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OmSRAL INTRODUCTION 
The work h e r e i n described i s confined to the study of 

the eggs of bjlowflies. No other stages in the l i f e - h i s t o r i e B 

of blowflies were studied. The investigation was c a r r i e d 

out both by means of laboratory experiments, and by 
observations and experiments in the f i e l d , using sheep 
kept under normal British farming conditions*. The effects 
of humidity on the survival of blowfly eggs was singled out 
for special attention, but the effects of temperature could 
not of course be ignored because of i t s close fl^er^relatlon 
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with humidity* Published work by previous investigetors had 
indicated that the eggs of the main blowfly species causing 
sheep myiasis i n Britain, i.e. Lucllia serlcata (Mg*)^were 
very susceptible to desiccation, were almost always la i d in 
a very dry environment when l a i d in sheep fleeces, and hence 
suffered very gireat mortality. No work had been done on 
the humidity relations of the eggs of the other species of 
blowflies of secondary importance as sheep myiasis producers 
i n Britain. 

The f i r s t stage of the work (Part i ) was one of 
reinvestigating the humidity relations of Lucilia sericata 
(Mg.) eggs, giving particular attention to their minimum 
humidity requirements, and to the effects of humidity fluctua
tions on their sui*vival* Later, the work was 'taken into 
the f i e l d * and a study of humidity conditions i n sheep fleeces 
carried out (Part I I I ) on more extensive lines than hitherto, 
particular attention being given to the occurrence of humidity 
fluctuations i n the fleece atmosphere. The choice of the 
pobalt*chlorlde, cobalt-thiocyanate paper techniques and 
their modifications, f a c i l i t a t e d this study. During the 
f i r s t sunmer of f i e l d work several laboratory l a i d L.aericata 
eggs were placed i n the fleeces of l i v i n g sheep, and their 
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fate recorded, under humidity conditions about which at 
least something was Icnown by means of simultaneous cobalt-
chloride paper humidity readings. Following t h i s , the 
laboratory work was extended to include the study of the 
humidity requirements of the eggs of five other blowfly 
species (part I i ) which sometimes cause sheep myiasis in 
Brit a i n , and subsequently the survival of the eggs of these 
species i n sheep fleeces, was tested on lines similar to 
parallel experiments with L#»sricata eggs* This work 
(part I I I ) Involving the placing of laboratory l a i d egg 
batches in 8h$ep fleeces end recording their fate, was not 
carried out on as large a scale as would be desired. The 
experiments must therefore be.considered merely as preliminary 
in nature. 

As would be expected, several side-lines developed out 
of the work, one of which was. the detection and study of 
sweating i n sheep. This factor was considered to be 
potentially important i n sometimes providing suitably humid 
conditions, i n sheep fleeces, for the development and hatching 
of blowfly eggs and for subsequent myiasis development. 
Here again, the work (part IV) must be considered merely as 
being preliminary to further work* 



PAR? I 
L̂AĴ RATORY STUDIES ON THE EGG OP LUCILIA 8ERICATA (Mg.) 

INTRODUCTION 
J , The laboratory studies of Evans (193U) on the humidity 

and temperature relations of L>serioata eggs showed that they 
were illadapted to survive at low humidities. He found that 
the minimum humidity for development was above ]Bmm. sat. def., 
equivalent, at 37^0 - the assumed temperature prevailing 
near the skin of sheep, to about 62^ R*H, Yet, Davies & 
Hobspn (1935) found that low humidities of M)-55^ R,H* were 
of coimnon occurrence i n the fleeces of l i v i n g sheep, where 
L.serioata eggs may be l a i d , Macleod (19^0) obtained similar 
results, and concluded that a state of low humidity normally 
prevailed in the fleece atmosphere. Further, Davies & 
Hobson re-emphasized Bvan*B conclusion that the eggs of 
It.seriQata were very susceptible to desiccation, and 
expressed the opinion that a steat^ humidity of over 90^ 

R.H* tov 2h hp* was necessary to ensure the hatching of eggs 
(accomplished i n 8 hr. at 3.7°G) and the establishment of 
myiasis. The present laboratory work was undertaken to 
repeat svan*s experiments, and accompanied a f i e l d study of 
liumidity conditions i n sheep fleeces using methods not 
hitherto employed for this purpose (part I I I ) , i n the 
laboratory work attention was given to the effects of 
humidity fluctuations on L.aerioata eggs, since f i e l d work 
indicated that considerable fluctuations in R .H. occurred i n 
the fleece atmosphere over f a i r l y short periods of time, in 
Br i t i s h summer weather. 

A study has also been made of the structure of the egg
shell, and i t s water-proofing mechanism, on the lines of the 
work of Beament (19i^6 a and b) on the egg of the bug 
Rhodnlus prolixus. Such information promised to be of 
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interest i n relation to conditions in the natural 
environment of the blowfly egfjs, 
^* GENERAL MORPHOLOGY OF THE EQQ-aiELL 

(1) Elicroacopic structure 
Methods. The shell of the ovarian egg about two days 
before laying was studied, when, as far as could be seen 
in sections, i t had reached i t s f i n a l thickness and shape. 
At this stage the f o l l i c l e cells"had undergone almost 
complete necrosis, being represented merely by their 
flattened nuclei and greatly reduced cytoplasm, pressed f l a t 
between the f o l l i c u l a r membrane and the contained f u l l sized 
©gg» . In th-is condition the f o l l i c l e cells could no longer 
add secreted material to the shell. The chorion then had 
the same external morphological features, such as the 
hexagonal imprints of the f o l l i c l e cells and.the f u l l y 
developed longitudinal hatching pleats (see Sikes & 
Wigglesworth, 1931) as are found in the chorion of the 
l a i d egg. Eggs wer$s ẑ moved as whole ovaries from f l i e s , 
fixed in Alcoholic Bouln, and paraffin sections made. 
Evidence on the nature of the shell components at this stage 
was compared with that on the shell of l a i d eggs, which were 
not fixed but embedded in paraffin after preliminary 
dejiydration and clearing* 
Miorosoopio structure of chorion. In sections the chorion 
of the ovarian eggs about two days before laying appeared 
identical i n structure with that of l a i d eggs; About 
5*0 microns thick over the main part of the shell, i t was 
thickened to about 10*0 microns i n the region of the hatching 
pleats and at the edges of the circular area surrounding the 
external raicropyle (Fig. lb & c) (see welsmann, 1863). 

Staining and other chemical tests showed that the chorion 
was composed of two main layers with a row of dark bodies 
forming parts of the boundary between them (Fig.2). The 
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outer layer, about 3#0 microns thick, was readily stained, 
whilst the inner layer, less readily stained, was 2*0 microns 
thick over most' of the shell, where the chorion was 
thickened, for example at the edges of the. circular micropylar 
area, most of the increase in thickness was due to an 

o 
cn 3 3 

zone 

B 

Halckino pleats 

V W 

FIG.I. ^ . t u l l t m i l W»3twti L j C n t f t i f l u •tJJ ; B . , SeiXon ckonon [ram \ I". «L la B 

C , T S . cWonon y^taXs [fom ZYo 1+. in B . 

expansion of this inner layer^ the outer layer remaining about 
the same thlcknesb over a l l parts of the shell. The dark 
bodies embedded i n the shell were only about 2.0 microns in 
diameter. Further details of their structure and nature 
and of the vertical disrisions apparently dividing the 
chorion into columnar elements could not be made out owing 
to their small aisse, even under a 1/12 microscope objective. 

This columnar structure of the chorion of L.sericata 
oggB (Pig*2) agreed with the description given for the eggs 
ofother Tachinidae by Pantel (1913)• 

The outer chorion layer, both in the ovarian and la i d 
egg was stained weakly by acid Fuchsin, pale brown by 
Ehrlich*s haeraatoxylin, pale blue after Mallory*s t r i p l e 
staining, and pale green after Light Green. The inner 
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dhorion layer was not stained by these substances at a l l * 
Both layers, however, stained deeply i n basic Puchsjln, gave a 
positive xanthoproteic test,, and negative results both with 
ninhydrin. and warm Millon's reagent. I t mbs evident therefore 
that both layers contained protein, but differences i n their 
staining properties Indicated that they were not of identical 
coB^osition, The reduced a f f i n i t y of the inner chorion 
layer was noteworthy and contrasted with the relative ease of 
staining the outer layer with some of the histological stains 
ooimoonly employed. 

The chorion as a t^ole when placed in the fonn of shell 
fragments in cold concentrated n i t r i c and hydrochloric acid 
did not dissolve nor appear to have been changed macrosco-
plcally at a l l , beyond becoming rather softened, even when 
l e f t i n for 30 min. The chorion slowly dissolved in warm 
{kO 0) concentrated n i t r i c acid and dissolved completely and 
rapidly i n saturated caustic potash solution at 150*̂ 0, thus 
showing i t to be completely non-chitinous. I t s resistance 
to cold concentrated acids however indicated that i t was 
composed of surprisingly resistant protein. The protein of 
insect egg-shells in general appears to be surprisingly 
resistant to strong mineral acids. Many of the protein 
layers of the Rhodnlus egg shell were found to be-acid 
resistant by Beament (19U6 b)* The chorion of the Culex 
pipiene egg is also acid resistant ( s i r S* R» Christophers, 
in conversation). I t appears also to be a general feature of 
insect eggs that the chorion i s completely non-chitinous 
(Beament, 19U6 b, S l i f e r , 1937, 1938). The general term 
*chorlonin* has been used for the resistant protein of 
Insect egg ©hells* The elucidation of the complex layered 
structure of the egg of Rhodriius by Bearaent, each chorion 
layer differing in chemical composition, has however 
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rendered the terro 'ohorionin* leather inadequate. 
When sections of shells were immersed overnight at room 

t^peimture in a saturated aqueous solution of jg-benzoquinone, 
the outer chorion layer and the row of dark bodies (Pig,2) 

became tanned to a deep brown colour over the whole of the 
e ^ shell, whilst the inner layer remained colourless. 
This result was obtained both with ovarian eggs and la i d 
eggs. I t i s concluded therefore that the protein of the 
inner layer was already tanned or, alternatively, so modified 
that tanning by jg-benzoquinone could not occur - and that the 

Dark bodies embedded in the chorion 

Outer chorion 
[ layer • 

Inner chorion 
layer 

Fig.Z. Pia^ram T . S . chorion. 

outer Chorion layer was largely composed of protein normally 
susceptible to tanning agents, and thus untanned i n the 
original egg shell, both before and after laying. 

The two-layered nature of the chorion of the L^sericata 
egg, with one layer not tanned and the other possibly tanned, 
may explain some of i t s peculiar mechanical properties, A 
e1;3̂ ip of Ohorion removed from an egg and mounted so that one 
end i s attached and the other free, underwent rapid curling 
movements when subjected to humidity changes'* when a wet . 
needle was held near i t , the chorion s t r i p curled downwards. 
When a warm needle was held near, i t curled in the opposite 
direction, instantly returning to i t s former condition wlien 
the warm needle was removed. These movements are illustrated 
T>y Fig*3* I t w i l l be observed that the curling (Fig.3,b) 
i s inwards i n high R*H. and outwards in low R.H* i n relation 
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LowR.H. OuVernn'facc 

FlC.3. Chorion Cor\i«j rwo««€nVSi %Kows omnViVlon ^ cWonon W ^ M C V X I T >̂nown »nB_^ 

to the inner and outer surface of the chorion fragment; and 
in addition that the curling movement occurred across the 
chorion s t r i p i.e. i n the transverse plane i n relation to 
the complete egg shell* Curling i n the longitudinal plane 
of the egg was negligible and i s not represented in Fig. 3(b). 

These curling movements would be e^lained i f the 
untanned protein of the outer chorion layer could undergo 
volume changes dependent on variations in a i r humidity, due 
to hygroscopicity of i t s protein moiety, while the inner 
layer, being tanned would be more r i g i d and possibly composed 
of non-hygroscopic protein. The curling movements f i t i n 
with the assumption that the outer chorion layer i s hygrosoopio< 
m low R*H. i t curls i n a manner consonant with a reduction 
in the volume, and thus a reduced water content i n the outer 
chorion layer, and in high R*H* curls i n a direction consonant 
with a higher moisture content end thus increased volume* 
This mechanical property of the chorion was when obaerved 
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an Isolated phenomenon of unknown significance. Later 
observations on the hatching mechanism of blowfly eggs 
possibly throw some l i g h t on i t s significEnce (page 37 )• 
Microscopic structure of the chorionic v i t e l l i n e membrane. 
The chorion of the blowfly egg closely invests an underlying 
membrane which encloses the ovttm i t s e l f . The membrane i s 
comparatively strong and transparent, and shows irridescent 
colours when isolated. The chorion can be stripped off the 
egg, leaving the egg retaining i t s original shape (Bvan$, 
193U) within this underlying membrane, which has been termed 
the chorionic v i t e l l i n e membrane by previous investigators 
(pantel, 1913)* 

This membrane (hereinafter referred to as the c*v, 
membrane) was found i n sections of ovarian and l a i d eggs to 

lomicxo 

of diorion 

boSetiKnt* membrane of 
follicle e^ilhekuni 

/ 

mucus-like ^ u j 
Covcnn^ ecreraicuByijli 

cKonon 

Ŝ Ace 

iKickenĉ  micro^ U r 

ono, o( c.v. mcMbrane 

EntoiRJcro^le, Covered. 

ki| thin , dear memkiune 

be about 3»0 microns thick over the general surface of the 
egg, but thickened to about 10,0 microns in the region of 
i t s micropyle. This mlcropyle In the C,Y, membrane was 
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described by pantel (1913) In the eggs of various Tachinidae* 
, I t has been temed the entomicropyle and is situated 
immediately beneath the raicropyle of the chorion (ecto-
micropyle). The appearance of the ecto- and entomicropyle 
i n a preparation stained with Shrlich's Haematoxylin and 
Bofiin i s shown in Flg*U* 

The entoraloropyle w i l l be seen to be a circular canal, 
about 3-5 microns i n diameter, situated in the middle of the 
thickened mlcropylar area of the c.v* membrane. A fine 
membrane was clearly seen covering the outer opening of the 
entomicropyle (Fig. k), otmi)'^ This membrane was not 
stained by haematoxylin while the thickened c.v. membrane 
was stained to a dark brown colour* 

The c.v* membrance as a whole was stained heavily by 
EhrliCh*e haematoxylin, Bale blue after Mallory*s t r i p l e 
staining, green after Light Green, and gave a positive 
xanthoprotein test* I t would thus boem to be of f a i r l y 
easily stained pz'otein, and in this feature resembled the 
outer chorion layer. I t was tanned A dark brown colour in 
£-̂ benzoquinone at room temperature overnight, indicating 
that i t was composed of untanned protein, i t resisted attack 
by concentrated n i t r i c acid i n the cold for several minutes, 
while on heating i t dissolved more rapidly and gave off oi l y 
droplets. I t dissolved rapidly In saturated caustic potash 
solution at 150°C. The c.v. membrane is therefore non-
chitinous, and is composed mainly ©f protein which can be 
dissolved in warm n i t r i c acid with the liberation of oi l y 
droplets. . . 

In sections of fixed ovarian eggs, treated with 1% 

ammoniacal silver n i t r a t e , the c.v. membrane gave the 
characteristic deep yellow colour (Lison, 1936) indicating 
the existence of polyphenols in i t , except in the thickened 
mlcropylar region which remained pale. At the edges of 
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the non-stained micropylar region there appeared a row of very 
f i n e , ^et black granules embedded in the membrane a$ though 
emerging from the thin part, but not continuous across the 
thick part (Pig, 5). This layer of silver-reducing granules 

Normal chorionic vitelline 
membrane—rich brown 

, , , , , after silver treatment 
Jet black granules \ . -1 

Thickened micropylar region 

F i g . S 

may have been continued along the thin region of the 
e*v» membrane over the main part of the egg, but were invisible 
as such even under a V^^th objective, possibly owing to the 
excessively fine dimensions of the membrane i t s e l f . 

In the l a i d L,serieata egg the c,v* m^brane showed 
no ailver reducing properties* I t may be mentioned here 
that the chorion showed no significant silver reducing 
properties either In the ovarian or la i d egg, in some pre
parations of l a i d eggs only, the chorion sometimes showed 
very weak reduction of silver leading to a very pale yellow 
colour which was reslstricted to the outer chorion layer. 
Since other similar preparations from sections of la i d egga 
fail e d to show this slight reduction, no significance i s 
attached to this occasional slight silver reducing in the 
chorion. 

The existence of considerable quantities of polyphenols 
in the c,v', membrane of the ovarian egg as indicated by the 
above obseijvations, may be interpreted as follows. The 
polyphenols may be the precursors of quinones responsible 
for *tanning» the inner chorion layer (pryor, 19̂ +0 a,b)» 
i n the ovarian egg these polyphenols being situated in the 
c*v. membrane, are immediately beneath the inner chorion 
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layer. I t may he that they az*o oxidizad and u t i l i z e d to 
tan the inner chorion layer, and are used up before they 
<san reach the outer chorion layer* This would mean that 

. the boundary between the untarined outer protei^layer and 
the tanned Inner layer l a not clear cut^but that thp 
degree of tanning, passing outward through the chorion, 
decreased ciuickly a f t e r about the middle of the thickness of 
the chorion, with oqinpletely untanned protein on the outside. 
In.sections of chorion tanned with £-benzoquinone the 
boundary between tanned and untannsd protein did not appear 
to be.'sharp* 'She absence of polyphenol i n the c,t. membrane 
of the l a i d egg, indicated by i t s non-silver-reducing 
properties, may be explained by the fact that the tanning 
of the inner chorion layer was then complete, and that a l l 
the polyphenols had been oxidized to quinones and u t i l i z e d 
i n tanning, or rerijoved i n some other way. 

(11) Lipoid content of the eg^-shell, 
Ovarian eg^, Sggs removed from the ovary some two days 
before they were due to be l a i d had no resistance to desic
cation, although the s h e l l as seen i n sections had reached 
i t s f i n a l dinjensions, and the f o l l i c l e c e l l s had undergone 
necrosis. Such egp:a appeared similar to l a i d eggs except that 
the chorion was s l i g h t l y transparent, the yellow colour 
of the egg yolk being v i s i b l e through i t * At t b l s stage, the 
eggs collapsed completely through water loss i f l e f t on a 
dry slid e f o r a few minutes at room temperature and humidity. 
They collapsed innnedlately i n saturated sodium chloride 
solution, at 19®c and swelled and bui'st i n d i s t i l l e d water, 
in d i c a t i n g that the s h e l l was f r e e l y periceable to water I D 
both directions. 

Fragments pf chorion and c.v. membrane from these ovarian 
eggs with permeable s h e l l s , when placed i n cold concentrated 
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ni|ferlc acid, e i t h e r alone or saturated with potassium 
chlorate, showed no change within the f i r s t few minutes, 
but rapidly dissolved i n Taoth these media on heating. No 
o i l y droplets were formed «turing t h e i r disintegration. 
The s h e l l of the ovarian ogg did not therefore appear to 
contain any appreciable l i p o i d material. 

The ovarian egg at t h i s stage was noticed to be leas 
t u r g i d than the l a i d egg# when rranoved from the ovary and 
immediately examined' wilihin a drop of the body f l u i d of 
the parent f l y , the ovarian eggs showed longitudinal 
wrinkles i n the chorion]^ and appeared s l i g l i t l y f l a t t e n e d , 
probably by the pressure of neighbouring eggs i n the ovary 
(see Pig* 6)« When placed f o r a few minutes i n d i s t i l l e d 
water these eggs reached the tu r g i d sausage-shape of l a i d 
eggs, by disappearance of the chorion wrinkles u n t i l the 
l a t t e r was smooth* I f l e f t too long they burst as already 
mentioned, i t appears that eggs, sometime before being l a i d , 
aquire water through t h e i r shells from the body of the 
parent female, either by active s^bsorbtion by the oocyte 
i t s e l f ^ or by secretion due to the adult f l y , or possibly 
a combination of both mechanisms. 

Laid Egg* The s h e l l had the opaque white appearance of the 
t y p i c a l Muecid egg. The chorion, considering i t s t h i n 
nature (5*0 microns t h i c k ) was very strong. The water 
permeability of the s h e l l was now much lower. Most eggs 

earance. o 
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could complete development whilst immersed i n saturated sodium 
chloride solution or i n concentrated p i c r i c acid at 19*̂ 0* i n 
the ovarian egg, p i c r i c acid rapidly penetrated i n t o the 
i n t e r i o r and f i x e d the oocyte. The observations on the l a i d 
egg therefore indicated that the egg s h e l l had been proofed 
against the entry of large molecules such as those of p i c r i c 
acid, and also against the passage outward t h r o u ^ the s h e l l 
of small molecules such aa water. 

On placing pieces of chorion or c.v, membrane from l a i d 
eggs i n cold concentrated n i t r i c acid or cold Scbulze's 
medium ( n i t r i c acid saturated with potassium chlorate) o i l y 
droplets were slowly given o f f ^ On heating, droplets were 
;i^pldly produced and these could be stained by Sudan I I I * 
This result i s i n marked contrast to that obtained with the 
same membranes from ovarian eggs. I t appears therefore 
that both chorion and c,v, membrane of l a i d eggs contain 
appreciable l i p o i d material, whilst i n ovarian eggs they 
contain l i t t l e or no such substances, although at the l a t t e r 
stage the f o l l i c l e c e l l s have completed t h e i r a c t i v i t y and 
undergone necrosis. No layers i n the shell of l a i d eggs were 
se l e c t i v e l y stained by either Sudan I I I or Sudan Black B. 
Treatment of the chorion and c.v, membrane i n chloroform, 
e: ther or carbon tetrachloride f o r 12 hr. at 30®c did not 
v i s i b l y a f f e c t the bulk of t h e i r l i p o i d content . After 
t h i s treatment i n f a t solvents, they gave o f f Sudan-staining 
droplets i n warm n i t r i c acid i n quantities comparable t o 
those given o f f by untreated shells. The l i p o i d contained 
i n the chorion and cv.membrane of the l a i d egg appeared 
to be bound and could not be removed by f a t solvents. The 
r e l a t i v e l y large quantities of o i l y droplets given o f f by 
the chorion i n n i t r i c acid suggests that both i t s layers 
contain l i p o i d incorporated int o the protein structure. 
Moreover, t h i s l i p o i d would appear to be a product of the 
oocyte, because i t does not appear i n the s h e l l u n t i l the 
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f o l l i c l e c e l l s have oompletely degenerated. The formation 
of the chorion would ti.us appear to take place i n at least 
two stages; the main protein structure i s f i r s t l a i d down 
by the f o l l i c l e c e l l s ; l a t e r l i p o i d material i s added to 
the protein structure, t h i s time by the oocyte, and becomes 
bound t o the s h e l l proteins. With the Incorporation of t h i s 
l i p o i d i n t o the dhorion and c#v.m6mbrane, there occurred 
a marked increase i n the r i g i d i t y and strength of the egg 
s h e l l * I n the ovarian egg fragments of chorion or c.v. 
mejnbrane were very weak structures easily torn with a f i n e 
needle^, i n contrast fragments of chorion or c,v. raeiubrane 
from the l a i d egg were nuch more r i g i d , and were not so 
easily torn* I t i s to be e:speeted that l i p i d i z a t i e n of the 
protein of the s h e l l would increase the r i g i d i t y of the 
s h e l l * on the other hand t h i s process of l i p i d i s a t i o n alone 
would not be expected to reduce markedly the shell's water 
pe33aeability. I t w i l l be shown l a t e r that the bound l i p o i d 
i n the s h e l l i s not i t s e l f responsible f o r waterproofing the 
egg* 

The effects of f a t solvents, such as ether, ohloroforoi 
and carbon tetrachloride on the water penneability of intact 
l a i d eggs was gauged by comparing t h e i r behaviour i n saturated 
sodima chloride solution at 19*̂ 0 before and a f t e r treatment 
i n a p a r t i c u l a r f a t solvent. I t was found that immersion 
in chloroform at 30®0 f o r 12 hr produced a rad i c a l increase 
i n the permeability of the s h e l l , making i t f r e e l y permeable 
to water i n both directions. Laid eggs so t2?eated i n 
chloroform^ swelled i n d i s t i l l e d water and collapsed i n 
strong saline solution. This indicated that some dhloiK)fonB . 
soluble material responsible f o r waterproofing the egg shell 

» 

was removed or disorganized during the treatment* Ether and 
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carbon tetrachloride produced substantially similar effects, 
ijhe water permeability of the eggs treated f o r 12 hr at 
30^0 i n chloroform was of the same high order as that of 
ovarian 6gss. These de-waterptroofed l a i d eggs, however, 
showed a difference i n behaviour i n strong sodium chloride 
solution> to that of unwaterproofed ovarian eggs, i n the 
former eggs, when water was withdrawn by osmosis from the 
egg ( i n strong saline) the oocyte and i t s enclosing c,v, 
membrane shrank inwards from the inner surface of the chorion 
which retained i t s o r i g i n a l shape (Fig. 7a). |n ovarian iggs, 

C V. membrai 
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however^ when placed i n strong saline, both the chorion 
and d*v« membrane collapsed together as the oocyte l o s t water 
{WIBP 7b), These differences beitween ovarian and l a i d 
eggs may be explained by the greater r i g i d i t y of the 
l i p i d i z e d chorion I n the l a t t e r eggs i n contract to the 
limp, u n l i p i d l z e d and hydrated chorion of the ovarian sgg. 

When batches of eggs, each l a i d by one f l y , were imoiersed 
o 

w i t h i n 13 rain, of laying i n saturated saline at 19 C i t was 
found that a small proportion (usually about lOj^) of the 
eggs i n each batch showed sighs of wate^loss by shrinkage 
w i t h i n 15 min» The following observations suggested that 
these non-waterproofed eggs were those that were l a i d l a s t by 
each f l y . Eggs were dissected from f l i e s i n the process of 
ovlpo s i t i o n , and t h e i r behaviour i n saturated saline at 
19°C compared w i t h that of eggs already l a i d a'few minutes 
e a r l i e r by the same f l i e s . About h a l f the eggs due to be 
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l a i d 7/ithin the next few minutec, from various positions 
i n the oviducts and vagina, shov/efl sicrjs of water loss a f t e r 
15 min. under the above conditions - the rest were unaffected, 
only about % of the eggs already l a i d by the same f l i e s 

. were of t h i s non-waterproof type. The process of water
proofing the s h e l l would thus appear to occur shortly before 
l a y i n g , and to be unfinished i n soKe eggs when they are l a i d . 

Tbe following observatioao show that the waterproofing 
of the egg was not due to the bound l i p o i d which appeared 
i n the s h e l l shortly before laying, sggs of the non-water
proofed type, macroBCoplcally i d e n t i c a l with l a i d eggs, 
were removed from the oviducts of a f l y i n process of o v i 
p o s i t i n g . Fragments of chorion and c,v, membrane from such 
eggs were placed i n wai^ concentrated n i t r i c acid, and droplets 
stained by Sudan I I I were given o f f . This showed that 
although the s h e l l protein had been l i p i d i z e d at t h i s stage, 
the eggs were s t i l l permeable to water i n both directions. 
The water proofing of the egg must therefore be due to some 
other change i n the s h e l l occurring before laying. 

Occasionally laboratory culture f l i e s l a i d complete 
batches of non-waterproof eggs with s l i g h t l y transparent 
chorions. Such eggs sh r i v e l l e d up at a l l humidities below 
saturation, and did not complete development, Gough {19U6) 
records that the wheat bulb f l y (Leptohylemyia coarotata 
PalL) l a i d a few eggs of t h i s type when the egg batches i n 
q.ue3tion contained more eggs than the average number of 
ovarioles i n that species. I n L.sericata, eggs idiioh 
s h r i v e l l e d up were hot observed to be more frequent i n large 
batches than i n small ones, and may have been p a r t l y a result 
of laboratory treatment of the f l y cultures. 

( i l l ) Effect of temperature on rate of water-loss 
through the e ^ s h e l l 

Batches of eggs, weighing 20 - 30 mg. freshly l a i d by 



23. 

a laboratory culture of f l i e s , wore teased apart on fragments 
of silvoi? f o i l BO that they for^'od a layer one egg t h i c k , 
and were exanjined under a binocular to ensure that damaged 
eggs were not .used i n experiments. A f t e r storage i n dry 
a i r at room teropaji^ture f o r 30 min, to remove a l l water from 
the outsides of the sh e l l s , they were again oxamined under 
a binocular and any damaged eggs removed. The rates of water 
loss from such batches when expoaed to dry a i r at'various 
temperatures were then measured* The f o i l with eggs attached 
was suspended i n a corked f l a s k f i t t e d with a theimometer 
and oontainlng phosphorus pentoxide as desiccant, the eggs 
being a standard distance above the drying agent. This 41'*''**'̂ * 
was s i m i l a r t o that employed by TJigglesworth {I9k5)» The 
f l a s k was placed i n a thermostatically controlled ovene 
?/ei@hlngB T/ere made by means of a torsion balance (50 rog/ 
0*05 i i i g . ) . owing to the lai'ge surface area i n r e l a t i o n t© 
volume, of an egc batch so spread on s i l v e r f o i l , water loss 
rates- decreased rapidly at high temperaturesi owing to depiction 
of water i n the eggs, sliort exposures of only 15 mln, at 
each, high temperatui'e {kO - 55°C) were therefore used, 
longer exposures o f | t o 1^ hrs* being employed at lower 

temperatures (20 38^0)• 

The surface areas of batches were estimated by making 
caioera lucida drawings of eggs squashed f l a t under a oover-
s l i p , 3y making drawings of ten such eggs picked at random 
from batches, and averaging the areas calculated f o r the 
eggs, a measure of the surface areas of L.saricata eggs 
was obtained and was 0,86 sq̂ mm. This figure was used f o r 
a l l the batches ei^ployed. I n view of the vai'iation In 
siae of L.aericata eggs (see page ) i t i s certain that 
these surface areas of batches were only approximations* 
But since large numbers of eggs were employed at each 
temperature (300 - 600 eggs) the v a r i a t i o n I n size was 



2k, 

pi'obably s i m i l a r i n each l o t of eggs so that errors i n 
surface area calculations were of the same order each time. 
To obtain the surface area of each batch, the eggs were 
counted a f t e r the wdter Iocs rate at a particular temperature 
had b.een measured, and the number mu l t i p l i e d by the average 
eurfaee area per egg given above. 

By means of the above method, water loss f o r th© eggs 
at various temperatures was expressed i n terms of rag, water 
loes/sq.,cm surface area/ hr. This provided data comparable 
to that obtained by Wigglesworth (19i;5) on transpiration 
through the insect c u t i c l e and by Seament (19U6a) on that 
through the s h e l l of the Rhodniue egg. The temperature/ 
water loss curve obtained i n t h i s way i s shovm i n Fig, 8, 

in 
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Fig.8._Temperature/water joss curve, Lucilia sericata egg. 

55 

I t W i l l be seen that the rates of water loss at temperatures 
of 20 - 35°0 were low and increased very slowly with r i s e 
i n temperature within t h i s range. But at about 38®0 th« 
water permeability of the s h e l l Increased abruptly end oontin^ 
ued to increase much more rapidly with rise i n temporaturo 
above that f i g u r e . I t w i l l be ol^ious from Fi?;. 8 that 
the rapid water loss at the higher temperatures necessitated 
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the use of separate egg batches f o r each new taoiperature. 
This curve (Pig, 8) with i t s f a i r l y w e l l defined »critical 
temperature* above which the increase i n rates of water loss 
with temperature i s rapid, and below which i t i s much slower, 
i s s i m i l a r i n these features to that obtained by Beament 
(13k6 a) i n comparable experiments on the Rhodnius egg, which 
he showed was waterproofed by a wax layer, very l i k e that 
waterproofing insect c u t i c l e . The curve i s also similar 
i n having a * c r i t i c a l temperature* to those obtained by 
Wigglesworth (19^3) experiments on the water loss from 
adult, pupal and l a r v a l insects of various orders, and by 
Beament (19^5) f o r the permeability of membranes covered with 
f i l m s of waxes astracted from insect c u t i c l e s , 
c I t appears therefore that the Temp,/water loss curve 

LtSgrioata egg (Pig, S0 can be considered to be evidence 
that the egg of that species i s waterproofed by a l i p o i d 
layer rather s i m i l a r to that of the Rhodnius egg, and t d 
the waterproofing layer of insect c u t i c l e . The l i p o i d water
proofing layer of the L.sepioata egg would thus have a 
' c r i t i c a l temperature* In the region of 38°0. 

Other features i n the egfects of temperature on the 
permeability of the L«aericats egg-shell are simil a r t o those 
f o r insect c u t i c l e * The rate of water loss i n dry alry^was 
found to be of the order of 0.5 ms/sq.,cn/hr, (Pig , 8 ) . One 
batch placed i n dry a i r at 30^0 was found to lose water at 
the rate of between 0»k * 0.5 mg./6q.,om,/hr* This batch 
was then exposed to 50̂ 0 i n a i r o f high humidity, and then 
placed i n dry a i r at 30°C, where i t l o s t water at s l i g h t l y 
over 1,0 mg,/sq,cm,/hr. Exposure to UO**C f o r 30 min. had 
l i t t l e or no effe c t on the subsequent water loss rate i n dry 
a i r at 30«>C (0,5;vhefpre exposure to 40^0» 0,6/,afterwards -

« 

the difference being w i t h i n the l i k e l y error i n successive 
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weighiijgs). However, exposure to 50*̂ 0 f o r 10 min, produced 
the Increase noted above* High temperature appeared to 
cause a permanent increase i n the water permeability of the 
s h e l l * This was found to be the c&se with insect outlcl« 
i n s i m i l a r experiments en Rhgdnius nymphs by Wlgglesworth 
(19i|.5). Exposure to 50̂ 0 greatly increased the permeability 
of the L*6erioata egg-shell i n both directions* Batches 
of eggs desiccated at 30°o u n t i l they were heavily dimpled 
regained t h e i r water slowly i n saturated a i r at 37°o, and 
more rapidly i n saturated a i r at 50^0, so that the dimples 
i n the shells disappeared. For example, a batch weighing 
2 0 - 1 5 mg, was desiccated i n dry a i r at 50̂ 0 f o r 1|0 mine. 
I t s weight was then 9*8 mg. Placed i n saturated a i r at 
37^0 i t regained 1*65 mg i n 3*5 hr - a regain rate of 
apprbxlmately O^kJ mg*/hr* I t was then placed i n saturated 
a t r at 50^0» and regained 2*75 mg In 1*3 hr, a rate of 
approximately. 2*1 mg*/hr* I n addition, these eggs eventually 
regained water to such an extent that they weighed about 3% 

more than t h e i r o r i g i n a l weight, p r i o r to i n i t i a l desiccation, 
80 t h a t they appeared s l i g h t l y f a t t e r than normal l a i d e^s* 
Evans (1931̂ ) Showed that eggs# p a r t l y desiccated at tempera
tures below the c r i t i c a l temperature of 38*̂ 0 found i n the 
present work, d i d not regain water i n saturated a i r * 

The temperature/water loss curve (Fig.8) was found to 
be s i m i l a r i n l i v e , and i n dead eggs k i l l e d with ammonia 
fumes 2k hr* before use* Thus the waterproofing of the egg 
i s not due to an active physiological mechanism* 

( i v ) Effect of a detergent and abrasion on s h e l l 
permeability 

The 1*0*1* detergent 0*09993 was used (see wlgglesworth, 
19î 5)* This substance i s so f t rather l i k e low melting point 
p a r a f f i n wax* I t i s readily miscible with water and i s 
i t s e l f f r e e l y permeable to water* A small quantity of 
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0*09993 was-mixed w i t h water to form a yery t h i n paste. 
When t h i s was applied t o the outer surface of the i n t a c t 
Q,v* itiembrane a f t e r the chorion had been stripped o f f , i t 
caused a marked increase i n the rate of water loss through 
t h i s membrane i n dry aic r a t 19^C* Eggs so treated collapsed 
completely under the above conditions i n 12 min* Untreated 
controls -with chorion removed collapsed under simila r conditions 
lia I h r * • TtiiliB suggests that there was an emulsifiable 
material present on the outside of the c.v.m^brane, responsible 
f o r reducing.its permeability to water* Application of the 
detergent t o the outer surface of the chorion of the i n t a c t 
egg also affected the rate of collapse of eggs i n dry a i r . 
(Table I ) * fhese results suggest that the detergent 

Table i . Effect of C 09993 applied to outside of chorion, twenty 
eggs in each group 

Time taken to collapse in dry air, 19° C. 

Untreated 
Whole egg-shell treated 
Wide end of egg treated 
Micropyle end of egg treated 

Not collapsed within 18 hr. 
Completely collapsed in i s hr. 
Shell dimpled but not collapsed in i8 hr. 
Completely collapsed in 15 hr. 

penetrated the chorionic micropyle (ectomicropyle) and, 
Spreading on to the e*v«membrane, affected i t s water 
permeability* 

Eggs minus the chorion when placed i n strong saline 
showed signs of water loss within 30 min. a f t e r washing 
i n warm ether (30°G) f o r 5 min* they collapsed completely 
i n 1 - 2 min. i n strong saline* On return to d i s t i l l e d 
water they regained t h e i r o r i g i n a l shape within 10 min. and 
occasionally took up water to such an extent that they burst* 
Freshly l a i d eggs minus the chorion required only 5 min. 
washing with warm ether to become as permeable as described 
above* Similar eggs, k i l l e d i n ammonia fumes and stored f o r 
two days required immersion f o r 30 min. i n ether to produce 
the same eff e c t . These results again suggest the existence 
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of a l i p o i d layer on the outer surface of the c,v*membrane* 
The effeqt of abrasion on the permeability of the 

s h e l l was gauged by comparing the dimpling-rates of eggs 
i n dry a i r at 19^0, a f t e r drawing several times through a 
layer of f i n e alumina dust on a glass s l i d e , with those of 
untreated 0ODtx>ols* i t was found that abrasion of the outside 
of the chorion produced no appreciable increase i n rate of 
water loss through the s h e l l * Eggs with chorions removed 
drawn through alumina dust so that the outside of the c*v* 
membrane was exposed to abrasion, l o s t water very rapidly* 
Such eggs became heavily dimpled w i t h i n 3 Qiin* i n dry a i r ^ 
and Completely collapsed i n 10 min, by which time untreated 
con t r o l eggs with chorions removed had not yet l o s t t h e i r 
o r i g i n a l f a t sausage-shape* When the c«v*membrane of eggs 
with chorions removed waS duste^i but abrasion of the 
m^brane avoided by keeping them stationary and not moving 
them through the dust, no marked Increase i n rat© of water 
loss occurred* This suggests that the waterproofing layer 
was not a mobile o i l whlcl> could be absorbed by the alumina 
dust* 

A l l these experiments strongly suggest that the water
proofing layer i s situated between the c*v*membran© and the 
closely f i t t i n g chorion* When the chorion i s removed damage 
to the wateri?roofing layer would be expected, so that the 
egg mlnas the chorion would become very susceptible to 
desiccation* Possibly some of the waterproofing l i p o i d I s 
l e f t on the outside of the o*v*aembrane, as indicated by the 
results of abrading i t , painting i t with C*09993» and washing 
i t w i t h f a t solvents, Evans {I95k) records that the egg of 
Ii*Berlcata minus the chorion retains some s l i g h t desiccation 
resistance, but his statement ^hat the chorion i s responsible 
f o r the resistance of the L*serioata egg to desiccation i s 
misleading* 
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(v) Site of water loss 
, Dsing the rate of dimpling of the s h e l l i n dry a i r 
a measure of water loss, occlusion of the external mleropyle 
a n ^ o r the l o n g i t u d i n a l hatching s t r i p between the hatching 
pleats (Pig, l a ) of the chorion with a layer of cellulose 
paint or p a r a f f i n d id not a f f e c t the rate of water loss from 
the egg at room trasiperatures; a f t e r 5 hr* under the above 
conditions both treated and control untreated eggs were 
dimpled to about the same extent, Sggs so treated completed 
development at appropriate humidities, showing that closing 
the micropyle or covering the hatching s t r i p did not cause 
asphyxiation of th© embryo. Thus i t seems th a t , i n e f f e c t , 
water loss occurred over the vitiole of the surface of the s h e l l , 
and not through a r e s t r i c t e d area such as the micropyle or 
hatching s t r i p * 

Beament (19U6) has shown that the waterproofing wax layer 
of the Rhodnius egg i s continuous over the inner openings 
of the micropylar oanale« and points out the necessity f o r 
such an arrangement I n order to prevent rapid water loss* 
Since i n the L,sericatft egg occlusion of the micropyle with 
waterproof paint did not appreciably reduce water loss f o r 
the egg i n dry a i r , i t would appear that i n t h i s egg also 
the waterproofing layer i s continuous over the entomicropyle 
and the inner end of the shallow eotomicropyle (see Pig* ht 

page 14- ) . The clear membrane shown i n t h i s figure covering 
the outer opening of the entomicropyle may possibly function 
as a continuous substratum f o r the l i p o i d layer over the 
perforation* 
I I * EFPBGTS or EXPOSURE TO DIPPEBEHT HOMIDITIES 

( i ) Methods 
Eggs were obtained from a laboratory culture of f l i e s 

kept at 22 - 25^0. By careful observation, a f t e r meat was 
placed i n the cage, i t was possible to determine the time of 
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laying of a batch to wit h i n 5 - 1 0 min. Experiments were 
carried out at 30, 3U* 37, 38# 39 and 40°o. Numerous 
preliminary experiments.at these temperatures were carried 
out i n e l e c t r i c incubators, but i t was found that th© 
temperatures w i t h i n them fluctuated during an experiment 
abdut f 0*5*̂ 0 and sometimes as much as 1,0®0. Desiccators 
Were used as humidity chambers. Owing t o . t h e i r thick glass 
walls i t was not certain whether i n a l l experiments the 
eggs were being subjected to exactly the r i g h t temperature. 
Further confirmatory experiments using large numbers of 
eggs were carried out using a thermostatically controlled 
water bath, vasellned, ground-glass stoppered museum ;)are, 
were employed as humidity chambers, and were sunk i n the 
water*-bath on a wooden shelf. Five or six such jars were 
kept i n the bath, each j a r forming a chamber at d i f f e r e n t 
'humidity* The temperature with the jar s and of the water 
of the bath were found to vary less than ̂  0*1̂ 0 during 
an experiment* A 0 - 50®0 thermometer was kept immersed i n 
the bath to check water tempeireitures, while the water was 
kept i n v i s i b l e motion by a s t i r r e r * Preliminary t r i a l s 
were made with the apparatus running with no eggs I n the 
humidity ja r s * One of the j a r s was f i t t e d with a thermometer 
eo that the bulb was i n the position normally occupied by 
the blowfly eggs. This thermometer i n the j a r had been, 
c a r e f u l l y checked against the other thermometer immersed 
i n the water, and selected because i t showed the same 
reading as the other when both were immersed i n the bath 
^ i n , apart* The j a r f i t t e d with the thermometer was kept 
at various positions along the shelf under water. By t h i s 
means i t was found that the temperature recorded w i t h i n the 
ja r s at any position along the shelf was the same as that 
read o f f the water immersed thermometer* In t h i s way the 
actual temperatures Which the eggs were subjected, were 
ascertained. 
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m both the incubator and water-bath experiments constant 
r e l a t i v e humidities of from 0 - 95^ were maintained by means 
of sulphuric aoi^water mixtures, made up i n a l l cases to 
the appropriate specific gravity at 25®0 according to ths 
data of Wilson (1921), The s.g. of the acid/water mixture 
me checked at inter v a l s i f there was any doubt by weighing 
10 cc, samples# and the R,H* within the vessels checked either 
by paper hygrometers (Bdney hygrometers) or by cobalt chloride 
papers (Solomon, 19^5). T r i a l s were made with caustic potash 
solutions as constant E*H* solutions (Buxton, 1931) but i t 
was found that they were not as easily made up with accuracy 
as were sulphuric acid mixtures, and wer^ also more unpleasant 
to handle, and l i a b l e to changes within comparatively short • 
int e r v a l s of time owing to some reaction between the solution 
and the glass of the humidity chambers* The advantage of 
caustic potash solutions owing to t h e i r power of absorbing 
carbon dioxide was not v a l i d i n the present experiments. 

a 

Eggs, either separated or as complete batches were 
Incubated w i t h i n the desiccators or museum jars on 3 X 1 i n , 
s l i d e s , which could be transferped from one desiccator t o 
another during the incubation period, with the minimum of 
disturbance i n humidity conditions. I n t h i s way the effects 
of short periods at very low R,H. could be measured. Where 
counts of the various stages reached by the eggs at various 
humidities were required, the batches were always separated 
i n t o t h e i r constituent eggs before incubation. Where the 
time of hatching, or v a r i a t i o n i n time of hatching within a 
group of eggs was to be determined, desiccators f i t t e d with 
f l a t plate-glass l i d s were used-, to f a c i l i t a t e observation of 
hatching. In a l l experiments a set of control eggs f o r each 
batch was allowed to develop and hatch at lOOjS R*H. some 
delay i n get t i n g the eggs incubated a f t e r they had been l a i d 
was inevitable where the batches l a i d by the f l i e s had to be 
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separated. This delay was always less than 30 min, and was 
more usually 10-20 min. During t h i s time the eggs were at 
room temperatures ( l i t - 19*^0). These temperatures are low 
and since the experimental temperatures were from 30 - 40^0, 

eggs would have undergone very l i t t l e development before they 
were f i n a l l y incubated* Free water was r^aoved from the 
outsides of the eggs a f t e r they had been separated and 
before they were incubated, by absorbtlon onto f i l t e r 
paper s t r i p s * 

To provide data comparable to that obtained by tarsen 
(19^*3) on the eggs of dung-breeding Diptera, incubator 
experiments were also carried out using vessels similar 
to those used by her as humidity chambers. These were 
s o l i d watch-glasses sealed by a glass plate vaselined around 
the edges, and on the underside , of Which the eggs i n 
question were attached (see Larsen, 19^3, Flg*2). I n th© 
present experiments humidity i n these vessels was controlled 
as before by sulphuric acid mixtures placed i n the watch 
glasses eo that the eggs lay within 1 eai, of the surface of 
the desiccant* The main disadvantage of these s o l i d watch 
glasses as humidity chambers lay i n the fact that'only small 
numbers of eggs could be placed i n each one, owing to the 
r e s t r i c t e d volume, and the consequent danger of depletion of 
oxygen or accumulation of carbon dioxide during an ejtperiraent. 

Eggs l a i d by f l i e s from' 1 - k weeks old were used. No 
s i g n i f i c a n t differences were found i n t h e i r humidity relations 
which could be a t t r i b u t e d to differences i n the age of f l i e s . 
Among eggs l a i d by f l i e s over 3 weeks old considerable 
i n f e r t i l i t y was encountered* 

i n general the water-bath experiments confirmed the 
resu l t s obtained by preliminary experiments i n Incubators* 
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( i i ) Minimum humidity for development 
Prom Incutjator experiments the minimum humidity for 

development at 37*'c for l.tserlcata eggs was found to be about 
50^ R>H* (23.53 mm»Bat.def). The proportion of eggs reaching 
the prehatching stage at this humidity varied considerably 
between different batches la i d by separate f l i e s , as shown 
In the results of fourteen experiments given belowj 
% eggs completing development) 92 kO k2 66 50 80 11 

at 50% R.H., 37°C. • ) 6 16 20 29 18 k5 16 
@ome of these results were obtained by Incubating^ slzmiltaneously 
in the same humidity vessel, eggs l a i d by different f l i e s . 
Bven i n such circumstances the proportion of eggs completing 
development showed differences between batches although they 
had bieen treated identically. There must, therefore, have been 
considerable variation in the resistance to desiccation of 
eggs from different f l i e s , as well as variation within a single 
batch l a i d by the same female. 

The results of experiments in solid watch-glasses as 
used by Larsen (19t4-3) were substantially similar to those In 
which aesiooatdrs were used as humidity chambers. 

To confirm the above results, eggs were obtained from wild 
f l i e s i n the f i e l d by attracting them to oviposit on sheep, 
using the technique of Hobson (1937)* Results Identical with 
those described above were obtained with such eggs. Thus the 
low minimum humidity figure of 23*5 mm. sat.def. found in 
the present work could not have been due to using laboratory 
f l i e s accidentally selected for desiccation-resistant eggs. 
In the circumstances i t i s , therefore, impossible to account 
for the lower figure of above 18 mm. sat.defi obtained by 
Bvans il93k)* 

Sxperiments carried out in a constant-temperature water-, 
bath as described above confirmed the conclusion that a prop-* 
ortlon of L.sericata eggs could complete development at 50% 
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R»H*, 37^0. (They were unable to hatch at this humidity 
see page 38 )• In three experiments at 37^c (Appendix 

page .l(>3 ) I t was found that 5»6, 6*9 and 69.7^ of the eggs 
completed development under these conditions (50j? I t 
i s eesn that there i s again conslderahle variation in the 
proportion of eggs completing development, i n one experiment 
(Appendix,page l(»3 ) a few eggs completed development at k5% 
R»H. 37̂ C» This i s en ahnorraal result, and was not obtained 
i n any other experiment^, and since the proportion of eggs 
involved was only 6,3^j I t cannot be said that L»sericata 
eggs can normally complete development at this humidity. 

In saturated a i r at 37^0 development was found to take 
7*6 ^ 7.9 hr, a figure agreeing closely with that of 7.5 * 

7*8 given by Wardle (1930)* At. 30f^ R.H, at the same tempera
ture i t was found that develofanent took much longer, varying 
froni 11*75 34.0 hr. This was found by incubating series 
of eggs at 505̂  H»H. 37°C and transferring them after various 
intervals to saturated a i r at the same temperature. When some 
of the eggs hatched f a i r l y quickly after transference to 
saturated a i r i t was known that they must have completed 
development while at 50̂ 5 R«E. When they required some time 
in saturated a i r to hatch i t was then concluded that they 
had not completed developaent within the period spent at 
50% R*H. The results of one such experiment are given in 
Table 2. The eggs in this particular batch after about 

TABLE 2 

Time taken to complete developDent at 50̂ ^ R*H. 37**0. 
20 eggs in each group. 

Qroup HO* 

3 

HOOTS mcuUei 50% ^ 
12,5 

13*3 

li*.5 

15.0 

1ime hxk«ntuVcVi offer tiansfercnctfo l0O%RH,37(;. 
i~eggTiatch"in 1.3 hr7 ~ 
1 egg hatched after 0,2 hr.lO 
more within 0,5 hr, 3 more in 
1.2 hr. 
So hatch 
1 egg hatched after U.O hr. 



35. 

13.3 hr (Group 2) at 50f-: R.H. 37^0, hatched rapidly after 
transference to saturated air* This shows that developQent 

f«*SQ̂ îcata eggs was considerably retarded by low humidity. 
Hetardation of development i n the eggs of this species, caused 
by low hmnidities was also found by Evans (193U) and in the 
eggs of dung-breeding Diptera by Larsen (19U3). 

Even comparatively short exposures to 50% R.H. 37^0, 
retarded development of eggs which spent the rest of their 
incubation in saturated a i r . For example, an egg batch was 
divided into two parts. One part was incubated at 100?;; S.H. 
37^0 and hatched in 7.7 - 7.8 hr. The other part was 
Incubated at 5Ĉo R.H. at the same temperature for 4.0 hr, 
and then quickly transferred to the same vessel as the other 
part of the batch. This second part of the batch did not 
hatch u n t i l about 9.0 hr. after i n i t i a l incubation, showing 
a delay of 1.2 - 1.3 hr. in development due to exposure to 
5P^ R.H. for hnO hr. 

At 3k^Ct the mlnimuiii humidity for develojaiient was found 
to be about kOfo R.H. (23.8 mm*Eat*aef) ̂ en as before a variable 
percentage of eggs completed development, usually between 
20 - ̂ 4.0̂ .̂ At 30°C the minimum humidity was found to be 
about 25 30% R.H, Sometimes eggs completed development at 
25% E.K. at other times they f a i l e d at this humidity but 
succeeded at 3O5?; R.H. 

Evidence has been given (page Zl^ ) that the waterproofing 
layer of the L.sericata egg has a * c r i t i c a l temperature* in 
the region of 38®C, above which the rates of water loss 
through the shell increased rapidly with rise in temperature* 
The humidities required by eggs to complete development at 
38, 39 and î Ô C were therefore investigated, water-bath 
experiments indicated at a high proportion of eggs could 
complete development at 80^ R.H. 38°C (Appendix pageM»̂ -it). 
The result of one Incubator experiment at 38 and 39°C shown 
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In table 3 below showed that at 36°C a high proportion of 
pggQ could con5plete development at 75^ R.H* 5 but none at 
70̂ .. Tlie same experiment (Table 3) showed that at 39^C, 

• Table 3 " ] 

Humidity % R.H. 
Percentage eggs completing development 

Humidity % R.H. 
38° c . 39° C. 

95 90 75 
80 95 10 
75 95 0 
70 0 0 

• 65 0 0 

eome eggs completed development at 80j5 R.H., but none at 
75% Their a b i l i t y to complete development at 60% R*H. at 
the same temperature was conflnned by water-bath experiments 
(Appendix page lUj.). In two experiments at 40^0 (Appendix 
page Itlf-S), in one no eggs completed development below 93% 
R.H, , while,in the other small numbers of eggs completed 
development at SOf, R.H. (U.SjS), 85f5,R#H, (5.5JS) and 80^ R.H. 
(0 ,9^)* The minimum humidity for development at kO^c i s 
presumed to be abo.ut 90 • 95^ R*H», 

The minimum relative humidities for development of 
L.eericata eggs at these high temper^itures may be summarlssed 
as followsJ-* . . , 

Since at 95^ R.H. 38 and 39**0, a high proportion of the 
eggs completed development, i t i s concluded that the high 
temperatures alone were causing some mortality apart from 
the effects of humidity, ( i n these high temper%ture 
experiments i t w i l l be seen that frequently, fewer eggs 
oomp3.eted development at 100 than at 95^ R.H. This was 
presumably due to eondensatlon on the outsldes of the eggs 
interfering with respiratory exchange, A similar phenomenon 
Is mentioned by Larsen (19^+3))* At 39^0 development was 
found to be retarded by high temperatuz*e alone, taking 
9,0 * 9.2 hr. (see page 5t ) compared with 7*6 - 7*8 hr. 
at 37®0. This retardation in development does not account 
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f o r the much higher E.H. (8C^) required f o r development at 
39^0, compared with that at 37°C (50^^). The product of 
saturation deficiency x time (hr.) f o r L.sericata eggs at 
37 and 39°C was as follows 
50^ R.H.37°C 12,0-13*5 hr, x 23.Snan.sat.def. = 282.0 - 3X7.5 

? R.H.39*'o 9*5-10*0 hr. x 10,5mm.sat,def. a 99.75* 105.0 
Since at 95̂ ^ R.H. 39®C considerable proportion of eggs 
completed development, t h i s sharp f a l l In the desiccation 
resistance factor from 37 to 39*'G must be due to the harmful 
eff e c t of the high temperature on the l i p o i d water proofing 
layer leading to increased permeability of the s h e l l , 
^ I n view of the fact that the waterproofing layer o f the 
egg has a ' c r i t i c a l temperature* i n the region of 38*'c the 
maximum temoeratures found i n t h e i r natural environment - the 
sheep's flftece - i s of i n t e r e s t . Burtt {ISh^) found that 
the temperature, as measured by a thermocouple, on the 

o 
face and ears of a sheep was 35-'37 0, i n the present work 
temperature readings were taken by inserting a c l i n i c a l 
thermometer into the fleeces of two aheep^undsr suiraner f i e l d 
conditions, sixteen readings taken against the skin at the 
midback averaged 38,6**c when the sheep wore i n the shade. 
When t h e i r fleeces were warmed by direct sunlight the ekin 
temperature rose to 39.8°C (average of three readings). 
Temperatures at 3 cm, o f f the skin, within the thickness of 
t h e i r fleeces varied greatly^ frequently being below 30°0 
when the sun was clouded, but r i s i n g to above kO^O i n direct 
sunlight. These observations indicated that L.sericata egga 
l a i d very close to the skiri of the sheep may have to develop 
at temperatures approaching the ' c r i t i c a l temperature* of 
t h e i r waterproofing layer* 

( i l l ) ttipiraum humidity f o r hatching. 
j,n the preceding section i t was shown that the minimum 

R.H. f o r development of L.sericata eggs depended on 
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temperature* 0aturatlon deficiency would appear to be a 
better unit for measuring the minimum humidity than R.H. 
unlike the development processes, that of hatching would 
appear to be Independent 6f>^eraperatuee and to depend very 
largely on R,H. for i t s operation ar non-^operatlon, since 
at a l l temperatures from 17 to 37*̂ 01 the minimum humidity 
f o r hatching was approximately the same - namely around 6O5S R.H. 
The probable explanation of this dependence of hatching on 
R.H* alone, i s discussed later (page 71-8), 

Davies and HObson (1935) found that at 37°0 L,serlGata 
eggs required 90 • 100 % R.H* for rapid hatching. The present 
work amply confirmed t h i s . With progressively lower 
humidities, from 90 to 605$ R.H,, hatching was found to be 
lees complete, and much slower than from 90 * 100 % R.H. 
not only was the time taken by each larva to extricate 
i t s e l f from the shell after I t had succeeded in s p l i t t i n g 
i t much longer at these lower humidities, but also the time 
taken fgr each larva to i n i t i a l l y s p l i t i t s shell was 
longer and more variable, (ooo-pago )•• At 10<^ S.H. 
a larva was found to take usually about 0 . 5-2 mln. to 
extricate i t s e l f from i t s shell after i n i t i a l s p l i t t i n g . At 
90^ R.H. larvae took from 5 - 1 5 mln. and at 60̂ ^ R.H. anything 
from 20 - 1*0 mln. / 

The variation In hatching times of the various eggs 
in a batch was only 10 - 20 min* at 100^ R.H. At 90^ R#H. 
i t was usually about 45 - 40 mln. and at 605S R.H. usually 
about 2-3 hr. Excluding i n f e r t i l e eggs, the percentages 
of eggs whlchtetched deoreased gradually from 90 - 100 at 
90^ R.H. to n i l at 55% R*H. Within this range of humidities, 
many of the unhatched eggs contained f u l l y developed larvae. 
At 60^ RfH# some eggs usually hatched, while at 5555 R.H, 
hatching sometimes occurred to a small extent, and at other 
times did not occur at a l l . At 5O5S R.H* no hatching occurred 
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except i n special eases mentioned below (page 40 ). Example 
figures showing the % hatch at various humialties, and the 
minimum humidity for hatching are given in Table 4. (FOP 
key to column headings ("H" eta) see Appendix page 161). 

TABLE k 
Decreasing % hatch with degreasing R.H, 

^ R.H* H. 
Expt,A. 

• PH. %.oU'\i\i H. 
Expt. 
PH. 

B 
no.ore<\is 

70 81+.8 9.1 33 -
65 U8.3 29.6 27 38,8 36.9 103 
60 35.8 35*8 28 : 12.6 57.3 111 
55 

i 
3.7 81.5 27 ! 1.5 52.7 95 

50 0.0 69.7 33 i 0.0 
1 

6.9 58 

That the progressively Incanplete hatching in batches 
Incubated in decreasing humidities from 90 - 60^ R.H. was due 
to larvae being unable to break out through the shell, which 
in scHne way was rendered more d i f f i c u l t to s p l i t at low 
humidltl', was shown by the following observation. Eggs were 

0 

kept at 70% R.H, 37 0 u n t i l f u l l y developed larvae were 
observed moving within them* After observing their movement 
for 30 mine, the chorion of a few of these ̂ ge was torn with 
a needle while the eggs were s t i l l in a i r of 70^ R.H. In 
the eggs whose shells were torn at the front end, the larvae 
qiilckly hatched* Of the eggs whose shells were not torn, some 
hatched after an Interval of time, other larvae failed to 
escape and died eventually through desiccation. 

Davles & Hobson (1936) found that hatching of L.serlcata 
eggs could be completely prevented i f they were Incubated at 
100 % R*H* and transferred to 50^ R.H. a few minuted before 
hatching was due. similar experiments were carried out in the 
present work and conflraed t h i s observation* 
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At 30fo R.H, some hatching was observed in large batches 
of eggs incubated as l a i d by the f l i e s . Forty three complete 
uneeparated batches were incubated at this humidity, some 
hatching occurred in 13 of them whilst s t i l l i n a i r at 50^ 
R.H. 37^0, but never more than 2052 of the t o t a l eggs i n each 
batch hatched, usually less than lOfo* This hatching at 30% 
R.H. was presumably due to some of the^gs being protected, 
by close packing, against the effects of low humidity, i n 
one large mass of approx, 1200 eggs l a i d by six f l i e s , som-e 
hatched in a i r of 50^ R.H* 37°C. I t was observed that the 
eggs which hatched at this low humidity were usually those 
on the edges of the underside of the egg batch. Sggs in the 
middle of the batch contained f u l l y developed larvae, no 
doubt unable to break out of their egg shells because the 
l a t t e r were cemented together into a solid mass by the dried 
covering of accessory gland secretion coating the eggs. A l l 

• larvae which emerged at 50 * 70^ R.H. 37^0 were weak and 
shrivelled looking - the "chiton larvae" of Larsen (19̂ +3) -
and died soon after hatching* 

The experiments of Davles & Hobson (1935) showed that 
eggs incubated in saturated a i r to within 20 mln* of hatching, 
did not hatch i f they were transferred to a i r of 30% R.H. 
37^0* ^ the f u l l y developed larvae being imprisoned within 
the chorion. Further experiments on this point have shown 
that larvae could withstand such imprisonment for about 3 hr. 
Up to that time, the bulk of the larvae hatched when eggs were 
transferred back to saturated ai r . Larvae imprisoned for 
periods longer than 3 hr, showed increasing mortalities -
a 100^ mortality being reached after approximately 4 hr. 
Imprisonment at 37*̂ 0, 

(i v ) Effects of variations in humidity 
0 

immediately after laying, eggs were incubated at 37 0 
at humidities of 0, 30, 40 and 50^ R*H* for varying periods. 
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They were then qulGfê -y transferred to 100?g R.H. 37^0 and 
allowed to complete development. Mortalities produced by 
exposures of vaploue lengths to these low humidities^ aj»e ahown 
in Table 9. I t w i l l be seen that at 37®C, comparatively long 
exposures to a i r of UO and 30^ R*H« are required to pi*oduce 

Hr. exposed 0% R.H. 30% R.H. 40% R.H. 50% R.H. 

i-o 10 0 — 
1-8 i8 • 0 — — 3-0 14 0 0 — 3-6 78 « 0 0 — 
4-0 100 0 0 0 . 
4-25 100 ^ 18 0 0 

. S-o — • 12 0 2 
60 — 35 4 
7-0 — 47 52 I 
80 — 82 S8 4 
8-25 — 76 — — 9-0 — 100 100 18 
9-5 — 100 100 8 

12-0 — — — 52 
130 — — — 72 
14-0 — — — 68 
14-5 — — — 84 
14-75 — — — 92 
150 — — — 100 1 ; 

a 50^ mortality* since the R*H* of *he ai r at t' of 
the sheep's fleece In summer rarely f a l l s below 3<^b H«H. 
(Davies & Hobson (1935)# Macleod (19M)))i eggs in a dry fleece 
would therefore be expected to sux^ive i f the humidity rose 
rapidly during the Incubation period* consecutive readings 
of fleece humidity at standard points i n the fleece show that 
such rises In fleece humidity do occur under natural 
conditions (Part I I I ) * 

I t was found that eggs incubated Immediately after 
laying i n saturated a i r at 37*̂ 0 were particularly eusoeptlble 
to desiccation i f subsequently Incubated at lower humidities* 
About 30 mm. In saturated a i r was sufficient to cause this 
effect* Table 6 shows the results of one experiment In which 
eggs from one batch were Incubated in saturated a i r at 17» 30 

Table ^ Ejfect of preliminary incubation in saturated air 

Treatment 
Percentage eggs 

completing 
development 

Percentage eggs 
dying at early 

stages 

Incubated at ioo% R.H. 37° C . for 90 min.; then 
transferred to 55% R.H. 37° C. for rest of incubation 
period 

Incubated at 100% R.H. 30° C. for 90 min.; then 
transferred to 55% R.H. 37° C. for rest of incubation 
period 

Incubated at 100% R.H. 17° C . for 90 min.; then 
transferred to 55% R .H. 37° C. for rest of incubation 
period 

Whole incubation period at 55% R.H. 37° C. 

10 

72 

85 

ICQ 

90 

28 

15 

0 
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and 37°0# fo r 90 min. and then placed for the rest of their 
developmental period i n 33% R#H, 37**C. Twenty eggs i n each 
group were used, i t w i l l be seen that this * conditioning' 
effect was most marked at 37®C and much less so when the 
period i n saturated a i r was at 3p and 17**C* I t i s well known 
that the chorion of the Musoid egg hardens in dry a i r , and 
softens i n humid a i r . I t would appear that L»sericata eggs 
are l a i d with the chorion i n the 'hard* cdnditton, and that 
incubation i n saturated a i r Is needed to soften them. The 
conditioning of eggs by placing them in saturated a i r for a 
time may possibly be explained by this softening of the 
chorion. The *hard* chorion may allow less 3?&pid water loss 
than when I t has been softened, water loss through the cuticle 
of the wlreworm WCLS found by Wigglesworth (19̂ 4.5) to diminish 
rapidly at very low humidities, and he suggested that the 
lowered permeability resulted from the drying of the cuticle, 
i n the present study i t was noticed that eggs conditioned In 
saturated a i r at 37°C for 90 min. became dimpled in a 
shorter time than unconditioned eggs, which had been kept 
on the bench at about 63% R*H# for the same time, when both 
groups were placed in. dry a i r . This was presumably due to 
the softened chorion of the 'conditioned* eggs being less 
resistant to dimpling than the harder chorion of the 
•unconditioned* eggs* Dimpling of the shell would be 
expected to cause deformation of the l i p o i d waterproofing layer, 
especially at the edges of the dinqple, leading to increased 
water loss and thus even quicker dimpling. The shells, of. the 
'unconditioned* eggs would resist i n i t i a l dimpling, and thus 
would lose water more slowly so that more of the eggs would 
complete development. (An alternative explanation for the 
'conditioning effect' i s given later (page 82-3)). Since 
softening of the chorion occurred readily i n saturated a i r at 

170 and 3000 as at 37«>0., the less marked •conditioning' 
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effect at the lower temperatures cannot betexplained at 
present* 

i n view of this 'conditioning' effect, experiments of 
the following type were carried out. A single large egg 
batch was divided In two, and each half weighed* Onclialf 
(a) was »conditioned' for 90 rain, at lOOfo R.H, 37°C., 
2*eweighed, then placed i n 0^ R*H, 37*̂ 0. for 3 hr. The other 
half (B) was Incubated on laying at 0% R.H. for 3 hr. at 
the same temperature, i n one such experiment, batch A i n 
3 hp* at 0?S R.H, 51^0, t lost 38^ of i t s original weight 
whilst batch B lost only 27^ under the same conditions* 
This i s i n agreement With the higher mortalities recorded 
for 'oondltioned' eggs* 

DISCUSSION 
The effects of f a t solvents, a detergent, an abrasive 

dust, and high temperatures, on the permeability of the 
L.Begicata egg-shell leave l i t t l e doubt that i t i s 
waterproofed by a l i p o i d layer laid down by the oocyte and 
situated between the chorion and the c.v.membrane. i t s 
waterproofing mechanism thus appears to be similar in 
essentials to that described by ,Beament (19U6a) for the 
egg Hf the Hemipteran Rhodnius prolixus, and by Wigglesworth 
(192+5) and Beament {19k5) for the waterproofing mechanism 
of insect cuticle* 

I t i s interesting to nott that an o i l y layer has been 
found by Christophers (19U5) i n the Culex plpiens egg, 
lying between i t s exo- and endochorion. On this basis i t 
Would appear that the c.v.membrane of the L.serieata egg 
is homologous with the endochorion of the Culex pipiens 
egg, a;nd the cihorion of the former with the exochorion of 
the l a t t e r egg. Pantel (1913) states that the original 
fine v i t e l l i n e membrane (of oocytic origin) received 
additional material of a gelatinous appearance f^ra the 
f o l l i c l e cells, so that the f i n a l membrane (i.e. c,v,membrane) 



i s of composite origin in Tachinid eggs* 
The present work showed that bound l i p o i d material 

appeared both i n the chorion and the c.v,membrane of the 
L.serieata ©gg shortly before laying, and that this lipoid 
alone did not waterproof the shell. Llpldlzed protein, 
some of which Was in addition tanned, was found by Beament 
(19i|6b) to be an Important constituent of several of the 
layers of the Rhodnlus egg shell. Further the cuticle of 
insects, particularly the epicuticle has also been found to 
contain tanned and llpidized protein,.(wigglesworth 1933, 
191*7)* The main function of this l i p o i d appearing in the 
L*sericata egg shell shortly before laying would appear 
to be to strengthen the shell prior to laying down the 
waterproofing layer. A thin waterproofing layer of 
orientated molecules would not be effective i f l a i d down 
on a shell that was soft and easily deformed* Beament 
Cl946a) showed that the waterproofing layer of the Rhodnius 
egg i s not l a i d down u n t i l the shell i s f a i r l y r i g i d , after 
the f o l l i c l e cells hax'e completed the secretion of the 
endochorion* 

The humidity ex-periment described in the present part 
showed that L*sericata eggs could withstand considerable 
desiccQttlon at 37^0 with some eggs completing development at 
30% R*H. (23.5 ram.sat.def,)* The work of Larsen (1943) 
showed that eggs of dung*breeding Diptera required much 
higher humidities for development than the eggs of L,sericata. 
I t has been shown by previous work (yacleod 1940, Davles & 
Hobson 1925) and by observations described later (page I0I.-I5) 

that the natural environment of the L. sericata egg - the 
sheep'B fleece is normally much drier than that of the 
eggs of dungf-breeding f l i e s * 

The work of Beament (1946) showed that water loss 
through the waterproofed ^hodnlus egg shell In dry a i r at 
30^0 occurred at about 0,1 mg,/sq, cm./hr, (Beament 19U6,pig4 2)* 
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Under the same conditions water loss through the waterproofed 
L.sericata egg-shell was found to be i n the region of 0,5 
mg*/8q*cm,/lir. Even allowing for error i n calculating the 
surface areas of L.aericata egg batches in the present work, 
i t seems that the shell of the l a t t e r i s more permeable to 
water than i s that of Rhodnius* This greater permeability, 
coupled with the much smaller size and larger surface area/ 
volume r a t i o , account for the more humid conditions required 

I'.aerlgata eggs for development* I t has been pointed out 
by several writers and by y?igglesworth (1937) that In 
assessing the effects of humidity on an Insect, the length 
of exposure as well as the degree of humidity must be taken 
into account* A comparison of the desiccation resistance 

Rhodnius egg with that of seriesta on this basis 
shows the following:-
^) RhodBlus (Data from Clark (1935)). 

incubation period at 32°C = 12 days (288 hrs*) Minimum humidity for development at 32"C » 30^ R.H. (= 25.0 ram.sat.def,) 
i i ) L.eericata 

incubation period at 30 C. » 16*0 hr* 
Llinimum humidity for development at 30̂ C « 255"̂  R*H. 

(=s 23.5 mro*sat,def.) 
Thus f o r both species the product, saturation deficiency x 
time i s 288 x 25.0 = 72OO for Rhodnius* and I6.0 x 23.5 « 226 
for L.sericata. These are the true measures of the compara
tive desiccation resistance'of the eggs of the two species. 

The results of experiments on the humidity relations 
of the L.saricata egg with regard to blowfly myiasis i s 
discussed later (page 135-8), 

SmJMRI 
The chorion of the L»sericata egg .is shown to be 

composed of two main layers, both of protein; the outer 
can be tanned by jg-benzsoquinone, but the Inner Is apparently 
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already tanned. The chorion and the chorionic v i t e l l i n e 
membrane are both lipidlzed shortly before the egg i s laid* 
This makes both structures more r i g i d , but does not 
waterproof the shell. After the lipldization process i s com-
pleted, a l i p o i d waterproofing layer i s la i d down by the 
oocyte, between the chorion and the chorionic v i t e l l i n e 
membrane. This waterproofing layer has a c r i t i c a l temperature 
in the region of 38^0, and can be damaged by an abrasive 
dust, emulsified by the detergent I.C.I. C09993» and removed 
by ohlorofoiTO at 30^0 i n 12 hr. 

. The minimum humidity for development of jL» sericata eggs 
at 37^0 has been found to be 50^ R*R. At 1 - 2*̂0 above 
this temperature eggs require 80 - 90^ R.H, to complete 
development, Eggs at 37^0 can withstand f a i r l y long 
periods of humidities below 30% R.H,, provided they have 
not been previously incubated Insaturated a i r at that 
temperature* . The l a t t e r treatment, even i f continued for 
only 30 min,, makes egc:s far more susceptible to desiccation 
when subsequently incubated at a low humid.lty. 

Fully dov6loped larvae can survive imprisonment within 
the egg-shell for about 3 hr, at 37*̂ C. 
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PART 11 

LABORATORY STUDIES OH THE EGGS OF OTHER BLOWFLIES 
INTRODUCTION 

Experiments on the humidity and temperature relations 
of the eggs of f i v e blowfly species were carried out, in 
order to provide data comparable with that obtained for the 
L*sericata egg (part i ) , observations on the waterproofing 
mechanisms of these eggs were also made. The species 
involved were as follows:-

^) Luollla caeear (Linnaeus 1758) 

2) Lucilla i l l u s t r i s (Melgen 1826)̂  synonymsj- splendida 
lelgen 1626). simulatrlx (Pandelle 1896) 

3) Protophormia terra-novae (Roblneau-Desvoldy 1830), 

frequently known as Phormla terra-nor^ae 
4) Calllphora erythrocephala (Melgen 1826) 
5) Oalllphora vomltorla (Linnaeus 1758) 

(see Kloet and Hlncks, 19U5), 

L. sericata i s the chief cause of myiasis of sheep 
in B r i t a i n , the above f l y species are of lesser Importance 
but must be considered In any study of sheep myiasis in 
th i s country. Macleod (19U3a) in his survey of the relative 
Incidence of strike due to the above five species over most 
of B r i t a i n , found that L.eaesar was an important striking 
species i n Scotland, northern England and North wales. 
p»terra-novae was also Important in the same areas, except 
that i t apparently did not strike sheep In North Wales. 
L. <3aesar and P. terra-novae were found to be capable of 
acting as 'primary* f l i e s i.e. laying their eggs on sheep 
not already Infested with maggots. He found that c .eryth
rocephala and to a lesser extent cvoroitoria larvae occur 
in strikes f a i r l y generally over the country but at a very 
low incidence (23 C»erythrocephala and 10 o.vomitoria out 
of 1307 cases of strike examined). In 29 cases of strike 
from various parts of the country, containing Qalllphora spp. 



U8. 

larvae, 12 contained Calliphora spp* alone, and 17 Calllphora 
spp* mixed with leirvae of other species. Thus i t seems that 
X3alllphora spp, can sometimes act as 'primary' f l i e s , but 
are more often 'secondary' f l i e s i,e, attacking sheep 
already Infested with maggots* 

Special attention was given to the h l ^ e s t temperature 
at whioh the eggs of the five species could survive, since 
temperatures of 36 * 1*0 0 would be expected to prevail in 
some regions within sheep fleeces, especially during warm 
weather* 

The methods employed were similar to those used f o r 
the eggs of L.serioata (page 29-32.)* 

(1) Minimum humidities for development 
The results of water-bath experiments on the eggs of 

these specie's (page Ẑy ) w i l l be found in f u l l i n the AppeiJdlx 
(page 161-177). The information gained by these experiments 
on the minimum humidities for development at various 
temperatures of the eggs of the five species Is summarised 
in Table 7 (a * f ) , which also Includes the results on 
L*sericata eggs for comparison* 

TABLE 7 
Minimum humldltleB for development 

(a) L,CAESAR egga 
ttimwotn'V.RH <i)r ^ ~ 

Bxpt,NO* yemp, 0, m^ytttjl d̂ tlô wt" ti^tct^wy yytWcWwî  atveUVMtwf 

36 37 60 0 1.8 1.8 
37 37 65 ' 0 1.2 1.2 

38 38 80 0 0 0 
i*0 38 k$.6 15.7 56.3 
kl 39 oil «rt'5 - M <itnS'\ 0 0 
kz UO O' to-5 n 0 0 0 



TABLE 7 (continued) 

L.ILLUSTRIS eggs 
i • 

Temp**'G* tiev/elotwent" 
'fai'al C9«̂lfi'''"i 

28 37 65 0 5.5 5.5 . 

29 37 60 0 9.k 3,k 

30 37 60 0 2,2 2.2 

35 37 60 0 11.5 11.5 

37 37 65 0 26.5 26.5 

9 38 10.1 8.7 18,8 

31 38 80 0 5.5 5.5 

32 39 85 0 9.5 9.5 

39 ko (III nodcvel̂Mt'*'' Q 0 0 

(0) P,TERRA-NOVAE Eggs 

22 37 65 0 1.5 1,5 

23 57 60 2,9 2,9 5.8 

16 38*8 23#3 39.5 61,8 

17 95 U.l 8.2 12.3 

(d) 0*ERYTHROOEPHALA eggs 

21 30 U5 0 2,8 2.8 

25 30 0 0 p 

26 30 1*5 0 13.6 * 13.6 

27 30 k3 0 1.3 1.3 

U3 30 55 I4.2 22*9 27.1 

12 3k 80 0 3,3 3.3 

13 3k 80 0 3.7 3.7 

18 3k SO 0 0 0 

1 35 95 0 1.0 1.0 

2 35 95 0 12,9 12,9 

3 35 i5 0 0 0 

4 35 100 0 k.5 k.5 
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TAHt^ 7 (continued) 

Texnp,**c. 
Ulinimiftn /oR H. | 

" ' 3/ , 35. 100 0 0 0 

11 35 1 00 0 p 0 

6 36 au lioMKlirits -no dtveUJwtiif 0 0 0 

7 36 -no i«v«iê<nl' 0 p 0 

( f ) CVOMITORIA agge 
21 30 i*5 p 1*4 1.4 
12 34 7,2 85.5 92.7 

la 3i* 65 0 1*3 1*3 

5 35 90 1*4 14*8 16.2 

8 35 65*5 20.7 86.2 

11 35 31.4 1.5 32.9 

20 35 75 0 4*2 4*2 

6 36 95 P 45*3 45.3 

15 36*8 -no ifveÛ»««»»r. P p p 

( f ) X.*SSRIGATA 0gg8 
22 37 . 50 0 5.6 5*6 

23 37 k5 0 6.3 6.3 

30 37 50 0 69.7 #69*7 

38 94*0 p 94*0 

10 38 58.3 16. IS 74.9 

16 38.8 80 7*8 6.5 14*3 

V* 39 24.8 18*0 42*0 

33 uo 80" 0 0*9 0*9 

3% 95 1.2 0.6 1*8 

I t w i l l 1)9 seen that there i s some variation In the minlxmun 

humidity at whioh the eggs of one speoies completed develop^ 

mont In repeated experiments at one temperature. The 

temperature control In the water hath was good, the thermometer 
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ehowing l e s s than + G.l 0 variation during an experiment, 
and since the eggs were incuhated in thick glass vessels, 
the variation i n re s u l t s between repeated experiments i s 
probahly not due to temperature differences. The acid 
in the humidity vessels was changed after every four 
experiments. The acid mixtures for each humidity were a l l 
made up before the coimnenceraent of the water-bath experiments, 
80 that a l l the changes of acid at each humidity came from 
the same l o t kept in one bottle. The variation in the 
re s u l t s may be due to the fact that s l i g h t differences in 
the precise R.H* In the humidity vessels occurred from one 
experiment to another. Near the minimum humidity at one 
temperature the total water loss for the eggs i s at a 
del i c a t e l y balanced l e v e l , small changes in which determine 
success or f a i l u r e i n completing development. 

The r e s u l t s of the water bath experiments in general 
confiraed preliminary experiments carried out using e l e c t r i c 
incubators to maintain constant temperatures. 

Prom the information gained by both water-bath and 
incubator experiments, the minimum humidities for developnent, 
at various temperatures, of the egg of the fiv e speoies and 

li.serioata eggs, may be summarised as follows (Table 8) 

• TABLE 8 

L.JeriCa.tft, L.ca<5or C.en|1tiroce{>bJa. Cvonrutoniv P. terraaoifoc 1 

30 25-30 - 45-50 45-50 30-35 1 
34 55 80 65 t 

35 - - 95-100 80-90 

36 - - - 95 -
37 50 60-65 60-65 60-65 

38 75 about 80 80 

39 80 85 - about 80 

40 95 - - 95 
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Prom the above figures i t w i l l te seen that the eggs 
li^SQ^icata consistently exhibited greater desiccation 

resistance than those of the fiv e other species, so that 
when compared with them individually at any of the tempera
tures employed, the eggs of L.sericata were able to complete 
development at a lower humidity than those of the compared 
species. The considerable number of experiments carried out 
where the eggs of two species were obtained at the same time 
and incubated simultaneously in the various humidity vessels, 
amply oonfiiraed t h i s . (The res u l t s of water-bath experiments 
(Appendix page IfS-n?) are grouped under the species. Where 
the s e r i a l number of an experiment i s the same in the case of 
two species, t h i s indicates that their eggs were Incubated 
together as stated above). At 37̂ 0-, a proportion of the 
eggs of L.ser i c a t a are seen to complete development at 50ĵ  

R.H,, while at t h i s temperature the eggs of L.caesar, 
L . l l l u a t r l s and p,terra-novae required 60*655S R.H, At 
t h i s temperature (37°C) the eggs of both calliphora species 
e n t i r e l y f a i l e d to complete development, but when compared 
with L.sisrlcata at 30°0, they showed that they needed 
considerably higher R.H's to complete development {k5''50%) 

- L, s e r l c a t a eggs (25^30^). The significance of the greater 
desiccation resistance of L*sericata eggs in relation to 
sheep myiasis i s discussed l a t e r (page 135 ) . 

Prom Table 8 the highest constant temperatures at which 
the eggs of the various species can complete development are 
seen to be as follows (Table 9). The maximum temperatures 

TABLE 9 

Maximum temperatures for development (°c) 

kO-^kl 36-39 39'kO 35-36 36-36,8 kO-kl 

for development for L.se r i c a t a and p,terra-novae eggs l i e 
between i+0 and U1°C* Melvin (193U) found that L« serlcata 
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eggs f a i l e d to hatch at 40°c 1̂G4*̂ P). m the two experiments 
on the eggs of t h i s species carried out at that temperature, 
(AppeMix.page IC[f.-5, Bxpts, 33 and 34) in one 9.9̂ 2 of the 
eggs hatched i n 100% R.H. only, in the other no eggs hatched 
in 100?; R.H* but 1.2?S hatched in 95^ R*H* The phenomenon 
of better hatching at 9% than at lOOfj H.H. at high tempera-

* 

tures has already been mentioned (page 3G ) . in Kelvin's 
(1934) experiments the eggs were kept i n saturated a i r at 
each temperature. His f a i l u r e to find hatching at 40*̂ 0 may 
have been due to t h i s reduced hatching i n saturated a i r at 
high temperatures* The eggs of L * i l l u s t r i s were found to 
be able to withstand a allghtly higher temperature (39°G) 
than those of L« caesar (38^G). The maximum temperatures 
for the two Calljphora spp. were considerably lower, the 
egg of C.vpmitorla being able to complete development at 
36® but not at 36.8°c, while those of C» erythrocepliala 
needed lower temperatures, being able to complete development 
at 35^ but not at 36°C. i n a l l the species high humidities . 
were required at these high temperatures i n order to complete 
development, • 

( i l ) Minimum Humidities for hatching 
No differences i n the minimum humidity at which the 

eggs could hatch were detected between the five species 
studied; the humidities they required for hatching were 
i d e n t i c a l as f a r as could be seen with those required by 
L. s e r i c a t a eggs. Rapid hatching at 90^100^ R.H. with 
progressively slower and l e s s complete hatching with 
decreasing humidities from 90-60jf), together with occasional 
but very r e s t r i c t e d hatching at 55?̂  R.H*, were found again 
to apply to the eggs of the fi v e species, as to L*sericata. 
The dependence of hatching on R.H. and i t s Independence of 
temperature was again evident. Since at high teraperaturea 
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the minimum humidities for development of the eggs of 
the s i x species studied (including L«sericata) were found 
to be higher than at lower temperatures, the possible 
minimum humidities for hatching were also higher. I f eggs 
had been able to complete development at say 50^ R.H, at 
the high temperatures,. I t i s l i k e l y that the 55-60f5 R.H. 
region would have been the lowest humidity l e v e l for 
hatching, Just as at lower temperatures* At high tempera
tures the t o t a l percentage eggs completing development at 
the minimum humidities were almost always small. For 
C« erythrocephala eggs the percentage and absolute numbers 
of eggs completing development at various humidities at 
3k and 35'̂ C# are set out in Ta:ble 10. 

TABLE 10 
Minimum humidities for hatching and development. 

0.erythrooephala eggs. 34 and 35"C. 
The lowest humidity quoted In each.expt, was the minimum 
humidity-at which development occuri»ed in the particular expt. 

Expt. ®C % ' "* ^ ' * • "foW Jevt£|.«*nl 
No, Temp, R.H. H PH H PH 3̂1̂  mco«»f.l 

95 2,0 5.8 1 3 53 
90 0,0 18,6 0 10 5k 

12 3k 63.9 
85 0,0 7,8 0 5 62| 
80 0.0 3.3 0 2 60 

90 1,^ 11,5 1 6 52 
13 3k 85 0,0 11,5 0 6 52 76.1 

^ 80 0.0 3.7 0 2 5k 

100 1.0 1.0 1 1 100 
1 35 7i+.2 

95 0.0 1.0 0 1 10k 

100 0.0 14.7 0 5 3k 
.2 35 83.0 

95 0.0 12.9 O k 31 
k 35 100 0,0 k.5 0 1 22 63.2 

Figures for stages of development reached pot corrected for 
mortality i n controls. 
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I t w i l l be seen that the f a i l u r e to hatch at say 85^ R.H. 
(Table 10, Expt ,13) may have been dur to the fact that at 
t h i s humidity only s i x eggs out of 52 reached the prehatchlng 
stage, so that the chances of any of the larwae breaking 
out of the s h e l l s were small* Had larger numbers of eggs 
been able to complete development at .63% R,H. i t i s l i k e l y 
that some would have hatched, since 35°c i s the highest 
temperature at which C.erythrocephala eggs completed 
development, there may have been some reduction in the 
a c t i v i t y of the larvae within the s h e l l s , due to heat stupor 
leading to reduced chances of hatching. 

That development at high constant temperatures near the 
upper l e t h a l l i m i t for the eggs, did not adversely effect the 
l a t e r stages of the l i f e history was shown for C.vomitoria 
eggs. F i r s t i n s t a r larvae were obtained from eggs which 
had spent the whole of t h e i r Incubation period and had hatched 
at 35°C 100^ R.H* They were placed on meat at 25''c ( a 
suitable temperature for l a r v a l feeding and growth). These 
larvae fed and moulted normally and eventually produced 
adult f l i e s normal in every respect as f a r as could be 
determined by appearance and a c t i v i t y . 

( i l l ) Duration of incubation period at various 
constant temperatures 

i n the course of the work the duration of the incubation 
period for the eggs of the various species at different 
temperatures were observed, of the speoies studied, 
published information on the length of the incubation 
period i s available for L,sericata (Wardie, 1930̂ -, Kelvin, 
1934)* and for 0 .erythrocephala (scott,1934), The informa
tion gained in the present work i s given in Table 11,- (page 56). 

The eggs were at each temperature kept in saturated a i r 

unless otherwise indicated. The figures given include the 
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TABLE 11 

incubation Perloda hours 

Const I 
L.SCncata, j Lilfostris 

i 
! Lcaesar 

! 
jC.erathroctJiftla. 

1 

C. voititrona. 1 PftrrAnorae 

21 ISZ5i925 - 23 0-250 

22 — i - - IS '0-220 — 

30 9S-105 9-25-10-5 I3 0-I5-3 \25-ll'75 I25-IJ5 ; 

31 — 120-\10 

3k 

35 

9-0-9-5 i 
1 

- - (16 0-It-9)"^ (a-5-13 0)1 
11-3-U-9, 

(lV5-i5?)t 

36_ 1 S ^9-3 - 150-16-51: - -
37 

-38 

38*8 

Oo-5-U75)^ 
9 0 - n o 9 5-10-0 i 

! 
! 

8l-Si 

- - 1 

9 8-10 2 

9 8-10-2 

[(0-£,-U5)^, 

wJuahn̂  35 I'o 3(>'C. 

extreme l i m i t s encountered, including at many temperatures 
observations on several separate batches l a i d by different 
f i l e s . The r e s u l t s on the eggs of L.sericata show reasonable 
agreement with those obtained by Wardle (1930) and llelvin (193U). 

Prom Table 11 i t w i l l be seen that L.sericata eggs at 
a l l temperatures at v/hlch they can be compared with the 
other f i v e species, consistently showed shorter incubation 
periods, except In the case of L . l l l u s t r i s which at 30*̂ 0 had 
an incubation period of approximately the same length as 

o 
L.s e r i c a t a . At 37 C L.caesar eggs required about 0.5-1.0 hr. 
longer than L.s e r i c a t a eggs, and Phormla more than 2.0 hr. 
longer to complete development. The eggs of both Calliphora 
spp. at'30°C required from 2,5-5.0 hr. longer than L.sericata, 
showing that t h e i r rate of development was considerably slower. 
The greater s u s c e p t i b i l i t y to desiccation exhibited by the 
eggs of Qalllphora spp., ?, terra-^noyae and L, caesar may 
partly be a re s u l t of t h i s slower development. 
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( i v ) The hatching mechanism of blowfly eggs 
I n the course of measuring the eggs of various blowfly 

species i t was observed that the eggs of a l l s i x species 
underwent r e l a t i v e l y small but definite shape changes 
dependent on changes in the R.H* of the a i r in their 
immediate v i c i n i t y , i n the f i r s t instance, these shape 
Changes were observed when transitory R.H. changes were 
accidentally caused by breathing on naked eggs while they 
were being measured on a glass sl i d e on the microscope 
stage. Experiments with eggs at controlled humiditiee were 
then carried out detailed observations on the shape changes 
made. The changes in shape of an egg when subjected to an 
R,H* change were constant in repeated observations, the 
extent of the changes in dimensions being very nearly the 
sam̂ > each time, with s l i g h t variations within the range of 
error of the method of measuring used. 

Evidence w i l l be given in the succeeding pages that these 
humidity-dependent shape changes in blowfly eggs are 
Intimately associated with the i r hatching mechanism - a mech
anism affected and indeed governed by r e l a t i v e humidity 
(page 37-/».0 , 53-55 ) . 
Methods. Measurements of eggs were made by mea^s of a 
microscope f i t t e d with an eyepiece micrometer scale, and a 
16 ram. (xlO) objective. The t o t a l magnification was x 60, 
The micrometer scale was calibrated and i t was found that 
1 micrometer division = 16.5/i. 

The dimensions of eggs at known controlled humidities were 
measured, and of individual eggs at several different 
humidities. S o l i d watch glafises sealed with f l a t glass 
l i d s were used as humidity chambers (page 32. ) . Humidities 
were again controlled within the watchglasaes by sulphuric 
acid/water mixtures (page 31 ) , 100?; R.H. being maintained 
with d i s t i l l e d water. The cavity of each watchglass was 



f i l l e d with the appropriate acid mixture to within 5 mm, 
of the underside of the f l a t coverglass l i d s . Eggs were 
attached d i r e c t l y to the underside of the coverglasses so 
that they lay within 5 mm, of the surface of the acid, and 
t h e i r dimensions could then be measured through the glass 
l i d when the whole watch glass was placed on a mechanical 
stage microscope, successive measurements on several Indi
vidual eggs at several R.H's were made by quickly trans
f e r r i n g the coverglass with i t s attached eggs on to another 
s o l i d watchglass with the appropriate acid mixture i n i t s 
oavity, repeating the transfer for each R.H. A l l the 
s o l i d watchglasses were kept covered and a i r t i g h t except 
during the short period of a few seconds when a transfer 
was being made, A period of 5 min, was allowed to elapse 
a f t e r eggs had been transferred to a new R.H* before 
measurements were taken, i n order to allow the egg s h e l l s . 
to reach equilibrium with the a i r of the chamber, and for 
the correct R*H* to be restored after the disturbance, 
successive length measurements made on eggs from immediately 
a f t e r they had been transferred to a particular R.H., u n t i l 
30 min. l a t e r , showed that eggs reached t h e i r f i n a l length 
within 3 min. of the transfer. The shape changes brought 
about by humidity changes are thus seen to be very rapid. 
I t was observed that naked eggs increased in length almost 
simultaneously with breathing on them. After ceasing to 
breathe on them, and while the moist a i r around them 
dlslppated i n the succeeding 2*5 sees., the eggs returned 
to t h e i r o r i g i n a l length within the same period. 
Results* By measuring the length, breadth and various 
other dimensions of eggs at various humidities the shape 
changes In blowfly eggs caused by R.H* changes were worked 
out, and are suramarlzad below:-

(a) With Increasing R*H* from 0 to lOOTo* the eggs of 
a l l speoies gradually Increased in length. Length 
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measurements for the eggs of three species 
belonging to the three genera studied are given 
i n Table 1 2 , (page GO-(,l). The pei*centage Increase 
in length over that at 0% R.H,> plotted against 
R.H,, for single representative eggs of three 
species i s graphed i n Pig, 10 (page (»2. ). Prom 
Table 12 i t w i l l be seen that the lengths of 
P, terra~novae eggs at lOOjS R,H, were about k»5 
6 ,6^ greater than at 0 ^ H,H*, while corresponding 
figures for the eggs of L.sericata and c«erythrocephala 
were U*5 - 5.8^ and 1 . 0 - 2 , 6 ^ , respectively. 

reduction 

egg, ^ut 
preserving a c i r c u l a r cross-section, ( P i g , l l 7 page 65). 

( c ) Simultaneously with the above shape changes, and 
probably foming an integral part of them, the dorsal 
hatching pleats and the narrow *hatching strips 
ISe^ween them elongateg with increasing R , H , , vihile 
^Ee katching pleats were very s l i g h t l y drawn together 
ajong the whole of t h e i r length so that the hatchln;^ 
s t r i p became s l i g h t l y narrower (Plg . 9 t see also FigVl 
(a) page 10 } . 

FlC,.9. ])i45ram of CJ^ sWi^t-cUw^tS; - , low R.H.; , kij l̂ R.H. 

F i g . 9 i l l u s t r a t i n g the shape changes (a) and {It) 
J ont. 

above, show^ r e s u l t s fromj^egg ( l . s e r l e a t a ) . With the R . H . 

change from 0 to 100^ R*H*, the following dimensional changes 

occurred:*^ The t o t a l length of the egg increased from 1219 to 

12k3ju, , (shape change (a) above); the length of the 

hatching pleats.and hatching s t r i p between them.increased 
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from 1089 to 1 1 1 3 , while the width of the hatching s t r i p , 
i * e . the distance between the two hatching pleats decreased 

from 57 to 52/t . I t should be pointed out that i n 
TABLE 12 

Lengths of eggs at various R.H*s 
(a) L.SERIOATA. 

i n the case of t . s e r i c a t a eggs, length measurements from 
0 100, then back down to 0 and then up again to 100;') R.H, 
were carried out. 

liSngths in microns 
^ * H . Egg 1 Bffg 2 Eg^ 3 Egg 4 Egg 5 Av.of 5 

0 1245 1273 1218 1201 1211 1229 

25 1256 1287 1229 1216 1226 1243 

43 1267 1294 1237 1224 1237 1252 

70 1279 1308 1251 1237 1249 1265 

90 1292 1320 1259 1252 1267 1278 

loo 1307 1338 1275 1260 1282 1292 

90 1290 1320 1262 1252 1269 1279 

70 1279 1308 1251 1237 1254 1266 

45 1267 1297 1237 1226 1241 1254 
/ 25 1260 1290 1229 1221 1234 1247 

0 1241 1270 1218 1204 1201* 1227 

25 1254 1287 1229 1219 1221 1242 

45 •1264 1295 1237 1224 1230 1250 

70 1272 1305 1251 1237 1245 1262 

90 1285 1318 1259 1251 1257 1274 

100 1303 1336 1274 1259 1277 1290 

atrioo% over <1 1 62*66 66-68 36 55-59 71-78 63-65 

V, iacrcse UIICMUI 
oT 1007. over W 
of 0%R.M. Or b.iu 

. 4*98 5.18 4*59 4*91 5*86 5.10 

fb) P.TERRA-NOVAE 

0 1224 1224 1203 1170 1150 1194 

25 1244 1237 1219 1183 1166 1210 

45 1254 1242 1223 1188 .1175 1216 
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TABLE 12 (continued) 
Lengths 

Egg 1 Egg 2 E^Tff ^ 

in microns 
Egg 4 Egg 5 Av.of 5 

70 1270 1246 1234 1204 1188 1228 
90 1287 1262 1254 1221 1204 1246 

loo 1279 1270 1242 1226 126U 
0 1226 1221 ,12014 1168 1150 1194 

• Inweate uiltojili "j 

»l-0-/.R.H. J 77*79, 55-58 66-67 72-74 76 70 
% incrfvse tnlo><(1h1 
Jt lOOY. ntr M y 

at- 0 7 . M . J 
6,i^5 4*49 5*57 6.15 6,60 5.85 

(c) C,ERYTHR0C3EPHALA 
0 1452 1477 1468 2487 1503 1477 

25 1462 1485 1468 1493 1508 1483 
35 1465 1485 1468 1498 1510 1485 
45 1467 1485 1468 1501 1513 1487 
55 1468 1485 1468 1503 1516 1488 
70 1470 1485 1468 1506 1518 1489 
80 1470 1485 1468 1506 1518 1489 
90 1472 1485 1468 1508 1520 2491 
95 1477 1496 1472 1518 1523 1497 

100 1485 1503 1482 1526 1531 1505 
InCrC«>C ' ' " J * *!" 1 

l007o w t r t h J J- OZ«.K J ^ T J 26 14 39 28 28 

% (nuMse in 'ctt^lh 
af lOO ,̂ aver 
atro7.R.H. 

. 2.27 1,76 0.95 2,62 1,86 1.89 

measurements of small lengths such as the width of the 
hatching s t r i p amounting to about 55-60/L-^ considerable 
error was possible, with the magni'ficatlon used. I t was , 
found lmpra<^ticable to use a higher mainlfication without 
r a d i c a l l y a l t e r i n g the apparatus and employing a complex 
system. 

Various further observations were made on these shape 
changes. The r e s u l t s are given below as numbered observations 



10 30 tin:" 70 80 SO 100 

62, 

F i C . l O . Inctdit in C^cj-kw^^h witti nsm^ R . H . ; I , ^.hrrwavac j I L , L . senco-V".!/ ; TS., C . 

•eftjihroceyKaloy. 

for the sake of c l a r i t y . 
Observation 1. when eggs were subjected to sudden humidity 
changes by transferring them from an Oj3 R.H. chamber to one 
of lOC^, a proportion of the egg chorions s p l i t by a longit
udinal f i s s u r e running closely along the outer margin of one 
or other of the hatching pleats. This f i s s u r e originated 
at any point along the length of the hatching pleats which 
run more than thz*ee quarters of the lengths of eggs (see 
Pig. 1, page 10 ) . Eggs which did not s p l i t during the 
f i r s t 0 to 100^ R.H, change could be induced to do so by 
repeating the process for a further 2-5 times. This 
conclusively shows that sudden large R.H. changes cause 
s t r a i n s to be set up in the chorion which causefl I t to s p l i t 
along one or other of two faii'ly constant l i n e s , care was 
taken to employ eggs at an early stage in development, so 
that there was no p o s s i b i l i t y of the chorion s p l i t being 
due to the a c t i v i t y of f u l l y formed larvae within the eggs. 
With smaller humidity changes of 50-100 or 0-50^ R*H., no 
rupture of the chorion occurred even after twenty repeated 
changes* This shows that the s t r a i n set up i n the chorion 
i s l e s s Tirtien the R.H, change i s of smaller extent, and when 
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the shape change i s also l e s s . 
Observation 2. That the coating of accessory-gland secretion 
covering the outside of the chorion of the l a i d egg was 
not responsible for the shape changes was shown by removing 
t h i s mucus-like covering by washing eggs in 1^ sodium 
sulphide solution for 1 hr. such eggs, without the i r 
coating of accessory-gland secretion, but with the chorion 
i n t a c t , underwent shape changes simultaneously with R.H. 
changes in the same way and to the same extent as wggs 
with the secretion covering intact. 
Observation 3. That the chorion alone, and not the 
c.v,membrane (see page ) or the oocyte i t s e l f or a 
combination of the three, was responsible for the shape 
changes was shown by reraoting the chorions from eggs 
(of, Evans, 1934) whioh ret a i n their shape since they are 
s t i l l enclosed by the Intact c.v,membrane underlying the 
chorion, such eggs minus the chorions, when subjected to 
successive R.H's from 0 to lOOjJ underwent no detectable shape 
changes - t h e i r lengths were the same at lOOf^ as at 0^ R.H., 
as f a r as could be ascertained by the measuring system used. 
I t , I s concluded, therefore, that the chorion alone causes the 
humidity dependent,shape changes and that i t does so by 
forcing the oocyte with i t s investing c,v.membrane to change 
t h e i r shape, rather l i k e a rubber tube which i s stretched would 
force a soft body, l i k e a sausage within i t , to change i t s 
shape, in the blowfly egg, the tendency of the chorion to 
a l t e r i t s shape at different humidities i s resisted by the 
l i q u i d yolk f i l l e d egg i t invests, i t i s probably th i s 
resistance of the egg to shape change impressed on i t by the 
chorion that causes s t r a i n s to be set up in the l a t t e r . 
The amount of s t r a i n i s thus humidity dependent because 
the shape of the chorion i s humidity dependent. 
Observation 4. That the shape changes caused by the chorion 
are not due to the effect of humidity on a small specialized 



Skip&Bk of the ©hell, euoh as the hatching ©trip and hatching 
plmtBt m& demonstrated i n the following my* Tha length® 
0? t«n «gga at OfS and «t 100̂ .̂  H,H# ware d9t«rBJin»d. fh9 

liitfehlng a t r i p and hatching pleats only Qt eix of the3e fgg» 
mr& then odirerea by a layej? of waterproof GOIIUIOB* p«iat 
in th0 tt>m ot a p«iint«d s t r i p running Bsoat of the length 
of th9 9ggs^ on th9 other four egge « Bimilar longitudinal 
atri]? of t h ^ < 5 h o r l o n wao covered with collulosa paint, but 
thl© t t o m t h t v«Q%ral sld®, opposite the hatching a t r i ^ , 
or̂  !^8paolali$ied <:harl09, Thtia In-the f o i ^ r six agga 
tha hatching m& covejpad and woald not b« affaotad 
toy humlditjr 0hmg&ef and In the l a t t a r the hatching a t r i p 
was axpoaad. Tha ̂ gga ware agala msaaurad at O^t, and 100^ R*H. 
The inoraasas in laiogth at 1 0 ^ over the length at 0}l R,H« 
w given in Tabla 13, i f tha aha^a ohangae wera aausad 

bttfora and aftar lacreaae i n length from 0..10Q̂ ; n.a*^ bafo 
gj^l^loea liiaitil tr^ai»ani (t^aeHaala*^! 

Hatching a t r i p covered 
Em pOm 1 _ 2 3 4 5 ^ 
Bafora ' 4.8 5.4 6,1 5»0 7.2 5,0 
tpaatKant 

Aftap 4,0 2*3 4.6 4 ,a 5.2 4*6 
tgeatm^njfc. .. .̂̂  ... ,, . .. ^ ,; 

vantyal 
eida covarad 

7 a ^ 1 0 
4.6 u,4 5.5 4#7 

3#4 3.5 3#9 4,3 

;i)aorae»a 0*0 3.1 1»5 0*0 2*0 0*4 1,2 2.9 l»6 0,4 

. bjr the effect of haioldlty oo tha hatching plaaia and hatahlng 
a t r i p alone^ oovaring thain with wat<*riiroof cellulose paint 
wuld i n h i b i t ahapo ahangaa when tha humidity waa ohangad. 
I t wi l l ^a aean from Tabla 13 that ag^e so treated w t l l l 
alongated with rlea of ̂ »H, from 0*10(> but to a aaallar 
ajctent than baa^ora treatment. This fiacraasa i n iha amount 
of the length change la also aaan m agga whara the vastral 
@ida i s covered with paint laavmg the hatohiog pleat raglon 
a^^oead. The srjsallar length incraasa i n both groups af tar 
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o©llulos0 paint tr-eatraerst was probably due to the s t i f f e n i n g 
e f f e c t of the paint i t s e l f rendering the change of shape of 
the eggs more d i f f i c u l t to accomplish* I t i s thus considered 
that the shape changes of blowfly eggs caused by R.H.changes 
are not due to the properties of the chorion i n the hatching 
pleat region alone, but rather are due to the properties of 
the chorion as a whole. 
Observation 5« I t was observed by means of width measurements 
of eggs, both i n l a t e r a l , dorsal and ventral views that the 
decrease i n cross-sectional area coincident with elongation 
of the egg i s brought about mainly by inward movement of the 
hatching pleat or dorsal side of the egg, and less by 
inward movement of the ventral side opposite hatching pleats, 
(Plg» 11)* The. prof l i e of the oposs-section of an egg at 
06nd 100^ R*H. are thus not concentric c i r c l e s , i n t h i s 
f i g u r e are given measureinent obtained from one L«3eri(iatag<i<t . 
I t w i l l be seen that the diameter was reduced from 357 
at 0^ R*H* to 3̂1-0 at 100^ R»H* Also given i n the same 
figu r e on the widths of the hatching s t r i p measured from the 

ArolnH 
W 100%R.H. 

outer margin of each hatching p l e a t , a t both humldlljBS. 

ThQ width of the hatching s t r i p about h a l f way along the 

egg was reduced from 57/. 6t 0^ R.H. to 52^ at 100% R.H. 
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From th9 above information the following deduction 
can be raadle!* 

Total circumference of the egg at Of̂ R.H» (asBuming 

c i r c u l a r croas-eection) = 2 x 3»li|-l6 x 357/2 t= 1121>L 
Total circumference at lOOji R.H, (aseuiaing c i r c u l a r 
cross-section) « 2 x 3*3J*16 z 3U0/2 s 1068 a 
The chorion eircmnforence as a whole muBt therefore 
contract 1121 - 1068 * 53 or a contractioii of k*72^c» 

This contraction I s that of the' unspeoialized chorion of 
the hulk of the circumference (Pig. 13) plus that across 
the hatching s t r i p . 

The width of the hatching s t r i p alone contracts from 
57/*' at 0^1 R.H. t o 52a at 100^ R.H., or a reduction of 8.77^ .̂ 

subtracting the width of the hatching s t r i p from the 
circumference at 0 and 100*5 R*H. we get a measure of the 
contraction of the unspeciallzed chorion 

Length unspecialiEed chorion circuiuference at 0;̂  R.H. 
o l l ' i l - 57 » lOQ^j^ 

Length unspecializad chorion circumference a t lOO'̂S R.H. 
« 1068 - 52 = 1016/^ 

• 

Contraction of unspeoialized chorion . , a 106i4. - 1016 
o i i 8 / ^ or 4.51^^ 

The fact that reduction i n cross-sectional area occurs 
mainly by an inward movement of the dorsal or hatching pleat 
side of the egg and less by inward movement of the ventral 
side may be unimportant as f a r as the setting up of strains 
i n the chorion i s concerned. The explanation of t h i s 
greater movement of the dorsal side seems to be that the 
transverse contraction of the hatching s t r i p i t s e l f i s about 
twice {8,77% In the example given) that of the unspecialized 
Chorion (k»51%)* There may be appreaciable errors i n the 
measurements but i t seems established that the transverse 
hatching s t r i p contraction i s r e l a t i v e l y greater than that 
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of the unspeclallzed chorion. 
The above conclusion i s supported by the observation 

that i n imperfect eggs (see page 81-35) in-which the hatching 
s t r i p and i t s l a t e r a l pleats are very short and only extend 
f o r about 1/lOth of the length of the egg from the f r o n t end 
(Pig. 12) leaving the rest of the egg enclosed by unspeciallzed 
chorion, the contraction i n cross-sectional area with ri s e 
i n R.H. from 0 to 100^,, occurred by an inward movement of 
the whole of the circuraferenoe, to about the same extent 
a l l round the egg. Thus i n eggs with rudimentary hatching 
s t r i p s the cross-^sectlon of eggs at 0 and lOOft R.H. were 
concentric c i r c l e s (Pig,12) while i n eggs with complete 
hatching s t r i p s the sectional outlines of the eggs at the two 
humidities were not concentric c i r c l e s (Pig,11). 

B 

FlQ.12.. R. il»ov,j j\.orte»V«nV69 h»Vch.n̂  y\e*.lrs a»i \)osiV'i«n oftS. wVose- ouVli«<, *is ̂ ''̂ '̂  ^ 
In B , u«W.lcen\wt . OuVl.ne. m low «.H. • WoW*n l.ne = OvYUt. *V Kv̂K R.H. (L-«HtS>r cjj). 

ObservatioH 6, At 0% R.H. i t vme observed that the hatching 
pleats stood nearly upright from the egg surface, and that 
with increasing humidity they leaned progressively inwards, 
towards each other so that i n saturated a i r they lay at an 
angle of about 30® with the egg surface. These changes i n 
the positions of the hatching pleats are shown i n Pig* 131 
as diagrammatic sections across the hatching pleats. The 
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4= 
R-I> ieiawts UiS fl^. \IOWMAIVV\ rises. 

distance from A to B i n Fig. 13 was that observed to 
contract during humidity increases i n observation 5, (page 65), 

being 8,775S less at 100^ R#H» than at 0% R*H. i n one example. 
This contraction was there a t t r i b u t e d to an elongation of 
the hatching s t r i p drawing the pleats closer together. The 
progressive inward leaning of the hatching pleats provide 
another explanation, without postulating an active decrease 
i n breadth of the hatching s t r i p i t s e l f . I t w i l l be plai n 
that the distance AB, measured from the outer marcin of 
each hatching pleat w i l l be reduced as they lean progressively 
inwards, i n a wire model bent from shape I ('''3^3) to shape 

Jl to simulate these movements of the pleats, th« 
distance AB was reduced from 55mm. i n the former shape to 
kl mm. i n the l a t t e r , a reduction of about lh»5f^» Allowing 
f o r the fact that t h i s figure was obtained from a crude 
model t h i s figure i s of the same order as that obtained 
by measurements of an egg (8.77?!)* 

This contraction due to the movements of the pleats 
provides a mechanism whereby the circumference of the egg 
may become reduced with increasing humidity^ without necessit
ating an actual contration (or only a very small one) of the 
unspecialised chorion, since the movements o f the hatching 
pleats'taJce up the slack* so to speak. I f the basic cause 
of the egg shaoe changes i s due to the tendency of the 
chorion to" increase i t s curvature round the egj^, t h i s can 
be achieved by a reduction i n diameter of the egg and- thus 
reduced circumference, which i n turn can be achieved (by. 
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the above movements of the hatching pleats) without a 
contraction of the chorion layers round the egg, or at 
most only a small one. 

The movements of the pleats with humidity may also 
explain why the chorion usually ruptures longitudinally 
along the outer mar-jln of one or other of the hatching 
pleatc, without the necessity of postulating the existence 
of a l i n e of weakness; along the outer margin of each pleat, 
since the s t r a i n would be expected to be greatest at those 
l i n e s with such movements of the pleats. 
Observation 7« I f a small perforation be made through the 
chorion and c.v,membrane to the yolk below, of an otherwise 
i n t a c t l a i d egg, a small blob of yolk appears covering 
the outer opening of the hole. This shows that the yolk 
contents of the egg are held under a l i g h t pressure by the 
egg membranes at room humidity (50 - 60;.; R.H.), I f the egg 
i s now exposed to increased humidity, causing i t to change 
shape, t h i s blob of egg yolk increased i n size, and when 
the humidity dropped to i t s former l e v e l , the blob decreased 
to i t s former size, by flow of the l i q u i d yolk back into 
the egg. This shows that the volume of the egg was s l i g h t l y 
reduced as the humidity Increased, i n an intact egg 
therefore Increased humidity causes a s l i g h t reduction i n 
the volume of the egg leading to increased Internal pressure, 
which i s reduced again as the humidity f a l l s and the egg 
regains i t s former shape. 
Observation 8. I f the hatching pleats and s t r i p be removed 
e n t i r e l y from'an egg at room humidity the egg becomes 
s l i g h t l y shorter than before, wliile the gap between the 
free edges of the chorion on either side of the o r i g i n a l 
p o s i t i o n of the hatching s t r i p , becomes s l i r h t l y bigger than 
the width of the hatching pleats and a t r i p removed. This 
gape i s of course covered by the c.v.membrane which under-
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l i e s the chorion, and indicates that the chorion i s under 
some transverse tension at room humidity, \7hen an egg 
with hatching s t r i p r̂ m̂oved i s exposed to higli humidity 
(90 - 100^; R*H») the gape i n the chorion becomes reduced, 
SB shown i n Fig. Ih* This p a r t i a l closing of the gape with 

j^lC. II4.. j\ , vet. wittlin ^roktrj line rcmot̂ t̂ , Yo îvt <k.]>\tareknct.3_ >•» R.H. ani, C_ in WijVi t̂  H. 

SWdtA. Qr€4.5 rt\>re4C»ilr C.V. hrKwWnfc Cv̂ 04<<L, 

# 

r i s e i n humidity suggests that the chorion i s acting rather 
l i k e a bim e t a l l i c s t r i p does with r i s e i n temperature, i n 
Figi 15 the cross-section of the egg with hatching s t r i p 
remove>i, at high and low R.H. i s compared with that of a 
bim e t a l l i c s t r i p . i n the form of an incomplete c i r c l e at 
high and low temperature, and i s drawn from the observations 
on the blowfly egg described above and on a bimetallic 
s t r i p of the above form. 

50 - CO % R.H. 

Law iTem̂  

Rcj. 15. T.5 tj'j w!h Vi«VtH,nj y\Cd,V(irt4, rttnwti, (« UftWoktn lint ttytittAi ttionon, 
onA, VroVcn Vint Iht c.v.memVrdnt-. B_, ivajran, a\ Vtk.vJotfr oV VimeWic sVn\> Wi*i MCW Ô^ li<̂ \i 
CoeHicitnl' «Vc»̂ irtion on outside. 
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Shape changes i n e^gs i n r e l a t i o n to hatching, since the 
above observations have shown that the chorion alone i s 
responsible f o r the humidity dependent shape-changes, further 
analysis of the mechanism whereby they are accomplished 
depends on a knowledge of the structure of the chorion. 
I t has already been shown that the chorion undergoes 
c u r l i n g movements dependent on R.H, (page 12. ), This leads, 
with higher R,H., to Increased curvature of the chorion. 
I t has also been shown that the chorion i s composed of at 
least two main layers of d i f f e r e n t composition (page9-l2). 
I t was concluded that the protein of the inner layer may be 
already tanned, or of such a nature that i t i s not 
suceptible to tanning by the usual agents, i^mbedded and 
p a r t l y separating the two layers from each other a row of 
dark bodies were observed. The curling movenients of the 
chorion fragments suggests that the two layers are 
d i f f e r e n t a i l l y affected by absorbtion of water, leading 
to expansion of the outer layer with r i s i n g ?..!!,, and 
contraction or non-change of the inner layer, both considered 
around the circumference and not along the length of the e,f:g. 
The structure of the chorion leading to curling of chroion 
fragments with R.H. changes, leads to a change i n shape of 
the i n t a c t chorion on the egg. That the curling movements 
and the shape change of the egg with r i s i n g R.H. are due 
to abeorbtion of water by the chorion i s supported by the 
fa c t that the elongation of blowfly eggs with Increasing R.H. 
i s affected very l i t t l e by temperature; the increased 
length of eggs at 100^; R.H. over t h e i r length at 0̂  H,H, was 
found to be the same at 37^ as at 17°C. The process of" 
absorbing water by organic materials from the atmosphere 
i s w e l l known to be affected very l i t t l e by temperature, 
and to be largely dependent on R.H., as i s shown by the 
curves of weight Increase of washed wool at various 
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temperatures and humidities, used by the woollen industry. 
The almost instantarieoua nature of the curling movements of 
chorion fragments, and of the egg shape changes means that 
the chorion must contain extremely hydrophilic protein, with , 
a very large surface area i n r e l a t i o n to volume. The l a t t e r 
condition i s f u l f i l l e d by the outer chorion layer, whose 
thickness i s but 2-3/^ , and with a surface area of about 
QSOOf^M-, and since o i l y materials do not spread over i t 
(page I3E ) i t i s also hydrophilic. The outer layer 
presumably expands by absorbtion of water, around the 
circumference of the egg, while the inner layer may contract 
i n the same d i r e c t i o n or maintain i t s i n i t i a l length, thus 
producing c u r l i n g of the chorion as i n a bimetallic s t r i p . 
The reduction i n cross-sectional area of the egg (observation 
5) and the hatching pleat movements (observation 6) shows 
that an increased curvature of the chorion i s brought about 
by increasing R.H. with l i t t l e or no absolute contraction 
of the chorion as a whole, so that the outer chorion 
layer i s r e l a t i v e l y longer compared with the length of the 
inner layer, around the circumference of the egg. Thus the 
tendency of the outer chorion layer to expand with increasing 
R.K. i s achieved only r o l a t i v e l y . The important lactor i n 
the c u r l i n g movements i s probably the r e l a t i v e stresses and 
stra i n s put on each other by the two chorion layers. I t 
i s possible, although purely speculative, that the dark 
bodies embedded i n the chorion are present i n order to 
reduce the area of contact ot the two contrasting chorion 
layers, so that length changes can occur without much shear 
s t r a i n between them. 

The effects of humidity on the chorion can ultimately 
be f u l l y worked out only a f t e r a knowledge of i t s molecular 
structure has been deduced. Such knowledge i s at present 
completely lacking. Although highly hypothetical i t i s 
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i n t e r e s t i n g to speculate whether these effects are brought 
about by a molecular structure i n some way comparable to that 
of mammalian hair and horn keratin, i n the case of wool 
f i b r e s , i t has been shown by speakman (1931) that the long 
k e r a t i n molecules are mainly arranged In a p a r a l l e l manner 
to form Mcelles which are at least ten times as long as 
they are broad. The mechanism by which the great reversible 
extension of wool f i b r e s (amounting to about lOOf̂  of t h e i r 
o r i g i n a l length) i s brough about under tension at high 
humidity, has been elucidated by Astbury and his co-workers. 
They have shown (Astbury and Woods, 1931» 1933) that the 
elongation i s brought about by an intramolecular extension 
of the k e r a t i n involving, basically, the straightening out 
of what i n the unstretched f i b r e i s a folded chain molecule, 
so that two forms of k e r a t i n , (oc and̂ e ) , representing the 
stretched and unstretched form are i d e n t i f i a b l e , and which 
give X-ray d i f f r a c t i o n patterns which are d i s t i n c t from each 
other. A change i n the length, on a small scale, of f a i r l y 
long, p a r a l l e l orientated protein molecules may occur i n the 
blowfly egg chorion, caused by changes In the water content 
of protein micelles, A difference of only i n the 

length of the chorion molecules would be s u f f i c i e n t to 
account f o r the fact s . The action of water i n the chorion 
may be the same as i n the wool f i b r e , where, according to 
Astbury and v/oods (1933) the water molecules enter the 
ke r a t i n micelles and inter-micellar k e r a t i n , and become 
adsorbed to the chain molecules, causing swelling and 
a %ub r i c a t i o n ' of the chains, permitting the intramolecular 
extension. 

Several d i f f e r e n t molecular arrangements on the above 
l i n e s i n the blowfly egg chorion can be visualized, which 
might be expected to cause effects which would f i t i n with 
observations, i n one arrangement the outer chorion layer 



may be though of as b u i l t of chains orientated around the 
egg. These chains would increase i n length with r i s i n g 
R*H. by a p a r t i a l straightening out of folded chains and 
produce an expansion of the layer* Co-existent with t h i s 
the inner protein layer might be formed of chains orientated 
along the egg and which expand along the long axis of the egg 
on absorbtion :of water, so that the layer tends to elongate 
but contracts i n the transverse plane around the egg - that 
i n which the outer layer tends to expand, A representation 
of t h i s arrangement i s given i n Fig* 16# 

tena«dL sl̂ iTe (H.jH «.H.) 
C«ntracte«l $taU (Uw HH.) 

ontntalTed, alen^ 

(Uw HM.) 

(Hijk R.H.) Unj tti»lt<Ml«s«f 
orienl'aJ'ed. around e j ^ . 

FiC. IG. ])i4jrammi»ht rĉ rttewUl'ion J( ̂>iWc maltwiUf jVroJTure 6\ bloM̂ î  Cjj cVanon , 

Other arrangements can be visualized, but no gain i s 
made by considering them since no facts are available on 
the molecular structure of the chorion* I t has been found 
that when the chorion i a viewed i n polarized l i g h t , i t i s 
anisotiwpic, which suggests that there i s no marked p a r a l l e l 
o r i e n t a t i o n of long molecules through most of i t s thickness. 
I t may be that the chorion proteins are not b u i l t into long 
chains and that the expansion of the outer chorion layer 
i n high R.H. i s purely a swelling process due to water 
absorbtion, similar to that of gelatin and many other 
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proteins, and that the inner layer contracts because i t 
* gives* to the compression Imposed on i t by extension of 
the outer layer. There i s some evidence that the inner 
chorion layer I s of a spongy nature, the cavities of the 
sponge being f i l l e d with a i r . Where the inner chorion 
layer i s thickened, at at the edge of the mlcropylar plate 
(see page li*. Pig*/+), a d i s t i n c t spongy structure could be 
made out with the highest power of the microscope, i t i s 
possible that the same i s t r u e , on a smaller scale, of the 
inner chorion layer over the general egc: surface. The a i r 
content of the inner layer would t^hus explain the white 
colour of the chorion (see page 18 ). a p a r a l l e l orientation 
of the protein molecules of the outer layer only, around 
the circumference of the egg might coexist with t h i s 
arrangement of a spongy inner layer. The f u l l explanation 
of the mechanical properties of the chorion, and thus of 
the humidity-dependent shape changes of blowfly eggs must 
await a study of i t s molecular structure, using specialized 
X-ray methods, si m i l a r to those used by Astbury f o r keratin 
structures, and by Praenkel and Rudall (19U0) f o r the 
blowfly puparlura, 

A more empirical conclusion to the observations on shape 
changes, and l i n k i n g them with the hatching mechanism of 
blowfly eggs, may be set out as follows:-

Wlth increasing R.H. from Ofo, the cross-sectional area 
of the egg i s reduced while the egg elongates. I t may be 
that the primary shape change i s the former, and that the 
l a t t e r i s purely compensatory f o r i t , since the enclosed 
egg r e s i s t s the increased deformation Imposed on i t by 
the shape change of the chorion, and i s forced to elongate. 
There may be a tendency i n the chorion i t s e l f to elongate 
along the egr- so that both elongation and reduction of 
the crose-sectional area of the egg proceed without the 
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l a t t e r causing the former and being resisted by i t . i f the 
primary shape chiange i s one of forcing the enclosed egg to 
reduce i t s cross-sectional area, strains w i l l be set up i n 
the chorion l i a b l e to result i n longitudinal rupture along 
the egg, and not transversely, since the reduction i n cross-
sectional area increases cumulatively from dry a i r up to 
saturation, the s t r a i n on the chorion also increases with 
humidity, i f there are two longitudinal lines of weakness 
i n the chorion (on the outer side of each of the hatching 
pleats) rupture along these l i n e s would become increasingly 
easy to accomplish by the larva inside the egg, with increasing 
humidity, since the amount of elongation of the egg i s 
almost c e r t a i n l y a measure of the reduction i n cross-sectional 
area the amount i s also a measure of the s t r a i n on the chorion. 
The curves of elongation of eggs of various species (Pig. 10 
page Li ) are thus indicative of the progrenr.ive increase i n 
s t r a i n on the l i n e s of weakness i n the chorion, with increasing 
humidity. They show therefore an increasing p r o b a b i l i t y of 
successful rupture of the chorion by the larv'a with increasing 
R.H. They can be related to the known effects of humidity 
on hatching i n blowfly eggs - the minimum humidity f o r 
hatching, the f i n a l percentage hatch achieved by a grouP 
of eggs, and the increasing dispersion of hatching times 
w i t h i n a group of eggs with decreasing R.H. Prom Pig, 10, 
i t i s to be expected that at humidities of 100-90̂ ', R,H,, 
the chorion i s already under raaximum s t r a i n due to the shape 
changes outlined.above, and the blows of the Ir.rva on the 
inside of the micropylar plate (see page 9 ) are l i k e l y to 
cause rupture f a i r l y quickly, 7/ith lower R.K's of 90-60jg 
the chorion i s under progressively less st)?ain, and many 
more blows by the larva may be necessary to cause rupture 
of the chorion, and frequently exhaustion or desiccation 
of the larva supervenes before hatching i s achieved. This 
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i s shown by the increasing number of f u l l y developed larva© 
found dead insede t h e i r s h e l l s with decreasing R.H. within 
the above ran^e (page 3? ). Below 55-605"'- E.n., any nuniber 
of :blows cannot rupture the chorion, and no hatching occurs 
i n the vast majority of cases. The decreasinc s t r a i n on 
the chorion with decreasing R.H. means that the larva has 
to exert i t s e l f to a greater extent to achieve rapture of 
the chorion. Thus i t was found that the time racLuirea f o r 
a l l the constituent eggs of a batch, to hatch, increased quicklj 
with decreasing; humidity from saturation (page 38 ) , 

In Observation 1 (page Gt) i t was Ghov.T3 that subjection 
of eggs to sudden humidity changes of 0 to 100,o R.H. u s u a l l y 

caused the chorion to s p l i t along the outer margins of one 
or other of the two hatching pleats. I t was there pointed 
out that i n eggs so treated the s p l i t varied i n i t s s i t e 
of o r i g i n and could occur anywhere along the length of the 
hatching pleats. When eggs hatch i n the noriaal way, due to 
the a c t i v i t y of the. enclosed larvae, the s p l i t i n the chorion 
invariably originated at the extreme anterior end of the 
hatching pleats, where tiiey diverge to pa r t l y surround 
the micropylar p l a t e (page 10 , pig, I ), This ante rior 
l o c a l i z a t i o n of the s p l i t i n hatching, compared with the 
greater v a r i a b i l i t y i n the ?ite of i t s occurrence i n eggs 
Bubjectod to sudden humidity o s c i l l a t i o n s , may be explained 
i n the follow V7ay, When the larva has reached the 

, hatching stage, i t hammers on the inside of the mlcropylar 
plate with i t s mouth-hooks, Miien observed under a binocular, 
each blow of the larva was seem to cause the micropylar 
place to bulge out s l i g h t l y i n the middle, and also 
caused the f r o n t end of the egg to elongate s l i g h t l y . 
At high humidities t h i s elongation accentuates s t i l l 4 
fu r t h e r the elongation of the egg caused by high li.H. 
i t s e l f , and would be expected to reduce the cijoss-sectional 
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area of the anterior end, and so increase s t i l l f u r t h e r 
the s t r a i n on the anterior part of the hatching s t r i p . This 
increase i n s t r a i n on the anterior end would be expected to 
be localized there, since i t i s u n l i k e l y that strains set up 
i n one part of the chorion would be transmitted f r e e l y to 
other parts of the s h e l l . Thus i n hatching the chorion 
s p l i t would be expected to occur near the anterior end of 
the egg. 

I t was observed that the chorion of the blowfly egg was 
considerably s t i f f e r at a l l humidities below saturation that 
i n saturated a i r i t s e l f . Vacated egg-shells, i n saturated 
ale collapsed completely and became closely applied to the 
glass s l i d e substratum. At 95ju R.H. and down to the minimum 

« 

humidity f o r hatching vacated shells did not become collapsed 
so t h a t , i f the rupture i n the chorion was obscured f o r 
some reason i t was found d i f f i c u l t at f i r s t glance to 
determine whether the larva had hatched or not. At 100^ 

R.H. 9 i t was observed that the chorion was limp, l i k e card
board soaked i n water, so that the two sides of the s p l i t 
i n the chorion could readily be forced apart by the 
escaping larva. At humidities below saturated larvae 
seemed to f i n d d i f f i c u l t y i n forcing t h e i r way out by 
pushing apart the two sides of the s p l i t , rather l i k e a 
man t r y i n g to force his way through a s l i t i n a s t i f f 
cardboard sheet. At 17-18°C observation of times of hatching 
of groups of eggs, gave the following figures:- lOO^j R.H. -
1 larva escaped per minute; 90% R.H. - 1 per 3,63 min; 
80% R.H. - 1 per 14*88 min. The longer time requirec at 
90 and Q0% R.H.. i s well marked. The a c t i v i t y of the 
larvae i s low at 17rl8°c, and the times required by them 
to escape from the s h e l l following i t s rupture would be less 
at 30-37°C* After rupture has been accomplished at 37*̂ 0̂  

larvae completely extricated themselves from the limp shells 
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w i t h i n 10-30 sees, i n saturated a i r . At the same teroperatupe, 
a f t e r i n i t a l chorion rupture, at 65% R.H,, i t took from 
15-35 mins f o r the same process to be accomplished. Thus 
humidity affects the rate of hatching i n a group of eggs 
i n two ways5- one, by making i t more d i f f i c u l t f o r the larva 
to rupture the chorion with decreasing humidity from 
saturation, owing to the shape changes considered i n the 
preceding pages, and two, by making i t more d i f f i c u l t fis-r 
the larve to escape from the s h e l l a f t e r i t has succeeded 
i n i n i t i a l l y rupturing the chorion, with decreasing R.H, 
from saturation, 

( V ) The effects of variation i n hamidlty 
I t was found that i f L. sericata eggs were placed l a 

saturated a i r f o r a few minutes, at 37^0, they became more 
susceptible to desiccation i f subsequently incubated at 
lower R.H*8, than eggs which were placed d i r e c t l y a f t e r 
laying in t o the low humidity (page ). iSxperiments on 
s i m i l a r lines wore carried out on the eggs of four of the 
fly©'blowfly species considered i n t h i s section, to determine 
whether a simil a r effect could be detected with them, Eggs 
of these species were incubated at humiditi«s known t© 
be f a i r l y near the minimum required by them t® complete 
development, both d i r e c t l y after- laying and a f t e r a 
preliminary period i n saturated a i r . The two l o t s were 
in every experiment kept i n the same vessel ao that both 
were subjected to i d e n t i c a l R.H's a f t e r one l o t had been i n 
saturated a i r . In each case a set of eggs from the same 
batch were kept i n saturated a i r throughout t h e i r incubation 
period as controls. The experiments were carrisd out at 
temperatures s l i g h t l y below the highest temp®ratur« at 
which the species was known to be able to complete 
development i n the l i g h t of water bath experiments* The 
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TABLE li*. 

(a) P.TERRA-̂ NOVAB EGOS 

SXpt.*Ho. Treatment af eggs 
) Ho. o^^y 

H PH JiH E os^l. 

Control , »oo%f(.H. 371 

crioo/. 

83 

0 

IOOyaR.H.37°CKr |-5hr.1>,e..nh, t 5 ' 0 7 t .Y 0 

0 

98 

8k 

0 

0 12 

2 0 

0 1 6 

0 im 

23 

50 

(b) L.IIiLUSTRIS EGGS 

! Control. iooV.r.h.-ast. 35 0 25 U0 20 
2 iM'/o'̂  H. 3^b. I'ftf v«vJe incuk. l>eno<L. 30 0 20 f © 20 

22 2.2 20 1 

5 2 2 11 %3 _ 

3 8 1 2 0 17 

jlOoTo R.H. ?5 C.Ur i Z k .-Il«...^.1o7o .35 c ^ MB 
" 1 • • • • ' - . 

CONTt^OL. /Oo'/oR.H. 37 c . 93 0 0 6U 
k 75 ̂  R.H. 3y CJj>r wVtojfc intub. yerioi. 7Q 5 lit 3 58 

ilOO*/iR.H.37t ir*r0-25k ken75 /1 .J /c l a . 3 
CONTROL. IOOy(i?H 3 7 t . 3 6 17 36 

5 70/i R.H.37C fbrwh.le incob. t>tno<L. 0 1 8 12 70 3^ 
IOo7.l?.H.37'c (or 0-^5lir.fti» .«h)70/i, Zfc . Q 0 97 36 

(c) O.ERYTHROCEPHALA BOGS 

C0HTI?0L. 10o7.RH -sot. 100 0 9 0 36 

%Q/QK.H. ZQC WiwViolt incob. l̂ enofL 97 0 0 3 36 

JOO°/R.H."30cfcr O-SKrHitn i.V<. 80*/, 30 t 92 0 0 3 12 
6 I00*/(R.H.'30 Cfor I-Okr1l,t« ?o2̂ so'c 92 0 8 0 12 

igo.^f{.H.30'c for 1-1»5kW« (.vt-. SOŷ ,30C 100 0 0 0 12 

,IOOy.R.H30CW3 0l,rtt«?.î »•6 2oX30G 100 0 0 0 12 
';looyoR.H.3oc W 3-5kr.ttio. iî o sqI .3oc 100 0 0 0 , 12 

COMTROL. I007.R.H. 55 C 71 9 5 15 21 

7 SQ̂ f̂ .H. 33c. ftfTMhelc incub. ^tnol 0 22 

mX R.H, 33C. f*rO-75l.rrU,t„ mfc?Q/ i ,| 75 1 2 3 2k 
1̂  For derails of cUssific«.Vioa ot ^Vtt^cs,-See. d^^tudiit. l4>l--2. 
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TABLEli^ (continued) 
(d) C.VOMITQRIA EGOS % eĝ s reaa,mQ vdnoos s4*s 

•Beatiaent ©f ê cKS H PH MH 
t 

S 
Ha of ejj$ 
ustii. 

COMT«0L . lOo'/o R.H. 30'c. 95 0 0 5 20 
-

8 
0 55 30 20 

8 
IOO/U.H.30C.tirlOkrWn\HV»7o7o30C. 
lOo'/i R.H.30'c W^Olir W i'̂̂o 7p7..3o''c. 

0 

0 
12 
1^ 

65 
6^ 

23 

JO 
17 

. 20 

COtSTl?OL,.loo7.R.H.30C. lOG 0 0 0 36 

807aR.H. 30C.f»r KA«1« mcok.()tno(L. 92 0 3 5 36 

92 0 0 3 1 
12 

9 ''007.R.H.30C W l OVfcen into So7. 30C 83 0 0 17 12 i 
92 0 0 3 12 
92 3 0 0 12 
1C)0 0 0 0 ̂  ... ..12. . 

71 12 k 13 

10 807o R.H. 33'C for îVolc .«tu\). . 21 
62 

0 
3 

0 

1? 

79 

1? 

2k 
•• • • — 1 

% 

COKTf?oL, \oo'h^.\\.'35c. 87 3 0 10 33 

11 36 3 6 14 l i * 36 
(007,(?H. JSC for 0 TSlir.Vnmh.%0L,1(iC l i ^ 60 1^ 7 if 2 

CONTî OL, IOO%R.H.35t. 72 19 7 2 53 

12 80/{f?.H.35C, for luhbic incuk. j>tno<L, 33 55 ' 5 2 • 120 
23 ?5 11 6 232 i 

1 CONT<?QL. I007,«.H.35(:. 70 11 9 10 m 

13 2 3 3 . 65 
l007.f .H.35C. (.rO ASkr. iVc. mh, TS/l.'JS'.C. 0 2 ? n — 1 2 , 
1 
1 C0Nr(?0L lflo7oR.H. 3if'c. 92 3 1 k 11k 

iftn'Z ff.H 3tC fa-Q -2 Kr H,en m̂<) 757.. 3/*'c.; 

12 
, 3. 

35 12 
I f . 

k% 203 I 

22.6 \ 
I 
1 CQNTî QL.'QoÎ H.U'b. 3 7 0 3 6© 59 

15 21 
27 

21 
2? 

5 

if 

53 151* 
140 

?|t Pordthiik of cUs$ihcalrion o?-slra(̂«s .set Ct̂ êndî , |>«̂«.ltl-l(,2. 
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results of 15 experiments are given i n Table lk» I t w i l l 
be seen from the resul t s of Expt.l that P,terra-novae eggs 
f a i l e d completely to survive at 6^% R.H. 37°G af t e r a 90 min. 
exposure to saturated a i r at the same temperature, while a 
high percentage {9Q^t) completed development at the same 
humidity without p r i o r exposure to saturated a i r , thus 
showing a 'conditioning* e f f e c t , as was noted with L.sericata 
©ggs. Prom the same experiment i t w i l l he seen that no 
s i g n i f i c a n t 'conditioning* took place i f p,terra-novae eggs 
were exposed to saturated a i r at Ik^C, another feature of 
s i m i l a r i t y to L.sericata. L . l l l u s t r i s eggs showed a 
•conditioning* e f f e c t i n Bxpt, 5 only, j n three other 
experiments subjection to saturated a i r did not reduce the 
number of eggs completing development at low humidities. 
Two experiments on C* erthrocephala eggs (Expts. 6 and 7) 
showed no * conditioning' e f f e c t . Of eight experiments on 
C.vomitoria eggs (sxpts. 8 - 1 5 ) only (Expt, 8) showed a 
Clear cut 'conditioning' e f f e c t . 

Although many experiments (Table I I 4 . , pp, 80-81) showed 
no reduction i n the number of eggs completing development 
i n 'conditioned' compared with unconditioned eggs, there 
was some indi c a t i o n that i n the former eggs fewer of those 
completing development succeeded i n hatching. The 
experiments cannot be compared s t a t i s t i c a l l y because they 
are hot homogenous, various combinations of temperature 
and humidity being employed. I t i s concluded from them 
that L.sericata and p.Terra-novae eggs showed a well marked 
'conditioning' e f f e c t , while results on the other species 
were more e r r a t i c . 

An alternat i v e explanation f o r the 'conditioning' 
e f f e c t , other than that previously offered ( p a g e ) may now 
be considered. I t has been found that eggs undergo shape 
changes i n r e l a t i o n to humidity (page 57-41.) and that they are 
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due to the properties of the chorion, vihich forces the egg 
enclosed i n i t to defor^m. i t i s thus l i k e l y tnat there 
i s some s l i g h t movement of the Chorion, i n r e l a t i o n to the 
o*v,merabrane when eggs are taken suddenly from say 70 
to 100^ R*H. Certainly an increased pressure of the 
chorion on the c.v.membrane must take place over some 
parts of the s h e l l . Evidence has also already been given 
that there i s a l i p o i d waterproofing layer i n blowfly eggs 
situated beliween the chorion and the c,v,membrane (pageI7-29), 
I f t h i s l i p o i d layer displays some molecular orientation, 
as i s known to be the case i n insect c u t i c l e l i p o i d layers 
(Bearaent, 19^5)» i t i s possible that movement of the chorion 
or increased pressure of the chorion, i n r e l a t i o n to the 
CVimembrane, would cause some s l i g h t disorganization of 
the l i p o i d layer, possibly of a temporary nature. This 
would Increase the permeability of the shell and cause 
increased water loss. Eggs exposed to saturated a i r f o r a 
few minutes and then transferred to a lower R.H. would thus 
be more susceptible t o desiccation than eggs placed d i r e c t l y 
at t h i s lower R*H* Greater water loss i n 'conditioned' than 
i n unconditioned eggs was shown to occur i n L.sericata (page 4S), 

( v l ) The size of the eggs of the various species. 
The eggs of the species were measured i n the course of 

the work. They were selected at random from egg batches, 
and the length and greatest width measured. The apparatus 
used f o r measuring was that described on page 5/ , j n view 
of the fact that the lengths of eggs varied with R.H. 
precautions were taken against breathing on them while they 
were being measured. Th;e means of the measurements and 
the standard deviations, f o r the eggs of the various species 
are given i n Table 15» page 3^ , Prom t h i s table i t w i l l be 
seen that there was considerable overlap between the extremes 



8k. 

TABLE 15 
Dimensions of blowfly eggs (ju/) 
25 eggs from each batch 

Species 
lYlton |tn« 
oRcL 5.. 

E>IVcmcs of" 
lert<itti Van ah on 

1 IVltan Wiittl 
• anL S.D. 

1 EifV]renn<S of 
wi<Lt̂  vana.V\on 

L. s e r i cata (̂ "•̂ '̂  "D 1261 mi 29 1219 * 1291 ' 3 1 5 + 8 3 0 1 - 333 
i l i ^ 2 21 1097 - 1170 ! 305 + 6 292 - 3 1 7 

L*caesar i m 28 1121 - 1243 325 8 3 0 9 - 340 

L . i l l u s t r i s 1371 37 128U - 1414 313 + 14 292 ^ 340 
L.ampullacea 1283 + 55 1202 - 1373 359 + 12 333 - 374 
P . terra-novae (bcVtU) 1097 + 51 91+2 - 1154 339 + 6 325 - 349 

1273 25 1219 - 1309 304 1 8 288 - 313 

C* erythrocephala lUOU mm 

+ 55 1284 - 1487 382 + 12 350 - 4Q6 : 

O^vomitoria 1225 17 1178 * 1267 339 + 7 325 - 355 
1 

of variation In each species* The mean length of L . i l l u s t r i s 

was greater than of the other L u o i l i a species, but the 

smallest L . i l l u s t r i s eggs f e l l into the range of the largest 

L . s e r i c a t a eggs. I f greater numbers of eggs had been 

measured i t i s l i k e l y that the overlap would have been 

greater. That the mean egf; length varied from batch to 

batch i n one species i s also shown by the figures . I t 

w i l l be seen that the C* erythrocephala eggs measured were 

bigger (mean length 1404 +55/^) than those of c.vomitoria 

(mean length 1225 + 17/*-) although the variation means 

that the smallest eggs of g.vomitoria are within the range 

of the larger egga of P .terra-novae and the L u c i l i a spp. 

In a l l the species studied, one or two abnormally short 

eggs were f a i r l y frequently found i n batches of otherwise 

normal eggs. These, short eggs had the same width as f u l l -

length eggs, so that they were r e l a t i v e l y f a t t e r . Other 

types of abnormal eggs were sometimes encountered, and 

occurred among a l l the species. These abnormalities 
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concerned the hatching s t r i p and hatching pleats (Pig. 1/ ). 
L.caesar eggs p a r t i c u l a r l y the hatching a t r i p and pleats 

were frequently extremely short (Pig, 17 )» 

0 
(J] 

coeso-r L . Serico-I'a-

E.*4«^tS oV <^J4 encognVcreJL witti aV>nor»*ial liaVtVun^ pleat's 

( v i l ) Size of L.sericata eggs i n r e l a t i o n to size of 
• parent female 

A large hatch of eggs was obtained from normal sized 
L.sericata stock'^culture f l i e s , iarid divided into two 
approximately equal parts. Both l o t s were hred out to 
f l i e s using the normal technique* one l o t of larvae was 
allowed t o feed to f u l l size ( i . e . f o r four days at 25-
26*^0) end produced nonnal f u l l sized f l i e s - the feiaales 
weighing 50 V 70 mg. when gravid* The other l o t of larvae 
were allowed to feed f o r only 1.5 days and produced extremely 
small f l i e s , the gravid females weighing only 15-20 mg. 3oth 
l o t s of f l i e s were kept i n separate cages and fed with meat 
i n the usual way u n t i l egg laying commenced. Eggs from 
both l o t s were selected at random from hatches and t h e i r 
lengths measured. The mean length, standard deviation, and 
extremes of va r i a t i o n of eggs from three batches l a i d by 
small and three by large f l i e s were as follows:-
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Eggs l a i d by f u l l sized f l i e s 
.Batch 1 1196 I 52, (1071 - 1285) 
Batch 2 1225 + 30 (1045 - 1285) 

Batch 3 1150 ; 37 (1097 - 1259) 

Eggs l a i d by small f l i e s 
Batch 1 1077 + 69 ( 988 - 1202) 

Batch 2 1264 + 23 (1211 - 1309) 

Batch 3 1186 + 10 ( l l 6 l ^ 1202) 

T^ejqseans of the three batches pooled i n each case were as 
follows:-

Eggs l a i d by f u l l sized f l i e s 
1194 ; 43A 

Eggs l a i d by small f l i e s 
1174 + 87/^ 

t t w i l l be seen that there were no marked differences i n 
egg size correlated with size of f l y ; the differences between 
the mean lengths are smaller than the standard deviations. 
The small f l i e s l a i d both the smallest (988/^) and the 
largest { 1 3 0 9 / -) eggs. The greater variation found i n the 
size of eggs l a i d by small f l i e s i s probably purely 
accidental, and ifcf greater numbers of batches had been 

111 

examined the v a r i a t i o n ̂ botTsrcon the mean length would probably 
in both î '-ouj>s 

have been more similar. I t i s therefore concluded that the 
eggs l a i d by small females are not smaller than those l a i d 
by normal f u l l sized females. 

Observations on the numbers of eggs l a i d by the two 
groups of f l i e s were carried out. The small f l i e s were found 
to lay very much fewer eggs than did the large f l i e s . 
Although both l o t s of f l i e s contained approximately the same 
number of females, two days a f t e r commencing egg laying, 
the SBBOll f l i e s had l a i d only 58 eggs, while by the same 
time the large f l i e s had l a i d nearly 400. Before they 
died the small f l i e s only l a i d about I50 more eggs while the 
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f u l l sized f l i e s l a i d several hundreds. Counts of ovarioles 
i n f l i e s of both sizes yielded the following results (Table l6), 

TABLE 16 
No of ovarioles i n L.sericata 

i,.small Plies Uharge f l i e s 
58, 7k, 60 , 69, (Average 67) 278, 184, 227, 280 (Average 

242) 

I t appears that the undersized female L.sericata does not 
lay eggs of reduced size, but maintains the egg size at about 
the normal l e v e l , while acconanodating them i n the abdomen 
of greatly reduced volume by having a reduced number of 
functional ovarioles, so that fewer eggs mature together. 
Mackerras (1936) states that small L.cuprina females produce 
fewer eggs than large ones. 

( v i i i ) The waterproofing mechanism of blowfly eg^s 
In view of the evidence obtained of the existence of a 

l i p o i d waterproofing layer between the chorion and the 
Cv.membrane of the L.serioata egg (page2/-§, experiments on 
si m i l a r lines were carried out on the eggs of the f i v e 
other blowfly spp# studied. 

The effect of abrasion with fi n e alumina of the i n t a c t 
c,v,raembrane a f t e r removal of the chorion from the eg?*, and 
of dusting the c.v.membrane with alximina which was kept 
s t a t i c and not allowed to abraAe the membrane, was studied 
by means of experiments similar to those carried out on 

L.sericata egg, and i d e n t i c a l results were obtained, 
i n a l l f i v e spp. s l i g h t abrasion of the c.v.roembrane led to 
such rapid water loss from eggs that they became completely 
collapsed w i t h i n 5 min. i n dry a i r at ig^C, by which time 
untreated controls with chorions removed kept under the 
same conditions had not yet l o s t t h e i r o r i g i n a l sausage shape. 



88. 

Measurements of the rates of water^oss from eggs i n 
dry a i r at various temperatures were carried out* The 
technique was similar to that described f o r the L.sericata 
egg (page2W). surface area measurements of the egg batches 
were however not made owing to the variation i n the sizes 
of egg within a single batch. Instead the eggs i n each 
batch were counted and the water loss expressed i n terms 
of mg. water loss per hr. per 100 eggs. The curves obtained 
and expressed i n t h i s way are given i n Pig.1%. prom Pig.18 

20 Z5 30 35 10 

TEflP "C 

c^cjs of i^£cies sV'udie.cL 

o\h«r ^ a n L-SeciciLta, . 

i t w i l l be seen that the water loss/temperature curve of 
p.terra-novae eggs showed a ' c r i t i c a l * temperature i n the 
region of 37-39*^0, but was not so well defined and abrupt 
as i n the L*serioata egg. The curves f o r the eggs of 
L.Caesar> L . i l l u s t r i e , C.erythrocephala abd c v o m i t o r i a 
showed no abrupt ' c r i t i c a l ' temperature. The waterproofing 
l i p o i d of these eggs would therefore appear to be 
d i f f e r e n t to that of L.sericata. The abrasion experiments 
however indicate i t s presence, i t i s unlikely that the 
eggs of such closely related species to L.sericata as 
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b l o w f l i e s , would be waterproofed i n a fundamentally 
d i f f e r e n t manner. 

(i^:) OvQvivlparlty i n the blo\-7fli5s studied. 
The occurrence of ovoviviparity i n Q^erythrocephala 

had long been known. Lowne (1890*'92) states that two or 
even three f e r t i l i z e d eggs may be retained i n the uterus 
of t h i s species, i n the present work ovoviviparity i n t h i s 
species was frequently found to occur i n laboratory cultures, 
but i n every case examined only one f e r t i l i z e d egg was 
retained i n the uterus, never more. 

Ovoviviparity was also found commonly among culture 
f l i e s of C.voroitoria, and also i n wil d caught f l i e s of 
^^^^ Calliphora spp. I t appears therefore that ovoviviparity 
i n these two species occurs under natural conditions and i s 
not merely a result of a r t i f i c i a l laboratory treatment. 

m both Galliphora spp. i t Was observed that the 
retained f e r t i l i z e d egg could be one of the f i r s t eggs of 
the batch matured by the f l y since they were found i n f l i e s 
which had had no. opportunity f o r laying eggs since 
eramergence. i t was also observed that the retained egg 
might be the l a s t egg of a batch, since f l i e s were found 
containing a f u l l y developed egg i n the uterus, while th« 
eggs i n the ovarioles were i n an early stage of growth. 
These f l i e s had already matured and l a i d one or more batches 
of eggs. 

The length of time that a f u l l y developed larva 
impriisoned w i t h i n the egg i n the uterus of the adult, can 
remain alive was estimated i n G.vomitoria i n the following 
way. The complete reproductive organs, including the 
ovipositor, were dissected out from gravid females. Those 
cases where a retained f e r t i l i z e d egg was present i n the 
uterus were placed on glass slides and kept moist with 
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o 
Ringer a t 16-16 c* i n many of these cases the retained eggs 
had n<jt yet completed development when removed from the 

I 

parent f l i e s * They were observed at 2 hr, intervals u n t i l the 
f u l l y developed larva.could be observed moving in the eggs. 
These observations were continued u n t i l the movements of the 
larva ceased permanently, when I t was then judged to be dead, 
in t h i s way i t Iras found that the f i r s t i n s t a r larvae could 
survive imprisonment in the uterus for up to about 45 hr. 
Bit 16-l8°c# This figure represQBts the length of time that 
the f i r s t i n s t a r larvae can withstand stervation at that 
temperature* 

Whether pvoviviparity also occurred in L u c i l l a spp. 
and P*terra-novae was studied by. dissecting stock culture 
females, wild caught females and specially bred and treated 
f l i e s . The l a t t e r involved the breeding of f l i e s , feeding 
them on meat u n t i l a high proportion of the females were 

ni 
gravid, and then removing th.e meat, â^ subsequently dissecting 
a number of them each day for a fortnight, neither i n 
f l i e s so treated, nor in culture or wild f l i e s was a Dingle 
case of the retention of f e r t i l i z e d eggs found i n the 
above species. 

PISCUSSIOH 
The water-bath and incubator experiments showed that 

the eggs of L.caesar, L . j l l u s t r i s , o.erthrocephala, C.vomitoria 
and p. terra-novae were more susceptible to dessication than 
the eggs of L * s e r i c a t a . I t was noted in the introduction 
(page LJ) that L . s e r i c a t a i s the main cause of sheep m y i a s i s 
i n B r i t a i n , the other species being of l e s s importance. 
Since microclimatic studies have shown (Macleod 1940, 
Davies & Hobson, 1935) and Part I I I of t h i s thesis) that 
conditions in sheep fleeces are frequently very dry i t 
appears that the eggs of L.sericata are better adapted to 
withstand the rigorous conditions than those of the other 
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blowfly species studied. The eggs of L.sericata apexes 
require a shorter incubation period than those of other 

« 

species. This may be favourable to i t i n an environment . 
such as the sheep's fleece where rapid fluctuations i n R.H, 
may occur, (page 107-110), The humidity and temperature 
re l a t i o n s of the eggs of the Individual species are discussed 
i n r e l a t i o n to information 4n conditions i n sheep fleeces 
on page l5*)-|It;0. 

The d e t a i l s of the hatching mechanism of blowfly eggs 
has already, been discussed (page 71-79). 

The ovoviviparity which was examined i n C* erythrocephala 
^̂ '̂  Cvproitoria cannot be of grsat importance i n sheep 
myiasis, because of the f a c t that only single eggs are 
retained at the time. Since f a i r l y large numbers of larvae 
are necessary before myiasis i s successfully established, 
a single retained egg l a i d with each batch of Calliphora 
eggs, i s of no consequence. . 

The f a i l u r e to observe or induce ovoviviparity i n the 
other blowfly species indicates that i t must at least be so 
rare as to be, of l i t t l e importance. 

SUMMARY 
1) The minimum humidities f o r completion of development 

at various temperatures, f o r the eggs of L.caesar, 
L . i l l u s t r i s , G.erythrocephala, c.vomltoria and p,terra-
novae were determined, i t was found that they a l l 
required higher RiH's f o r some of the eggs to complete 
development, than those of L.sericata at the same 
temperatures, 

2) The eggs of the above f i v e species required high 
humidities f o r hatching as with those of L.sericata. 
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3) I t was found that blowfly eggp changed shape i n r e l a t i o n 
t o R.H. changes. These shape changes were due to the 
mechanical properties of the chorion, which forced the 
enclosed ©gg to defor m... Evidence that they form a ' 
hatching mechanism was produced, and correlated with the 
known effects of R.H. on the percentage hatch, and the 
speed of hatching i n groups of eggs. 

4) The 'conditioning* e f f e c t noted i n L^sericata eggs was 
also found with P.terra-novae egg, but seemed loss well 
mrked and more variable i n the other species studied. 

5) Determinations of the incubation periods of eggs of the 
s i x species studied, at various temperaturesj showed 
that those eggs of L*serioata and L > i l l u 3 t r i s completed 
development i n a shorter time than those of the four other 
species studied. 

6) Small L«sericata f l i e s , produced from underfed larvae, 
were found to lay fewer eggs than normal sized females. 
Eggs l a i d by f l i e s of both sizes were found to be of 
the same length. 

7) Evidence i s produced that the eggs of the f i v e species 
studied are waterproofed by a l i p o i d layer as was shown 
f o r the- L.sericata egg. 

8) Ovoviviparity to the extent of retaining a single egg at 
•. a time was found and studied i n C.erythrocephala and 
Cvomitoria. No retention of f e r t i l i z e d eggs was 
observed i n the L u c i l i a and phormia species. 
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PART i l l 

PiELD OBSERVATIONS ON PLEECE-ATMOSPHERE HUMIDITY AND ON 
THE SURVIVAL OP BLOWFLY EGGS IN SHEEP FLEECES 

Introduction 
DaVies and Hobson (1935)f making use of the natural 

hygroscopicity of wool, measured the r e l a t i v e humidity of 
fleece atmosphere. They studied a variety of fleece types 
under various weather conditions, but confined attention to 
Welsh Mountain sheep. They found that the R.H. i n the fleece, 
(next t o skin) except on the rump and anal regions, r a r e l y 
exceeded 70^ even during wet weather, when the fleece was 
moist on the outside. They concluded that the humidity i n the 
fleece was the deciding f a c t o r i n determining s u s c e p t i b i l i t y 
to blowfly s t r i k e , and that the humid conditions i n soiled wool 
around the breech, accounted f o r the frequency of s t r i k e i n that 
region* This conclusion was supported by the laboratory work 
of Evans (1934) on the humidity relations of L.sericata eggs. 
Also Macleod (1940) showed that the fleece R.H* near the skin 
under summer conditions r a r e l y exceeded 50^, and, i n the sheep 
he \XBe6, rarely became saturated even a f t e r heavy r a i n . 

Recent laboratory work (Part i, page ̂ 1 ) has shown that 
L.sericata eggs can survive f a i r l y long periods under rather 
dry conditions at the temperatures expected near the sheep's 
skin, and thus would be expected to complete t h e i r development 
i n fleeces i f rapid increases i n R,H. occurred during t h e i r 
incubation period. The question of fleece humidity was there
fore reinvestigated i n order to determine whether such 
fluctuations i n R,H. did occur during summer weather. 
Humidity readings were made, i n the f i r s t place, by means of 
cobalt chloride papers as modified by Solomon (1945). This 
method was p a r t i c u l a r l y suitable f o r the purpose since 
consecutive readings at p a r t i c u l a r sites i n the fleece could 
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be carried o u t a n d a record of day to day changes i n fleece 
R,H, Obtained w i t h the minimum of disturbance of fleece 
conditions. Later i n t;he work, a modification of the cobalt 
chloride paper technique, and also cobalt thiocyanate paper 
were employed i n addition. 

I n conjunction w i t h readings of fleece atmosphere R.H*, 
a study was made of the fate of laboratory l a i d egg batches 
placed i n sheep fleeces, i n order to see how f a r laboratory 
resu l t s paralleled the behaviour of eggs under f i e l d 
conditions. This study also formed a basis f o r checking the . 
accuracy of the fleece R,H, readings, 

I WORK IN 1946 

( i ) A survey of methods of measuring R.H, 
The problem of R.H* measurement i s one presenting 

considerable p r a c t i c a l d i f f i c u l t i e s i n spite of the f a i r l y 
wide range of methods available and t h e o r e t i c a l l y u t i l i z a b l e . 
I n entomological work perhaps the main d i f f i c u l t y i s that th© 
information on R*H. i s required f o r the a i r actually surround
ing the insect, i.e. the microclimatic R.H. needs to be 
measured, often with very small a i r samples available. Methods 
used by meteorologists are mainly quite unsuited on t h i s 
account. The small a i r sample accentuates the d i f f i c u l t y 
that some methods a c t i v e l y change the humidity of the a i r 
while the measurement i s being carried out. Also the r e l a t i v e 
amount of disturbance of humidity conditions brought about by . 
the actual process of making the determination. I s usually 
greater with a small volume of a i r i n the environment. 

I n the present work R.H. measurements were required f o r 
the atmosphere of the sheep*s fleece - i.e. of the a i r 
entangled between the wool and other fi b r e s of sheep. 
Information on the humidity at various known distances from 
the sheep's skin was aimed a t , since blowfly eggs may be l a i d 
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at various distances from the skin w i t h i n the thickness of 
the fleece. I n the fleece atmsophere a thermal s t r a t i f i c a t i o n 
occurs, with higher temperature close to the skin with a 
f a i l i n g temperature gradient away from the skin, i t I s to be 
expected that the temperature f a l l s to a l e v e l very near that 
of th© outside a i r , at or near the t i p s of the wool f i b r e s . 
This thermal s t r a t i f i c a t i o n , i f i t were the only factor 
a f f e c t i n g fleece R,H* would produce a gradient of decreasing 
R.H. from the outer part of the fleece towards the skin. The 
temperatures at various distances from the skin of the sheep 
was thus of importance as well as theR*H. 

some methods of measuring R*H# are b r i e f l y considered 
below 5-
1) Movements i n hygroscopic materials. Those most commonly 

used are h a i r , paper, a paper + s i l v e r f o i l s t r i p and wood. 
Usually the movements of the material are magnified'by a 
lever system. The bending movement of a wood shaving with 
R.H, change was examined I n the laboratory. I t was found 
-that the method could give accurate r e s u l t s , and could be 
made on a small enou^ scale to Insert into a sheep's fleece 
without causing excessive disturbance* Also i t could give 
a continuous record of R*H, changes over a period of a few 
hours at least. The disadvantages of the method were too 
great, since the apparatus needed frequent r e c a l i b r a t i o n , 
and was too f r a g i l e f o r d a i l y use among l i v e sheep. 

2) Determination of moisture content of a hygroscopic material. 
The materials usually employed are paper, hair or wool. The 
n a t e r i a l to be used, e.g. a piece of paper of a p a r t i c u l a r 
q u a l i t y and size i s weighed at various R.H's and a curve 
of weight change against R.H. compiled,' Slade (1933), 
employed paper hygrometers i n t h i s way, and the use of 
weighing hair-hygrometers was popularized by Buxton (1931). 
paper hygrometers were also used by Macleod (1940) f o r fleece 
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readings* The method has several advantages among which . 
are the accuracy possible i f used ca r e f u l l y , and the fact 
that any change i n weight of the paper used due to 
picking up foreign material while being exposed to the 
unknown R.H., can be measured by weighing the paper both 
before and a f t e r the exposure i n a known f i x e d R.H. For 
the present work the method was found to be too laborious, 
and unsuited to obtaining large ;Jumbers of readings on 
several sheep during one day* Also the s l i g h t hysteresis 
e f f e c t obtained with paper and other organic materials 
may introduce some error. An important objection to the 
method i s the r e l a t i v e l y large size (see Macleod 1940) of 
the papers placed i n the fleeces, so that some disturbance 
of conditions.is l i k e l y . I n addition, the method does not 
penult measurements of humidity gradients. 

3) Wet and dry bulb-thermometers, A current of a i r i s required 
past the bulbs so that disturbance of conditions i s implied, 
and evaporation f o r the wet bulb i t s e l f a l t e r s the R,!I* l i i 
a closed space. The method can only be used f o r raacroclima-
t l c R.H, measurements* 

4) pew-polnt determinations* The p o s s i b i l i t i e s of t h i s method 
f o r measuring fleece R*H, were investigated with an apparatus 
using a 5 cc a i r sample, since the w r i t e r was mainly 
interested i n the R.H* of the a i r near the skin surface 
and at various known distances from the skin, the method 
was abandoned since i t was impossible to be certain whether 
a l l the a i r I n one sample came from one particular layer 
of the fleece atmosphere,, 

'5) E l e c t r i c a l conductivity of salt impregnated f a b r i c . This 
method involves the exposing of a small 'element*, essen
t i a l l y composed of a sa l t Impregnated f a b r i c , to the unknown 
R*H. The fab r i c i s wired to a sensitive galvanometer, and 
the conductivity of the element measured. The conductivity 
of the element varies with the degree of hydration of the 
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s a l t on the f a b r i c which w i l l i n turn vary with R*H* 
The method i s p o t e n t i a l l y very accurate. The disadvantages 
are that the apparatus i s expensive and delicate, and needs 
a mains e l e c t r i c supply f o r i t s operation. For the purposes 
of the present work, the method was precluded,allies the 
•element' would he very l i a b l e to contamination with d i r t 
i n fleeces, i n addition, such factors as the COg concen-

. "trat4on i n the fleece atmosphere might affect the conduct
i v i t y Qf the f a b r i c , apart from R»H, . 

6) Chemical hygrometers. These Involve the atoeorbtion of the 
watex»-vapour from the a i r sample, usually by means of pure 
sulphuric acid, and measuring the contraction i n volume of 
the sample (Rideal and Hanna, 1915)• The apparatus wa(B 
considered too delicate f o r f i e l d use, and unsuited f o r 

- large numbers of rapid readings* 
fi 

7) Colour changes of cobalt salts* This method has been 
modified f o r microclimatic humidity determinations by 
Solomon (19U5)» The sa l t most commonly used I s cobalt, 
chloride, and was alone employed i n the work carried out 
i n ISkS, The procedure adopted i n making and employing 
cobalt chloride papers i s described on page98-l(^. Here, the 
main a t t r i b u t e s of the method w i l l be considered, paper 
impregnated with cobalt chloride gives a range of colours, 
from intense blues at 0-30fS R»H, through various shades of 
blue^i^Iilao, and p i n k - l i l a c at 30-63% R.H., and pink shades 
from 65-95^. The method depends on the matching of the 
colours of'the exposed papers with those of standard 
papers previously exposed to a series of known humidities 
and maintained at- the colour they had attained, by sealing 
them i n a c e l l f i l l e d with l i q u i d p a r a f f i n , owing to the 
nature of the colour range, i t i s only between kO and 70f; 

R.H. that an accurate matching of the papers can b© made. 
Less accurate matching can be made between 30 and kOfo R̂ H, 
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and 70 and 80^ R«H* For the present work the range lj.O~ 
70% R.H. happens to be the most important part of the R.H, 
scale, since these humidities predominate i n sheep fleeces. 
The advantages of the method are that i t i s easy to employ 
i n the f i e l d , and can be used to obtain large numbers of 
readings simultaneously by placing papers at several points 
i n the fleeces of several sheep, i t can be used to obtain 
R,H. readings at various fixed points i n fleeces f o r 
several consecutive days. The papers are small and can be 
inserted i n t o the fleece with the roinimum of disturbance of 
fleece conditions. The main disadvantages are that the 
papers have to be l e f t i n the fleece f o r 30 rains, without 
any movement, and the accuracy of the readings within the 
kO^lOf:, Pv.H, range i s to the nearest 2̂ .;, The fact that free 
moisture washes the cobalt sa l t o f f the paper i s not a 
serious disadvantage, 

( i i ) Method used i n present Investigation 
The cobalt chloride paper method was that chosen f o r meas

uring fleece atmosphere humidity, i n the f i e l d work carried out 
i n the summer of 19U6* Papers f o r use i n the f i e l d and stand
ards f o r comparison were made according to the methods 
described by Solomon (19U5)* Standard papers and the papers 
placed i n fleeces were of Whatman No. 1, f i l t e r paper, 

w/ 
Impregnated i n a 25?5 'v solution of Analar cobalt chloride 
(O0CI2.6H2O), The c i r c u l a r f i l t e r paper sheets were immersed 
f o r 1 min. at room temperature i n the above solution, dried 
"between two changes of desiccator-dried f i l t e r paper with a 
squeegee. They were then hung up and allowed to dry at room 
humidity and stored i n desiccators over phosphorus pentoxide, 
i n the dark, standards ware prepared by exposing pieces of 
cobalt chloride paper 30 x 10 mm. i n size to constant 
humidities of from 30 to 90fo R.H. at intervals of 5%t at 30°C 
i n an e l e c t r i c incubator f o r 30 min. The constant humidities 
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were maintained by sulphuric acid/water pilxturee (Wilson 1921) 
placed i n honey j a r s , while the papers were hung at a standard 
distance from the surface of the acid by means of a hook 
attached to the underside of the t i g h t f i t t i n g metal l i d s . 
Sine© the standards were prepared by exposure to constaiit 
humidity f o r 30 min, papers used i n f i e l d determinations of 
fleeoe humidity were l e f t i n position f o r the same period. 
Th6 temperature of 30°C f o r the exposure of the standards was 
ohosen as being about h a l f way between the temperature at 
the skin surface (about 37°C) and at 2-3 era. o f f the skin 
(probably about 25°C but variable). The comparison of the 
colours of the field.papers with the standards was always 
carr i e d out at room temperature, so that both standards and 
f i e l d papers were at the same temperature (16-18^0). Thu« 
the papers were being compared at a temperature considerably 
below the temperature of the a i r to which they had been 

exposed and with which they had gained moisture eotulllbrium. 
No correction f o r the s l i g h t effect of temperature on the 
colours of cobalt chloride papers was necessaryj since 
standards and f i e l d papers were Compared at the same 
temperature. 

Papers used i n the f i e l d were of various sizes from 
1 X 1 - 1 X 4 cm. They were numbo?»ed before use so that the 
precise position on a p a r t i c u l a r sheep where the paper had 
been placed was known. The papers were carried to the sheep 
i n dry stoppered tubes, so that they were always a b r i l l i a n t 
blue colour when they went into the fleeces, i n the case of 
the s t r i p s ( 1 x 2 - 1 x U cm) they were carefully Inserted 
end ways into the fleece, so that one end of the paper rested 
against the skin, and the paper lay along the wool f i b r e s . 
The po s i t i o n was marked by loosely tying the t i p s of the wool 
staples with s t r i n g , and care was taken to cause as l i t t l e 
disturbance as posatole to fleece structure. Papers were 
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always handled with an entomological pinning forceps. On 
removal from ths sheep they were quickly transferred to a 
bottifle of pure medicinal p a r a f f i n , which preserved the colour 
they had attained I n the fleece. Comparison with standards was 
made i n the laboratory under conditions of f a i r l y constant 
' i l l u m i n a t i o n , usually w i t h i n 6 hr. of removing the payers 
from the fleeces. I t was found that papers could be kept i n 
p a r a f f i n i n 3 x l'» tubes f o r about a week without appreciable 
change i n colour. 

The range of accurate readings has alreacy been mentioned 
• 

(page 97), At R.H's of 30-kO% no estiuate of the precise 
huiflidity was made, and papers giving such reauings ware classed 
as *below kO% R.H.', and are represented on subsequent figures 
as 35%» Vflien papers were exposed to a i r well below kO/j 

(eg* 15fo) t h e i r intense blue colour could be distinguished 
- from that of the 3Q''kO% range. Papers giving t h i s intense 
blue were thus c l a s s i f i e d as 'below 30'. Such readings were 
encountered under winter conditions only (Table IS). At 
humidities of over 7C^ owing to the small differences between 
the pink colours, readings could be made only to the nearest 
5fo Rili* In the tabulated results of fleece humidity reauings 
(Appendix page 185-̂ ), readings from 80-95^ are c l a s s i f i e d as 
'over 80'. A humidity of lOO^i could be I'ecognized as such 
by the pronounced leaching of s a l t from the paper,, giving i t 
a much paler colour. 

At any early stage i n the f i e l d work i t was found that 
cobalt s t r i p s frequently apparently registered very steep 
humidity gradients between the skin surface and points 2 - i| cm. 
o f f the skin. In order to test whether the s t r i p s were reliable 
f o r registering such humidity gradients^ laboratory experiments 
were carried out as follows:- Conaitions on sheep wet with 
r a i n ware simulated by sti c k i n g a large piece of fleece, 
5 era, t h i c k , on to a cardboard sheet. The base of the fleece 
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next to the cardboard was maintained dry by packing i t with 
s i l i c a g e l , while the free wool t i p s were maintained moist by 
spraying with water. I n t h i s way a steep R.H. gradient i n the 
fleece atmosphere, of below UÔ  at the base to almost 100% R.H. 
at the wool t i p s , was maintained. Cobalt chloride s t r i p s 
measuring 1 x 3 cm. were placed i n t h i s gradient, and the 
readings at the ends of each paper recorded a f t e r various 
Inte r v a l s . I t was found that very l i t t l e *creep* of water 
along the papers occurred with 30 min. - the time employed 
i n the f i e l d readings. After 80 min. appreciable 'creep' 
had occurred, but i t was i n s u f f i c i e n t to affect the colour 
at the extreme *dry' end of the paper s t r i p s . 

The positions at which papers were placed i n fleeces were 
standardized as much as possible. Details of these standard 
positions are given i n the Appendix (page 179), The main 
positions employed may be l i s t e d here:- Withers; midback; 
tallheadj r i g h t and l e f t crutchj r i g h t and l e f t flank; 
r i g h t and l e f t b e l l y . Papers were placed at other positions 
Mihen such readings were l i k e l y to be of interest. I n practice 
i t was found that the papers could be placed i n very nearly 
the same position on each sheep on successive days, so that 
standardization of positions was achieved to a considerable 
degree. 

I n the course of the 19i4-6 work, readings by cobalt-chloride 
papers were obtained f o r twenty eight sheep. Dally readings 
over periods of several days were obtained f o r 9 sheep - 5 at 
Houghall Farm, Durham, and k at Crag Farm, Ravenglass, 
Cumberland, Details of a l l sheep employed w i l l be found i n 
the Appendix (page 180-1), 

( i l l ) Comparison of the method with those previously used, 
A series of p a r a l l e l fleece hiiraidlty readings using cobalt-

chloride papers and the wool weighing technique of Davles & 
Hobson (1935) were made on three sheep under summer conditions. 
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A f u r t h e r series of t r i p l e comparative readings using the 
present method, the wool method and the paper hygrometer 
technique as used by Macleod (19U0), were made on three 
sheep under winter conditions i n December. 

The Davies & Hobson (1935) method Involved the removal 
of wool samples from the basal 2 cm. next to the skin, convey
ing them i n stoppered tubes f o r weighing, and by successive 
weighings a f t e r exposure to various humidities the R.H. at 
which the samples were i n equilibrium before removal from 
fleeces wsre determined. This figure depended on the 
assumption that the relationship between weight and humidity 
i s l i n e a r . The authors found that t h i s was so over a certain 
R.H. range and gave the curve of weight of a wool sample at 
di f f e r e n t R̂ H's (Davies and Hobson, 1935, page 28i+, P i g . l ) . 
This curve showed a s l i g h t hysteresis e f f e c t , i n that the 
weights of the sample with r i s i n g and f a l l i n g R.H. did not 
exactly coincide. 

Macleod's paper hygrometer method. Macleod states that 
he used a single batch of good quality w r i t i n g paper. A f t e r 
many t r i a l s with d i f f e r e n t types of paper the wri t e r 
selected a w r i t i n g paper with high hygroscopicity. But even 
in t h i s paper the weight differences were considered to be 
smaller than would be desired. Pieces of t h i s paper weighing 
about kOO mg. were stored at 30^ R.H. 30°C. and always 
brought to the unknown humidity from t h i s fixed s t a r t i n g 
point* Cylinders of wire gauge about k x ^ i n . closed at one 
end were employed f o r keeping the papers i n the fleece. The 
papers were transferred from the standard 30̂ , R.H. 30°C., 
system to t i g h t l y corked test tubes, i n scrolls of about 
1̂  turns. In the f i e l d they were quickly transferred to the 
gauze cylinders, which were placed against the skin i n a 
natural 'shed' of the wool. After a f i x e d period of 1-2 hr 
the end of each gauze cylinder was exposed and the s c r o l l 
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transfei»red by forceps quickly into a t i g h t l y corked t e s t -
tube and brought to the laboratory. Weighings were made 
on a torsion balance (500 rflg . /0 ,5 mg.). After weighing each 
paper was exposed f o r ?.k hr. at 30^ R.H. and again weighed 
as a check f o r a l t e r a t i o n of weight by s o i l i n g or other cause, 

i n carrying out the comparative readings with cobalt 
chloride papers, the wool weighing method of Davies & Hobeon 
and with paper hygrometers as used by Macleod, care was taken 
to adhere to the technical details of the methods as given 
by these authors i n t h e i r papers. 

The comparative readings with cobalt chloride papers and 
the wool weighing method obtained under summer conditions, 
are given i n Table 17. This table shows several points of 
inte r e s t . The humidity readings obtained by basal wool 

T a b l e C o m p a r a t i v e humidity readings {summer conditions) 

Wool weighing 
method (samples 
of basal 2 cm.) 

(% R . H . ) 

Jenes 
r 

100' 
86. 
91 
74-

100" 
Senei, 78 
Z 97* 

.74 

3 186 
176 

ent$ f 6s 
64 
70 

5 ' tso 

Readings by cobalt-chloride papers (% R . H . ) 

At time of sampling 

Skin surface 2 cm. off skin 

100 
5° 

100 
67 

100 
56 
S6 
65 
55 
55 

40 
42 
43 

46 
Below 40 

42 

ICQ 
70 

100 
75 

100 
67 
63 
68 
75 
6s 

45 

43 

46 
40 
45 

6-12 hr. before sampling 

Skin surface 2 cm. off skin 

90 + 
50 

100 
S I 

100 
70 

100 
60 
50 
75 
58 
55 

56 

55 

100 
70 

100 
51 

100 
72 

100 
72 
65 
75' 
75 

.67 

63 

65 

Remarks 

Wool samples 
taken during 
long rainy 
period, when 
sheep were 
continuously 
wet 

Samples taken i| 
day after pre 
ceding set. 
Sheep still wet| 

Samples taken 
5 hr. after pre 
ceding set. 
Rain ceased and 
sheep almost 
dry 

Samples taken 
24 hr. after 
preceding set. 
Dry weather 

Samples taken 
3 days after 
preceding set. 
Sheep dry. 
Weather in 
intervening 
period dry 

* Samples contained free water. Rain had penetrated to basal 2 cm. of the fleece._ 

sample weighings i n Table 17 ( c o l , 1) show that t h e i r water 
content was consistently higher than would be expected on the 
basis of the fleece readings by cobalt-chloride papers. 
For example, i n the second .reading of Series 1 (Table 1^) the 
wool weighing technique gave a reading of 865S R.H. Cobalt-



chloride paper readings taken at t h i s s i t e both immediately 
before sampling and 6-12 hr. before sampling showed a 
humidity of 50̂ o R.H* close to the skin with an ascending grad
ient to 70fr, R.H. at 2 cm, o f f the skin at both times. The 
water content of the wool samples would appear to have been 
higher than would be expected on the basis of fleece R.H. 
readings by the cobalt chloride method. The basal wool, i t 
seems, was not i n equilibrium with the basal fleece atmosphere. 
3?uj*ther readings by the wool method (Table 20) showed that 
t h i s condition apparently existed i n w&nter too. This 
phenomenon was also found by Macleod when he compared the 
results of wool calibrations with those of paper hygrometers. 
He suggested that the positive discrepancy i n results of the 
former technique was probably due to continuous skin gland 
secretion (possibly yolk secretion). However t h i s may be, 
i t seems that the wool weighing technique i s subject to such 
positi v e errors that i t cannot legitimately be used to assess 
the s u i t a b i l i t y of fleece humidity f o r blowfly s t r i k e near the 
skin. 

Wool weighings (Table VJ, c o l . l ) gave higher readings when 
the sheep were wet than when they were dry. The readings are 
grouped in series each of which was taken 5 hr. to 3 days 
a f t e r the preceding series, from the same individual sheep 
(nos. 1, 2, 26), I t w i l l be seen from the table that the 
readings i n series 1 and 2 taken when the sheep had been 
continuously wet during a rainy period la s t i n g several days, 
are much higher than those i n series k and 5 taken when the 
sheep were dry, after,the end of the rainy spell. The 
lower readings obtained i n series k and 5 however s t i l l 
higher than the corresponding cobalt chloride paper readings. 
I n series 1 and 2, free rain water had penetrated to the 
basal 2 cm. of the fleeces i n only 3 of the 8 samples, so that 
t h i s f a c t o r alone could not account f o r the higher readings 
i n these series. I t appears therefore that rain on the 
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outsides of the fleeces although not penetrating to the basal 
2 cm. did increase the moisture content of the basal fleece 
during'the wet period. This phenomenon was also described 
by Macleod i n his paper, and he suggested the p o s s i b i l i t y of 
some vapour d i f f u s i o n process at work along the lengths of 
the wool f i b r e s . 

i n the present work i t w i l l be shown that considerable 
humidity changes can occur i n the basal fleece atmosphere 
within periods as short as 1 - 3 h r j therefore the time 
taken by pieces of fleece to regain equilibrium with the 
fleece atmosphere a f t e r a sudden humidity change i s of 
p r a c t i c a l importance i f the wool weighing method i s to be 
used. In the laboratory i t was found that unwashed naked 
fleece samples, about i+OO mg, i n weight, transferred from 
0 to 95^ R.H. at 37°c required well over 3 hr, to regain 
complete equilibrium i n the higher humidity, while cobalt-
chloride s t r i p s showed that the a i r entangled in the fleece 
samples reached the new humidity (95 ;̂ R.H.) within 1 hr. 
This considerable lag would invalidate results by the wool 
cali'oration method during showery weather when the basal 
fleece humidities may fluctuate rapidly. 

The t r i p l e comparative humidity readings obtained under 
winter conditions are given in Table The higher 
humidity readings obtained by the wool method than with the 

Table: Comparative humidity readings {winter conditions) (% R.H.) 

Sheep ntx Cobalt-chloride paper 
method 

Paper hygrometer 
method 

(Macleod, 1946) 

Wool sample 
method (Davies & 

Hobson, 1935) 

I Below 30 (30) 19 SO 
I Below 30 (40) • 26 48 
2 40 (s8) 50 67. 
2 Below 30 (42) 21 55 
2 Below 30 (40) 22 
3 42 (42) 40 SO 
I Below 30 (40) 16 

The numbers in brackets refer to the readings 3 cm. off the skin. 

other two i s again apparent. Although cobalt-chloride papers 
cannot be used with accuracy below kO'/o R.H, Table ^% shows 
f a i r l y close agreement between S.H. measurements by t h i s 
method and those by paper hygrometers, at id e n t i c a l sites 
i n the fleeces." Cobalt-chloride papers can register 
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humidity gradients while paper hygarometers cannot. For 
example, i n Table | j , i t w i l l be seen i n the t h i r d set of 
readings (sheep 2) that cobalt-chloride papers indicated an 
R*H, gradient i n the fleece atmosphere, r i s i n g sharply from 
kOf^ near the skin to 58;̂  R,H* at 3 cm, o f f the skin, A 
paper hygrometer placed as close as possible to the skin at 
t h i s point i n a natural shed of the fleece, f a i l e d to give any. 
indication of t h i s gradient but showed an intermediate R,H, -
namely 50^. 

( I v ) Fleece humidity fluctuations as measured by cobalt-
chloride papers 

i n the following pages, unless otherwise stated, the terms 
*fleeee R,H,' and 'basal fleece R,H,' refer to the R,H, of the 
fleece atmosphere within 1 cm. of the skin of the sheep. The 
following figures i n thfcs section refer to the R.H. at 
t h i s position unless otherwise indicated, only specimen 
results of the cobalt-chloride fleece readings are discussed 
to I l l u s t r a t e the main features of fleece R.H. fluctuations 
found. The f u l l results are tabulated i n the Appendix (page ^f^j^^). 

Sheep nos. 1-3 and 7» the fleece R,H. readings of which 
are graphed i n Pigs, 21*5 , were at Houghall Farm, Durham, and 
should be considered i n the l i g h t of the meteorological data 
taken at t h i s farm and summarised i n Pig. 19, The conditions 
under which the sheep were kept at Houghall were t y p i c a l f o r 
grass sheep on a lowland farm i n northern England, Sheep 
nos. 4 and 5 were at Crag Farm, Cumberland, and were h i l l 
sheep kept under conditions t y p i c a l f o r the lower f i e l d s of 
upland farms, where the pasture i s of a poor type, poorly 
drained, and with considdrable bracken growth, and with 
heavier r a i n f a l l than at Houghall, 

The time of day at which p a r t i c u l a r fleece readings were 
made i s given as Q,K.T, 

Sheep k and 5 (Fig,20). Observations on these sheep were 



107. 

made during cool summer weather, i t w i l l be seen that the 
fleece R.H, near the skin at the midback of sheep i+ was 
below kOfc during most of the period; t h i s i s shown i n Pig,20 
as 35?o, I t w i l l be seen that when these sheep were wet a f t e r 
r a i n (e.g. 6, 8 Aug.) the fleece R,H. was appreciably raised, 
especially i n sheep 5, i n which a f t e r heavy rain i t frequently 
reached 60-80^. The fleece of t h i s sheep ( 5 ) - a HeMwick 
wether - was short and coarse (see Appendix page 120) and 
penetration of rai n drops to the basal cm. of the fleece along 

Maximum temperatures 

y 20 

Sunshine 

\u2ust 
15 20 

July 
Fig49. Meteorological data, Houghall Farm, Durham. 

60 

13 14 15 
August 

20 21 

Fig.EOFleece atmosphere R . H . variations in sheep 4 and 5. Black colurmis indicate when the parti
cular sheep was wet with rain, in this and subsequent figures. Sheep 4 ; sheep 5 ; 
macroclimatic R . H . (read by a sling psychrometer at the same times as the fleece readings were 
taken) ; O, midback position; • , right crutch position. 
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the back and flanks was the rule rather than the exception. 
That the effect of ra i n on the basal fleece R.n. was of short 
duration i s shown on 8 Aug. where two sets of readings were 
made - one at 09*00 hr. when the sheep were wet a f t e r night 
r a i n , and another at Ik.30 hr. when the sheep had dried. 
The readings showed that after" the rain dried from the outsides 
of the fleeces, the p . H , near the skin had f a l l e n rapidly 
i n a l l cases. The general picture of fleece humidities i n 
sheep k (Pig , 2 0 ) i s one of low R . H . raised f o r short periods 
by the effect of rain and dew, and agrees with the accounts 
given by Macleod ( 1 9 4 0 ) , who used mainly Down Cross lambs. 
Th^ same f i g u r e , however, shows other features. In sheep k 

the R . H . near the skin at the r i g h t crutch was, during most 
of the period, s i g n i f i c a n t l y higher than over the rest of the 
body, although the fleece was not contaminated with any dung 
or urine. By estimating the percentage development of freshly 
l a i d L.sericata egg batches, placed i n various parts of the 
fleece of t h i s sheep, i t was shown that only i n the crutch was 
the humidity suitable f o r blowfly egg development; other 
parts were too dry (see page 116). This higher R , H . i n the 
crutch region seems to have been due to more rapid skin 
secretory a c t i v i t y i n that region compared with the rest of 
the body surface, since cobalt-chloride s t r i p s i n the former 
position frequently showed a higher R .H* at the skin surface 
that at 2 cm, up the wool staple. Other experiments on sheep 
k also pointed to the same conclusion (page l/fl.-5), 

Comparing fleece R . H , readings f o r sheep k with those f o r 
sheep 5 (Fig,20) i t w i l l be seen that the fleece of the l a t t e r 
sheep was consistently more humid. In sheep 5t only 37% 
of the ninety-three readings taken were at 50^i R»H.. or below 
that l e v e l , compared with 79r' i n sheep 14- (ninety-four readings). 
These differences may be due to greater skin secretory a c t i v i t y 

i n sheep 5 . This view was confirmed by the fact that i n t h i s 
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sheep, when the fleece was not wet with r a i n , the R.H. was 
frequently higher near the skin surface than at points farther 
out i n the fleece; t h i s occurred less frequently i n sheep k* 

Sheep 2 and 3 (Fig. 21). These were t\7o short-fleeced 
Swaledalo x Border Leicester ('Mule') lambs. Humidities are 
again seen to be below iiO^I k.H, when the sheep were dry, but 
ra i n on the outside of t h e i r fleeces raised the basal humidities 
considerably, e.g, 22 July, since t h e i r fleeces were short, 
r a i n was frequently found to penetrate to the basal cm, of 
the fleece, and sometimes to the skin along t h e i r backs. On 

23 24- 25 26 27 29 30 31 
July 

Fig. 21 Fleece atmosphere R . H . variations in sheep 2 and 3. Sheep 2-
#, withers; other symbols as in Fig. 2. 

1 2 
August 
—; sheep 3 

t h e i r flanks, the wool locks formed an e f f i c i e n t ' r o o f - t i l e ' 
system whereby the rain was turned o f f t h e i r bodies. These 
two larribs, however, did show idiosyncrasies i n fleece R,H,, 
possibly correlated with differences i n t h e i r fleeces (see 
Appendix page 180), After r a i n , the fleece R,ll. tended to be 
higher i n the close-fleeced sheep 2 than i n the slack-fleeced 
sheep 3 (Pig,2Js 22, 29, 30 Jul y ) , Macleod (19U0) claims to 
have shown that rain penetrates farther into a close than 
into a slack fleece. I t was noticed i n the f i e l d that the 
slack fleece of sheep 3, af t e r r a i n had ceased, always became 
dry to the touch i n a shorter time than did that of sheep 2. 
These observations tend to support the contention of Macleod, 
I t i s also to be expected that drying processes within the 
thickness of the fleece would be more rapid i n a slack fleece. 

Fig.21 indicates that the fleece humidities of these 
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Bhort-fleeced lambs tended to follow fluctuations of 
macroclimatic R.H., apart from the direct effect of rai n 

• 

drops i n t h e i r fleeces. 
Suggestion of a diurnal rhythura of fleece R . n , , which would 

b e we l l developed i n hot weather with heavy d.̂w or r a i n 
during the night, i s afforded by the data i n Pig.21 (22 July) 
when humidity readings were taken i n the morning, a f t e r night 
r a i H j and again i n l a t e afternoon ( c f . Pig,20, 8 Aug., when a 
simi l a r r e s u l t was obtained). 

8 9 10 11 12 13 
July 

Fig.22.Fleece atmosphere R . H . variations in sheep i and 7. • , tailhead position; 
other symbols as in preceding figures. 

i f f y Sheep 1 and: 7 (Fig. 22). The picture of fleece R.H. i n 
these two Down Cross lambs d i f f e r s markedly from that of the 
sheep hit h e r t o considered. Humidities i n the fleeces of those 
sheep from 8 to 16 July were above S0% and frequently above 
85̂ S R*H* For the most part high R.H's were confined to the 
basal 1 cm. or so next to the skin, and cobalt-chloride paper 
s t r i p s indicated very steep humidity gradients, from 60 to 
90̂ a H.H. near the skin, t o below kOf^ R.H. 3 cm* up the wool 
staples. To confirm the existence of a high humidity near 
the skin, on 13 July a batch of labiwratory l a i d L.serioata 
eggs, which had been incubated to within h a l f an hour of 
hatching, was placed i n the fleece, at the withers of s^eep 1. 
Half of the batch was placed at the base of the fleece against 
the skin, and the other 3 cm. away from the skin. The eggs 
placed near the skin hatched immediately, and a st r i k e was 
established at that spot without any addition of moisture; 
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those eggs 3 ca, froD the skin did not hatch. This shows that 
the humidity near the skin was at least SOf- R.H., and nearer 
the outer surface of the fleece very much lower. These two 
lambs (sheep 1 and 7) were healthy and undipped. D^ops of 
yellow-stained watery material were observed on wool f i b r e s 
near the skin, and were wet to the touch, V.'hen cobalt-chloride 
s t r i p s come into contact with them, they proclaced a 
characteristic decolorizatlon i n which the dobalt sa l t was 
washed up the paper, leaving a colourless edge. This phenomenon 
was si m i l a r to that produced by contact with water droplets. 
Contact with greasy material, causing a translucent stain on 
the papers, was much rarer. 

Since sheep 1 and 7 were sweating to an extent s u f f i c i e n t 
to maintain sitbable humidities f o r the development and 
survival of blowfly eggs and young larvae during the period 
0-16 July (Pig,22), the l i m i t i n g factor f o r s t r i k e on these 

29 30 . 1 2 
July August 

Fig.23 F'ŝ <=̂  atmosphere variations at a later period in sheep i and 7. A, right 
flank position; other symbols as in preceding figures. 

sheep must have been that they did not a t t r a c t blowflies to 
oviposit on them. The weather during that week was 
exceptionally hot and dry (Pig, 19). Sweating, as measured 
by a high humidity close to the skin, was p a r t i c u l a r l y rapid 
i n the withers region i n both sheep (Fig,22), and i t appeared 
to spread to other parts of the body as the hot weather 
continued. 

Prom Pig,19 i t w i l l be seen that the weather a f t e r 13 
July became cooler and wetter. Sheep 1 and 7 were dipped 
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I n a D.D.T. emulsion on the morning of 18 July and d a i l y 
fleece readings recommenced on 23 July; some of the results 
are graphed i n Pig. 23* Comparing Figs. 22 and 23 i t w i l l 
be seen that i n the second period t h e i r fleeces were 
considerably d r i e r , and quite i n keeping with Pigs. 20 and 
21. In both sheep, however, during the period 23-27 July 
(Pig. 23)»'humidities were s t i l l high i n the flank position. 
I t i s concluded that sweating had diminished over most of 
the body surface, but ma s t i l l s u f f i c i e n t l y rapid on the 
flanks to maintain high R.H's close to the skin. Additional 
d a i l y humidity readings taken i n dry weather showed that 
rapid sweating frequently occurred over large areas of the 
flanks of both sheep at t h i s time. Fig. 2k shows that these 
flan k sweat-areas were not constant, but varied from day to 
day* 

some indication of the relationship of fleece atomopher« 
R.H. to macroclimatic R.H* i s given i n Pig* 25, where humidity 
readings at the skin surface are compared with those at 
3 cm. o f f the skin, and with the macro2ilimatic R.H., read 
by a s l i n g psychrometer at the time the fleece readings 
were taken. The fleece readings r e f e r to the r i g h t flank 
p o s i t i o n of sheep 1 during a period when sweating was occur
r i n g I n that region, prom Pig, 25 the following w i l l be 
noted: 

(1) Quite apart from the direct effect of r a i n , the 
fleece R.H. at 3 cm. o f f the skin tended to follow variations 
i n macroclimatic R.H. (e.g, 31 j u l y - 2 Aug,). 

(2) The skin surface R.H. bore no r e l a t i o n to macro
climatic R.H. 

(3) During rapid sweating the fleece R.H, was found 
to be highest close to the skin: t h i s represents a 
reversal of the gradient to be expected on grounds of 
thermal s t r a t i f i c a t i o n of the fleece atmosphere (e.g, 2U-
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Fig.25.EflFect of sweating and macroclimatic R . H . on humidity within the fleece. A, right flank 
position, at skin surface; A> right flank position, 3 cm. off the skin; .macroclimatic R . H . 
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26 J u l y , 31 J u l y - 1 Aug.). 

The R.H. gradient, due to sweating, may be abolished 

(27 J u l y ) or i t s d i r e c t i o n may be reversed (30 J u l y ) by 

heavy r a i n . 

I t w i l l be shown (P a r t I V ) that increased sweating 

can be produced, i n some sheep, by causing them to run. I n 

fo u r such running experiments on one sheep, sweating was 

detected a t the withers i n each case, but never at the mid-

back* s i n c e the w i t h e r s and midback p o s i t i o n s were only 

about 30 cm. a p a r t , sweating would thus appear to be some

times s h a r p l y r e s t r i c t e d to p a r t i c u l a r parts' of the body 

s u r f a c e . T h i s f a c t may account f o r some s t r i k e s on clean 

wool, otherwise d i f f i c u l t to e x p l a i n . Examples of such 

s t r i k e s , o c c u r r i n g at the same spot on one sheep i n successiv« 

ye a r s , are quoted by Macleod (19^1-3). The following observa

t i o n s show that f a c t o r s other than muscular exertion a l s o 

i n f l u e n c e the r a t e of sweating. F l e e c e humidity readings 

were taken on sheep 10, a Swaledale Ram lamb, a t 09.30 hr. 

on 20 Aug.; these readings are given i n Table if. The 

higher humidities next the s k i n i n d i c a t e that r a p i d sweating 

was o c c u r r i n g , although the sheep had not been running nor 

was i t e x c i t e d abnormally during the period of the observa

t i o n s . Readings at the same p o s i t i o n s on t h i s sheep were 

c a r r i e d out 3 hr. l a t e r under s i m i l a r weather conditions. 

They showed that the f l e e c e atmosphere throughout the t h i c k 

ness of the f l e e c e was below 1+0̂  R.H., i n d i c a t i n g that aweat-

i n g had ceased, or a t l e a s t was proceeding at a slower r a t e . 

Simultaneous observations on sheep k showed no such v a r i a t i o n s , 

although both sheep were kept together and treated i d e n t i c a l l y . 

I t i s evident that s k i n s e c r e t o r y a c t i v i t y i n sheep may be 

governed by f a c t o r s , other than muscular a c t i v i t y , and which 

are probably not d i r e c t l y dependent on e x t e r n a l conditions 

such as atmospheric humidity or a i r temperature. 
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Tahh\^~Sheep lo. % r.h. at 09.30 hr., 20 A^I^iIiT 

Position in fleece 

Withers Midback ' • Tailhead Right crutch Right belly 
Skin surface 
3 cm. oflF the skin 

62, 
Below 40 

60 
Below 40 

51 
Below 40 

SO 
50 

Below 40 
45 

- - - - - . 

The above o'bBervatipns a l s o show t h a t moisture a t the 

base of even a t h i c k , c l o s e f l e e c e , i s very r a p i d l y evaporated, 

and t h a t to maintain high humidities a t i t s base, s u i t a b l e 

f o r blowfly eggs to develop, a continuous supply of moisture 

i s needed. 

( Y ) The f a t e of f r e s h l y l a i d L ^ s e r i c a t a egg batches placed 
i n sheep fToeces 

Egg batches, f r e s h l y l a i d by laboratory bred f l i e s , 

wiare placed i n v a r i o u s p o s i t i o n s on the sheep mentioned i n 

the preceding s e c t i o n . A small number of eggs of each 

batch were s e t a s i d e i n saturated a i r as c o n t r o l s . Batches 

were removed from the sheep a f t e r 12-36 hr., the consti t u e n t 

eggs teased out a f t e r wetting, and the proportion of eggs 

con t a i n i n g f u l l y developed l a r v a e estimated (Table 20), 

The humidity readings i n Table 20(b), col.U, were taken 

6-12 hr, a f t e r the end of the incubation period of the eg^s 

i n question. Thus, they do not n e c e s s a r i l y represent the 

humidity conditions to which the eggs were subjected during 

development. 
Table "^Development of eggs in fleeces 

Eggs were placed on the skin of the sheep unless otherwise stated. 

{a). Sheep at Houghall Farm, Durham 

Sheep no. Position of eggs 

Cobalt-chloride paper readings at , 
site of egg placement (% R . H . ) Estimated per

centage of eggs 
completing 

development 
Sheep no. Position of eggs Readings taken 

1—5 hr. before 
eggs were placed 

in the fleece 

Readings taken 
at time eggs 

were removed 
from the fleece 

Estimated per
centage of eggs 

completing 
development 

(Withers Below 40 48 >5o 
2 (Withers Below 40 " 47 0 

/"Withers 60 55 >5o 
3 J Tailhead Below 40 Below 40 <S0 

1 Withers , 45 56 100 
iTailhead Below 40 Below 40 <50 

I Rump Below 40 — 0 
J Right thigh Below 40 — 0 

u IRump Below 40 — 0 
f Right flank 51 60 , <50 

7 Right flank .. 62 50 <5o 
1 Right flank Below 40 55 <S0 
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Tatl«.2.0. (b) Sheep at Crag Farm, Ravenglass 

Cobalt-chloride paper readings at 

Sheep 
no. 

site of egg placement (.% R . H . ) Estimated per
Sheep 

no. Position of eggs •Readings taken 
at time eggs 

were placed in 
the fleece 

Readings taken 
6-12 hr. after 

end of incuba
tion period 

centage of eggs 
completing 

development 

Withers Below 40 Below 40 0 
Withers Below 40 • Below 40 <50 
Midback 45 Below 40 0 
Midback Below 40 Below 40 0 
Midback 70 43 <S0 
Right crutch SO <S0 
Right crutch (4 cm. 66 — >5o 

off skin) 
>5o 

Right crutch so so — 100 
Right crutch SO SO >SO 
Right flank 57 63 <50 
Right crutch 45 57 0 
Withers 75 75 . " • 100 
Midback 46 67 0 . 

5 Right belly 60 69 100 
Withers 63 0 
Withers (3 cm. Below 40 — 0 

from skin) 
Below 40 

Withers 66 . 70 <S0 
Midback 55 68 >5o 

[Left flank 74 75 • 100 
. Right flank 68 68 62 - . 100 

8 i Right flank 55 — 100 
Withers 70 100 • 0 

I Left flank . 73 Below 40 >So 
9 Withers Below 40 60 0 

/•Withers 56 61 <S0 
Withers (3 cm. Below 40 70 <S0 

from skin) 
70 <S0 

10 Midback (3 cm. — 64 100 10 from skin) 
64 

Right flank . 57 50 100 
Right crutch SO so • — 100 
Withers . 61 Below 40 — 0 

I n g e n e r a l , the r e s u l t s i n Table 20 confirmed laboratory 

experiments on the L . s e r i c a t a egg, and emphasized the 

r e l i a b i l i t y of readings of f l e e c e humidity by co b a l t - c h l o r i d e 

papers. Using the l a t t e r technique, i t was shown f o r sheep kf 

that humidities i n the c r u t c h region were higher than i n 

most other'parts of the f l e e c e (pig . 2 P , Appendix page 203-^19). 

The humidity i n the c r u t c h often approached 30^^ R.H. -

the minimum humidity f o r the s u c c e s s f u l development of eggs 

at 37°C, These r e s u l t s were confirmed by pl a c i n g eggs i n 

va r i o u s parts of the f l e e c e of t h i s sheep (Table2P(b)), of 

f i v e batches placed i n the midback and withers regions, i n 

thr e e , a l l eggs f a i l e d to complete development, w h i l s t i n 

the other two only 10% reached the prehatching stage. Of 

four batches placed i n the r i g h t c r u t c h , three showed prac

t i c a l l y 100% completion of development, vhilet 20% of the 

remaining i4.th batch reached the same stage. Thus only the 

c r u t c h region of the sheep was s u f f i c i e n t l y humid f o r the 
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development of L , s e r i o a t a eggs. 

Altogether i+2 egg batches were placed i n the f l e e c e s of 

9 sheep; i n 16 batches more than 30% of the eggs completed 

development; i n 12 between 1 and 30% of the eggs reached 

the same stage; w h i l s t i n the remaining Ih batches a l l eggs 

died through d e s i c c a t i o n a t an e a r l y stage i n development, 

i n a few batches, s e v e r a l eggs hatched w h i l s t i n the f l e e c e . 

Of the batches i n which more than 30% of the eggs completed 

development, some were taken out of the f l e e c e a f t e r 10-12 hr. 

and p l a c e d i n s a t u r a t e d a i r ; from these many l a r v a e hatched 

w i t h i n a few minutes. 

I t i s c l e a r l y evident from the above experiments, that 

humidity conditions i n sheep f l e e c e s were sometimes maintained 

a t a l e v e l s u f f i c i e n t f o r L . s e r l c a t a eggs to complete 

development. Humidities high enough f o r hatching, however 

occurred l e s s frequently, 

I I . WORK IN 19k7 

F i e l d work i n the summer of 19^7 was confined to 

obtaining readings of f l e e c e R.H, f o r sheep nos. 29-̂ 4-2. 

Methods were e x a c t l y s i m i l a r to those i n 1946 (page 99-100), 

and the f u l l r e s u l t s w i l l be found i n Ahe Appendix page 115:221. 

The readings were c a r r i e d out i n June, during moderately 

warm, sunny weather using Border L e i c e s t e r x H a l f bred c r o s s 

lambs, about 6 months o l d (Appendix page 225-2E7). 

The readings obtained throw some l i g h t on the comparative 

frequency of sweating a t the various standard p o s i t i o n s i n 

the f l e e c e s where readings were taken. As before, the 

incidence of a higher humidity at the 'sk i n ' end of the 

c o b a l t - c h l o r i d e paper s t r i p , than a t the other end 2-3cm, 

o f f the s k i n , was adopted as the c r i t e r i o n of sweating a t 

the time the readings were taken. An a n a l y s i s of the 
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i n c i d e n c e of such 'sweat' readings i s given i n Table 21. 

TABLE 2.1 

Frequency of 'sweat' readings at various points i n f l e e c e s , 
Sheep nos. 29-42. June 1947. 

T o t a l No.of Ko.ofreadings % readings 
p o s i t i o n readings. showing showing 

Withers 39 15 38.4 

Midback 19 5 26.3 

T a i l h e a d 39 6 15.3 

R#flank 16 2 12.5 

L . f l a n k 14 3 21.4 

R.crutch 8 0 0,0 

T o t a l s 135 31 22.9 

The f i g u r e of 38.4?^ of readings showing sweating at the 

with e r s i s the highest of the p o s i t i o n s studied. This 

re-emphasizes the conclusion reached during the 1946 work 

(page 111) t h a t sweating was often most marked a t the withers, 

which i s a p o s i t i o n known to be the most s u s c e p t i b l e to 

blowfly s t r i k e , c o n s i d e r i n g i t s small area, outside the 

breech region (Macleod, 1943). I n Table Z}., the next most 

frequent s i t e of sweating was the midback p o s i t i o n , again 

a region where 'body s t r i k e s ' are comparatively frequent. 

The number of readings f o r t h i s s i t e (19) i s however too 

sma l l to base a d e f i n i t e conclusion on the r e s u l t s . 

I l l WORIC IN 1948 

Prom J u l y to Sept. 1948, laboratory l a i d egg batches 

of the 5 blowfly s p e c i e s other than L . s e r i c a t a were placed 

i n sheep f l e e c e s i n conjunction with f l e e c e R.H. readings. 

( i ) Methods 

Solomon (1945) described, i n addition to c o b a l t - c h l o r i d e 
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paper, other papers impregnated with cobalt s a l t s f o r the 

measurement of R,H. by colour-matching methods. Since paper 

impregnated with c o b a l t - c h l o r i d e alone gives f a i r l y accurate 

humidity readings only w i t h i n the range i|.0-70^ R.H., i t was 

decided to adopt other met^pds i n conjunction with c o b a l t -

c h l o r i d e papers, to give accurate readings over a wider 

range of h u m i d i t i e s . F o r readings w i t h i n the kO-10% R.H, 

range, c o b a l t - c h l o r i d e papers were r e t a i n e d . For the 30-k0% 

range, a modification of c o b a l t - c h l o r i d e paper, mentioned 

by Solomon (19U5) and used by Darrow (19^3) was employed, 

i n v o l v i n g the addition of g l y c e r o l to the c o b a l t - c h l o r i d e 

s o l u t i o n i n which papers were impregnated. For readings 

w i t h i n the 70-955̂  R.H. range, cobalt thiocyanate papers were 

employed. I n the case of a l l 3 methods, s u f f i c i e n t papers 

were impregnated i n the s a l t solutions at the beginning of 

the season's work to l a s t through the season, and to make 

the standards which remained e f f e c t i v e f o r at l e a s t 6 months 

(Solomon, 1945)* 

Darrow (19U3) mentions that i f g l y c e r o l be added to 

the impregnating s o l u t i o n the s e n s i t i v e R.H. range of the 

paper, where v a r i o u s d i s t i n c t i v e l i l a c shades occur, i s 

moved f u r t h e r down the range than the 40-70^;; R.H. of normal 

c o b a l t - c h l o r i d e paper. The ammount of t h i s s h i f t i s 

d i r e c t l y proportional to the araraount of g l y c e r o l present 

i n the s o l u t i o n . Solutions containing 25^ of c o b a l t -

c h l o r i d e were made up i n mixtures of water and 5, 10 and 

20^ 'Analar' g l y c e r o l , p i e c e s of d&siccator-dried No.l 

f i l t e r paper were impregnated i n each of these s o l u t i o n s 

and d r i e d a t room humidity. These ' g l y c e r o l - c o b a l t - c h l o r i d e ' 

papers were exposed at 30°C to s e v e r a l humidities. The 

colours they a t t a i n e d were compared with the colours of 

normal c o b a l t - c h l o r i d e paper standards of the same humidities. 

I t wa§ decided f^om these t r i a l s that paper impregnated i n 
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20% g l y c e r o l - c o b a l t - c h l o r i d e s o l u t i o n Oiereinafter r e f e r r e d 

to as gl y c e r o l p a p e r s ) gave the most s u i t a b l e s e n s i t i v e range 

f o r the purpose i n view. T h i s range was 25-55^ R.H. An 

unexpected r e s u l t of the addition of g l y c e r o l was that the 

colo u r s were app r e c i a b l y more b r i l l i a n t than the correspond

ing colours with c o b a l t - c h l o r i d e alone. ' G l y c e r o l ' papers 

and standards were then prepared as described f o r s t r a i g h t 

c o b a l t - c h l o r i d e paper (page 

The cobalt thiocyanate papers were prepared as described 

by Solomon. C r y s t a l s of pure cobalt thiooyanate 

(Go(GNS)2.iH20) were obtained and d r i e d over phosphorus 

pentoxide f o r s e v e r a l days. A s o l u t i o n containing 23.0 gr, 

of t h i s substance per 100 ml. d i s t i l l e d water was then made, 

and papers were impregnated i n i t . A s p e c i a l t h i n t i s s u e 

paper ( E l e c t r o l y t i c *B' Condenser T i s s u e ) was used f o r t h i s 

purpose, as recommended by Solomon, s i n c e the b r i l l i a n c e of 

the c o l o u r s imparted to paper with t h i s s o l u t i o n rendered 

the use of t h i c k e r paper unneeessary. The best range f o r 

accurate colour mathcing and thus f o r accuracy i n humidity 
0 

readings i s 70-95^ R*H. w i t h cobalt thiocyanate papers. 

Standards were prepared a t 30°c as described f o r c o b a l t -

c h l o r i d e paper (page98-9^ and the same length of exposure of 

standard papers and of papers i n f l e e c e s was used. 

I n the f l e e c e R.H, determinations, the g l y c e r o l and 

co b a l t - c h l o r i d e papers were alwp[ys used as s t r i p s 20 x 7.5 nan. 

i n s i z e , and were stuck together i n p a r a l l e l J^airs by a t h i n 

t r a n s v e r s e s t r i p of adhesive paper, each s t r i p being numbered 

at the top l e f t hand corner with a p e n c i l before use, and 

store d i n a dry a i r charabfer. These 'double s t r i p e ' were 

i n s e r t e d by forceps, endways into the f l e e c e so that the 

bottom end (without the number) l a y against the s k i n . I n 

preliminary t r i a l s using c o b a l t - c h l o r i d e , g l y c e r o l and cobalt 

thiocyanate papers, s t r i p s of the 3 types of paper were 
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j o i n e d together with adhesive paper to form ' t r i p l e s t r i p s , ' 

They were discarded i n favour of the 'double s t r i p s ' because 

i t was found that the t h i n t i s s u e thiocyanate papers u s u a l l y 

c u r l e d up by the time they were removed from f l e e c e s , so that 

the exact distance of the ends of the s t r i p from the sheep's 

fitkin was V a r i a b l e , I n subsequent f i e l d work the thiocyanate 

papers were i n s e r t e d i n t o the f l e e c e s s e p a r a t e l y i n the form 

of s m a l l p i e c e s about 1 cm, square, which were pushed into 

f l e e c e s u ? ) t i l they l a y on the s k i n or approximately 2 cm, 

o f f the s k i n . The pre l i m i n a r y f i e l d t r i a l of the three 

types of paper was c a r r i e d out on sheep i n J u l y , Where 

the s e n s i t i v e range of the. c o b a l t - c h l o r i d e and 'glycerol' 

papers tended to overlap (k3-33% R,H.) the R,H. reading 

given by the two papers i n a double s t r i p u s u a l l y coincided 

to w i t h i n 2%, I n t h i s f i e l d t r i a l , the humidities i n the 

sheep f l e e c e s happened to be too low f o r accurate reaaings 

by the thiocyanate papers* 

Readings given by co b a l t - c h l o r i d e papers were c l a s s i f i e d 

as a lready d e s c r i b e d (page 100). \Ihen reauings by g l y c e r o l 

papers were above the upper l i m i t of t h e i r s e n s i t i v e ran-e 

(33% R.H.) they were c l a s s i f i e d as 'over 55^ R.H.* and are 

given as '55-»-' i n Tables 

( i i ) s u r v i v a l of egg batches of speci e s other than L . s e r i c a t a 
i n sheep f l e e o e i 

Between 8 J u l y and 3 Sept, 1948, 143 egg batches l a i d 

by l a b o r a t o r y c u l t u r e s of the undermentioned spe c i e s were 

pla c e d i n the f l e e c e s of 17 lambs (sheep nos. 43-56/60-62) 

at Houghall Farm, Durham. They were made up as fo l l o w s : -

25 L . c a e s a r egg batches . 47 G.vomitoria egg batches 

26 L . i l l u s t r i s egg batches 2 C.erythrocephala egg batches 

43 Phormia egg batches 

The batches were u s u a l l y placed i n the f l e e c e s some 

30-45 min a f t e r l a y i n g , during which period they were kept 
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as c o o l as p o s s i b l e , a t 12-17^0. At these temperatures 

blowfly eggs develop very slowly (wardle 1931) so that the 

amount of development that the eggs had undergone was 

n e g l i g i b l e by the time they were placed a t higher tempera

t u r e s w i t h i n f l e e c e s . A number of eggs were s e t aside as 

c o n t r o l s i n s a t u r a t e d a i r i n the laboratory. The batches 

were transported to the sheep i n separate 3x1% tubes* 

w i t h i n Tirtiich was a small p i e c e of sheep wool on which the 

eggs l a y i When p u t t i n g eggs i n t o the f l e e c e s , the f l e e c e 

at the s i t e chosen was s l i g h t l y parted and the eggs shaken 

o f f the p i e c e of wool and pushed with the f i n g e r u n t i l 

they l a y a t the d i s t a n c e chosen from the s k i n . A 'double 

s t r i p ' was plac e d beside the batch, with the end of the 

s t r i p s a g a inst the s k i n , a t the same time, and the f l e e c e 

c l o s e d over them, and t i e d a t the wool t i p s with s t r i n g . 

The double s t r i p s were removed a f t e r 30 min. q u i c k l y t r a n s 

f e r r e d by forceps to a b o t t l e of l i q u i d p a r a f f i n and taken 

to the l a b o r a t o r y f o r comparison with standards. A f t e r 

removal of the double s t r i p from the s i t e of the batch, 

the f l e e c e t i p s were t i e d up again. The batches were 

removed a f t e r 19-26 hrs i n the f l e e c e s , placed i n tubes 

and taken to the laboratory f o r examination. Second 

humidity readings at the egg s i t e s were made a t the time 

of t h e i r removal. 

The sheep were kept i n a s e r i e s of paddocks about 

20x10 yards i n s i z e . A thermohygrograph was kept at about 

3' above the ground i n a screen, i n one of the paddocks, 

throughout the period of the experiments* The thermo

hygrograph records were used to obtain some idea of ths 

weather conditions p r e v a i l i n g during the period that each 

p a r t i c u l a r batch was i n a f l e e c e , while r a i n f a l l and hours 

of sunshine were recorded a t a stationabout a mile from the 

paddocks. The amount of r a i n f a l l during the period that 
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a batch remained i n a f l e e c e might give a guide to the f l e e c e 

humidities and t h e i r f l u c t u a t i o n s during that period, s i n c e 

i t has been shown that r a i n f a l l causes f l u c t u a t i o n s i n 

f l e e c e R.H* ( P a r t H I page 1 0 7 ) . I t has been noted p r e v i o u s l y 

(page 3 7 ) and by Macleod (1940) that f l e e c e temperatures 

can be considerably higher when the sheep are exposed to 

sunshine, owing to absorbtion of radi a n t energy by t h e i r 

f l e e c e s so that sunshine a f f e c t s the p r e c i s e temperatures 

to which eggs may be sub^jected during development. 

The r e s u l t s obtained are given i n Tables 2Z - 25 (page llWb, 

1^8), and are d i s c u s s e d below under the various s p e c i e s 

to which they appertain, 

L . c a e s a r eggs (Table 2Z page 124.), of 25 batches 

p l a c e d i n f l e e c e s , i n 12 a l l the eggs f a i l e d to complete 

development. I n the remaining I3 batches, i n 3 only did 

more than 50̂ ^ of the eggs complete development. I n 5 of 

the 13 batches some eggs succeeded I n hatching but as 

seen i n the t a b l e the percentage batch i n each case was 

low* i t has been shown (pa r t I I page 51,Tol.)t8) that the 

minimum humidity f o r s u c c e s s f u l development of L.caesar 

eggs l i e s between 60 and 65^ at 37°C. Prom the r e s u l t s 

i n Table 22. i t i s not p o s s i b l e to c o r r e l a t e the humidities 

found a t the beginning and end of the incubation period 

of the v a r i o u s batches with the percentage development of 

the eggs. T h i s i s very l i k e l y due to the f a c t that 

nothing i s known about the R.H. to which the eggs were 

sub j e c t e d between the humidity readings taken at the begin

ning and end of the period i n the f l e e c e , i n add i t i o n , the 

absence of temperature records a t the egg s i t e s c o n s t i t u t e s 

a s e r i o u s gap i n the work. Another d i f f i c u l t y i s that 

the number of egg batches employed was small, and t h i s 
flie 

a p p l i e s to all^experiments. I n consequence, no general 

conclusions about the s u i t a b i l i t y or otherwise of d i f f e r e n t 

p a r t s of sheep f l e e c e s under various weather conditions, 
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TABLE 2Z L,OAESAR EGGS. 

c 
_a. o 

c' 
o 
AT 

0 c 
t) J< 

•z— •' 
%) 

vn 
J E 

c; <; 

49 W 0 55+ 58 55+ 62 ! 
49 w 2 55 50 52 50: 
54 M 0 55+ 68 55+ 67 
43 RO 0 48 49 4 1 . 40 

44 RO 0 41 40 38 40 
44 U 2 45 45 50 49 

56 RO 0 55+ 65 55+ 66 
56 RO 2 55+ 65 : 55+ 57 
52 RC 0 55+ 68 55+ 57 
51 RC 0 55+ 63 55 55 

56 M 0 55+ 62 55 55 

45 W 0 55+ 75 55+ 66 

54 M 0 55+ 59 55+ 61 

54 W 0 55+ 58 55+ 70 

46 w 0 50 50 55+ 70 

47 w 0 55+ 80+ 55 53 
47 w 2 100 100 55+ 61 

47 M 0 50 50 55+ 69 
47 RF 2 55+ 67 55+ 80+ 
47 RO 0 42 41 55 55 

56 M 0 50 50 55 55 
56 M 2 55+ 60 55+ 61 
60 RO 0 54 52 50 50 

55 R 0 80 
55 M 0 80+ 

3 O 

M fiat's of «3.s 

£ .91 5' 5 5 

13*30,18 j u l y -
; 14.00,19 J u l y 

10.10*24 J u l y -
10.30,25 J u l y 

1 9 . 3 0 , 2 6july-
16.30,27 J u l y 

14*15,29 J u l y 

14.15,29 July-
13 .45»30 J u l y 

15*15* 3 Aug.-
17.50, 4 Aug. 

14*10,23 Aug,-
14.50,24 Aug, 

14.20,26Aug.-
10.50,27 Aug. 

13.10,31 Aug,-
10.05* 1 sept. 

0,0 9.7 

0.0 9.0 

0J7 9.0 

2.1 0.0 

90 0 5 
70 20 10 
70 0 40 
90 0 0 

100 0 0 
90 0 60 

20 0 0 
30 0 5 
20 0 0 
10 0 0 

80 0 0 

90 0 0 

50 0 0 

20 20 10 

10 0 0 

25 0 15 
40 0 25 

40 0 30 
20 10 15 
50 0 0 

30 0 0 
50 10 15 
60 0 0 

70 0 70 
65 10 85 

f o r blowfly egg s u r v i v a l , can be drawn. The r e s u l t s are 

intended only as a record of the f a t e of s p e c i f i c blowfly eggs 

i n p a r t i c u l a r f l e e c e s a t the time that the experiments were 

c a r r i e d out. 

L . i l l u s t r i s eggs (Table 23 page IE5). As with the 

L . c a e s a r eggs employed, the f e r t i l i t y of some of the 
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TABLE 2 L.ILLUSTRI3 EGGS 

?tfU .0 fleece (w) 

o 

-9-

v. 

4 ^ N ' C N eg £ 
C 3 3 o i z 

[10.30,12 
110.00,13 

J u l y -
J u l y * 

13.30,19 
: 14.30,20 

•19.20,26 
16.20,27 

r 5 4 
54 
53 
53 
53 
53 
47 
47 
56 
56 

L54 

J u l y - 44 
J u l y ; 

(• 51 
51 
47 
62 
53 
56 

J u l y -
J u l y 

110.'20,22 Aug.-
;i4.15,23 Aug. 

; i 4»40 ,30 Aug.-1 52 
: i4 .15,31 Aug. 1 60 

14.00, 3 Sept.^ 
09.30, 4 Sept. 

55 
55 
55 

W 
RC 
M 
M 
RC 
LC 
T 
W 

RC 

2 
2 
0 
2 
0 
0 
0 
0 
0 

LCf 0 
W 0 

T 0 

W 
T 

RO 
RC 
RO 
• M 

0 
0 
0 
0 
0 
0 

49 W 
49 M 
49 RO 

T 

R 
M 
W 

0 
0 

55+ 67 -
54 54 - -
55+ 60 - -
55+60 - -
55 55 - -
55+ 63 - -
55+ 66 - -
55+ 68 - -
55+ 63 - -
55+ 59 - -
55+ 67 - -

42 40 40 40 

55+ 80+ 
49 48 
55+ 56 
53 52 
55+ 68 
55+ 61 

55+ 66 
45 43 
55 53 
48 48 
55+ 66 
55 55 

0.0 8.5 

0 53 51 53 50 
0 45 45 55+ 61 
0 45 45 45 45 

- 40 
- 46 

- 46 

0 - 80 -
0 - 80+ -
0 - 65 -

25 0 20 
i 20 0 60 
50 0 30 
10 0 0 
40 0 50 
40 0 10 
40 0 90 
70 0 80 
40 0 0 
40 0 0 
60 0 20 

80 0 0 

20 0 20 
60 0 0 
70 0 0 
40 0 0 
30 0 40 
10 0 0 

90 0 0 
.65 0 0 
90 0 0 

60 0 0 
20 0 0 

20 10 80 
55 20 5 
40 5 80 

L ^ i l l u s t r i s batches was low so that some of the r e s u l t e are 

v a l u e l e s s . Of 26 L . i l l u s t r i s egg batches placed i n f l e e c e s , i n 

13 of them a l l eggs f a i l e d to complete development, M^ile i n 

the other 13 some eggs d i d s u r v i v e , i n 6 of which batches, 

50^ or more of the eggs completed development. I n 3 batches 

only d i d a small percentage of the eggs succeed i n hatching 

(those i n the f l e e c e of sheep 55 during the period 14*00, 

3 Sept. - 09.30 4 S e p t . ) , T h i s period was one of continuous 

heavy r a i n - about 2*0 inches of r a i n f e l l (Table 23 ) . The 

eggs were th e r e f o r e i n the f l e e c e s a t a time of high humidity. 
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14.15, 8 J u l y -
14*30, 9 J u l y 

14.00,12 J u l y -
10*30,13 J u l y 

13.30,18 j u l y -
14;00^19 J u l y 

14*50,20 J u l y -
13.40,21 J u l y 

17.15,27 J u l y 

15.30,27 J u l y -
14.00,28 J u l y 

14*15*29 J u l y -
13.45,50 J u l y 

10*30,31 J u l y -
12.00, 1 Aug, 

14.10,23 Aug..-
14*00,24 Aug. 

! 51 M 0 55+ 67 1 - 1 70 5 70 
31 W 0 55+ 67 i - 90 0 40 

'33 W 0 45 46 • — - OJQI 0.8 40 0 40 
53 w 2 50 52 - - 90 10 80 

153 M 0 47 50 - 50 0 0 

r;43 W 0 - 80+ 70 0 90 
!43 RC 0 47 47 - mm 80 0 0 
48 RC 0 57 56 — - 60 0 0 
• kQ L C 0 55 55 - - 90 0 0 
'48 T 0 50 50 - 0J4 0.0 60 0 0 
49 T 0 55+ 61 : - i 70 0 0 
49 T 2 55+ 65 — - 100 10 50 

:49 RC 0 55+ 73 - - ! 60 0 0 
149 RC 2 55+ 73 - •— i 60 30 30 

(43 M 0 55+ 63 42 40 90 0 50 
43 M 2 50 50 40 40 . 90 15 60 

, 49 M 0 55 55 47 45 0.0 5.0 90 0 20 
49 M 2 49 48 42 40 1 70 2 80 

>54 M 0 55+ 68 55+ 67 ! 80 0 30 

44 RC 0 38 40 40 40 0JQ5 9.0 60 0 0 

l i S l W 0 55+ 80+ 55+ 66 
1 51 T 0 49 48 45 43 

,:47 RO 0 55+ 56 55 53 
' 62 RC 0 53 55 48 48 

53 RC 0 55+ 68 55+ 66 
b 6 M 0 55+ 62 55 55 

f 54 W 0 55+ 68 55+ 75 
]54 W 2 55+ 59 57 58 
1 50 RC 0 42 43 49 48 
150 RC 2 42 43 49 48 

; 54 
; 
1 

M 0 55+ 59 55+ 61 

1 

f 53 W 0 55+ 70 : 
: 53 T 0 55+ 80+; - -
53 RC 0 55+ 80+ -

, 33 M 0 55+ 67 
. 33 RC 0 55+ 68 - -
56 W 0 55+ 80+1 - -

156 RC 0 55+ 68 ; — 

fi 46 M 0 41 40 i 
: 46 M . 2 41 40 : mm 

"i45 M 0 42 40 i - -
45 M 0 42 40 i - -

V45 RO 0 50 50 1 - -

0.0 a . o 

80 10 70 
80 0 0 
65 0 0 
45 0 0 
20 0 5 
80 0 5 

70 0 0 
90 0 0 

100 0 0 
60 0 0 

70 0 0 

90 0 0 
90 0 0 
50 0 0 
30 0 0 
30 0 0 
95 0 0 

: 50 0 0 

80 0 0 
90 0 0 
80 0 0 

; 95 0 0 
70 0 0 
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when i t was u n l i k e l y t hat n a t u r a l l y l a i d eggs would be present 

i n f l e e c e s , s i n c e w i l d f l i e s are probably i n a c t i v e during 

continuous r a i n * i t may thus be concluded that i n the f l e e c e s 

of the sheep used humidities high e n o u ^ f o r hatching of | 
i 

L . i l l u s t r i s eggs were not encountered, although humidities 

s u i t a b l e f o r completion of development were f a i r l y frequently 

found. 

P.terranovae eggs (Table ZL, page 126). Of 43 egg 

batches placed i n 28 a l l the eggs died through d e s i c c a t i o n 

a t an e a r l y stage, of the remaining 15 batches, i n 9 more 

than h a l f the eggs completed development. Hatching occurred 

i n only 7 of these batches, and the percentage hatch was 

always low. 

C.vomltoria eggs (Table 25 page 128)* Of 47 batches 

used, i n only 9 d i d some eggs complete development. Conditions 

s u i t a b l e f o r C.vomitoria eggs were thus r a r e l y found at the 

time of the experiments, i n the f l e e c e s of the sheep used. 

I t i s noteworthy t h a t of the 9 batches which were p a r t i a l l y 

s u c c e s s f u l , 7 had been placed 2 cm. o f f the s k i n of the sheep, 

where temperatures are lower than a t the s k i n s u r f a c e . I t 

has been shown i n the present work that maximum temperature 

f o r the development of O.vomitoria eggs i s about 36°C (page 52.). 

The average tenrperature at the s k i n surface of sheep was 

assumed to be 37°C by Davies & Hobson (1935), and t h i s 

temperature has been adopted as a guide i n the present work. 

I t i s t h e r e f o r e probable that the very low number of batches 

s u c c e s s f u l l y completing development at the s k i n surface of 

the above sheepvAs due to the f a c t t h at temperatures p r e v a i l i n g 

there were uBually too high. (A t o t a l of 28 C.voroitoria egg 

batches were placed near the s k i n ) . I n t h i s case humidity 

i s not i t s e l f the l i m i t i n g f a c t o r f o r blowfly .egg s u r v i v a l . 

The two batches which completed development a t the skin 

s u r f a c e were on sheep 44 (Table 25,page 128) during a cool 

p e r i o d (14.20, 26 Aug. - 11.00, 27 Aug.) with some r a i n 
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TABLE 25 C.VOMITORIA EGGS 

in a e e c l 

Period, m fl<€ce,(<iW.T' 

0 
s r 

•J 
i ^ 

1 
i 

c 0 
o5 

» c 
s -5 

, ^'Jii 
"(init e j j s |N ( Timt ti^y OUT 
q N i q N 

15*15, 3 Aug,- { 5 4 M 0 55 55 55+ 61 
17.50, 4 Aug* 154 M 2 57 57 55+ 65 

1 hi M 0 50 50 55+ 69 
47 RP 0 55+ 67 55+ 80+ 

14.20,26 Aug.-
47 RP 2 55+ 67 55+ 80+ 

14.20,26 Aug.- 47 RC 0 42 41 55 55 
11.00,27 Aug, 44 T 0 50 50 55 54 
1 44 , M 0 55+ 58 55+ 58 

44 , M : 2 55+ 66 55+ 58 
I44 , W 1 

0 55+ 75 55+ 75 

i r 4 7 1 T 0 55+ 55+ 54 
11.00,27 Aug- • 47 ' T ; 2 44 40 - 47 
11,15,28 Aug. L49 RP 0 55+ 80+ 55+ 70 

t r 49 iRP 0 70 62 
11,20*28 Aug.-, 49 RP 2 - 65 62 
11.00,29 Aug, 1 ̂ 7 RP 0 - 69 - -

I 47 : RP 2 — 60 -
r 4 8 ! T • 0 . _ 60 38 40 

48 1 T •• 2 — 80 40 40 
48 1 ^ 0 — 61 40 40 
48 ' M 2 - 53 40 40 
48 W 0 - 65 - 56 
48 ' 7/ 2 - 75 - 54 
48 RC 0 - 53 - 40 
48 RC 2 66 45 
53 • W 0 - 60 - 50 
53 • w 2 - 67 50 
53 RP 0 - 65 - 59 

10.30,29 Aug.-^ 53 RP 2 - 65 - 62 
15.40,30 Aug. 53 RC 0 - 60 - -15.40,30 Aug. 

53 RG 2 - 60 - -
53 LO 0 60 47 
53 LC 2 ' - 66 - 47 
43 T 0 - 56 - 47 
43 T 2 — 80 - 50 
47 T 0 - 55 — 40 
47 T 2 62 -> 43 
49 M 0 55+ 66 - 47 
49 R 0 55+ 68 - 53 

.49 R 2 55+ 68 — 53 

14.40j30 Aug.- 52 M 0 41 40 46 46 , 
14.15,31 Aug, 

56 M 2 60 55+ 61 
56 M 0 - 50 55 55 

13*20,31 Aug.-, 60 RC 0 50 52 51 50 
10*15, 1 Sept.] 61 W 0 55+ 66 55 55 10*15, 1 Sept.] 

61 W 2 55+ 80+ 55 55 

[ 61 RP 0 55+ 80 55+ 58 

I —: \ 

Vi..r-

•5- o 
6 t ^ W 

- v» E ; r a. 

0.08 2.0 

90 

45 
65 
20 
10 
65 
90 
80 
65 

75 
0 ,OIL,0 60 

70 

60 
O.O95.0IOO 

100 

100 
60 
50 
75 
80 
60 
90 

' 60 
70 

t 95 
90 

0 .0 ,3 .8 95 
' 100 
! 70 

70 
90 
70 
50 
50 
65 

100 
50 
60 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
5 

0 
0 

15 25 
0 0 

0 
50 

10 90 
0 60 

0 
0 
0 

0 
0 
0 
d 

0 
0 
0 
0 
0 
0 
0 
0 10 
0 0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

50 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 0 0 

60 0 10 
70 0 0 
60 0 0 
90 0 0 
95 10 80 
95 0 0 
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(0.08 inc h e s ) and only 2 hr. sun, so that f l e e c e temperatures 

would tend to be low. The thermograph record showed that the 

per i o d was a cool one, "being 10-15°C during the day and 5-10°C 

during the night, Pui*ther experiments on the development of 

C.vomitoria eggs i n fleeces are described l a t e r (page 129-,I50) . 

0 .erythrocephala eggs. Owing to various d i f f i c u l t i e s , 

only 2 batches of t h i s s p e c i e s were placed i n f l e e c e s . Since 

the ijaaEiraum temperature f o r the development of 0. erythrocephala 

eggs i s lower {35°G) that that of C.vomitoria eggs (36°C) 

(page 5 £) i t i s to be expected that temperatures low enough 

f o r the eggs of the former species to complete development 

w i l l r a r e l y be obtained i n viev/ of the r e s u l t s with Q.vomitoria 

eggs (pagel^*)-3< .̂ 

Attempts were made to estimate the average temperatures 

i n the f l e e c e s of the sheep used, u t i l i z i n g information 

p r e v i o u s l y obtained on the maximum constant temperatures at 

which the eggs of various s p e c i e s could complete development, 

and the duration of incubation at constant temperatures (pageSS-t). 

The eggs of C.vomitoria (max, const, temp, f o r development 

- 36°C), and of L . s e r l c a t a , which hatch i n 7.6 - 7.9 hr. at 

37^0, were used* 

T h i r t e e n batches of C.vomitoria eggs vere placed under 

s m a l l cotton wool pads moist with water, a t various p o s i t i o n s 

i n the fl e e q e s of $ sheep (nos. 52, 57-61) during the 

pe r i o d 30 Aug, - 2 Sept.,1948. The eggs were thus subjected 

to s a t u r a t e d a i r to eliminate the e f f e c t s of low R.H,, so 

that the temperatures i n the f l e e c e s were the important 

f a c t o r s . Of 11 batches placed d i r e c t l y on the s k i n of the 

sheep under the wet pads, i n 7, a l l the eggs f a i l e d to 

complete development. Control eggs showed high f e r t i l i t y , 

i n the other 1+, many eggs hatched, but i n these cases the 

wet pSd and the eggs had worked themselves loose so that the 

egg l a y about 1-2 cm. o f f the s k i n by the, time they were 
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removed f o r examination. They had not completed development 

a t the s k i n s u r f a c e . The f a i l u r e of the other 7 hatches a t the 

s k i n s u r f a c e can he accounted f o r only as due to the f a c t 

that temperatures there were l e t h a l to them. No wool grease 

had spread over them (see page 130-5). A f u r t h e r 2 batches 

pla c e d , i n contact with cotton wool pads i n the f l e e c e s of 

sheep, BCr that they l a y 2 cm. o f f the slcin, s u c c e s s f u l l y 

developed and hatched. The average temperatures near the 

s k i n a t the p o s i t i o n s used on these sheep a t the time of the 

experiments must t h e r e f o r e have been above 36°c , and so 

l e t h a l to C.vomitorl& eggs, while temperatures at 1-2 cm. 

off the s k i n were low enough to permit t h e i r development. The 

weather during these experiments was r a t h e r cool and cloudy, 

shade temperatures during the day time being 15-20°C, and 

5-12° during the night. 

on 1 sept* 3 L . s e r i c a t a egg batches were tre a t e d i n the sene 

way as those of C# vomit or l a above. One was placed under a 

sma l l wet pad d i r e c t l y on the s k i n , of each of sheep 57-59j 

at 07.30 h r s . These batches were removed from the f l e e c e s 

at 15*30 - 15.i+0 hr. on the same day and were found to be 

i n process of hatching a t that time i . e . a f t e r 8.0-8.2 hr. 

i n the f l e e c e s . S i nce the incubation period of L . a e r i c a t a eggs 

a t 37'̂ C (constant) i s 7,6-7,9 hr., the above duration of 

8*0-8*2 hr. i n the f i e l d shows that the average temperatures 

near the s k i n of the 3 sheep used must have been very near 

to 3 7 ° - probably between 36 and 38°C. 

( i i i ) E f f e c t of Wool 'yolk* on blowfly egg s u r v i v a l i n 
sheep f i e e o e s 

I t w i l l be not i c e d in Tahles 22 -25 (pages 12ii.-8) that 

s e v e r a l egg batches of a l l four sp e c i e s f a i l e d to complete 

development i n f l e e c e s when humdiity measurements at the 

s t a r t atnd f i n i s h of the experiment I n d i c a t e d humidities 

high enough f o r egg development, at the s i t e s used. The 
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explanation f o r some of these cases of unexplained f a i l u r e may 

w e l l have been that the R.H. at the s i t e s f e l l to a low l e v e l 

between the t a k i n g of the two readings, i t was however .. 

noticed i n s e v e r a l such cases of f a i l u r e that the eggs on 

removal from f l e e c e s had aquired the golden yellow colour of 

wool 'yolk'. Examination of such eggs i n the laboratory 

showed that they were covered with a t h i n f i l m of wool yolk, 

rendering the chorion transparent. Yolk occurred i n the 

f l e e c e s i n the form of i r r e g u l a r l y shaped, greasy yellow 

blobs, varying from about a h a l f to 3 mm. i n diameter, and 

which adhered to groups of wool f i b r e s , or were strung at 

i n t e r v a l s along i n d i v i d u a l f i b r e s , i n some sheep these blobs 

seemed more oumerous than i n others, but were observed on 

sheep used i n a l l 3 of the seasons over which work extended 

{19U.6-kQ)* Wool yolk or grease i s w e l l known to be composed 

of a mixture of the o i l y s e c r e t i o n of the sebaceous glands, 

and of v a r y i n g amounts of ' s u i n t ' which has been considered 

to be derived from the 'sudoriferous' sweat glands (Freney 

19U0, Bonsma & Starke 1921+). The s u i n t f r a c t i o n i s known 

to a c t as a wetting agent (Hobson 19^+1) owing to i t s content 

of soaps, and to be hygroscopic (Preney ISkO; Hambrock et a l , 

193k), 

Laboratory experiments were c a r r i e d out on the 

spreading powers of raw wool yolk over blowfly eggs, and 

i t s e f f e c t s on t h e i r s u r v i v a l observed. Blobs of yolk as 

d e s c r i b e d above were obtained from a sheared f l e e c e , by 

p i c k i n g them with needles o f f locks of wool p a r t l y separated 

under a b i n o c u l a r microscope. The yolk so obt&ined was 

unchanged from i t s n a t u r a l mixed condition. Small pieces 

of yolk were separated from these blobs and used to t r e a t 

blowfly eggs i n various ways. 

I t was found t h a t raw wool yolk so obtained had iuery 

l i t t l e sprebding power over the outer s u r f a c e of the blowfly 



P o s i t i o n of wool y o l k eg£̂ s used I stage 

H a l f way along eggs 38 65 , 0 35 
on micropyle 39 15 , 0 80 

Untreated c o n t r o l s 35 100 0 0 

the eggs which were t r e a t e d with yolk on the micropyle, those 

that were able to hatch (15%) were those i n which f o r some 

reason the yolk had f a i l e d to spread over a l a r g e area. I n 

the 80^ of the eggs which had died at an e a r l y stage yolk 
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egg chorion, which i s known to be h y d r o p h i l i c (see page ]£). 

A piece of yolk placed h a l f way along an egg on the outside 

of the i n t a c t chorion u s u a l l y f a i l e d to spread at 37°C, and 

eggs so t r e a t e d completed development at appropriate humidities, 

on the other hand, i f the yolk was placed at the a n t e r i o r end 

of the egg so that the micropyle was covered, i t penetrated 

the c h o r i o n i c micropyle and spread over the egg as a t h i n 

f i l m between the inner s u r f a c e of the chorion and the outer 

s u r f a c e of the c.v. membrane (see page MS). A high proportion 

of eggs so t r e a t e d f a i l e d to complete development, being 

almost c e r t a i n l y asphyxiated by the covering f i l m of yolk. 

T h i s f i l m appeared to f i l l the a i r spaces i n the chorion 

(page 75 ) as shown by the f a c t that wherever spreading had 

occurred v i a the c h o r i o n i c raicropyle, the area of spread 

was i n d i c a t e d by the transparency of the chorion. The 

amount of spread was therefore judged by the area of the 

transparency. I t was p l a i n i n a l l the experiments that 

there e x i s t e d a high c o r r e l a t i o n between the amount of 

yolk spread over the egg, and i t s s u r v i v a l or non s u r v i v a l . 

Table 2G i l l u s t r a t e s the above fea t u r e s , i n t h i s t a b l e , of 

TABLE 26 

The e f f e c t of wool yolk on L . s e r i c a t a egg s u r v i v a l , 
70% R,H,, 37^' 

I 

% reaching various stages 
No, of Hatching]Prehatching*Early 
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had spread over most of t h e i r surface area i n each case. 

Experiments on the spreading powers of raw wool yolk 

over eggs at various humidities at 37°C showed that spreading 

r e a d i l y occurred at 70^ R.H, l e s s r e a d i l y at 805̂ , and hardly 

a t a l l at 90^. T h i s d i f f e r e n t i a l spread at d i f f e r e n t 

h u m i d i t i e s i s r e f l e c t e d i n the percentages of t r e a t e d eggs 

completing development a t three humidities (Table 27). I t 

w i l l be seen that few t r e a t e d eggs survived at 70^ R.H., 

TABLE 27 

E f f e c t of wool yolk on L . s e r i c a t a egg s u r v i v a l at 70, 80 
and SOfc R.a. 37^d. 

(Wool yolk placed on micropyle of each egg) 
I 

% reaching various stages 
i ' stage % R.H. No.of eggs used Hatching,Prehatohing E a r l y " 

70 36 11 5 81+ 

80 49 1+3. 1+ 53 

90 17 91+ ' 0 6 

w h i l e n e a r l y h a l f {k3fo) d i d s u r v i v e a t 80^ R,H., and 9k% a t 

30% R.H. I t was very c l e a r i n the experiments that a t 80̂ ,5 

R.H. those eggs that did s u r v i v e were those over which 

h a r d l y any spreading of yolk had occurred. The explanation 

of the f a i l u r e of yolk to spread between the chorion and 

CiV.raembrane of blowfly eggs at 90̂ ^ R.H. appears to be that 

a t t h i s humidity, hygroscopic substances (presumably part 

of the ' s u i n t ' f r a c t i o n ) i n the yolk absorbed s u f f i c i e n t 

water to make an emulsion, so that i t was unable to spread, 

such yolk blobs a t 90^ R.H. assumed a s l i g h t l y white opaque 

appearance, r a t h e r l i k e v a s e l i n e a f t e r prolonged contact 

with water, while yolk a t 70% R*H. had a t r a n s l u c e n t 

greasy appearance, presumably because i t contained l e s s 

absorbed water. At 80^ R.H. the yolk blobs had an 

intermediate appearance, and had intermediate spreading. 
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p r o p e r t i e s * (Table 27) , Very high humidities i n sheep 

f l e e c e s therefore not only provide s u i t a b l e conditions 

f o r eggs to complete development, but would a l s o emanci-

• pate them from the r i s k of asphyxiation by spreading of 

wool yolk. 

I t was noticed that more egg batches became covered 

with yolk when placed on the sk i n of the sheep than when 

pl a c e d 2 cm. o f f the s k i n . T h i s may have been due i n 

some cases to the presence of r e l a t i v e l y more yollc i n the 

b a s a l p a r t of the f l e e c e than f u r t h e r out. I t may a l s o 

have been due to the higher temperatures near tlie s k i n 

causing more r a p i d spread of yolk over eggs, B u r t t (1945) 

s t a t e s t hat wool grease extra c t e d from f l e e c e became 

l i q u i d at about 35°C, The raw unchanged wool yolk used 

i n the present work was observed a t v a r i o u s temperatures, 

through a h o r i z o n t a l microscope, i n a melting point 

apparatus. Wool yolk that had been d r i e d f o r s e v e r a l 

days over s u l p h u r i c a c i d was used. No sharply defined 

melting point was observed, as would be expected from i t s 

mixed c h a r a c t e r , but a gradual melting was observed which 

was not complete u n t i l about 55°G was reached. I t appears 

t h e r e f o r e that the raw yolk was more l i q u i d a t 37^0, than 

at 25°C, an average temperature f o r the outer p a r t s of 

the f l e e c e . Thus more r a p i d spreading would be expected 

to occur near the s k i n (about 37°C) than at points f u r t h e r 

out i n the f l e e c e . I t was found i n experiments a t 70̂ 5 

R.Hi 2k^0i "fclifi* spreading of the yolk over blowfly eggs 

did occur a t that temperature, but i t was too slow to 

prevent them from hatching, s i n c e i t took about 3O-5O hr. 

f o r extensive spreading to occur, while a t that temperature 

development was completed i n I6-I8 hr. 

I t appears therefore t h a t at l e a s t some of the cases 

of unexpected f a i l u r e of eggs to complete development, 

and of low percentage development i n batches, mentioned on 
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page ISOwere due to the asphyxiation of eggs through spreading 

of wool yolk over them, i n blowfly eggs n a t u r a l l y l a i d on 

sheep the spread of grease may k i l l them and prevent myiasis 

being subsequently s e t up. No information i s a v a i l a b l e as to 

whether t h i s f a c t o r i s of any p r a c t i c a l importance, and the 

present work merely points to i t s existence as a feature i n 

the ecology of blowfly eggs l a i d i n sheep f l e e c e s . 

DISCUSSION 

Since a proportion of L . e e r i c a t a eggs can complete 

development a t 50̂ ^ R.H* 37°C (page 33 ) the present 

observations on f l e e c e atmosphere humidity show t h a t 

s u i t a b l e h u m i d i t i e s f o r the development of the egf^B of 

t h i s s p e c i e s occurred comparatively frequently i n the 

f l e e c e s of some of the sheep used. The existence of sheep 

with more humid f l e e c e s than others (page maj throw 

l i g h t on the high s u s c e p t i b i l i t y of some sheep to blowfly 

m y i a s i s , while other sheep of the same breed and kept i n 

the same f l o c k remain f r e e from maggots. Such d i f f e r e n c e s 

i n s u s c e p t i b i l i t y between sheep are f a m i l i a r to every 

shepherd. I n sheep with humid f l e e c e s , s u i t a b l e f o r L . s e r i c a t a 

egg development the c r u c i a l f a c t o r would appear to be the 

extent and r a p i d i t y of r i s e s i n f l e e c e R.H. which would 

enable hatching to occur. The r i s e i n b a s a l f l e e c e humidity, 

caused i n some way by the presence of free water on the 

outside of the f l e e c e , described lay Macleod (1940) was a l s o 

found i n the present work. When the outside of the f l e e c e 

was wet, b a s a l f l e e c e humidities frequently rose to 60-80^5 

H.H* when some hatching would occur. The f l e e c e atmosphere 

near the s k i n d i d not however become saturated, again agreeing 

with fiacleod's f i n d i n g s * Rain drops were observed to penetrate 

w i t h i n 1 cm. of the s k i n along the back, i n short f l e e c e d 

Swaledale x Border L e i c e s t e r lambs, and a l s o i n short coarse 
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f l e e c e d Herdwick and swaledale wethers, i t can be v i s u a l i z e d 

t h a t sudden heavy r a i n , or sunny showery weather, i n addition 

to promoting f l y a c t i v i t y could provide sudden r i s e s i n f l e e c e 

R*H. and enable eggs to hatch. Under such conditions, th« 

a b i l i t y of the l a r v a e to remain imprisoned within the s h e l l 

f o r 3 hr. a t 37^0 (page /^0) i s of p o t e n t i a l importance, s i n c e , 

e s p e c i a l l y i n h i l l d i s t r i c t s , heavy r a i n may occur w i t h i n 

short periods during weather which is mainly sunny and 

s u i t a b l e f o r f l y a c t i v i t y . B l o w f l i e s are p a r t i c u l a r l y 

a c t i v e during the e a r l y forenoon, and eggs l a i d a t such a 

time would be reaching the hatching condition during a period 

when dew was f a l l i n g , or when the sheep might be l y i n g i n 

dew-laden vegetation. The sudden r i s e i n b a s a l f l e e c e R*H. 

when the outside of the f l e e c e i s wet, might lead to hatching 

of the eggs, e s p e c i a l l y i f they were not l a i d near the s k i n , 

For example, i n sheep 1 , the b a s a l humidities a t the t a i l h e a d 

and r i g h t c r u t c h p o s i t i o n s at OU.OO hr, on 9 J u l y , 1946, a 

cool morning with very heavy dew, were 68 and 67<lo R,H. respec

t i v e l y . At these p o s i t i o n s a t 14.00 hrs» on the same day when 

the sheep were dry and the afternoon hot, the humidities had 

f a l l e n to 53 and 57fjt r e s p e c t i v e l y . 

Laboratory experiments (page ) have shown that about 50yS 

of L . e e r i c a t a eggs s u r v i v e d i n saturated a i r a f t e r exposure 

fo r 7 - 8 hr. to a i r of kOfo R.H, 37°C, provided the eggs 

had not p r e v i o u s l y been exposed to high hiimidities. Eggs 

l a i d under dry f l e e c e conditions i n the f i e l d would therefore be 

expected to s u r v i v e i f the humidity rose sharply during the 

incubation period. The present work showed that such r a p i d 

r i s e s i n humidity near the s k i n of the sheep, do occur. 

I t seems, however, t h a t the t r a n s i t o r y e f f e c t of r a i n i n 

r a i s i n g the b a s a l f l e e c e R.H, would r a r e l y cause s t r i k e to 

develop, s i n c e f i r s t i n s t a r l a rvae of L , s e r i c a t a survive f o r 

only about 1 hr. at 50^ R.H* 37°C (Davies & Hobson, 1935) -

the l a r v a e would be k i l l e d as the R.H. f e l l again as the r a i n 
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drops evaporated from the outaides of the f l e e c e s . The 

p o s s i b i l i t y that numerous newly hatched f i r s t i n s t a r 

l a r v a e c l o s e l y congregated on a small patch of ski n are 

able, to cause a r i s e i n H.H* i n t h e i r immediate v i c i n i t y 

by causing serous exudate to be poured out due to s k i n 

i r r i t a t i o n , cannot however be neglected. 

I t was a l s o shown (page/^l-3) that L . s e r i c a t a eggs, 

i f incubated i n sa t u r a t e d a i r at 37*̂ 0 f o r a few minutes, 

could v/ithstand very l i t t l e d e s i c c a t i o n when subsequently 

incubated a t a low R.H, Th i s property of the eggs may be of 

importance i n preventing m y i a s i s development i n the f i e l d , 

p a r t i c u l a r l y when eggs are l a i d immediately a f t e r r a i n , 

s i n c e water present on the outside of the f l e e c e r a i s e s the 

H.H, near the s k i n f o r so short a time, 

A shade a i r temperature of 16°C and a humidity of 70«3 

R.H* may be considered to be f a i r l y average conditions i n 

B r i t i s h summer weather. T h i s represents a vapour pressure of 

9.5 mm. Hg. A b a s a l f l e e c e R.H. of l+Ô i and above may be 

considered to be common i n the sheep used i n the present work. 

Assuming t h a t the temperature of the a i r a t the base of a 

f l e e c e i s 36°c a humidity of 1+0̂5 R.H. there represents a 

vapour pressure of 17.8 mm. Hg, which i s considerably i n 

excess of that t y p i c a l l y found i n the e x t e r n a l a i r . Both 

Davies & HoTbson (1935) and Maoleod (1940) a l s o noted the 

higher vapour p r e s s u r e near the s k i n of sheep, even i n dry 

suiraner weather. They considered the excess to be due to 

evaporation from the s k i n . I t appears from the f l e e c e R.H. 

readings given by Llacleod (1940) that i n the sheep he used, 

evaporation of water from the s k i n as measured by the p o s i t i v e 

balance of vapour pressure near the ski n was much l e s s r a p i d 

than was found i n some of the sheep used i n the present 

i n v e s t i g a t i o n . Among the l a t t e r the high R.H, of the b a s a l 

f l e e c e , due presumably to a c t i v e sweating, showed marked 
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v a r i a t i o n s i n i n t e n s i t y and i n d i s t r i b u t i o n over the body. 

Of the 26 sheep of v a r i o u s breeds i n v e s t i g a t M i n d e t a i l i n 

1946, 5 were Down c r o s s lambs of which 2, studied i n d e t a i l , 

showed continuous sweating i n warm weather to such an extent 

that t h e i r f l e e c e s were humid enough near the s k i n f o r s t r i k e 

to develop, i n these sheep during one period, the u s u a l 

descending R,H. gradient towards the s k i n (ov/in;; to the 

higher temperatures near the l a t t e r ) was not present. 

I n s t e a d , a gradient i n the reverse d i r e c t i o n occurred with 

humidities of 70 -90^^ R.H. near the s k i n with 50 - 70^ R.H. 

i n the outer f l e e c e , i n none of the other sheep used 

( v a r i o u s Herdwicks and Swaledales) was such continuous 

g e n e r a l sweating found over large areas of the body. I n 

the l a t t e r sheep sweating over more r e s t r i c t e d areas and 

f o r s h o r t e r periods sometimes occurred. 

Many farmers consider Down breeds and t h e i r c r o s s s s to 

sweat more e s p e c i a l l y when f a t than other c l a s s e s of 

B r i t i s h breeds and i n add i t i o n they are considered t o be 

more s u s c e p t i b l e to blowfly m y i a s i s . I n 2 Down cross 

lambs (page llO-l) sweating was found f o r considerable periods 

to be more r a p i d at the withers, a region where s t r i k e s occur 

comparatively f r e q u e n t l y (Llacleod 1945), 

I t app-:iars probable that some par t of the su i n t f r a c t i o n 

(Freney 1940) of the l i v i n g f l e e c e represents the d r i e d 

r e s i d u e of the watery s k i n s e c r e t i o n s which, i n the present 

work was found at times to r a i s e the R.H, near th's s k i n of 

some sheep. That r a p i d changes may occur i n the r a t e of t h i s 

s e c r e t o r y a c t i v i t y i s suggested by R.H, chan;jes, i n the 

basal' f l e e c e atmosphere which can occur (page 114)* I n view 

of thesa obsei^vations the work o f Hobson (1936) appears i n 

a new)'light. Ho c a r r i e d out s u i n t analyses on wool samples 
/ 

X rom.'struck and unstruck sheep and concluded that s t r i k e 

could occur when the s u i n t content was low. T h i s r e s u l t does 
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not preclude the p o s s i b i l i t y that s u s c e p t i b i l i t y to s t r i k e 

may sometimes be l i n k e d with rapid sweating, leading to high 

b a s a l f l e e c e h u m i d i t i e s . Such a c t i v i t y night render a region 

s u i t a b l e f o r s t r i k e developrasnt, before any appreciable l o c a l 

r i s e i n the auint content of that p a r t i c u l a r p a r t of the f l e e c e " 

could occur. Hobson (1936) a l s o found that i n Welsh Mountain 

sheep, f l a n k and b e l l y wool contained more s u i n t than wool 

from other p a r t s of the body. I n sheep studied i n the present 

work, 2 Down c r o s s lambs (page WVT) showed sweating r e s t r i c t e d 

to the f l a n k s f o r a considerable period, and one swaledals 

ram (sheep 10 ) not included i n the t e x t f i g u r e s , was a l s o ' 

found to sweat continuously on the f l a n k s alone f o r a period 

of 3 weeks. These observations tend to confirm the b e l i e f 

t h a t the s u i n t f r a c t i o n does have some connexion with 

sv/eating. Preney (1940) has already suggested that s u i n t 

may be a c o n s t i t u e n t of true sweat, u t i l i z e d to regulate body 

temperature. 

The s u b j e c t of sweating i n sheep i s considered f u r t h e r 

i n P a r t IV (page Ilf.'57l54). 

Although the study of the f a t e of laboratory l a i d 

b lowfly egg batches, placed i n sheep f l e e c e s i n c o n ^ n c t i o n 

with R.H. readings at the s i t e s at which they were placed, 

was not c a r r i e d out on as l a r g e a s c a l e as would be de s i r e d , 

i t confirmed i n general the evidence obtained i n the d e t a i l e d 

study of f l e e c e R,H. and the laboratory experiments on the 

humi d i t i e s required by the eggs of the various s p e c i e s to 

complete development. A t o t a l of 185 egg batches of the 6 blow

f l y s p e c i e s studied were placed at va r i o u s p o s i t i o n s i n the 

f l e e c e s of 27 sheep. The r e s u l t s showed that humidity 

conditions i n 1946 were frequently maintained at l e v e l s 

s u f f i c i e n t f o r L . s e r i c a t a eggs to complete development. 

The r e s u l t s obtained with the eggs of the various species 

i n f l e e c e s , are not comparable with each other, f o r various 
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reasons, i t was Bound that conditions f o r the s u c c e s s f u l 

development of L.caesar, L . i l l u s t r i s , P.terranovae and 

C,vomitoris eggs were more r a r e l y found. Experiments 

showed that temperatures near the s k i n of 7 of the sheep 

used, were too high f o r C v o m i t o r i a eggs to develop, and 

must therefore have been too high f o r C> erythrocephala eggs 

as w e l l (page 5 t ) . Measurements of the length of incubation 

L . s e r i c a t a ^ggs under wet pads on 3 of the above 7 sheep at 

the same time, showed that the temperatures near t h e i r s k i n 

s u r f a c e must have averaged about 37^0, 

F i e l d work and laboratory experiments suggested that 

b l o w f l y eggs i n sheep f l e e c e s may sometimes be asphyxiated 

by becoming covered with a f i l m of wool grease. T h i s 

spreading of grease was found to be more rapid and common 
o 

a t temperatures of about 37 G hnd humidities of below 70j6 

R*H. 

I n c onclusion, i t may be s t a t e d that the present work 

shows that blowfly eggs laid i n sheep f l e e c e s face 3 main 

hazards. These are - too low a humidity leaoing to death by 

d e s i c c a t i o n ; too high a temperature leading to heat deathj 

and the danger of -wool grease spread causing death by 

asphyxiation* A co n s i d e r a t i o n of these sources of m o r t a l i t y 

p l a i n l y i n d i c a t e that the outer p a r t s of sheep f l e e c e s are 

f a r more s u i t a b l e f o r blowfly egg s u r v i v a l than the inner p a r t s 

c l o s e to the s k i n . I n the outer p a r t s the temperatures are 

lower, and thus humidities tend to be higher, and the r i s k 

of wool grease spread i s reduced. Near the s k i n of sheep, 

the temperatures are higher and humidities lower, and the 

r i s k of wool grease causing death of eggs i s increased. The 

occurrence of ra p i d sweating, already discussed tends to 

rever s e the above r e l a t i o n s h i p s . 
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SUMMARY 

1) Comparative determinations of f l e e c e atmosphere R.H., 

u s i n g cobalt c h l o r i d e papers and paper hygrometers showed 

that the former were r e l i a b l e , , although t h e i r use was 

s u b j e c t to a l i m i t e d humidity range (40-7O5S R»H.). Cobalt 

thioeyanate and cobalt c h l o r i d e papers containing g l y c e r o l , 

extending the range of r e l i a b l e readings to 25-95^ R.H. were 

a l s o used. Determinations made by means of wool samples 

were found to be subject to large p o s i t i v e e r r o r s , since 

the wool near the s k i n of sheep did not appear to be i n 

with the f l e e c e atmosphere. 

2) Measurements of f l e e c e R,R. by c o b a l t - c h l o r i d e papers on 

28 sheep of various breeds showed that the R.H. v a r i e d 

eonsiderably from day to day i n i n d i v i d u a l sheep, and i n 

d i f f e r e n t sheep at the same time. The considerably more 

humid conditions found i n the f l e e c e s of some sheep i s 

suggested as one of the contributory f a c t o r s to the 

d i f f e r e n t i a l s u s c e p t i b i l i t y to blowfly myiasis of the 

i n d i v i d u a l sheep i n a f l o c k . The common condition i n most 

of the sheep was one of low R,H. unsuitable f o r blowfly eggs 

to develop. 

3) R.H. measurements and a study of the f a t e of L . s e r i c a t a 

egg batches placed i n f l e e c e s showed, however, that 

c o n d i t i o n s s u i t a b l e f o r development were r e l a t i v e l y 

f r e q u e n t l y experienced i n the sheep used. Humidities 

high enough f o r hatching were more r a r e l y found, 

4) Observations on L.caesar, L . i l l u s t r l s and P.terranovae 

eggs placed i n f l e e c e s showed that conditions s u i t a b l e f o r 

t h e i r development were sometimes found, 

5) Evidence i s produced that C.erythrocephala and C.vomitoria 

eggs are unable to develop near the s k i n i n f l e e c e s because 

the high temperatures occurring there are l e t h a l f o r them, 

6) I t was found that blowfly eggs may sometimes be k i l l e d i n 
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f l e e c e s by the spreading of wool grease over them. 

Laboratory experiments showed that when small q u a n t i t i e s 

of raw wool yolk were placed on the mlcropylee of eggs, 

spreading of grease between the chorion and the underlying 

c.v. membrane, v i a the micropyle, r e a d i l y occurred under 

c e r t a i n conditions causing asphyxiation of the embryos. 

7) Rapid s e c r e t i o n of watery m a t e r i a l by the skin ( i . e . 

sweating) leading to s u i t a b l e humidity conditions f o r 

blowfly eggs, was detected. The various sheep used showed 

great d i f f e r e n c e s i n sweating r a t e s , the most r a p i d 

sweating being found i n 2 Down cross lambs, where at one 

period, the l i m i t i n g f a c t o r f o r the development of myiasis 

on them must have been that b l o w f l i e s were not a t t r a c t e d 

• to them. 



SWEATIM IN SHEKP IN 11LATI0N fO BLOWFL'^ 3m 

I t has been g e n e r a l l y h e l d that ©heep d© not 

watery sweat over the general body surfaee ifl pM&w %& 

r e g u l a t e body t©Hiperature, and that the e®il glands t l i t t 

are numerous s^nd w e l l d i s t r i b u t e d over the h©dy (^aftti',|, M>§$) 

were mainly suderiferous glands ©f the ap©eriBe 

produQing mainly s o l i d ©r semi s o l i d s e c r e t i o n s with 

n e g l i g i b l e amot^'^s of water from the p ^ i n t of view &i 

temperature r e g u l a t i o n , sueh sudorilferous glaEids are w«l.l 

developed on c e r t a i n p a r t s of the bMy, such as th« a x l l A a i 

and gr®ins, Svaperatien of moisture from the gklB, was fgjiaBd 

by Davies & Hobson (1935) Maeleft (194©), sllie$ the 

vapour pressure of the a i r next to the s k i n wa® u s u a l l y 

considerably i n excess ©f that of the e x t e r n a l a i r . fh# 

moisture responsible f o r t h i s ©xcses when the b a s a l f l e e c e 

R.H, i s 30-40% EiH. can be accounted f o r as ' iBsensible 

perspii-ation*. (Kuno, 1934,pag® 46) r a t h e r than t® evaf®3^tii|#n 

of r a p i d l y produced watery secretion®. Readings ©f flmmm 

R,H. i n the present work (pagel^^«j) sh©w®d that l a am» sli;$ep ' 

at c e r t a i n times evaporation of isoisture froB? ths s k i n 

proceeded on a s u f f i e i e n t s c a l e to maint-sln huff l idi t i«s (?f 

76-90f R.H* near the s k i n f o r considerable periods. This 

suggested that ' s e n s i b l e p e r s p i r a t l e n ' or sweating was 

oGcurring* Th© woi^ @f Lee and Robijason (1941) the e f f e c t s 

of hot atisosphsres ©h Merino sheep prodaeed 4i54©ncluffiive 

evidence that they sweated considerably.. They fSund that. I n 

n e i t h e r a hot dry aor i n a hot wet attJBoepker* could r e s p i r a t e r y 

evaporation assount f o r more than ©ne t h i r d ©f the observed 



weight i l f s s . o f experimental sheep, asd suggested t h i t tfet 
s k i n sweating may help t o account f o r the differsisice.* WM 

and h i s e®-work®rs i n a d d i t i o n expfisriraented w i t h th<e f t lHl f 
p i g , cat and dog (L®®, Robinson & Hines, 1941) t®bUi®m * 

1941a, b, ©), and found t h a t the sheep showed ths ffestiiii 
tolerance t o hot atmoepheres of a l l species s t u d i ^ i 

Preney(1940) attempted to detect sweating i n s M e f t#%tf 

muscular e x e r t i o n . He made moisture content d e t e f w i f i a t l t t f i 
on basal f l e e c e wool samples from Merino sheep, 'feefeft âll:, 

a f t e r they had been mad© t o run f o r several minatit., 
by men w horseback, ©n a hot sunjjy day. freaey f u l l e d 
f i n d any s ignif ieaEit increase i n the moisture mn%^mt ©I 

samples aftei? the sheep had been so exerted„ and 
shesp probably d i d u^t .sweat. He i d not however ^lairai 
have s e t t l e d the problem ooncluslvely* 

I t wag. decided f e r e i n v e s t i g a t e the problesi ©f 
i n sheep, since h u i M ^ t y readings taken i u d i e s t ^ t t h a t i n 
some sheep, i t might produce eonditlons s a i t a b l t f t r feieiifiy 
eggs t o develop and hatch. A ease has already be»m eitej: 
(page 110) of one shesp on which a s t r i k e was induged s^rejly 
by p l a c i n g eggs near the s k i n , wit l i o u t any a r t l f i r i a l a M I l l ^ 
of water* The humid conditions ©.n t h i s sh@@p SLMA ©a ®tl#®i 
used during the work appeared to be due to r a f i d tUtHtli&fc.) 

More s e n s i t i v e methods were aaiployed i n the de^tetti^Si; 
of sweating in sheep, than the w©ol saaiple BBQistuye de^eywln^ 
a t i o n s o f Preney (1940). The use o f c o b a l t ^ c h l o r i d e paper s t r i p s 
enabled determinations ©f the hmisidity gradient* i n sheep 
f l e e c e s , from the skin surface outwards, to be e a r r i e d ©ut. 
The use o f c o b a l t ^ e h l e r i d e paper i s b a s i c a l l y a i i f t i l a r t© the 
use o f the coleur ehanges of eofealt s a l t s in the detection 
ofsweat areas, emfloyed i n medical research ( f o r references 
see Darrow, 1943). 

I THE EFPBCT OF MUSCULAR EXERTION ON SWBATM 
Experiments ©n the e f f e c t s of running on fleece R.H, were 



Qaj?pi&§, mt on 2 slig^f (uos. a n i 10) at Grag Pam| 

SavenglasB, GumberlandL during e©©! weather 1b Aggust* l t ^ # * 

JSeJhod, Cofealt-eiiloride s t r i p s w®r© plaeed a i s t a s i a ^ i 

p o s i t i o n s i n the flee©e of the sheep %Q "be vm^T^iL 

a f t e r 30 rain, and stored isaaediately i n lig.iiLid paa-affia 

i n routiBe fleee© readings (page 100), a Beyond &e% ©f 

stripf3 was plaeed i n the same p o s i t i o n s and t i * i geeurely 

i n p o s i t i o n , and the sheep, aecoispanied fey ̂ the^e were then 

caused to run r a p i d l y around a f i e l d f o r s o b b § 10̂ 15 a l m t e e 

hy means o f dogs. At the end of t h i s period opera-^fBsuthei 

panting g e n e r a l l y oecurred i n th« shsep whieh w«3?« then 

penned and ahout 15 mins. allowed t© pass befor® the seeand 

set o f papers was removed. A t h i r d s®t of papers was 

SGiaetiiBes placed I n th® f l e e c e t© measure postifele changes 

i n f l e ^ e e R*H. t a k i n g p l a e s some tiwg a f t e r eeseatio^n @f 

running. As i n the aass of routine readingsij «ar« waa 

taken not to d i s t u r b th© f l e e c e s t r u e t u r e . 

R e s u l t s . The i n f o n a a t i o n gained i n the k esEperlments e a r r i e d m:^ 

i s given i n Tahle2.S(page ll*t>"7). Readings were taken a t thsi ^ 

two .ends of eaoh 2 s t r i p , so that readings given i n ^ 

Tahl© Z2 r e f e r to the s k i n Burfae© and t o a p#iBt 2 em, ©ff 

the s k i n i n each oase* The p o s i t i o n syiabols are the same 

as those p r e v i o u s l y used (see Appendix page 179 ) , i t w i l l 

be seen from the t a b l e , by eomparing the readings ©bijained a t 

the various p o s i t i o n s 5 o i n before th© sheep was run, with 

th© Gorresponding readings 20-30 min, a f t e r running, that 

i n c r e a s e s i n f l e e c e l«H», e s p e c i a l l y near the s k i n , 

occurred at some f o s i t i o n f l n a l l f®ar experiments, i n some 

cases these were s m l l , but soraetines the in e r e a s e s were b i g , 

f o r example i n Sxpt. k (Table E8(d)) the S.H» at the skin at 

the withers p o s i t i o n of sheep h increased frora below kO% R,H. 

5 fflin. before running to 60% R.H. 20 Klin, a f t e r running* 

These i n e r e a s e s i n f l e e c e R.H. produced by exertion of the 



TA5LB 2g 
E f f e c t o f muscular* exertion on f l e e c e E.K* 

, . , _ ^ . % R.ri, i n f l e e c e 
[ 5*^111 .before ^owning Jo. mn.flP^<? tu^nmj t 1 hf. rynm^tg 

P o s i t i o n Bkin surfaoe 2 c;iu slriln siirfaoe, 2 cai akin surface 2 cm 

(^) Ba p t ^ l * 1 1 Aug. 1 1 3 . 1 5 - 1 5 . 0 0 hp. A±r teiiip»l6 0 . Sunny with 
weQt "breeze. RheeT3 it. I 

w below UOj below l+O k3 kk 4 8 

M btlow I4.O bti»wi{.n below 4.0 btWw 40 

T " kO 1 " UO kk kk - -
SP ko ko k2 k3 kk telow40 

HB - 40 ko ' - - - -
HO. ' k O ' " ko 52 - -

Zl»«!-oe>*tr 
(b) Expt . 2 . 13 Aug, 13.30-15.30 hr. A i r teinp.l6°C. "Heavp r a i n 

previous nigLt. sheep dry by 13.OO. sheep 4. 

\7 btlow 40 below 4 0 55 4 8 below 40 t :l«w40 

M* 57 , 1 0 0 70 - - 40 7 5 

T btlow l^Q 4 0 57 - 40 -
" 40 bcW40 - - 40 4 1 

RB " 40 - - - 40 -
RC 40 50 62 62 k5 -

— ~ — — *~ —iOTBuillhiffTlnintci) —' —• 

Sxpt . 3 . 15 Aug. 13.00-14.30 hr. A i r teiap^ 
Sheep kept i n doors overnight, sheep 4 . 

. 13°C. Sunn^. 

W btlqw 40 Mow 40 4 6 btlow iĵ O btlow ko 

M - 40 t l 40 btlow î O ttio*40 " 40 btlow 40 

T '• 40 II 40 50 4 4 " 4 0 4 5 

RF 40 f l 40 44 4i+ " 40 k5 

RB 4 0 4 9 4 6 - - 4 0 k5 

RG 4 3 59 45 4 8 - 40 4 5 

previous night, and had not yet completely evaporated froiii 
w i t h i n the f l e e c e by 1 5 . 3 0 hr. 
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TABLE (continued) 

P o s i t i o n 
"5 roln.before^runnlng 
s k i n s u r f a c e 2 cm. 

% R.H.. i n F l e e c e 
20 min. a f t e r running 
s k i n surface 2 cm 

(d) E x p t . L 20 Aug. 12.30-13.30 hr. 
west breeze, sheep k and 10. 

(1) Sheep U. 

A i r temp. 1J$°C. Sunny, 

w 1 below kO below 40 60 below 40 

M below kO below 40. ' below 40 below 40 

T below 1+0 below 40 4 5 below 40 

RP below kO below 40 4 1 4 1 

RB \ below kO 4 0 5 5 50 
RC lielow kO 4 4 i 5 5 5 2 

(2) Sheep 10. 
1 

W below kO below 40 
j 

below 40 below 40 

M below kO below 40 below 40 below 40 

T below kO below 40 4 3 below 40 

RP below i+O below 40 ; below 40 below 40 

RB below kO 4 5 ' below 40 4 5 

RC below 40 4 5 50 5 4 

sheep suggest s t r o n g l y t h a t sweating was caused by the exertion. 

D e t a i l s of the two sheep used w i l l be found i n the Appendix 

(page ISO), and both throughout the experiments were normal 

h e a l t h y animals as f a r as could be judged by f l e e c e condition, 

f a t n e s s , colour of the inner merabrance of the e y e l i d s , and 

general appearance. Thus the r e s u l t s were not obtained on 

s i c k animals, and the sweating cannot have been a pathological 

phenomenon* Sheep 4 was f i r s t s e l e c t e d f o r the running 

experiments because routine f l e e c e readings had shown that 

i t s f l e e c e atmosphere was u s u a l l y considerable d r i e r than 

many of the other sheep ased (see Pig. E.0 , page IO7 ) , 



Comparison of readings taken 20 njin. a f t e r running, 

with those taken 1-2 hr. a f t e r running (Table Z% , Expt . 1 , 2 , 

& 3) shows that by the l a t t e r time the R.H. near the s k i n a t 

many p o s i t i o n s had f a l l e n again to t h e i r o r i g i n a l low l e v e l . 

I n Expt . 3 (Table2.8) c a r r i e d out on a cool day ( a i r temp.l3°c) , 

readings taken only 50 min. a f t e r the end of running showed 

that the f l e e c e R.H's of sheep 4 had already f a l l e n to t h e i r 

o r i g i n a l v a l u e s. The e f f e c t of a running period of 10-15 mins, 

on the b a s a l f l e e c e R.H's was thus very t r a n s i t o r y . 

A constant f e a t u r e of Expt. 1, 3 and 4 (Table ES) i s the 

complete absence of any detectable r i s e i n R.H, at the roidback 

p o s i t i o n of sheep 4 a f t e r running (Bxpt. 2 i s i n v a l i d a t e d 

i n t h i s r e s p e c t , .owing to the chance penetration of r a i n to 

the s k i n a t the midback p o s i t i o n , during heavy r a i n on the 

previous n i g h t ) . T h i s constant absence of sweating at the 

midback of sheep 4, while p o s i t i o n s quite c l o s e to i t (e.g. 

w i t h e r s and t a i l h e a d ) showed sweating i n a l l 4 experiments, 

i s i n t e r e s t i n g . The distance between the midback and the 

w i t h e r s p o s i t i o n i n sheep 4 was only about 30 cm. T h i s 

shows that sweating r a t e s i n sheep can vary considerably 

between p o i n t s f a i r l y c l o s e together on the body, Llacleod 

(1943) has drawn a t t e n t i o n to the existence of h i g h l y 

s u s c e p t i b l e s m a l l a r e a s on some sheep, where myiasis may 

become e s t a b l i s h e d i n s u c c e s s i v e seasons, to the e x c l u s i o n 

of others. These s u s c e p t i b l e areas may be due to the 

occurrence of r a p i d sweating on them, rendering them i n some 

way s u i t a b l e f o r m y i a s i s development. 

The running experiments described above can be considered 

only as p r e l i m i n a r y experiments on the subject of sweating 

i n exerted sheep, s i n c e only 2 sheep were used information on 

the p o s s i b l e v a r i a t i o n i n sweating between i n d i v i d u a l sheep 

when s i m i l a r l y exerted i s not a v a i l a b l e from these r e s u l t s . 
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I I THE EFFECT OF HIGH EXTERNAL TEMPERATURES OH SffBATIHQ 

Method. I n August, 1948, experiments on the e f f e c t s of 

high temperatures on f l e e c e R.H. were c a r r i e d out on 2 sheep 

(nos* 4 and 53). High temperatures were obtained i n an 

i n s e c t a r y f i t t e d w i th e l e c t r i c h e a t e r s . A wooden c r a t e 

(7*0" long X 3'6" wide) was b u i l t i n t o the i n s e c t a r y to 

hold the sheep. With 2 sheep within i t , some movement of the 

sheep was p a s s i b l e . - they could walk about twice t h e i r own 

length before having to turn around; complete I n a c t i v i t y was 

not imposed on them. S o i l i n g of f l e e c e s was prevented by 

covering the f l o o r with straw. They were fed on f r e s h l y cut 

g r a s s of the s p e c i e s p a l a t a b l e to sheep, and were given i n 

a d d i t i o n about 2 l b . crushed oats d a i l y to reduce the e f f e c t s 

of the c l o s e confinement on t h e i r condition. A f t e r completion 

of the s e r i e s of experiments i t was estimated that the sheep 

used were i n b e t t e r condition than before, so that the 

information on the e f f e c t s of high temperatures was not 

obtained on sheep i n d e c l i n i n g condition, s i n c e the 

dimensions of the i n s e c t a r y were sm a l l , the great heat out

put of the heate r s enabled temperatures of 35-38°G to be 
a t t a i n e d w i t h i n i t , i n as short a time as 90 min. The 

e f f e c t s of sudden l a r g e temperature i n c r e a s e s on f l e e c e 

humidity could then be studied. Ti^ormootat Temperature 

records i n the i n s e c t a r y were kept by means of a 24 hr. thermo-

hygrograph and a mercury thermometer. The thermohygrograph 

was s i t u a t e d c l o s e to one s i d e of the c r a t e , a t 2' above the 

f l o o r , i . e . about the same height as the back of the sheep. 

The temperature readings i t gave during an experiment were 

checked against the mercury thermometer. I t was found that 

when the temperature w i t h i n the i n s e c t a r y was changing, the 

thermograph showed a time-lag of 15-30 niin. I n the temperature 

curves f o r experiments i n f i g s . E(>-28 the time-lag i n the 
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thermograph records has been corrected, lt„ was found that 

the maximum temperature recorded on the thermograph record 

c o i n c i d e d to within ± 1^0 of the temperature recorded by the 

mercury theraometer* 

Readings of f l e e c e R.H. were c a r r i e d out on the sheep 

by means of 2 cm. double s t r i p s (page 120) i n a manner already 

d e s c r i b e d (page 99-100), 

R e s u l t s , The r e s u l t s of two prel i m i n a r y experiments were 

u n s a t i s f a c t o r y because the f l e e c e R.H's of the 2 sheep were 

found to be already high (mainly over 60^^) without t h e i r 

having been subjected to hot atmospheres* (These i n i t i a l l y 

high f l e e c e humidities may have been due to 'ps y c h o l g i c a l ' 

sweating on the part of the sheep, owing to disturbance and 

strange surroundings). The sheep were allowed 2 days to 

become accustomed to the i n s e c t a r y conditions and frequent 

handling. 

F i v e separate experiments were c a r r i e d out. The 

procedure i n each was the same. Successive f l e e c e R.H, 

readings were taken at standard points on the sheep commencing 
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before the i n s e c t a r y temperature was r a i s e d and continuing a t 

i n t e r v a l s of 0.5 or 1.0 hr. during the,period of high 

temperature and ending a f t e r the temperature had been all6wed 

to drop again. I n s e c t a r y R.H. (measured by thermohygrograph) 

f l u c t u a t e d i n a s i m i l a r manner during a l l experiments, being 

70-805̂  during low temperatures and f a l l i n g to 45-55^ by the 

time the temperature rose to 33-37°C. The humidity record 

during high temperatures l a probably not accurate owing to 

the long temperature range. 

Some records of f l e e c e ^.H. from s e l e c t e d p o s i t i o n s 

during expts. 2, 3 and 5 are given i n f i g s . Z(a-Z% (page 150-1 ) 

together with the corrected thermograph records i n each case. 

The f u l l r e s u l t s w i l l be found i n the Appendix (page ^29-^3t»). 

Pi g . 2(> shows pronounced changes i n sktn surface R.H. a t 

one p o s i t i o n i n each of sheep 43 and 53. Great i n c r e a s e s 

i n R*H. near the s k i n occurred as the i n s e c t a r y temperature 

rose* These high h umidities were maintained at 70-80^ R.H. 

from 11.45 u n t i l about 13.30 hr., while the temperature 

remained a t 33-37°C. Prom 13.30 to 16,30 hr. the I n s e c t a r y 

temperature f e l l from 37° to 20°C, and during the same 

period f l e e c e R.H. a t the 2 po s i t i o n s f e l l to the region 

of 55-65^. Changes of the same type occurred during the 

experiment i n R.H. a t 7 other p o s i t i o n s on these 2 sheep. 

The rapid r i s e and f a l l i n R.H. near the s k i n c o r r e l a t e d 

with r i s e and f a l l i n e x t e r n a l temperature, suggest strongly 

t h a t r a p i d sweating was induced i n the sheep during the period 

of high temperature, i n Pig.2(» i s included the graph of R.H. 

at 2 cm. o f f the s k i n a t the withers p o s i t i o n of sheep 53* 

I t i n d i c a t e s that R.H. changes at t h i s point were much l e e s 

than a t the s k i n s u r f a c e . T h i s shows that during the period 

of high temperature the main R*H. changes occurred i n the 

b a s a l p o s i t i o n of the f l e e c e next to the s k i n , and confirms 

the hypothesis that the changes were due to sweating, and 
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TABLE 29 

Proportion of c o b a l t - c h l o r i d e papers showing sweating i n hot 
atmosphere experiments 

When heaters were OFF When heaters were ON 

EXDt.No. No sweating sweating ' No sweating Sweating 

1 12 0 7 11 

2 30 1 16 20 

3 25 0 10 5 
4 • 30 0 5 2 

5 1 23 0 4 8 , 

T o t a l s : . 120 1 42 4 6 i 
i 

not p r i m a r i l y to changes which occurred i n the R.H. of the 

i n s e c t a r y . The l a t t e r f a c t o r may have had some e f f e c t on f l e e c e 

R.H's, p a r t i c u l a r l y a t 2 cm. o f f the s k i n . 

i n Expt*3 ( P i g . 28 ) during the period 0 9 . 1 5 - 14.30 hr. 

when the i n s e c t a r y temperature rose very slowly from 1 6 ° to 

about 22°C, f l e e c e R.H's f l u c t u a t e d i n an indeterminate 

manner* Prom 14J5 to 16.30 hr. the temperature rose from 

22 to 38°C and simultaneously the f l e e c e R.H. at a l l 5 of the 

p o s i t i o n s used (3 only are graphed I n Pig. Z% ) rose sharply 

to the region 65-75^ and f e l l l a t e r a s the temperature dropped 

to 22°C. The R.H's i n Expt. 5 ( P i g . 2] ) and i n Expts. 1 and 4 

underwent comparable changes, and bear out the suggestion that 

sweating occurred i n the sheep during high temperatures. 

An a n a l y s i s was made of the proportion of c o b a l t - c h l o r i d e 

paper s t r i p s used which showed r a p i d sweating. The c r i t e r i o n 

adopted Was the occurrence of a higher R.H. next to the s k i n 

than a t 2 cm. o f f I t , as was done with papers used i n f i e l d 

work (page 117 ) . The r e s u l t s are given i n Table ^9 (page 155 ) , 

I t w i l l be seen from t h i s t a b l e that while the i n s e c t a r y 

h e a t e r s were switched on i . e . when the temperature was high, 
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or r i s i n g , 46 readings showed sweating by the above c r i t e r i o n , 

w h ile 42 did not. When the heaters were o f f , i . e . .when the 

temperature was low or r a p i d l y f a l l i n g , only 1 reading showed 

sweating while 120 d i d not. T h i s shows f a i r l y c o n c l u s i v e l y 

that sweating was induced by the high temperatures, and 

disproves the p o s s i b l e objection to the work that the sheep 

would have sweated i n any case without t h e i r s u b j e c t i o n to 

high temperatures. Table H.9 and the f l e e c e R»H. curves 

given i n f i g s . 24-28 a l s o show that sweating conmenced i n the 

sheep almost simultaneously on r a i s i n g the temperature, and 

ceased promptly as soon as the temperatures f e l l . I t should 

of course be pointed out that the temperature f l u c t u a t i o n s 

to which the sheep were subjected were very la r g e compared 

with those encountered i n the f i e l d i n th« country. 

' DISCUSSION 

The r e s u l t s ^ r u n n i n g and hot atmosphere experiments on 

sheep described above leave l i t t l e doubt that some sheep a t 

l e a s t do sweat to some extent i n order to regulate body 

terapei'ature. S i nce the experiments were c a r r i e d out on such 

s m a l l numbers of sheep d e t a i l e d d i s c u s s i o n of the p o s s i b l e 

r o l e of sweating i n the development of sheep blowfly myiasis 

i s not a t present warranted. The detection of rapid and 

continuous sweati)ng on sheep e a r l i e r i n the work (page I I I ) 

and the demonstration that humidities high enough f o r blowfly 

egg s u r v i v a l and m y i a s i s development were maintained i n t h e i r 

f l e e c e s , i n d i c a t e s the p o s s i b l e importance of sweating i n 

t h i s r e s p e c t . 

The hot atmosphere experiments f i t i n with those of 

Lee and Robinson (1941) on weight l o s s e s from Merino sheep a t 

high temperatures. ^ 
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SUMIviARY 

1) Pour experiments on 2 d r y - f l e e c e d sheep I n opol weather 

showed that muscular exertion caused t h e i r f l e e c e R.H's 

to r i s e f o r a period, and then to drop to t h e i r form«r 

low l e v e l s . T h i s i s i n t e r p r e t e d as evidence f o r sweating 

i n these sheep, caused by muscular exertion. 

2) i n 1 sheep, sweating at the withers p o s i t i o n but not a t 

the midback was detected i n 3 experiments. T h i s suggests 

that sweating may vary markedly between various points 

f a i r l y c l o s e together. 

3) I n c r e a s e s i n f l e e c e R.H* near the s k i n were a l s o detected 

i n sheep when subjected to hot atmospheres (25-37%). The 

synchronization of f l e e c e R.H. changes with those of 

temperature i n d i c a t e that sheep sweat i n hot atmospheres 

I n order to regulate body temperature* 

4) The r e s u l t s are regarded as being purely preliminary i n 

nature. 
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GENERAL SUMI,IARY OP WORE 

Of the b l o w f l i e s whose eggs were studied, those of 

L . s e r i c a t a were found to be the most d e s i c c a t i o n r e s i s t a n t . 

Those of L . c a e s a r , L . i l l u s t r i s and P.terranovae were found 

to need r a t h e r higher h u m i d i t i e s , while those of C.erythrocephala 

and C v o m i t o r i a needed both higher humidiljes and lower 

temperatures to s u r v i v e . 

Experiments i n d i c a t e d that blowfly eggs are water

proofed by a l i p o i d l a y e r , s i t u a t e d between the chorion and 

the c h o r i o n i c v i t e l l i n e membrane, i n a manner fundamentally 

s i m i l a r to the egg of Rhodniue and to i n s e c t c u t i c l e as 

e l u c i d a t e d by other workers. 

The s e n s i t i v i t y of the hatching of blowfly eggs to R,H,, 

so w e l l demonstrated by Davles & Hobson by t r a n s f e r r i n g eggs 

from s a t u r a t e d a i r s h o r t l y before hatching i n t o 50^ R.H. and 

thus preventing hatching, i s amplified by the observation ^ 

of humidity-dependent shape shanges i n the egg s h e l l i n the 

course of the present work. 

F l e e c e R.H. observations bore out the frequent occurrence 

of low R.H.'s there, s t r e s s e d by previous i n v e s t i g a t o r s . 

The f l u c t u a t i o n s of f l e e c e R.H, due to r a i n or dew were 

prominent f e a t u r e s of the present study, and t h e i r p o s s i b l e 

r o l e i n genesis of s t r i k e has been pointed out. 

The d e s i r a b i l i t y of a b i o l o g i c a l study of the f l e e c e 

microclimate, by studying the fate of blowfly eggs i n 

f l e e c e s i s i n d i c a t e d by the r e s u l t s of prelimiuary experiments 

on these l i n e s described i n t h i s t h e s i s . 

The occurrence of high R.H's c l o s e to the s k i n i n sheep 

under c e r t a i n conditions l e d to the detection of sweating, 

which was subsequently demonstrated by means of muscular 

e x e r t i o n of the animals and s u b j e c t i n g them to hot atmospheres. 

Experiments showed that sweating might provide s u i t a b l e 

c o n d i t i o n s i n f l e e c e s f o r blowfly eggs, a s t a t e of a f f a i r s 

not recognized h i t h e r t o . 
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161. 

EXPLANATORY HOTE OH CLASS IPIOATIOH OP THE VARIOUS 
STAGES REACHED BY ÊOOS IH WATER-BATH HUMIDITY 

EXPERIMENTS 

in the following tables giving the results of the above 
experiments, and in various fables in the text giving the 
proportion of the eggs used reaching various stages of devel
opment ̂  the columns are headed as follows:-

H a Hatched} ^ ss Prehatchlng stage; |Alg » Late Mouth-
Hook stage; E l ^ m Early Mouth-Hook stage; and g or Early 
s Early stage. 

This classification i s to a large extent arbitrary, in 
tables where only an •BMH* or *MH* column Is given and *LMH* 
is omitted, the eggs i n that column represent those reaching 
the ŜMH* stage plus those reaching the *LHH* stage. The 
distinctions between eggs reaching 'LUH* stage and *EMH* 
stage were not well defined and their separation i s perhaps 
too arbitrary to warrant classification into these two categor-
ies-4-

A description of the appearance of the various stages i s 
now given:-
BATCHED - The larva had vacated the shell. The few cases 

where the larva had begun to hatch but had 
succumbed half way out of the shell were classified 
as having hatched. 

PREHATCHINQ STAGB - A f u l l y developed larva was present in 
a contracted state i n the shell, indicating that 
i t had moved within i t before succumbing. The 
tracheal system was f u l l of gas. 

LATE MOUTH-HOOK STAGS - The bucco-pharyngeal armature was 
visible together with the dark circles of zninute 
cuticular spines near the junctions of the body 
segments. The cutic^K was distinct but had not 
adopted i t s f i n a l semi-opaque white character of 
the f u l l y developed larva. The * larva* at this 
stage died without visible evidence of any of the 
prehatching movements. 

EARLY MOUTH-HOOK STAGE - The only larval organs visible 
were the dax>k sclerites of the bucco-pharyngeal 
apparatus. No larval cuticle could be detected 
with cursory examination under a binocular 
microscope* 

EARLY 3TACB - No larval organs were distinguishable under 
a binocular microscope (30 x)^ 
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AH examination of L.serioata eggs at IOO5S R*H» 35°C> 
showed that the ahove stages were reached in the following 
times after incubation immediately on laying:<^ Early Mouth-
hook stage in 7•0^7*3 h r j Late Mouth-hook stage in T.S'-S.O hrj 
ppehatQhing stage in 8,0-9*0 hr; Hatching in 9.0-9-5 hp. 



LUCILIA G2EIC;.TA 

163. 

Bxpt* Ternsp, 
7m H PH UMH — \ 

Early 
-

Ho. 
of Remarks 

30 100 87.5 0.0 Q.O 17,9 1.6 56 
37 65 13.0 38.9 1.9 0.0 46,2 54 

22 
37 

37 

60 
55 

V4,0 

0.0 

28.1 

48.0 

0.0 

6*0 
3.5 

12,0 
54.4 
34*0 

57 

50 

37 50 0,0 5.6 0.0 27*8 66.6 36 

37 k5 0,0 0,0 0.0 12.4 S7.6 , 41 

30 100 92.5 0.0 0.0 2.S 5.7 144 

37 65 38.8 36.9 2.9 8.7 12.7 103 

23 
37 

37 

60 
55 

12.6 

1.5 

57.3 

52.7 

1.8 
14.8 

0.9 

11,7 

23.4 
2.3 

111 

95 

37 50 0.0 6.9 6,9 37.9 48.3 53 
37 k5 0.0 6.3 10.1 29.2 35*4 79 

30 100 79*5 0*0 0.0 0,0 20.5 39 

37 70 
1 

8U,8 9.1 0#0 0,0 6.1 33 

30 
37 

37 

65! hQ*3 

60; 35.8 

29.6 

35.8 

0.0 

0*0 

0,0 

3.6 

22.1 

25*8 

27 

28 

37 55: 3.7 81.5 0,0 0*0 14.8 27 

37 50 0.0 69.7 0.0 3.3 27,0 33 

30 100; 100,0 0*0 0.0 0,0 0.0 , 57 

38 100: 18.2 5.5 0.0 32,7 43.6 55 

9 38 95- 78.4 5.4 2*7 5.4 G.l ' 37 
38 90 21.i* 14.3 0*0 5.3 59.0 56 
38 85 9î .O 0.0 2.0 2.0 2.0 51 



LUC ILIA 33":IGATA (continued) 

Bxpt. 
Ho* 

Temp. 
oc. 

% Stages reached by eggs n*. *f 
ens. 

Bxpt. 
Ho* 

Temp. 
oc. %aH. H fH tm Early 

n*. *f 
ens. RgiaariB 

10 

30 

38 

38 

100 
100 
90 

59.2 

77.8 

73.I4. 

0*0 

0*0 

0*0 

0*0 

0#0 

0.0 
5*6 

0*0 

35.3 ' 

IS. 6 

26*6 

22 

18 

15 

N*B* Low 
f e r t i l i t y 
of 
controls 

'38 65 75*0 k*2 U*2 if*2 12.U 2î  

38 80 58»3 

, 

16*6 8*3 16*3 0.0 12 

30 100 87*5 0*0 0*0 4*2 8*3 kQ 

38.8 ioo ' 22.0 2.0 6*0 8.0 62,0 50 

16 
38,8 95 11,0 

1 
l . i * 13*7 6.8 67.1 73 

16 
38>8. 90 62.5 6*2 0*0 9*U 21*9 6k 

38.3 85 li.i.*9 1*!+ 6*7 33*7 Ih 

38.8- 30 ; 7.8 
i . 
1 

6*5 2*6 11.7 71*i* 77 

30 100 
t 
i 9l̂ •6 
i 

0*0 0*0 1*8 3*6 57 

39 100 ; 7,4 3*7 5*6 3*7 79*6 5h 

Ik 
39 

39 

95 
90 

1 5.7 

; 15*2 

22*7 
2.2 

11,6 

0*0 
32.0 

17»k 

32*0 

65*2 

53 
U6 

39 85 20.1* 3*7 3.7 ua.i 3k 

39 30 
i 
\ 

18,0 i'.*0 10*0 i*l!.0 50 

30 100 1 81*6 0*6 1*3 3*8 12*7 157 

kO 100 1*0 10.8 13*7 a:* 6 102 

33 
ll-O 

ko 

95 

90 

, 0*0 

; 0.0 

0.0 0*0 

0.0 

0*0 

10.2 
100*0 

35*3 

160 

157 

ko 85 ; 0.0 5-5 3.2 10»3 81.0 126 

ko 30 ' 0.0 0,9 0*0 7.5 91*6 106 



LmiLU SERICATA (continued) 

165. 

Expt. Temp, 
No. Ĉ. %RH. 

Stages peached hy eggs ^_ - _ . 
H PH LMH EMH Early 

Ho. 
Remarks 

30 100 73*2 4.6 0,0 3.5 18,7 131 

40 100 0,0 0.0 0.0 0,0 100.0 132 

40 95 1*2 0.6 1,2 4*0 93.0 171 
34 1*2 93*8 40 90 0,0 0*0 0,0 1*2 93*8 97 

40 85 0.0 0,0 0,0 1.0 99*0 106 
40 80 0,0 0*0 0*0 0.0 100.0 138 



LOCILIA CAESAR 

166. 

Expt, ' 
NO, 

% Stages reached hy eggs 
no Expt, ' 

NO, renip. 
C* H PH LflH Early no Remarks 

30 100 76.7 0.0 0.0 3.5 19.8 150 
37 70 4.0 17*5 0.8 10.3 67*4 126 

36 37 65 0,0 2.9 0.0 20.7 76.4 140 

37 60 0*0 1.8 0.0 7.1 92,1 112 
37 55 0.0 0.0 0.0 1,0 99.0 140 

30 100 69.2 0.0 0,0 1.7 29.1 120 

37 
37 65 0,0 1.2 0.0 5*1 93.7 98 

37 
37 60 0,0 0.0 0.0 0.0 100,0 100 

37 55 0,0 0.0 0,0 0,0 100.0 1 110 

38 

30 
• 

38 
38 

100 
80 
75 

33.3 
0.0 
0.0 

0,0 
0.0 
0.0 

0.0 
0.0 
0*0 

0.0 
0.0 
0,0 

66.7 i 
100,0 J 

100,0 ' 

33 
35 
39 

Low 
f e r t i l i t y 
of 
controls 

38 38 70 0.0 0.0 0*0 0.0 100.0 ' 46 
38 65 ; 0.0 0.0 0.0 0.0 100.0 40 

- 38 60 ' 0*0 
\ 

\ 

0.0 0.0 0.0 100.0 : 25 

30 100 
) 
\ 88.8 0.0 0,0 5.6 5.6 1 18 

38 100 0.0 9.5 33.3 19.1 38.1 i 21 

40 
38 95 ! 59*3 0.0 3.7 0.0 37.0 27 

40 38 90 i 58*7 0,0 3.5 0.0 37,8 29 
38 85 57*7 11.5 3.8 3.8 23.2 26 

• 38 80 !40.6 
1 

15.7 3.1 0.0 40.6 32 



LUCILIA CAESAR (continued) 

167. 

Bxpt* Temp* 
No* ^C, 

«5 Stages reached by eggs Bxpt* Temp* 
No* ^C, H PH LfiH EOH Early Remarks 

' 30 100 65*2 0*0 0*0 0*0 34*8 46 
39 100 0,0 0*0 0*0 0*0 100«0 46 

ki 39 95 0.0 0*0 0*0 0*0 100*0 60 
39 ' 85 0*0 0*0 0,0 0*0 100*0 40 

39 80 0.0 0,0 0*0 
J 

0*0 100,0 59 

30 100 86.3 1.3 1*2 0,0 11*2 80 
40-i4G*5 100 0,0 0*0 0*0 0*0 100*0 69 
40^0*5 
40-40*5 

95 
90 

0.0 
0*0 

0.0 
0*0 

"0*0 
0*0 

0,0 100.0 
• 

0,0 100*0 1 
1 

65 
48 

40-40*5 ' 85 
. . . J 

0*0 0.0 0*0 0,0 100*0 63 



LtJOILIA ILLUOTRIS 

168, 

Expt. Temp* ^ 
No, . Oq. 

% Stages peached hy eggs 
; 1? Remarks 

Expt. Temp* ^ 
No, . Oq. H PH LMH EHH Early ; 1? Remarks 

22,9 0*9 1.2 6.1 69*9 
1.6 9.8 0.0 7,1 81,5 
0*0 5.5 0.0 9.8 84.7 
0,0 0,0 0*0 2,5 97,5 
0,0 0.0 0.0 0.0 100.0 
0#0 0,0 0.0 0,0 100,0 

• 

212 Low 
f e r t i l i t y 

184 i n control 
eggs. Temp. 

• 163 rose to 
38*5^0 by 

162 the end of 
the expepi-

178 ment. 
93 

30 100 
37 70 
37 65 

28 37 60 
37 55 
37 50 

22,9 0*9 1.2 6.1 69*9 
1.6 9.8 0.0 7,1 81,5 
0*0 5.5 0.0 9.8 84.7 
0,0 0,0 0*0 2,5 97,5 
0,0 0.0 0.0 0.0 100.0 
0#0 0,0 0.0 0,0 100,0 

• 

212 Low 
f e r t i l i t y 

184 i n control 
eggs. Temp. 

• 163 rose to 
38*5^0 by 

162 the end of 
the expepi-

178 ment. 
93 

30 100 
37 70 
37 65 

29 37 60 
37 55 
37 50 

44,5 0.0 0*0 7.0 48,5 
28,2 14,5 0.0 8*1 49.2 
3.8 14,4 0.0 3.8 78.0 
0,0 9.4 0.9 5.7 84*0 
0,0 0,0 0,0 0.0 100,0 ' 
0,0 0,0 0*0 0,0 100.0 

128 LOW 
f e r t i l i t y 

124 of controls. 
Temp, pose 

104 to 37?5®0 
by the end 

106 of the 
experiment. 

110 
97 

30 100 38,4 1*4 0,0 4.1 56,1 73 NB. Low 4.1 56,1 73 
f e r t i l i t y 

37 70 3,5 27*9 1.2 5*8 61.6 I 86 of 
controls. 

37 65 0.0 4*6 0*0 5*7 89,7 
30 37 60 0*0 2.0 0.0 9*0 89*0 100 

37 55 1 0,0 0.0 0.0 2.4 97*6 j 84 
37 50 

1 
0.0 0.0 0,0 0.0 100,0 

i 

30 100; 39,1 0.0 0,7 0.7 59*5 1 138 NB.Lcw 30 39,1 59*5 
i f e r t i l i t y 

37 70 3*1 8.1 0*0 1*9 86.9 ' 160 of 
i controls* 

35 37 65 0*9 25,0 0.0 16.6 57*5 i 108 
37 60 0*0 11,5 > 0,0 11,5 77.0 : 78 
37 55 0.0 0,0 0,0 2.8 97.2 ' 68 

• 



169. 

LUG I L I A ILLUS?IiIS (continued) 

% Stages reached by eggs 
B^cpti Tcstp. n* No* H PH tm Early of Remarks H 

30 ioo 68*0 1.2 1,2 9.0 20*6 120 
37 65 0*0 26.5 1.7 12,8 59.0 117 

37 ( 
r 144 37 

37 60 0*0 0*0 0*0 4*2 95*3 144 

37 55 0*0 0.0 0.0 1.0 99,0 lOQ 

30 100 9*8 0.0 0.0 3*3 86.9 61 Low 30 9*8 
f e r t i l i t y 

38 100 5*0 0*0 0*0 3*3 91.7 60 of control 
12,4 77.8 eggs. 

9 38 95 5*6 2*6 1.4 12,4 77.8 72 
38 90 2*9 5.9 0*0 7*4 83.8 68 

38 . 85 10*1 S.7 0.0 13*0 68.2 69 

30 100 65*3 0.8 0.0 0*0 33*9 121 
« 38 80 0*0 5*5 2*6 11*7 80*0 123 

38 75 0*0 0*0 0,0 8*5 91*5 118 
31 

38 75 
• 

141 
31 

33 70 0.0 0*0 0*0 4,3 95*7 141 

38 65 0*0 0*0 0,0 0*0 100*0 136 
38 60 0*0 0*0 0*0 0.0 100.0 134 

32 30 100 32*0 4.0 0,0 8*0 56.0 25 N.D. Low 32 30 32*0 
f e r t i l i t y 

39 100 0*0 0.0 32*2 7.4 70.4 27 of controls 
32 ^9 90 [ 0*0 10.5 10,5 ,31*6 47*4 : 19 

39 55^ 0,0 9.5 0,0 33.3 57*2 , 21 
39 80! 

i 
0*0 0.0 0*0 0*0 100*0! 23 

30 100 f 32*6 0.0 0,0 11.2 56.2 89 
39 - 40 100 0*0 0,0 0*0 0*0 100.0 89 



LUCILIA ILLUSTHia (continued) 

17©* 

Sxpt* Temp. „ 
NO* °C. 

39 40 95 (continued) 
40 90 

40 85 

40 80 

% Stages reached by eggs 
H PH LMH ErtH Early 

0.0 

0*0 

0*0 

0.0 

0*0 

0*0 

0.0 

0.0 

0*0 

0.0 

0,0 

0.0 

0,0 100,0 

0.0 100*0 

0,0 100*0 

0,0 100,0 

J£iL. — 

112 

109 

73 
83 
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PHORMIA TERRA-NOVAE 
0 

% stages reached by eggs 
H P H L M M em serly n*. 

of Remarks 

30 100 66*9 0*0 2,1 1*3 9*7 |l45 
37 65 0,0 1*5 1*4 18,7 76,4 jl39 
37 60 0*0 0*0 0,0 5*9 94*1 118 

22 
5*9 94*1 

37 55 0*0 0*0 0*0 0̂ 0 100*0 112 
1 37 50 0*0 0,0 o#p 0*0 100,0 i 62 

37 
. .. ..- i 

0,0 

-. f , 

0*0 0,0 0,0 100,0 ' 98 

30 100 i 
i 

78 < 5 0*0 5*X) 0*0 17*5 ! 40 
37 65 1 6*5 6,5 3*2 32*3 52*5 31 
•37 60 . 2*9 2*9 2*Q 20*0 71*4 35 

23 t 
35 

37 • 55 ' 0*0 0*0 0*0 0*0 100*0 50 
37 50 1 0*0 0*0 0*0 0,0 100*0 45 
37 45: 0*0 0*0 0*0 0*0 100*0 33 

i 

30 loo 100*0 0*0 0*0 0*0 0*0 • 72 
40 100 0*0 7*2 18*9 5,8 69*1 1 69 
40 1 

95 
4*1 8*2 8*2 16*5 63*0 73 

17 
63*0 73 

40 90 0*0 0*0 5kO 12,5 82,5 : 80 
40 85 0*0 0*0 1*8 18,2 80,0 55 
40 80 0*0 0.0 0*0 6*0 94.0 50 

ion 85*0 1*2 0%0 1,1 12*7 86 
^0 ion 85*0 

38,8 100 13*8 6̂ 4 13*8 13,8 52*2 109 
38,8 95 43.2 311 12,1 6,2 35*4 65 

JuO 38*8 90 47*3 22,8 2*6 0*8 26*5 114 
38.8 85 ^7*6 9*2 0*0 1,2 62.0 87 
38,6 80 ! 22.3 39*5 2,9 5.7 29.6 139 



OALLIPHbRA ESmROOSPHALA 

172, 

Bxpt. 
No, 

Temp. 
00. 

% Stages peached by eggs 
,—\ '. /V : , 
H PH LMH EtIH Eaply 

1 

1 1? Remarks 

30 100 41*0 12,4 8,6 22,2 16,8 ! 81 
30 65 49.4 21,6 0,0 ^ 

2,5 26*5 79 
30 60 15*6 26,6 9*4 12,5 15,9 ' 64 

21 30 55 4*5 23*9 16,4 11*9 43*3 67 
30 50 0,0 5*6 19*6 37*4 37*4 72 
30 45 0.0 2,8 1.4 26,4 69,4 72 

25 
30 100 j 80,0 10,0 0.0 5.0 5*0 20 
30 45 ! 0*0 0.0 0*0 0,0 100*0 30 

Temperature 
rose to 
31,5^0 for 
short time 

30 100 
1 
59.2 4.5 0,0 4,6 31*7 22 

26 
30 
30 

55 
50 

! 0.0 
0.0 

71*5 
30*0 

0,0 
0.0 

0,0 
5.0 

28*5 
65.0 

22 
20 

30 45 0.0 13*6 0*0 22.8 63.6 14 

30 65 
• • • 
13.3 13.4 0,0 5*3 68,0 75 No controls in this 

~ 30 60 8,0 3*4 1,1 6,8 80.7 88 expt. Eggs 
accident

27 30 55 0.8 13.9 0,8 6,5 77.7 122 al l y 
k i l l e d . 

30 50 0.0 8,5 3.2 6,4 81,9 94 
30 45 0.0 1.3 1*3 18.4 79.0 76 

30 100 72.3 2,8 5*6 0*0 19#3 36 
30 60 6,8 31*8 15.9 2,3 43*2 Uk 

43 30 55 4,2 22,9 8*3 14.6 50.0 48 
30 50 0.0 0.0 0.0 0,0 100,0 54 
30 45 0.0 0*0 0,0 0,0 100.0 13 



173. 

GALLIPHORA FiMTiJIlOCGPIiALA (continued) 

fa Stages reached by eggs 
EXpt., 
NO* 

TCTOp* 
H PH EttH 

> 
Early 1? Remarks 

J ^335 
30 100 61*1 2,8 22*2 0*0 13.9 ; 36 

34 100 6*1 3.0 33*1 33*1 24,7 \ 66 

12 34 95 2,0 5*6 15,1 54.7 22.4 
1 

53 12 
34 90 0,0 16^6 18*5 44*5 18.4 54 

34 85 0,0 7*8 9*4 56*3 26,5 ; 64 

34 80 0*0 3*3 0*0 13*3 83*4 60 

30 100 73*8 2,3 11*9 4.8 7*2 42 

34 100 3.1 0*0 49,0 47*0 1*9 47 

15 34 90 \ 1.9 11*5 17*3 34*6 34*7 52 

34 85; 0*0 11*5 15*4 50,0 23*1 52 

34 80 0,0 3*7 5*6 46*3 Vuk 54 

30 100 i 66*6 7*9 9*5 9*5 6,5 63 

34 j 
80 ! 0,0 0,0 0*0 25.0 75*0 48 

18 34 
34 

75 
70; 

0*0 
0*0 

0*0 
0*0 

0*0 
0*0 

0*0 

0*0 

100*0 
100*0 

53 

54 

34 65 ! 
1 
0*0 0*0 0,0 0*0 100,0 54 

34 60 j 
1 
0*0 0,0 0*0 0*0 100*0 34 

30 
• 1 

100 68*6 5.6 3.7 0*0 22*1 54 

35 j 
100 1 

1.0 1*0 13,0 15.0 70*0 100 
1 35 95 0*0 1*0 8*6 22.0 63*4 104 

35 90 1 
t 

.1 

0*0 0,0 1.1 9*2 89.7 87 

30 100 77,3 5.7 0,0 0,0 17.0 35 

2 35 100 ; 0*0 14*7 5.9 11*6 67,6 34 

35 95 i 0*0 12*9 19*5 9*6 58,0 31 



174. 

CALLIPH0I2A E H Y n m O C S H I A L A (continued) 

% Stages peached by eggs 
Bxpt. 
mi 

Temp* f 

H 
-

PH 
A 

EtIH Early ; 1° Remapke 

2 35 (continued) 
90 0*0 0.0 5*0 5.0 90.0 ) 40 

3 
30 100 74*3 13.6 3*1 0*0 9.0 1 66 

3 
35 85 0,0 0.0 0*0 

I 

0,0 100,0 ; 246 
t 

• 30 100 63i2 0*0 5i3 5.3 26,2 
1 
! 19 

35 100 0,0 4.5 18,1 9.1 68.3 22 

4 35 95 0̂ 0 0.0 3I48 18.2 50,0 i 22 

35 90 OiO 0.0 O4O 4.5 95*5 

35 85 OvO 0,0 0,0 0,0 100,0 \ 20 

30 100 9liO 3*7 0*0 3.7 1*6 54 
35 100 0,0 0,0 9*4 24.1 66,5 I 54 

5 35 95 OiO 0,0 OiO 5.7 94.3 1 70 
1 
[ 

35 90 0,0 0,0 0*0 2.9 97*1 1 68 

35 85 0^0 0,0 OiO 0.0 100*0 I 80 

11 
30 

35 

100 

100 

68.7 

0,0 

2,0 

0,0 

9.3 

0,0 

13*6 

21,0 

5*9 

79*0 

: 51 
100 

30 100 95*0 0*0 0,0 2*0 0,0 42 

36 100 1 0.0 0.0 0,0 0*0 100,0 48 

6 36 95 0*0 0,0 0,0 0.0 100,0 42 

36 90 OwO 0,0 0*0 0,0 100,0 42 

36 85 ! 0,0 0,0 0,0 0,0 100.0 46 



175. 

S 3 c p t * Temp* 
No.* ®C# %R.H. 

OALLIPHOEA ERŶ .OCBPHALA (continued) 

^ Stages reached by eggs 
H fH LMH EHH Early no. 

of- Remarks 

30 100 3̂ *1 1*2 4*8 3*6 52.3 84 
36 100 0,0 0*0 0*0 0.0 100*0 

• 
88 

36 95 0*0 0*0 0*0 0.0 100,0 70 
36 90 0*0 0*0 0*0 0*0 109*0 80 
36 85 0*0 0*0 0*0 0*0 100.0 74 

f e r t i l i t y 



17S. 

Expt, Tenq), 
No, OQ. Xf{H 

CALLIPHOPJl VOKITOaiA 

ft> Stages peached by eggs 
H PH LMH EMH Early n.. 

o f - Remapks 

30 100 86,4 1,1 3.4 4,6 kh5 88 
30 65 11,0 61,0 9.4 6,2 12*4 64 
30 60 1*5 73*6 8.8 1.5 14.6 68 

21 1.5 14.6 
30 55 0,0 21.3 21.3 30.8 26.6 65 
30 50 0,0 11*2 11.2 38,8 38,8 72 
30 45 0.0 , 1*4 1.4 34*3 62,9 70 

30 100 ' 
1 
58.6 6.9 12,2 0.0 24,3 1 58 

34 100 . 78,9 5,8 5.8 1.9 7.6 52 
34 95 1 90.0 2.9 4*3 0.0 j 

2.8 ! 70 12 4*3 70 
34 90 53.8 35*4 3.8 1.5 6.5 i 65 
34 85 23*2 43»5 2.9 8.7 21.7 i 69 
34 80 ! 7.2 85*5 0,0 2.9 4.4 ; 

1 
69 

31 100 ; 94.3 2,9 0,0 0.0 2,8 ; 68 
34 80 ; 42,5 57*5 0,0 0,0 0.0 66 
34 75 ! 0,0 61,2 1.9 12*9 24*0 54 18 54 
34 70 ' 0,0 11.8 7,9 36.8 43.5 1 76 
34 65 , 0,0 1.3 2,7 44.0 52.0 75 
34 60 ; 

f 
i 

. . . . I 

0*0 0,0 0,0 0.0 100.0 i 73 

30 100 68*0 5.7 0.0 1,9 24.4 53 
35 100 ; 39.2 7.8 9*8 5.9 S7.3 51 

5 35 95 ''• 30.4 12.2 9.1 13.6 34*7 i 66 
35 90 1.4 24*8 8.2 36.5 39*1 74 

-
35 85; 0.0 0.0 8,2 9.8 82,0 61 



CALLIPHORA l̂ OEtlTOHIA (continued) 

177. 

5j Stages reached by egge 
Oo. 
of- Remarke " 
ess* 

H PH ErtH Early Oo. 
of- Remarke " 
ess* 

30 100 100 .0 0 .0 0 ,0 0 . 0 0.0 13 

8 35 100 90 ,0 6 .0 4^0 0 ,0 0.0 50 • 

35 90 65#5 20 .7 13,8 0,0 0.0 29 

30 100 35*8 li^*3 k^Q 0*0 4 5 , 1 42 

35 loo 8!**0 2.3 2^3 hn3 6 .0 44 

1% 35 90 j 47 ,5 
t 

11.9 15+2 22,0 59 

35 85 23 rO - ia+. 3 9,6 9.6 13,5 1 52 

35 80 1.5 7v5 8.9 50 ,7 t 

i 

67 

30 100 89.3 3.8 0*9 0 .0 
o 

6 ,0 104 

35 80 0.^0 67 .0 7v2 21.9 3 ,9 : 128 

20 
35 

35 

75 0.0 

70 lo.o 
hn2 

0.0 

10.0 

2 .0 

63,3 

44 ,0 

22,5 ] 

54 ,0 ; 

120 

50 

35 65 0*0 0*0 0^0 0*0 100.0 ! 
1 

76 

35 60 0.0 0*0 0*0 0 ,0 100.0 ; 68 

- 30 100 100.0 0 ,0 0^0 0 , 0 0 .0 ' 54 

36 100 : 6wo ko,o 42.0 12 .0 0.0 50 

6 36 95 0 .0 1*5.3 21.4 33 ,3 0*0 ' 42 

36 90 0 . 0 0 .0 0 ,0 50 ,0 50 .0 48 

36 85 ' 0 .0 0 .0 0.0 18.7 81 .3 ! 46 

30 100 71*2 9.6 5 ,8 3 ,8 9,6 i 52 

15 
36.8 

36.8 

100 

95 

0#0 

; owo 

0.0 

0 .0 

0,0 

0*0 

0,0 

0 .0 

1C0,0 

100.0 

64 

66 

36*8 90 0 .0 0 .0 0*0 0 ,0 100,0 63 



178* 



APPEITDIX 

TO -POSITIOH SYMBOLS IN TABLES OP PLEECE R,H. 
• 'j 

W ss Withers LOU Upper l e f t crutch 

M is Midback LOL s Lower l e f t crutch 

R - Rump RB Right b e l l y 

T Tailhaad LB L i f t belly 
RC as Right crutch RP Right flank 

Ron = Upper Right crutch LP a> Left flank 

RCL ss Lower Eight crutch ' CM s Quarter back 
L C --• Left crutch TM s Thresquarter back. 

Th6se posi t i o n symbols are used I n a l l tables i n the 
testy r e l a t i n g to fleece huroiditiee) i n the tabulated results 
of fleece R.H'a and i n th« results of hot atmosphere experi
ments given i n the Appendi'x* 
Diagram of Location of above positionfl. Sheep viewed from 
l e f t side only, *Right' positions correspond to »left», but 
are on the other side of the body. 

TM 4-
LP 

LB + 



130. 

Notes on sheep used f o r fleece humidity readings* 19^6. 

Sheep 1» 'Mule* x Suffolk I ^ b , pemale. Age 6 * 7 montha. 
Close compact fleece of Suffolk Typei with f i n e 
wiry wool. Staple length about 6 cm. 

Sheep 2 . swaledale x Border Leicester Lamb. Pemale. Age 
3 * 4 months. Short fleece, close i n comparison 
with sheep 3 , but very open compared with sheep 1, 
No *shed* i n the wool along the back. Wool f a l l s 
i n t o small crimped locks, staple length about 
5 - 6 cm. 

Sheep ̂ . swaledale x Border Leicester Lamb, Pemale, Ag® 
3 • i4. months. Very slack fleecci long course f i b r e s , 
with a marked 'shed' i n the fleece along the back. 
Staple length about 5 - 6 cm. 

Sheep k* Swaledale x Herdwick wether. Age 18 months. Fleece 
e n t i r e l y brown, short, and f a i r l y close, staple 
length about-5 - 6 cm. 

Sheep 5, Herdwick (some Swaledale blood) wither. Age 18 
months* Fleece shorter than sheep k> Staple length 
only U - 5 cm. Fleece f a i r l y close. Wool fibr e s 
coarse and s t i f f . 

Sheep 6. Swaledale x Border Leicester Lamb, Male, Age 
3 - 1 * months, Pleece. simil a r to sheep 2. 

Sheep 7« 'Half-Bred'x Oxford Lamb, Male. Age 6 - 7 months. 
Close f i n e fleece. Wool less wiry than i n sheep 1, 
fleece of 'Oxford* type* Length of staple about 
8 cm. 

Sheep 6, swaledale x Herdwick wether. Age 18 - 19 months. 
Coarse fleece rather open i n character, 

sheep 9* swaledale x Herdwick wether. Age 18 months. Finer 
fleece than sheep 8 but even more open. 

Sheep 10. Pure swaledale Ram (possible some Herdwick blood). 
Age 18 months. Good thick cl,ose fleece, character
i s t i c of best Swaledale sheep. No sheds i n the 
fleece, staple length about 8 cm. 

Sheep 11. Herdwick wether (some swaledale blood.). Age 18 -
19 months. Pleece similar to sheep 8, 

Sheep 12, Suffolk x ? Lamb* Eemale* Age 11 months, Pleece 
sim i l a r t o sheep 1, but by now longer i n staple. 

Sheep 15, Half-Bred x Oxford, Male, Age 11 months, Pleece 
si m i l a r to sheep 7, but >y now longer i n staple. 

Sheep 15* Half-Bred x Oxford Lamb. Sex not recorded. Age 
6 - 7 months, Pleece similar to sheep 7. 

Sheep 16* Half-Bred x Suffolk Lamb, Sex not recorded. Age 
6 - 7 months. Fleece similar to sheep 1, 

Sheep 17* Half-Bred x Suffolk Lamb, Sex not recorded. Age 
6 - 7 months, Pleece similar to eheep 1, 



1^1, 

Sheep 18. Half-Bred x Oxford Lawh. Female. Age 6 - 7 
months. Fleece similar to sheep 7. 

Sheep 19. Half-Bred x oxford Lamb. Male. Age 6 - 7 
months. Fleece similar to sheep 7. 

Sheep 20 . Swaledale x Border Leicester Lamb. Age 3 - 4 months. 
Sex not recorded. Moderately dense fleece, with 
f a i r l y f i n e wool but with some sign of a 'shed' 
i n the fleece along the midback* Fleece therefore 
intermediate between sheep 2 and 3 , Staple length 
5 - 6 em. 

Sheep 2 1 , Herdwick Ram, Age 2 or ' 3 years. Fleece coarse 
but f a i r l y close, staple length 5 - 6 em. 

Sheep 22. Herdwick wether. Age 2 or 3 years. En t i r e l y 
unshorn. Very large thick fleece, and densely 
matted giving a thickness of fleece of about 
13 - l 6 cm. 

Sheep 23. Swaledale Lamb. Female* Age 4 * 5 months. 
Fleece similar to sheep 10, but staple length 
shorter - about 6 era. 

Sheep 24* Herdwick Ram. Similar to sheep 2 1 . 

Sheep 25* Swaledale lamb. Details as f o r sheep 23* 

Sheep 26. Swaledale x Border Leicester Lamb. Male, Ago 
5 i- 6 months. Fleece simil a r to sheep 2 . 

Sheep 27 Herdwick Lambs. Sex not recorded. Age 4 - 5 
^ 2hr • months old. Good close fleeces. 

Hote on Bheep used f o r fleeoe humidity readings. 1947 
Sheep 29 These were a mixed batch of cross bred lambs, a l l 

42 either Border Leicester x •llule* or Oxford x »llule', 
""'••'̂  and were 5-6 months old when used i n experiments. 

Hote on sheep used for experiments in 1948 
A l l were lambs bom in the period Deo. 1947 - Jan, 1948. 
Sheep 43 The6e were Suffolk x 'Half-Bred' crosses. 

Sheep 47-49Theae were oxford x 'Half-Bred* crosses. 

Sheep j|4-46Theae were Border Leicester x'Half-Bred* crosses. 

fc»2 • • „ 



SHEEP AT HOUGHALL PASf5, DURHAM 



Date etc. Sheep No, Position 
Relative Humidity % 

SurUcC 
Icm. eft 

3 July, 11,45 hrs. 1 RC k5 
22^0,60JS R.H* Bright 
Sun, Light westerly 15 T 51 
breeze. 

15 RP 65 -
16 w 47 -
16 H below kO -
17 RC below 14.0 -

k July, 10,15 hrs. 7 LC 65 
20OC, rapidly r i s i n g . 

65 85^ R.H* S t i f f wester- 7 T 65 -
•ly breeze. •ly breeze. 

16 R 45 70 

16 TM 63 63 

5 July* 10*15 hrs* 1 t 47 
150c. 75^ R*H* 

45 Cloudy, s t i l l . 1 LCU 45 mm 

1 LCL 48 -
1 RC 46 -
1 TM 67 -
1 W 65 -
7 LP 67 -
7 RC 50 -
7 LCU 50 -
7 LCL 53 -
7 T 50 62 

7 M 55 60 

7 TM 55 -
7 RP 60 — 

6 July. 15*30 hrs. 1 RC below 40 
19*8°C* 58% R.H* belo« 40 Sunny Periods, 1 LCU belo« 40 — 

Fresh Westerly belot 40 Breeze, 1 LCL belot 40 — 

1 T • below 40 



Date etc. Sheep No. Position 
Relative 

StCul 
Humidity % 

2cm of( 
6 J t t l y . 15,30 hrs. 
(continued) 

1 

1 

M 
w 

65 

63 

44 

45 

1 TM 70 45 

1 HF 48 -
1 LF 50 

19 T 45 

19 LO below 40 

19 RO below 40 -
19 W 51 below 40 

19 LF 62 50 

19 M 65 -

8 July. 09,45 hrs. 
22*5^0. 62^ R,H. 
BrlgH^t sunny 
morning. Ho dew 
l e f t @ 9 ,0 a,m. 

1 

1 

1 

LF 
U 
T 

above 80 

75 

52 

1 W above 80 -
1 IC 63 

1 RO 67 -
1 RF above 80 

7 T 67 -
7 M above 80 -
7 W above 80 above 80 

7 LF above 80 -
7 RF above 80 

16 T 67 48 

16 LG 63 - • 
16 RC above 80 -
16 U 72 63 

• 

16 w. 77 — 



• 

Date etc* 
9 July* 06*30 hrs* 
12*5°C* 9 5 ^ R.H* 
Cool misty morning, 
heavy dew. Sheep 
wet* 

sp Ho* Position 
Relative Humidity 

Ion oH 
»lcin. 

1 T 70 -
1 76 • 
1 W above 80 -
1 RP 80 

1 LC 65 •-
1 RC 67 -
7 T 65 above 80 

7 H 80 -
7 RP above 80 -
7 LP 68 above 80 

7 W 75 100 

7 LC 68 75 

7 RC 75 -
15 T above 80 •-
18 RC 68 

18 T 77 

1 T 53 -
1 LC 58 mm 

1 RO 58 -
1 M 100 70 

1 W 100 75 

1 RP 62 -
1 LP 64 -
7 T 63 -
7 RC 62 

7 LQ 57 -
7 70 mm 

7 W above 80 -
7 RP 67 -
7 LP 70 -

9 July* 16*40 hrs* 
2 1 i 8 ° C . 52^ R.H, 
Warm, d u l l * Slight 
breeze. Sheep dry. 



186. 

Date etcn 
Relative Humidity % 

Sheep No*, Position ' ^ . f 
9 July* 16,40 hrs*. 
(continued) 

15 

16 

W 
W 

95-100 

75 

75 

66 

10 J u l y , 14,45 hr* 
24*5®0i 56^ R.H. 
Close and sunny. 
Slight westerly 
breeze. 

1 

1 

1 

T 
M 
W 

56 

70 

100 

45 

68 

1 RO 60 -
1 LC 62 •** 

1 LF 58 •r-

1 RF 56 

7 T 70 -
7, M above 80 below 40 

7 W 80 below 40 

7 LC 68 -
7 RC 68 -
7 RF 73 -
7 LF 68 53 

11 Ĵ :̂ .y. 14*30 hrs, 
26 .5^0 , .43^ R*H. very 
br i g h t sun, no cloud, 
no breeze. 

1 

1 

1 

T 
M 
RF 

60 40 

above 80 below 40 

72 

1 LF 70 63 

1 W 100 75 

1 LC 63 

1 RC 63 

1 RB 63 -
7 T 50 below 40 

7 H 73 45 

7 W 80 40 

7 LF 70 64 

7 RF 72 65 



187. 

Sate etc* Sheep Ho* Position 
Relative Humidity % 

5Wni 2cM. of< 

11 July* 14.30 hrs* 
26*5°C* (continued) 

7 

7 

RC 
LO 

63 

66 

16 RB 55 — 

12 July* 10*30 hrs. 1 
24°C* 53% R*H* Clear, 
b r i g h t sun* Dew i n 1 
early morningf 

T 
M 
RP 

65 

above 80 
77 

46 

above 80 

1 W above 80 75 

1 RC 66 

1 LC 67 -
1 LP 77 -
7 T 63 -
7 above 80 below 40 

7 W 73 43 

7 LC 63 

7 RC 65 -
7 HP 70 -
7 LP 70 — 

1* > • " -1 

13^July* 11*00 hrs* 
23°C* 72% R*H* very 
close, t h i c k haze, 
thunker expected. 

1 

1 

1 

T 
M 
W 

70 

above 80 
80 

70 

mm 

1 RP 75 

1 RC 67 mm 

7 T above 80 

7 M 100 70 

7 W 75 aw 

7 LC above 80 



188. 

Date etc, { 
15 July, 10*30 hr* 
14?C* 84^ R*H* 
Showery, Sheê p wet 
on outsides of f l e e 
ces* 

} Ho. position 
Relative 

iuruic 

Humidity 
lew,, oft skin. 

1 T 68 100 

1 M 80 100 

1 W 70 100 

1 IF above 80 -
1 EG 62 -
1 LO 65 100 

7 T 66 above 80 

7 » 68 100 

7 w 67 100 

7 LO 55 63 

7 RO 55 65 

7 RF 67 80 

7 LF 67 — 

1 f 67 

1 above 80 -
1 w 66* 

1 RF 73 -
1 LF 78 -
1 RC 57 -
1 LC 64 

7 T 65 -
7 H 68 

7 W 76 -
7 LC 62 

7 RO 56 -
7 LP 78 

7 RF 78 *• 

16 T 43 -
16 H 68 -

16 July* 11,00 hr, 
13*5**C, 7k% R,H, 
Cool breeze, cloudy 
but b r i g h t periods. 
Sheep very wet. 

« This position dusted with Derris at 10.45 a.m. 13 July. 



189, 

Relative Humidity % 
Date etc. Sheep Ho* Position j„',t"t ^l":„'^ 

16 July* 11*00 hr 16 65 
(continued)-

16 77 
(continued)-

16 LP 77 

19nJuly* 11*00 hr* 2 T 47 65 
14°C* 89% B*H, 60 Cloudy* Heavy r a i n 2 R 55 60 
during l a s t 5 

64 75 nights. Sheet wet* 2 M 64 75 

2 W 75 80 
2 RB 50 58 
2 RC 42 

3 T 50 72 

3 R 52 68 

3 M 58 70 
3 W 68 73 

., / 3 RC 47 65 

3 RP . 66 76 

20 T 63 

20 R 67 

20 M 63 mm 

20 W 67 -

20 RC 50 
20 RP 68 

20 July* 09*50 hr. 2 T 45 60 
le^'O* 81% R.H. 

65 65 Cloudy but some 2 M 65 65 
sun* Sheep dry* 55 65 Ho r a i n during night. 2 W 55 65 

2 RC 47 - " 

2 LP 55 -
2 LC 60 

3 T 47 50 

3 M 42 47 

3 W ' 45 

3 HC 43 -



190, 

Date etc. Sheep No* Position 
Relative Humidity % 

20 July, 09,50 hr, 
(continued) 

22 July. 11,30 hr. 
16®C, 90^ R,H, 
Heavy rain.during 
night - sheep very 
wet. 

22 July, 20,00 hrs* 
70®G, 90% R,H, A l l 
day good drying 
breeze. Sheep dry. 

3 RF 50 -
3 RB 45 54 

5 W 50 60 

5 II 45 50 

5 RO 47 67 

20 45 52 

20 1 M 45 -
20 W 47 -
20 RO 45 

20 RF - 57 

20 RB 45 — 

2 55 62 

2 M above 80 -
2 W 77 *» 

2 RF 69 above 80 

2 HC 64 

3 T 65 

3 75 

3 W 70 80 

3 RP 69 • 
3 RC 55 62 

20 T 55 62 

20 U 68 

20 w 67 -
20 RP 55 65 

20 RO 50 56 

20 RB 45 50 

2 T 47 60 

2 U - 67 

2 w - 68 



191. 

Bate etc* Sheop SFo* Position 
Relative Huiaidity % 

5ki 
Ion o<i 

22 July* 20*00 hrs* 
(continued) 

2 ao 61 mm 

2 EP 65 72 

2 RB 55 60 

3 T 50 56 

3 13 67 67 

3 lY 63 68 

3 RO 46 53 

20 T 46 50 

20 56 -
20 55 60 

20 EG 52 

20 HP 50 56 

20 R3 45 50 

2 '2 ii4 

2 64 -
2 17 55 65 

2 RO 50 

2 m 65 

2 RB 45 

3 T 55 -
3 13 65 -
3 U 67 mm 

3 HC 47 

3 EF 65 

3 EB 45 * 

20 T 45 -
20 U 5 1 

20 w 58 -
20 RG 48 -
20 RP 59 -
20 RB 66 

23«July* 11*10 hr. 
20°0* 83% R.H* 
S t i l l drying weather. 
Sheep dry* 



19*̂  

Relative Humidity % 
Date eto. Sheep Nô  Position skin Ian 

>k'in. 

23 July* 11^10 hr.. 1 
(continued) 

T 
U 

50 
66 

55 

1 w 66 66 
1 LP 72 -
1 RC 50 -
1 RB 55 67 

23 July, 12,45 br, 1 
Conditions as before, 

1 
T 
U 

45 

65 
60 
69 

1 w 65 67 

1 2F 67 70 

1 RO 49 64 
7 T 67 67 

56 61 
. 7 W 66 67 

• ' ' . 7 RO 56 -
7 LP 70 
7 LB 50 

24oJaly« 11*30 hr, 1 
19 0* 82^ R,H, Some 
dew during night, 1 
Dull, ^ 

T 
M 
W 

51 
49 

55 

*• 

50 
1 EO 48 -
1 EF 67 
1 RB 45 - • 

2 T 50 50 
2 U 61 55 
2 w 50 
2 RC 50 55 

2 BP 55 -
2 RB 45 



193. 

Date etc. 
21+ 11.36 hr. 
(continued) 

ep Ko# Position Relative Humidity 

3 T k2 1*6 

3 M telow 1*0 M i 

3 W 1*3 -
3 RO 1*2 -
3 HP 51+ -
3 HB below 1*0 -
7 T 1*7 56 

7 M 1*7 

7 W 52 52 

7 KG 55 -
7 HP 70 -
7 HB 1*0 -

20 T 1*5 50 

20 M Ul* 50 

20 W 1*9 -
20 RC 55 -
20 RP 53 - • 
20 RB Taelow 1*0 -

1 T 1*2 1*2 

1 U 1*0 below 1*0 

1 w 1*0 beloW 1*0 

1 RO 1*0 1*1* 

1 RF 65 below 1*0 

2 T below 1*0 below 1*0 

2 M below 1*0 below 1*0 

2 W below 1*0 below 1*0 

2 RG 1*0 -
2 RP below 1*0 below 1*0 

2 RB below 1*0 -

25 Jviiy* 11.30 hrs* 
20*̂ 0 • 60g5 R..H* 
Fx*esh beeeze, sbeep 
dry* 



Date etc., 
25 J u l y a i . 30 hrs, 
(continued) 

Relative Hmrddity 
Sheep NO* Position J.tc '5";:* 

3 T below kO -
3 . U below kO 

3 w k3 below 40 

3 HO below ho mm 

7 T below kO below 40 

7 M 40 below 40 

7 W below kO below 40 
7 R 40 below 40 
7 RG 40 45 

7 EF 53 45 

20 45 below 40 

20 45 below 40 

20 55 45 

20 RF 4 6 4 6 

20 RO 45 -
20 RB below 40 -

1 T 45 below 40 

1 M 45 below 40 

1 17 ^̂4 below 40 

1 RO 52 -
1 GM below 40 

1 RF 65 50 

2 T below 40 below 40 

2 ! I 45 below 40 

2 44 below 40 

2 RC below 40 

2 RB below 40 -
2 RF 55 below 40 

3 T below 40 below 40 

26_July. 12.00 hr, 
2 r c . 60^ R.H, 
Cloudy and dose. 
Slight breeze only. 



195. 

Date etc. 
26 July. 12.00 hr. 
(continued) 

Relative Humidity 
Sheep No. Position i& ^Tw.d, 

3 M below 40 below 40 

3 W 45 below 40 

3 RG below 40 -
3 RF 4 6 4 6 

3 RB below 40 -
7 T 42 below 40 

7 M below 40 below 40 

7 \7 50 below 40 

7 RO 55 55 

7 RF 60 47 

7 RB 46 -
20 T below 40 below 40 

20 M below 40 below 40 

20 W 42 below 40 

20 RC below 40 

20 R F 
4-' 

41 mm 

20 RB " below 40 

1 T 64 70 

1 EI 69 100 

1 W 72 100 

1 RO 60 60 

1 R F 72 75 

1 RB 56 75 

2 T 52 -
2 above 80 -
2 W 65 70 

2 RO 53 68 

2 RF 75 above 80 

2 RB 45 63 

3 T 47 65 

27 July. 11.30 hrs. 
1%5^0, 94fo R»H. 
Cloudy. Rain before 
the readings were 
taken* sheep wet. 



196, 

Date sto# 
27 j u l y . 11.30 hr* 
(oontlnued) 

Sheep l?o. Position 
Relative Humidity % 

CM. 0^ 

3 M 1*5 

3 17 50 66 

3 Rij 1*5 60 
3 E? 55 67 

3 RB 42 -
7 T 55 70 
7 U 70 100 

7 RP 60 75 

7 HB 1*6 -
7 65 100 

20 T 51 67 

20 n 55 75 

20 17 70 100 

20 RC 50 63 

20 RP 50 60 

1 1? below 1*0 -
1 n ̂  below 1*0 -
1 below 1*0 -
1 EP 1*5 below 1*0 
1 H3 below 1*0 -
1 RC below 1*0 -
2 T below 1*0 -
2 11 below 1*0 -
•2 !!? below 1*0 -
2 RO below 1*0 -
2 RP 1*3 below 1*0 
2 . pa below 1*0 -
3 below 1*0 below 1*0 
3 M below 1*0 below 1*0 

3 W below 1*0 below 1*0 
3 RO below 1*0 

29«July* 09»50 hrs* 
17®0» 68jg R.H* cool 
and windy« Sheep a l l 
dry to tou<di,, 



197. 

Date etc.. Sheep No. position 
Hglative Humidity 

skin •Ztiti off 

29 July* 09»50 hrs. 
(continued) 3 

3 

RF 
RB ' 

below 4 0 

below 40 

7 T below 40 42 

7 M below 4 0 below 4 0 

7 W below 4 0 below 40 

7 RO 48 48 

7 HF below 40 below 40 

20 T 42 42 

20 below 40 -
20 W below 40 

20 RF below 40 below 4 0 
• 20 RB below 40 mm 

30 July. 12.45 hr. 
18°G» 82% R.H. Rain 
during nighty and a 
shower 3 hrs. before 
readings. 

1 

1 

1 

T 
n 

46 

55 

50 

42 

48 

44 

.• . • 1 RF 60 68 

1 RB 46 

2 T below 40 47 

2 M 45 50 

2 V7 below 4 0 50 

2 RB below 40 

2 HP 62 

2 RC 65 48 

3 55 -
3 U 67 67 

3 w 70 -
• 3 SF 66 

3 RB 45 -
3 RC 55 -
7 T 50 -
7 U 47 42 



198. 

Date eto# Sheep No« Position 
Relative Humidity % 

ikin. 

30 July. 12#1*5 hrt (continued) 

31 July. 10#30 am. 
15*3 C. 71^ R*H. 
Oftol^ strong breeze. 
Sheep dry. 

7 W 1*9 1*5 

7 RO 50 -
7 RP 67 67 

7 RB 1*1* 50 

20 T 1*6 52 

20 U 1*6 50 

20 w 1*6 «• 

20 RO 53 mm 

20 RP 1*5 50 

20 RB 1*2 

x l beloTT 1*0 below 1*0 

1 M below 1*0 below 1*0 

1 W • below 1*0 below 1*0 

1 RG below 1*0 -
1 RP 50 1*0 

1 RB below 1*Q 
2 T below 1*0 -
2 S below 1*0 below 1*0 

2 w below 1*0 below 1*0 

2 RO 1*3 

2 RP 1*5 below 1*0 

2 HB below 1*0 

3 T below 1*0 

3 li 1*3 below 1*0 

3 w 60 1*0 

3 CM 55 1*0 

3 RP 1*6 1*6 

3 RG 1*2 *t 

7 T 1*2 1*2 

7 M 1*5 below 1*0 

7 W 1*5 below 1*0 



199. 

Date etc. 
31 July* 10,30 a«ra. 
(continued) 

Sheep No. Position 
Relative Humidity 

2CM. cff 
SWm. 

7 RP 50 1*5 

7 RG below 1*0 -
7 RB 1*1* mm-

20 T below 1*0 

20 1*0 below 1*0 

20 W M* below 1*0 

20 RP l4l* 1*2 

20 RB below 1*0 -
20 RC 1*1 mm 

1 T below 1*0 -
1 M 1*5 below 1*0 

1 W 1*5 below 1*0 

1 RP 58 1*5 

1 RB below 1*0 -
1 RG 1*2 -
2 T below 1*0 below 1*0 

2 M 1*5 

2 W below 1*0 

2 RP 1*8 mm 

2 RG 1*2 • -
2 RB below 1*0 -

3 " T below 1*0 -

3 H below 1*0 

3 W 1*5 below 1*0 

3 RP 1*0 -

3 RO below 1*0 -
3 RB below 1*0 -
7 T 1*0 -
7 M 1*2 

7 W 1+2 -

1 Aug. 10,30 hr. 
15.9 0. 71^ R.H. 
Cloudy. Light 
bi^eze. Sheep 
dry to touch* 



200. 

Date etc. 
1 Aug. 10.30 hr. 
(continued) 

Sheep Ho. position 
Relative Humidity 

SKin lun.cif 
ilfrf'dct siciii. 

7 RF 60 50 

7 RO 45 

20 T below 40 
20 M below 40 
20 W below 40 
20 RC below 40 -
20 RF below 40 
20 RB below 40 — 

1 T below 40 
1 U below 40 below 40 
% RB 42 -
1 RO h3 55 

1 RF 50 

2 45 55 

2 IS 60 55 

2 w 48 -
2 RP 57 

2 RC 50 -
2 RB 46 -
3 T 45 50 

3 W 57 57 

3 RF 54 

3 RC 44 

3 RB 41 -
7 T below 40 -
7 M below 40 
7 W below 40 45 

7 RP 50 60 

7 RC 50 

7 RB 49 

2 Aug. 11.45 hre* 
18<»0. 78^ R.H. 
Strong breeze. No 
rain. Sheep dry. 



Relative Humidity, 
Date ete> Sheep No, Pesitien 4';̂. 

2 Aug* 11* 1*5 hrs* 20 T 1*5 5© 
(continued) 

20 M below 1*0 5© 
20 W belew 1*0 
20 RP below 1*0 55 
20 RB below 1*0 



202, 

FLSBCB ,R.n. RSADlBfiS. 1946 

SHEIBP AS CRAG FASH, HAVENOLABS, GDMBSRLAfID 



203. 

Date etc* i 

6 Aug* l l * i l 5 hrs. 
15 C. 90^i R,H, 
Heavy rain over
night. Cloudy. Sheep 
dry on outside, feel 
moist near skin. 

Relative Humidity 
jp HO. Position 

8 W over 80 -
8 M 75 -
8 T 75 -
8 RP dver 80 -
9 W over 80 

9 M - 60 67 

9 T 51 65 

9 HP over 80 -
9 RB 53 -

11 W 100 -
U M 100 100 

11 65 75 

11 RP over 80 -
11 RB 67 -

k W 61* -
k M 50 63 

1* T 60 -
k RO 55 65 

1* RP 60 mm 

5 W 73 -
5 H 73 

5 T • 70 -
5 RC 100 -
5 RP 100 -
5 RB over 80 
8 W 73 

8 M Ih -
8 T 61 -
8 RP over 80 mm 

8 RC 60 68 

8 RB 68 

6 Aug. 16,15 hrs. 
16°C. 85^ R.H. 
Cloudy. No rain during 
day. Sheep feel dry 
to touch. 



204. 

Date etc» Sheep Bo. Position 
Relative Humidity % 

6 Aug* 16.15 hrs* (continued) 
9 

9 

W 
u 

47 

44 

9 T 55 -
9 RP 76 

11 W 100 100 

11 M over 80 « 

11 T 100 100 

11 RC 60 

11 RF 73 -
11 RB 78 -
21 • W below 40 51 

21 U below 50 -
21 T 47 mm 

21 RF 52 -
21 50 73 

7 Aug. 1M*20 hrs, 
13^0, 80% R.H, Ko 
rain during night. 
Sheep dry. 

4 

4 

4 

W 
M 
T 

below 40 

below 40 

below 40 

below 40 

below 40 

below 40 

4 RC below 40 

4 RP below 40 

4 RB below 40 -
5 W 50 below 40 

5 M 64 44 

5 50 below 40 

5 RC 64 -
5 RB 68 -
8 W 47 44 

8 M 65 45 

8 T below 40 -
8 RO 50 50 



205, 

Date e t c * 
Relative 

Sheep Ko*. Position 
7 Aug* 11**20 hrs* 
(continued) 

8 Aug. 12.30 hrs. 
17°C* Heavy rain 
during night.' 
Sheep wet* 

8 

9 

9 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10 

22 

22 

22 

22 

23 

23 

23 

23 

23 

HP 
W 

IS 

IT 
RG 
RP 
RB 

W 

IS 

RC 
RP 
RB 

M 

LP 
LC 
RB 

W 

T 

RG 
RP 
RB 

56 

below 1*0 

below 1*0 

below 1*0 

1*2 

59 

55 

below 1*0 

below 1*0 

below 1*0 

below 1*0 

60 

1+2 

below kO 
63 

68 

73 

61 

1*5 

1*5 

67 

50 

Humidity % 

5̂ 6 

below 1*0 

below 1*0 

below 1*0 

1*6 

55 

below 1*0 

below 1*0 

45 

61 

1*5 

65 

62 

1* w 65 75 

1* M 52 65 

1* T 60 66 

1* RP 66 73 

1* RB 61* -
5 W 68 75 

5 M 65 78 

5 T 68 -



206. 

Date etc. 
8 Aug* 12,30 hrs. 
(continued) 

Relative 
Sheep No. Position 

Humidity % 
5W.n 

5 RC 70 over 80 

5 . RB over 60 -
8 - 70 

8 M 73 73 

8 T 65 69 

8 RC 68 68 

8 RF over 80 over 80 

8 RB - 73 

9 W below 40 68 

9 15 64 75 

9 T 60 66 

9 RC 63 -
9 HP over 80 over 80 

9 RB 45 -
10 V? 67 72 

10 II 50 60 

10 T 50 67 

10 RO 60 - . 

10 HF 55 63 

10 RB 60 

22 13 56 60 

22 LC — 73 

4 W below 40 below 40 

4 below 40 below 40 

4 T below 40 below 40 

4 HO below 40 -
4 RF beiow 40 below 40 

4 RB below 40 below 40 

5 W 51 45 

5 50 50 

8 Aug. 18.00 hrs. 
15^0. 80% R.H. 
Sunny* Strong Breeze. 
Sheep by now dry to 
touch. 



207. 

Date eto* 
8 Aug, 18,00 hrs, (continued) 

Sheep Ho* Position 
Relative Humidity 

5 T 1*7 55 

5 RC 1*5 50 

5 HP 56 5 0 

5 RB 63 -
8 W 1*5 below 40 

8 . M 51* 5 4 

8 T 1*0 4 4 

8 RC ¥* -
8 RP 66 66 

8 RB below 1*0 -
9 » below 1*0 4 3 

9 T below 1*0 -
9 RG below 1*0 

9 RB below 1*0 -
10 W below 4 0 4 4 

10 M below 40 42 

10 T below 4 0 4 3 

10 RO below 1*0 5 0 

10 RP below 40 45 

10 RB below 40 *• 

1* W below 4 0 below 40 

1* u below 1*0 below 1*0 

1* T below 40 below 4 0 

1* RG 4 0 mm 

1* RP below 40 below 4 0 

1* RB below 4 0 

5 W 60 66 

5 M 40 45 

5 T 5 1 4 5 

5 RP 51 60 

5 RG 4 6 60 

9 AMR, 11*40 hrs* 
14.5°C. 80^ H.H. 
No rain during 
night* Sheep dry. 



208. 

Relative Humidity % 
Date etc* 

9 Aug, 11,40 hrs. 
(continued) 

p No* Position Sicm 

5 RB 56 68 

8 W 63 63 

8 70 . 61 
8 T 48 45 

8 Ra 45 55 

8 RP 76 80 
9 , w below 40 43 
9 T 44 50 

9 RC below 40 55 

9 RF 60 69 

9 RB 41 
10 W kk below 40 
10 11 below 40 below 40 
10 T below 40 below 40 

10 - RP 45 45 

10 RB below 40 -
22 LO 49 60 
22 RB 43 56 

10 Aug. 11.00 hrs. 
14#9°C. 90% R.H. NO 
wind. Heavy dew 
during night. 
Sheep wet. 

10 Aug. 15*35 hrs. 
15,2°G. 6S% R,H, 
Sheep dry. 

8 w 75 over 80 

8 n 78 over 80 

8 T 65 60 

8 RC 76 

8 RP 73 80 

8 RB 62 mm 

4 V/ below 40 below 40 

4 IS below 40 

4 T below 40 45 

4 RP 45 50 

4 RO 5 2 

4 RB 40 -



209. 

Data $t,0. Sheep Ho. Position 
Relative Humidity % 

JKin 
J g f f « c t 

10 Aug. 15.35 Ill's, (eototinued) 5 

5 
w 
M-

55 
53 

55 

56 

5 T 55 60 

8 W 68 75 

8 n over 80 over 80 

8 T 56 66 

8 EC 48 -
9 W heloff hO 50 

9 Z helow kO 43 

9 T helov i4-0 48 

9 RC helow ho -
9 LO 43 -
9 HP 57 

9 HB 42 -
10 W 58 58 

10 M 50 -
10 T 45 50 

10 HP 51 57 

10 RC 55 -
10 RB 45 55 

11 Aug. 16.00 hrs. 
16®C. 71̂ 5 R.i* No rain during night. Sheep dry. 

h 

k 

W 
u' 
T 

below 40 helow 40 

helour 40 helow 40 

below 40 below 40 

h RB below 40 -
h RF below 40 below 40 

h RC below 40 below 40 

5 W 50 50 

5 49 49 

5 T 47 

5 RO &5 57 

5 RP 60 60 



210. 

Date etc* Sheep Ho. Position 
RelatiYe Humidity SS 

SW.n 2cm. »ff 

11,Aug. 16*00 hPB, 
(continued) 

5 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 

RB 
W 
M 
T 
RC 
RF 
RB 
W 

T 
RC 
RF 
RB 
7} 

M 
T 
RO 
RP 
RB 

58 
55 60 
63 63 
52 52 
50 
76 over 80 

below kO 

below 1*0 

below i+0 

below kO below i+0 

below kO 

below UO -
below $0 k5 

41 

below kO below 40 
47 55 

47 47 
below 40 

1,2 Aug. Sheep 27 & 
28 when fleece 
readings taken were 
on the fell.® f t . 

27 •J 50 69 
27 H 60 73 
27 0? 50 70 
27 RP over 80 
27 RO 67 70 
27 RB 67 
28 M 67 100 
28 U 68 over 80 
28 T 65 72 
28 RP - 75 
28 RC 67 73 



211. 

Bate etc. Sheep Ho. Position 
Relative Hunidity % 

fKm 2cw off 
Suff*'t ^icin. 

12 "Aug. (continued) 
26 RB 60 75 

13̂ Aug. 15*30 hrs. 
16°C. 60% R*H. 
Sheep wet in 
morning but 
dry to touch by 

4 

^ 
4 

W 
£1 
T 

below 40 below 40 

77 100 
below 40 40 

now. 4 RP below 40 below 40 

4 RB below 40 -
4 RC below 40 50 

5 M over 80 -
5 T 63 63 

5 RP 64 70 

5 RC 65 oyer 80 

8 w. 63 63 

8 u over 80 -
8 T 68 68 

3 RC 60 69 

RB 66 -
8 RP over 80 -
8 LP over 80 -
9 v7 below 40 below 40 

9 M below 40 below 40 

9 T below 40 below 40 

9 RP 41 55 

9 RO 45 63 

9 HB 45 

14 Aiig', 15.40 hre. 
14*5®0* Q% R-H. 
Heavy rain overnight. 
Sheep feel dry by 
BOW. 

4 
4 
4 

W 
li 
T 

below 40 

below 40 

40 

45 
42 

45 

4 RP below 40 45 

4 RB 42 50 

4 RC 45 66 



212. 

Date etc. Sheep Ho. Position 
Relative Humidity % 

14 Aug, 1§.40 hrs. 
(continued) 5 

5 

W 
M 

47 
50 

47 
65 

5 T 49 55 

5 RP 57 66 

5 RB 60 70 

5 RC 46 66 

8 W 46 56 

8 T 45 48 

8 LP over 80 100 

8 RP 65 65 
8 RB 55 68 
8 RO 44 55 

9 W below 40 below 40 

9 40 45 

9 T 42 50 

9 RF 45 52 

9 RB below 40 45 

9 RC 42 57 

15 Aug. 10.00 hrs. 
12.5°C. 89^ R.R. 
Sheep slig h t l y wet. 

4 
8 

W 
LP 

40 

74 

55 
over 80 

8 RP 64 70 

15 Aug. 15.40 hrs. 
Sheep dry. 

4 

4 H 
below 40 

belot? 40 

below 40 

below 40 

4 T below 40 40 

4 RP . 40 below 40 

4 RC 43 59 

4 RB 40 49 

5 W 45 45 

5 H 47 47 

5 T 50 53 



213. 

Relative Humidity ^ 
Date etc. 

15 Aug. 15.40 hrc. 
(continued) 

> llo; Position 5Kin 

4lCin 

5 RP 57 57 

5 RC 45 60 

5 R3 60 64 
8 W 45 55 

8 • M 58 58 

8 T below 40 43 

8 RC 45 50 

8 LP 70 over 80 
8 RF 76 76 

9 W below 40 below 40 

9 M below 40 below 40 

9 T below 40 42 

9 RP below 40 42 

9 RC 40 50 

9 RB 4iv 50 

k below 40 below 40 

4 l i below 40 below 40 

4 T below 40 43 

4 RP below 40 42 

4 RC 43 50 

4 RB below 40 50 

5 W 44 48 

5 M 45 45 

5 T 50 50 

5 RP 50 56 

5 RC 42 55 

5 RB 53 66 

8 W k3 50 

8 M 55 55 

8 T below 40 below 4C 
8 RP 58 65 

16 Aug* 15.30 hrs. 
l&,4°e, 75^ R»H. 
Sheep dry* Sunny. 



214. 

Date etc. 
16 Aug. 15*30 hrs. 
(continued) 

Relative Humidity % 
Sheep No. Position \Xc ^TJ' . 

8 LP 65 69 
8 RO 45 55 
8 RB 45 62 

9 W below 40 below 40 

9 U below 40 below 40 

9 T below 40 41 

9 HP below 40 40 
9 RO 42 57 

9 RB below 40 below 40 

4 W 40 below 40 

4 M 40 below 40 

4 T below 40 below 40 

4 RP - 63 

4 RG 50 66 

4 RB 50 68 

5 w 43 below 40 

5 M 50 50 

5 T 47 42 

5 HP 60 73 

RO 50 65 

5 RB 58 72 

8 V 69 69 

8 H 74' 76 

8 T 50 50 

8 LP 69 77 

8 RP 70 78 

8 RB 55 70 

8 RO 55 63 

9 W below 40 below 40 

9 U below 40 below 40 

17 Aug* 10.30 hrs. 
15.6<?C. 81^ R.H. 
some sheep feel 
s l i g h t l y moist to 
touch. 



215. 

Date ete. Sheep No* Position 
Relative Humidity ^ 

17 Aug* 10*30 hrsi 
(continued) 

9 
v9 

T 

RP 
below 40 

52 • 

below 40 

62 

9 RO 48 63 

9 RB . 65 72 

10 W 56 btlow 40 

10 T 55 48 

10 HP 50 57 

10 RO 63 63 

18 Aug. 15.00 hrs. 
Sheep dry. 

4 
10 

W 
w 

below 40 

60 
55 
72 

10 RO 50 55 

10 M 45 64 

- 10 RP 49 ' 49 

19 Aug. 11.30 hrs. 
16.3 0. 85^ R.H. 
Sheep dry except 
for Sheep 5. 

4 

4 

4 

W 
u 
T 

45 
45 
J40 

45 
45 
40 

4 RP 42 42 

4 RC 50 60 

4 RB 47 58 

5 W 46 42 

9 H 58 64 

5 , • T 60 60 

5 HP 64 70 
• 

5 RC 46 64 

5 RB 54 65 

8 W 72 72 

8 H 72 7& 

8 T 58 68 
• 8 RC 60 66 

8 RP 68 72 



216. 

Data btc. 
19 Aug, 11.30 hrs. (continued) 

Sheep No. position 
Relative Humidity % 

8 

8 

24 
24 
24 

24 

LP 
RB 

W 

M 
RP 
RO 

$t>l(a<C 

67 
65 
64 
53 
65 
65 

72 
68 
64 
44 
65 
65 

20^Aug. 11.00 hrs. 
15**C. 765s R.H. 
Heavy dew. Sheep 
moist to touch. 

4 W below 40 below 40 

4 M below 40 below 40 

4 T below 40 below 40 

4 RP below 40 45 

4 RB 40 65 

4 RC 40 40 

5 W 50 45 

5 H 42 below 40 

5 T , 50 50 

5 RP 58 65 

5 RC 40 68 

5 RB 57 68 

8 • • W 68 68 

8 M 62 40 

8 T 41 45 

8 RP 57 67 
8 RC below 40 45 

8 RB below 40 55 

8 LP 46 46 
10 W 60 below 40 

10 H 60 below 40 

10 T 50 below 40 

10 RO 50 50 

Id RB below 40 46 



217. 

Date etc. 
20 Aug, 14.30 hrs. 
Sheep dry. 

Jp No, Position 
Relative Humidity 

ICM. «(f 

4 W below 40 below 40 

4 H below 40 below 40 

4 T below 40 below 40 

4 RP below 40 below 40 

4 RC below 40 44 

4 .RB below 40 40 
8 RP 55 55 
8 LP 68 68 

10 W below 40 below 40 

10 M below 40 below 40 

10 T below 40 below 40 

10 RP below 40 below 40 

10 RC below 40 45 
10 RB below 40 45 

4 W below 40 below 40 

4 U below 40 below 40 

4 40 40 

4 RP below 40 below 40 

4 RO 50 61 

4 RB 50 66 

5 W 63 below 40 

5 M 65 43 

5 T 69 69 

5 RP 68 56 

5 RO 52 67 

5 RB 60 67 

8 W 70 68 

8 H 77 68 

8 T 63 66 

8 RP 72 72 
8 LP 70 77 

21 Aug. 12,15 hrs. 
15.3*'C. 74̂  R.H* 
Heavy dew i n early 
morning» but sheep 
dry by now except sheep 
8 which was moist to 
the touch. 



218. 

Date eto* 
Relative Humidity % 

Sheep No. Position 'XJ! 

2l8t Aug. 12,15 hrs. 6 RC 68 66 
(continued) 

8 67 67 
(continued) 

8 RB 67 67 

21 Aug, 15.00 hrs. 8 RP 68 68 
Sheep dry. 62 Sheep dry. 

8 LP 57 62 
25 W below 40 below 40 
25 H below 40 below 40 

25 T 45 47 

25 HP 40 40 

25 RC 43 49 
25 RB 50 58 

22^Aug. 11,15 hrs. 4 W 100 " 100 
15^0, 95^ R.H* 4 100 100 Heavy rain over* 4 U 100 100 
night* Sheep wet. 

65 oyer 80 night* Sheep wet. 
4 'RB 65 oyer 80 
4 T 55 69 

4 RC 64 -
5 W 100 100 

• 5 M 100 100 
5 T 70 over 80 
5 HP 65 70 

5 RG 65 69 

5 RB 69 75 
8 W 73 over 80 
8 u over 80 100 
8 f 65 70 

8 RB 55 66 

8 RP orw 80 
8 LP 72 75 

• 

d RC 65 



219. 

Bate etc* i 

22 Aug. 18*30 hrs* . 
15.0*X, 76^ R.H. 
Sunny, Sheep 8 s t i l l 
moist at crutch. 

I No , Position 
Relative Humidity : 

jWin 2 c m . 

8 ' T 45 60 

8 U over 80 over 80 

8 RB 42 76 

8 LP 50 57 

8 EP 65 65 

8 W 46 52 

8 RO 66 70 

4 W 46 below 40 

4 H below 40 below 40 

4 T 43 43 

4 RP below 40 below 40 

4 RO 62 65 

4 RB 50 68 

5 W 67 below 40 

5 11 55 55 

5 T 59 43 

5 RP 55 68 

5 RC 45 66 

5 RB 44 60 

8 W 75 over 80 

8 U 76 over 80 

8 65 65 

8 RP 75 78 

8 LP 68 68 

8 RC 59 66 

8 RB 55 66 

9 W 49 below 40 

9 u 40 below 40 

9 T 54 below 40 

9. RP below 40 47 

9 RC 55 55 

9 RB - 60 

23rtAug« 11,30 hrs, 
16**C, 72^ R.H, 
Heavy dew overnight, 
some sheep moist to 
touch* 
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221. 

Date etc. Sheep No, Position '̂"" '̂̂  
Relative Humidity 

2 sept. 10,30 hrs, 
16°C. 81^ H,H. 
Heavy dew, sheep 
moist to the 
touch. S 

1 
1 
1 

W 
u 

T 

65 
64 

60 

mm 

1 RP 68 -
26 W - 60 67 

26 50 62 

26 T 55 -
26 RP 55 -
26 RC 55 62 

2 Sept. 17.30 hrs. 
15 C. Agter a 
heavy shower. 
Sheep very wet. 

1 
1 
1 

W • 
13 
T 

55 
43 
60 

47 
** 

1 RP 100 100 

6 \1 65 
6 • RP 67 

26 V/ 68 

26 U 50 55 

26 T 46 -
26 - SF 54 - . 

26 RC 40 48 

3 Sept, 12*30 hrs. 
Sheep wet. 

1 

1 

W 62 

55 

67 

1 tc 60 68 
• 1 HP 48 62 

- 6 58 64 

6 - n 5̂ 55 

6 HP 45 -
26 W 62 66 

26 H 45 63 



22t, 

Date etc.* Sheep No.. Position 
Relative Humidity 

3 sept. 12#30 hrs* 
(continued), , 

26 
26 

T 
RP 

50 

45 52 

26 RO 44 

3 sept* 17*40 hrs. 
After a moderate 
shower, sheep wet. 

1 
1 

W 
u 

50 

65 

1 T 65 65 

1 RP 60 

6 W 67 -
6 M 62 

6 RP • 62. 68 
F 26 W 100 

26 U 61 

26 RO 43 

26 RP 50 

4 sept. 11*30 hrs. 
Heavy rain a l l night. 
Sheep wet. 

1 

1 

W 
11 

over 80 

over 80 

100 

100 

I T 65 68 ' 

1 RP 67 70 

6 W 100 100 

6 M 6§ 68 

6 RP 59 59 

26 W 100 100 

26 M 50 72 

26 T 55 68 

26 RP 47 60 

26 RO 51 53 

4 sept. 19.45 hrs* 
Heavy rain a l l day. 
Sheep wet. 

1 H 100 100 

1 T 70 70 

1 RP 72 72 



223. 

, Date etc. sheep No* Position 
Relative Humidity % 

4 sept. 19.45 hrs. (continued) 
6 
6 

W 
U 

100 

70 

100 

70 
6 RP 62 73 

26 °RP 
V 

55 75 

5 sept. 12.00 hrs, 
^aln up t i l l 09.00 
hrs. Sheep wet* 

1 
, 1 

M 

T 
100 

67 

100 

73 
1 HP 67 75 
6 W 100 100 

6 M 58 74 f 
6 T 50 65 

• 6 RP 55 67 
26 RP 55 67 

5 sept. 16,45 hrs. 
Sheep almost 
dry by. now. 

1 RP 
la 

65 

55 

68 

6 T 56 63 
26 RP 55 65 

6 sept. 17.30 hrs. 
No rain since 
6 sept.09*00 hr6# 
Sheep dry. 

6 
26 
26 

T 

' RP 

40 

42 

43 

45 
42 
43 

9 sept. 10*15 hrs* No«»ain. sheep dry. 
1 
1 

RP 
m 

42 

40 

52 

45 
6 below 40 40 

26 below 40 below 40 

26 LO 46 48 
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225. 

i 
% Fleece R.H. 

/— 
skin 2cm. off 5H«k 

fosil1«n 

, ^ 
5W111 2 CM.ef f 

no. jlCifl fosil1«n Slcin 

19 Ju -

36 w 58 58 38 w 50 kQ 

36 u 60 60 38 T 50 -
36 T 60 60 38 RC kQ 52 
36 HP 58 60 38 RF 52 22 

37 W 70 63 39 M 6i* 61 

37 T 65 65 39 T 56 51 
37 LC 63 70 ! 39 LP 53 58 

37 LF 67 6k i 
] 

• 1 
• i 

20 June 
29 T 50 50 35 W kS 5k 

30 60 62 35 H 50 55 

30 60 66 35 LP 58 56 

30 RC bdlow kO 60 37 U 77 77 

32 T 53 60 37 T 61 61 

33 M 60 6k [ 37 LP 67 -
33 RO 50 5k 38 H k5 k5 

31 M 52 60 38 T below kO k5 

31 HP 50 55 39 W 5k 58 

^ W 75 75 39 $ 55 57 

3U M 7k Tk 39 LP 60 61* 

34 RO 58 ek ; 

23 June 

29 W 52 52 31 W 53 55 

29 M 56 56 31 M 52 52 

29 T 50 56 ' 31 T 52 52 

30 W , 55 52 31 RC k5 k5 

30 T 52 52 32 W 57 59 

30 RO 53 53 32 M 57 60 



226. 
7o fitece r?.H. 

n, . ' 
skin 2t>M oW 

skin no fosihon 
r skin 
Sl/rf«ct 

2cin. etf 

skin 

. 23 Jul le (continued) 

32 T 50 50 37 M 75 55 

33 55 61 37 T 64 64 

33 T kQ 55 37 HP 66 66 

33 SO 53 62 38 45 45 

33 RF - 55 38 M 42 42 

32+ W 80 over 80 38 R? 43 . 43 

3k T 68 68 39 W 60 52 

^ RO 60 60 39 60 56 

35 W Iselow 40 U5 40 40 45 

39 u 50 52 40 !3 57 54 

35 T U5 56 40 SP 45 45 

37 W 75 Sk 40 RO 47 55 

25 JuBe. sheep moist 

31 w 50 kB 38 W ,45 45 

31 T 65 75 39 VY 55 60 

32 W 75 75 39 M 60 49 

32 T 52 belov î O 39 T 52 45 

33 W 70 51 39 LP 50 50 

33 LP 70 40 W 55 58 

3k W 73 55 • 40 u 57 61 

3k 68 . 65 40 T 50 50 

3k 61* 80 41 W 60 60 

37 tt over 80 0V8r„ 80 41 T 66 66 

37 T 69 69 41 

• 

LP 51 48 

26 Jujne* Sheep dry 

29 W k5 42 31 W 63 57 

29 T below UObelow kO 31 T 55 51 

29 HP 5k 54 31 2P 67 63 



etct R H. 

nq Position 
skin 

surfatt 

Icm. #K 
skin _ 

Sheet* 
fas (lion 

skin 2cvy\6H 
Surface skin 

2 6 JU Qf (eoBtinued) 

32 W 80 80 37 I P 3® Sf 

32 T 75 75 38 i? 1 

32 H P ^ 80 80 38 f 43 43 

33 W 55 43 39 f 53 P 
33 T 52 52 39 f 47 47 

33 L P 59 59 > 39 L P # # 

34 W 71 60 40 W 45 41 

34 a? 71 63 40 f 4# f t 

34 H P 80 75 4© IF 53 53 

35 w 51 51 . 41 W 61 63 

35 1! 60 60 41 # II 
35 T 60 60 41 L P ^ 63 

35 H P 59 62 42 W II 55 

37 W 80 80 42 f 5® 51 

37 
1 

T 68 63 42 W 35 62 
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229. 

EXPSRIMEHT I 

11 .Aug. Sheep 53 used* 
% R.H 

skin 
Position surface 

• 

2 01 .̂ position 

% R.H 
skin 

surface 2 cm. 

w • 62 64 W 68 65 

M 54 57 u 68 65 

13.45 T 61 61 16*30 T 68 65 

(20®0) RP 66 63 (38°G) RP 75 70 

RC 57 60 RO 70 65 

RB 64 70 RB 70 68 

• W 66 66 i W 70 70 

H 62 62 J u 65 65 

14.40 T 63 63, i 17*20 T 67 67 

(34V) RP 70 70 ; (22V) RP 70 ahove 8 

RO 62 60 RO 60 62 

RB 66 66 RB 56 70 

W 66 64 
• 

M' ' ' 64 60 \ 

15.30 T 75 67 

(36®0) RP 

RC 

RB 

77 

67 
68 

7l'\ 

60 

70 -

2 

13 .Aug. Sheep 43 and 43 used. 

(1) SHEEP 4? 
09.00 T 54 66 

'i 

-

(17''C) RP 52 
*. 

60 ; 



EXPERIMENT 2 (continued) 
230. 

^ ^ fo R.H. 
i:*tCv«f-̂  skin 

position surface 2 em. 

-f- M*> ^ R»H» 
Position surface 2 cm. 

W 57 60 W 76 76 

M 55 61 u 68 62 

09.30 . T 55 66 10.ft5 • T 60 67 

(18°C) RP 54 60 (25**G) RP 67 67 

RO 50 54 RO . 55 57 

RB 56 64 
-

HB 68 70 

W 68 
1 

66 W 65 60 

M 6i 30 ! U 64 55 

11.45 f 72 72 13.00 T 73 73 

(29*^0) HP 72 72 : (37^0) RP 73 73 

RG 53 55 • 0 RO 58 58 

RB 60 67 HB 75 75 

W 66 63 ; W 58 58 

u 65 59 H 60 60 

13.30 T 70 70 14.30 T 65 68 

(38®C3) 80 80 (23^0) HP 70 70 

RO 60 58 ; RO 51 55 

RB 70 70 RB 60 66 

W 55 60 

M 51 56 

16*30 T 56 63 

(20^0) RP 57 63 

RO 46 50 

RB 50 35 

(2) SHEEP 53 W 75 68 

09.00 M 58 75 13.00 M 72 65 
(Temps, 
as above) RP 67 75 T 70 66 



EXPERIMENT 2 |l!iOntlnued) 

• % R,H< 
'f.«ec<t-MT.^ skin 
"̂ "̂ "̂ V- poaltlon suig îjfee Z cm. 

.% ^)H^ 

(2) SHEEP 

W 58 66 

09 .10 u 6© 66 

T 5^ 60 

W 75 68 

13f30 H . 75 75 

T 70 15 

W 68 70 

10.45 » 75 65 

T 75 65 

W 67 67 

14*30 M 66 # 

T 6© 60 

W 75 68 

11 .45 H 68 §2 

T 66 6© 

W 63 66 

16*3© H 63 II 

T 58 65 

E3EgBSiMEN?E 

l6*Aug. Sheep 43 aa^ 53 used. 

( 1 ) SHEEP 43 

09 .15 W 55 64 

(l6®e) M 51 62 

14.30 W 63 68 

(21®G) H 48 56 

10 .15 * W 55 65 

(17 .0^0) M 52 61 

15*30 W 66 66 

(360©) H 63 60 

11.15 W 50 61 

( 1 7 . 0 ® 0 ) K 47 62 

1 6 . 3 © W 75 75 

(38%) M 66 64 

13 .15 W 60 . 64 

(20°0) M 56 62 

17.15 w 61 61 

(23%) M 50 57 

09.15 R0 56 66 1 EO 55 62 

(Temps. LG 53 62 14*30 52 §8 

as elbove) U 60 
c 

66 
•" 

M 55 58 



EXPEHIMEHT 3 (pontinued) 
232. 

% R.H f • ^ R.H. 
skin Skin 

a^umy Position surface ^ cm. position surface 2 cm. 

HO 5,0 64 RG 63 63 

;LO»I5 LG 51 64 15.30 LO 66 62 

M 95 63 M 65 60 

RG 55 
• 

62 HO 70 70 

11,15 LG 55 64 16,30 LG 68 68 

M 60 63 
. 

M . 72 68 

RQ 55 66 HG 65 65 

13.15 LO 55 64 17,15 LO 64 64 

M 58 64 M 65 65 

• EXPERIMENT 

17 Aug# Sheep 43 and 53 uced# 

(1) SHEEP 4^ • 

09,15 T 52 65 11,15 T 50 54 

(16>) • RP 48 61 (19°G) RP 50 53 

10.15 T 44 53 13.45 T 50 62 

(18%) HP 41 52 (22°G) HP 60 60 

14,45 T 68 68 16,45 T 42 53 

(27^0) HP 62 62 (18%) RP 61 61 

15.45 t 47 60 

(19*»G) HP 51 60 

(2) S^BP 53 

W 51 66 W 70 65 

09.15 RP 60 67 14,45 RP 75 80 
(Temps, 
as above) RG 42 62 RG 61 60 



E3^BRiME8t..j4 

J I f a 

Bosition 

10,15 HP 
Rf 

70 

66 

w lo 62 

^•15 RP 65 65 

RG If 56 

W 62 62 

13.45 HP #3 68 

RG 61 

RP 
Hi if' 

w 

m 67 ' w 

RG 

EXPERIMENT 
20 Aug. Sheep 

(1) 8BSSP 43 

©9,00 U 

T 
RG 

and 53 used. 

60 

65 

46 

10.00 

T 
RG 

68 

45 

I l . l @ 

f 
RG 

lJf!L5 1 

f 
RG 

70 

80 
• . .1 

10.30 

(18^0) 

M 
T 
RG 

io 
5® 

45 

15.15 

T 
RG 42 

55 

68 

50 

{2$%) f 
RG 

If 

t 

m 

43 

16.30 u 47 54 

65 70 
RG 45 m 



anil fcm|>. 

_ ^ J ,a*H* 
, J ^ ^ ^ . ^ . , 2 era*. 

T(mt C<i'«.r.) 

(2) .S«l^§3. 

09.00 

(Terap.aa 
aTjo/ve) 

K 5 1 60 

f § 0 70 

RO 6 1 68 

K 4 8 54 

T 5 5 68 

RC 5 6 75 

u 

t 
i t 

6i 

6i 

-

10.00 

10.30 

» 

T 

RC 

•3)0 

M 

f 
70 

M 61 56 

11*30 T 70 65 

RO 65 65 

» 72 64 

13.15 75 68 

RO 68 65 

T 

16 


