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I. IKTROPPOJIOR 

The egga ot certain apeciea of insecte, many ot wbich 

are of great economie importance, abaorb water troa the 

external enrlron~~ent. Water uptake in the se insecta oocura 

in a definit• atage in .mbryonic development. Previoua 

studies on the egg or the bouee cricket, Acheta doatttiout (L.), 

have shown that contact water ia necesaary tor the develop

ment of the egg. The ata&e of eabryonic development at 

which water abaorption occure, and the meohaniam or abaorptiGn, 

however, have not been s\udied. 

In the present inveatication, water uptake by the e&g 

ia atudied, the atage ot embryonic developaent at which tbia 

uptake oecura 1• determined, and the mecbaniaa or absorption 

ie analyzed. A atudy ie alao made ot the metabolic changea 

in the egc, becauee of the poasibility that there may be 

aoat correlation between metabolic aotivity and water 

absorption. 
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II. REJIEW OF THE LITERA TURE 

A. THE WATER REL!TIQIS OF THE INSECT iOQ 

Insecta, like a11 terrestrial aniaa1a, require watar 

tor aurTiTal. Water is 1•nerally obtained troa the food, &Dd 

ao•e alao drink water. The absorption ot water by the egc, 

howeTer, ia ot a coaparatiTe1y rare occurrence, aa the •11• 

ot aoat inaeets ara re1atiTely i•peraaabla to water and are 

proTided with enougb water to coaplete their deTelo~ent. 

Perhapa the earliest reference to the increaaa in aise 

ot egga aa a reault ot abaorption ot water tro• the enTiroa

aent waa noted by !athke in l'~ (RooDwal, 1936). He 

obaerTed an increase in the aize ot the egga of Gryl1otalpa 

(Orthoptera) and certain acquatio Trichoptera. Water uptake 

haa sinca bean obserTed in a nuaber or epaciaa. 

1. ŒTHOPTERA • .lCRIDIIDAE 

Water absorption haa been •ost extenaiTely atudiad 

aaong the Aeridiidae, inseot1 which are ot great econoaio 

aignitioanae in •oat countriea. 

The tirat quantitatiTe study ot the changea in weigbt 

and water content of the egg ••• made by Bodina (1929). Be 

tound that during the early part of deTelo~ent betora 

diapauae, there waa a aarked increaaa in weight or the ecga 
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ot Melanoplua ditterentialia. DuriDg diapauee the water 

content remained practically constant, and there waa a turther 

increaae in the poat-diapauae period. 

Bodenheimer (1929), aa a result ot experi .. nta on the 

egga of SchiatooeNBsrecaria taken tro• the field at differ

ent times, ooncluded that egga vhich bad coapleted one-third 

ot their deYelopaent under noraal conditions (a aoiat soil 

and a aaturated at.oephere) I&Ya a reaaonable hatch when 

plaoed in a desiccator at lOO per cent. relatiYe huaidity 

in the laboratory. In a later paper (Bodenheiaer, 1932) 1 he 

ehowed that newly depoeited e&ga were ao eenaitive to deai

coation that it waa impossible tor hoppera to hatch unleaa 

the egga bad been plaoed under opt~ conditions (lOO per 

cent •. relative huaidity in the aoil). 

Bodine (1933) inveatigated the etfeot or i ... rsinc 

the ecga ot M!lapoplua dittereatialit in varioua aolutiona. 

He round that the egge deYeloped noraally when plaoed in 

hypotonie or isotonie solutions. However, in hypertonie 

aolutiona the oxy1en eonauaption tell .ore or lesa 1a pro

portioa to the concentration uaed. Prolonged expoeure 

reaulted iD marked .orphological changea in the .. bryo. 

Reonwal (19)6) observed changea in weigbt in the egga 

et I.ocuata aigratoria aigrator1o14ea R ·• F. during .. tlryoaic 
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developaent as a result of absorption ot water troa the 

eoil. He ahoved that most of the water waa taken up betore 

katrepaia and that water waa neceeaary tor the coapletion 

ot development. 

Hamilton (1936) etudied the etfeet of different 

humiditiea on the developaent ot the eggs ot Schiatoaeroa 

p=ega.ria and Noaadaaria sept-.taaciata.. He ahowed that when 

ecga vere placed in moist eand at 100 per cent. relative 

hu.idity, a high percentage ot the egga hatohed. Egga plaoed 

in a deaiccator at 100 per oent. relative hu.idity did not 

hatch. He concluded that it wna easential tor the egga in 

the early etagee ot development to be in contact with free 

vater and that they were unable to abaorb water troa a 

aaturated at•oaphere. 

!bompson aDd Bodin• (1936) atudied the etfect ot deai

ocation on oxycen consumption and concluded that if deeiocation 

had not been excessive. recevery both of water and respiration 

waa poasible. If, however, water loaa bad exaeeded a certain 

11111t, 2.5 to 3 ag.per ogg, the •ss• eubsequeatly gaiBed watel' 

tar in excess ot that lo~, and thia aoaetiaea reaulted in 

the rupture or the egg ••bran••. 
Slifer (19)6, 1950) hae ahown that in the egga of 

Kelaaoplua difterentialia water ia taken up througb a aaall, 

c1rcular, apecialised area (the 'bydropJle') in the yellow 
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cuticle. 'l'hia atruct\ll"e conaiatiq of two layera ia aituaud 

at the poaterior elld of th& egg ad ia a aecretory procluot ot 

a 1roup of enlarged aeroaal oella ('hydropyle' cella). 

Birch and Andrewartba (1942) atudied the abaorptioa ot 

water by eue ot Aua!ro1•tt•• cruoiata and conclucled tb.at 

the IIOY .. nt ot water into diapau.ae •a• oould be deacribecl 

by Lill1e'a toraula, 

~ • la Vtg. - Yo 
Yeq. - ft 

wbere Veq. ia tàe 

voluae at equilibriUII, Vo ia the Yol1.111e at the firat inltant, 

Yt 1e the YOlUile at tille t, and k ie the Telocity COD.ataat. 

(Lillie,l916). !hey alee studied the rate ot water loaa at 

dittereat etagea or deY!lopaent. The rate of water loaa wa1 

createat in the newly laid eua, relatiYely slow tor •u• ia 

41apauae, aad procreaa1Yely greater tor •11• in poa\-41apauae. 

The difference ia rate ot water loaa betweeD pre•diapauae ... 

diapauae •a•, they el.ai .. d waa due to the ditter .. ••• in the 

•11 ••braaea, wh ile the procrea ai ••lr crea ter rate et .. ,_. 

loaa ill poat-diapauae •u• as eoapared with diapauae •a• waa 

due te 1Dcreaaed aetabolic ae•i ri. ty. 

Sliter (1946) haa ngeated that iD the !JI• of the 

p-aallhopper, M!lapoplua clittereat1al1t, a wax or wax-lik• 

uterial ie depoaited at \be brdropyle ahonly atter tliapauae 
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begin• and thie water-proofs the esa so that additional water 

required to co~lete developaent is prevented troa entering. 

Developaent ls reaumed when the wax layer la broken down. 

In a later paper (Sliter, 1949) abe oarried out experiaenta 

' wbich aupported the idea that during diapauae the hydropyle 

ot the ecg la water-prooted by a thin layer ot wax. 

Salt (1949) described a hyc:lropyle in the poaterior end 

ot the egge of the two-striped sraaehopper, Mflanoplue 

b1T1ttatue, and deter.ined the water uptake ot the egga. 

He found that the water uptake during the tiret tour daye 

at 2s•c. waa negl1g1ble, and at'er this it inoreaaed rapidly, 

the peak of absorption being rea.ohad on the eighth amd ninth 

daya. In several ot the groupa he aleo noted a aacond a1Dor 

increaae. The egga abaorbed about 60 per cent. ot their 

original weigbt in water. 11ghty-e1gbt per cent. ot thia 

water vaa taken up during anatrepaia. Egga deprived of 

tree water froa the tiae ot oTipoaition and aubjected to 

deaiacation wbich waa not aeTere 1 developed to the end ot 

anatrepaia and raaained viable tor a long ttae. When water 

waa provided auch egga abeorbed it rapidly aad cont1nued 

their deTelopaent. Salt (195)) later inveati&ated the 

quantitat1Te aspects ot gain and loas of water under Tarioua 

condition•• He aleo confirmed hia preTious obaerTationa aa 

regarda water uptake. 
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Bodenheiaer and Shu1oT (1951), studying the condition• 

necessary for the dev&lo~ent of Doeioataurua aaroqcanua 

(Thunberc), came to the ooncluaion that the exact ti•ing of 

water uptake ia one of the principal factor• ot egc deYelop

aent. In Docioataurua, leas of water in the initial atage 

ot deTe1o~ent appeara to be obligatory, aa ia ita intake 

when the egga are .arphologically and phyaiololioally ready 

tor tatrepaia. 

Matthée (1951) aade a detailed study of the structure 

of the egg of Locuatana pardalina Walk. and the J&echanisa 

protecting the egg againat desiccation. He also atudied the 

abaorption of water and aaalysed the factora involTed in tbia 

proceas. IJewly laid ega kept at )5°C •. abaorbed Tery little 

water, ii any at all, durinc the tiret two daya but with the 

coapletion of the hydropyle on the third day, water waa 

readily absorbed. Quiescent egga wh1ch haye a bydropyle 

abaorbed water readily troa the beg1nn1ng. In botb typee of 

egg aoat ot the water waa taken up prier to katrepaia. 

Matth6e obeerved that water waa abaorbed troa glucoae aolutiona 

haYiag an os.otic pressure ot 14.56 at.oapherea (equiTalent 

to a 2.1 per cent. solution ot aodiua ohloride when the 

oaaot1c pressure of the yelk ot the esga waa only 11.92 

ataoapherea (equiTalent to a 1.7 per aent. solution of 

aodiua chloride). When the egga vere depriYed or exycen 
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1a u ataoaphere of nitro,a, they did not abaorb water 

t.houah they reaained aliTa. When oxj&ea waa agatn aupp1ied, 

nonaal water upta.ka waa soon reatored. On this baaia, 

Mattb4e ooncluded that water uptake auat be regard.ed aa aa 

aet1Te pbyaiological proceaa in the senae that it depeada 

on aotive reapiring cella. H• •lao abow•d \hat water up•at• 

waa in part due to paaaiYe d1ttuaion ot water throucb tbe 

•a •••branea, but thia waa oftly ot aipifieanee clurill& the 

early pcriod betore atretobin& ot the •11 ... bran•• oocurred. 

Shulov (19')) atudied the role or water in the -brfoaie 

d.eYeloraent of the cieaert lotuat, Scbi!tooeroa F!l!fi! • He 

no\ed that at 2,00., the water uptake waa Yery •low durj,q 

the tira't four daye. A rapici inereaae ia wight lfe&aa oa 

the tittll clay wben the •b17oa were in the ata"t• of latfl 

aaatrepaia, the rate of iacreaae beiag ll"•ateat duriq kata

•repaia. 

2. HIIIIPftllA • CAPBIDAI 

Vater uptake haa not àeea studied to aay exteat in 

the Heaiptera. fbe only aotable atudiea vere tho•• aade oa 

the capaid buc• Motoatira erratic!. Johaaon (19)~), in! 

Yery detai1ed atudy ot the deYelo~ent of the •11, obaerYed 

'ha\ aa the eu becaae 1nt0llea the yolk extruded •• a plq 

under the opereulua or aioropJlar oap. He thea uaaured the 

water-ooatent aad round that it roae troa O.OS2 -a• per •11 

illitially to o.u,a Il&• per •a at hatchiq; oorreapo1141qly 
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the dry weight diminished tr011 0.059 mg. to 0.050 ag. per eg. 

Johnson (1937) later made a quantitative study ot the ia

crease in volume, weight and water content of the eggs at 

2&00. He observed a sudden increaae in water content about 

55 to 60 hours after ovipoeition and a continuation ot thia 

increaae un til the tiae of hat ching. He waa UDAble to 

aocount tor the auddea increaee but thougbt 1t .tght be due 

to the production or oaaotically active aubatanoea troa the 

yolk by the developing .. ~ryo. He round that it ecga were 

deprived ot contact water eabryonic developaent waa suspended, 

reco .. encing only .nen water waa aupplied. 

3. COLIOPTDA - SCARABAIIDAB 

The absorption ot water by the egge ot coleopterous 

insecte haa been studied experi..atally in three apeciea ot 

acarabaeida. lerenaki (1930) ahowed that the inoreaae 1a 

weight ot the ea;a ot An1aopUe. auatr1aca Reitt. duriq 

deYelopaent waa due to abaorption ot water. The inor••••• 

he claiaed, waa not due aiaply te oaaosia tor the egga 

increaeed 1n weight when plaeed in a ~ per cent. aolutioa 

or aodiua chloride, a 2 per oent. aolution ot potaaaiua 

nitrate and a 2 per cent. aolution ot bariua chloride. 

He ooncluded, theretore, that the egga ot !•auattt•!! were 

covered by a membrane which excluded the salt but abaorbed 
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water traa the .arious ~olutione. 

Ludwis (1932) tound that the water eontent of the 

•11• ot the Japan••• èeetle, Popillia japoaiea, inoreaaed 

troa 49 per cent. in the newly laid til to d~ per cent. at 

the end ot l4 daya at 2000. 

lothatein (1952) obserTed a ebange in the we1gb' of 

the eus ot the Japueae 'beetle, Pop1111a japogie, dur1q 

the tiret tour days ot eabryonit deYelOJaent at )0°C. Till• 

was due to the imbibition ot water. The water content ot 

the •cas during this tiae inereased tr• ~ per cent. to 

Il.) per cent. 

La\llhl1n (1957) obsened that the egg ot the car4ea 

chate~, Phxllopsr)a h9rt1cola t., ~abaorbed nearly twiae ita 
.. 

own weight in water during the ~arly part ot embryonie 

deYelopamt. A close correlation iRa ahown to exiat be,wen 

the water content of the •u and tbe stage• ot erabryoaie 

4eYelopaent at d1ttere~t t .. pera'ur••• 

At• LEPIDOP'rERA • PIBRIDAI 

Water abaorptien :troa the eX\emal eYiroDileat 11 a 

rare phenoaenoD aaong lepidopteroua 1Dseota. a. ... at and 

Lal (19,7) •howed that the 1ncreaae in weight ot the ecc• et 

the oabbage butterly, P1er1t ~astioae (L.), wa1 mainl7 due 
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to the absorption or aoiature by the c .. ent layer (outer 

layer of the chorion). !bey concluded that it waa unlikely 

tbat thia water could be uaed. by the -bryo, but llipt 

aaterially arreet the auccess or ecloaion. 

S. CllTHOPTERA • CJRYLLIDAE 

· The abaorptioa or water by the •a• ot cricket• haa 

not, until quite recently, received any attention. Reyaona 

(1895) noted that during eabryonio developaent the esga or 

Acheta doataticut and !•caapeetrie increaaed in aise. The 

exact cauae ot thia awelling, howe.er, waa aot diagnoaed. 

The rtrat iaportant atudy en the etfect of aoiature oa 

the developaent or the egga or arioketa waa ude by BrOWil• 

ing (19S.3). He round that when eu• of Oqllslu• o!P!d»t 

Walter were incubated on a aoiat surface at three cenatant 

temperatures, the rate or water uptake was auch aore rapid 

at tbe higber teaperature. He aleo atudied the rate et 

water loaa, and concluded that water loaa to the extent of 

aore than 20 per cent. of the original wei&bt 1eaerally 

reeulted in the egg'• death. 

Buavine (1955) noted that oentaot water waa neceaaary 

tor the developaent of the ecga of A9heta dtaeatiout, but 

no quantitative atudiea were aade. 
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Ghouri (1956) obserYed tha~ contact water and a 

aaturated ataoaphere vere neceasary tor the deTelo~at ot 

the egga ot the Patiatani and Oanadian atraina of A9h•'• 
d .. eaticua aa we11 aa tor two related apecies ot crioketa, 

!•contipratua and Orxllodea aicillatua. He abowed tba' 

esga placed on a aoiat aurtace abaorb!d a quantity ot water 

equal to their original weigbt, 24. to ~ ho\ll"a atter orl

poaitioa, dependiDg on the apeciea and teaperature. !he 

aore rapid the rate ot deTelo~ent the aooner waa water 

uptake becun. He concluded that water uptake appeared te be 

eorre1ated vi th the aue atage ot •bryoaic deTelo~Dt 1Jl 

all apeo1ea atudied. 

B. METABOLIS!I Il THE IISECT EGG 

l. RISPIRA TOR Y MI!ABOLISJC 

rink (1925) stud1ed the rates ot reapiratory aetaboli .. 

durin1 the eabryonic and aeta.orphic deTelo~eat et aeTeral 

apeciea ot holoaetaboleua 1naecta. He foUftd that in thoee 

•11• (Leptipotarea de!!•liDtata, Qrieeeria aaparasi and 

An••• trittia) which are laid on foliage or on the aoil 

aurtaoe there wae a short 'toraatiTe' period during wbicb 

respiration waa loveat, followed by a period of iacreaaiag 

respiration aa deTelo~ent prooeeded. In thoae apeciea 

wbich depoeit their egga in the aoil, auch aa Cotillie pitida 
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aad Popillia japoaiqa, the 1tor.at1ve' period waa auoh lonser. 

The reapiratory quotient iD all th••• inaeots ••• low, varr

iag froa 0.42 to 0.71. 

Melvin (1924) aade a atudy ot the oxy1ea conauaptioa 

ot the egga of four apeciea ot inaeo~a, !Daaa ;Pstis Dea. 

(Helliptera); 'fropoea l.!!l!. L. (Lepidoptera); S!al• f!F!pia L. 

(Lepidoptera); and Puauata aintliei Hein. (Lepicloptera). He 

obaerve4 a 1 for.a~ive 1 period aiailar to that deaeribed D7 

Jiak (192S). However, the deteraination ot the •toraative' 

period in theae •&~• appeared to be due to the length of 

inaubation period rather thaa aite or egg deposition. 

Dodine (1929) atudied the rates of reapiratory aeta

boliaa during the entire deYelopaeatal period of the egga 

of aeveral apeoiea or graaaboppera. He ahowed \hat graaa

hopper ••brro• could be arouped iato three cl••••• aocordiftc 

to type or developaeat. In Claaa I are thoae ecg• that 

noraally are aubjected to low t .. peraturea but will hatch 

it kept at bigla teaperature, • .g., Melanoplg d1tterta!1aUt. 

Such •bryoa show a orelle respira~ioa vith a peak preeediac 

diapauae, a decline during diapauae tollowed br AD abrupt 

riae aa developaent resuaea. The pea1t1on of the reapiratory 

ovve oaa be intluenoed by chan1•• iD teaperature, but the 

ahape ot the curve r•a1Da coaatant. ltepreaentiq Claaa II 

are \he egga ot Chortophasa aad BOJ!!lta, eu;s wh1oh are not 
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noraally aubjected to low teaperature. The reapiratory eurY! 

for auch •bryoa ia a continuoua hyperbola with the iu.itial, 

low leval repreaenting the 'foraative' period. In Claaa III 

are auch craaaboppers aa Ciroo!ettix, wboae egga cu oDly 

ha\ob 1t kept at low teaperaturea. In MelaaoplJ• ditter

entialia, Bodiae obaerved .\hat the reapiratory quotient 

througb eabryonio developaen\ waa betweeD 0.8 - 0.7 in

dioating that fat waa the chief aetabolite. 

Burkholder (193~) aade a quaatitative atudy ot the 

OXJI!D consumption in the ecg ot -.lagoplut dlfl![!Dtiali! 

and correlated it with the aorpbological developaent ot the 

.. bryo. He oba.rved that during the pre-revolutioa peried, 

aa the rudiaenta ot the •bryo vere being for~~ed, there waa 

a gradual increaae in oxyaen consu.ption. At thia stage, the 

.. brye canerally goes into a diapauae which ia charac\erised 

by a low respiratory rate. With the termiaation ot diapauae 

the oxrc•n censuaption rose rapidly with a aeriea or aaxt .. 

at the t1Dea of (a) early revolution, (~) lata reTolut1oa, 

at whioh stage dorsal eloeure takee place, and (o) poet- · 

revolution, tro• yolk easulfaent to batohins. 

Boell (19)S) ehowed that in the develop1ng ecgs ot 

Melaaoplu• ditterentialit, t~• respiratorr quotient tell 

rapidly troa aa initial Talue of 0.95 (rADge O.S? te 1.05) 

te approxiutely 0.6 in pred.iapauae. It r•ained constant at 



this Talue until diapauae vas coapleted. In early poat

diapauae, the R.Q. sbowed a sligbt decliae tollowed by a riae 

and a leTelling off at the tiae ot hatching. 'ftlia see~~ed 

to indicate that during .. bryogenesis tat is being aetabolised. 

Bodine and Boell (19)6) coapared the respiration ot the 

naked graashopper eabryo with tbat ot the intact e&l• They 

abowed that respiratioa ot the nated •bryo waa lower tho 

that of the whole eu during the pre-diapauee and diapauae 

ata&ea, 1nd1cating the illportance ot u:tra-abryonic atructurea 

in aetaboliaa. In the poat-diapauae stace, a a the •bryo 

eftiUlted the yolk, ita reapiration 1ncreaaed relatiTely uatil 

it equalled that ot the intact ecg. 

Tutt (1949) obaerTed a cloae correlation bet~en deTelop

aental etagea and respiration tor the egg ot Rhodniua proll!ut 

at ditterent teaperaturea. He sbowed that at both 25ct and 

21°0. , the oxrcen conaWiptiou cradually iacreaaed iJl the pre

revolutioa period. A a reTolu.tioD coaenced, the OXJID up

take rose rapidly with the aaxt.ua 2• houra atter reYolution. 

There waa a eligbt decreaae in oxy1en conauaption in the 

early poat-reTolution period aa the eabryo engulted the whole 

yolk, and tben it increaeed again to eclosion. Deyelepaeatal 

etudiee showed that iD thia later perlod oell diYieioa pre

dollinates. 

Ludwic and WUgaeiater (19SS) tound that 1D Pop1111a 
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japoaioa the oxygen consuaptioa at ))°C. increaaad rapidly 

duriq the tiret day of •bryonic dnelopaent, reaaiaed 

conatant during the next \wo daye, and theo inoreaaed ateadily 

until the time of hatohing. 

2. BIOCHEMIOAL CHANGES 

'l'he bioehellical changea in the egg duriq ubryonic: 

~eYelopaent haYe not been a~udied to any great extent. 

ludolta (l926a,l926b and 1929) 1nYeat1sated the 

oheaioal ehaasea durirag the •bryollio and poat .. bryoaie 

deYelopaeat or the tent caterpillar, Malacoaoaa aaerioua 

rab. He tound that the ether soluble .ateriala (tata) of 

the •«1 maasea were about 4.4.5 per eut. or the dry weigbt 

and tha~ they decreaaed rapidly durlns the tirs• tew weeka, 

utll at hatahiq only o.s6 per oent. reaained. The aYerace 

Ditrocen content waa about 1) per cent. In the initial atac•• 

ot deYelo~ent, the llitrocea content of the eg ••••• waa 

110re or leas constant but juat prior to batching, tbere waa 

an iaoreaae. Olycogen reaa1ned pra~tioally COAataat at 

0.2a per cent. durin!; •bryonio deYelopaen~. 

Sliter (19)0) obaerYed that iD Melagoplua ditterf!• 

tialis hi&ber fatty aoida ooapoaed 17 - 22 per cent. ot the 

dry wight ot the egga at the tiae ot layiag; th••• 
diainiahed rapidly durin& the period ot crowth before aad 
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atter hibernation and at the ttae ot hatching leas thaD 

halt · reuined. 

Hill (1945) studied the Changes in reducing aubstaneea 

and in acid hydrolyaate (clycocen) during the .mbryonic 

deTelopment ot Melanoplya dltterentialia and concluded that 

the role ot carbohydrate aa a source ot energy waa .ore 

eTident in the tirat tiTe daye than in later st~ges ot 

develo]31ant. 

leedhaa ( 1950) preaented the theory that ia •hryonic 

deYelopaent carbohydratea, protein and tat are utilised iD 

that order. The eTidence tor this theory waa baaed priaarily 

on the value o! re~piratory quotient aa an index of aeta

bo1in. 

Biocheaical changea iD the •11 haYe been extensiTely 

inTeatigated in the Japaaeae beetle, Popillia Japopioa 

•ewaan. Rothatein (1952) found that the nitrogen conteat 

waa tairly constant during .. ~ryoc.meaia. Glycogen decreaaed 

rapidly troa an initial Talue ot 0.021 ag.per 100 •11• to 

0.012 ac.atter 3 daya at 3)°C. A ••cond deoreaee iD &lyeoaea 

oceurred just betore hatohing. !ber• waa no chaqe iD the 

tree lipid (ether-soluble contttat) duri.a.g earl y obryogeneaia J 

however, beginning with the tourth day, a decrease b~gan 

which eoft,inued until tb• tiae or hatcbiac, the total loaa 

aaouating to approxiaa,elJ 54 per cent. ot the ayailable 
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aupply. OD the baaia ot th••• obaervationa, Rothatein 

concluded that llYCOieD turniahea the main aource of eneriJ 

during the early part, and tr•• tata the aain aource dur1nc 

the latter part of eabryogeneeia. Ludwig and Rothatetn (1952) 

corroborated Rothatein'• (1952) obserTationa that nitro1ea 

content reaained constant during eabryonic developaent. 
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III. MA TERIALS ABD METHODS 

A. REARIRG THE CRICKETS 

The inaects used 1D theae experimenta were obtained troa 

the cultures of Dr. A.S. Gbour1, a toraer graduate atudent. 

The apeci .. na of Acheta do•eaticua (L.) were collected at 

Macdonald College, Quebec, while the adulte of !•cont1gyratut 

Walk. were reared froa egga sent out by the Departaent ot 

Plant Protection, Qoyernment ot Pakistan, Karachi. 

The method adopted tor rearing both adulta and ny.apha 

waa the aame aa that deaeribed by Ghouri (1956) with Tery tew 

aoditicationa. Inatead ot the D4 diet, uaed by Ghouri, the 

inaecta were fed on a diet ot ground oo .. ercial an1 .. 1 tood*. 

The adulta were kept continuoualy in lars• wooden incubatora 

a\ 2S°C. and 50 per cen\. R.H. and the nyapha at ))°C. and 

at a R.H. ot SO - 60 per cent. Hu.id1ty waa controlled by 

aeaaa ot aaturated aalt solutions •• deacribed by O'Brien (1944). 

• Baby rabbit pelleta, sold by OgilTie Flour Milla, Moatreal, 
P.Q. 
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B. COLLECTIOI OF BGGS 

The aethod used tor colleotin& esgs vaa aimilar to tbat 

deacribed by Ohouri (1956). S..ll dishea containing moiat 

aand were aupplied to the adults when egga were required. 

Theae were alwaya reaoYed after 12 hours ao that the age ot 

the egga within the S8.111plea waa neTar aore than 12 houra. 

!be ecga troa all oYipoaition diahea aiaultaneoualy 

reaoYed were aixed and d1Yided into aaall lGta. Each lot 

waa plaoed on absorbent paper and lett for 3 boure oa the 

laboratory deak to allow the exceaa water to eYaporate; thia 

tacilitated subsequent separation ot the egga troa the sand. 

'ftle egga were pioked out or the aand w1 th a tine caael hair 

bruab, counted, and waahad in aeYeral changea ot diatilled 

water. The egga were exaained. und er a binocular aicroacope 

and all unbealthy looking ecga were diacarded. 

c. IICUBATIQN OF EQQS 

!he ega vere incubated iD ba,chea of SO or 100 in 

4 os. jar a in water bath a. 'l'he teaperature ot the water bath a 

aeldoa yaried .ore than! 0.5°C. (Fig.l). A piece ot moiat 

cotton wool waa plaoed •• the bottoa ot eaCh jar aftd thia 

waa oyer-lined with a piece ot moiat filter paper. The •11• 

vere then uniforaly dietributed oYer the filter paper. 
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Fig. 1 - t r bath with 4 oz jar • 
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D. DITERMIIATION OF WEIGHT OF EGOS 

All weighing of egge waa done on a direot-readinc bal

aaee* of aenaitiYity 0.01 -«• 

The deteraination ot the change in weigbt et the •cee 
of A,doaeet1cua during •bryonic deYelopaumt wae Hde oa 

batchee ot 100 egga. 'fhe eu• vere coUDted, waahed, and air

dried on tilter pa.per. The ege were thea veigbed. Oae batch 

wae eelected and the initial OYen-dry veight determined by 

dryiq the egga in an electric oYea at 100°0. tor 24. houra 

and weighiag. The reaaiDiq batohea ot egga were inoubated 

in water bath• at ))0 0. aad 2S0 c. At daily interYale, one 

batoh troa each vater bath wae eeleoted out, air-dried, and 

the final wet weight &Dd oYen-dry weight deterained ae aboye. 

• Spoerhaee Model lOM, Qaye & Co., VaneouYer, B.C. 



I'f. BM!!YOLOOI 

!be .. bryonic deYelopaemt of !•doaeaticue (L.) hae 

beea preYioualy deacribed by Reyaoae (1,95). 

In the preaent studiea, the external aorphologioal 

chugea of the •bryo, duriDg ita d.eYelo:w-eat, were obeerYed. 

Thea• obaerYationa were •d• under the eue experiaetal 

conditions aa those under which the pbyaiological atudiea were 

oarried out. 

A. TECHIIQUI 

!he deYelopaent of the •bryo waa atudied a\ 2SOC. aacl 

at ))0 0. Batchea of SO •11• were iDcubated on aoist tilter 

paper aad at daily iaterYala, oae batch troa each teaperature 

vaa aeleoted and tixed in louia'a aolutioa heated to 60 - 70°C. 

The chorion of each •11 waa punotured ahortly alter the aolatioa 

bad cooled, ao that the tixatiYe could enter the •cc aueb .ore 

rapidly. The egga were kept in the Bouin'• solution tor 2~ 

hours, then washed in diatilled water and awred ill 70 per 

cent. alcohol. ror a better atudy ot the .. bryo prior to the 

toraation ot the eye apota, egga were etained !!. !212 witll 

borax oaraiae and deataiaed ia aoid alcohol until oaly the 

•bryo retained the ataiil. the egga were thea. traaaterred. to 

a elide containias a tew dropa ot alyoeriae aad exaained uader 
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a -inocular •ioroacope. Portiona ot the chorion vere re

mond and aoae or the yolk waa d.iaseoted out. 

B. lœM or TRI IGG 

!he newly laid ecg or Aoheta 4o•••S1cua haa aD 

eloncated rod-like appearanoe. It ia uaually concaYe Yen

'rally ud oonya doraally. !he anterior pole ia poiated 

wbile the poaterior pole appeara to be roUDded. The llioro

pyle ia aituated at tbe anterior ead. As deyelopaent 

proeeeda, the external yariationa ia tora and ahape ot the 

•sc are gradually leYelled out by a .. ellinc or the whole 

eu, and the ahape ia then oylind.rieal. 

Aecording to Beyaona (1895) the chorion conaiata ot 

two layera, an outer aoehorioa and an inner endochorioa. 

The ritelliae a .. brane lies juat below the ohorion in the 

aewly laid •a· 
C. MœPHOLOOICAL CHAIIGES IB THE EMBRYO 

lor desoriptiYe purpoaea, the atagea iD the deYelop• 

••nt or the eabryo vere d.iYided. into four perioda: 

(1) Pre-reYolutioa, (2) leYolution, ()) larly poat

reYolution, and (~) Late poat-reTolution. 

1. PRI•llEVOLUTION 

In the newly laid eag, there was no &11ft or the cera 
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'band. !hia tir at ~eoaae appareDt oD the poaterior pan of 

the ooaYex Yetral aide after 24 houra of incubatioa at 

33oc. and 2800. (Pl. I, rig. 1). At th1a ata1• it waa r•

latiYely a.all, and 1t extended aoarcely one-third ot the 

lellph ot the who le •u. In the courae ot turther deYelop

aent, the poaterior end ot the •hryo puahed towarda the 

doraal aide and atter ~S houra at 2f°C., it aasuaed a hook

ahape (Pl. I, 111.2). The eabryo .ubaequently becaae ooa

pletely aunkea within the yolk with the head tacing poaterior

ly. !hia atqe ot deYelopaent waa reached atter ,.. houra 

at 33°C. or 72 houra at 2SOC. (Pl.II, ri,.)). Heymona (1895) 

haa ahown that the aaniotio tolda ~sed at thia atace •• that 

the •'brJ'o waa coYered on the Yeatral aide by the -ioa and 

the enUre yolk waa nrroundecl by the aerosa. 

Se..-atatioa bee .. • appareat at the tiae ot the doraal 

tluure aad waa ooapletecl by the tille the u'bryo 'bec .. • 

atretched out oD the dorsal aide. !he rudtaenta ot the 

pathal and thorao1o appendaa•• were alao appar .. t at th1a 

ata1e. !bere vere no turther extemal ehaqea in ~e •l»ryo 

duriDc th1a perio4. It aerely iaoreaaed ia aise (Pl.II, Pis.~). 

The entire pre-reTol~tien period took 72 houra at )3°0. aa4 

120 houra at 2âOC. 

2. UVOLU'l'IOI 

Duriq the period ot reYoltatloa, tlle -~ryo qaiD re

Terted to the Yfttral nrtaoe or the •a by a ooUDter•uY•eat 
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\hat ·reatored 1t to 1ta original poaltlon wi\h lta head 

taoinc aate:riorly (Pl.III, rta.J). The reYolutioa of 

the •brro waa coapleted afte:r 96 hou:ra at ))0 0. ucl 1.44 

houra at ~0c. 

'l'be rotation of the •'b:ryo realllted ia the np•ur• 

of the aeroaa. HeJMn• ( 1895) abowed that the aeroaa at 

f'irat ~oTered the yolk at the aaterior ead, but later aaak 

1Dto the yolk to be abaorbed. The -ion teraed the pro

YiaioDAl doraal cloaure, but deceaerated alter final doraal 

eloaure took place. 

.3 • IARLY POI!-liVOLU'riOI 

!he doraal body wall vaa ooapleted atter 120 houra 

at ))0 0. or 168 houra at 2SOC. At thia nage alao 1 the •r• 
apota appeared (Pl.III, r11.6). 'the ••brye aabaequntly · 

crew uteriorly abaorbiftl the yolk up to the u\erler ead. 

aad "Dyl.44 hour a at ))0 0. aad 216 houra at 2SOC. 1 1t eoeupiecl 

\Ile whole •a (Pl.IV, l1&•7). 

4• LATI POS!•aBTOLU!IOI 

!he period ot la•• poat-reYolniou waa eharaoterisecl 

ày tew aterDal ehuc•• 1a the •ltryo, but there aat baYe 

been aarked 1nternal ohaqee iD whioh the Yarloua orcaa• 

were coapleted 1tetore hatelllq ooourred. 'fhla perled waa 

ooapleted betweea 16i heva uct 216 h•ur• at ))0 0., aad. 

240 houra aad ))6 heur• at JS8c~ 
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Fig.2 - The development of the eggs of A.domesticus 
at 2soc. and 33oc. 
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D. DISCUSSION 

Pic. 2 ahows that the varioua developaental etagea did 

not reapond in exaotly the aaae way te changea in teaperature. 

There waa apparently a close correlation in the tiae at whioh 

aegaentation waa eompleted at 2fOC. aad ))°C. The engul!1Dg 

ot the yolk 1 on the other hand, waa completed .cre rapidly 

at zgoc. thaa at )3°C. Within the batchea of ee~s exa•1ned1 

\here waa alao aoae variation in the etage of developaent 

reacbed. 81nce develo~ent ia not unitora, it ia unlikely 

tbat a aiaple .. the .. tioal formula oan be uaed to expreaa 

preciaely the rate ot develo~at ot egga at diftereDt t .. -

peratur••• 
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V. WATER ABSŒP!IO! 

A. THJ COURSE OF WATER ABSŒPTIOH DURIIG EM&RYOIIC DmLOPMI!! 

larlier etudiee by Buavine (195S) and Obouri (1956) have 

indicated that contact water waa neceeaary for the development 

of the egga of Acheta doaeaticua. Ghouri (1956), in hia 

atudiea on water absorption in three apeciea ot cricketa -

!~do .. atioua, !•cont1curatut and Orxllodea aicillatua -

obaerved that uptake occurred at the a ... relative tiae iD 

developaent in all three apeciea and at all teaperaturea. 

He concluded that the co .. enceaent ot water uptake appeared 

to be correlated with the aaae etage of eabryonic developaent~ 

In the tollowing experi .. nta, vater abaorption waa etudied 

and the stace of .. bryonic developaeDt reacbed waa noted. 

1. WATER UPTAKE BY IGGS OF !•QOMISTICUS 

The changea in weight ot the egga ot !•àoaeetiout durin& 

.. bryonic developaent are preaeated 1a ri,. ) in the text and 

ia Appadix Table 1. The valuea tor the change in weight at 

3)0 0. are baaed on the aeana of. tour replicatee, and that 

at 2SOC. on three replicatea of 100 •11• each. 

During the tirat 2~ houra of incubatioD at 3)°C., there 

waa a alight decreaae in the weight of the eu•· The egga 
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began to abaorb water rapidly atter 4à boura ot incubatioa, 

and alter 96 houra the egga bad c~oat doubled their we1gbt. 

A rapid decreaae then tollowed, the weight of the esc• 

droppiq troa 195 per oent. to 17.3 per cent. in 24 houra. 

!he weipt ot the •a• reaa1Ded •r• or lesa conatant duriJl& 

the nu:t 4' hours, but there waa a elicht deoreaae with a 

ainor inoreaae 2~ hour• betore hatobias. 

At 2SOC., no water waa abaorbed duriB& the tirat two 

daya. A deerease iD weicht, aiailar to that obaerYed at )3°0., 

waa alao noted at tbia teaperature durin& the pre-abaorption 

period. Water waa abaorbed atter 72 hour a, and t.be peak ot 

water abaorption waa reached atter UJ. hour a. The weipt ot 

the egga at thia atage waa oal.y li3 per oerat. ot the initial 

weipt, •• coapared wit.b 19S per eent. at .33°C. The greater 

ext••• ot uptake ot water at a higher teaperature waa aleo 

aoted ira A•o!Bfipratua, br Ghouri (1956). Re attr1bute4 

thia to the ditterential etteot ot t .. perature on the apeed 

et Yarioua pbya1olog1cal prooeasea, aince 1\ ae ... d unlikely 

that the egga required a larser quantity ot water tor ooa

pletinc 4eYelo,-ent at the higher teaperature. 

A decreaae in we1sht tollowing the peak ot uptate ••• 

noted at 2600 4t, but thia deoreaae waa aore gradual tho that 

obaerYed at ))0 0. !hia could be attributed to the etteot 

of t .. perature on deYelopaent. At 28°C. deYelopaen• ia 

alower, conaequently the deYelo~ental procesa would be .. re 
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drawa out. A~ both 2lt•c. and .))oc., vater uptake co ... aeecl wha 

the aeroaa na coapleted around the •brTo, aa a reeult ot the 

aiftkin,; or the •brye vithin the yolk, ud oeaaed wha the 

aeroaa vaa ruptured tollowinc revolution. 

2. WATIR UPTAU BY THE EGOS OF !·COIFIGURATUS 

Jor cnparative purpoaea, the wat•r uptake by the •a• 
of !•cont1curatua waa atudied at 33°C. fwelve batchea ot 

100 egga vere uaed tor thea• deter.inationa. The initial wet 

weilht ot the egga waa detera1ned atter which they were in

cubated oa .clet tilter paper. At daily 1ntervale, one batob 

waa aelected and the final wet weight recorded. 

Jig. 4 ahowa the ohancea in veight ot the •a• ot 

!•collf'1curatut duriq •bryonic deYelopment. The ohuge in 

weipt or the egga of !•conf'1Jwatup waa aoaewhat a1111lar te 

that or !•do•eat1out at 33oc. !he iaitial àecreaae 1a weight 

at 24. bours waa noted, aa waa the inereaae alter 48 houra. 

Bowever, the peak of uptake waa reached alter 120 hour a 

aa eoapared with 96 boure tor !•doaeatioy. The loqer period 

of abaorption ia probably due to the taet that the develop

aental period of !•oontinratue ia aliptly loqer. The 

aeaa iftcubation period ot A•oont1gura\ua ia 11.4. daya, and 

that ot !•do .. stioua ia 9.1 daye at ))°C. The decreaae 

tollowiDI the peak ot absorption waa auch 110re gradual thaa 

that tor !•doaeaticua. The egga 4eoreaaed in wei&bt troa 
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149 per cen\. to 166 per oeat. in 4 daya, aa ooapared wt•h 'h• 

23 per oent. 1oat by !•4•!!•S1qpt in 3 daya. A ainor 1aorea .. 

betore hatoh1n& waa alao noted. 

1. CHANGES Il IllY WIIGBT AID WATER CQ!Tiit OF lOOS Ql 

!• DQMISTI91lS AJO) !• ÇOIIFI(JJIATVS 

IR the preeediq experiaenta, lt waa obaened that cbariq 

the pre• aad poat-al»aorp\ion perioda the •a• of bot.ll l•.•e••
S~Q! and .A•ooatlur••u 4eereaaed ia wei&ht~ !hia leaa ia 

weigh\ aay be attrlbuted \e either or both ot tvo eauaea, 

aaae1y1 a 1oaa of vater or a deoreaae in ovea-dry weigbt. To 

eatabliab the nature ot thia deoreaae, tbe ovea•dry vellbt ot 

the •u• waa d9teraine4 oYer the periocla ot illcubatioa. !be 

resulta are preeeatecl la ria•. 5 All4 6 in the tut aad 1a 

Appeadix f.ab1ea 2 1 3 and ~. 

!here waa a drop ia dry wei&ht in the •a• ot !•UM•
tlcue at bo~ 2SOC. aad 33oc.. duriDI the pre-abaorp,1oa periocl. 

Duriq the a})aorption per1.o4 at ))°C._., the drJ we1pt waa •r• 

or leaa oonatant but decreaaed iD the poat-abaorption troa 

'9 per oent. to 78 per cea,. !he 4eereaae in ovea-dry weipt 

at 2ac»c. waa p-adual over the entlre 1acubat1on period. !he 

oYen-dry weigbt 4111iaiabe4 troa aa 1aitia1 Yalue ot 100 per 

o .. t. to 79 per cen\. 24 houra ltetore hatcld.a,.. 

!he loaa in ciry weipt ln the eae ot A·••p.tinratv 
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waa aaeh aore .arked ia the iaitial ata1e• or deYelopaeat. 

!he OTea-dry weight dropped tra 100 per cent. to tO per eut. 

durinc the rirat 72 houra ot ia.-bation, therearter 1\ re-

.. ined coaatant until a ainor deoliae ooaurred alter l" koura, 

wbe ~e ovea-clry weipt deereaaed troa 79 per oent. to '7) 

per ••n'. in 24 hour a. 

Th••• obaenationa allewed that the 11litial loaa 1Jl 

weilht or the •u• 1D !•tlM!aticut ud A,.ugt1praty waa 

uinly due to a drop ia clry wtpt. The deoreaae 1n. 

weipt ot the ega atter \be peak ot uptate, however, waa 

\oo creat to be aeaouted ter by the lo•• ia dJ7 weipt. 

The reaaoa tor thia cleoreaae 1• not olear. A plallaible 

explanatioa aigbt be tha\ tbe loea ia due " ebud.cal ••

bydratioa ot the .. bryonit ou'iole ~ich ie laid dowa at 

\hia tille. rraenkel aa4 lùall (1940), workiq vith two 

apeeiea ot blowtliea, OalUMora !EtthrttelpJa Jlei1•, aad 

lartophap talgla\! raa•., fouad tha\ wa\er waa l•n 
rapidly durtac the traaator.a,ioa ot 'he larYal OW\iole 

ta'o the puparia, ud. •ha\ water waa loat tr .. tl'le puparia 

in eeataet with the body, evea ia a aaturat•• a.._aphere. 

'lhey olaiaed that thia loaa ot water llight be d•e to ~e 

eoaclnaatio:a ot the ùlt:t.B nrueture reaul,tn.a in \Ile 

aqueesiDc out ot wa\er trea the proteia aoleoul.e, o:r to ohuaea 

la the p:roteia itaelt wlth the eliJWla\lea of .. ,. aù l.eaa 

ot abili'J to attraot wa\er. 
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C. SITE Ol WATER ABJCilPTION 

ID Ully loeuata aad gaaaheppere, water ia a~10r1tu 

threUib a apeoialised part ot the cut1c1e kaowa •• 'b' bydro

pyle. The bydropyle ia ait.ated at the poaterior eDd of the 

•a pole, ud ia a aeoretory produot of a croup ot elllarced 

aeroaa1 eella (hydropyle eella). !he hydropy1e waa tlrat 

4eaoaa\rate4 in the ditteren,ial craalbopper M!l!aopl»l 

41tt•rfB\1alit by Sliter (1934). Sinoe then 1t haa ~een toua4 

\o occur ia other craaahoppera aad 1oGUatiJ the Aus\raliaa 

plague graaahopper AV.t!ro1H5tt onoialt (Biroh aa4 Aaclre

wartha, 194.2), the two a\riped paalhopper 1•!1I15!!)Uf 

(Salt, 1949), u4 ~· leuth !trioaa hrowa locust J,ggatw 

par4aliB! (Matth'•• 19Sl). Sllter (1938) aa4 Mat$b6e (1951) 

ahewed. tha\ water uptake ••--•ed. only atter the .oap1et1oft 

ot the h7dropyle and the UDderlJtna hydropyle cella. 

JohDaoa (1934-) abowed tha' wa\er wat al.tnr!ed throq)a 

the llioropylar !Del (aaterior acl) ill the oaptid ltq !U!
••k• •rr•tip. lerenak1 (1910), oa \he otber bud, tewul 

ae apecia1 water abaorbins area ia the beet1e Agi1oplit 

agtrlap ud. lrownia1 (19SJ) touet no ertdeaoe tor a 

bfdropyle in the eriet•• Qrrll!l»t 011!04»1· 

a the •u• ot !·dtut,icy, wat•r up\ake oo ... aoea 

oaly atter the coçlet1oa ot the 1eroaa around the yolk. 
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The poaaibility, tberetore, \bat water lligbt bave been 

abeorbed throuah a apecialised part ot the aeroaa eould not 

be overlooked. 

'lhe anterior third ud poaterior thirci ot 10 •u• vere 

each eoated v1 th "liquid solder•. Ten •a• witb both 

anterior and poaterior thirda eoated and 10 uatrea'ed •11• 

aerYed aa control. The •11• were iaaubated oa aoiat filter 

paper at ) ) 0 0. 

Alter three daya on .oiat tilter paper, all the •11•• 
aave a tev that died, ware noticeably avollea and by the 

tourth day all of th.. appeare4 tully hyclrated. The •a• 
vh1Cb were coated with "li~u14 solder• vere .. olle& te the 

extent tbat they 1ave the appearance •• it they would burat. 

Owiq to a heayY crowth of Mlcl, none ot the •u• batchecl. 

The experi .. nt vaa repeatecl, but aher the teurth day the 

liquid aolcler wae aottened with ethyl acetate and caretully 

reaoved. 'l'he •a• were tho incnabated. on aoiat tilter 

paper at l)•c. All the •cc•, apart troa a tev wh1oh vere 

killed dur1nc the reaoval of the solder, hatehed. 

!heae reaulta aeea to iDdioate that wa••r la abaorbed 

through the general aurface ot the eg ••braaea. To teet 

thie cencluaioa turtber, a nuaber ot eu• vere 1ncubated 

tor •a hour a at ))0 0., atter wlûoh the aaterior eada ot ••• 

ot theae, aad in other o•••• the poaterior eada~ vere 
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attaehed by solder to a !laa a rod.. fhe tree end a ot the •a• 
were then 1-er•ecl in 0.1 per eent. baaio tuohatn. Alter 

,..,. boure the •a• were exA1111le4 l&Dder a biaowlar llieroaoepe 

and a n\lllber ot ecga d1aaeote4. !he eu• were auhaequc,lr 

1neu~ated oa -oiat tilter paper aad the percen•ace ot ha,tb 

recordecl. 

Oaly thoae parta ot the eherion vh.ich were U.eraed. 

in baaio tllcha1a were atalned uteraally. Boweyer, ~· 

-.bryoa were aotieeably atalned 1rreapeot1Ye ot the eDda 

wbich were t.aeraed. All et the ega hatobed and. a na)er 

of 1171\pha on aerpq hacl thelr aWoaen al!&htly etained. 

'lbe aboYe obaenatioaa abowed that water ia a'baorltecl tbre'qh 

the aeaeral avtace of the •a. 

D. lgCHAJ!ISJ( Ol WAmt ABSŒWOR 

In the preoedinc upel"iilea'•• 1t waa ehown that durial 

a coaparat1Yely ahort perlod la •ltl7oa1e denapaeat, 1.e., 

'betweea 41! to 96 hour a •• ))°C. aad 72 to llt4 heura a• 2$00. 1 

the •11 ot A•4oaet\1f!l took up a eoaaiderable aaoua• ot 

water through ita entire aurtace. !he tollowiq up.ariaeatl 

were, theretore, cleaigned ia Grder to determine wb ether 

water uptake waa aa aot1Ye pree••• or a p&ls1Ye proo•••· 
Althoup the •a• or any apeeiea ot inaeets haye beu. 

ahown to a~aor~ wa~er, the aetual mechanisa of abaorp,ion, 

bowever, ie not elear. 
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1. WATER ABSŒPTIOIII Il SODIUM CHLœiDE SOWTIOIS 

Pour batohea ot 50 egga each vere 1ncubated tor ~8 houra, 

veigbed, and then 1 .. eraed 1a aaall phiala containiDg dia

tilled vater and 0.6, 0.9 and 1.2 per oent. aodiua chleride. 

The pbiala coatainiag the •11• were placed in a coaataat 

temperature cabinet at JJ°C. vhere they were kept tor 

1a hours. Atter this period, the egga were taken out ot the 

phiala, washed in d1at1lled water, air•dried on a tilter 

paper and weiped, To deteraine wh ether the •a• were ill aay 

way attected by i~raioa ill the varioue solutions tor 1a houra, 

they were ineubated on aoist filt~r paper at J)°C. 

loae ot the egga, excep' thoae t.aeraed in diatillri 

water, hatched, neither waa there any chail&• in wei&ht• The 

egga plaoed in diatilled water iaareaaed ia weilbt by 2) per 

cent. ot their initial weigbt, Thia 1ncreaae waa aiailar to 

that obtained wh en •u• were illcubated on aoiat fil ter paper. 

The tailure or the •u• to hatch aigbt have ben due 

to either ot two eau••• - a lack or oxyaea er the penetration 

ot aalt reaulting in the death ot the •bryo. The above 

experiaent waa repeated theretore, but dur1ng the period et 

t.aeraioa, air waa bubbled throucb the Yarioua aolutieaa. 

Alter t.aera1on a nuabsr ot •11• were seleoted at randaa1 

tixed in Bouin' a solution and the eabryoa were diaaeo\ed ••t. 
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lo hatehiq waa reeorded ia •h• •a• wbich were s ..... aed. 

la the Tarioua aod1ua chlorlde aolutioaa. Wbea ooapared vith 

a noraal deYelopins •bryo, it would appear that ••rr little, 

1t any, deyelopaent took plaoe wb en the •11• were iaeraed 

in aodiua chloride aolutiona. In a au-••~•nt expert.ent, 

it waa obaernd that il •u• ia a aoh later ata1• et dnelop

au.t (•u• 96 houra olcl) were 1•eraed 1n aWlar c.nootratioaa 

et aodiUII obloride tor 2~ hour a, and then traaaterred to a 

moiat filter paper and inc•-ated at )3°C., noraal hatobtaa 

took place. It would ••••• theretore, tbat the •111 were 

peraeable to the aalt durlq the periM ot uptake bllt alter 

aueh period the aalt waa unable to enter 1Dto \be •Il• 

2 • WATIR ABSORPTIOI IR OLUCOSI SOLUTIOIS 

It waa ahown ia the prertoua experiunt tha\ ne •nelop

aea\ ooourred ud oonaequea\ly •• wa\er wa3 takeft up wba •a• 
were iameraed in yarloua ooneeatratieaa ot 10diua cblorl•• 

aolutlona. !he tellowiac experiaeat waa carried out to 

cleteralne whether they eollld tlie up water troa sJ.ucoae ••1· 
utina at equi'falent ud lover nnoeatrationa to the eodia 

ebloride aolutiona teated. 

fi •• N.tehea ot SO •a• tù:ea fr• Ylrlill t ... l•• aJUl 

5 lta'ch•• t'rea noraal ter\ilised. taalea were uaed 1a tb.la 

experiaat .. Til• •a• vere S..nlta\ed tor 4à hova, weiebH 

aad tben i ... raed ia the Y&rioua aolutioaa in a elallar way •• 
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deacribed for the aodiua chloride eolutiona. They were 

t.aereed tor lS hours, tollowing whicb they were weigbed and 

ineubated on aoiet tilter paper at 33°C. 

!a waa expeoted, none or the untertilised •cc• hatehed; 

60 - 10 per cent. hatchtng waa obaerTed iD all other treat-

aenta. 

The resulta are preaented ta Table 1. The concentra\

iona of the v.u-ioua glucose solutions uaed are expreaaed in 

aolarity aad equivalent &Gdiua chloride. 

TABLE 1 - Changee in weicht of fertilised aad 
uatert111sed egga wben t.aeraed in 
varioua concentration• ot clucoae 
tor 18 hour• at J3°C. 

Mol.arity ot 
clue••• 

Bquivaleat 1a 
~ RaCl 

Perceataae iacrea.. or 

aolut1one 
deoreaae in weiskt 

Livia& Uatert111sed 
!Il! •a• 

Dia,.water 0 +19.6 + 2.1 

0.062' 0.2 + ).9 ~ 1.s 
0.1250 o ... o.o - •• 2 

0.2SOO 0.6 - 1.0 - 9.1 
0.)750 1.2 - 5·7 - 6.6 

rroa the reaulta in Table 1, it 1• •••a tbat the u

tertilS.sed . egga were unable to t.ake up water tr• varioua ooa

MBtrationa of' &luco••· Purthel'llore, the wa\er uptake troa 
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diatilled water waa negligible. The iDerease waa only 2 per 

cent. wh ile the li Tine egga inoreaaed the.ir weigbt by 19 per 

cent. &quilibri\111 ill the latter waa reaehecl at a concea

tration or O.l250M glucose eolutioD (equiYalent to a o.~ 

per cent. solution or aodium ahloride). !he increaae 1ft 

weight of the •11• in a 0.0625 M solution or &lueoae (equiT&l

ent to a 0~2 per oent. solution of eodiu. chloride) wa1 only 

4. per cent. 

Tbe tailure or UD1'ert111secl eua to talte up water cu 

be attributed to the raot that there ia ne deYelo~at aa4 

conaequently there are no chaagee iD the •a aeabranea. 

3 • WATZI UPTAKE P'R<JI A SATURA !RD !TMOSPHIRE 

Leee (1946) haa showa that water waa 'aken up by ~· 

ti ok Igd.ea rioigut rrca aa UBaaturated at110aphere. IJa the 

\lllted adult t1ok the ha!IIOlymph hali an oaaotio preaaure 

equ1Yaleat to that or a one per oent. aocliua chloricle eolll,ioa 

aacl woul.d theretore be 1D equ111briu with the water Yapour 

tn air in which th• relat1Ye huaidity waa 99.4 per cent. 

But the tiek cu abaorb water rroa an ataoaphere ia lèich 

the relatiYe huaidity is 92 per cent. Thie aoYe .. nt or water 

aoleculea againat a yapor-preaaure ,radient involYea the 

expenditure of aer11 in aeeretery aot1Yity. It waa neH•Pr1 

\o eatablish wbether,ia the oaae of the •a• or !·sloata'\S.Df, 

water oould be taken up tro• tbe Yapour phaae. 
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'l'wo batchea or 50 egga aft.er being weighed were illoùa,ecl 

on a dry cl••• aurtace 1a a desiccator at. lOO per cent. l.H. 

'l'wo batehea on moiat filter paper vere ueed as control •. ·!he 

desiccator c~ntainiag the eggs waa kept in an 1ncubatar at 

33°0. -rite ega were weighed at daily intervala until no 

sigaificant change in weight waa deteoted. A nuaber of •il• 
were also dieaected at regular iDterTala to det.eraine the 

stage of developaent reached. 

'l'he reeulta are ahon in !able 2. S1noe there waa 11• 
ai~&1tieant d1ftereaee betweea the replicatea, only the 

\reataeat aeaaa are given. 

Treat
aen\e 

Weight (percentage ot in:l.tlal we1pt) reoordri 
attert• 

24 4.8 72 96 120 144 l" 
houra boure boure hove boure houra houre 

91.1 128.0 16).2 191.1 179.1 177.1 171t.·' 

In the lai ti al ataa•• ot deTelopaeat, ~otween 41 t.e 72 

hova, lèen water wae rapicily takea up by \he oontrol, no 

inoreaae ia weight waa r•cord•d a\ 100 per eeat. R .R. The 

cleYe1opaent of the •'br7o ia the latter waa &lao auoll alower. 
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The increaee in weilbt obaerved after 96 houra waa probably 

due to the condensation ot aoiature. Water could be deteoted. 

oa the aides of the containers and on the egga themaelvea. 

The egga were, therefore, not only in a aaturated at.oapbere 

but 1a contact with tree water. The egge did not iaoreaae la 

weilbt aa .uch aa thoae whioh vere 1Doubated oa aoiat tilter 

paper. The increaae waa only 142 per oent.ot the initial 

weipt a a coapared vith 191 per cent .by the control. Alter 

the aixth day no turther inereaae in veigbt occurred and tbia 

vas the at•&• at which reYOlution waa coapleted and the 

aeroaa ruptured. The entire developaeat period ot the ecga 

waa 20 daya,wbile the aean incubation period of the ooatrol 

waa 9.1. Olùy 20 per oent. ot the egga hatched at lOO per 

eeat. R.H. 

Thea• obaeM'atioaa ladloate tbat the •11• are Wl&ble te 

absorb water troa a aaturated at.oapbere. 

4-. DEVELOPMEH Il DISTILLID WATD 

'fhe ala ot thia experiaent wae to aacertain lllbether the 

•11• ot !•df!ettiC!J oould oeaplete thelr developaent wben 

coapletely aubaeraed in diatilled vater. 

llae batohea ot SO egga were weighed ud then plaoed 

in .. all pbiale coatain1Ds diatilled water. Th••• vere ia

oubated ln a conataat t .. perature oabinet kept at ))OC. 

During the tiret eilbt daya ot developaent, one batch vaa 
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Fig.7 - Change in weight of the eggs of 
A.domesticus when complete1y immersed 
In distilled water and kept at 33oc. 
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aeleeted •' 2~-hour inter.ala 1 air-dried aad we1cbed. The 

ninth waa allowed to continue ita deYelo~nt : eoaple,ely 

aubeeraed, until aix hour a bet•n the expe•t•d tiJu of · 

hatc:biq (21' houra at ))°C.), whea 1\ waa truaterred te 

.. iat filter paper aad incub•t•d at 3.3oc. 

hnnty per oent. of the •111 wb.ioh vere U..raed. ter 

209 hove hatohed. Howeyer, the aeu i:anbatioa period waa 

ailftifioaatly loncer \baa that et •11• inoubated oa .oia\ 

tilter paper, 12 daya aa coapared with 9.1 daya. The peri•• 

of water uptake extended troa ~· hour• to 120 houra and the 

•111 enly inoreaaed in we1Jht -y 171 per oeat. (Fi&.?). !he 

loqer period ot water u.pta.ke waa probably due to the taet 

\hat deYelopaeat waa elower 1 •• a re ault ot aa exycea etten. 

The tact, howeyer, that the •a• were able to ceaplete 

their deYelopaeat wben eeaple\el.y nbller1ed iadioa••• \hat. 

the •11• are in •••• way able to aeaate oaaot1o for•••· 

J. WATER AISORPTIO• FROM nLD& PAPE& MOI8TBDD WITH 'f'ARIOUI 

COIOBITRATIOIS or SODIUM CHLORIDE SOLU!IOIS 

la a prertoua experiaeat (water uptake ia ao41- elùo:rtde 

aolutioaa), it waa aoted \hat the •cc• ot A•4!!!tt1!!f ta1le4 

to deYelop wben 1 .. eraed ia aediua ehloride aolutioaa.. Baw

•••r • ia ri. ev ot lereaaki' • obaenatioaa (ler .. aki• 19)0) \hat 

the •u• ot J.ft1topl1a vusiaH vere able te a'baorlt wa'er aad 

deYelop it ia~ba\ed on tilter paper .. teteaed wi\b yart••• 
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aolutiona, the tel1oving exper1a•nt waa oarried out'• The 

aia waa to aacertain wbether the •11• ot !•doaeatigga 

cou1d deTe1op on f11ter paper aoiatened with Yarioua oon

aeDtrationa of sodiua chloride ao1utiona, and w.bether tbere 

waa any dittereace iD the rate ot uptake. 

Jour batchea ot SO Anly laid •a• were weiJbed. aacl 

incubated on t11ter paper a.lateaed with d1at111ed water, 

0.6, 0.9 I.Jlcl 1.2 per oeat. aodi\lll chloricle aolutioDa. The 

•&&• vere kept in a water '-'h at 33°0. !he •11• were 

weiped atter 48 heur a aad asaia at 96 hour a. !he peroentac• 

ot hatca waa a1ao reoorded. 

TABLE 3 - Incr•••• in weipt ot •a• inoubatecl 
on tilter paper .oiateaed with Yarioua 
oonceatrationa ot sodi~ chloride 
aolutio••·· 

Per eent. iDor•••• ill 

Treataent 
weip\ at••r -

48 heva 96 houra ~ Hatoh 

Diat. water 129.1 189.9 69 

o.~ WaCl 13l.S 190.2 63 

o.~ KaOl 129.7 191.1 67 

1·.~ la01 128.2 188.4 66 

The resulta iD Table 3 ahow that the egga were able to 

deYe1op wheD incubated on tilter paper aoiateaed wi\b Yarioua 

concentration• ot aodiua ohloride aolutiona. tbere waa al80 
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no difference in the rate ot vater uptake. 

6. RATE OF WATER LOSS DURIRG VARIOUS STAGES OF DEVELOPMDT 

It ie well known that the aurtace ... branea of inaecta 

ahov aay..etry, in that water paasea aore rapidly in one 

direction than ia the o~•r (:S.aaent, 19S4.). The rate ot 

water loea, therefore, giYea little intoraation about the 

rate at which water can eater the •a• HoveYer, obaac•• in 

the rate ot water loaa ahould retlect ChaD«•• in the 

peraeability or the ecge to entry ot water. 

To aeaaure the change iD the rate or deeiccation, 

ecgs or ditfereat ases were placed in a deaioeator at 9S per cent. 

R.H. The egge were tirat incubated in batchea ot SO oa 

aeiat filter paper at ))8 C., aDd at Tarying interYala, oae 

hat ch va a a1r-dried on fil ter paper, wei&hed and plaoed on 

dry glass in the deaiccator. !he e&&s in the deaiecator 

were vei&hed at daily interTala. f.be deeiocator waa alao 

kept a\ ))°C., and the relat1Te hu.idity vae controlled by 

aeana or a potaaaiua hydroxide solution aa deacribed by 

Solo•on (19Sl). 

lig. S ahowa the rate ot water loaa durinc the tirat 

24 hours or deaicoatioa. In the newly laid egsa, the loaa 

wae only 7 per cent. of the original weight. In •11• 

deaiccated atter •a boure of iacubatioa, the loaa waa 
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10 per cent. A aaximua weilbt losa ot 16 per cent. waa 

recerded in egga 96 hours old. The losa then deoreaaed to 

9 par oent. in ecga which were deaiceated atter 104 houra ot 

incubation. The inereaae 1a the rate ot water loaa duriDI 

the period ot water uptake (betweea 44 and 96 houra) 

indicatea that the egga are aore peraeable to water at thia 

tiae. 'l'he relative illperaeability of the ecga during the 

poat-abaorption period caa ba attributed to the preaeace of 

the embryonic cuticle. 

The total amount ot water loat over the period ot 

deaiccation bad a aarked etteot on the developaent ot the 

eaga. Ecga tranaterred to 9S per cent. R.H. alter 4~ hours 

ot inaubatien loat about 47 per cent. ot their wet weisht 

and no hatchillg waa recorded (Fig. 9, Table 4). The water 

loaa ot eu;a whieh vere iacuN.t.e4 tor lOi and 120 houra prior 

to deaiccation vaa only 17 and 19 per cent. and 62 aad 6) 

per cent. hatchinc,reapectively,waa obaerved. The iacubation 

period or egga deaicca~ed atter 72 boure was aicaitioaatly 

loaser than that of •11• wbieh were deaiccated alter 96, 
104 aad 120 boura. Siailarly the 1Deu~at1on period of •11• 

deaiecated alter 96 houra waa loDJer thaa that ot •11• vbieb 

were plaeed at 95 per cent. I.H. atter 108 and 120 hour• 

ot 1n~batioa. Th••• resulte vere aiailar te thoae obtained 

tor !•dO!eaSicue by Obouri (19,6). It waa noted in three 
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TABLE 4 - Percentac• hatcb and aeaa incubation 
period ot •11• deaiooated at 95 per 
cent. I.R. 

Afe ot •&S• 
( n houra) 

0 

48 

72 

$4 

96 
104 

120 

~ Ratoh 

0 

0 

16 

0 

34 

62 

6) 

Meu 1ncubat1oa 
period (in houra) 

-
26).2 

-
24,).5 

2)).7 

228.) 

auoeeaaive trial• that •&<• wbich were incubated oa .oia~ 

tilter paper tor 84 houra pri•r to deaiccation tailed \o 

hatch, wile aoae hatchiq waa recordect tor •aa which were 

cleaiccated atter 72 hours or 1Doubat1on. The 1Dcreaaed rate 

ot water loaa recorded tor the •cc• 84 houra old waa due te 

the increaaed water content ot the •aga. 

7. PERMEABILITY OP THB EGG TO IORS 

In the experiaenta cleaip.ed to deteraine the aite ot 

water abaorption, it waa obaerTed that when the •11• vere 

t.aeraed in a 0.1 per cent. solution of baaio tuch•ia• there 
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waa aoae ataining or the .. bryo. !he poaaibility waa ia

dioated that the •11 a .. branea ai&ht be peraeable to iona 

and a.all aoleculea. It waa aeoeaaary, theretore, to 

eatabliah whether the •11 waa actually treely per.eab1e te 

iona. 

Ega in batchea ot 50 vere incubated oa aoiat tilter 

paper tor 4-d houra at .))°C., atter which they wre weilbed.. 

The •11• were then t .. eraed iD the ~rioua solutions tor 

18 hours aad ineubated at ))°C. lollowins the period ot 

ta.eraion, the e~&a were air-dried and weilhed to deteraine 

whether there waa any chance ia weipt. All •u• atter 

taaeraion were plaoed oa .oiat tilter paper amd iDcubated 

at ))°C. 1 and percenta1e hatehiag recorded. 

!he aubataaoea teated and the concentrations uaed 

were aa tollowas-

1 per cent. baaio tuohaia. 

1 per oent. aethylene blue. 

l per cent. oreayl Tiolet. 

l per eeat. tyrosine. 

1 per oent. clyciae. 

1 per oeat. tryptophane 

0.1 per oeat. potaeaiua iodide. 

0.1 per eent. potaaaiua oyaaide. 

0.1 per cent. aodiua araenite. 

0.1 per oent. potaaaiua t1uoride. 
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None of the egga wbich were i .. eraed in aolutiona ot 

the Tarioua aetabolic poiaoaa (potaaaiu. iodide, potaaaiaa 

cyanide, aodiua araenite, and potaaaiua tluoride) hatohed. 

Sixty to aeYenty per cent. batehinl waa recorded iD all 

other treataeata. Ro increaae ia weight occurred iD ADJ 

of the batchea ot •11• durinc the period of 1.-.raion. 

The .. })ryoa aad the yolk ot the •"• which were iaaeraed 

in the dyea were ataiaed. The •11• t .. eraed ia tyroaine 

were uaitonù.y darkened (Pi&. 10) • In a aub••C!ueat 

experiaeat, it vaa alao noted that egga t .. eraed ia 3,4-

clihydroxypheaylaluine (Dopa) were aillilar ly darkeaed. The 

diaaeeted .. bryoa iD botb or theae oasea were alao unitoraly 

clarkened. 

The aboye obaerTationa abowed that the ... branea aurrou.d

inl the egg were peraeable to ion~. The tai lure or the •11• 

to deTelop wben isaeraecl in aodiua chloride aolutioaa, aoted 

il\ a preTioua experilleat, waa apparently due tg the pene

tration ot aalt. The increaae ill weipt ot •u• ill the 

ClU0088 aolutiOD could haye beeR due to peDetratiOD Of the 

gluooae aoleculea... It ia eYident, theretore, that ainoe the 

eu aeabranea are peraeable to iona nd aull aoleculea, the 

deter.inat1on of the osaotio pr8aaure or the •cc by t .. eraioa 

in slucoae aolutioaa ot Yarytnc oenceatratioa •• va• done by 

Jlatth6e (1951) ., aay not he accvate. 
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' 1 .10 - Eg ot A.domeaticus following 
imm. r ion in tyrosin (upper) 
and normal egg (lower) x20. 
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It ie well Jmon tba~ tyroaiae ia the preeuraor ot 

aelanin (Pruton and lt..aonda, 1953). The faot that •a• 
wben t.aeraed ia tyrosine or ita der1vat1Te Dopa were 

darkened indioated that soae of the subatrate entered the •11 

and waa oxidised by the enzyae tyroainaae (polyphenol 

uidaae) to aelanill. The uni tora darkenins of the •a• 
ahowed alao that the easyae ia 1enerally diatributed in the 

.abryo, ainoe melania ia alwaya depoeited where it ia foraed. 

Bodin• and Boell (1935) have ahown that in the •css of 

~lanoplue differentialia, the tyroainaae aetiTitr roae 

ateadily tor the tirat 20 daya of developaent and then re

mained tairly oonatant. The easyae waa alaoat entirely ooa

tined to the yolk and seroaal cella until tbe time ot yolk 

engultaent whea activity appeared in the .. bryo. 

1. DISCUSSIOI 

Ierenaki (1930) obaer.ed tbat the •sc• et Aeitoplia 

•~••ri•o• increaaed in weisht and developed aor.all7 whea 

plaoed on tilter paper wetted With diatilled water, aoil 

tiltrate, inaeot Rincer'• aolut1on, aodiua chloride aolutioaa 

up to 4 per oent., 2 per cent. solution ot potaaaiua nitrate 

or 2 per cent. bariua ohloride. Be conoluded that the •11• 

ot Apitop!i• are covered by a aeabrane wbieh exoludea the 

ealt, but actively ab .. r_,wa,er troa thea. Bowever, no ticYr•• 

were gi vell by hia to show the rate or abaorptioa troa the 
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Tari oua aalt solution•. Rel th er waa any uper11lent oarriecl 

out to lbow whether the egge could abaorD ~ater whea ce~ 

pletely t.aersed 1a the aolutiona. Ia !•do.tetiouf, it waa 

oheer.ed that the egga could cleTelop it placed on tilter 

paper .oiatened with Tarioua conoentrationa of aodiua 

chloride aolutiona. Oft the otber band, who the •u• vere 

iaaeraed 1ft the solution•, net only did they fail to take 

up water but no deTelopaeDt oocurred. lereaaki ia not 

tully juatitied, theretore, in eoncluding troa hia 

obaenationa that the •a• ot .Uiaoplia are ooTered by a 

aeabrane which excludee the aalt aad aetiTely absorba water 

troa thea, althou&h this uy aotually be ao la ~1• apeciea. 

Vhea egga are incubated on .oiat tilter paper only a nuaber 

ot cella are in direct contact with the aolutione. At 

100 per cent. R.H. condeaaation ot aoiature 11 bouncl to occur. 

The inoreaae in weight of the egsa aay be due to the eoa

deaaation of aoiature on the aurface ot the e11• rather thea 

to the absorption ot water troa the solutiona. 

Birch and ladrewartha (1942) atudied the abaorptioa 

ot water by ecga of Auatr!!ettt orugiata aad concluded that 

~· aoTeaeat et water into d.1apauae •a• eould be deaoribed 

by L1111•'• tor.ala (Lillie, 1916). AeoeptiDI L•ck' and 

KcCutcheon'a new (Luet' oc! KoClttcheon, 1932) that the aeai• 

pera•ability of biololioal ... branea waa not only depea4ent 

oa aorpholo&ical teaturee but wae alao largely goyeraed by 
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the •etabolic atate of the protoplaaaic layer, they concluded 

that the change in peraeabill ty ot the egga to water troa the 

diapauee to the poat-diapauae atace probably waa due to the 

increaaed metabolic act1Tity ot the latter. ID other worda, 

the eg beeaae 110re permeable to watar w1 th inoreaaed 

.. tabolic act1Yity. 

Matth'e (19,1) troa hia etudiee on the abaorption ot 

water by the •a• ot Locuatw parda11na ooncluded 1:hat 

water uptake vaa 1D part aa aotiTe pbyaiological proceaa 

dependent oa respiration, aad in part due to paaeive 

diffusion or water through the hyd.ropyle aeabrue. The 

latter waa of aigniticaDce only betore atretGhiac ot the •11 

•••bru ~a occurred 1 once the eu bad. be come tully tur&id, 

water had to be aatively taken in. Thia conclusion waa Daaed 

•• mentioned betore (aection on peraeability ot the •11• to 

iona) oa the oaotic preaaure ot the •a by iaaeraion in 

alucoae aolutioa of Taryinc conoentration. He alao 

obaerYed that the e&&• vere unable ~o ~ake up wa~er ia ~· 

abaeace of oxyaen and conc1u4ed that water waa actiTely 

abaorbed througb the hydropyle Dy' the bydropyle cella. 

HoweTer, Sliter (193~) hae ahowa tbat the hydropyle oella 

otten becaae detached troa the hydropyle in Mel&Aoplpt 

ditterentiali! ., the be&iDDinc or blaatok1aea1a (re.olution), 

and yet water waa •~111 abaorbed. 
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appears to be a paesive one. This ia aupported by the 

•~denee that ecga in the water-abaorbins atate oaDDot tate 

up water troa yarioua conceatrated aolutiona, 1ndioat1Dc 

that entry ia simply by dittuaion. 'l'he tact that the •a• are 

unable to abaorb water troa a aaturated ataoaphere aad tbat 

the increaae in weight ot the ecga eYen in a Tery dilute 

1luooae solution is aaall indioatea that probabl7 DO 

expendi ture ot eaer17 ia requ1red for water transport .m .!!.• 
!he newly laid egg or the houae cricket ia enoloaed by aa 

outer chorion and an inn er ri \elline ••bran•. '!he ohorioa 

apparently doea not play aa iaportaat part in water abaorption 

and the egg depend• on the Ti\elliae aeabraae to keep water 

out. Unfertilized egga do not take up water 'Wh en ~eraed 

in dietilled water and reaatn un .. ollen for daya until the 

•11 deoompooes. In the tertilised egg, the Titelline 

aeabrane diaappeara aa deTelopaent begina and aa the aeroaa 

le foraed. It is at th1a at~• that water entera the eg. 

The atry of vater throup the aeroaa ia probably due to the 

production or oa~tically act1Ye •~batanoea b7 the .. ~ryo. 

Vith the rupture ot the aereaa alter reYolutioa aad witb 

the toraation ot the .. bryonie cuticle, the •11 is readered 

taperaeable to water. 
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VI. M!TABOLISM 

Ro study haa ao far been aade oa aetabolic changea 

in the •11• or crickets. MOst or the aetabolic atudiea on 

Orthoptera haYe beea confined to M!laaoplua 41rtereatit~if 

(Bodine, 1929; Burkholder, 1934; and othera). 

A. M!THODS 

1. CHEMICAL DE!'DMINATIOIIS 

Batchea of lOO •11• or !•doaeaticua and A•oonticuratue 

were incubated at J)OC. aad at daily interYala duriag the , 
period ot deYelopaent~a nuaber ot th••• were aelected out 

aad the oYen-dry weight deter.iaed by dryin& ia an eleotrio 

oYen at lOOOC. tor 24 houra, coolinl and tinally weighinc. 

Three replicat•• ot lOO •11• each were uaed tor the deter

ainationa of tat ud llJco«•• in !•4oaetticua, while aincl• 

deteraiaationa vere aade tor !·Otpl1J!tatua. 

a. Deteraiftation ot Fat 

The deterainationa ot tree lipida vere accoapliahed by 

extraoting the oYea-dry auplea in a Soxhlet apparatua vith 

dietbyl ether tor 1a houra. 

b. Deterainatioa ot Olycogen 

The aethod iJ.Ten b7 Qoocl .!1 !!· (1933) vaa uaed tor the 
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d1aeat1on ot the , .. pl••· The aaaplea were diceated la 

30 per oeat. lOR tor )0 aiauteaa 0.6 1 HCl waa uaed tor 

hydrolyaia. 

Oluooae waa eati .. ted by the colortaetric aetbed ot 

So•l11 (19,2). 'fvo oc. ot the copper reacent were ua .. 

and lelaea'• reqent waa uaed aa the obr01101a1o reaaat. 

!be aolutioaa were read 1a a llett-au...raon photoeleotrio 

ooloriaeter at S20 IIJl·· 

2. MIASURIMUT or OIYOEI COJJSUMP'l'IOI 

The oxycen conauaptioa ot the •u• ot A·4Utt\1cy at 

))0 0. waa aeaaured br the Warburs direct aetbed cleaoribed by 

Vabreit .!l!! (1951). One budred •11• were plaoed in each 

tlaak on a pieoe ot aoiat oottoa ooTered witb a pieee ot 

aoiat tilter paper. lead1naa were takea at ei&bt-hour iR\er

Yala duriag the entire period ot deYelopaORt. 

B. llKSYLTS AID DISOVSSIO! 

Pi&•• 11 ad 12 ehow \bat there waa nrr little 

chaqe la tree lipida (ether aeluble) iD both A•4ovttlpt 

aad A. coatinrasg cluriq tarly •brroceaeait. RoweTer, a 

rap1d cleoreaae begaa oB the teurth clay in !·dM!tSlQt aa• 

oa the t1tth day in !·Otpt1c!raty. Br t!le anen\h d.ay ill 

A•d9Mtt1cut aacl ninth day 1a A•uaf1nratp ,u..e tree lipid 
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content ot the egca waa snly 11 par cent. and 17 per cent., 
reapectiTelr, ot the dry-weipt. 

!be clycogen content ot the newly laid •11 waa Tery 

low, only 0.2~ per cent. ot the dry weight in !•doa••!ioge and 

0.)5 per cent. iD !•COg!i(!E&t•a• An increaae iD ClJCOI8D 

wae reoorded atter ~S boure in !•doaeaticna aa4 atter 72 houra 

in !•ooaticyratua. In bo\b apeoiea, there waa a rapid de

ereaae in glycogen 2~ houra atter thil increaae, and thia wa1 

tollowed by a cradual decreaee until hatching. 

!heae obaerTationl showed that glyoogen probably ~pplied 

the enercr neeea1ary tor reTolution ~ioh ocourred be,weea 

the third and fourth day in !•doatetiou!. ID !•o•atiggratue 

reTolution probably occurred at a latter sta1e -·oauae ot 

the tact that the deTelo,.eatal period at 3)°C. waa loaser 

thaa that ot !•doaeaticu; tbia would account tor the de

ereaae in glycocen 2~ hour1 later. Alter reTolutioa, t.ree 

fat appeared to turniah the aaln aource ot eaerJ7.• 

'!'he changea in OXJ'I81l eona'Wlption duriq the •bryonlo 

deTelopaeat ot !•deaeaticul are 1howa in r1c.13. The oxycea 

uptake ot the e111 roae cradually during the pro-reTolutioa 

per1o4 and thil inerea•• ooatinued until 8 houra at\er 

reTolution wben a deereaae ia the oxr&ea uptake ot the •11• 

wa1 aeted. !hia deoreaae which contlnued uatil 1)6 boura 

ot incubation coincided. vith tbe decline ia wet weipt 
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during the poat-abaorp~ion period (Fis.)) and vith the en

culting ot the yolk. A decline in the rate ot oxycen uptake 

duriag the enpltaent or the yolk waa alao noted in 

Jleluoplua ditterentialia by Burkholder ( 1934) aacl iD 

lhodg1u• prolix!• by futt (1949). !hia decline in tbe rate 

et oxygen cone'UIIption II&J be d\le to the tact that the .. bryo 

reaaina inactiYe while chance• are takinc place in the 

.. bryonic cuticle. Followins tbia, the oxyaen conauaptioa 

asain roae and thia 1ncreaae continued until the tt.e of 

hatchiq. 
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VII. SUMMA!\I 

1. The egsa ot the crickete, Acheta dO!!ttiqyt (L.) and 

!•cont1matue Walk., abaor'bed a qwmtity ot water nearly 

equal thair newly-laid weicht during the early •••1•• of 

d.eTelopaot. 

2. Water waa takea up by the •11• ot !•doatati!J! prior to 

reTolution ot the .. brye aad the rupture of the aeroaa. 

3. Ia the •a• ot botb !•cleeeticua and A•conftcuratut, 

there waa a decreaae in dry weigbt during deYelo~t. 

4. · weter waa absorbed throulb the entire aurtaee ot the •11 

ot A·4oaeat1oua, there bein& no apecial water abaorbinc 

area equiYaleat to the hydropyle and bydropyle cella ot 

locuate and graaahoppera. 

s. The egga ot !•doaeaticut could not abaorb water and 

deYelop wben 1 ... raed in aodiua chloride aolutiona. 

6. Very little, it any, water waa abaorbed by the ecga ot 

!•doaeaticua troa Tery dilute glueose aolutioaa. 

7. The eue ot !·dOil!!tigut were unable to ab8orb water 

troa a aaturated ataoapbere. 

S. The egge ot !·gg•eet19J! oould coaplete their deYelo,..at 

wbea coapletely aubmerced in diatilled water. 
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9. Water waa 1oat aore rapidly by the egca ot !•doae!\igut 

when desiocated at 9S per cent. R.H. durinc the period 

or vater uptake than betore or after. 

10. !he aechani .. or water abaorption in the egc of !·doatt51gut 

appeara to be due to the paaaiYe diffusion of wa'er throulb 

the aeroea aa a resu1t of the production ot o .. otically active 

aubetancea by the .. bryo. 

11. The •11 or A·doaetti!U• waa ahown to be permeable to iona. 

The per.eability of the inaeot •11 to ione had, hitherto, 

not been deaonatrated. 

12. Tyroainaae (polyphenol oxidaae) haa been ahown to be 

senerally preaent in the ecg ot !•doaeatiout during early 

.. bryonic deyelopaen,. 

1). Olycocen appeared to aupply the eDerlf neoeaaary for 

reYolution, wblle in 1ater atace• ot deYe1opaent tat 

waa the chief aouroe of eaeriJ• 

~. Oxr1ea conauaption roae atead11y durin1 the eabryonio 

deYe1o~nt or the ecga of !·4oattt1eup at ))0 c., 
exoept tor a decliae just alter rtYolution. 
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APPEIDn TABLIS 1 to 1t (inolualn) 



APPEHDII TABLE 1 - The ebange in weigbt of eggs ot !•doaesticua durinc incubation 
on moist paper at ))OC. and 26°c. 

33oc. 28°c. 
Hours ot No. or Initial wt. Final wt. Final,aa Initial wt. tina! vt. 11na1,as 
incubation egg (JI&.) (mg.) ~ ot (ag.) (ag.) ~ ot 

________ __._in=i.._t1a1 Ini tia1 

0 100 3) ·5 34·4 

24 100 )2.4 )2.1 99.0 35.3 )~.5 97.7 

46 100 33.)) 45.2 1)5.7 36.4 )6.4 100.0 

72 100 )).) 55.8 167.5 )5.) 41.5 117.5 

96 100 )~.9 6d.1 195·4 )6.0 56.) 156.) 

120 100 )).7 56.1 172.4 34·4 59.1 171.6 

144 100 )2.é 55.9 170.4 )5.5 65.) 18).9 

168 100 )2.2 52.1 161.6 )).) 59.8 179.5 

192 100 33.5 S6.5 168.6 35.7 61.) 171.7 

216 100 Start .. ergins )2.6 55.9 170.4 

240 100 )5.9 59.9 . 166.6 

264 100 )).) 54.6 164.5 

268 100 35.9 57·' 161.0 

)12 100 34·· 56.) 161.7 

))6 100 S'tart ... reiD& 



.A.PPERDn TABLE 2 - ChaJ!Ke in water content and dry veight of eus of 
!•do .. aticus incubated on .oist tilter paper at JJ°C. 

Roure of No. ot Initial wt. l~;~ Final vt. lnf•l Vinal water 11~ incubation eggs Wet Wet y content (~) wt. 
Initial c1ry wt. 

0 100 )2.7 19.6 40.1 

24 100 )2.4 19.4 )1.5 18.6 lt1.0 0.958 

48 100 J).J 19.9 45.2 11!.2 59.8 0.914 

72 100 )).) 19.9 55.8 16.4 67.1 0.924 

96 100 )4,.7 20.7 66.6 18.6 72.1 o.s9g 

120 100 JJ.s 20.0 56.5 17.2 69.6 o.S60 

144 100 34·4. 20.6 57-4 15.6 72.1 0.757 

lM 100 )2.2 19.2 52.1 14.2 72.6 0.7)9 

192 100 JJ.5 20.0 55.) 15.6 71.6 0.780 

216 Start emergin& 



APPERDIX TABLE 3 - Cha~• in water content and dry weight or ecga or 
!•do .. aticua incubated on moist tilter paper &t 2SOC. 

Bours ot .Re.or Initial wt. i~l Final wt. '~; 1 Final water Fina~ incubation eus Wet Wet content (~) wt. 
Initial dry vt. 

0 100 34-·4 19.6 4.3.1 

24 100 )5.3 20.0 )4.5 19.4 At-3 .tt 0.970 

~ 100 )6.4 20.7 )6.4 19.7 4S.9 0.9Sl 

72 100 )5.) 20.0 41.5 14.4 ss.1 0.920 

96 100 )6.0 20.4 stt.4 18.6 64.4 0.911 

120 100 )4.4 19.6 59.1 17.9 69.1! 0.91) 

144 lOO )5.5 20.1 65.) 16.2 72.2 0.905 

161!. 100 )3.3 14.9 59.1! 17.0 71.6 0.499 

192 100 )5.7 20.) 61.) 17.7 71.2 o.sn 
216 100 )2.8 1tl.6 5S.9 16.2 71.1 O.S70 

240 100 .35.9 20.4 59.9 17.1 n.5 o.8JI! 

264 100 . )).) 18.9 54.8 15.5 71.8 0.820 

288 100 )5.9 20.4 57.1! 16.1 72.2 0.71!9 

)12 lOO .34.4 19 •• 56.) 15.8 72.0 o. 1f1'1 

))6 Start •••rginc 



APPENDII TABLE 4 - Change in water eontent and dry weight ot egga or A· conti~ a tua 
ineubated on moist filter paper at J)OC. 

Hours ot llo. or Initial wt. ~~;~ Final wt. ~~;1 Final vater Fi na~ incubation •us 'Wet let CODteDt (~) vt. 
Initial <47 wt. 

0 100 )1.4 19.1 39.2 

24 100 )0.6 19.0 -29.9 lg.2 39.2 0.957 

44 100 30.è 1S.7 35.7 15.6 56.4 0.834 

72 100 Jo.a 12!.7 41.4 15.) 6).1 o.a1a 

96 100 27.3 16.5 42.9 1).7 6S.l o.g3o 

120 100 26.3 17.2 53.6 u..s 73.0 0.443 

144 lOO 27.) 16.5 51.0 1).1! 73.0 0.8)6 

168 100 28.1 17.0 4,9.7 13.5 72.9 0.794 

192 100 27.9 16.9 48.) 12.Jt, 74·4 0.7)3 

216 100 )1.8 19.) 52.9 14.2 73.2 0.7)5 

240 100 31.a 19.) 54·1 14.8 72.7 0.766 

264 Start emercing 



Plate 1 



Plate 1. 

Fig. 1. Lateral view ot the •11 ot A.doaeaticut ehowin1 
the G•ra band on the poaterior part ol the oonvex 
Tentral aide. 

Fig. 2. Commencement ot doreal tlexure. 
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Plate II 



Plate II. 

Jig. ) • Bmbryo completely aunken within the yolk and ae&
aentation completed. 

Jig. ~. Stage ot .. bryon1c deTelopment reached prior to 
reTolution. 
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Plate III· 



Plate III. 

Pic. s. Completion or revolution. 

Fig. 6. Dorsal cloaure and formation of eye spots. 



Plate III 

Fig. 5 
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J;llate IV. 



Plate IV. 

Fig. 7. Engultment of the yolk. 



Pl::-t.. o IV 

Fi :: . 7 


