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INTRQDUCTIOj;, 	 1 
This work is a prs1imirry aa1ysis of the growth of t. 

insect embryo. It was undertaken in an attempt to provide inl'orma... 

tion essential for the propor unorstaci; of deve1opxriertal 

metabolism. 

The metabolism of a developing embryo, measured by its 

respiratory rate, may e divided into the part due to the rainten- 

ance of the embryo and that due to growth and development. A 

knowledge of the amount and rate of increase of the ernLronic tissues 

throughout development is therefore required in order to determine how 

much of the total respiration is due to each of these activities and 

so how much, if arty, results from morphogenetic processes. 

Respiratory data are available for a variety of orahisns 

but with the ainle exception of Ronzi's (1929) work on Sepia all 

embryonic growth data pertain to vertebrates. (Needham 1931). The 

reasons for this unsatisfactory state of affairs are technical ones, 

namely the difficulty of separating embryonic from yolk material and 

the very small sizes involved. 

The rate of respiration of the egg was generally believed 

to be proportional to the amount of living material, and respiration 

curves were expressed in the same form as embryonic growth curves, 

i.e. as one or more exponential functions. Putt (1953) has ;iven 

reasons for doubting the accuracy of such descriptions, and has 

shown that in many cases respiratory curves have a plateau usually at 

or near the time of gastrulation. (Jioell (1955) has sugeated that 

these plateaux are due to injury caused by handling, but this 

criticism cannot apply to Tuft's work since it was done tsirc 

sin1e I.. 
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single eggs which were not touched during the experiment, and only 

results for eggs which developed normally were used). 

Further data on embryonic growth are required, particu-

larly for the early phases of development and for a wider variety 

of organisms so that a direct comparison between amount of embryo 

and oxygen consumption may bemade. Should these quantities not 

bear a direct and constant relationship, then a promising approach 

to the measurement of the energy requirements of developmental 

processes would be available. 

Many insect eggs are convenient material for experimental 

studies and have been much used e.g. Melanoplus and bombyx,in 

respiratory and chemical studies. Yet no measurements of the 

growth of the insect embryo have ever been made. Data for the 

post-embryonic • hases in insect development (Wigglesworth 1950) 

show that increase in weight may be described in terms of exponen-

tial curves which may be modified by a loss in weight during 

moulting or increases due to the imbibition of water, while increases 

in length more often follow a discontinuous curve associated with the 

casting of a rigid cuticle (Ludwig 1932, Calvert 1929, Bodertheimer 

1927, 1932, Teissier 1931). It is of interest to see 	iiether such 

factors are of consequence in the embryonic phase of L  rovth. Such 

information would also be of Interest in the study of insect 

endocrine systems since it would enable the comparison of 6rowth 

rates with the activity of the endocrine centres. 

The problem, then, was to measure the size of embryos at 

successive moments in time. Size is a physical concept that may be 

expressed in terms of its components - weight, volume, and number of 

elementary I.. 
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elementary units. 	ono of these is a sufficient description on its 

own, for they all en.-ter into the final impression of size, and so all 

must be measured if the concept is to have any objective expression. 

If the embryo increased in size solely by the addition of identical 

material, then any of these single expressions would serve to 

describe the rate of growth. However, since development of the 

embryo Involves changes in shape and nature of the embryonic 

material, the size components - weight, volume and number of cells - 

will change independently of one another. Thus, if the embryo 

grows by increasing its water content (BialGs4vicz 1908) aftyettrert 

1 	) then the volume and weight will increa3e by different amounts 

than if growth had been due to an increase in the amount of proto-

plasm. At the same time there may be an increase in the number 

of cells, or in the size of the cells, or in both. Measurement of 

all three components is necessary therefore for a full analysis of 

embryonic hrowth and its accompanying ph.ysico-chemical and morpho-

logical changes. 

There is no satisfactory method, with perhaps the 

exception of the cblorimetric method of Holter (1945),  for measuring 

the volume of very siall irregularly shaped objects. Nor is there 

a method for determining the weight of an embryo with neither more 

nor less water than is normally present in the tissues. It is 

possible, however, to measure the relation between weight and 

volume, i.e. the density, with considerable accuracy. 	(Linderstrm- 

Lang 1937). Furthermore, by weighing the embryo in water (the 

term Reduced Weight, hereafter R.W., has been coined by Zeuthen 

(1947) for this quantity) a second relationship between the weight 
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in air and the volume of the embryo may be obtained i.e. the 

buoyancy. 

Equation I. Density 	= 	Weight in air 
Volume 

W 
I 	 V 

Equation 2. Weight in water = Weight in air - Weight of an 
equivalent 
volume of water. 

W - 17 

In this war a simultaneous equation is obtained from 

which the weight in air and the volume may be determined. In 

addition, the R.W. provides a measure of the amount of proto-

plasm (provided that its density does not change), since only 

material of density different from that of water is measured. 

The most convenient method of estimating the third 

component of the size of the embryo, namely the number of cells, 

is to determine the number of nuclei since these may be isolated 

and counted. 

In addition to these three measurement data - density, 

R.W. and nuclear number, direct measurements of dry weight, wet 

weight and length were made where technically possible. Each 

type of measurement has been described in a separate section 

of this thesis together with the experiments and their results. 

The evaluation, comparison, and combination of the results has 

been done in the Discussion (section 8). 
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EXPERIMENTAL MATERIAL. 	 2. 

The material chosen for this work was the eggs of locusts 

(Orthoptera). They are laid in pods, are amongst the largest of 

insect eggs (6 to 8 inn, in length) and are highly telo].ecithal. 

Their large size permits the measurement of single embryos, 

The mass of yolk lies outside the embryonic tissues and can be 

removed, and by working with eggs from a single pod the effect 

of variability in egg size may be reduced. 

Locuetana pardaliim (Walk). Pods of quiescent eggs collected in 
	2.1. 

the field two years earlier in South Africa were used. These, 

when wetted and kept at 30°C. took up water and resumed develop- 

ment. Owing to their 'ge, however, the percentage of developing 

eggs was very low. Eggs could not be dissected from the pod 

until one day after wetting owing to the danger of damaging them. 

Matthee (1951). After this day, the eggs become increasingly 

turgid and can be handled safely. The chorion was removed by 

treating them with strong sodium bypochiorite for one to two 

minutes, this treatment having no effect on their development 

c.f. Slifer (1945). This left the transparent yellow and white 

cuticles and enabled the developing embryo to be clearly Seen. 

A series of typical twenty-four hour stages was drawn up from 

observations on the development of several pods. There was 

considerable variation in developmental rate, many eggs appearing 

to lag behind particularly in the onset of katatrepsis. Once 

this had begun in any egg the rate of development approximated 

fairly well to a standard time scale. For this reason, eggs 

were chosen for measurement on the basis of their stage of 

development rather than age, usin; the standard developmental 

stage/time scJe, FIL;. A. 

An I. 



Fig. A. Deve1op4ntal Stage Soherie for Post— 	ent 
s of Loouta plina(W?1k.) 

after 
v71 g e-. JI>arucc 	eg & embryo, 

I Egg swollen 

2 Lg fully turgid 

3 1 	U 	$1 

4 3aoe at nicropylar end of e;'g forniing 

5 l.i1ryo raovir, or just completed moving, 
around posterior pole of egg. 

51 Embryo 	to 	lergth of egg. 

6 Embryo full length of e; 	yolk coiie1y 
enclosed La 

7 No pigment; 	1th' 1 ra 	cti' 	to 	to 

4 length of ej;. 

8 Pigment formii; 	hind fcrora ext 	CLa 	to 
length abdoi. 

9 Medium piiient. 

10 Heavy pignen.t.  
tibiae. 

11 Spines piiicY. 	iThtching 
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An attempt was made to rear these locusts from the eggs. 

The early hopper phases were kept in breffit jars at 30°C. and 

fed with grass through a muslin sleeve. Later stages were kept 

in large insect cages in the same constant temperature room. 

Mature locusts were obtained, but although copulation was fre- 

quently observed, very few pods were laid. Fine river sand was 

used in jars for pod laying. 	Bemax was fed to the locusts and 

humidity conditions varied but no laying occurred, even though 

the typical colouration of the egg-laying phase was present. 

c.f. raure'e (1923). Periods at a lower temperature were tried 

and finally the locusts were isolated in pairs, a procedure which 

Faure found was necessary to induce laying. A few pods con-

taining relatively few eggs (25-35) were obtained before all 

the locusts had died. 	Silver sand was tried in the laying 

jars and seemed to encourage laying. The fresh eggs obtained 

were used to raise more locusts. However, it was decided to 

change to Locusta m.igratoria migratorloides (R._& FJ as 

experimental material since a steady supply of the adults could 

be obtained from the Anti-Locust Research Centre in London. 

Locusta migra'toria. The mature adults were kept in a large 

insect cage with false floor into which opened the tops of two 

jars containing fine sand. The cage was heated by two heat 

lamps which automatically switched off at night. In daytime 

the temperature rose to 320  - 340C, while at night it fell to 

room temperature at 180  - 100C. The humidity in the cage was 

kept to about 75% (Edney hygrometer) by means of a tray of wet 

cottonwool covered with gauze. The gauze prevented the 

21. 

locusts I,. 
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locusts from laying in the tray and was itelf covered with coarse 

filter paper which could be removed when soiled. Grass was 

replaced by the hanufful each day and &,m-ax fed occasionally. 

The jars of sand were kept moist and searched three times a day 

for egg pods. In this way, eggs laid during the day (between 

10 a.m. and 10 p.m.) could be timed to ± three hour3. 

Oviposition, the egg pods and the eggs have been 

described by Roonwal (1936a). 

L 	Treatment of eggs, The pods were removed intact and kept on 

moist cottonwool in Petri dishes at 30°C ± 0.50C. The early 

experiments were done with dechorionated eggs. This meant 

that measurements could not be taken until the third day, 

prior to which removal of the chorion resulted in rupture of 

th 1egg. This practice was soon discontinued and eggs with 

intact chorion were used. It was found that the embryo could 

been seen quite well throuh the chorion in the turgid egg by 

using strong transmitted light. Most measurements were made 

using a single pod for each experiment since variation between 

pods was considerable. The eggs took 12 days to develop 

owing to the limited number in any one pod (22 .- 81,Roonw1) 

not more than 6 eggs could be measured each day. Differeflt 

eggs were measured each day becausethe experimental treatment 

required their destruction or involved the possibility of 

damaging theiri. 	In only one case (section 6.6.5) could the 

same eggs be used each day. It was noticed that eggs at the 

ends of the pods tended to be smaller than the rest but since 

the I... 
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the measurements were made on single e,ga this variability could 

be measured. 

Selection of eggs. During the first three days it proved mad- 	2. 2-;z  - 

visable to dissect out all the eggs from a pod since they were 

easily damaged, c.f. Matthe (1951) 9  on Locustana. Thirng 

tbeseda%r8, the pod was gently broken into four portions and 

two es taken from each of the three regions thus c3o8ed 

a central region and two end regions. On the fourth day all 

the eggs were dissected out and mixed and six eggs chosen at 

random, From then onwards the samples were taken from eggs 

whose developmental stage was the predominant one. (Occasionally 

two stages occurred In quantity and in such cases a balanced 

selection of eggs was made. The measurements did not show any 

significant difference between these stages. Furthermore, this 

bimodality occurred only during katatrepsls and disappeared in 

the following period. The stages were classified according 

to the schema shown in Pig. B which was drawn up from observa-

tions of the development of several pods. In Section 2.2.3 

it is shown that the stages which occurred together were No's. 

- 6 and 7* 8 and that they cannot be regarded as representing 

significant differences in development compared with the dif-

ferences between the 24 hour stages). 

Selection of eggs for measurement was made in this way in 

order to obtain values for the developmental mode where material 

was scarce. This of course tended to exclude the very fast and 

slow developers but these were few in number and development of 

eggs in the same pod was remarkably uniform. 

/.. 



pi, B. 	 Developmental Stage Scheme for Ejge of Lousta 
iigratoria iiiratorioids . . F. 

Stage P.O. 	Aperaoeo. 	 LJyO 	I Ji 01 	ict1tion. 

I 	 2 	flaccid. iL1LI7O C 	of ()€;ilS 	1 
at posterior pole 

2 	 Eg flacci c •  Thabryo small; proto— 	2 
cepblon; obocorni; segments 
appearing. 

3 	Egg flaccid. Embryo long, thin, 	3 
segnntation complete; appendages 
fonning. 

4 1.itrgi. En*::':ro 	ft';I.J 	 4 
segmented. 

5Egg fu.11j 	'i. 
slightly twisted; moving away from 
posterior pole of egg; uric acie. 
cry $tals appearing in abdomen. 

5* Katatrepsis begun; space at micropylar 	6 
pole; embryo beiit around yolk; 
apendages lengthening 

6 Egg slightly pear shaped. Embryo facing 	6 
anterior pole; appendage: 	lerigt1i:g. 

7 Embryo -} to 
2/3 length of egg 	 7 

7.j Embryo 	length of egg 	 8 

8 	Embryo full legh of eg, yolk iotally 8 
enclosed; Hind femora cover 3-4 
abdominal 8egmemt$. 

9 	No pinaat, hind femora covsr 5 	9 
aioriiil segments. 

10 	Pigment appearing; hind femora full 	10 
length coveriig 0 abdominal segmerts 

11 	Heavy pigment; .pines appearing on 	11 
hind tibiae 

12 Spines on tibiae heavilr piented 12 

13 Hopper stage 13 
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. 	Ae and development. Troubou.t the whole of this work the 	7-2-3 - 

appearance of the eggs used in the experiments was recorded as 

well as their age. Thus the age and corresponding modal 

developmental stage was known from a large number of observa-

tions. A comparison of age and developntal appearance was 

made in the following manner. The o1nervations were grouped 

according to their developmental stage (Fig, 3). Each of 

these stage groups had an age distribution anC. the observations 

in each stage group were arranged in their age classes. The 

number of observations in each age class was expressed as a 

percentage of the total number of observations in their develop-

mental stage group. (Where a pod showed more than one stage for 

a particular age it was entered in all the appropriate develop-

mental stage groups). TaIl ad Pig. 1 show this data, and it 

can be seen that the modal a.o for each stage is quite well 

marked. Furthermore, it shows that stages 5 (katatrepsis) 

and 7 (f length) are alternative appearances of six and eight 

day e,-,,ga g  and in fact represent the instances of more than one 

"developmental ta-e", at one ): rt icn1ai 	e . ready referred 

to in Section 2.2.2. 

These results show that, 	O.y usiu.. the icveiopniental 

schema shown in Pig. B, the measurement/time curves given 

throughout this thesis may be directly correlated with 

developmental features. 

1. Treatment of isolated embryos. Experiments on isolated embryos 

were made using the same selective techniques r.nd the same 

developmental I.. 



Relation between age and appearance of eggs. 

Percentage of total number of pods at each stage of dev'lopnent. 

No. Ae 	of 	pods In days Days 
of -at -- 	- 
stage. 	0 1 	2 	3 	r 	5 6 7 8 9 	10 	11 	12 	1314 3000 

0 	100 0 
1 lOCi 1 
2 14.3 	35.7 2 
J 

1c 	ç: 
J.J 	. 

4 .5.5 	4.6 4 
5 77.4 22.6 5 

15.8 34.3 6 
6 3.5 79.4 i7. 6 
7 31.3 75.6 3.1 7 
7 34.6 61.5 11.8 B 
8 14.' 76.5 3.8 8 
9 l(.5 39.5 9 
10 3.4 31.0 	C.5 10 
1]. 2.7 U 
12 26.9 	73.0 12 
13 23.0 	69.4 	7.7 13 
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0. 
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0 

:0 

U 4 

p. 
4 

0 0 

0. 

.3 

0 

0. 

4 

U 

0 	1 2 3 	 6 7 ~89 10 13. 12 13 

12 

AGE O 10,1 P0 

FIG. I. AGE AND DEELOPMNTT STAGE OF 

LOCUSTA EGG PODS. 
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developmental criteria as :for the whole es. 	 a 
series of embryos corresponding with the egg schema. The 

embryos were dissected from the egg in water by opening the 

eggshell and squeezing out the embryo,, it was found imprac-

ticable to deal with one an two day embryos. Even two day 

embryos were difficult to £ Lad and, dissect out and Proved too 

fragile to handle. Hence all measurement series began not 
earlier 

than the third or fourth day. Even these two stages 

required careful handling and were dissected in 0.5% sodium 
chloride solution since In distilled or tap 

water they were 
found to swell up and disintegrate very raplcil.y. The early 

stages could be freed from yolk simply by 8quirtin them in 

water, the yolk, being of different density, separating off. 
Where the yolk was completely enclosed by the embryo an 

incision was made in the dorsal abdominal wall and the yolk 

Squeezed out. (At first the yolk was removed with a stream 

Of water from an hypodermic syringe but this proved too 

drastic a treatment and resulted in considerable loss of embryojc 

material (Section 6.6). When the midgt,jt contajj.ng the remains 
of the yolk had formed (about 

the tenth day) it could be removed 
undamaged and measured. In all stages, but especially in the 

later ones with a hydrophobic cuticle, care was taken to ensure 

that the enbryo remained under water and was not exposed to 

air at aixy time throughout the measurements 

Treatment of Results. 	
23 

In all cases te reialts are ive. as I1eanz with the 
number of observations, the standai , dev1atj, a:1 th eitandard 
error /.. 



FIG. C. Age nd Appe'c8 

di1eected from eggincubated at 30 C. 

3 Days 

Days 
uav 	- 

b Days 

7 Dav 



9 Days 

II Days V 

Days 

1 

10 Days 	
"I 

FIG. D. Age and Appearance of 	
embryos 

dissected from egg incubated at 
30 C. 



error of the mean. The latter statistics were determined using 

the "range method" since the number of observations per mean 

was seldom greater than twelve. The data has been expressed by 

Plotting the means and the values of 22 standard deviations and 

±2 standard errors of the mean against the corresponding period 
of incubation. 

None of the data obtained was Sufficiently extensive to 

warrant statistical curve fitting and in most cases curves have 

been fitted "by eye". Curves have been drawn from algebraic 

equations where these have been used to provide srrLplified 

expressions of the means of the experimental results. These 

equations have been used to facilitate comparison and inanlpuia... 
tion of the results and in the main have been reserved for the 
discussion (Section 8). 

WET WEIGHT AID LENGTH MEASUREMENTSD, 

Locusta migratora eggs, Two experiments were made using 
Locust,-,. eggs. 

L.l Method. The wet weight of eggs was measured using a 
50 mgm. 

torsion balance at 200C. and room humidity. The balance was 
fitted with a wire loop made to hold single eg;s, Eggs were 
washed, dried with filter paper and when all the surface 

moisture had disappeared each egg was placed on the torsion 

balance in turn and quickly weighe'. If turgid eggs are 

dried too much moisture is exuded from the egg, hence this 

seemingly rough standard of dryness, i.e. disappearance 

of surface moisture to ;ive a distinct dry aJoarace, was 
the /.. 

 1 - I 3.1-1 
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the only Practicable one. Before weighing each egg was measured 

under a low-power microscope with ocular micromejer. The egs, 

especially turgid Ones, were distinctly curved so 
the extreme  

edges at either end were used for the measurements. Their 

shape made measurement of width meaningless and len
-tjz measure- 

ment of doubtful value, but the latter was taken in Case it 
should prove of value as a criterion of egg 

size. Weighings 
were correct to the nearest 0.1 mi tnd 1en:t1 t the 
nearest 0.1  m. 

Results. The results for two pods using about six eggs per 
 day are 	Tables and Pigs, 2-5. Other results for wet 

weight of 	
:. are given in experiments where it was measured 

to give some idea of the size of the eggs concerned Since 
length proved of no value in 

this respect. (Tables and Figs. 
99  12, 15, 26, 28, 47). 	In all oases the form of the graph 
was the samet showing a 

constant weight and length for the 
first three days with a rapid increase during the next few 

days and a constant value for the 
last four days of develop-

ment. The increase reached a maxin rate between the 

fourth and fifth day and ceased by about the tenth day. This 
is -shown in Tables and Figs. 6 & 7 in 

terms of the smoothed 
mean daily increments 	The increase in weight was always 
well over 100% While the increase in length appeared to be 
less than 20%. It was observed that increase 

in width of the 
eg was proportionately much greater than the increase in 

length. 



WET WEIGHT OF EGG. 

Mean Wei lit 	Standard 	St;rCt error 
___ 	Number o-  4. 	 (rIiaies) titTon, of the ntean. 

TABLE 2. 
Expt. 1. 	1 6 8.0 0.28 0.11 

2 6 7.9 0.28 0.11 

3 6 7,95 0.20 0.08 

WW2/A 	4 6 11.25 0.63 0.26 

5 6 15.6 0.75 0.31 
6 6 16.45 0.83 0.34 
7 6 17.1 1.11 0.45 
8 6 18.1 0.55 0.23 

9 6 18.0 0.63 0.26 
10 6 18,3 1.15 0.47 
U 6 18.2 0.99 0.40 
12 6 18.1 1.66 0.68 

TABLE 3. 
Expt. 2. 	1 6 6.3 0.20 0.08 

2 6 6.3 0.32 0.13 
3 6 6.65 0.67 0.27 

WW2/B 	4 6 10,1 0.75 0.31 

5 6 13.6 0.87 0.35 
6 6 13.9 1.07 0.44 

7 6 14.4 0.63 0.26 
8 6 14.3 0.83 0.34 

9 6 13.6 1.07 0.44 
10 6 14.2 0.67 0.27 

U 6 15.2 0.43 0.18 

12 6 14.3 1.26 0.52 
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LENGTH 0 
MeaL 1.;tI't 

Day 	le  0L!fi 3 

61 56 

6.50 
6,54 
60 88 
7.41 
7,52 
7.49 
7,56 
7.64 
7.55 
7.55 
7.78 

0.16 ,06  0 

0.08 0.03 

0.12 0 .05  
0.16 o.06 

0.18 0.07 

0.20  .08  0 

0.28 0.11 

0.08 0.03 

0.12 0 .05  
0,22 0  .09  
0,32 .13  0 

0.26 0.11 

TkBL_A. 

Eui -i. 

WW2/A 

1 
	 6 

2 
	 6 

6 

4 
	 6 

5 
	 6 

6 
	 6 

7 
	 6 

8 
	 6 

9 
	 6 

10 
	6 

11 
	6 

12 
	 6 

_f fl. 0~110 malls 
Standard error 

6.10 
6.14 
6.14 
6.59 
7,03 
7,20 
r7' 
I a * 

7.16 
7,01 
7,03 
7130 

7.22 

0.14 .06  0 

0,14 .06  0 

0.18 0.07 

0.18 0.07 

0.32 ,13  o 

0.22 0.09 

0.18 0,07 

0.22 0.09 

0,22 0 .09  
0,20 .oB  o 

0,14 .06  0 

0.20 0.08 

1 
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6 
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MEAN INCREASE IN WEIGHT OF EGG. 

PAL Smoothed mean weik 1t Difference in weight 
i11igrnues) (ihiraniies per, day) 

TABLE 6 Expt.1. Expt, 2. Expt. 1. Expt. 2. 

WW2/A & B 1 
7.9 6.3 

o 0 
2 7.9 6.3 

0.05 0.02 
3 7.95 6.5 

3.25 3.6 
4 11.2 10.1 

4.2 3.4 
5 15.4 13.5 

1.3 0.7 
6 16.7 14.2 

0.8 0.2 
7 17.5 14.4 

0.4 0. 
8 17.9 14.4 

0.2 0 

9 18.3. 14.4 
0.1 0 

10 18.2 14.4 
O 0 

U 18.2 14.4 
0 0 

12 18.2 14.4 



IAN INCREASE IN LENGTH OF EGG. 

Smoothed mean length Difference In 1eth 
(miflimotros) (milhiies per tlaWY. 

Expt. 1. Expt. 2. Expt. 1. Expt. 2. 

6.53 6.12 
0 0 

6.53 6.12 
o o 

3,53 6.12 
0.17 0.42 

6.70 6.54 
0.68 0.50 

7.38 704 

0.15 0.12 
7.53 7.16 

0.05 0.04 
7.58 72O 

0.02 0 
7.60 7.20 

0 0 
7.60 7.20 

0 0 
7.60 7.20 

0 0 
7.60 7.20 

0 0 
7.60 7.20 

TABLE 7 

I 

2 
WW2/A & B 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 
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1. 	DRY WEIGHT MIASURELLENTS. 	 4 

.1 Locusta x4gratoria eggs. 

1.1 Methods. Preliminary experiiaeiit 	ir. v:ious drjin, cthoc and 4 

a xn.icrochemioal balance for the weighings showed that there was a 

measurable loss in dry weight during the development of the egg. 

The results suggested that drying at 500C. was inadequate and 

that drying for three hours in an air oven at 1050 - 1100C. gave 

consistent results comparable with those obtained by drying over 

a water bath, drying over phosphorus peutoxide and freeze drying. 

They also showed that because of the variation between eggs 

single egg weighins could be made swiftly and sufficiently 

accurately using a 5 ngnl. torsion balance (correct to ± 0.01 men. 

at 2OC. ), 

.2 	Experiment 1. 	 4-1-7.. 

A serioc of LLcasarc -rile nt was 	 i: ofo i'rcLn oacb 

of which 31x eggs were selected every two dys, weighed singly 

in inicrotitration tubes, dried for three hours at 110°C. and 

reweighed. Only one pod gave a sufficient number of satisfac—

tory detertinations and its values for wet weight, dry weight 

and percentage water content are given in Tables and Pigs. 8-10. 

The total loss in dry weight during development was nearly 1 mgn., 

representing a 1088 of 20% at a rate which showed a progressive 

increase. The features of the wet weight results have already 

been noted (Section 3.1.2). The percentage water content curve 

reflects the wet weight curve except for a steady increase during 

the last four days of development. The water content of the 

egg was about 50% during the first fow days, rooc rapidly during 

the I.. 



0.63 0.26 
6 48.0 

0.99 0.40 
6 49 • 1 

2,33 0.95 
6 58.0 

0.65 0.29 
5 75.8    

1.90 0.77 
6 75.6 

0.87 ô.35 
6 79.4 1. 0.51 
12 80.3 

TABU W. 
pt ._i. 

LDW3/P. 	0 

2 
4 
6 
8 
10 
11 

DRY 	IGT0EGG- 
Standard Standard error 

No. of Iean dry wt. de 	a 
jjejafl. 

pm ___ 
kriE 8. 

4.90 0.175 0.072 

ri3/? 0 6 
5,01 0.101 0.411 

2 6 0.122 0.050 

4 6 4.97 
0.128 0•064 

6 5 4.87 
0.174 0.071 

6 4.60 
0.337 0.138 

10 6 4.29 
0.168 0.040  

11 12 4.21 

IGRT OZ E4. 
Standard Standard error 

No . of 
et Mean i 	vrt. 

TABLE9. 
Expt. 9.5 0.35 0.14 

LDW3/F 0 6 
9.8 0.23. 0.09  

2 6 0.67 0.27 
6 12.2 

0.93. 0,37 
6 6 20.1 

1.66 0.68 
8 6 20.3 

0.99 0,40 
10 6 20.8 

1.22 0.35 
11 12 22.6 
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the next two days and more slowly thereafter until the time of 

hatching, when th ei; was about 83% water. 

Experiment 2.  

With a high variability a large nirn1er of osueients 

for each stage were required in order to obtain mean standard 

errors small enough to have any significant meaning. Further-

more, daily measurements were regarded as the minimum require-

ments in this work. To achieve both these requirements an 

experiment was made using large numbers of eggs from a batch of 

pods. Seven pods laid during a twelve hour period were used. 

Poithe first three days a few eggs were taken from each pod for 

measurement. After that the pods were dissected out, the eggs 

mixed and samples taken in the mariner described in Section ,2.2. 

Batches of twenty eggs were taken each day, washed and dried with 

filter paper, weighed singly on a 50 zngm*  torsion balance, placed 

in a clean Petri dish and dried in the air oven at 1050C. for 

four hours. The eggs were then weighed singly using a 5 mgm. 

torsion balance at 20°C, After a second period of five hours 

at 105°C. they were reweighed and the mean of the two weighings 

taken. 	Those ec'.s which had burst vd stuck to the dirh were 

discarded. 

Results for wet weight, dry weight and percentage dry 

weight are shown in Tables and Figs. 11-13. The curve for loss in 

dry weight is very similar to that obtained in the previous experi-

ment but with a total loss of 0.7 m, or 16%. This lower value 

is probably due to the use of mixed batches of eggs, since the 

means may be biased by the varying proportions of raa11 and 

large I.. 



DRY 	IGitT0FE00. 
taidard taard error 

No. of Mean drr wt. iea1 

Da S. __ 

4.30 0.185 0.045 

___ 1 17 
4.37 0.174 0.042 

2 18 0.110 0.042 

& 6. 3 19 4.34 
4.17 0.183 0.036 

4 23 0.149 0.034 

5 21 4,24 
0.187 0.046 

6 17 4.15 
0.174 0.047 

7 19 4.06 
0.198 0.051 

8 15 4.07 
0.159 0.043 

9 14 3.93 
0.178 0.051 

10 12 3.91 
0.196 0.041  

U 23 3,72 

TAI3LE 14 4.74 0.201 0.062 

_______ 0 
6 

4.80 0.146 0.060 
1 6 

4,82 0.103 0.042  

2 6 
4,69 0.201 0.082  

LDW 10 3 6 
4,76 0.284 0.116  

4 6 
4.65 0.320 0.130  

5 6 0.158 0.164  
6 6 4.70 

0.257 0.105  

7 6 4.61 
0.134 0.055 

8 6 4.42 
o.336 0.137  

9 6 4.18 
0.162 0.066  

10 6 4.35 
0.198 0.031  

6 4.07 
11 
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WET WEIGHT OF EGG*  

No. o Lican otandard  5ta1e0r 

ABL:E 12. 8.5 0.41 0.12 

2. 1 17 
8.8 0.41 0.12 

2 18 0.34 0.10 

LDW 6 3 19 9.1 
12.9 1.30 0.27 

4 23 
15.7 1.34 0.36 

5 21 
16.3 2.21 0.17 

6 18 1.06 0,27 

7 19 17.6 
o.83 0.21 

8 15 18.1 
1.02 0.27 

9 14 18.2 
1.93 0.56 

10 12 18.7 
1.23 0.26  

11 23 18.3 

TABI 	15 9. 5 0.34 0.14 

3. 	0 6 
9.8 0.10 0.04 

1 6 
g.8 0.27 0.11 

2 6 0.43 0.18  

LDW 10 3 6 9.9 
13.6 0.55 0.22 

4 6 
18.5 1.46 0.59  

5 6 0.57 0.23  
6 6 20.9 

0.82 o.34 
7 6 21.6 

0.70 0.28  
8 6 20.9 

1.51 0.62  

9 6 20.9 
1.69 0.69 

10 6 21.9 
1.00 0.41  

6 20.6 

) 

11 
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AGE WATER. 

Lican 
Stand.ard StaudarJ error 

Day 
No. of ater. 

on. 

 

48.6 2.19 0.54 

1 17 
18 C.0 1.45 0.52 

0.24 2 
19 52.4 0.89 

0.08 
6 3 

23 67.1 3,76 
0.68 4 

21 72.8 2.59 
0.89 

5 
18 74.2 3.74 

0.28 6 
19 76.7 1.06 

0.46 
7 77.6 1.79 
8 15 

78.5 1.08 0.29 

9 14 
78.9 2.00 0.58 

10 12 
79.6 0.92 0.19  

11 23 

TABLE. 
0.63 

6 i.0 1.54 
0.48 0 

6 51.0 1.13 
0.35 1 

6 o.6 0.87 
0.16  

LiY 	10 2 
6 52.4 0.40 

0.55  3 
6 64.9 1.34 

0.24  4 
6 74.7 0.59 

0.16  
5 6 77,5 0.40 

0.42  6 
6 78.6 1.03 

o.18 7 8.8 0.43 
8 6 

80.0 1.03 0.42  

9 6 
80.1 1.22 0 50 

1C 6 
80.2 1.15 0.47  

11 6 
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large eggs in the samples. The wet weiht and percentage water 

content curves are sii1ar to those obtained in Experiment 1. 

Experiment 3. 

A third experiment was n.de asinL 	 a single poe. 

Six eggs per day were washed, dried with filter paper and weighed 

singly on a 50 mona. torsion ba1ce in specially made tinfoil 

cu-,)s . These cups had been previously weighed on a 5 m. torsion 

ba1xce. (A comparison of the weights of these cups before and 

after drying at 105°C. showed no significant difference, i.e. they 

did not differ more than the reproduceabilitY of weighinJ with 

the torsion balance). The tinfoil cups with eggs were placed in 

open tubes, dried at 1030C. for five hours and then reweighed. 

After a second period of five hours they were weighed again. 

Results for the two weighings were very consistent and their mean 

was taken. 

The results are shown in Tables and Pigs. 14-16. The 

results for wet weight, dry weight and percentage dry weight are 

closely comparable with those of Experiment 1, Here the loss in 

dry weiht during 12 days of Incubation amounted to at least 8 

mgtns. or 17. The increments in wet weight for Experiments 2 

and 3 are shown in Tab1 nd Yi.. 17. 

Locusta m.igratoria ebijo. 
	 4.2 

Methods. 	 4.2.1 

In the first series of tIe3c f1c':rnircIert5 six pods wcre 

used. Weighings were made every twenty-four hours, beginning 

on the third day using mixed batches of embryos from these pods. 

The batches varied in nu.iiibcr from 50 for three to four clay old 

embryos!.. 
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embryos down to a single embryo by th, tenth or eleventh day of 

development. 	Alter the fifth daj)f developient several batches 

were weighed each day. The numbers used each day havo 1-oen iven 

with the results. The embryos were dissected from the egg in the 

usual way in 0.5% sodium chloride solution, (Section 2.2.4) washed 

free of yolk and transferred to weighed tinfoil cups using dissecting 

needles. In later stages the yolk was dissected out of the 

embryo as previously described (Section 2.2.4). On the last day 

each eggshell and yolk—filled midgut was also dried and weighed. 

Drying was done in the air oven at 105°C. in open tubes for two 

periods of three hours. Weighings were made with 5 mgm. or 50 mgm. 

torsion balances at 200C. A second series of measurements on 

another six pods was made using the same procedure except that 

weighings of the dry midgut and eggshell were made from the tenth 

day onwards. 

2. Results. 
.4. 2-2. 

5t. 	 .:?ç 	d in 

and Figs. 18 & 19. It is apparent from these and from Table 

and Pig, 20, which show the daily increments in dry weight 

expressed as percentages of he ximum increment, that the dry 

weight of the embryo cannot be expressed in a single growth 

curve. Since the results are too few and too variable to 

permit the proper selection and effective use of a growth 

equation they may be adequately analysed by geometric and 

arithmetical procedures. 

Fits. 21 and 22 show that the logarithn of dry weight 

plotted against time falls into two strait lines, suggesting 

a/.. 
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TABLEl9. 
Exjt. 2. 

LDW/9 

DRY B. 

No. of Stdard Standard error  

Day emJ]yos. Year of the mean. 

3 1 0.021 - - 
4 
5 1 0.116 - - 
6 2 0.208 0.004 0.003 

7 3 0.293 0.019 0.011 

8 3 0.618 0.100 0.057 

9 3 0.845 0.033 0.019 

10 3 1.202 0.041 0.024 

11 9 1.59 0.254 0.120 

12 2 2.4 0.266 0.188 

3 1 0.027 - - 
4* 1 0.083 - - 
5* 2 0.158 0.0035 0.0025 

6* 4 0.308 0.034 0.017 

7* 5 0.698 0.084 0.037 

81 10 0.936 0.071 0.035 

9* 9 1.32 0.067 0.022 

10* 9 1.706 0.222 0.074 

11* 9 2q39 0.322 0.107 
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LIYN_a. 
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0.698 

0.936 

1.320 

1.708 

2.390 
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TAbLL1. 
EX1Dt. 1. 
LDW 8. 

TABLE ?. 

LDW9 

xperiiIIflt 
va1ue. 

0.021 
0.046 
o. 116 
0.208 
0.293 

.618 
0.845 
1.202 
1.5 
2.40 

0.0265 
0.0834 
0.158 
0.308 
0.698 

0.936 
1.32 
1.71 
2.39 

0.0251 
0.0466 
0,0924 
0.183 
0.349 
0.634 
0.869 
1.19 
1.64 
2123 

0.0354 
0.0742 
0.156 
0.330 
0.663) 
0.717) 
0,978 
133 
1.62 
2.45 

= 0.659 
= 0.314 

bi = 0.00347 

b2 = 0.0515 

= 	0.743 
= 	0.308 

0.00263 
0.0712 
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3 	0.021 	
0.7419 

	

0.025 	
78.4 

i.261 

	

MY • 4 	0.046 	

85.5 

	

0.070 	
92.5 

5 	0.116 	
2.4510 	

75.5 

	

0.092 	
58.4 

46.4 

6 	0.206 	
3.0350 

	

o.085 	
34.3 

54.5 

	

7 	0,293 	
3,3776 

	

0.325 	
74.6 

53.0 

	

8 	0.618 	
4.1239 

	

0.127 	
31.3 

4,4368 

	

9 	0.645 	
33.3 

	

0.357 	
35.2 

4.7891 
10 	1.202 	

31.€ 

0.388 	
28.0 

5.0689 
11 	1.59 	

34.E 

i.2 

5.4807 
12 	2.40  

TABLE B. 
±. 3* 	0. 	

0,9746 

	

0265 	 114.7 

LDW 9. 	
0.0569 

4* 	o.0834 	

89. 

	

,0746 	

2.1211 	
63.9 

65. 

5* 	0.158 	
2.7600 

	

0,150 	
66.8 

74 

6* 	3,308 	
3.4275 

	

Q.39O 	
61.8 

55 

Ti 	0.698 	
4,2456 

	

0.238 	
29.3 

32 

8* 	0.936 	
4,5390 

	

0.384 	
34.4 

3C 

1 1.71 	
0.390 	51417 	

25.9 	2 
9* 	 33.5 
10* 	 0.680  

5.4765 
11* 	2.39  
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a constant relative growth rate which eiarige8 its value during the 

eighth day, i.e. about the end of katatrepsis. Tables A and B 

show the arithmetical analysis of these results and it can be seen 

that the relative growth rate appeared to change towards the end of 

the eighth day. Growth in dry weight seems then to be best 

described in terms of two simple exponential curves. The curves 

shown in Figs. 18, 199  219  22 are drawn from theoretical values 

derived from such exponential equations, and their constants and 

theoretical values are given in TO-1 1c '.-  21 d 22 for comparison 

with the experimental values. It 	bc note that the second 

curve covers the results for embryos In which the enclosed yolk had 

to be removed before drying. These results therefore may be 

affected by the loss of embryonic material occurring during removal 

of the yolk, although the technique used reduced this loss to a 

minimum. In spite of the lessened reliability It seems difficult 

to regard the second curve as representing a declining growth 

rate rather than a new constant relative growth rate. 

Table and Fib. 23 show the mean percetL. e weight composi- 

tion of the iry oCrin the lttst three 	 development. 

DE3IT1 IA3URELIEi. 

The method used to ieasure desity was the Lindestr%ixL-

Lang density gradient teehnique(Linderstrçl'ni-Lang 1937). In this 

technique a linear gradient of density is established in a 

column of liquid and the positions occupied by objects of unknown 

density are compared with those occupied by a series of density 

standards with which the gradient is calibrated. The details 

of I.. 
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of the procedure have been described by Linderstr~xfl-Lan andLanz 

(1938) Lin.r3tiLLi, 
 

PreparatioTAi o 	 . I. 

The standards were small (1-2 ii. cjtar)ui-L10 

beads blown from Pyrex capillaries. :By suitable manipulation the 

weight of the beads could be adjusted by the addition or removal of 

glass until the density of the bead was within the range required. 

The latter was determined by observing the buoyancy of the beads 

in potassium chloride solutions of different known concentrations, 

i.e. densities. Suitable beads were stored individually in 

alcohol in small round-bottomed glass tubes, the round bottom  

facilitating removal of the bead by pipette. The beads were then 

standardized in bromnobenzefle/kerosefle gradients against droplets of 

standard potassium chloride solutions prepared at 200C. (The 

densities of these solutions were derived from the International  

Critical Tables). The nrenaration and use of bromobenzefle/ 

kerosene gradients, wit: - r CC 	standards has been fully described 

elsewhere (Linderstrom-LaL & Lanz), aspects of the use of the above 

gradients an' 	1arL are 	ioi1i;LL t.uection. 

Behaviour 

Theoretically, a drop 	K CQ 	1utiQn 	tLL ui1y 

in the gradient till near its definitive poitioU, i.e. in a 

region of its own density, and should then decelerate until 

stationary, i.e. at its own density. 	In practice, it was found 

that the drops fell rapidly, than slowly, and continued to fall. 

This was thought to be due to loss of water to the broniobenZei/ 

kerosene medium, especially as the position of the glass 

standards I.. 
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standards was ohaflge(. The gradient was, therefore, saturated 

with water in the manner de3cried iy Linderstr 	
ng & Lanz 

(1938). The effect of this treathent on the behaviour of the 

drops is shown in Pig. E, in which the 
mO'te11flt5 of drops before 

This treatment 
and after saturation of the gradient are shown. 

had to be repeated at 1ast once, and usually twice, before 

satisfactory results could be obtained from a gradielit. In 

spite of this, thcRt standards were still not constax.t in. 

positiOn in the racient, augge$tirQ that perhaps some other 

excharie was occurrinE, or that saturation was not complete. 

Pig. 
E shows that the drops fell rapidly, then rose, and finally 

entered upon a slow steady fall, it appeared that they overshot 

their definitive posit ion, s2,a1ler droplets to a lesser degree 

than large drops, 
as indeed might be expected since their larger 

surface area increased the viscosity effect. This, however, 

does not explain why 
the cOIRParatively very large glass beads 

did not appear to overshoot at all. The final slow rate of fall 

of the droplets varied inversely with their size, suggesting the 

occurrence of an exchange between standards and gradient. 

One gradient was made using commercial paraffin (white 

spirit) in place of keroe:Ie to see whether the movement of the 

standards was due to any properties of the kerosene, but no 

difference was observed. 

BroobenZefle/k 055 
 

it seemed that loss of water was the 
factor respoii11e for 

movement of the standards, but to prevent this completely would 

have required repeated saturation treat2It. It was found more 

convenient I.. 
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convenient to reduce this loss to small proportions by several 

saturation treatments. Since the final fall of the standards was 

at a constant rate, the  positions of the standards were measured 

at intervals for several hours and the rate of fall determined. 

This was used to estimate the positions which they would have 

occupied if there had been no 1088 o± vatr, 	 that 

this loss began at the moment of entrL ir;o titc 	ciiont. 

Because of this, the degree of accuracy of standardisation 

anticipated, i.e. ± 0.00005 specific gravity units, was not 

achieved. The final accuracy, however, was at least ± 

0.0005 uxits, using gradients of at least 10 cras. height for a 

density range of 0.01 units and determining positions of 

standards to ± 5 wa, In two of the gradients accurate extra-

polation was not possible because the upper drops showed a decele-

ration in their final fall. This may have been due to faulty 

saturation technique in which the K Br solutions were too heavy 

and fell through the up:Jer portion of the gradient too rapidly 

to affect saturation. An increase in water content down the 

LTadierlt would result, thus euin: decrease in the rate of 

loss of water from the standards as they fell and hence a 

decrease in their rate of fall. 

After adequate saturation the tadient was etirred and 

tested with a series of IL.Cl standards after each stirring 

until it was sufficiently linar (e.g;. Fig. F). The gradient 

was then ready for use. 

A series of the glass beads was washed in ether, cried, 

and dropped into the gradient. Then a double series of Cl 

star.-cards I.. 
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standards was 
was introthiced and their positions measured, toGether 

with those of the glass beads, for a period of several hours. 

(The double series of K ci standards ensured against accidents 

such as cQflt3th18t]Ofl With dust or filter paper fibres and 

contact with the  wall of the tube or a glass bead. Such 

events were unlikely to happen to both drops of the same 

standard) • Furthermore, confidence could be placed in the 

reliability of the result iv,  those cSeS where the extra'- 

polated values from both ;t of droplet measurements were the 

saiic • From the positions of the K Ci drops estimated in this 

way 	traight line calibration curve of position against density 

was drawn. The positions of the glass beads were measured and 

their density -.,:e-a& off the graph with an accuracy of at least 

± 0.0005 ./ 	
The standards were removed from the gradient 

by means oi a sliver of filter paper fixed to a fine..-dra.WU 

glass rod. The glass beads were lifted out of the gradient by 

means of a spiral of silver wire fused into a fine-drawn 

glass rod. Then the whole process was repeated at least once; 

more often if the agreement between them was not satisfactori. 

Fourteen bromobenzeneticerosene gradients were used 

covering a specific gravity range of 1.0 - 1,12 and over a 

hundred g1. 	
at c. 	: 	:.ic'3 r;(.:O. 

Thorotrast 	
5.2 

The beads calibrated in this wu.y - hcacetOrth 

to as the glass  standards' - were then used in thorotraat/ 

water gradients. Thorotrast a stabilized colloidal 

solution I.. 
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solution of thorium oxide - was chosen as a suitable gradient 

medium for biological work for the following reasons. Having 

a large molecule it readily forms an aqueous colloidal solution 

which exerts a negligible osmotic pressure and has a high density 

yet relatively low viscosity. In addition, it is not toxic 

and solutions of satisfactory density are also sufficiently 

transparent for clear observation of material under observation 

in the gradient. All these features are essential, for 

objects in the gradient must be seen, must be free to move in 

order to reach their true density level and must be unaffected 

by the medium, particularly with respect to exchanges of water. 

Furthermore, unlike starch gradients which have been used for 

this technique (Lvtrup 1950) •thorotrast is not subject to 

bacterial infection. Thorotrast has been used for gradients 

in the Carlsberg Laboratory. 

Since the supply of thorotrast was restricted, narrow 

gradient tubes were used (2.5 cm. diameter Pig. G) requiring 

approximately 75 c,cs of each mixture, heavy and light. 

Gradients were set up for the ranges required in the manner of 

the bromobenzene/ksrosene gradients. About six glass standards 

were introduced into a gradient and stirring continued until a 

linear form was attained. Material, eggs or embryos, to be 

measured was then introduced in small batches and their osi-

tions measured over a period of time, the extent of which 

depended or the consistcicy of the readings. 	(The mid point 

of both beads and test material was used for the measurements). 

The position at which the es or embryos were constant 
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in the 	adiert wa ts 	c iii ioed to rç.d off ilieir 

density from the calibration graph of the gradient constrLtcted 

from the positions of the standards. Details of the procedure 

for eggs and embryos are given iii the following sections. 

Density measurement exprinient. 	 c. -is  

Locu.sta niigratoria egg density. 

eggs were placed in the gradient ii ta.tcies ol three. 

Larger numbers caused too much displacement of the medium. 

The eggs sank rapidly in the gradient and became almost motion-

less within 15-20 minutes. In most cases the eggs assumed an 

upright position with the yolky portion lowermot. 

Expe  rim nt 1. 

In the first experiment eggs from two pods were measured 

independently in a gradient of density range 1.04 - 1.08 giu./Li1. 

Measurements began on the third day for one pod and on the 

fourth day for the other, using dechorionated eggs. Because of 

the possible effect of the experimental treatment on the egg, 

different ones were measured each day. 

The results of this experiment are shown in Table and 

Pig. 24. The density fell considerably during the fifth day 

and became more or less constant by the sixth day at just over 

1.05 gm./ml., except for a slow fall thereafter. This suggests 

that the density depends on the water content of the egg. 

Experiment 2. 

A second series of measurements on eggs with intact ohoriona 

from two pods was made from the time of laying till hatching. 

This required two gradients covering a density range of 



DENSITY 01 EGG. 

Number en den3it7 Standard 
deviati. 

Standard error 
oT the meant  

Day 677777 r.-per mil. 
LD2/ 

TABLE 24. 
6 1.0800 0.0044 o.0018 

Pod.  B. 	4 
6 1.0555 0.0014 0.0006 

5 
6 12 1.0515 0.0019 0.0008 

7 6 1.0515 0.0011 0.0004 

8 18 1.0505 0.0009 0.0002 

9 6 1.0515 0.0009 0.0004 

10 6 1.0510 0.0006 0.0002 

ii 6 1.0490 0.0010 0.0004 

12 6 1.0500 0.0002 0.0001  

LD2/A 

Pod A. 
5 25 1.0570 0.0047 0.0004 

7 18 1.0535 0.0024 0.0006 

8 6 1.0510 0.0028 0.0011 

6 1.0500 o.0016 0.0006 
9 
10 6 1.0510 0.0010 0.0004 

11 6 1.0515 0.0010 0.0004 

12 6 1.0500 0.0004 0.0002 
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Standard error 
lql=ber Mean deiit 

xai 	. r.riS. 	or 
OT 

Da 
LD3/A 

!LE 	

. 

1.13-50 o.0003 0001 

1 6 0.0012 0.0005 

Po&.A 	3- 
6 ,i155 

.1130 0.0011 0.0004 

2* 6 
1.1055 0.0030 0.0012 

3* 6 
0710 0.0045 0.0019 

4* 6 
1.0615 0.0022 0.0009 

5* 6 
1.0545 0.0030 0.0012 

61 6 
1.0520 0.0021 0.0009 

7* 6 
0525 0.0007 0.0003 

8* 6 
1.0515 0.0021 0.0008 

9* 6 
1.0510 0.0012 0.0005 

10* 6 
1.0530 0.0033 0.0014 

6 
1.0485 0.0010 0.0004 111

!BLE 

121 6 LD3/B . 
6 1.1150 0.0015 0.0006 

0.0003  
6 1.1130 0.0006 

0.0004  
PocL . 	il 6 1.1120 0.0009 

0.0017  21 
6 1.1030 0.0041 

0.0015  3* 
6 1.0705 o.0037 

0.0012 4* 
6 1.0590 0.0029 

0.0004  5* 
6 1.0545 0.0010 

0.0004 6* 
6 1.0515 0.0010 

0.0005  71 
6 1.0500 0.0011 

O0004 8 
6 1.0505 0.0010 

0005 
9* 

6 1.0505 0.0011 
0•0005 10* 1.0495 0.0013 

11* 6 
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Number  
Day e 

WET WEIGHT OF EGQ. 

iean weight standard Standard 3rror 
an. 

LD3/J 

TABLE 27. 
8.2 0.40 0.14  

1 6 0.55 0.28 
P0dA. 	iI 6 8.0 

8.0 0.24 0.10 
21 6 

8.8 0.67 0.27 
31 6 087 0.35 
4* 6 13.4 

0.67 0.27 
5* 6 15.3 

1.10 0.45 
61 6 17.1 

0.71 0.29 
7* 6 18.0 

0.87 0.35 
6* 6 18.4 

1.30 0.53 
9* 6 16.3 

0.71 0.29 
10* 6 19.2 

1.66 0.68  
11-1 6 18.0 

2.09 0.85  
121 6 19.5 

TABLE 28. 0.16 0.06 

Po&B. 6 8.2 
8.1 0.12 0.05  

11 6 
8.2 0.40 0.16 

21 6 
9.0 0.59 0.24 

3* 6 
12.9 0.79 0.32 

41 6 
16.0 0.99 0.40  

51 6 
16.9 0.87 0.35  

61 6 
18.1 1.11 0.45 

7* 6 
18.9 0.87 0.35 

8* 6 
19.4 0.75 0.31 

9* 6 
18.6 0.83 0.34 

10* 6 
18.9 1.11 0.45 

111- 6 

LD3/] 
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DF SITi0F 
LD3. 

POD k 
Smoothed rie axi 

* 1.1150 

1* 1.1150 

2* 1.1130 

3* i.1050 

4* 1.0710 

5* 1.0595 

6* 1.0545 

7* 1.0520 

8* 1.0515 

9* 1.05125 

ioi 1.0510 

11* 1.05075 

12* 1.0505 

POD 	0 

in Smoothed rnEafl 

denE3l Y ~- 

1.1140 
o 1.1130 

,002 1,1120 
0.008 1.1030 
0.034 1.0700 
0.0215 1,0585 
0.0050 1.0540 
0.0025 1.0515 
0.0005 1.0510 
0.00025 1.0505 
0.00025 1.05025 

o0025 LOSOO 
.00025 

increase J~, 
-YV 

_. 

0.001 

0.001 

0.009 

0.033 

0,0115 

0.0045 

0.0025 

0.000!  

,O0O 

0.000: 

0.000 



WET WEIGHT OF EGG *  
LD3.  

BI 	
' 

Smoothed. Increase in 
POD 4!  Smoothed mean Imrease in 

iht per 

~L 	xa ear11 
weight. 
(). iee) 

8.2 0 
1 6.0 0 8.2 0 
11 8.0 0.1 6.2 
2* 81 0.7 

0.8 

3* 8.8 
9.0 3.9 

4.5 2.9 1 3.1 41 13.3 2.4 6.0 1 1.3 5* 15.7 1.3 7.3 1 
61 17.0 0.8 

1.0 

71 17.8 
8.3 1 0.5 

0.6 B.8 i 
81 18.4 0.1 

0.3 
19.1 0 

9* 18.5 0 19.1 0 
101 18.5 0 19.1  
11* 18.5 0 
12* 18.5 
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1.12 	1.03 nc i.00  

measured each day since development was affected by the experi-

mental treatment, especiaUy in one to three day old egg. 

After removal from the gradient the eggs were washed and their 

wet weight determined in the manner previously described. 

(Section 3.1.1). 

The results for density and wet weight are given in 

Tables and Pigs. 25-28. They show quite clearly that the 

density of the egg largely reflects the water content. Thus as 

water was taken in the density fell from about 1.115 to 1.05 

gms./inl. during the fourth to seventh day. It is not clear 

from these results whether the density finally became constant 

or fell at a very slow steady rate, though remembering the 
* 

decreased sensitivity of density changes at this level the 

latter seems likely especially when compared with the percentage 

water content of the egg. (Section 4.1). Graphs of the 

decrements in density per day :iave the 3tC form as the graphs 

of smoothed daily increments in wet weight per day, reaching a 

peak at the same time i.e. the end of the fourth dy Table 

and Pigs. 29 and 30. 

Locuata inigratoria embrc. 

Experiment 1. 1.. 

* It is apparent that in the early phases of water uptake the 
resulting density differences are greater than in subsequent 
periods simply because the relative proportional changes in 
water content are greater a1thouh the quautitj of water 
entering the embryo at first is small. In other words the 
bigger the difference in density between the egg and water, 
the bigger the density change resulting from the influx of a 
given quantity of water. 
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Experiment 1. 

Since embryos deteriorated rapidly in diatilJ..ed or tap 

water the gradients had to contain saline. The usual pb.ysio-

logical salines could not be used because they caused precipi-

tation of the thorotrast. It was found that older embryos 

could be kept for some hours in a 0,753C sodium chloride 

solution, so this w 	 .'cver, the behaviour of young 

embryos in the gradit : .cte 	they were losing water 

for they sank rapidly at first, then slowly and steadily to 

the bottom. (rig. 	Even so, loss of water could not 

entirely explain this movement for the embryos should have 

come to rest when their osmotic pressure equalled that of J.75% 

Na C]. solution. It seemed likely that thorotrast was entering 

the embryonic tissues once they had deteriorated through loss 

of water. Embryos which had completed katatrepsis (eight day 

onwards) generally remained fairly steady in the gradient, 

reaching their definitive positions very rapidly. Hence their 

density could be determined with more confidence than in the 

case of the younger embryos. Where a steady position was not 

reached the 'definitive position in the gradient' was obtained 

by extrapolating from the final slow rate of fall, assuming,-

ti-,,at 

ssuming

that the exchange causine: this fall began from the moment of 

entry into the gradient. Irregular movement down the gradient 

often made accurate extrapolation difficult if not impossible. 

Embryos were prepared for measurement by disseoting from 

the e:;, removin -)  the yolk (Section 2.2.4) and opoindij,  the 

amnion /,. 
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alitniori al,i üora2. i.oure In  

first cuticle in poat'katatreptic eiuhryos. Embryos with intact 

vnnion and dorsal closure did not differ in density from the 

opened embryos, perhaps because these structures collapsed in 

the gradient. Tborotrast appeared to enter the cavities of 

the embryo quite rapidly, although sometimes embryos paused at 

the top of the gradient before sinking, presumably because the 

saline in their cavities had not been immediately replaced by 

thorotrast. 

Eggs from two pods were used — one pod (A) contained 

very few viable eggs and measurements were obtained only for 

four and five day embryos, while the other pod (B) contained 

enough eggs to obtain embryos for the last six days of develop-

ment. from the eighth day onwards the desity of the intact 

embryo was determined before removing the yolk. Their move-

ment and orientation in the gradient was verj :.WiLr to that 

of the intact eg. (eotion 5.3.1). 

The result-, ot this experinn.tee ivi.h 	LL rs 

Pi;. 31. The curve drawn represents the simplest interpre-

tation of the data. It suggests that the density was constant 

at just over 1.03 iu./nl. from the fourth to seventh days, 'then 

showed a more or loss steady increase throughout the rest of the 

developmental period, achieving a final value of about 1.05 

gm./L11. This is rather lower than the density of the Intact 

twelve &y embryo (1.054 gm./ml)., the differeioe representing 

the effect of reovin the yolky rnid:'ut • 	The values of the 

intact I., 
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DENSITY OF EMBRYO WITHOUT YO. 	LD4/A & B. 

Nixinber of Mean Staciard Standard   error 
5f the meant  

Day 

TABLE 31. 

1.0260 0012 0006 

poa 	4 5 
1.0310 0.0023 0.0010 

5 10 
1.0315 0.0009 0.0004 

Pod. 6 5 
1.0305 0.0022 0.0009 

7 6 
1.0365 0.0038 0.0011 

8 6 
1.0435 0.0014 0.0006 

9 10 
1.0430 0.0028 0.0011 

10 6 
1.0500 0.0022 0.0010 

12 5 
LD4/B. 

DENSITY 0i INTACT 

Ilumber of 	?ean den- 	Standard Standard error 

Do 

(am i .i_ 

1.0627 0,0020 0.0008  

8 6 
1.0625 .0042 0.0015 

g 10 
1.0610 0.0043 ,O018  

10 6 

U 
i.0540 0.0077 o.0031  

12 5 
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D. 

No. of 
TA

. 

Mean 	taadard 
EtZ,idarU. error 

0.0016 
0.0004 

3.2 1.0240 0,000 6 

11 1.0235 	Q .00l9 
o,0009 4 

5 13. 1.0230 	0.0027 
o.0003 

6 3.2 1.0235 	0.0011 
,0003 

12 1.0295 	0.0011 
0.0008  

8 6 1.0327 	o•0020 
0.0004 

9 4 1.0375 	0.0007 
0.0007 

10 6 1.04125 	0.0018 
O026 

U 3 1.0443 	0.0044 
0.0006 

2 1.04675 	0,0009 
12 

, I1ACT ii1BRYQ. 
LD4/C & D.  

taidard 
1Io. 	IIeafl den- 

Standard error 
Oil: Me-  meanp 

_ 	
vatofl 

/_mlii. 

8 . 	-- 
i.0575 	0.0009 0.0006 

9 4 
6 1.0523 	0.0028 0.0011 

0.0008 10 
3 1.0513 	00017 

0.0006  11 
1.0520 	0.0009 

2 3. 2 
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intact embryos suggested a alight fall in density from the eighth 

to the twelfth day, preswriably reflecting the transformation and 

consumption of yolk. 

cperiment 2. 

A second series of determinations was made uin es 

from two pods. These were treated separately from the fourth 

to seventh day. Since neither pod contained enough eggs for 

a complete developmental series the remaining eggs were mixed 

and joint samples measured for the eighth to twelfth day. The 

same gradients as in Experiment 1 were used and the same 

procedare followed. 

The results for the two sets of eggs (third to seventh 

day) were a]most identical and since the remaining figures were 

for the combined pods, they were treated as a single set of 

results. These are expressed in Table and Fig. 32. The 

curve could be drawn with more confidence than in Experiment 1; 

it suggests that the density of the embryo was approximately 

1.023 zm./iiil, during the fourth to sixth days and increased at 

a fai'ly constant rate until the time of hatching- By  this 

time the density of the embryo (1.047 m./ml) was not far 

below that of the intaot embryo (1.052 gm./ml). The latter 

appeared to fall slihtly from the eighth to the twelfth day. 

(Table 32). 

Experiment 3. 

The behaviour of embryos in the gradient used in the 

first two experiments suggested that 0.75% Fla (31 solution was 

too I.. 
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too conce:traio cai Lu 	he : r;ot' 1o.c 'ater. 	$lL 	[c;t3 

of variou: CO: c:trations of 	Laid 	:jolutions on third 

to sixth day embryos at 200C 	300C 	eterm1ned. Pbryos 

appeared to survive longest ii 0.5% 	U1 uolution at 20°C. A 

new graIient was then made, oontainir .5 gi3. 	Cl Pei:  

100 c.c. of gradient za3xture, and a series of L;tiriaents made, 

using a single pod of eggs. The early embryos appeared to 

deteriorate and take up thorotrast before reaohin&i: equili-

brium posit 1Oi. They fell rapidly at first, thoi 3iowly and 

steadily downwardi. Their equilibrium positions were estima-

ted by ectrapolating from the final rate of fall. Older 

embryos reached a position of equilibrium in the gradient and 

remained there for varying periods of time before slowly 

falling to the bottom of the gradient. Sometimes there was a 

suggestion of a slight uptake of water. In both these 

instances the constant posit-ion '.vas 	as the true defini- 

tive position in the gradiet;. Fit .. I owa examples of these 

three types of behaviour. The differences in behaviour 

suggest that older embryos have more powers of osmoregulation 

or a higher osmotic pressure than the prekatatrepic embryos. 

Four to twelve day old embryos were measured in the same maLrner 

as in the two previous experiments. No measurements were made 

of intact embryos, but various portions of embryos were measured. 

The results are 5ivea in Table and Fig. 33. The same 

type of curve has been fitted, as in the previous experiments. 

The density of fourth to sixth day embryos was 1.028 gm./ml. 



-- - 
V 

J 	L.. 

- - -. -- 
5ti1-' 	error 

Li5. 

i.025 0.0004 .0002 
6 

1.0280 0.0004 0.0002  

5 5 
1.0280 0.0022 o.0007 

6 9 
1.0320 .0045 0.0019  

6 0.0018 ,00O7 

8 6 	1.0325 
0,0016 ,OO13  

2 	i.0320 
0.0012 0.0007 

10 3 	1.0442 
0.0018 Q.O010  

11 3 	1.0460 
.o035 0,0020 

i.0465 
12 

3IT 	ARI$ OF 	To  35. 

VULE of IaêR 11OD 	
AbXL 

Dar - - -Ree d 	TiD 

) 	A 

5 1.0278  

- 	- 6 
7 

	

1.0235 	- 

	

.335 	(1.025 
- (1.025 

(1,026 
R.,0,320 	(1.025 

8 1.0285 	1.028 1.029 - 	- 
- 	1.0255 1.040 - 

9 1.0355 (1.0395 - 
10 

- (i.0375 i.02S5 .365 
1). i.0365 	1.033 (1.0385 

(1,0415 
..045 

12 1.0490 	1.0345 



1.09 

1.07 

0 

0 

0 

0 

 

0 1 2 3 4 1 ° 	 - 

DA,Yb AT 30°C. 

LOS- 

FIG. 3. DLNITY OF !$RYO. Zxariment 



- 29 - 

whilethat of aeveth to tv;1fth ciy LTJr.y0. JLOTed ci 

beoontin 1,047 j./rn1e by the twelfth 	Vlu .Lor the last 

five days are based on very small numbers of embroo. The 

densities of parts of embryos are given in Table C, 	m which 

it can be seen that the de:isities of the embryonic tissues 

increased during developnt, especially after ooinpletion of 

katatrepsis. Fu.rthexinore the regions in which the exoskeleton 

was best developed — head, thorax and lens — tended tobe denser 

: 	 - 	

T 

to. 

Appurud.u3. Cai1ei&n 1YI( 	i* - 	 4.1 

ieigh, or La1eLL, 4• • , WO 	 ..J 

of a Zeuthen Cartesian Diver balance (Zeutben 1948). The diver 

18 a mmall  glass capsule iith a fine capillary tail and is 

completely filled with water except for a small air bubble. & 

polythene cup, suitable for holding small objects, is fitted 

to the capsule. (Pig. J). The polythene cup can be quite large 

for, being less dense than watert  it inorea3es the buoyancy of 

the diver. The capillary tail keeps the centre of gravity low, 

is. keeps the diver upright, and also slows down diffusion of 

air from the diver bubble into the float medium outside the 

diver while allowing free transfer of pressure changes. The 

diver is contained in a closed water chamber to which a pressure 

control device (syr1re) and manometer with compensating air 

chamber are attached. Changes in pressure measured by the mano-

meter are transmitted from the syr1ne to the diver whose 

buoyancy depends on the volume of its air bubble and fluctuates 

accordin+ ly I.. 



FIG. .1. FLOAT CRABER 

DIVR LNCE 

• 
FIG. K. 	CRTSIAJT DIVER 

BL}IOE t?FkRJTUS 



FIG. L. 	DIVER BAL.NCZ i-RT1J5 

FIG. M. 	GPUDINT 'UBS. 
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.T I: 	:iai iJJSI I Z. 	LLj 

point at which it is stationary can be found and the pressure 

recorded. If this is done for the empty diver, for the diver 

with stafldard of known RW., and for an object of unknown LW., 

then the LW. of the latter r be calculated using the approp-

riate mathematical relationship. 

The float chamber was a qu.ickfit tube immersed in a 

thermostat bath at 200C. and connected to an airfiap-control 

syringe and to one limb of .a glass manometer containing Brodie 

solution. The other limb was attached to a copper air bottle 

also immersed in the bath. Thus the pressures were measured 

not against barometric pressure, which might fluctuate during 

experiments, but against a fixed pressure of air at constant 

temperature. 

(Two deasity adie.t tubes and two diver float chambers 

could be set up in the therzno stat bath at the same time • The 

bath had balanced cooling and heating coil3 with thermostat 

control of range + 0.010C. The cooling unit was run at 

constant rate using a fixed head of water. stirring was done by 

:ioans of a centrifugal pump outside th Lath with an outlet and 

inlet in the centre of the bath floor thus giving smooth 

stirring with a complete turnover of the bath water. Glass 

sides to the bath allowed observation of the appa:ntus which 

was arranged as in the photographs Figs. 1, I, h. Back 

lighting for the gradient tubes and diver balances was pro-

vided by a U-shaped neon lamp; this 'cold' li;hting had no 

effect on the Lath temperature). 
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6.2 R,W. Standard,-:'. 	 6.2 

These were selected d3ity rit standards :ho3e h.i, 

was calculated from their density and weight in air. Ten 

beads were chosen, washed in ether, dried and weighed mdi-. 

viduaUy in a stoppered weighiw bottle on a iniorochernical 

balance weighing to ± 0.003 mgn. Five such weighings were 

made; the mean may be taken as eorect to 0.005 mgm. The 

density of the beads was correct 1 o . 0005 ./inl. 

An equation for R.W. mar be derived from first St 
principles a follows:— 

R.V. = Weight in water Weight in air - Weight of an equal 
;ater. 

Hence:— 	 = W3t 	 . 2 

'At - 	 ad tbercfore 	st - oer 

t 	Z,2
St 

 

Where :- 
( 

:.card bead. 
( 	 eity of 
( 	 c:sity of water at ternperature of 
( 	 — ighings ie. 200C. 
( 

Inserting known values in this equation the ZlJ. f the 

standards was calculated. Table and !i. 34 show the separate 

perceutae errors in RW.'s calculated from densities correct to 

- .0005 it,/m 	 +l, and weights correct to - 0.005 	It can be 

seen that the error becomes small where the density is 
q I 

where the weight is hih. In beads with a density 1.O ii 

error becomes ± 1.3%, while for beads weighing 0.5 	. 

the /.. 



ki 

TABLI? 34. 

- Percentage err,r i 
rctna error j 

 

/.1gnls. 
;D.005 Sm-hi  

55.4 It 
8.4 % 
4.6 % 
3.0 % 
2.2 % 
1.8 % 
1.5% 
1.28% 
1.1% 
0.96% 
o.86% 

50(X) 

4000 
3000 
2000 
1000 

500 
250 
100 

50 
10 
1 

0.2 
0.025 
0.033 
o • 05 
0.1 
0.i 
0.4 
1 
2 

10 
100 

0 
1.01 
1.02 
1.03 
1.04 
:L03 
1.06 
1.07 
1.08 
1.09 
1.1 

GiaL3 3tai&rd
ed±!. ± 

S. 

1.020 2.327 49.7 5 
C48 

1.031 1.799 57.2 3.5 
C56 

1.041 0.819 33.7 3.5 
030 

1.053 4.681 243.6 1.9 
Cl? 

1.0555 3.763 204.3 1.9 
C80 

1.062 2.151 129.2 1.95  
C23 

1.0728 1.444 100.2 1.9  
C62 

1.080 3.091 233.5 1.35 
C38 

1.0866 0.887 72.2 2.05 
043 2.324 203.5 1.25 
010 1.094 

7.40 498 1.4 
B2 1.07205 

5.25 247.5 2.0 
X 1.0475 

8.25 380.5 2.1 
1 1.0465 
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the err,--Jr 	cic' 	± 2..  

Fig. and Table 349 s 	the combined percentage error was 

of the order of ± 2. in the uase of the lihest atndards 

(R... ),075 um.), however, the percentage error rose to as 

much as ± 5. Later, three very heavy standards were required 

and these were elected d weighed correct to 0.05 xams. on 

a 5 rnm. torsion balance. 

Table D shows the values for all. the R.N. stndrd. 

Theory of the Cartesian Diver ba1anc. 

The followi 	 are used:— 

	

R,W. = 	eeduced weight 
arometric pressure 
reseure 

.jffersnce in pressure 
- - 	 Lb1QWfl 

liver air bubble 
:jver 
standard. 

The f-roes ac'U'LaL, 	the diver are: 

Pressure in the air bottle. 
Pressure in the float chamber. 

(a) 	Water ooluria above the diver at 
equilibrii.ta. 

(d) 	Surface teneiox f the diver air bubble. 

Of these, (a) and (c) are c,: ' 	;, (d) is very small and 

(h) is measured by the manometer  

Zeuthen's (1943) ori'irw-1 forntu was:— 

LW. tt  

6.3 

This I.. 
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b LØ'itr.iT)  

where 	 Va 	Z is the volume of the air buble 

the uL;. diver at equilibrium position = Va), and p = o 1' 	- 

it i 	pr3XLfl1T l,i.J. 	1cie- 

fore 

R.Y.X 	
zPx since px = p+ Ax 

Lovtrup (1950) showed that the loss in IL W. ot the diver which 

occurs over long periods of time is probably due to diffusion 

of air from the diver bubble. His procedure for using the 

balance was to measure Z using standard weights. The value 

for Z could then be used in the equation for calculating R.W. 

provided that Z remained the same throughout the experincnt;. 

Lovtrup'e formula is the one used here. As can te 

it is an equation for a straight line p. 	through Ithe crii 

with slope equal to Z,(y = ?t.W., x 	 ) and this fact 

was made use of in the technique of weighi;. 

Wei.,  bing TaclmniTae. 

In making a set 0-1' w1 	t 	 01 

covering the range of weights required was meatJ . the diver 

and the values RSV, plotted against the value 	 . This 

gave a straight line graph (Section 6.3) which served as a 

calibration curve for the 3:ver. A typical result is 	hwn 

in Pig. N. Enbr'ros or oo were measured and their li.. 

read I.. 
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The unloaded liver Was measured either 	on each weihtig or 

if, as was usually found, the value of 	 remained 
1• 

constant  between every three and six weighin. 	PD alters 

through the presence of debris -;c,, than proried 	i.s measured 
- 	 - 

it enters into the expression ---- 	, i.e.  -. + - - 	1000 + 	A 

while the change in Z, the volume of the diver .'LLle - 

equilibrium, is negligible for smalI changes in ;.. Large 

alterations in Z occurred ov;r several days  and did not affect 

any one set of weiging,. The standard weights were e.sired 

at the and of the set of weighings to L;ive further confidence in 

the calibration graph and to see whether there had been a change 

in Z i.e. in slope of the graph. Very rarely indeed was it 

found necessary to repeat a set of weighin. 

Standards and material to be weighed 	i1:j1JioC, i4t?'O— 

duced itito and removed from the float chamber by means of short 

braking pipettes. Care was ta1n to ensure that the level of 

water in the float chamber remained constant (i.e.. the pressure 

factor (c) (Section 5.3) ), a:d that water introduced into the 

- chamber with tue standards and material was at 20°C (from a. 

reservoir kept ifl the bath). Careful handling was necessary to 

prevent too much disturba:- c- 	the float mediiza and time was 

allowed for it to settle before woighiz;, for water movements 

would have seriously affected the measuretente. A metal collar 

was inserted in the neck of the float chamber vthexi usti the 

pipettes in order to prtct tea :id 	e Li. r 	 cock 

grease. 	For small divers, a l5S jaciet with con;trict.od 
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neck wide ioi foi pip:tt, 	nt £ 	th. diver, 	pLtced 

inside the float chamber (cf. iht-hnd cheaber of Fit. J). 

Tho 

 

constriction served to keep the diver auinierged an-c cntraily 

placed away from the wall which mi,ht retard its movement, and 

finally to guide the pipette when loading or unloading the diver. 

In measuring the equilibrium pressure, the diver was brought to 

a fixed position such that one particular part, uua1ly the 

brim of the cup, coincided with across wire in a sm.11 telescope 

through which its movement was observe. The pressure value 

used was the mean of the two values at vieh the diver just 

moved very slowly up or sown. 

R.W. of Locustamiraori;j. 

Eperimrt L. 

The first measurements of reduced weight during develop-. 

ment were de on eggs from one pod in conjunction with 

weighincs of the embryos (of. Section 6.6). Six eggs with 

intact chorion were selected for measurement each day front the 

time of laying to the twelfth day just before hatchuri.. The 

egs were kept under water throughout the weighings, care being 

taken to ensure that there were no air bubbles attached to the. 

After woi:'ir: the es the elrro wer dissected out arAl  

weigho . 

results for the eggs only are shown in -J- 'ab'le and 

Pig. 35. 	A 'iat diver (see lift-hand diver, Fig. J) was made 

to we±h these ooiparativeiy 	. eihbs, and this had a 

large positive equilibrium pressuro. 	ifl these circumstances 

the diver was surprisingly accurate - 1 mm. Brodie for a change 

in I.. 



O EGG. 

LrW 2. 

	

to. 0f 	
he mean* 

	

Mean RW 	
tandad error 

6 	947 	44.6 	18.2 

2 	6 	81 	37.5 	15.3 

677 	39.5 	16. 

4 	6 	910 	13.8 5.6 

5 	6 	872 	47.4 	19.3 

916 	55.3 	22.6 

6 	6  

74 	
934 

C 

8 	4 	920 	26. 	13.4 

6 	931 	27.5 	ii.3 

10 	
969 	12.2 	6.1 

11 	4 	 51 	41.3 	20.? 

910 
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in weight of but since end points could be obtained 

conJiate]Ltlf to 'itbin only 5 	a. the results were accurate to 

± 2) 	The roults w:,.et trt the R.V. of the e& 

remLiX1ed cmtant at about 910 	anfl;hat there is con- 

siderable variation between e3. 

£xerimaflt 2. 

A series of measurements was made on two sets (A and 

B) of twelve eggs, each set from a separate pod. They were 

weighed every day from the time of laying to batchir.. Otily 

two eggs of set A failed to develop, while in set B nine e: s 

rid not develop, presumably because of the experimental treat- 

Results for incIiviri.ual es and the means for the two 

sets are g3.ven in Tables and 	36 and37 (a) and 38 (B). 

They are not very satisfactory siwe they show several large 

fluctuations in values, especially on the fifth day, which 

appear to be due to errors in measurement rather than real 

fluctuations in R,W. The general picture given by the mean 

results is that the R.W. was constant throughout most of the 

developmental period, from the fifth to thirteenth day, at 

about 102511ns. for pod A and 975 	or pod .13, 	he 

results JLso suggest that the R.W. dii the first three days 

of development was about 40 	less than in SubSeCLUeht 

sta;es and that the inoreaEe to 	final value occurred 

during the fourth and fifth da;o. 

There was considerable variation in t. e 

points owii.:: to the slugisli !iver. 	This 
prcoiUre e.id  

r3pc3cia.1ly I.. 



REDUCED 'NEIG1!I OF EGO (MICR0cWPfl* 
	

LRV 3/k. 
3&37• 

13t 

1 975 

2 962 

3 935 

4 986 

5 1000 

6 1023 

7 1015 

8 950 

9 1010 

10 221 

Mean 990 

SD 16 

SM 7 

2nd 3ra 	4th 5til 6th 	7th 

985 94.5 1003 1100 1000 1040 

957 920 	985 1058 985 	945 

985 915 1025 1104 1025 1044 

978 910 	985 1130 1002 1036 

1000 955 1025 1098 1018 1060 

1015 976 1030 1085 1026 108O 

1000 975 1030 1068 1024 1063 

935 905 	957 1102 951 	987 

1000 950 1025 1080 1010 1059 

2A 926 jo8~ 1013 

984 940 999 1091 
- 

1005 1036 

18 16 	23 16 17 	30 

8 	7 U 
70 14 

8th0th 
-

ay 
10th 11th 12th 13th 

995 1023 i016 1050 1020 988 
1 
2 995 1005 1007 1047 1005 980 

3 1004 1027 1007 1026 998 

4 1006 1040 1004 1020 1005 995 

5 1028 1027 1004 1047 1020 995 

6 1060 1060 1057 1095 1048 1020 

7 1063 1082 1075 1090 1048 1028 

8 1013 1061 1075 1090 1045 973 

9 1100 980 1004 1025 970 944 

10 1042 1035 1028 1051 1048 1022 

mean lO3l 1034 1034 1054 1021 994 

SD 

- 

24 	23 16 17 18 28 

SM 11 	10 	7 8 8 9 

SD 	Standard deviation 

SM 	Standard error of the mean. 
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OF 

rA.BLE 38. 

1 	

994 880 667 
836 840 795 872  

2 	890 	875 845 904 1005 865 872 

	

3Slf3 	791 B40 9 -1 845 955  

Mean 638 851 810 872 990 863 69 - -- - 21 	23. 	52 
SD 43 22. 27 39  

30 

SI 25 
3.2  16 23 32 12 

8th 	
qth 10th 11th 12th 13th 

- - 
i_ 

860 915 905 922 900 669 

2 847 937 905 935 910 895 

3 827 932 925 
935 916 895 

MeaflI 	
912 931 909886 

SD 20 13 12 8 9 15 

Cly 	11 	 7 	4 	5 	9 

13 

SD 	
'&andard iieviat1U 

SM 	standard error of the mean. 
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specially large diver prevented use of the iimer J.Ude tube, 

and even without this the diver tended to stick to the sides 

of the float chamber. As in the first experiment, therefore, 

end points could be determined orklyto the nearest i cm. i.e. 

to ± 25 /tLis. 	since thio error is of the same order as the 

suge-;Lc 	iffreLee$ ii. 	the results cannot be regarded 

as satisfactory. 

xperiment 3. 

The experiment was repeated using a set of twelve c;gs 

from a single pod, but this time the cup of the diver was 

trimmed to a smaller size and end points consistent to t 1 nun. 

i.e • 10 pons. were obtained. In this set of eggs all but one 

failed to develop. From the fourth day twelve more eggs (B) 

from the same pod were taken :ü eared &1o±, 'ritb the 

single survivor from set A. 

Tables and Pigs. 39 and 40 show the individual and 

m n ea RW. values for the two sets of 	1he single egg of 

set A showed a R.W. of approximately 98 ps. for the first 

three days followed by an increase duri ti fourth and fifth 

hays to about 1040 ijra5. at which value the R.W. remained during 

the rest of dev.;' 	.i ;. (The (liver was trimmed after the 

second day's measuremet of set A). The values for set B 

showed a constant R.W. of 1075 	from the fifth to eleventh 

days with a difference of 25 	• between the fourth and fifth 

day es. 

1rec.ly  laid cod 
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OF EGG 1 	
0 

Rnuc 	 4/C. 

TABLE 41. 

1st 3rd 	4th5th 6th 
a 	39 

1086 1095 	1125 1140 1132 
1080 1071 

1129 1130 1143 1160 1164  

2 1136 1129 
U43 1150 1153 1181 i)S7 1204 

3 1146 
1176 1192 1197 1233 1235 3225 

4 1190 
1105 1122 1125 i12 1156 1166 

5 13-13 
1201 1206 1199 1206 1240 1251 

6 1199 
1107 1095 1100 1105 1145 1145 1149 

8 1202 1203 1200 1202 1241 1256 
1258 

1246 
1250 

9 1222 1210 1220 1216 
1186 

1255 
1223 1225 1232 

10 1192 1200 1201 
1181. 5 1240 

ii 3IL 
ll5 111. 1.  1Q4 1206 

Lean 
42 38 41 37 37 

SD 45 4.4 
13 13 12 U 11 

13 

1099 1095 1097 1093 1099 13.00 1096 

SD 	Standard deviat ton. 
8tand1d error of the u*an* 
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were msasred for a period of 5 d. 	The results, in Ties 

& Fi:. 1 and 41, show tt iie 	s constant during the 

first three days of deve1oi>at t 1LL'. 	rose by about 

45 ugme. during the fourth and fifti. 	and became constant 

again during the sixth day at 1205 ,njrt.s. 

Examination of unu.sed eggs remaining in the pads showed 

that there was a slight delay in the development of some of the 

experimental eggs, due presumably to the experimental treatment 

which involved daily periods outside the incubator. This delay 

is reflected in some of the results where the incree in R.W. 

occurs during the fifth and sixth days. One egg (Ii. 12 9  

Series C. Fig. 39)  failed to develop.. The fact tht 	R.W. 

remained constant shows that the ohae recorded for the other 

eggs was due to developmental changes and not to experimental 

technique or error. The results for the two sets of eggs B 

and C . between theni cover the io12 period of development, and 

the one complete series of 	tre:iit on the same egg (A) 

shows that no serious error is introduced in using a 

description derived from the combination of these results. 

The differences in R.W. between eggs from differet pods 

ç. ,.-.... 	:.. 	'..'...........,. 

- 
tiLOd1  

Thro 	ries uf iao i.ueiexits were 	on euUros 

dissected free from yolk. In the early sta this was done 

by ejectin the enbryo from a pipette ±ito lin. 	Ia'. later 

6• 

stages I.. 
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stages, where the embryo enclosed the yolk, a out was made in the 

abdomen and the yolk washed out with a stream of water from an 

hypodermic syringe. In the first two experiments six embryos 

were weighed each day from the fourth to twelfth day of develop-

ment. Prior to the fourth day embryos were too small for the 

balance and were very fragile, deteriorating very rapidly in 

distilled water (the float medium). The third set of measure-

ments was made in the same way, but in this case the embryo 

plus enclosed yolk was weighed as well as the embryo without 

yolk. The wet weight and R.W. of the *le egg was also 

measured (see Section 6.4, Experiment 1), from the time of 

laying. On the last day the R.W. of the eggshell and of the 

isolated yolk-laden ut waa: 

Result S. 

The results for the isolated embryos given in Tables 

and Figs. 42-44 are difficult to interpret, especially where 

variation in R.W. is considerable, as in the last four days. 

The data are more conveniently represented by logarithmic plots, 

Pigs. O-R. The curves of all these figures have been drawn 

from a logistic equation of the type log &; w = log b - kt, 

with constants chosen to fit the first three or four results in 

each experiment. This was done because the results for later 

stages may be inaccurate owing to loss of embryonic material 

during removal of yolk. That such a loss does occur is 

suggested by the results for the twelfth day given in the form 

of a percentage R.W. balance sheet in Table and Fig. 45. 

Here it can be seen that there was a considerable discrepancy 

' 

betviei /.. 



REDUCED \VIG1IT OF EMJY0 • LRw: 

Iwj'iber of Mean RW 	Stanaard 3taiard error 
evt 	the 	- 

Theo 
eti r

777 =ue _ __ jbryo 

TAIJX 42. 
7 9.0 	3.70 1.40 9.12 

Expt. 	., 4 
7 23.0 	5.92 2,23 23.25 

5 
6 12 58.9 	9,58 2.77 57.5 

7 92.3 	19.06 7.6 134 
7 
8 6 246 	43.5 17.7 275 

6 378 	91.2 37.2 460 
9 

8 434 	80.4 28.4 625 
10 

10 435 	37.8 17.3 735 
U 

LRWJ 
TABLE 43. 
Expt. 2, 

3.6 	2.22 0.84 10.0' 
4 7 

6 30.0 	4.15 1.7 25.6 
5 
6 6 64.2 	9.28 3.79 63.0 

7 6 150.2 	19.75 8.06 145 

8 6 217 	45,8 18.7 292 

6 425 	67.6 27.6 479 
9 

6 433. 	79.4 32.4 636 
10 

Parameter 

Log1atThEQUatt0fl 
of 

pt. 	Bxt. 2 

k 0,954 	0.953 
800 	 800 

ft 

b 3940 	 3560 
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IGT0LEMBRX° 	 LRW 2. 

1o. of 	Mean 
RWStandard Standard Theoretical  

viaon e- 	
valuee 

TALE 44. 

	

2.57 	1.05 	15.16 
6 	13.55 	 2.55 

5 	4 	37.4 	5.10 	 32.65 4 	
68.5 
139.3 6 	67.9 	•4 	1.85 

7 	3 	145.2 	15.96 	9.21 6 

8 	2 	153.8 	.76 	4.08 	250 

9 	6 	315 	 •55 	14.50 	400 

	

17.01 	8.51 	550 
10 	4 	485  

38.88 	19.44 	665 

U 	 4 	 593  

	

parazietera of 
].0gjS ce(lt1St1 	

k 0.790 a 800 b 1220 

EDUCED WSIGT OF INTAC !t(BX R  
No • of 	me RW 

 itardad 	Standard error 
OU rthe B! 

8 	
5.86 	6.27 

2 	762  
39.5 	16. 

9 	6 	762 	
]. 

ig.44 	9.73 
10 	4 	815  

U 	4 	820 	46.17 	23.09 

REDUCED WEIGHT 0? EGG S1EIL.. 

No. of 	Mean RN 	Standard 	Standarderror 

2e13. 	rI 	
fearA 

10 	4 	26.4 	4.81 	2.41 

U 	4 	28.0 	•66 	5.83 

REDUCED WEI(HT OF MID C. 

o4 	W standard  

U 	4 	63.1 	13.37 	6.68 
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RDUCED IG1! OF EBRY0 ARITHMETIC APALYSIi. 
LRW1/A. 

	

Mean RW 	
Growth rate Natural 1p. Relative growth 

	

I1 	er• 	
:ter 12 	 I gr 

- 
__ 	

per 	tive 
Day 

 TABLE 11 . 

	

ETpt. 1. 4 	9,0 	
14.0 	

2.1972 93.8 

	

5 	23.0 	
3.1355 	 93.9 

	

35.9 	
94.0 69.5 

	

6 	58.9 	
4.0759 

	

33.4 	
44.9 71.5 

	

7 	92.3 	
4.5251 

	

143.7 	
98.0 70.5 

	

8 	246 	
5,5054 

132 	
43.0 28.4 

	

9 	378 	
5.9349 

56 	
13.8 

	

10 	434 	
6.0731 	

7.0 

1 	
0.2 

	

U 	435 	
6.0754 

	

Sxpt.2. 4 	8.6 	
2.1518 	 LRW1/B. 

	

21.4 	
124.9 1001 

	

5 	30.0 	
3,4012 

	

34.2 	
76.1 80. 

	

6 	64.2 	
4.1620 

	

86.0 	 85.0 60. 

	

7 	150.2 	
5,0120 

	

66.8 	
36.8 

	

8 	217 	 5.3799 	
52. 

	

208 	
67.2 34. 

	

9 	425 	
6.0521 

6 	
1.4 

	

10 	431 	
6.0662 

	

Expt.3.. 	

LRW2. 

13.55 	
2.6101 

	

23.8 	
101.2 4  

	

5 	37.4 	
3,6217 	 60. 

	

30.5 	
59.6 	67 

	

6 	679 	
4.2161  

	

77.3 	
76,0 	40 

	

7 	145.2 	
4,9781  

	

86 	
5.8 	38 

	

8 	153.3 	
5.0356 .  

161.2 	 71.7 

	

315 	
5.7526 	 57 

9 

	

170 	 43,2 

	

6.1842 	 31 
1C 	485  20.1 

11 	593 	 . 
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RBIIJ GED nICHT 

Da -v Mean RW 
m *aPe o:f 	ax. 

n3 	reefl. 
p46. . 

t•• 4 9.0 14.0 9.75 

5 23.0 
35.9 25.0 

6 56.9 33.4 23.25 

7 92.3 143.7 100.0 

8 246 132 91.9 

9 378 56 39.0 

10 434 1 0.7 

11 435 

2. 4 8.6 21.4 9.73 

5 30.0 34.2 16.47 

6 64.2 66.0 41,3 

7 150.2 66.8 32,8 

8 217 208 100.0 

9 425 6 2.89 

10 431 

t. 	3. 4 13.6 23.8 14.0 

5 37.4 30.5 18.08 

6 67.9 77.3 45.5 

7 145.2 8.6 5.05 

8 153.0 161.2 94.7 

9 315 170 100.0 

10 485 108 63.5 

11 593 

LRW )J. 
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WET WEIT OFEGG. - LRW. 

Nuiber of Mean Standard St,- 	error 

_ 

6 8.4 0.24 0.10 

6 8*3 0.34 0.13 

6 8.2 0.32 0.13 

6 12.5 1.16 0.48 

6 2.09 0.85 

6 17.9 1.26 0.52 

4 1C.3 1.07 0.53 

4 18.8 0.83 0.41 

6 19.3 0.63 0.26 

4 21.2 0.87 0.44 

4 19.4 1.17 0.58 

Raz 

TABLE 41. 
Expt. 3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 

TABLE 4. 
Expt .3. 

JJI in  WEIGaT ()ICC: IkILY INCREMIT3. 

Da So;cd lac re 38 

8.3 0 

2 8.3 0 

3 8.3 3.91 

4 12.2 40 

5 16,2 1.7 

6 17.9 098 

7 18.7 0.4 

8 1911 c.3 

9 19.4 0 
10 19.4 0 
11 19.4 

LRW 2. 
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between the R.W. of the intact embryo and the sum of the values 

for the midgut and isolated embryo. 

The value of "a-in the equation was taken as 800 ps. 

since this is the order of the R.W. of the twelve day intact 

embryo. (Table 44). The constants for, and the theoretical 

values derived from, these equations are given in the appropri-

ate Tables (42-44), for comparison with the experimental data. 

The logistic curve of LW, increase was chosen for comparison 

with the results because the curve of LW. showed signs of an 

inflection when about half the probable final value had been 

reached. Table and Pig. 46 show the daily increments in 

R.W. expressed as percentages of the maximum increments, The 

symmetrical curves obtained suggest the use of the logistic 

equation rather than a Goapertz function (of. Gray 1928a). 

Finally, Table E shows the arithmetical analysis of the results 

(of. Fisher 1936) with relative growth rates calculated. 

Tables and Pigs. 47 & 48 show the wet weight and daily 

increments in weight of eggs for the third series of measure-

ments. They are in full agreement with previous results 

(Section 3.1.2). 

ESTIMATION OF NUMBER OF NUCLEIIER 

Method. 

The ruclei of a single embryo were isolated in a known 

volume of macerating fluid and the total number estimated by 

mearL2 of haeraocytOmeter counts of samples. 

Nuclear isolation procedure. 

The various methods of isolating nuclei have been 

reviewed /. 
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reviewed by Douxice (1952) and Schneider & HogebrOOfli (1951). 

An agent was required which gave good recovery of nuclei 

in good physical condition regardless of any possible internal 

chemical effects- Citric acid was chosen as the simplest and 

most effective agent and was used in high concentration viz. 

Thymol and Shirlan NA were added to the citric acid to prevent 

growth of bacteria and fungi. A known volume of the acid was 

pipetted into a sxn.0 glass bottle. An isolated embryo was 

then taken up in a graduated braking pipette and the known 

volume of embryo plus saline added to the contents of the bottle. 

Finally a known volume of an aci&.faat nuclear stain was added, 

using a reservoir-type constriction pipette. Two stains were 

used - Celestin Blue for Locustafla pardalinA embryos and 

Gallocyanin for Locusta ntijratoria embryos. The volume of 

citric used was arranged to give suspensions of a concentration 

suitable for baemocytometer counts. 

The bottles were sealed with waAcorkB and left for at 

least 24 hours before shaking. Shaking was done by attaching  

the bottle to the arm of a powerful electrical vibrator (50 

cycles/sec.). The period of vibration was usually 30 minutes, 

after which the contents of the bottle were ready for sampling 

(see Section 7.2.1). 'The mixture was then allowed to stand in 

order to remove air bubbles induced by the long period of vibra- 

tion. 

Sampling and Counting procedure. 
7. 

The bottle was vibrated for half to one minute and then 

slowly revolved in the hand while the air bubbles escaped thus 

preventing I.. 
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preventing the nuclei from settling out. (Section 7.2.1). The 

cork was then quickly removed and after two rinsings a sample 

taken up with a constriction pipette. This pipette was made 

to hold a volume of suspension just sufficient to fill the 

baemocytometer chamber (about 13 cu. a.) and with a specially 

wide bore tip since too narrow a tip vould affect the flow and 

distribution of nuclei when the suspension was ejected into the 

haemocytometer. (Section 7.2.1). The haernocytometer used was 

a white blood cell counting chamber with ?uoheBoaenthal ruling, 

suitable for counting nuclei in the dilute suspensions given by 

single embryos • The chamber was 0.2  mm, deep with an area of 

16 sq. mm , ruled in 256 squares each le sq. mm. In all cases 

the whole of the ruled area was counted, i.e. a volume of 3.2 

Cu. mm., using £. 
- Ith objective to enable recognition of nuclei. 

The same slide, ooverelip and pipette were used throughout any 

series of measurements. Similarly, the was 1 - 10 cc. pipettes 

were used for measuring the citric acid. 

With experience, nuclei could be readily distinguished 

from the cytoplasmic and cuticular debris which occurred to a 

varying extent in the suspensions, chiefly by their shape 

(oval or ellipsoidal), granular appearance, and colour (blue 

stain) of the nuolei.PS.itotjc spindles with chromosomes were 

often observed. Such dividing nuclei were counted as single 

nuclei. Occasionally a clump of nuclei occurred. In the work 

on Locusta this was a rare event and since the clumps were usually 

small, of 2-.5 nuclei, they were counted as single nuclei. 	In 

the earlier work using Locustana the vibration technique was 

lees I.. 
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less efficient and clumps were more frequent and larger (1-30 

nuclei). In such oases their total number was recorded. L. 

both cases clumps were more frequent in the older embryo 

whose efficient maceration presented a problem chiefly because of 

the well-formed cuticle • In these embryos the yolk was removed 

by opening the abdomen and squeezing out the midgut. The  

embryo was then placed in the maceration tube in the usual manner 

and teaGod with two needles. 

Oounti-n Tccluiique tests. 	 j?• l 

1çt oc 	 oF'ng 

A mass suspension of a 	i 	j iocu8ta 

embryos was prepared and a series of counts made to test 

various parts of the macerat ion, sampling and counting procedures. 

Counts were made using both eMocytometer chambers with 

thick and then thin coveralips, on samples taken with various 

pipettes including a constriction pipette, one with narrow 

bore tip, several with wide tips, and a white blood cell 

diluting pipette. These counts were made using squared 

paper to record the number of nuclei in each of the 256 squares. 

This enabled each count to be tested for a Poisson distribu-

tion. Repeat counts were made to estimate the error in 

counting and recognizing nuclei. Finally counts were made with 

half and one minute periods of niixil3g by vibration before 

sampling to test the adequacy of the mixing period. The effect 

of repeated periods of vibration on the same suspension could 

also be tested together with the effect of storage, since test 

counts were made on the same suspension over a period of six 

wee::o. At the end of the experiment a dilution was made and 

counts I.. 
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counts taken as a test of the technique used for adjusting the 

volume of suspensions to give counts of suitable size. 

These teats stowed that:- 

Both baemooytometer chambers could be used without error. 

A thick coverslip was necessary. 

(o) Wide bore tip constriction pipettes gave consistent results 

identical with those using a white blood cell pipette. 

Distribution in the chamber was satisfactory apart from 

errors due to clumps of nuclei. 

The error involved in recognising and counting nuclei was 

larger than the technical errors. 

-1 minute of vibration before sampling gave adequate 

random distribution of nuclei, 

Storage of suspensions for up to seven weeks and repeated 

vibrations did not affect the counts. (of. Sanford et 

al. 1951). 

The diluting technique gave 3atife.ctory result3. 

l Efficiency of maceration procedure. 

Although counts on a suspeneion with repaated j€rioi.s f 

vibration may test the adequacy of a vibration period for 

producing a constant degree of isolation, it does not test the 

adequacy of the degree of isolation produced by that vibration. 

In other words, if further vibration time does not result in 

further isolation i.e. larger numbers of nuclei, then we have 

maximui isolation but not necessary complete isolation of 

nuclei. The only way of comparing these two values is to 

eat ixrirtc the total number of nuclei by another method and compare 

it with the results obtained by the vibration technique for 

3ilailar I.. 
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similar embryos. 

Three Locustana etaken from each of the third to 

eighth days after wetting (post-quiescent ega) were used, 

their embryos dissected out and fixed in alcoholic Bouin, de-

hydrated and embedded in paraffin wax. Two embryos were then 

sectioned at 10,9 using a SpenoerRotary Microtome, one (five 

day) embryo sa,itta1J.y and one (three day)embryo transversely. 

Every eleventh section (beginning %%rjtb the sixth) was taken 

and fixed serially on a slide, stained with celestin blue and 

mounted in Canada bals'. 
14 

(The rest of the sections for each embryo were dissolved 

in xylol, taken down to water and macerated in a known volume 

of citric acid in an attempt to estimate the number of nuclei in 

the norma). way. For some reason, possibly because the cyto-

plasm had been fixed, satisfactory isolation did not occur and 

no results could be obtained). 

The three day embryo was chosen for counting since the 

transverse sections represented smaller unit areas for counting 

than did the sagittal sections. Furthermore, they presented a 

more compact and uniform appearance than sections of the older 

embryo, The third day embryo sections were mounted in a 

Projection microscope and each section (21 in all) projected 

onto a sheet of paper and all the nuclei counted, the position 

of each one being marked on the paper as counted. In this 

way only the nuclei in the optical section in focus could be 

counted. 	Selected areas of eacli section were then recounted 

under I.. 
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under an oil inersion 1J12th objective, the areas being chosen 

such that the different kinds of nuclei were taken into account. 

There were really two types of nuclei - those of the future 

nerve cord and ganglia and those of the rest of the embryonic 

tissues. The nerve cell nuclei were in two solid blocks and 

were rather larger than the rest which were in definite groups, 

each with a small central space. Fig. T shows that the nuclei 

were large and had very little cytoplasm. Several areas in 

each section were chosen and all the nuclei, including out 

nuclei, at all depths of focus were counted, giving a "micro-

scope count" • Each area was compared with the same area on the 

apropriate marked diagram and the number of marks counted, giving 

a "projection count". Each "microscope count" was then divided 

by its equivalent "projector count" to give a correction factor, 

which when multiplied by the total "projector count" for the 

section gave the total "microscope count" for that section. In 

practice, the mean of the correction factors for several such 

=all areas was used. This correction factor was found to 

vary very little, not only within sections but also between them, 

In this way an estimated total number of nuclei for each section 

was obtained; see Table F. 

A correction for out portions of nuclei counted in the 

sections was applied. (Abercrombie 1946). This-correction 

factor is the ratio of section thickness to section thickness 

plus nuclear diameter, i.e.  P = A 	, where P is the 

number of nuclei whose centres lie within the section, A is the 

actual-number counted, M the section thickness and L the 

nuclear / 



TABLE F. 	 ESTIMATION OF NUCLEAR NUMBER FROM SECTION COUNTS. 

Section Total Pro 	Section 	Total No. Correction 	No. of Nuclear 	Total for 
No. 	jetion Count. X Correction = 	of 	X Factor for = Points per 	ELven 

Factor 	Nuclei 	cut nuclei 	Section 	 Sections. 
(.6) 

1 1142 1.141 1303 781.8 8600 
2 2120 1.278 2709 1625.4 17879 
3 3102 1.453 4507 2704.2 29746 
4 3051 1.347 4110 2466.0 27126 
5 2958 1.655 4895 2937.0 32307 
6 2254 1.414 3187 1912.2 21034 
7 1981 1.290 2555 1533.0 16863 
8 1567 1.663 2606 1563.6 17200 
9 1590 1.059 1684 1010.4 11114 
10 1663 1.565 2603 1561.0 17180 
11 1739 1.547 2690 1614.0 17754 
12 1627 1.509 2455 1473.0 16203 
13 1677 1.396 2341 1404.6 15451 
14 1617 1.445 2337 1402.2 15424 
15 1030 1.361 1402 841.6 9258 
16 815 1.615 1316 789.6 8686 
17 780 1.451 1132 679.2 7473. 
18 834 1.433 1195 717.0 7837 
19 872 1.288 1123 673.8 7412 
20 688 1.462 1006 603.6 60 
21 315 1.444 455 273.0 1911 	7 sec— 

tions). 

Totals: 	33422 	29.816 	47613. 	 28567. 	 313146 
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nuclear diameter. 1! was determined by measuring the difference 

in focus of the extreme edges of the section, using a calibrated 

fine adjustment, the mean of a series of measurements at 

different parts of different sections being taken. L was 

measured with an eyepiece micrometer, using random sets of 

nuclei in randomly selected sections. The diameter of spheri-

cal nuclei may be measured in the saw section as was used for 

counting, but for nona.epherioal nuclei the length must be 

measured in the sections of identical material taken at right 

angles to those in which the counts were made. In this case, 

the nuclei tended to be oval. Nuclear lengths were measured 

in both transverse and sagittal sections and proved almost 

Identical. However, since the sagittal sections were from an 

older embryo, the mean of the two sets of values was used, rather 

than that of the sagittal sections only. The various errors 

involved in these measurements are discussed by Abercrombie 

who concludes that they rarely exceed a 10% over-estimation. 

The final corrected total nuclear counts for the sections are 

given in Table P. 

The five sections on either side of the counted sections 

were assumed to have a similar number of nuclei. Each total 

was therefore multiplied by 11 and the grand total was taken as 

the estimated total number of nuclei in the embryo. Table P. 

The estimated total number of nuclei in this three day post-

quicocent Locustana embryo was 3139146. This figure was 

subsequently found to be well within the range of values for 

similar embryos determined by the Isolation method. 

Al.. 
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A graph of number of nuclei per section plotted against 

the position of the section in the embryo, Pie. R, presents an 

interesting picture in whichthe regions of the embryo - head, 

thorax and abdomen - are distinguished by the number of nuclei 

per section. 

Results. 

Nuclear  

In this series, the volume 01 suspension was adjusted 

to give total counts of the order of 1-2,000 nuclei. Two 

counts were made on each suspension using separate pipettinga 

in the two chambers of the haemooytuneter. If the counts 

differed by more than 2 f:. (twice the square root of the mean) 

then another two count were made. (Variance of a Poisson dis- 

tribution equals the mean; hence the standard deviation 

equals the square root of the mean - Pier. 1936). Post-

quiescent eggs were used and six embryos fixed every day after 

wetting until near hatching, i.e. one to eleven days. Some 

eggs softened in water but did not become fully turgid or 

develop, and counts of these were taken as representative of 

the quiescent embryo. The counts extended over a period of 

five weeks, and results are given in Table and Pig. 49. The 

eggs were measured according to their stage of development and 

timed according to the standard time seals Pig. A. 

The results showed clearly that increase in nuclear 

number did not begin until three days after wetting. It than 

quickly achieved a constant rate (fifth day) which was 

maintained until the eigth day and then fell rapidly to zero, 

The I.. 
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TABLE.  49.- 

01 	PJtL i13. 

DaZ 	No. of 	lileall 	tdard 
Embryos. 	 dcviUot. 

INC 1. 
3t 'in ciar 

6rir of tlii iaeaii, 

0 3 4.5x105  1.0x105  0.6x105  
2 7 4.1 x 10 0.6 x 10 0.2 x 105  

3 4 4.0x.105  1210 0.6x1&' 
4 7 4.8x105  1x105  0.6x105  
4 4 5.9x105  1.710 0.85x105  
5 6 3,5x105  1.5x105  0,6x105  

6 9.9x105  1.7x105  0.7x105  
6 3 i3.2 x 10 1.6 x 10 0.9 x 105  

7 3 17.3x1&' 1.6x105  ,9x105  
8 2 22.6x105  0.9x105  0.6x105  
9 2 21.3 x 10 2.1 x 1O 5  1,5 x 10 
10 1 22.0x10 - - 

TABLE H. 
Nt CLEAR N(Th[B 	AR12L1tSTAL 	LLIS. 

LIoai 	o. 
ofuiei 

Inc:\se ter li- o 	Lei. 
 !a1ative 	ovr1 iza 	:e,L._ 

raie. 
3 4.0 z 10 12.8992 

4.8 10' 
0.8 x 10' 18.23 

4 x 
10' 

13.0815 37.69 

x 10' 
3.7 x 57.15 

5 8.5 
10' 

13.6530 50.58 

6 10' 
4.7 x 44.01 

13.2 x 
10' 

14.0931 35.53 

7 x 10" 
4.1 x 27,05 

17.3 
10' 

14.3636 26.84 

105  
5.3 x 26.63 

8 22.6 x 14.6309 
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The number of nuclei per embryo was constant at about 2.3 x 106 

from completion of katatrepais until the eleventh daj. It is 

possible that the final constancy in number may repro seat the 

maximum efficiency of the isolation technique rather than the 

maximum number of nuclei in the embryo, although mitoses cannot 

be found after the eighth day (Jones, personal communication). 

An arithmetical analysis of the results (Table H) 

suggests that the relative growth rate reached a maximum during 

the fifth day- and then slowly declined. 

Nuclear courts in Locusta mig'atoria4 	 13 2 
Each embryo was macerated in a total volume of 1-10 ces. 

The total counts were of the order of 250500 except for the 3* 

day embryos where they ranged from. 0..50. At least three counts 

were made so that the grand total counted was of the order of 

750 giving an accuracy of about 5% (Sanford et a]. 1951). 

Six embryos were counted each day from the third to twelfth day 

of development. Before the third day the technique was not 

sensft(ive enough for the use of single embryos. 

The counts extended over a period of three weeks and 

results are shown in Table and Pig. 50. A logarithmic graph of 

the data (Fig. U) shows the experimental results compared with an 

exponential equation whose constants and values are given in 

Table 50. The same curve is drawn in Pi. 50. The relative 

growti rate values are given In Table I. Although the 3* to 

4* day values are based on too few counts to be reliable, the 

results suggest that there was a hih relative growth rate at 

this time and that it either decreased during the sixth day to 

a new value which was maintained to the end of the eighth day, 

or I.. 



LNC 1. 
-tadard error 

oT ii :iiean7 
eoretiC 

ViIüi 

2.67 x 10 4 

0.12 10's  6.0 	x 10 4 

0.28 x 10 2.05 x 10 

0.48 x 10 3.07 x 10 

0.16 x 10 1.03 x 10  
10  

e.14 x o6 1.8 	x 

O.05x106  
0.10 x 10  

0.05 x 10  

?BF1R or 

ABLE 50. 
Day No. of 

1O. 

0 

6 
6 
9 
2 
3 
3 
3 
3 

car ru,iber 
OT nu,%lei 

3.6 x 103  

1.3 x 104  

2.1 x 10 
4.2 x 10 
1.1x 106  

1.6 x 10  

1.6 
2.2 x 10  

1.8 x 10 

Staard 
evi'_j1Oj. 

0.46 x 10 
0.31 x 104  

0.69 x 10' 
1.44 x 1.0 
0.22 X 

10  

0.24 
o.o8 
0.18 x 10  

0.08 x 10 6 

Parameters of Equation k * .815 b w 2300 

LNC 1. 
TABLE I. 

Mean :wrJr i'j . fate Siatj 	içj. 
ii' L' 	i OT 

eitiVQOWt 
te pr 

Tieaii 
ce 	'c La- 

0 	Due 0 - dL 
rate 

31 3.6 x10 3 10 x 
8.1887 

128.5 
10" 

0.94 
9.4737 203.3 

4* 1.3 x 
1.97 x 10 " 278.1 

173.7 
5* 2.1 X 10' ç 

10' x 
12.2549 

69.3 

6* 4.2 X 10 
2.1 

6 12.9480 
g6.3 

82.8 

7* 1.1 x 10" 
0.68 x 10 

13.9108 
37.5 

66.9 

8* 1.6 x 
0.5 x IO 

14.28551 13.8  

9* 1.6 x 10° 
0 

14.28551 
0 

27.1 
13.6 

6 10 
0.6 IO' 

14.5574 5.9 
10 2.2 x 

* 0.4 6 10 15.4 

ii.* 
6 1.8 x 10 14.40330 
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or declined throu.ghou.t this period. The increase in nuclear 

number ceased soon after completion of katatrepsi, when the 

0  total number was about 1.8 x 10. 



DICUSSIO. 

TL1. Iiewsioii 	in 	±oir 3Cti3L3, in 	the 

growth of the embryo, the relation between growth and respiration, 

the metabolism of the egg, and the water content of egg, embryo 

and yolk, are treated in turn. 

	

Tm urovm F THE INSECT ELBiLO. 
	 10-1 

A brief discussion of growth curves nd relative 

growth curves is followed by discussion of the results for each 

of the aspects of growth that have been measured, i.e. dry 

weight, density, R. W, wet weight, and number of nuclei • The 

relationships of these features, i.e. water content, density and 

dry weight/nuclear number ratio, are also described and discussed 

in the apropriate Sections. 

Growth curves. 

The term 6rowth is used here as the "simple and definite 

concept of change in size" Medawar (1945). Previous work on 

embryonic growth and its mathematical treatment has been reviewed 

by Nee dn (19319  1942). The nature of the "universal growth 

function" and the siginoid curve of growth has been thoroughly 

discussed by D'Aroy Thompson (1916)0 Gray (1928) 9  and Medawar. 

From these discussions it is evident that growth data are best 

treated in the manner described by ShoU (1954) "..... we 

mast choose a more empirical approach, and the two criteria for 

choosing a curve would seem to be that it mast provide a good 

statistical fit and also have a reasorab1y simple functional 

expression invo1vin; the minimum of non-interpretable parameters". 

Most I.. 
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Most of the available data on ernr3onic growth have been 

described in terms of one of the few exponential equations 6iven 

by Medawar, and any of these may provide a convenient expression 

for the results of the present work. However, the results are 

too few and variable to warrant statistical curve fitting, and 

in this respect are necessarily of a preliminary nature. The 

data have therefore been analysed by arithmetical and geometrical 

procedureof the type described by Fisher (1936). While such 

analysis cannot provide a reliable algebraic expression (Gray 

(1928) has shown the dangers of fitting curves, especially 

logarithmic curves "by eye", i.e. geometrically) it may suggest 

the empirical use of one growth function rather than another. In 

the discussion which follows some of the results have been coin-

pared with growth functions. Where the comparison between 

experimental and theoretical values was sufficiently close (i.e. 

the differences were no greater than those expected from the 

variability of the results) the functions have been used for 

comparing and combining the various size components, i.e. dry 

weight, R.W., etc. In all cases the result of comparing the 

original data has been included. Finally, it must be stated 

that in no case have such functions been given more than an 

empirical value. 

Relative Growth Curves. 

Many aiithors, in particular Teisier (1931) and Needham 

(1931) have compared the rates of increase of chemical consti-

tuents with the rate of increase of the wet weight of the embryo. 

This I.. 
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This has been done by means of double logaritimic plots and 

represents the use of iiuxley'e (1932) relative growth relation 
ahlpo. 

Such a method suffers from the disadvantages of 

logarithmic plots of growth curves enumerated by Gray (1928). 

The use of a logarithmic scale often results in the unwar-

ranted fitting of straight lines and where a change in 
relative growth ratio occurs tends to obscure 

the resulting 
change in slope of the graph. For these reasons the double 
logarithmic plotting method of comparing the rates of increase 
in R. W., dry weight, wet weight etc., has not been employed. 

Instead, the relationships between these features 
have been 

shown 
in the following way. Wet and dry weights have been 

compared by calculating the values for Percentage water content, 

R.W. and dry weight have been compared by calculating the 

density of the dry material, and nuclear number and dry 

weight by calculating the dry weight per nucleus. The 
graphs of these calculated quantities show 

similarities and 
differences in the 

rates of increase of their components and 

also have an obvious biological significance - a characteristic 

that oaimot be claimed on behalf of doubleogaritimc plots, 

Increase, in dry weight 	
. I. ! 

This has been compared with an exponential equation 

Of the type log W = log b + kt with one set of constants for 
the third to eighth days and a second set thereafter. Table 
and Fig. 51 show the mean results for both the dry weight 

experiments Compared with this equation, in which the 

Constants I.. 



DW( iEh o: ;:BR0 ir 

Day 4cL Leriinna1 Mer.a 
rx 

o 0.00288 - 
* 0.00405 - 
1 0.00582 - - 

0.0082 .. - 
2 o.c11.3 - - 
2* 0.0167 - - 
3 0.0238 0,'21 - 
3* 0.034 .02G5 

4 0.0481 0,046 - 
4-  0,068 - 
5 0,0973 0.116 
5* 0.133 O.15 el 

6 0.197  
6*  
7 0. 3 IF, -  

7* 0.57 - 0.6 
8 0.735  
8* o. - 
9 1.005 45 - 
9* 1.17  
IØ 1,37 
10* 1.60 1.71 
11 1.87 1.59 - 
11* 2.19 2.39 

12 2.55 2.0 - 
12* 2.95 - - 
13 3.48 - - 



FIG. 51. DRY WEIGHT OF EMBRYO 
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Constants have been chosen so that the theoretical dry weight 

values are mid—way between the two sets of experimental  
values 	

The logarithmic plot is given in Fit. V. This 

equation may be taken as describing the available data for 

day weight increase in Locusta embryos. The growth constant 
is 0.9 during the fourth to eighth days and 0.31 from the 
eighth day until hatchj. 

A. 
relative growth constant of 0.9 represents a high 

rate of growth, especially when it extends over three—quarters 

of the embryonic period, The Change to a lower value may 
perhaps be correlated with the new yolk/embryo relationship 

resulting from the enclosure of the yolk by the embryo, or 

with a final phase of embryonic differentiation preceded by 
the embryonic moult (eighth day) and Visible externally in 

the deposition and darkening of the Cuticle. 

Except for 
their exponential natures there seem to be no 

similarities between embryonic and Poatembryonjo growth, 

although it is perhaps possible to compare the changes in 

growth rate which occur at the time of moulting. The growth 

rate does not appear to decline when hatching 
is imminent 

(end of 
twelfth day) yet if it c0ntinuei Unchanged the yolk 

would be completely exhausted before the end of the thirteenth 

day. (Cf. Fig. 64), Yet urifed, new1yhatched hoppers remain 

alive for several days. Obviously these results must be 

analysed with caution since they are based on sniafl numbers of 
observations 
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3.1.4 Density of the Ebio•  

The density of em'cry freed from yolk has not been 

determined in any previous work. Two types of events would 

result in changes of embryo density; one, fluctuations in 

water content and the other, changes in the type and propor-

tions of material other than water. 

In Table & Pig. 52 the results of all the experiments 

of Section 32 have been plotted and two straight lines 

fitted "by eye" to the means of these points. (The original 

results do not warrant more precise treatment Section 

It can be seen that the density of the embryo may be regarded 

as constant at about 1.027 gm./ml. until the end of the sixth 

day. It then increases at stea- rate until the time of 

hatch1nk , when the densitj is just below that of the intact 

egg, i.e. 1.049 grn./n1. These values will be used in deter- 

mining the wet weight of the emr/o (Section * I () and the 
percentage water content (Section  

Although it has been said that desity changes may be due 
to changes in water content or to changes in  the nature  of the 
dry material, these processes cannot really be separated. 

They represent changes in the relative proportions and density 

Of dry material in the embryo. Thus, the formation of 

cuticular material results in both these changes, and it is 

likely that much of the density increase is due to this kind of 

event. The results for density of parts of embryos (Table C ) 

have shown that heavily outicularised portions have a high 

density. It is interestjn to note that in spite of the 

SO-called I.. 



DEITY-OF 13V48i'()  

T1.BLL 3?. 
X erCfltal ieflS. 

- -__3 
meal 0± TbeOrett 

O - 
(V)A 
V 	V(% -1.0270 - i 

1e0235 1.0235 .o260 0270  

4 1.0260 
1.0280 1.0273 1.0210 

5 1.0310 1. 0230 
1.0277 1.0270  

6 3 1.015 1.0235 1.0280 
i.0305 

1.0305 .o295 1.0.320 i.0305 
7 

1.032? 1.0325 i.0339 1.0340 

8 1.0365 
1.0320 i.0377 1.0315  

9 3 1.045 i.0375 
1.0428 1.0415 

1.0430 1.04 125 i. 0440 
10 - £.0643 1.0460 1.045- 1.0450 

1]. 
1004675 	1.0465 1.0477 i,0485  

12 1.0503 
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twelve-day embryo and its parts does not rise above 1.05 

gm./ml. yet the density of animal tissues lacking in skele- 

tal material is of the saw order of value, e.g. 1.04 gm/mi. 

for adult amphibian neural tissue. (Tsai & Lin 1939), 

1.029 gm/mi. for the 8 mu. larva of RaXA fusca (Bialaszewicz 

1908) 9  1.04 gm./al. for newly hatched Rank pipiene (Briggs 

1939), 1.05 gm/mi. for newly hatched Amb]..yatoma punctatum 

tailing to 1.02 gm/mi. during the larval period (Dempster 

1933) 9  1.06 gm./ml. for brain tissue of Rana paluistrie 

larvae (Brown, Hamburger & Schmitt 1941). 

Finally, it must be remembered that density results were 

not very satisfactory, owing to exchange of water between 

embryo and gradient, possible penetration of embryonic cells 

by thorotrast, and difficulty of ensuring that the gradient 

medium had tree access to all the embryonic cavities. Because 

of the last fact, the results must be regarded as probably 

referring to the embryonic tissues and not to the embryo as 

a whole. 

Therease in R.W. 

The results of the experiments have been compared with 

a logistic function of the type log 	= log b kt, and 

reasons for the discrepancies between theoretical and experi-

mental values are advanced in Section 6,6,2 • In Experiments 

1 & 2 the constants b and k were similar but differed from 

those for the third experiment. Pig. 53 shows the means of 

the ,'. 



53. 	 REDUCED WEIGHT OF E1BRY0 IN 

Day Theoretical 
Talue 

0 0.769 

1 1.627 

2 3.44 

3 7.21 

4 15.15 

5 31.4 

6 63.5 

7 123.8 

8 223.5 

9 360 

10 508 

11 629 

12 710 

13 754 

Expt.1 Expt. 2 E.7-Pt. 	3 Liean of 

- S - - 
S 

13.55 9,3 

- 

.6 

S 

10.4 

37.4 23.0 30.0 30.1 

57.9 58.9 64.2 63.7 

145.2 p2.3 150,2 129.2 

153.8 246 217 202 

315 378 425 373 

485 434 431 450 

593 

* 

435 

- 

- 514 

Parameters of lo4otio equation - 

k0.75 6.800 b=1040 
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the means of the three sets of experimental means compared with 

a logistic curve whose constants and theoretical values are 

given in Table 53 for comparison with the experimental values. 

Pi. W shows the logarithmic graph of the same data. The 

values of a, b and k for this curve correspond closely with 

those used in Experiment 3. The broken curve in Pi. W 

represents the function with constants sim.ilarto those of 

Experiments 1 & 2. It 18 probable that the true values for 

the R.W. of the embryo lie between the limits described by 

these two functions, However, since the heavy curve appears 

to give the beet description of most of the results, it has 

been used in subsequent calculations to represent the increase 

in R.W. of the embryo. Any differences that would result 

from use of the alternative equation have been considered, 

while results from use of the mean of the experimental 

results have also been included. It must be remembered that 

the use of a logistic equation is purely empirical, it being 

the simplest equation which describes and smoothes the 

experimental data. The nature of the expected R.W. curve is 

discussed in the following Sections (8.1.5.1 & 8.1.6). 

.1 	The meaning of R.W. results. 	 g. i. 	I 

H. W. is a measure of the amount of dry material in the 

embryo. Provided, therefore, that the density of the material 

remains unchanged, increase In R.W. should correspond with 

increase in dry weight. That they do not correspond has been 

suggested by the use of different functions for describing 

the I. 
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the experimenial result. 	Since ary differices must be due to 

chges in density of the dry material they are beat shown by 

calculating the density from the R.W. and the dry weight, using 

the relationship 

RI = I - v 7water 

Table & Pig. 54 show this calculation which is valid on the 

assumption that only free water is removed in the technique for 

measuring dry weight. It suggests that the density of the dry 

material increases slowly during the final six days, decreases 

slightly during katatrepsie, then increases again. (Use of the 

alternative function for R.W. would exaggerate these density 

changes). The densities calculated using the mean experimental 

values are also given in Table & Pig. 54, where it can be seen 

that they show the same pattern of density change. The equation 

used for R.W. is therefore a good description of the experimental 

data, but it is not necessarily an accurate description of the true 

increase in LW., since this depends on the accuracy of the 

original measurements. 

Density is a sensitive indicator of weight/volume changes. 

Any slight inaccuracies in volume or weight measurements will 

cause considerable fluctuations in density value8. Thus it is 

possible that the density of the dry material shows only a slight 

and steady increase and that the fluctuations suggested in Pig. 54 

are due to experimental error. An increase in density would be 

expected from the accumulation of excretory products, i.e. uric 

acid, and the formation of the exoskeleton i.e. tanned proteins. 

The/ 



TABLE54 0  
LJ YC). 

Dry Wt • 7 • Volume Dens 

ei 	perixcnaJ. V1u- , 

4 0.0377 0.01C4 0.0481 1.2758 
5 0.0672 0.0301 0.0973 1.4457 
6 0.133 0.0637 0.197 1.4789 
7 0.269 0.1292 0.398 1.4773 
8 0.530 0.205 0.375 1.3844 
9 0.627 0.373 1,005 1.6000 
10 0.920 0.450 1.37 1.4865 
11 1.36 0.514 1.37 1.3729 

The ort iaa1ues.. 

0 0.0029 0.0008 0.0021 1.365 
1 0.0053 0.01,1116 0.0042 1.366 
2 0.0118 0.0034 0.0084 1.405 
3 0.0238 0.0072 0.0166 1,434 
4 0.0481 0.0152 0.0330 1.458 
5 0.0973 0.0314 0.0660 1.474 
6 0,197 0.0635 ).133 1.431 
7 0.398 0,124 3.274 1.453 
8 0,735 0,224 0.512 1.436 
9 1.005 0.360 .6z!.6 1.556 
10 1,37 0.508 0.80 1.593 
11 1.37 0.629 1.24 1.508 
12 2.55 0.710 1.84 1.386 
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results for density of parts of the embryo (: L C • c;j:jj 

LL)3hoW the affect of cuticle development on the deiity of 

Ale eryonjc tissues. That an ixerease in density does occur 

seems fairly certain, and so R.W. irease cannot be expected to 

OOrresp*nd with increase in dry weight, it is difficult to 

suggest reasons for decreases in density of the dry material 

except by postulating changes in the proportions of relatively 

light Protoplasmic material and heavy skeletal material, i.e. by 

assuming that little or no skeletal material is formed during 

katatrepe is and after the tenth day. 

Increase in Wet Weight 

It the R.W. and density of tx- 	re oi 	the 
wet weight may be calculated using the relationship 

Wet Weight 
	 R.W. 

7 
. 7, :' 	 Jt 	Irea,j Le 	ioussd (sections 

8.1,49  8.1.5), Theoretical and mean experimental 'values for 

these features have been used to calculate the wet weight. The 
results are given in Table & Pig. 55 where they are compared with 

a logistic equation whose constants are given in the table. It 

can be seen that the function gives a reasonably good description 

of the theoretical values for wet weight, and, for the most part, 

an adequate surnary of the mean experimental values. 

It can be seen from the equation connecting P.J.  and 

wet weight that, providing the density of the wet embryo is 

constant, these two features will correspond. Since the density 

has /.. 



TABLE 55. 
r WEIGHT 01 

R. W. 	et 'ft. 
(L4.) 

Mean LxpertLenta1. Va1ue, 

4 0.0104 1.0260 0.384 

5 0.0301 1.0273 1.06 
6 0.0637 1.0277 2.21 - 
7 0.1292 1.0305 4.22 
8 0.205 1.0339 5.94 k = 0.75 

9 0.373 1.0377 9.79 a = 16 
10 0.450 1.0423 10.5 b = 583 
11 0.514 1.0451 11.5 

11a1ie3. 
ton  Va1e 	froni 

0 0.0008 1.0270 0.027 0.027 
1 0.0015 0.058 0.058 
2 0.0034 0.123 0.122 

3 0.0072 0.257 0.256 

4 0.0152 0.540 0.533 

5 0.0314 1.12 
6 0.0635 2.26 2.14 

7 0.1238 1.0305 3.95 3.94 

8 0.2235 1.0340 6.45 6.53 

9 0,360 1.0375 9.50 9.51 
10 0.508 1.0415 12.2 12.1 
11 0.629 1.0450 14.0 13.9 
12 0.110 1.0485 14.8 14.9 



16 

11  

12 

Ut 	 I 	I 	I 	 I 	I 	I 	I 
0123 	

6769 1C 11 12 

T 30°c. 

FIG. 55. CLCULJT!D iET -EIGHT OF EILBRYO 

o from ezper1mtrnt.l values 

x from theoretical. values 



-.60 - 

has been taken as 
constant up to the seventh day the curves for 

R.W. and wet weight will Coincide. Alter the sixth day the 

density steadily increases (Section 8.1.4) and so the wet weight 

will show a proportionately lower increase than R.W. The wet 

weight increase compares with a logistic curve Sir.aply because the 

R.W. has been taken as a. logistic function and the density has been 

taken as constant or increasing linearly. The accuracy of the 

pictue of wet weight increase is therefore dependent on the 

reliability of the R,W and density measurements. Furthermore, 

since the density measurements refer to opened embryos, the 

values for wet weight must refer to the weight of embryonic 
 

tissue and do not include water or other material occurring in the 

body spaces, This point is noted in the balance sheet for wet 

and dry material for development (Table & Fig. 74 	Section 9.4.q.) •  
The available data for the wet weight of the insect eub,ro 

give no reason to suppose that theirgrowth is in any way 

different from that of vertebrate embryos. This is true 
whether 

growth is described in terms of a series of separate exponentials, 
as is done by Brody (1945), or as a single autocatalytic type 

curve. In one Case the relative growth rate falls in a series of 

steps while in the other it falls continuously with increasing 
 

velocity. The available data is not sufficient to enable a 

distinction to be made between these Possibilities 	The general 
form of the wet weighs growth curve of insect and vertebrate 
embryos may therefore be regarded as the same. Comparison of 
the values of the curves is best done using the relative growth 
rates, since these depend on the weidht values and not on the form 
Of 1.. 



GROWTHRATE . 	 ;L1GE. 

r. 

ra,e. 

4 0.384 1.3455 

5 1.060 
0.676 

2.4609 - 87.5 

6 2.21 
1.15 

3.096 
3.5 

62.9 
191 62.3 

7 4.12 3.7184 49.5 
1.82 36.6 

8 5.94 4.0843 43.3 

9 9.79 
385 

4.5840 
50.0 

26.5 

10 10.5 
0.71 

4.6540 .0 
~00
J. 9.]. 

11 11.5 4.7449 
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of the curve used to describe these values. 	(Needham 1931) has 

marshalled this data for vertebrate embryos; the most striking 

featire when compared with the values for the locust embryo 

(Table j) is the proportionately longer period of high relative 

growth rate in the latter, i.e. approximately) *)9(,  or half the 

developmental period. The locust embryo appears to compare 

with the guinea pig rather than the chick or rat embryo in that 

the relative growth rate has fallen to a low level (about 'øi& 7 
by the end of the embryonic period. 

Volume and water content of embryo. 	 e. 6. 1 

The volume of the embryo may be calculated from the wet 

weight and density. It is apparent from the density results 

(Section 8,1.4) that the volume will match the wet weight until 

the sixth day, after which it will show a slightly lower rate of in- 

crease. A comparison of the increases in wet and dry weights may 

be made by calculating the percentage water content of the embryo. 

(Table & Pik--2%. 56). 	The values calculated from experimental means 

show a fluctuation in water content though it does not fall far 

below 90%. The curve calculated from theoretical dry and wet 

weight curve shows similar though smaller fluctuations. The water 

content of the embryo appears to fall during katatrepais but is 

restored by the slowing in dry weight increase at the end of 

katatrepais. Finally, the water content falls as the dry weight 

continues to increase and the wet weight reaches its maximum. Con-

sidering 

on

sidering the uncertainty regarding the measurements from which the 

wet weight was calculated, these fluctuations in water content 

must not be over-emphasized. It my be said, therefore, that the 

water I.. 



TABLE 56. 	PECETh A':E WATER CONTENT OFM(. 

Daya. Wet Wt. Dry Wt. Wt. of watail 

___ - 	- 
11eari Exerimita1 V.1ue3. 

4 0.3837 0.0481 0.3356 
5 1.060 0.0973 0.9627 90.8 
6 2.212 0.197 2.015 91.1 
7 4.115 0.398 3.717 90.3 
8 5.942 0.735 5.207 7.6 
9 9.790 1.005 3.785 
10 10.51 1.37 9.14 87.0 
11 11.45 1.37 9.58 33•7 

Theoretical Valu.e . 

0.02'T4 0.00288 0.02452 89.5 

1 0.0580 0.00582 3.05218 90.0 

2 0.1226 0.0118 0.1108 90.4 

3 0.2570 0.0238 0.2332 90.7 

4 0.5401 3.0481 0.4920 91.1 

5 1.119 0.0973 1.3217 91.3 

6 2.264 0.197 2.067 91.3 

7 3.94 0.398 3.551 89.9 

8 6.454 o.735 5.719 88.6 

9 9.504 1.005 8,499 89.4 

10 12.22 1.37 10.85 68.8 

11 14.04 1.87 12.17 8.7 

12 14.80 2.55 12.25 82.8 
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water content of the embryonic tissues is more or less constant at 

about 90%9  declining somewhat toward the end of development. This 

result is in full agreement with the results (reviewed by Needham 

1931) for many other kinds of embryos. 

	

Increase in number of nuclei. 	
I.7 

One series of measurements on iocuta and £ocutaja 

has been made and the results must therefore be regarded as being 

of a preliminary nature • There is room for improvement in the 

technique and, by the use of batches of embryos, for extending 

the number of stages of development capable of being measured. 

The work of Sanford et al (1951) Is of interest in this respect. 

Locustana pardalina embryos.  

The significant feature Of the res1ts i that siear 

number increase in the post-quiescent egg is in the main 

restricted to the fourth to eighth days inclusive. This fact 

may be compared with the observations of Jones (personal communi-

cation) who could find no mitotic figures before the third or 

after the fourth day. This shows that since growth by cell divi- 

sion in the post-quiescent egg begins before the prothoracic glands 

and corpora allata become active (Jones 1953) the latter are un-

likely to be responsible for the renewed growth activity of the 

embryo. The apparent cessation of nuclear number increase several 

days before hatching is of interest since it suggests a final phase 

of differentiation and increase in cell size. It has been noted, 

however, (Section 7.3.1) that the technique is not adequate to 

establish this point. 

.2 	Locusta mi;ratoria embryos. 

The I.. 
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The results suggest that, as in Locustaiia, nuclear number 

increase ceases soon after the completion of katatrepsis. Further- 

more the total number of nuclei in the late embryos of the two 

species are of the same order of manitude, i.e. 2.3 x 10  in 

Locustam and 1.8 x 10 in Locusta. The estimated totals for the 

sixth to eighth days seem fairly reliable, but little weight can be 

given to the estimations for earlier stages owing to the email 

total counts obtained. Bearing this in mind, it may be said 

that there is some indication of a slowing down in rate of increase 

of nuclear numbers after the sixth day. The only other information 

of this kind is that given by Sze (1953) for Rana pipien3 embryos, 

where the nuclear number was described by two exponential equations, 

one covering the period before gastrulation with a growth constant 

of 0.18 and the other with k = 0.0067 from gastrulation till the 

200th hour. Work on mitotic indices (Bragg 1938) has also shown 

that the rate of cell division may show a decrease soon after the  

beginning of gastru.latiOn. LØvtrup (1955) has found that the curve 

for DNA content (desoxyribosezluoieio acid) content during embryonic 

development of Amblystonia has a plateau corresponding with the early 

larval stage, and that the coxvos of increase in DNA are linear and 

not exponential. This last fact ma c conpard with the linear 

increase in number of nuclei found in the present work for 

locustana post-quiescent embryos. Lvtrup assumed that the DNA 

content; was proportional to the number of nuclei from the late 

blastula onwards, yet Sze's results show that production of new 

nuclei is not necesaarily ient1cal with tbe production of 

nuclear I.. 
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nuclear material, he found that the DNA content of the embryos could 

be described by a single exponential function, the change in nuclear 

number increase apparently being accompanied by a change in the DNA 

content per nucleus. Further work on nuclear number determination 

together with DNA determinations in Lotsta embryos may prove interest-

ing from this point of view. 

A comparison between nuclear number and dry weight of the 

embryo can be made by calculating the ratio of weight/number. This 

figure will then show differences in the rates of Increase of these 

two entities and at the same time give some representation of the 

cell size, i.e. dry weight per cell, although accumulation of extra 

cellular material, e.g. cuticle, makes this measure of little value. 

This ratio is shown in Table and Pig. 57 where the results, using 

the mean experimental values, suggest that the weight/nuclear number 

ratio falls during the 3* to 5* day stages and becomes more or less 

constant thereafter, although there is a suggestion of an increase 

towards the end of development. The very high values for the first 

few days could be due to an underestimate of the nuclear number for 

the 3* and 4*  day embryos. 

The high nuoleua/cytoiai ratio of early e1ryos noticed in 

the transverse sections Pig. T 	mxld suggest & lower weight/nuclear 

number ratio than in later 	o; ith well-.developed cuticle. The 

final increase in the ratio would be expected If the nuclear number 

is constant after katatrepsis, since the dry weight continues to 

increase. 

Growth and Res4rat ion. 

One of the aims of this work was to provide Lrowth data for 

comparison I.. 



TABLE 57. 

itTIO OF ::c i tGi'.2 TO N7JGLEAL9ItBE. 

___ No. ofjuu1ei Dry Wt. (jnj Ratio x 10 

3* 3.6 103 0.034 e 

4* 1.3 x 10 0.068 5.2 

5* 2.1 x 10 0.139 0.66 

6* 4.2 x 105  0.280 0.7 

71 1.1 x 106 057 0.52 

8* .6 x 106  085 0.53 

9 i. x 106  1.17 0.73 

10* 2.2 x 106  1.60 0.73 

uI 106  2.19 1.21 
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comparison with respiration rates. Preliminary measurements of 

the oxygen consumption  of single ef of Locustana and Locusta have 

been made by Tuft (1950) using an automatic recording micro-

respirmeter. The data available are only Provisional but allow 

Of some  comparison with the information on grth already given. 

ypica1 oxygen consumption curves for the eggs are given in Tables 

& Figs. 58 & 59. Their most striking feature is the "plateau" 

or"trou" separating two exponential type curves. This "plateau" 

occurs during the fifth day (after wetting) in Locustana and during 

the fifth and sixth days (after laying) in Locusta 

Comparison of growth and respiration shows two important 
points of interest:... 

(1) There are no plateaux in any of the growth curves. This 

suggests that some activity other than growth involving a consider-

able oxygen consumption slows down or ceases at the time of the 

respirator plateau. For example, water intake by the egg reaches 

a maximum rate in Locusts, at the end of the fourth day and declines 
rapidly during the next two ca:Ts - a featr. of all the wet weight 
increment curves. (Figs.h, 17, .30 	Matthe (1951) has shown that 
water uptake in Locusta, is in part an active process and 

Thompson & Bodine's (1936) work on Melanoplus also suggests that 

water absorption is dependent on metabolic activity of the egg. 

In Locustana post-quiescent eggs the maximum rate of water intake 

occurs during the first two days and has declined lonE before the 

respiratory plateau occurs. An explanation of the plateau 

common to both types of eggs should be sought and so water uptake 

cannot be regarded as the sole cause of the early rise in 

respiratory I.. 
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respiratory rate with its consequent plateau. IØvtnip (1955) has 

shown that the plateau in the respiratory curve of Amblystoma is 

coincident with a plateau in the curve of alkaline phosphatase con.. 

tent and has suggested that this indicates a constancy in synthetic 

activity during this stage (neuru.lation). A similar chemical 

analysis of the locust embryo might give results of oom-4 arable 

interest. A change in the efficiency of growth or in the 

respiratory mechanism might provide an alternative explanation of 

the respiratory plateaux. 

(2) The increase in oxygen consumption during the first 

four days in Locusts is much greater than the corresonding 

increase in embryo dry weight (and 1eno-ewet wei;htsince the 

water content is probably constant) It is not until after the 

sixth day that the increase in OXysn consunption corresponds with 

the dry weight increase. These facts are shown in Table & Pig. 60 

where the oxygen consumption per milligram of dry embryo is 4ven. 

This value reaches a maximum during the fourth day (extrapolated 

dry weight values are likely to be too low rather than too high) 

and declines rapidly until the seventh day. The plateau period 

(fifth and sixth days) is thus a time in which the amount of 

embryonic tissue catches up with the oxygen consumption. From 

the seventh to eleventh clays the oxygen uptake per milligram of 

dry embryo is more or less constant. (The oxygen uptake per 

milligram of wet embryo shows the same pattern of change and so 

need not be dealt with separately). 

It is clear then that for more than half the developmental 

period of the embryo the egg respiration rate does not correspond 

with /,. 



TAJ3LE 60. 

RATI3 OP 	IIEIOIiL' ITJ. 

O 	uptake of Dry ft.Embryo jl.O 	
per 

Days egg. ___  
er hr.). 

0 - .0023 - 
1 0.229 0.00582 33.3 

2 0.540 o.0118 45.8 

3 1.650 o.0238 69.3 

4 3.090 u.0481 64.2 

5 2.873 o.0973 29.5 

6 3.260 u.197 16.65 

7 3.910 o,398 9,82 

8 6.240 0.735 8.49 

9 7.623 1.005 7.59 

10 11.43 1.37 8.34 
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withthe amount of enLbryonj material present. This raises the 

question of what is responsible for the high oxygen consumptio
n  

during 
this period, and avoids the question of what causes the 

plateai. It has already been suggested that the uptake of water 
may be partly responsible. The formation and 

maintenance of the-
extra-embryonic tissues -serosa aiid yolk cells - must account for 

some of the respiration, Bdise& Boeli (1936) have shown for 

Melarioplua that extra-.ebryonjc respiration, especially that of 
the yolk 'cells, may form a considerable part of the egg respira- 

tion. These authors conclude that "It is apparent that data 

obtained for the intact eggs are not necessarily applicable to 

contained embryos but rather represent the metaboflo activity of 

the egg as a complete system". It follows from this that without 
information on the amount and activity of such extra-embryonic 
structures it is difficult to make a proper comparison of 

embryonic growth and respiratjo. For the same reason the esti-

mations of the efficiency of development (Section 8.3.3) are 

difficult to interpret. Work such as that of 
Rmt-liaegn Boell 

would be useful in this respect, but not conclusive. "In vitro" 

measurements of this kind are always suspect because. of the 
Possible effects on respiratioli reiflt1ng from isolation of the 
embryo. 

In aTLy case, the fol!natjon of extraembryonjo material 

and uptake of water cannot be responsible for the early rise 

in respiration in the 	 e-z of Locustaria, since these 

processes are completed before the rise reaches its maximum, it 

Is probable that In this case the rise represents a return to 
normal I., 
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iorrialae b uoLLJ fro& the Lno raj diapause and quiescent level. 

The extraembryonjc structures would be expected to play a lax'e 

and early part in this increase, as was found by Bmdjxm& iooll. 

Nuclear number increases during the fourth day but this can have 

little effect cia the respiration. It is possible that synthesis 

of new material in quantity does not occur until katatrepsis 

begins (five days) and if so the respiratory "plateau" represents 

the level of maintenance metabolism of the already-formed embryonic 

and extra-embryonic structures. A series of dry weight measure-

merits would therefore be of considerable interest in this respect. 
In addition, 	& Doeli claimed that the movements of the 

lateral walls of the embryo were responsible for an increased 

oxygen Consumption. Since these movements begin at katatrepsis 

they would emphasize the increase following the "plateaux". 

The nearest approach to an analysis of the kind required 

is that of Trowbridge & 	di€(140) using eggs of Melanoplus. 

They determined the nitrogen content and distribution in the egg 

and compared the results with the respiratory data of BzdiBe& 

Boell for egg and embryo. They showed that the correspondence 

between Oxygeu consumption and nitrogen content of the embryo 

was regular with an increasing metabolism before and after dia-

pause, fell to a low level at the onset of diapause and reached a 

constant value ten days after the and of diapause. The level of 

yolk metabolism was constant before diapause, fell throughout the 

diapause period and showed a rapid rise and fall after the and 

of diapause. This suggests that if similar events occur in 

Locustana the early peak in oxygen consumption in the post- 

quiescent I, 



eg i most probb].y due to a burst of yolk metabolism- 
Perhaps itself correlated with resumption of the non..dlapause 
metabolism level and absorption of waters  Growth of the embryo 

immediately after the termination of diapause would of course 

tend to obscure such a peak In respiration and this may explain 

its apparent decline in Melanoplus eggs. 

The fact that respiration may not correspond with rwth 

has been noted by Needham (1931) who quotes the work of Warburg 

and Brody, and gives the Instantaneous growth constants for 
CO2 

 production and wet weight of the chick embryo calculated from 

the results of several Investigators. These show that a 

change in rate of inorease of CO2  production occurs which is not 
apparent in the wet weight increase, 

Brody (1945) regards co2  
production as a better index of growth than increase 

in wet weight 
because of possible increases in metabolically inert material. 

If such material is 
produced by the embryo then it must surely be 

included in any measurement of growth, In any case, it is clear 

that wet weight does not parallel respiration rate. Uvtrup 

(1955) has shown that the growth curves for various chemical 
substances in the amphibian embryo do not parallel the respira—

tion curve. Comparison of respiratory curves with curves of 
increase in physical and eberLLcal entities may therefore provide 

Interesting information on d.ve1opnntal metabolism for other 
organisms as it klad done for the insect embryo. 

REBURATORY  METABOLISM OF THE INSECT EGG, 	 S 

1Respiratory lOSS in dywej 	
3. I 

The /.. 
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The results (Section 4.1) showed a loss in dry weight of the 
'egg ranging from 16..20% ; this may be Compared with a loss of 20% 

found by Rooziwa (1936) for the same species,Johwor's (1937) 

figures for ilotOstira suggest a dry wei6ht loss of 
15-25%1' while 

Rainey (1950) 
found a loss of 14.22% in Liciija eggs. Thus a 

loss in dry weight of 20% Seems typicai of ma' insects, although

it must be remembered that this loss will vary 
with the incubation 

temperature. In Table 61 the means of the three sets of dry 
weight results are given in tens of the total weight loss 

W -.  w ex- Pressed as a percentage of the original weight, i.e. - 

	
X  x 100. 

These values have been plotted against time in pig. 61 together 

with a theoretical curve of dry weight bee Cofl8tQt.d on the 

assumption that it is directly Proportional to the respiratory 

rate. (This was done using the results for respiration given in 
Section  3.2. 	To 

Simplify the process, two exponential ourve r. 
were fitted arithmetically to the first and last four days of the 

measurement data Table & Pig. 62. The same values were then 

used in fitting two curves to the data for percentage loss in 

weight. The respiratory rate during the fifth and 
sixth days was 

taken as constant and a straight line fitted. Similarly a straight 

line was used in the dry weight loss graph). The 
theoretical values 

and constants of the equation for percentage dry 
weight loss are 

given in Table 61 for comparison with the actual values. This 
curve may be taken as describing the experimental results and It 
suggests a loss in weight of a$ much as 23% by the time of hatchjn

•  
As in the avian cleidoic egg, so in the insect, fat accouj ts  

for most of the respired iiaterja1.ecWj 	(1942) collection of 
data /.. 



TABLE 61. 

T0TAL L0 	B IIiY LLCiiT OF G0 E'TD 
- 	 i' 	LTI i.L_7.flLr  

2horedca1 Para.meter of 
Ext • 1 	EP__, 	. 	 iu1or 

eriet 
ich3s. 

0 2,2 . * 0.0462 ) 
1 - k 	0.87 
2 - - - u.263 462 
3 .7 0.628 ) 
4 0. 1.25 4.6 1.5 ) 
5- .5 3.0 2.75 ) n 	1.25 
6 .2 '.5 5.0 3.59 1 ° = -3.5 
7 - 4.4 6.6 5.33 ) 

3.3 6.9 7.12 ) k2  = 0.29 
9 - 3,3 Ji •O 9.52 b2 z 0.7 
10 14.5 9,8 10.5 12.7 ) 
II 16.0 15. 27.0 ) 
12 - - - 22.8 1 

WLE 62. 
OXYGEN CO271101 OF LOCUSA EGG Lu1jJ.. 

D&y Ext1. value 'i"'oretica1 Value Pare 	of 
fbr 1)uptake, i r 0 	up tai 2 _ TTJ1TTi"te. 

0 0.106 ) 
0.229 0.229 ) k 	= 	87 

2 0.5O 0.604 = 0.106 
3 1.650 1.44 ) log b = 2.361 
4 3.090 3.44 
5 2.873 3.0 ) m = 	o 
6 3.260 3.25 ) c 	3.06 
7 3.910 4,35 ) 
8 6,240 5.82 ) k 	= 	0.29 

7.623 7.78 ) b 	= 0.572 
10 11.43 10.4 ) lo f].- 	1.744 
11 13.9 ) 
12 18.6 ) 
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data shows that up to 50% of the total loss in weight may be due to 

fat consumption. Slifer (1930) hts given similar values for Melario-

plus and her curves for fat content are similar in form to the dry 

weL:ht curves in Locu.sta. Rainey's (3950) data for oxygen eon 

sumption, R.Q., and loss in fatty acid in Joicilia eggs show that 

the loss in fat (14 - 22% of the wet weight) is almost entirely 

responsible for the total oxygen consumption. The respiration 

results of Section 8.2 show a total oxygen consumption of about 

0.9 nil. (iTTP) for the first ten days of development in Iaocust. 

mirr 	This corresponded with a dry weight loss of 13%, 

i.e. 5 m. for an egg of 4.5 m. dry weight. Since 

1 ugm. of fat requires 2.02 ul. of oxygen (ITP) for complete 

oxidation, 0.585 zngn. would require 1.18 ml. It can be seen 

therefore that fat Is probably the chief energy source in 

Locu eta egos. 

If this is so, the density of the dry egg material should 

increase (fat has a density of 0.8 gnt./ul). The density of 

the dry material niy be calculated from the dry weight and R.W. 

of the egg using the relationsbim V 
• 	LW. and 7 

(assuming that dry weight ex 	.I'i' o.1y water). 	Table 63 

shows this calculation. Dry weight has been computed, for an 

average size egg (4.5 m..) the daily values being calculated 

using the values for percentage loss in weight given in Table 61. 

The R.W. has been tan as constant daring the whole of develop-

ment at an average value of 1.0 nign. In addition the values have 

been calculated using an 	45/ns. lower during the first 

four days and 10 1n;s. loer on t1.e fifth day, i.e. using typical 

experimental I.. 



TABLE 630 

OFYRY MATERIAL IN 

&iootno1 moothed xriee.. 	Vo1iu 

0 i-.43 B 1.0 1.4 

1 4.495 3.501 1.284 

2 4,488 'I 3.494 1.284 

3 4.472 " 3,478 1.286 

4 4,432 3,438 1.289 

5 4.376 3.382 1.294 

6 4.320 3.326 1.299 

7 4.260 3.266 1.304 

8 4.130 3.1EC 1. 312 

9 4.072 8 3.073 1.323 

10 3.929 2.932 1.340 

11 3.135 " 2.740 1,363 

12 3.474 2.476 1.402 

Reu1t uir R.!.,1  

0 4.498 0.955 3.543 1.266 

1 4.495 0 . 9 55 3.540 1.263 

2 4.488 0.955 -J.533 1.270 

3 4.472 0.955 3.517 1.273 

4 4.432 0.990 3.442 1.288 

5 4.376 1.0 3.382 1.294 
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experieutal R.W.  value s. Tho values for volume and density of 

dry material are 1ven in Table 63; density values are plotted 

in Pig. 63. It can be seen that the density increases and, 

when the R.T. is constant, does so in a direct (but changing) 

proportion to the fall in weight. The volume curve is not given 

since it ha much the same form as the dry weight curve and the 

relationship between these two entities 18 expressed by the graph 

of density, 

2. Energy Sources in the Insect F. 

The use of LW, measurement- aG oi2advto. over 

measurements of dry and wet weight have been described in a 

recent paper by Lvtup (1953). He used R.W. measurements of 

Ambly-stoma mexicanum e ? and larvae in conjunction with oxyen 

consumption data to calculate the rate of lose of carbohydrate, 

fat and protein during development. In order to make these cal—

culations, however, several important assumptions had to be 

made, most of which Lovtrup discusses critically. Making use 

of biochemical evidence for the constancy of protein content 

during the egg and early larval stages and for the constancj 

of carbohydrate in the larval phase, he was able to show t .t 

the energy sources were carbohydrate, fat and protein successively, 

and to calculate the quantities consumed and their rates of dis—

appearance. The same batch of eggs was used throughout the 

exieriment but eggs that died were replaced by others and the 

results required some judgement in drawing smooth curves. The 

values of R.W. and oxygen consumption used for the cieulations 

were derived from these curves. 	The re3ults therefore •: not 

convincinG I.. 



convincing, aLd after a critical review of this aud other work on 

energy sources in Amphibia, Boell (1955) was forced to conclude 

..... that the exact order in which energy sources are used 

dun.: ahibian ontogeny is unknow. There actually may be no 

sequence at all in the sense that it can,  be demonstrated in the 

chick, but there is some indication that protein combustion 

precedes that of carbohydrate in early development and that after 

gastrulation oxidation of all three foodstuffs occurs". 

In insects the available evidence, summarized by Boell 

(1955), Wigglesworth (1950) and Neeam (1942) chiefly for grass-

hopper and silkworm embryos, suggests that the sequence of energy 

sources is carbohydrate, proteii'i :ci fat, as in the chick. 	In 

e1anop1us the carbohydrate jhFse seenis to be of very short 

duration (five days according to Hill (1945) izhile Boell (1935) 

found a R.Q. of 1 for the first day only) while fat metabolism 

predominates thereafter, together with some protein metabolism. 

(Sllfer(1930) Boell (1935) Brodie (1946) Needham (1942") 

Assuming a similar sequence of events in Locusta, the 

respiration data (Section 8.2) may be combined with the R.W. 

results for the egg (Section 6.5) in the manner described by 

Lvtrup (1953). The R.W. of the egg was constant except for a 

rise of 40-50 uns, during the fourth and fifth days, the period 

ofmaximum water uptake. This increase might have resulted from 

combination of some of the incoming water with the embryonic 

material, resulting in a lower density change than if the water 

had remained frec.. 	)vei so, this e:laiation secxa uuiikiy 

T.t9r /. 
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hydration of the embryonic material would lower its density and 

Fig. 62 shows that in fact this density rises. This rise could 

be accounted for by an increased fat consumption during the period 

of water uptake (fat having a density or u.ô gm./ml). however, 

a R.W. increase of 15, 20 and 10 ,aits. (Fi;. 39, series C) during 

the 24 hour periods from 2* to 5 days would require the 

exclusive loss of 60 9  80 and 40 p.gms. of fat on each successive 

day. This would involve an oxygen consumption of approximately 

120, 160 and 80 ,flitrea. A glance at Table K will show that 

oxygen consumt.ofl during those periods (3 day - 31.05 ul., 

4 day - 74.25 ul., 5 day - 64.3 ul) was far below these figures. 

It seems then that the observed increase in LW. was due to 

neither hydration processes nor fat combustion. In Section 8.4 

it will be shown that the increase could be a spurious one, 

resulting from the presence of air in the shell during the first 

three day. If this hypothesis is correct, the R.W. may be taken 

as constant throughout development. 

Usin the equation 

- A R.. 	c).3) 4A. 	+ j.0 dA 	- u.25 

(Lvtru.p 1953) it can be seen that a constant R.W. means that fat 

loss must balance the loss of protein and carbohydrate. This means 

that fat must be consumed from the very beginning of development. 

The oxygen consumption of the first three days (Table K) would 

involve a loss in carbohydrate of 3.0, 7.5, & 18.25 pms., or a 

loss in R.W. of 1.5, 37 & 9,2 fixiaa. respectively. These losses 

would be too small to be detected with certainty by the R.W. 

measurements. The most accurate R.W. results show no sign of 

this I.. 



TABLE K. 

VOj1J1i1. OF 3X1S 

0.)  u:,takc (jfl./hr). Total. 0. 	uptake /day Theoretical 
upe 

Da Expeririena1 Theoretioa cri1itaa Theoica1 
va1u V val  at .T.T.T4'. 

0 - 0.106 - 1.27 1.143 

1 0.229 0.229 C.25 5.5 4.95 

2 0.40 0.604 12.7 14.5 13.05 

3 1.60 1.4 39.6 34.5 31.05 

4 3.090 3.4 74.1 32.5 74.25 

5 2.673 3.00 68.8 12.0 4.8 

6 3260 3.25 78.2 78.0 70.2 

7 3.910 4.35 93.7 104.2 93.78 

8 6.240 5.62 150 13.5 125.55 

9 7.623 7.78 183 166.5 167.85 

10 .1.3 10.4 274 250 225.0 

ii - 3.9 - 334 300.6 

12 - 18. li - 223 200.7 

GRAI) TOTALs 962.3 1525 137.3 



- 75 - 

this loss on the third day and it seaiiLa likely that carbohydrate 

combustion has ceased by this time. (of. hill (1945) & Boell (1935) 

on Melanoplus). If this is so, then calculation of the losses in 

protein an.d f't may be ace using the sia1t.ou.s equations 

- A R.W. 	 ).25 

	

0.95 	- 2.02 

The is done in Table 64 using 24-hour periods (1 11 days etc) 

for oxygen consumption calculated frosi the iean daily values, and 

assuming that the R.W. is constant i.e. - i H.W. = 0. Pig. 64 

shows the graph of fat combusted and ay le compared with the 

graph for loss in dry weight - Pig. 61. The total loss in dry 
weight of 0.9 3,iipms. compares well with the results of Section 4.1. 

	

= 	W 	0.962 
p 

i.e. protein and fat are consumed in f1.cd oprrtien 	the 

curve of protein combustion is almost identical with that for fat. 

By uhetit ;in. the value for 	in the .:c'C o1ution we obtain 

A 02 	293 A W i.e. 	= AO 2 

2.933 

and the curves for loss of fat and protein parallel the oxygen 

uptake curve - Pig. 59. This may be conparcd with the work of 

Bodine (1946) who found that the uric acid content of Melanoplus 

embryos parallel the oxygen uptake of the egg. It seems likely, 

therefore, that protein and fat are used as energy sources through-

out the development of the egg. 

Slifer (1930) gives the fat content of Melanoplus eggs as 

17-22% of the dry weight. If the figure for Locusta is com-

parable I.. 



TA= 64. 

YAT & i0TN C 	TI0..j;er daj 

)tUk3 	 Total 
(ill"LClity  T.T.P.) 	Fat 	2roeL. 	 Thss. 

0 1.14 0.389 0.374 0,76 
1 4.95 1.69 1.62 3.1 
2 13.05 4.45 4.28 8.73 
3 31.05 10.59 10.18 20.77 
4 74.25 25.3 24.3 49.6  
5 64.8 22.1 21.2 43.3 
6 70,2 23.9 23.0 46.9 
7 93.78 32.0 30.2 62.8 
8 125.55 42.9 41.2 84.1 

9 167.85 57.3 55.1 112.4 
10 225.0 76.8 73.8 150.6 
11 300.6 102.2 98.3 200.5 
12 200.7 63.5 65.9 136.4 

Totals 	137.29 	468.12 	450.05 	313.17 
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comparable, then the total lose in dry weight is,  of the ame order 

as the fat content. If, as in Melanoplus, just over 50% of the 

::Lt is consumed, it will account for just over 50% of the total 

loss. The rest of the loss nust be due to consumption of 

carbohydrate and protein. This is the picture presented by the 

results of the preceding calculations (see total consumption 

values in Table 64). It must be noted that the "hump -Jr. the 

calculated curve of respired material was not shown in the dry 

weight measurements, but this may be because it was too small to 

be detected by the measurement technique. 

Finally, in considering the results of this calculation of 

fat and protein loss it must be remembered that it rests on the 

assumption that the density of the egg material does not change 

for reasons other than loss of material (Lvtru.p 1953). It has 

been shown in Section 8.1.5.1 that the dry embryonic material 

shows an increase in density, and so it is clear that the cal-

culated losses in fat and protein are, at beet, approximations 

to the true losses. 

Efficiency of development. 

Since the dry weights ofej and isolated embryo are known, 

the dry weight of the yolk may be calculated and so a picture of 

the transformation of yolk into embryo and of the yolk combusted 

may be obtained. Table 65 shows this calculation, using the dry 

weight values computed for an eg of 4.5 nigins. weight (Table 62) 

and mean embryo dry weight values from Table 51, Pig. 65 

shows the graph of egg, embryo, and yolk dry weight and 

represents a developmental balance sheet. The general picture 

is /.. 



TABLE 65. 
DAY 	IT  OF EGG, EMflRYO & YOLK (MGM.) 

Dag Ca:Lcu.1ted 
for 
Val-Lies Embryo 

mbr2. 

0 4.498 0.00288 4.49512 
1 4.495 0.0082 4.48918 

2 4.488 0.0118 4.4764 
3 4.472 0.0238 4.4482 
4 4.432 0.0481 4.3839 
5 4.376 0,0973 4.2787 
6 4.430 0.197 4.123 

7 4.260 0.398 3.862 
8 4.180 0.735 3.445 
9 4.072 1.005 3.067 
10 3.29 1.37 2.559 
12. 3.735 1.87 1.365 
12 3.474 2.55 0.924 
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is vexr iilar to tii.it iven j •ii (1)29) for 

The relation betweefl yolk used and enlbrdo fori'C L.e. 
'I 

embryo dry wt. 	 has been termed t:i' ..latic 
emo dry wt, + yolk corabusted 
Efficiency coefficient (Needham 1931) and is a measure of the 

efficiency of the transformation of yolk into embryo. This co-

efficient is calculated on a cumulative and incremental basis 

in Table 66 from the original weight of the egg (4.5 m€s) minus 

the amount of yolk unused, and the embryo dry weight. A graph 

showing changes in the coefficient during development is given 

in Pig. 66. The most interesting thing about this graph is 

its striking similarity to that given by Needham (1931) for the 

chick embryo - the changes in both cumulative and incremental 

curves are precisely the same in the locust and chick eggs. 

Needham has suggested that the trough in the efficiency curve is 

correlated with protein combustion, though not necessarily with 

this factor only. In the locust egg the trough occurs at the 

fourth day, corresponding with the oxygen peak and the maximum 

rate of water uptake. Both chick and locust incremental curves 

a maximal peak which the cumulative curves fail to show. In he 

locust this peak corresponds with the change in the relative 

growth rate in dry weight, i.e. 7.8 days. Gray (1926, 13) 

found a fall in P.E.C. for the trout, while Hayes (1930) found a 
4 fo.0 

rise in the curve of the Atlantic salmon. The correspondence 

betve.c: the chick and locust P.B.C. is worth further investigation. 

The average P • E • C • for Locusta is 0,61 and this compares 

well with the figures quoted by Needham (1931) rou-,-iging from 0.58 

for 1.. 



TABLE 66. 

"PLASTIC :PFICI:;:cf COEFIICL'!rr". 
Dri Wt 	oiktsod 	Dry • fiiibryo 	C]'ti-7e Dai - o -= o 	d. 	 T,fficj,c 	itTre- Da1 	ou_ 	 Tot er dj 

El  ickei),cy.  

	

0 	0.005 	 0.0029 	 0.58 

	

0.006 	 0.0029 	 0.484 

	

1 	0.011 	 0.0058 	 0.527 

	

0.013 	 0.0060 	 0.461 

	

2 	
0.02401028 	

D. 	 0.492 

	

0,028 	 0.0120 	 0.430 

	

3 	0.052 	 v.0235 	 0.458 

	

0.064 	 0,024.3 	 0.380 

	

4 	0.116 	 0.0481 	 0.4157  

	

0.105 	 0.0492 	 3.492 

	

5 	0.22]. 	 0,0973 	 0.44 

	

0.156 	 0,0997 	 0.639 

	

6 	3,377 	 0.197 	 0.523 

	

0.1 	 J.201 	 0.770 

	

7 	0.638 	 .398 	 0.624 

	

0.417 	 3.337 	 0.809 

	

8 	1,055 	 0.735 	 0.69G 
9 	1.433 	 1.005 	

0, 70 	
0.702 

Oo 7-15 

	

0.508 	 0.365 	 0.719 

	

10 	1,941 	 1.37 	 O.70 

	

0.694 	 0.50 	 o.721 

	

11 	2.635 	 1.37 	 0.710 

	

941 	 0.722 

	

12 	- ' 	 r .J.i1u 	 t.j 
 

L 
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for the frog embryo to 0.63 1-'or the trout erabru. 

WATER iTOLIL OF 	I13AOT. 	L, 
19-4 

.1 Increase inwei Lht. 

Brief summaries of the work or, Uiis sui c . 

by Wigglesworth (1939) Needham (1942) and Slifer (1933). They 

show that increase in weight due to the absorption of water is a 

feature common to many insect eggs. In only a few papers, however, 

have detailed figures of the iirease in weight, volume and 

percentage water content of the egg been given and in all but one of 

these oases they were obtained fra iesurements of batches of eggs. 

Bodine (1929) Slifer (1938) & Matto ti5i) give graphs showing 

water uptake but do not include the data. Kerenski (1930) gives 

figures for single eggs of Aiopli austriaca which show an 

increase in weight of about 120 during the third to, fifth days of 

development and due to water intake, Ludwig (1932) measured the 

wet and dry weight of eggs of P2pi11i24onica and calculated the 

weight and percentage water content, Johnson (1937) made a more 

elaborate series of measureji.ent of wct rcT dr ciht; &i. volumes 

of eggs of Notostira erratica. 

In all the work mentioned o far t  the curves of increase in 

wet wei;ht are similar in form to those obtained for Locuta 

miratoria in the present work, (Tables & Pigs. 2, 39  9, 129  15, 
28, 30, 47). The mean values for all measurements of wet weight 

have been expressed as percentage increases in weiht and are 

given in Table 67 and their mean values plotted against time in 

Pig. 67. In this form the data can be compared with those for 

other I., 



ii 

TABLE 67. 

PERCENTAGE ICaEAsE II1 'NE. T WEiGHT 00G. 

%age weight increases derived frorn 
the expt1.earx vsOlues of Table. Smoothed 

Day 2 3 47 Mean Blewn 

0 0 0 0 0 0 0 

1 o o o o o o 

2 0 0 0 0 0 0 

3 0 3.5 1.0 0 1.6 1.5 

4 41.5 60.3 
37 

52.4 48.2 4.0 

5 96.2 115.3 83.7 81.7 95.6 95.0 

6 106.9 120.6 113.2 118.2 115.0 115.0 

7 11.0 126.5 120.4 123.1 121.8 122 

8 127.6 126.9 113.2 129.2 124.2 124 

9 126.4 117.8 113.2 135.3 122.7 125 

10 130.1 125.3 123.4 18.5 134.3 125 

11 128.9 141.2 110.2 136.5 129.2 125 

12 127.6 111.1 - 119.4 125 

13 - - - - - ..L25 



DAY T 30°C. 

FIG. 67. PERCNThG INCRSE IN j.EIGHT OF EGG 
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other insects, especially the similar graph ,iven by Johisou and 

the figures by EIerens:i. It seeiaa that this curve describes the 

egg weight of several different insects showing a preliminary phase 

of constant weight, then a phase of rapid increase and finally a 

period of more or less constant weight. The degree of this increase 

is also typical, being usually well over 100%. (120% in Anisoplia, 

Locusta & Notostira). 	!here a diapau.se  occurs e.e. Melanoplus, 

the weight curve is altered by the insertion of a period at low 

constant weight (Bodine 1929). Roonwal (1936) has measured the 

wet and dry weight length and breadth of eggs of Locusta migratoria 

but at only three stages in development and using batches of e.s 

for the wsighiiv s. The stages be measured correspond with the 

first, sixth and twelfth days in the p'esent work (Table [3). 

Roonwal's results are given in Talo ., 	nintion ci' thich W4,44  

OII tb they are in close agreeint with the comparable figures 

:ivei: in thia work (T-ables  

Density of the Insect Egg. 

Canges in density 0±' 	deveiopin e4  will be cc'wed by 

any changes in weight and/or volume. Such changes may be due to 

physioo.s.chemica.I changes of the egg material or to loss or gain of 

material of different density to the egg material. The first type 

of change is encountered in the transformation of heavy yolk into 

lighter protoplasm, a change which Needham (1942) suggested is the 

cause of the continuous density decrease in Teleost eggs. The 

second type of change includes two processes. One - the loss of 

material due to respiration - always occurs and, as has been shown 

(Section 8.3.1) may be as much as 20% of the total dry weight. The 

other I.. 

v.4. . 
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other, o 	Ting in non or partially cleidoic e,gs, is the up'take 

of water dJor inorganic salts, e.g. Cephalopod eggs (Rauzi 1930). 

Thus denitr changes of the egg may provide information on the 

metabolic and morphogenetic processes of development, especially 

when used in conjanction with information such as weight and 

respiration data. The method has been successfully applied to 

Aniblystoma eggs 1y Briggs (1939)  who found that density reflected 

water uptake and the formation and subsequent collapse of the 

blastocoel and archenteron. Similar results for lenopus laevis 

have been obtained by Tuft (unpublished work) who found that density 

of the tissues (embryo with blastocoel and archenteron opened) 

remained constant until after neurulation and then decreased slowly. 

In both 'these cases the movement of water was sufficient to mask the 

possible effects of other embryonic events on the density of the 

egg. 

It is clear from the results of the work on Locusta eggs 

that, here also, changes due to water uptake prevent detection of 

other smaller changes. If density changes of the egg were entirely 

due to the water which was taken in, then the expected change in 

density may be calculated from the wet weight measurements, provided 

that the original density value for the fresh laid egg was correct. 

In this way the expected and experimental density values may be 

compared, This is done in Table & Fig. 68 where it can be seen 

th.t the agreement was not perfect - In fact, the, density changes 

were less than would-be expected. This means, if the density 

measurements were correct, that some of the water which enters 

the e'; changes in deisity and becomes 'bound water", or that fat 

is I.,. 



TABLE 68. 
DENS ITY OF 	; - ?iaME1TAL & PIjEORETICAL VALUES. 

(Wlht 	deity values a.t'e aoars io Lp;. 2, Pd A, 
Section  

Ex 'i.onta1 C.;1e.üed The uLJ T.riiiffl1ta1 
lie 1-1 Tst  wt. 

(72. 

8.2 	 7.35 	1.1150 	1.1150 
7.18 	1.1150 	1.1155 

2 	 8.0 	 7.18 	1.1150 	1.1130 

3 	 88 	 7.98 	1.101 	1.1055 

4* 	13.4 	12.53 	1.067 	1.0710 

5* 	15.3 	 14.48 	1.059 	1.0615 

6* 	17.1 	 16.28 	1.052 	1.0545 

7* 	18.0 	 17.18 	1.049 	1.0520 
UO:L 

	

18.4 	 17.58 	1.049 	1.0525 

9* 	18.3 	17.48 	1,049 	1.0515 

10* 	19.2 	 ie.38 	i.0.6 	1.0510 

11* 	18.0 	 17.18 	1.049 	1.0530 

12* 	19.5 	 l6.68 	1.049 	1.0485 
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iu 	 inC C, r. titr (Sctio 8.3.2). A C 	of 

this kind would cause a change in the R.4. of the e; 3i.-Ace it 

involves a cimrge in the quantity of material of density different 

fran 1 m./rt].. The expected R.W. values may be calculated from the 

wet weight and density 	 (Section 5.3.1) using the 

relationship i1j,"i. = Wx  

Table & F. 9. 	Caraparison o. these expected R,V. iie8 

with those found Ly experiment (Section 6,5) shows complete aee-

ment; the variation in the calculated values being due to varia-

tion in the wet weight measurements from which they have been 

derived. 

The reverse calculation is shown in Table & Fl,. 70 • Here 

the density is calculated from the wet wej2i 	j: 

(Expt. 1, section 6.5) using the relationshi;: 7 = w 
W- RW 

The variation Is aEair. due to the wet weight measurements. The 

resulting density curve agrees well with the experimental curves. 

This is best shown in the following manner. Pig. 70 shows the 

results of a similar calculation using the smoothed mean values 

of wet weight and R.W. from Expt. 1 Section 6.5. In this case 

the density has been calculated on the assumption that the R.W. 

does not change during development, and the mean value for the 

last nine days has been used throughout the calculation. 	In 

addition, the effect on the density of a R.W. value 40 

below the mean value during the first three days has icen calcu- 

lated. Pic. 70 Lives a comparison of the smoothed mean density 

values from Expt. 2 9  Section 5.3.1 with these calculated values 

(Table I.. 



DENSITY 0 	J U J L1 	 jIGFiT 
TABLE  70. 

 

PDUCED WEI(. 	 LRW 2. 

Means from Expt. 3, Section 6.6.2. 

Daw iso. 	of MeaLi 3tandard dad 	rro 
or tea. . 

1 6 1.1259 0.3038 0.0016 

2 6 1.1119 0.0024 0.0010 

3 6 1.1172 0.0024 0.0010 

4 6 1.0768 0.0074 0.0030 

5 
6  1.0613 010101 0,0041 

6 6 1.0522 0.0029 0.0012 

7 4 1,0493 0.0085 0.0043 

8 4. 1.0498 0.0026 0.0013 

9 6 1.0488 0.0013 0,0005 

10 4 1.0461 0.0020 0,0010 

11 4 1.0442 0.0031 0,0016 



TABU 6. 

REDUCED -
jr 	OF EGGS CALG5biED J?R01 

Do No. of Mean R,W. andad Stand-Fwd error 
_ iati.p 

POD A. 
6 0.356 0.0383 0.0516 

1* 6 0.836 0.0545 0,0222 

2* 6 0.819 0.0280 J.01i4 

3* 6 0.348 0.0446 0.0182 

41 6 0.906 0.0340 0.0139 

5* 6 0.911 0.0217 o,0089 

6* 6 0.313 0.0442 0.0180 

7* 6 0.914 0.0087 0.0035 

8* 6 0.949 0.0391 0.0159 

9* 6 (,,931 0,0332 0.0135 

10 b 0.964 0.0423 0.0172 

11* 6 0,934 0.0336 0.0137 

12* 6 0.94.0 0.108 3.0441 

POD B. 
0.0186 0.0076 

1* 6 0.841 0.0130 0.0053 

2 6 0.839 0.0427 3.0174 

3* 6 0.852 0.0517 0.0211 

4* 6 0873 0.0371 0,0151 

5* 6 0,916 0,0237 0.0097 

6* 6 0.398 0.0363 0.0148 

7* 6 0.920 0.0423 0.0172 

8* 6 0.938 0.0391 0.0159 

9* 6 0,969 0,0249 0.0101 

10* 6 0,928 0.0261 0.0106 

11* 6 0.926 0.3513 0.0209 

.LLJJ A. 

LD3 B. 
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Experiment 2 9  Section 5.3.1 
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TABr1 71. 

T 	 I ffl -. 

AiU 
DNS3 

6.6.:. 	LP. 
Vfl A - 

JiJ J, 	• 

Smootheiwet Smoothed Dr 
-! (s.) 

1 8,3 0,91 1,1212 
2 8.3 0.91 1.1212 
3 8,3 0.91 1.1212 
4 12.2 0.91 1.0787 
5 1c.2 0.91 1.0576 
6 17.9 .).91 1.0517 
7 1.7 0.91 1.0491 
8 19.1 0.91 1.0401 
9 19.4 0,U 1.0473 
10 19.4 ).91 1.0473 
11 19.4 c.91 1.0473 
12 19.4 0.91 1.0473 

Reu1ts for 	1termLtive R.W.values. 

1 3.3 0.37 1.1151 
2 5.3 0.87 1.1151 
3 8.3 0.87 1.1151 

Sinootho3. 
mean, 

1.1137 
1.1125 
1.1095 
1.0865 
1.0625 
1.0560 
1.0525 
1.0510 
1.0505 
1.0505 
1.05) 0 
1.0500 

1.1137 
1.1125 
1.1095 
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LGG DENSITY VAtLUES 



(Table 70). The points should lie on or perollel to the lilurawu. 

It can be, soon that a change of as little as 40 uas. in H. ?. is 

quite sufficient to account for the experimental density values. 

This graph shows very clearly the reliability of the measurement 

techniques since it compares results from three separate measure-

ments - wet weight, R.W., and aensitj. Considering the variation 

inherent in wet weight rieasure.onts, the ag.eemet is very satis- 

factory. 

The change in 11.7 . of the o 	secs to e iue to the 

influx of water since they occur at the same time, i.e. fourth n& 

fifth days. It has already been shown (Section 8.3.2) that it is 

unlikely that the change is due to combination of the incoming 

water with the egg material or that the rise is due to a burst Of  

fat consumption. Aii alternative explanation is that air is 

present in the chorion of the fresh laid egg and is displaced by 

water entering the egg. An attempt was made to test this hypo-

thesis by subjecting the egg to a low pressure while immersed in 

air-free water. No air bubbles were seen to leave the eg:. A 

simple calculation will show the volume of air necessary to 

account for the observed changes. With air present, i.e, during 

the first three days, the weight of the egg and R.W. are knowu 

and so the volume (including the air) may be calculatod, using 

the relationships: 

R.W1  = W- v1  7 
0.87 = 8.3 - V., 

V1  = 7,43 cu.-,m, 

(where.  

If I.. 



If this air was not present, the weight of the egg would be 

unchanged but the R.7. woulC he the sane a that 1or e:rs in 

which water had replaced th air (iiiee water does not ffect 

R.W.) Thus the volume of the eg without air io :— 

= W  - v2  
0.91 = 8.3 - V2  

V2 	= 7.39 cu.mxa. 

The volume of the air is therefore 

7.43 - 7.39 = 0.04 cu. ma. 

If such a small quantity of air was distributed throughout 

the chorion it would be difficult to detect either by the method 

tried here or by a microscopical examination such as that of 

Roonwal (1936). Tuft (1949) has demonstrated the presence of an 

air space below the chorion of the egg of Rhodnius prolixus. 

The presence of air in or 'mder the chorion has been shown io Loetsta 

6' other insect eggs by Wigglesworth & Beament (1950), 1Niggleswo.eTt 

(.L)53 ). 	In all cases the air is present throughout the develop— 

ment of tie egg; in some cases it is not present in the fresh—

laid egg but appears later in development. This is the oppo3ite 

of the events suggested as occurring in Locusta where the air in 

the fresh—laid egg is displaced by incoming water and consequent 

stretching of the e: c-hell rir'o foirth and fifth dave of 

r ; : )it. 	 4 LftA(nCitl c.Jct 44f Cr 	 'tk. d.1i 

I £ thI L 	 •'' , 	, 	l.e of the ucrea3e 

thwei'ht of the egg is due to uptake of water. The same is 

probably truo for other insect eggs since Luiwi (1932) cal—

cui,vec1that abeorbsd water cold easily account 'for the whole 

of'.. 



- 
of the observed increase in egg weight in Popillia, and Johnson's 

(1937) measurements of weight and volume of Notostira e--,&s 

suggest that all the change in weight and volume is due to water 

uptake. 
The correspondence between egg density and water contort 

is not quite complete. The density results (Pigs, 24 9  25, 29) 

show a slight fall from 1.051 to 1.05 gin/mi, dxtring the eighth 

to twelfth days. Table 64 shows that during this period 

334.3 j.gms. of protein and 345.7 p.;ns. of fat are combusted. This 

will give rise to 137 and 362 ,Zis. of water (100 3. protein = 

41 	. water and 100 gms. fat 107 gras. water on cøibusti). 

There should therefore be a very slight increase in density. The  

fact that the percentage water content increases by about 2 during 

this time (Figs. 10, 139  16) i.e. by 0.68 m. in 20 xna. egg, 

suggests that some water is taken up by the egg in order to replace 

the whole of the lost material - 0.68 ii:i. This, however, will 

still nct count or the au,ested decreae in clnsity since 

the lot fat anc protein together give no change in LW. and are 

equivalent to an equal weight of water. This suggests that the 

density decreases may be due to the transfoiinatiofl of dense yolk 

material into less dense embryonic material. Apart from this 

possibility, it is clear that changes in water content are 

responsible for all the observed 	sity changeZ in LJi ciL. 

L4. 3 	MechaniSm of water uptake • 	
4 

It has already been shown in Section 8.2 tbzt the respiration 

and growth curves are not 010e1Y comparable. This is 

particularly true of the first five clay , durin. which the 

respiration I.. 
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respiration showed a rapid rise to a maximum at the end of the 

fourth day, followed by a slight fall. After this time, the 

respiration showed an exponential increase comparable with the 

growth of the embryo. Examination of Pigs. 6, 17, 29 & 48 

will show that the rate of water uptake reached a maximum at 

the same time (i.e. between the fourth and fifth days) as the 

oxygen consumption. It is possible therefore that water up-

take in the locust egg is an active process requiring a con-

siderable amount of oxygen. matthee (1951) has reviewed 

work on this subject and has shown that in Locu3ta parda]ina 

water uptake is, in part at least, dependent on respiration. 

It must be noted however that part of the early increase in 

respiration in Locuata may be due to the formation and main-

tenance of the extensive extra-.emhL7OfliC structures — chorion, 

amnion and yolk cells. In any case, it is likely that a part 

of these structures e.g. the bydropyle in Melanoplus (Slifer 

19,38) is responsible for water uptake. A causal connection 

between maximal water absorption and maximal oxygen uptake can 

be established only by experiment in the manner of Matthee for 

Locus tana. 

4.4 	Water content of eg, 	ro and yolk. 	 g. 4.4. 

The percentage water content of the egg (Section 4.19  

Table & Pig. 10, 1.3, 16) is about 50 during the first three days 

and rises rapidly during the fourth and fifth days, after which 

the rate of increase declines and becomes constant at a low 

value. Thus the water content increases from 78% on the 

eighth day to 80% on the twelfth dad . It thus reflects the 

water /.. 



water uptake of the egg and the dry weight loss (Section .4.2). 

The percentage water content of the oa'ryo has already 

been discussed (Section 8.1,.i). 	It remains more or less con- 

stant at 90% for most of the developmental period, aridLi.L OW,_7, a 

slight fall during the last two to three days. 

The wet and dry weight of the yolk have been calculated 

by subtracting the embryo wet and dry weights from those of the 

whole e... . The dry weight of yolk has already been given in 

Table & Fj:. 65. The wet weight calculation is shown in. Tl 

73 where the changes in weight of a 9 ni. e have been cor-

puted With the aid of the percentage wei;h increase Table 67; 

the embryo weights have been taIen from the theoretical values 

of Table 55. 	TILe percentage water content of the yolk, (Table 

& Pig. 72) i o?ristant at about 50% for the first three days 

and rises to about 75% as water enters the egg. After the 

seventh day the yolk becomes drier, presumably losing water to 

the ;rowing embryo. After the tenth day its water content 

appears to approximate to that of the embryo (bytbis time the 

remaining yolk is contained in the idgit). This may be because 

the embryo wet weight values refer to the tissues of the embryo 

and do not include the body fluid. 	Furthermore the value 'Wet 

Weight egg minus Wet weight embryo' is not strictly equal to 

the wet weight of the yolk since there is a considerable amount of 

extnemb17oniC ffluid present from the beginning, of katatrepsia, 

It is most likely, therefore, that the percentage water content 

of the yolk fails from the beginning of katatrepais (sixth day) 

d continues to fall to a level below that of the whole e;ryo. 

Table I.. 



TABLE 72. 

PERCEI!2AGE 'WATER COiET c.'F YOLK., 

Wet Wt. Yolk dry Wt. Yolk 
- 

Wt. of water 
in yoi 

3e water 
ieTt. 

(rngx 

0 8.9726 4.49512 4.4775 49.9 
1 8.9421 4.48918 4.452 49.8 
2 8.878 4.4762 4.402 49.6 
3 8.884 4.1482 4.436 49.9 
4 12.767 4.3839 8.353 65.7 
5 16.46 4.2787 12.18 74.0 
6 17.26 4.123 13.14 76.1 
7 16.06 3.862 12.20 76.0 
8 13.57 3.445 10.22 74.8 
9 10.79 3.067 7.72 71.5 
10 8.2 2.559 5.6 68.3 
II 6.4 1.865 4.5 70.3 
12 3.4 0.924 5 83.3 
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TABLE 73, 

WET WEICUT •3: J 	:Q : YOLK iw.J 

et lilt. Znirro 

0 9.0 3.0274 8.9726 

1 9.0 0.0579 8.9421 

2 9.0 0.122 8.878 

3 5.14 0.256 8.S4 
4 1.3 0.533 12.767 

5 17.6 1.14 16.46 
6 19.4 2.14 17.26 

7 20.0 3.94 16.06 

8 20.2 6.53 13.67 

9 20.3 9,51 10.79 

10 20.3 12.1  8.2 

II 20.3 13.9 6.4 
12 20.3 14.9 5.4 

TABLE 74. 

WET & 1RY NEGflT CO P03ITi0U OF Ti*"-  S-GG 

0 8 MS I? lays 
in 	bo atIcn. 

- EgZ  Wet 0.0 20.3 
Dry Wt, 4.498 3.474 

Embryo - 	1t 	t. 0.0274 
Dry 	t. .).00288 2.55 

Yolk Wet Wt. 8,973 5,4 
D:j .t. 4..195 0.924 
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Table 73 shows the values for wet weight of eg.;, ciurTo and 

yolk and Fig. 73 represents a developmental balance c:t for 

wet weight, comparable with that already given for dry weight 

(Table & Fig. 65). This continuous rtlanoe sheet may be com-

pared with the results of Ranzi. (130) for Sepia, when it will 

be ssen that the only significant d-ifference is that in Sepia 

water intake of the egg occurs throughout development pre-

sumably as it is required for building the embryo, whereas in 

Locusta all the water is taken up in one step aid then incor-

porated into the growing embryo. This difference may have some 

evolutionary significance since the terrestial insect egg cannot 

rely on a continual supply of water as can that of a marine 

organin. The ability to absorb and store all the required 

water during a short period whenever water is available would be 

of considerable "species survival value". The next evolutionary 

step is of course that of the completely cleidoic egg in which 

the required water is contained within the egg before layin. 

A redent study by Roth and Willie (1955) of the water content 

of cockroach eggs shows a series of adaptations paralleling this 

evolutionary step towards complete independence from an external 

water supply. 

It is apparent from the balance sheet for the first and 

last days of development - Table & Fi. 74 - and from comparison 

with. similar balance sheets given by Gray (1926) for the trout 

egg and Ranzi (?t9, 1930) for the Cephalopod eg o, that in the 

partially cleidoic egg almost all the water contained In the 

embryo iitut be obtained from the environm.eiit. 
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9. CONCLUSIO 
	

a 
. 1 LOTJSTANA PL 	A 

One experiment w wade using p0Jt-.4Uie6Oeflt 3S 

Locustana pardalir1a (Walk,j The results show that increase 

in nuclear number does not begin until at least three days 

after wetting, and that the increase reaches a maxiauni rate 

within 48 hours and continues at this rate until the end of 

the eighth day. The increase then ceases, when the total 

number of nuclei in the embryo is just 

.2 	LDCUSAIGRATORIA iIIGRATORI0 IDES R.&. 

The £oliowii3 i!Lfoi'1atiOfl has been 	 J.J.L 

isolated embryos of Locusta miatoria migratorioides 11.&P. 

incubated at 30°C. 

1. 

	

	The intact, -Am- 

(a) 

gg.
(a) There is an increase in weight of up to 120% of the 

original weight. The vol=e shows similar increase. 

The whole of the increase is due to the absorption of 

water. This begins after 72 hours of incubation, 

reaches a maximum rate 24 hours later and is reduced to 

negligible proportions by the ninth day of incubation. 

The correspondence in time between maximal rates of 

crater and oxygen upta1e suost ;hat water absorption is 

an active process. 

(b) There is a dora,s in ry vitht of about 20% of the 

original dry weight daring the twelve days of devio 

ment. The results for loss in dry weight 6iva no 

rea9on to sUO5e that the rate of loss in dry we±.ht 

differs I.. 

1.2 



if -6 era in ary way from the rate of oxygen conaumrtion 

of the 

The water o:.iit i•i:s iro 50  

with the uptake of water and the dry weight loss.. 

The density falls from 1.115 to 1.05 	/ial., chiefly 

reflecting the uptake of water. The presence of 0.04 

to 0.05 1. of air in the freshly laid egg would 

explain the difference between density change and 

water uptake on the assumption t .:t some of the 

incoming water reTL:ce ihe ir 	3cc wz.ter uptake 

has almost ceased (niih 'iy- ), ihc iihct wi egg 

density of the tranafomation of yolk into embryonic 

material can be seen. It is probable that this change 

contributes to the continued doniity decrea2e of the 

ninth to twelfth da3, 

The reduced weight is unchanged during development. 

The rise of 40-50 	can be explained as due to the 

displacement of 0.04 0.05 ul. of air (postulated as 

beimg present in the newly laid egg) by incoming water 

and the consequent stretching of the egg shell. 

Jssuiaing that carbohydrate combustion ceases soon after 

the first day of incubation, the R.W. and respitn;:;ry 

result3 have been used to show that fat and prot±n are 

consumGd in almost equal proportions throughout development, 

Tho is --ad u'ryo. 

(a) 	roc.1. 

(i) 	The drr 	increa 	be Gle sCi51 iy •arate 

exponential I., 
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O'j1 om2ations or to i'irt eight and last i'our 

days of incubatjo2, with Constant rolative growth rates 

o1 0.70 and i.31 respectively. 

The wet weight increase (Computed froii R,W. and 
donajty) has been provisionally descriLed by a logistic 

equation with a relative growth constant of the order 

of 0,75 decreasing slowly until the sixth day :1,nd 

rapidly thereafter. 

(iii) Preliminary rLd 	icr iricreas in iiunber of nuclei 
suggest that the increai.lta s exponential in nature with 
the possibility of a change in relativo growth rate from 
a higher value to one of the order of 0.7 by the fifth 

day. The increase appears to cease by the ninth day, 

when the embryo contains nearly two zailljori auclej. The 
technique devised for determining nuclear number mciree 
further development in order to increase its precision  
and so extend 1t3 	ljcaiji, 

(b) Relative growi, 

(I) '7ct Wejht aaid dry weight increases are comparable 

(iiatjve growth rates of 0.75 - 0.7 and 0.7) up to the 

seveaLth day. After then, the rate of increase in wet 

weight continues to decline while the rate of increase 

in dry weight remains constant, with a change in rate 

at the end of the eighth da,r. 

(ii) Nuclear 	i.iCiI.e apear8 to correspond 
wjt yr  

	Of 

\). f.. 



1 

1 •7)"rom  th• f:L±bh to ei3hth d:-z.j, .-, iter which ruc1r iuzaber 

increase ceases, while dry weight continuo 	to increase. 

Prior to the fifth day fl1.1f 	xuer increase is possibly 

greater than the dry weLt :bi3e. 

(o) The water content of the en'bryo expresses the relation 

between wet weight and dry weight and is more or less con- 

stant at 90% until the eighth day, after which it declines 

until it is about 35% at the end of the twelfth day. 

(d) The deasity of the embryo reflects Its water content and 

the amount of structural matt3ri11,11. 	It is constant at 

1.02 - 1.03 	i./nil. until the seventh day and increases 

during the last five days to about 1.05 gi,/iu1. 

b17o.iC 	 eg res4rtiOfl. 

(a) Oxy;. uptake of the egg shows a rapid increase during 

the first four clays of incubation. 	This increase is 

greater than the Increase in embryonic material. 	During 

the fifth and sixth days, the rate of oxygen consuIILpt Ion 

falls or is constant but the embryonic material continues 

to Increase. 	It Is not until after the seventh day that 

the  amount of oxygen consumed bears a fixed relation to 

the amount of embryonic material present in the egg. 	It 

is suggested that the formation and maintenance of extra- 

embryonic structures, and their activities, e.g, water 

absorption, are responsible for tile difference 	ietween 

the rates of egg respiration and emryonic drowth. 

Yb) The "plastiu efficiency coef.Cicient" calculated on mere- 

:r.ontai an3 cuuiatIvo bttse, cipreS with similar data 

for I.. 



for the chick embryo. iiithnwi efi'iienc5 COCUr$ .,t the 

time of maximum rate of water intake (96 hours). The 

average efficiency of 0.61 compares well with similar 

..ta for other organisms. 

5 0 
	GTERAL COi!CLU3 ION. 

The results for the growth of the emyo of Loouta give no 

reason to suppose that it differs in any way from that of the 

vertebrate or cephalopod embryo. The metabolism of the egg is 

similar to that of other partially cleidoic eggs and tha water 

metabolism is closely comparable with that of eggs of a 

cephalopod (Renzi 1930) and a fish (Gray 1928). 
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