provided the unsatisfactory and sheltered indoor 

environment. Whatever the cause, the above technique allowed 

the rearing of f. of any s , at any time of the 

year. 
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A group of nymphs that hatched from a large batch of 

eggs on 11 February, 1972, was divided into two groups such 

that 16 nymphs were kept in the laboratory cage while the 

other forty were removed to the outside cages. Nymphs were 

removed periodically from all the cages, with an aspirator, 

and placed in small glass vials by blowing them back out of 

the aspirator. Up to four nymphs were placed in each vial, 

then examined under the stereoscopic microscope. Measure

ments were made of either the pronotum or the pronotum and 

right hind femur length (Fig. 11). Northcroft (1967) had 

used measurements of various anatomical structures for the 

separation of ~Q marginale instars, including pronotum and 

femur length. Although Northcroft suggested that femur 

length might be the most suitable parameter, pronotum length 

appeared to be quite satisfactory for work in this thesis. 

An earlier attempt to determine the duration of e'ach 

ins tar involved the collection of early instars from the 

field and subsequent s.orting so that each individual could 

be recognised by such distinctive characteristics as 

colouration, degree of speckledness or parts missing. 

These nymphs 'vere collected on 20 February, 1972, by'vhich 

time only a few' late second instars and third ins tars lvere 

available (raw data in Table IV of appendix). 

The development rates of certain speci'es of acridids 

have beell.studied by various workers (Hamil to~, 1936, 1950; 
Richards and. WaJ.':loff, 195 Lt- and Moriarty, 1 969) , In 

Hamil ton 1 s Hork a. rigorous examination of development, with 

respect to both the percentage reJ_ative humidity and 

temperature 'vas carried out, revealing how much development 

was dependent on the combination of these two factors. 

Moriarty (OPe cit&) did not study the effects of these two 

factors to the same extent as Hamilton. In the work on 

E. marginale development, no attempt was made to control 

either of these two factors rigorously; the results were 

indicative of dUration and number of nymphal instars alone. 

Both relative humidity and temperature would have varied 

considerably throughout the cage and ample water would have 

been obtained from the live food source (Hamilton, 1950), 
At an average temperature of 26.7 0 0, ~. marginale 
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Fig. 11 

A. Measurement of pronotum length. 

B. Measurement of femur length. 

. C. . PO'sterior end of male abdomen, for eld recognition • 

D. Adult· female, shOiving tel~ls used in this thesis. 
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• 12 

Development of nymphal instars. 

A. At 26.7°C in the laboratory. 

B. At a mean air temperature of 16.5°C. Mid February 

1972 through to mid March 1972. 



reached the adult moult in roughly 30.4 days, each nymphal 

instal' endured for a similar period of 7.4 days (Fig. 12A). 
Four nymphal ins tars occur in the following species listed 

with development time, until the adult moult, under 

laboratory conditions; 

Locusta rnigratoria migratorioides, 

gregaria, both took 35 days at 50% 
relative humidity and 2607°c (Hamilton, 1950) , 

Chorthippus brunneus, 29 days (27.5 for males and 

31.6 for females) at 25 0 C (Moriarty op. cit.). The general 

trend from results obtained by Richards and Warloff(op. 

cit.) for five species, all with four nymphal instars, was 

that instal's I and IV were of a greater duration than instal's 

II and III. Clark (1967) also found that the duration of 

instal's I and IV were the greatest in .:E. vittatum, while the 

other three nymphal instars were roughly equal. These 

latter observations were based on field data. No such trend 

was noted in the single run for.:E. marginal~. 

Al though .:E. is a closely related species with 

five nynlphal instal's (Clark op. cit.) all laboratory 

experiments .vi th .:E. !!!§:rginale showed only four nymphal· 

instars. Uvarov (1966) stated that variation in the instal' 

'number, within the same species, had been found in most 

species that have been under close observation. A table 

produced by Shotwell, 19L~1 , cited by Uvarov, summarised 

instar number variation in species reared in cages. The 

greatest variation recorded here was for female M. bivittatus 

in which 59.3% l1.ad five ins tars and 40.7% had six instars. 

Uvarov suggested that the sub family Catantopinae, to ,v-hich 

'.:E. marginale probably belongs (Bigelo'w, 1967) generally have 

five or more nymphal instarso It would appear that 

P. marginale is an exception to this rule. 

5.4 DISCUSSION 

At the start of this thesis laboratory culture of 

.:E. marginale did not appear to be a practical proposition. 

However, once a suitable technique was developed for 

maintenance within the laboratory, several aspects of the 

life history could be studied. Egg diapause allows eggs 
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to be stored for long periods until required for new cultures 

(Hogan, 1966). Egg pods are easily collected from ovi

position trays. After a suitable cold treatment, diapause 

termination results in the hatching of over 70% of all the 

eggs. Nymphal mortality is ~elatively low, and r~asonable 

numbers of adults can be reared from the eggs used o 

E. marginale feeds on easily obtained exotic green plants 

(weeds, in New Zealand) such as dandelion, broadleafed 

plantain and clover as well as on manufactured foods such as 

. wheat germ and sheep pellets Q Grasshopper stocks can be 

replinished from quite accessible field populations. 

Chromosomal study is not difficult to master in species of 

this genus (Jackson and Cheung, 1967; Martin, 1970). An 

attempt was initiated (but abandoned because of the lack of 

eggs at the time) to study the free amino acid changes 

associated with diapause (HacFarlane and Hogan, 1966). The 

eggs of this species may lend themselves to these techniques. 

Most difficulties involved in working ,-vi th this 

animal in the laboratory will probably be resolved after a 

few further laboratory experiments. The intensity of· the 

diapause allows only three to four generations ·to be reared 

annually at present • It is not ImO\\'n .vhether .successive 

generations can be reared in laboratory cages. HybridF
1 

individuals from thePalmerston North times Canterbury 

E.cm.ar.ginale cross have been crossed with each other. 

Embryos we not obvious in any of the eggs (about 50) until 

after 25 days at 25°C (normal time at this temperature is 12 

to 15 days) and almost a third of these eggs have not 

remained viable after the first seven days from oviposition • 

. Whether the slow embryonic development wi thin the eggs is due 

to a degree of hybrid inviability (see Dobzhanskr, 1970, 

p.314) or an inadequate diet as observed by Hogan (op. cit.) 

for Teleogryllus commodus cultures, has not been resolved. 

Pickford (1,962) has also shown hO\v fecundi ty is affected by 

diet with Melanoplus bilituratus. Trials being carried out 

at present may help to resolve'this problem. The addition of 

a muslin sleeve might be a helpful modification of the cages 

used, as the grasshoppers' ability to leap causes difficult

ies when using a sliding glass panel. 

The requirements for P. marginale culture are easy 
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to provide. The main difficulty may be in providing, not 

only good air circulation (Hunter-Jones, 1956), but also an 

actual flow of air through the cages. The techniques 

developed for ~. marginale may also be suitable for rearing 

piliferus, .§.. campestris and the tettigonids 

(Conocephalus (Xiphidium) bilineatum and 9,. (~) semivittatum). 

The two adult males of S. were kept for a long 

period in the laboratory, and three early nymphs and several 

adults of .§.. campestris have been held in the laboratory 

cages for several months without apparent adverse effects. 

The invasion of lower altitudes by these two species would 

probably make them more amendable to laboratory culture than 

those endemic species restricted to higher altitudes 

(Batcheler, 1967; Bigelow, 1967; Mason, 1971). Owing to the· 

difficulties found in rearing the alpine species (Mason, Ope 

cit.) further insight into their life history stages could be 

gained fr6m laboratory ,,,ork on S. campestris and .§.. 

which have similar life cycles to the alpine species. 
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CHAPTER 6 

DISCUSSION OF THE LIFE HISTORY OF P. marginale 

Casual observation has led to the belief that 

P. marginale had an annual life cycle, and probably over

wintered in the egg stage (Northcroft, 1967). The field 

work, and laboratory work in this thesis support this view, 

certainly for the Canterbury populations, and probably also 

for the other geographic regions that were not examined to 

the same extent. The P. marginale life cycle pattern is an 

exception, when compared with the fourteen other New Zealand 

acridid species. Thirteen of these species have life cycles 

encompassing two or more years, and may overt\Tinter in ther 

the egg or nymphal stages (Batcheler:, 1967; Mason, 1971). 

The remaining species Locusta migratoria; and 

unlike the thirteen alpine and subalpine species,are 

. probably not endemic to Nmv Zealand (Bigelmv, 1967). 

Initial investigations for this thesis revealed very 

clearly that .the egg stage possessed an intense. diapause 

,vhi.chwould 'be difficult to terminate. Consequently, support~ 

ing fi eld ~lTork ~vas planned for the following season. . The 

results of these observations made it apparent that free

living stages of !:. margina1:~ were almost entirely limited 

to the warm'season of the year, from late October to May 

(Moeed, 1970). ·This was not so. for thebvo other lowland 

species, .§.. campestris and b. migratoria. Both these species 

were quite active on warm days during August and September. 

Only the adul t instar of 1. migratoria was observed, but both 

adults and late nymphal instars of .§.. campestris, were 

observed during these months. The only orthopterans that 

appeared to be roughly in phase with P. marginale were the - , 

tettigonid (Conocephalus bilineatum), and the small field 

cricket (pteronemobius). The former appeared in the field a 

little earlier than !:. ma~ginale; an impression probably 

gained from the greater frequency of this orthopteran, while 

early nymphs of the cricket genus appeared at about the same 

time as those of !:. marginale. 
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Another point which may be of interest, is the 

comparison of ins tar numbers of ~. marginale to the closely 

rela ted species R. vi tta tum. Al though a cross bet"ween these 

two species has produced F1 hybrids, each of these species 

has a different number of nymphaJ_ instars. From field 

observations, Clark (1967) determined five nymphal instars 

for • vittatum, while examination of nymphal material 

(Northcroft, op. cit.), and the rearing results of this 

thesis, have determined only four pre-adult instars as the 

norm in P. marginale. Bigelow suggested that ~. 

may be a post-Pleistocene immigrant. If this were so, then 

the time interval required for the reduction of one nymphal 

instar from this genera, assuming that the instar number has 

remained eonstant in 1:. vittatum, may be found within the 

time lapse since the Pleistocene epoch (20,000 yrs, Fleming, 

1962) . 

·The development and duration of the population 

structure of P e marginale was similar to ~. 

described by Clark (opo cit.). Hatchlings of ~. marginale 

appear in October, November and December, the peak numbers 

appearing in November. In the field each nymphal instar was 

present for 15 to 20 days and the total time between peak 

"hatching and peak adult stages being 50 to 60 dayso This 

figure is comparable with the 40 days determined by 

Northcroft. Adults ivere not observed copulating until mid 

January, although they had been present in the' field for up 

to 20 days, A similar od was established for P. vittatum 

(10 to 14 days before the first egg pod) and some 

British acridids (Richards and Warloff, 1954; Moriarty, 

1969). Laboratory rev~aled that oviposition may 

start within two to three days of copulation and a minimum 

average value of two or three egg pods were produced by each 

female. Adults survived until the approach of cold winter. 

,vea ther during May and early June (Northcroft, op. cit. i 

Moeed, op. cite). 

Laboratory experiments on nymphal development revealed 

hO"1 dependent the duration of each instar was on tenperature, 

the duration at 16.5°C being almost twice that at 26.7°C. 

Northcroft (op. cit.) found the average nymphal duration to 

be roughly 10 



Moulting nymphs were observed only a few times in the 

laboratory. The actual duration of this process was not 

observed. Recently moulted adults, because of their 

striking, pale green wings, were quite apparent. both in the 

field and the laboratory. T~is was especially so in the case 

of recently moulted females o The green colour disappeared 

within two to three hours as the cuticular pigment replaced 

that of the underlying haemolymph. 

Much of the work on insect diapause has been reviewed 

by Andrewartha (1952), Lees (1955), Wigglesworth (1965) and 

Chapman (1969), and that specifically on Acrididae has been 

reviewed by Pener and Shulov (1960), Shulov and Pener (1961), 
and Uvarov (1966). The range and varieties of diapause 

types are very great but all have the effect of adapting the 

species to an adverse environment. Chapman (op. cit.) stated 

that diapause was an adaptive phenomenon, comparable to 

migration, which involved two processes of synchronisation: 

that of active stages of morphogenesis with suitable environ

mental conditions (as exemplified by the Morocca11.locust 

Dociostaurus maroccanusi Bodenheimer and Shulov, 1951), and 

of adult 'emergence. In Q. maroccanus, a diapause stage 

occurring at the end of anatrepsis, may be terminated by the 

presence of both contact water and favou.rable temperatures. 

Theoretically, morphogenesis could truce place in the autunm 

instead of the follmdng spring, but favourable temperatures 

and availabi'li ty of 'vater seldom coincide in autunm. 

Diapause may involve any stage of a life cycle, but 

in the acridids it usually involves only the egg stage. The 

original term, diapause, was coined by Wheeler (189J) to 

describe a purely embryonic stage and was then extended by 

Henneguy (1904, cited by Andrewartha, 194J, and Wigglesworth, 

1965, page 14) to describe a state of embryonic dormancy. 

From Henneguy' s time, as Andrelv-artha (op. cit. ) pointed out, 

many workers have used the term to cover many types of 

arrested development covering a graded series from what is 

called quiescence (a state of delayed development triggered 

off by environmental factors) to ob1.iga tory diapause (Iv-here' 

all individuals in every generation enter this state of 

arrested development). It was pointed out by Lees (op. cit.) 
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that development is not arrested during phases of intense 

mitotic activity such as blastoderm formation (early 

anatrepsis) or during the later phase of active 

differentiation (late katatrepsis). Bedford (1970) found 

what might be a first example, for the Class Insecta, of an 

early anatrepsic diapause in the phasmatid Didymuria 

violescens, but stated further that this particular example 

did not invalidate Lees' (op. cit.) statement. In acridids 

diapause is usually ini tiated tm"ards the end of either 

anatrepsis or katatrepsis. Diapause may occur at either of 

these two s~ages within a single genus (Slifer, 1958). 

In P. marginale diapause is initiated towards the end 

of anatreps The evidence accumulated in this thesis 

pointed to an intense, obligatory diapause condition similar 

to that found in the British acridid brunneus 

(Richards and Warloff, OPq cit.). There was a very low 

frequency (about 0.1%) of non-diapause eggs carried in the 

population, much lower than that recorded for some North 

American acridids, for example !:f. bivittatus (Church and 

Salt, 1952). No sporadic hatching of E. marginal~ eggs held 
" 0 constantly at 25 C was observed, as has been found in 

species with a less intense, although obligatory, diapause 

'(Church and Salt, op. cit.; Bigelow, 1960; Rakshpal, 1962; 

Bedford, . 1 970) • 

The ~. marginale diapause is such that it is probably 

terminated in the field by, and after, the end of July. 

this date eggs ,"ould have been subj ectedto a.bout 90 days at 

('''inter) temperatures. This should, however, be checked by 

bringing eggs in from the field during the winter months and 

incubating them in the laboratory. In~. vittatum egg 

diapause was terminated from July onward (Clark",opo cit.). 

If diapause is terminated by July the eggs must 

develop slowly over a three month period until the November 

hatching. The average minimum grass temperatures for these 

intervening m~nths were still low, in Canterbury, and Clark 

(op. cit.) has shown that the time of hatching for~. 

vittatum in Australia was influenced by both ,,,eather and vege

tation cover. If vegetation was dense during August through 

October, then hatching of . vittatum was retarded here 



by as much as two weeks .to those areas that were close 

cropped (grazed) or bare of vegetation. P. margina1e eggs 

are probably affected in the same ''lay. After diapause was 

terminated morphogenesis would proceed at a rate governed 

by the ambient temperature, the new spring growth effect-

ive1y retarding hat~~~.~u.~ through continual evaporation and 

effective insulation keeping soil temperatures lower than 

those of sparsely vegetated areas. 

Most parts of New Zealand experience cool temperatures 

during the winter months. Unfortunately, all eggs were 

derived from parents that would norma11y.experience at least 

three months of air temperatures close to 5°C. Some northern 

coastal regions would not experience these low temperatures 

and here an intense diapause, as was found in the Canterbury 

eggs, would be a disadvantage (the term "intense tl is used. 

here in the sense of the time required at low temperatures for 

diapause termination). Casual observation revealed that about 

10% to 15% of the eggs held at 25°C for 400 days and then 

incubated at 3.30 C for over 100 days, could still hatch. 

This capacity of eggs to remain viable for a period, 

coupled with the behaviour observed in the laboratory (where 

10% to 20% of eggs could still hatch after short treatments 

of 40 ~to 60 days at 3. 30 C) would probably allow ;E. margina1e 

populations to remain quite flexible in thoir ability to 

adapt to warmer conditions. The degree of flexibility 'vou1d 

not be as as that recorded in connnodus 

(Hogan, 1960) j where the tendency to 

intensity with which it was induced was dependent on pre

diapause temperature regimes. 

Why • marginale has an intense obligative diapause is 

not known. The fact that it is more intense than in acridids 

from areas which probably have a colder and longer winter, 

such as the. Canadian acridid~. (Church and Salt, 

Ope cit.), is revealed by the behaviour of the diapause eggs 

of each species in the laboratory. No hatches were observed 

for E. margina1e eggs held at 25 0 C while eggs of 

~. 
o hatched irregularly and continuously at 25 C. 

The diapause type developed by a species must result from a 

combination of the most suited physiological mechanisms 

built up from the available material and in 



1:. this has led to an intense obligative egg 

diapause. 

Morphogenesis may still continue during diapause in 

some species (Bodenheimer and Shulov, OPe cit., an intense 

diapausing species; Bedford, op. cit., a less intensively 

diapausing species), but this has not been studied in 

P. marginale. It may be that a less intense diapause in a 

cold region (Canadian,winter) is quite sufficient in that 

morphogenesis is ultimately prevented by the low field 

temperatures (Masaki, 1965). But, in a more temperate 

climate (such as Canterbury) morphogenesis in a species with 

a less intense diapause could probably proceed, and over the 

three winter months the stages of embryonic development would 

gradually become more disparate. This would tend to lower 

the degree of hatching synchronisation in the field in the 

following season. In three Canadian acridids Hoore (1948, 
cited by Bedford, 1970), found that the embryological stage 

a t which fie ld eggs entered the winter differe d, consider

ably. The same trend would probably occur in 1:. marginale 

although the difference would not be so marked, since 

1:. marginal~ enters the diapause stage at an earlier period 

of morphogenesis and therefore requires less time to reach 

this stage than hvo of the species Moore studied. With an 

intense diapause, morphogenesis may be less likely to occur 

and the degree of synchronisation of hatching l'lOuld be 

increased as a result. If one purpose of diapause is to 

synchronise the adult stages (Chapman, OPe cit.), then an 

intense diapause in species inhabiting a warm temperate 
, ~ 

climate, such as New Zealands is more likely to achieve this 

than a less intense diapause. 

Masaki (oP. cit.) had proposed this argument after' 

extensive work on the Emma field cricket of Japan. He 

showed that diapause intensity increased with decreasing 

latitude and pointed out that. the stronger diapause of the 

southern races would tend to prevent untimely development 

when there was excessive warmth after the eggs had reached 

the cold hardy stage. He stated further that this polygenic 

adaptive system would probably prevent colonisation of more 

tropical lands because of the increased emphasis on a 

univoltine life cycle, with increasing temperature. This 
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trend recorded for the Emma field cricket is the converse of 

that recorded for three races of an Australian cricket 

Teleogryllus commodus (Bigelow, 1962). 
These different trends and types of diapause do not 

contr.adict each other but se~ve only to underline the many 

ways in which unique genetic programs may adapt to an 

environmental response. In E. marginale it appears that this 

intense obligatory stage is well suited to the climatic 

conditions affecting this species. This type of diapause 

ensures the succession of generations such that the. free 

living stages coincide with the ,,,arm conditions only. The 

life cycle is uni vol tine ,vi th probably little chance of any 

change to a multivoltine life cycle as found in some tropical 

orthopterans (Masaki, OPe cit.) The diapause mechanism at 

present appears to be different from most other species so 

far examined although it may be explained in terms of 

Andrewartha's (1943) thesis :for the obligate diapause of 

Austroicetes cruciata. Here, the lack of overlap for the 

two optimal temperature' ranges, needed in diapause termina

tion, and in morphogenesis may contribute to the obligate 

and intense diapause. 

Laboratory experiments \"ill provide the means for 

testing many of the above suppositions . Life cycle stag'es 

may be collected from the field and maintained successfully 

in the laboratory, and all stages may be reared in the 

laboratory •. f. marginale is not restricted to any single 

food type and probably requires a range of plant types. 

Hanufactured foods can be used to compliment this diet. The 

two main disadvantages are that certain conditions must be 

maintained (fluctuating temperatures and strong air 

circulation), and that generation time is at present 

hindered by the time required for diapause termination. 
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CHAPTER 7 

CONCLUSIONS 

This study fell into two parts: an examination of the 

life history stages, a:nd the development of a technique for 

laboratory rearing. Life history information was gathered 

from both the field and the laboratory, mainly from the egg 

stage, 

technique 

easiest stage to maintain here. The rearing 

developed was in cages that were similar in 

construction to those used by most acridid workers, the main 

exception the use of compressed air to supply a steady 

flow of air currents in the cage. 

A uni vol tine .life cycle was the only fo rm found in 

the !:. populations studied. The structure of this 

life cycle was enforce"d by the particular nature of each of 

the life his tory stages. From fie ld l'fork; 

1. Young nymphs lvere first observed t01vards the end 

of spring (October-November) and adults appeared late 

summer (mid December on), Apart from three recorded except-

ions, young \Vere not observed at the end, or adults 

at the beginning of the summer. 

2. Adults do not mate until late in the season (from 

mid January). 

3. Ten:::.perature recordings at 2.5 0111 depth in the soil 

showed that the eggs would experience temperatures "below a 

mean of 6°c, probably for the greater proportion of each day 

during the three coldest months, June, July and August. 

In the laboratory; 

4. Nearly all eggs (exception < 0.5%) entered an 

intense obligatory diapause that could not be terminated 

unless some form of for several weeks was applied. 

5. Eggs reached a 70% hatching level after 80 days 
o 

at the constant temperature treatment of 3.3 C. At treat-

ments of up to 70 days at 3.3°C less than 30% of the eggs 

hatched. 

6. Holding eggs for comparable periods at a constant 

temperature treatment of -1.00C gave a lower percentage 
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hatch. The optimum temperature for diapause termination thus 

appears to be at or just above 3.3°C. 

7. The embryonic stage at which diapause was 

ini tia ted was tm'lards the end of ana trepsis. 

8. Measurement of respiration rates of eggs over the 

first 28 days after oviposition, and at 250C, showed that 

there was no one period 1.;here all eggs entered diapause. 

This varied from the twelth to twenty-fourth day. Otherwise 

the respiration pattern was similar to that recorded in other 

species with diapausing eggs. The rate of respiration reached 

a peak at the time of diapause initiation and then fell to a 

lower constant level, rising many times above this diapause 

level when morphogenesis was resumed after diapause 

termination. 

9, . Once diapause was terminated eggs normally hatched 

in about 20 days at 250C. 

10. A trend was found in the hatching level of eggs 

laid at different stages of the season. Eggs laid later in 

the season (by later developing females) tended to have a 

higher percentage hatching level. Statistically, this trend 

was not significantly different from no trend but it never

theless suggested that such a trend may be a dey-ice for 

n0I111alising the time of hatch in the following season. This 

trend was compared ,vi th similar trends found in t.he eggs of 

other orthopterans by other authors. 

11. Xylol was used in an attempt to break diapause but 

appeared to have little effect. 

12. A significant difference 1vasrecorded in the 

number of eggs per pod when all Canterbury populations were 

compared with either Te Anau or Whatapo Bay populations. 

The mean number of eggs per pod listed in descending order 

were Whatapo Bay, Te Anau arid Canterbury. 

13. The Juvenile stage of a red mite was found 

attached externally as a parasite on all free living stages 

of, P. marginale. 

14. A successful rearing technique was developed for 

all the free living stages of R. marginale. 

Further studies of this species might include breeding 

experiments beh'leen adul ts from different geographic regions 

to determine degrees of hybrid inviability or sterility, and 



more detailed examinations of egg diapause and embryology. 
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APPENDIT 

List of appendix tables. 

Table 

I Field temperature recordings, grass minimum and 

205 cm. depth soil minimum. 

II Eggs per pod for different regions. 

III Warburg respirometer experiments. 

IV Rearing of E. marginale nymphs. Outside cages. 

Individuals only. 

V Rearing of E. marginale nymphs. Outside cages. 
( .' 

VI Rearing of E. marginale nymphs. Laboratory cages. 



Table I FIELD TEMPERATURE RECORDINGS, CELSIUS. 
Grass minimum and 2 .. 5 cm depth soil minimum. 

From 20 August 1970 

Grass Soil Grass Soil 

5.0 4 .. 5 0.5 -1.0 
8.0 '7.5 4.5 . 4.0 
8.0 7.0 8.0 8.0 

4.0 3.5 1 .0 2 .. 5 
2.0 1.5 5.0 6.5 

-1.0 -1 .0 7.0 8.0 

September 1970 

Grass Soil Grass Soil Grass Soil Grass Soil Grass Soil 

8.0 8.0 1 .5 3.0 1 .. 5 2.0 4.5 5.5 3.0 4.0 

5 .. 5 6.5 2.0 3.5 2.5 3.0 1 .5 3.0 2 .. 5 3.0 

3.0 4.5 7.5 8.0 -2.0 -1 ,0 -2.0 -1 .0 

2.5 4.0 .0 5.5 6.5 7 .. 0 -1 .0 0.0 2.0 3.0 
lj,.O 5.0 7.0 805 9 .. 0 9.0 0.0 2.0 4.0 5.0 

405 6,,0 3.0 4.0 1 .. 5 3.0 4,,5 6.0 4.5 5.0 

9 to 12 October 1970 

Grass Soil 

5.0 6.0 

4.0 4,,5 

0.5 0,,0 

2.0 4.0 

Regression equation is Y = 0.98514 + 0.92220 X. 

95.0% confidence limits for slope are 0.8407 and 1 .0037. 

F = 524.5154 s 

gradient is significantly different from zero. 



Table II 

Canterbury 

EGGS PER POD FOR DIFFERENT REGIONS. 
Listed in chronological order of laying. 

Sample A Jan-March 1970. 

9, 8,9,12,10,9,12,9,10,12,10,11,10,10,11 ,8,10,10,11 ,9,7,8,11 ,9, 

8,8,12,11,10,9,8,10,12,10,11,11 ,10,6,11 ,9,10,10,9,8,11,10,7,7, 

12,8,10,10,10,9,9,9,11,11,12,.5 

Sample B Jan-March 1971 

11,9,9,10,11,1'0,10,8,6,9,11,10,9,9,9,12,11,9,11 ,11 ,8,12,12,7,9, 

10,7,6,7,8,10,10,8,10,9,8,8,8,9,9,12,11 ,7,10,10,9,10,10,10,.5,8, 

8,9,4,12,12,9,9,4,12,10,10,10,11,8,10,11,8,11 ,12,9,11,10,9,12, 

10,10,11,10,11,8,11,9,10,11,8,7,10,8,9,1,8,11 ,12,9,11,13,11,10, 

1 3 ,9, 9 ,9 , 8 , 11 , 12 , 1 0,8 ,9, 6 , 1 ° , 11 ,9,9, 9 , 1 0, 11 ,6 , 9 , 11 ,8, 4 ,7, 1 3 , .5 , 

8,9,6,11 ,11 ,10,9,10,13,9,.5,4,6,8,7,9,.5,4,10,6,12,9,8,9,7,10,8, 

1 ° ,.5 , 9 , 1 2 , .5 , 8 , 9,7, 7 ,7, 8 , 1 0, 11 , 8, 1 0,8 , 7 , 1 0, 1 ° , 9, 1 0,9 , 1 0, 1 0, 1 ° , 
9,9,9,1 0,12 ,7, 8,1 0,10,9, 8,1 4,12,7,8,11 ,12,11 ,11 , 1 0,11 ,9, 12,9,9, 

8,8,12,13,10,7,8,11,8,9,10,11 

Thomas River Sample C Jan-March 1970 

1 2 , 1 2 , 1 ° , 1 ° , 1 4 , 1 4 , 1 2 , 1 ° , 1 1 ,1 2 , 1 2 , 11 ,8, 9 , 9 , 9 , 1 ° , 8 , 1 ° , 1 ° , 8, 11 , 1 3 , 

9,12,10,12,9,11 ,13}11 ,7,11 ,10,8,6,8,10,8,10,4,10,9,8,9,8,6,9, 

10,9,11,9,12,8,12,8,10,9,7,6,7 

Whatapo Bay SampleD April 1970 

13,12,13,6,14,9,14,10,11,10,11,13,11,11 ,11,12,6,13,12,14,11,12, 

1 3 , 1 ° , 1 1 , 1 2 , 1 ° , 1 ° , 1 2 , 9, 1 .5 , 1 1 , 1 2 , 1 ° , 1 2 , 1 4 , 8 , 1 1 ,1 3 , 1 .5 , .11 . 

Te Anau Sample E Jan-Feb 1970 

9,10,1 3, 1 3,11 ,1,4,9,10,12 , 10,11 ,8,12,9,7,11 ,12 ,9, 10,13,10,12, 11 

Palmers ton North Jan-Feb 1972 

Hybrids, Palmerston North x Canterbury. Jan-Feb 1972 

9,11,4,6,14,10,10,9,11,6,4,13,10,12,11,10,10,10,9,8 

Canterbury x Palmers ton North 

11,10,12,11,8,9,11 

Jan-Feb 1972 



Table III WARBURG RESPIROMETER EXPERIMENTS 

Experiments 1 to 14 

Temperature 25.00 + 0.05°C 

Conversion coefficient 0.089 

Volume H2 0 0.1 ml. 

Volume 10% KOH 0.2 mI. 

,Volume of eggs, 20 eggs 
displaced 0.1 mI. H2 0 

Time length of experiments 5 hours, unless 
otherwise stated 

Thermobarometer, Total volume 0.3 

Thermobarometer change,'ml. dh 



Experiment 1, dh + 0.6 

Batch of C C C C C C C Birdlings Birdlings C 

eggs 6/4/71-24 6/4/71-24 7/4/71-24 .13/4/71-24 14/4/71-24 14/4/71-24 23/4/71-24 18-25/2/71 18-25/2/71 

No. of' eggs 25 25 25 19 25 25 25 25 25 25 

Age of eggs, 
days 23 23 22 16 15 15 6 69 69 28 

Total. volume 
mI. 0.42 0.42 0.42 0.4 0.42 0.42 0.42 0.42 0.42 0.42 

Flask 
constant 1'.40 1.46 1.48 1.47 1.41 1.41 1.46 1.45 1.45 1.35 

h :"'26.2 -25.4 -17.6 -16.3 -23.4 -22.1 -8.6 -9.'1 -0.1 -17.6 

n.l./egg/hour 0.286 0.289 0.203 0.246 0.257 0.243 0.098 0.103 no change 0.18,5 



Experimen t 2:, dh -2.3 

Batch of' C C C C C C Birdlings Birdli~s C 
eggs 6/4/71-24 6/4/71-24 7/4/71-24 13/4/71-2.4 14/4/71-24 23/4/71-24 18-25:/2/71 18-2;5/2/71 114/71-24 

Number of' 

eggs 25 25 2;5 19 24 24 25 25 25 

Age of' eggs. 
days 25 25 24 18 17 8 71 71 :30 

Total volume 
mI. 0.42 0.42 0.42 0.4 0.42 0.42· 0.42 0.42 0.42 

Flask constant , 

1.40 1.46 ·1.48 1.47 1.41 1.46 1.45 1.4;5 1.:35 

h ~18.0 -17.6 -12.2 -14.2 -21.7 - 8.2 -5.6 -1.8 -11.7 

u.l./egg/hour 0.196 0.200 0.141 0.214 0.248 0.097 0.063 0.020 0.123 



Experiment J. dh + 5.9 . (~h OVir$ ) 

Batch o:f C C C C C C Bir<l!lings Birrllings C 
eggs 6/4/71-24 6/4/71-24 7/4/71-24 13/4/71-24 14/4/71-24 23/4/71-2Lj 18-25/2/71 18-25/2/71 1/4/71-24 

Number of' 
eggs 25 25 25 19 25 25 25 2"5 25 

eggs, 
27 27 26 20 19 10 73 7J 32 

Total. volume 
m] • 0.42 ' 0.42 0.42 0.4 0.42 0.t'2 0.42 0,42 0.42 

F1ask ccnsta~t 
k 1.40 1.46 1.48 1.117 1.41 1.46 1.4.5 :! ,lIS 1.35 e 

h -6.7 -8.4 -8.7 -8.8 -12.9 -5.8 -5.1 -5.2 -7.0 

u.l./egg/hour 0.091 0.120 0.126 0.166 0.177 0.083 0.072 0.073 0.092 



E~periment 4, dh + 10.1 

Batch of: C C C 
,.. 

C C C C C Birdlings '-, 

-eggs 26/4/71-24 24/4/71-24 23/4/71-24 13/4/7'1-24 14/lJ/71-24 6/4/71-24 6/4/71-24 7/4/71-24 1/4/71-24 18-25/2/7~ 

Numb-er of 
eggs 25 25 .,,, 

-~ 19 25 25 25 25 25 25 

Age of eggs, 
days 9 11 12 22 21 29 29 28 34 75 

Total volume 
ml. 0.42 0.42 0.42 0.4 0.42 ' 0.42 0.42 0.42 0.42 0.L12 

Plask constant 
k 1 .1~5 1.41 '1.46 1.47 e 

1.41 1.40 1.46 1.48 1.35 1.45 

h -6.0 -8.4 -5.7 ' -10.6 -20.1 -8.7 -7.0 -6.8 -5.2 --2.0 

u.l./egg/hour 0.068 0.092 0.065 0.158 0.221 0.095 0.080 0.078 0.055 0.023 



Batch of 
eggs 

Number of 
eggs 

eggs, 

Total volume 
ml .. 

Flask constant 
k e 

h 

u.l. 

5, dh = -55,,9 

c c c 
5/5/71-24. 4/5/71-24 26/4/71-24 2 

25 23 25 

2 3 1 1 

0,,42 0.,41 0.42 

1 ,,47 1.,45 1.4-5 

+3.1 +4.4 +15;" 1 

0.036 0 • .054 0.171 
at 

5 hour 
period. 

c c c c 
-24 24/4/71'-24 14/4/71-24 6/4/71-24 

25 25 26 25 

14 13 23 31 

0.42 0.42· 0&42 0.42 

.1 .46 1 .. 1.41 1.40 

+1309 +35 .. 7 +29 .. 1 +13.1 

0.158 o. 0.307 0.143 



Experiment 6, dh +5.4 

Batch of' C C C C C C' C Birdlings 
eggs ·5/5/71-24. 4/5/71-24 26/4/71-24 23/4/71-24 24/4/71-24 14/4/71-24 6/4/71-24 18-25/2/71 

Number of' 
eggs 24 23 25 25 25 22 25 25 

Age 0 f' eggs, 
days 4 5 13 16 15 25 33 79 

l'otal volume 
mi. 0.42 o .1~2 0.42 0.42 0.42 0.41 0.42 0.42 

F1.ask constant 
k 1.47 1.45 1 • Lf5 

e 1.46 1.41 1.41 1.40 1.35 

h -12.4 -13.1 -32.5 -24.1 -27.4 -25.4 -22.0 -17.2 

u.l./egg/hour 0.148 0.161 0.367 0.274 0.301 0.317 0.240 0.181 



Experiment 7. dh = +25. G 

Batch of' C C C C C C C Bird lings 
eggs 5/5/71-24 4/5/71-24 26/4/71-24 24/4/71-24 23/4/71-24 6/4/71-24 6/4/71-24 18-25/2/71 

Number of' 
eggs 2, 2, 25 25 25 25 25 25 

Age of' eggs, 
days 6 7 15 17 18 35 35 81 

Total volume 
ml. 0.42 0.42 0. 1*2 0.42 0.42 0.42 0.42 O.1~2 

Flask constant: 
k 1.47 1.45 1.45 e 1.41 1.46 1.40 1.41 1.35 

h -5.4 -1.5 -15.2 -14.4 -8.4 -13.1 -15.9 -1.6 

u.l./egg/hour Q.067 0.092 0.172 0.158 0.096 0.14) 0.175 0.017 



Experiment 8, dh +3.5 

Batch of' C C C C C C C Birdlings 
eggs -24 4/5/71-24 26/4/71-24 24/4/71-24 23/4/71-24 6/4/11-24 6/4/71-24 18-25/2/71 

Number of 
eggs 23 23 25 11~ 25 25 25 25 

Age of' eggs. 
days 8 9 17 19 20 '37 37 83 

Total volume 
ml.. 0.42 0.42 0.42 0.38 0.42 0.42 0.42 0.42 

Flask constant 
k 1.47 1.45 1.45 1.41 1 .1~6 , 1.41 1.40 l.J5 e 

h -5.5 -5.8 -16.6 -8.3 -9.7 -7.0 -10.9 -:3.5 

u.l 0.069 0.071 0.188 0.163 0.110 0.077 0.119 0.037 



Batch of' 
eggs 

Number of' 
eggs 

Age of' eggs, 
days 

Total volume 
ml" 

Flask constant 
k e 

h 

uol./egg/hour 

Experiment 9, dh +0.4 

c c c 
5/5/71-24 4/5/71-24 26/4/71-24 

23 23 25 

9 10 18 

0.42 0 .. 0.42 

1.47 1.45 1 .45 

-10,,4 -1505 -24,,5 

0.130 0 .. 190 ,0.277 

c c C ' Birdlings 
23/4/71-24 6/4/71-24 18-25/2/71 

14 8 25 2'5 

20 21 84 

Oe38 0.35 0.42 0.42 

1 Q 41 1.46 1 .. 40 1 .. 35 

-10.,4 .4 -3.4 -8.0 

0.204 0.157 0.037 0.084 



Batch of 
eggs 

Number -of 
eggs 

Age of eggs, 
days 

Total volume 
ml. 

Flask constant 

h 

u.l./egg/hour 

Experiment 10,. dh ~ -3.1 

c c c C C Birdlings C 
5/5/71-24 4/5/71-24 2 -24 .24/4/71-24 23/4/71-24 18-15/2/71 28/3/71-24 

23 23 25 14 8 25 25 

12 13 21 - 23 24 87 50 

0.42 0 .. 42 0 .. 42 0.38 0,,35 0.42 0.42 

1.47 . 1,,45 1 .45 1 .41 1.46 1 ,,35 1 .. 

-18.7 -18.7 .6 -16.1 -9.3 -16.9 -12 .. 4 

0.233 . 0.230 0.369 0.317 0.332 0.178 0.136 



Batch of 
eggs 

Number of 
eggs 

Experiment 11, 

Age of eggs, 
days 

Total volume 
ml. 

Flask constant 
k e 

h 

u.l./egg/hour 

dh = -13.9 

c 
5/5/71-24 

23 

13 

0 .. 42 

1.47 

-15.9 

0.198 

c 
4/5/71-24 

23 

14 

0.42 

L45 

-15.2 

0.187 

c 
26/4/71-24 

25 

22 

0 .. 42 

1 .45 

-18.2 

0.206 



Experiment 12. dh -t- 24~8 

Batch of C C C C C Birdlings C C C 
eggs 5/5/71-24 415/71-24 26/4/71-24 24/4/71-24 23/4/71-2Ii 18-25/2/71 28/:3;171-24 6/4/71-24. 4/3/71-24 

l"::umber of' 
eggs 23 23 25 14 8 25 25 25 10 

Age of eggs, 
days 14 15 23 25 26 89 52 43 50 @ 38 

Total. volume 
IiII. 0.42 0.42 0.42 0.38 0.35 0.42 0.42 0.42 0.35 

Flask constant 
1.47 . 1.45 1.45 1.41 1.46 1.35 1.41 1.40 1.46 

h -11.2 -13.2 -26.9 -9.8 -2.2 -6.8 -13.5 -14.5 '::"3.4 

u.l./egg/hour 0.11!.O 0.162 0.304 0.193 0.079 0.071 0.148 0.158 0.097 
sp1:it :into 
two groups 



Experiment· 13, dh + 0.7 

Batch of C C C C C 
eggs 5/5/71-24 4/5/71-24 26/h/71-24 26/4/71 4/3/71-24 

'. 

Number of 
eggs 23 23 17 8 10 

Age of eggs, 
days 15 16 24 24 ?O @ 38 

Total volume 
ml. 0.42 o .l~2 0,,38 0.35 0,,35 

Flask constant 
k 1 .47 1.h5 1 .45 1.48 1.46 e 

h -19.5 -21.2 -17.4 -21.8 -8 .. 6 

u.l./egg/hour 0 .. 243 0.260 0.290 0.790 0.205 

All broken 6-1101,..\1'"':;. 
diapause 



Experiment 14, dh '" + 5.0 

Batch of' C C C C C Birdlings C 
eggs 5/5/71-24 4/5/71-24 26/4/71-24 26/4/71-24 28/3/71-24 18-25/2/71 . 24/4/71-24 6/4/71-2~ 

Number of' 
eggs 22 20 17 S 25 25 13 25 

Age o:f eggs, 
days 16 17 25 25 54 :91 27 45 

Total volume 
mL 0.41 0.4 0.38 0.35 0.42 0.42 0.38 0.42 

Flask: constant 
k 1.47 1- 1.45 1.48 1.41 1 • 1.41 1.40 

e 

h ";'14.9 -15.7 -10.4 -19.2 -7.8 -9.0 -7.0 -16.7 

u.l./egg/hour 0.194 0.222 0.173 0.696 0.086 0.095 0.148 0.182 

all broken 
,diapause 



Table IV. 

Instar 

pronottun, mm. 

Rearing of E. marginale nymphs. 

Outside growth cage. 
Individuals only. From 20:I:72 

to 1 :III:72. 

II III 

1 .00 - 1.53 

hind femur (right) 3.20 - 4.15 

1.60 - 2.33 

4.20 - 5.67 

1 • c! 

14. « 
3. Q 
4. cf 

15. cf 

17. cf 
8. d 

11. 2 
12. c! 
18. S? 

16. ':2 

mm. 

27:I - 31:I 

27: I - 5:<U 

27:I - 31 :I 

NWllber of grasshoppers 

Total days 

Average days 

24:I - 4:II 

31 :I - 12:)::I 

24:I - 31 :I 

24:I 27:I 

6:II - 19:II 

31 : I - 10: II 

27:I - 31 :I 

23:I - 25:I 

2.3 :I - 25:I 

27:I - 29:I 

4:II '- 16 :II 

3 

38 

12.6 

IV 

> 2.40 

> 5.73 

4:II - 21 :II 

13: II - 27:II 

1:II - 17:II 

29:I ..! 14~II 

20:II -- 6:III 

11 : II - 27:II 

31 :I - 14:II 

26:I - 9:II 

26:I - 11 : II 

29:I - 1~·: II 

17.:II - 1 : III 

11 

167 

15',,2 



Table V. Rearing of ~. marginale nymphs. 

Outside growth cage. 

Eggs from batch 6:4:71-24, hatched at day zero (11 :II:72) 

Pronotum measurements only (in mm.), error + 0.07 

Instar 
I II III IV Adult 

Age, days < 1.00 1 .00-1 .. 53 1.60-2.33 > 2.40 

10 1 @ 0(>67 

1 @ 0.73 

6 @ 0.80 

2 @ 0.87 

12 1 @ 0.67 1 @ 1.27 

2 @ 0.73 1 @ 1. 33 

6 @ 0.80 2 @ 1 .40 

1 @ 1.47 

14 1 @ 0.67 ,4 @ 1.13 

3 @ 0.73 10 @ 1 ~20 

2 @ 0.80 9 @ 1 .33 

1 @ 0.87 1 @ 1 .40 

16 2 @ 0 3 67 5 @ 1.07 

2 @ 0.80 2 @ 1 .13 

3 @ 1 .20 

1 @ 1.27 

21 @ 1.33 

19 1 @ 0.67 2 @ 1 .07 

3 @ 1 .13 

10 @ 1.20 

5 @ 1.27 

14 @ 1 .33 

2 @ 1 .40 

21 1 @ 0.80 4 @ 1.07 3 @ 2.00 

1 @ 1.13 2 @ 2.07 

8 @ 1.20 

13 '@ 1 .33 

1@ 1.LW 



Table V Cont'd 

Instal' 
I II III IV Adult 

, days 1 .00 1.00-1.53 1.60-2.33 > 2.40 

24 1 @ 1 .00 1 @ 1 .07 5 @ 1 .67 

·2 @ 1.13 9 @ 1 .87 

2 @ 1.20 8 @ 2.00 

3 @ 1 .33 1 @ 2.13 

1 @ 2.33 

26 1 @ 1 .00 R 1 @ 1.20 4 @ 1. 67 1 @ 2.53 

1 @ 1.27 2 @ 1 .73 

1 @ 1 .33 7 @ 1 • .87 

1 @ 1 .93 

13 @ 2.00 

1 @ 2.13 

1 @ 2.20 

1 @ 2.33 

28 1 @ 1 .00 R 1 @ .\ .27 2 @ 1 .67 

2 @ 1. 33 2 @ 1.73 

5 @ 1 .80 

7 @ 1 .87 

1 @ 1. 93 

9 @ 2.00 

3 @ 2.07 

31 2 @ 1.07 R 1 @ 1 .53 1 @ 3.00 

4 @ 1.67 1 @ 3.20 

'5 @ 1 .73 1 @ 3.33 

3 @ 1 .80 

3 @ 1 .87 

1 @ 1 .93 

5 @ 2.00 

2 @ 2.07 

NOTE: R - these individuals showed 1'ling reversal but growth 
was not normal. 



Table VI. Rearing 0 f !:. marginale nymphs. 

Laboratory growth cages. 

Eggs from batch 6:4:71-24, hatched at day zero (11 : II: 72) • 

Pronotum measurements only (in mm.), error ± 0.07. 

Instar 
I II III IV Adults 

Age,days < 1 .00 1.00-1.53 1.60-2.33 > 2.40 

10 1 @ 0.67 5 @ 1 .20 

2 @ 0.73 4 @ 1 .33 . 
2 @ 0.80 1 @ .1.40 

12 3 @ 0.67 3 @ 1 .13 

1 @ 0.73 4 @ 1 .20 

1 @ 0.87 4 @ 1.27 

14 1 @ 0.67 2 @ 1.07 1 @ 1.87 

1 @ 0.73 2 @ 1.13 1 @ 2.33 

2 @ 1.33 

16 3 @ 1 .00 2 @ 1 .80 

1 @ 1.07 2 @ 1.87 

2 @ 1 .20 2 @ 2 0 00 

2 @ 2.13 

18 2 @ 1.,00 2 @ 1.73 

2 @ 1.07 2 @ 1 .87 

2 @ 1.20 2 @ 2.00 

1 @ 2.13 

1 @ 2.33 

20 1 @ 1 .00 2 @ 1 .87 1 @ 2.47 

2 @ 1 .07 2 @ 2.00 1 @ 2.80 

1 @ 1.27 1 @ 2.20 1 @ 3.00 

22 2 @ 1 .00 1 @ 1.73 1 @ 2.53 

2 @ 1.07 2 @ 1.93 3 @ 2.67 

1 @ 2.00 1 @ 3.00 

1 @ 2.20 



Table VI Cont1d 

Instar 
I II III 

Age, days <:1.00 1,00-1.53 1.60-2.33 

24 1 @ 1 ,00 1 @1.67 

1 @ 1.07 1 @ 1 .87 

1 @ 2.33 

26 1 @ 1.07 1 @ 1.73 

1 @ 2.00 

28 1 @ ',1 .00 1 @ 1.67 

31 1 @ 1.67 

33 1 @ 1 .73 

'35 1 @ 1.73 

IV 
>2.40 

3 @ 2.67 

2 @ 2.80 

1 @ 3.07 

1 @ 3.13 

1 @ 2.40 

1 @ 2 .. 47 

2 @ 2 ~ 67 

2 @ 2.73 

1 @ 2.80 

2 @ 3.00 

4 @ 2.67 

1 @ 2.73 

1 @ 2.87 

1 @ 3.00 

1 @ 3.20 

2 @ 2.67 ' 

1 @ 2·93 

299@ 3.00 

1 ~@ 3.00 

Adults 

1 0', 3.33 

2dc5@ 3.07 

2c5d@ 3.13, 

1 2@ 4.00 

5 do, 1 

5cJd, 2 , 
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